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UNITS OF. KSASUREMENT

Both metric and South African nom-metric units of
measurement are used in this thesis. For the reader who
is not accustomed to the non-metric units, the following
numerical equivalents and approximations are given:

Length
1 inch (in.) = 2.54 cm
1 Znglish foot (£%.) = 12 inches = 3C.48 enm
1 yard (yd.) = 3 feet = 091.44 cm
1 mile = 1760 yards’ = 1.609 km
Ares

0.857 hecture

1 morgen (Cape) = 10,244 square yards _

= 2.12 acres {approx.)
It is general practice in field experiments to regard
10,000 square yards as .one morgen.

Neight
1 pound avoirdupois (1b.) = 453.6 g
1 bag = 200 pounds for maize = 9C.72 kg
1 short ton (ton) = 0.9072 metric
ton

Factors for approximate conversion of

yields to metric systen

Bags per morzen {10,000 square yards)x 1.084 is equivalent
to 100 kg units per hectare. Tons per morgen x 1.084 is
equivalent to metric tons per hectzre. Pounds per morgen
x 0.542 is equivalent to kg per hectare.
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A, ABSTRACT,

Central. Orange Free State soils vary considerably in the
nitrogen supply to d4ryland maize. In some localities the
soil supplies adequate amounts of nitrogen so that nitrogen
fertilizer does not lead to any growbth response. In other
localities soils are poor in nitrogen and require nitrogen
fertilizer for maximum grain yields.

In the localities investigated surface soils (0 -1 ft.) did
not differ appreciably in nitrogen status and the nitrogen
supply to maize was influenced mainly by the nitrogen
available in the respective subsoils (1 -2 and 2 -3 ft.).

Differences in the nitrogen status between localities weré
evidently caused by appreciable differences in the mineral
nitrogen contents of the soils, The ability of the
respective solls to liberate mineral nitrogen did not give
any indication of the availability of nitrogen to maize in
the field. These results may be partially explained by
the semi-arid climatic conditions and relatively short
pericds of soil cultivation.

Differences in the nitrogen status of soils were strongly
reflected in the nitrogen percentages of the plant material
harvested at raturity. Nitrogen determinations in grain

or stover seen to be promising as a basis for the prediction
of the nitrogen reguirement of maize.

Weather conditions markedly influenced the response of maize
%o nitrogen fertilizer. In dry seasons response to nitrogen
fertilizer may be low even on soils poor in available nitrogen.

Wnen moist conditions allow a vigorous vegetative growth it
ig important that an adeguate nitrogen status of the plants
during the generative period be maintained by top-dressings.
Limited amounts of nitrogen applied at planting time can

lezd to increased ﬁitrsgen regquirement at an advanced stage

of development.

In the Central Orange Free State the growth 2nd reproduction
of maize is limited mainly by moisture supply. A plant
population of 15,000 -plants per morgen is regarded as
cotimal for most seasons. A larger number of plants in-
creases the nitrogen requirement of maize and the risk of
failure in grain production. With a large number of plants
per morgen generally mors stover and less grain is produced,

and/
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and more nitrogen is rebained in vhe sbtover than is the case
with a smaller plant densibty.

Flanting 15,000 plants per morgen led to only a slightly
lower evapotranspiration as compared with 30,000 plants per
MOTEEeN,

The drought resistance of maize can be increased slightly
when the proposed number of plants is planted in wide ( 6 or
7 f%.) instesd of in narrow ( 3fL.) rows, Compared with
%ft. rows, planting in 6ft, rows resulted in only =
slightly retarded svapotranspirstion.

Compared with early planting {(October, November), delayed
planting (December) increases the probabllity of a higher
soil moisture supply and may lead to increased grain yieldsgl

Nitrogen fertilization does nobt seem to affect the drought
resistance of maize or to decrease grain yields in dry

Seas0ns.

Iin hydrapoﬁic experiments, ammonium and nitrate applications
led to = nearly equal growth of maize when higher NH5¥tensions

in the ammonium solubions were aveided.

In the phﬁsiolcgy'cf maize the furnction of nitrates seems

to be limited to a storage form of nitrogen. Hydroponic

experiments did not indicabe a significance of either N0z~
or Cl~ as antagonists to polyvalent anicons in this plant.
Maize doeg not seem to be nitrophile or halophile.
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. B, IWTHODUCTION.

In the main crop production areas of the Orange Free Stabe
which are concentrated in the semi-arid central, northern and
sastern parts, the application of nitrogen fertilizer %o dry-
land crops has only recently been sbarted on a very small scale.
At the tinme when the investigations reported in this thesis were
started, the opinion prevailed that only the application of
phosphate fertilizer results in a gfowﬁh.response under dryland
conditions, The nitrogen status of the soils was believed to
be sufficient to meet the nitrogen requirement of crop plants
and to ensure optimal yields without nitrogen fertilizer,

There were, however, indications of soil impoverishment
due to & decrease in the humus content, resulting from contin-
uous growing of marketing crops. To counter deberioration of
the soil fertility, the Government offered subsidies to farmers
for improvement of soils by means of ley farming.

A low soil fertility on account of a low humus content
mostly finds its expression in a poor nibtrogen suprly to plants,
Decompesing soil organic matter plays a prominent part as a
nitrogen source for plants. Since the cultivated lands of the
Orange Free State contain 1ittle humus (DONALDSON, 1960), it was
doubtful whether the nitrogen requirement of crop plants could
be met on all the soils of the Central Oranse Free State without
the addition of nitrogen fertilizer. No systematic investiga-
tions on the nitrogen status of dryland soils and the advisability
of applying nitrojen fertilizer to crops under dryland conditions
had previously been conducted in the Orange Free State Region.

Investigations on this matter have, howgver, become imper-
ative due to a general rise in the agricultural production and
an increasging availability of nitrogen fertilizer on the market.
Knowledge of the possibilities of the application of nitrogen
fertilizer may contribute to a  judicious use of nitrogen fertil-
izer and make this growth factor available teo a larger community.

The purpose of these investigations was %o study the
nitrogen requirement of maize on the one hand and the ability
of different soils to mest this requirement on the other,
Attention was paid to various factors influencing the nitrogen
Tequirement of maize, for ewxample espacenent, time of planting
as wegll as the availability of phosphorus and potassium to the
plant. '

’ In the course/
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In the course of the investigations other problems emerged
from the resulis cobtained. Accordingly, the experimental work
was expanded to include studies on the influence of aprlied
nitrogen in combination with various other environmental fachors
on both the moisture consumption and drought resistance of dry-
iland maize. In addivion, an effort was made to obtaln informe
ation on the nitrozen rejuirement of maize during successive
growth slages, and on the influcnce of both the nitrogen status
of the goil and the application of nitrogzen fertilizer on the
aitrozgen status of maize plants at different grovwth stages. In
order to facilitate an assessment of the nitrozen fertilizer
requirement of maize grown on different soils, i1t was regarded
18 essential to investigate various ways of determining nitrogen
ieficiencies in soils. Finally a study on the physiological
function of nitrates in the maize plant was included in the
investigations.

C. BEXFErIERTAL COBRDITIOND.

I. =Zxperimental Sifes,

The investigabtions were concentrated on two experimental
sdites, each representative of larser surroundlng sreas. An

intensive study on two sites having dissinilar solls was con-

sidered preferable to superficial investizations on larger areas.

Tke sites ware situated at the Glen Jollege of Agriculture
16 miles north-east of Bloemfontein and on the farm "HExcelsior”
shout 40 miles north-esast of Glen and 8 miles from Theunissen.

At Glen most of the Fleld experiments were conducted on tas
rzcently established experimental plots of the Agronomy bection
“nich had been ecultivabed for periocds varying from 2 -7 years.
in one case a fisld which had been cultivated for about 35 years
s alse included in the experiments. Seil investigations
jere carried oub on the twavlaﬁés mentioned as well as on a
1igher land, namsd "Topland®, situated about 2.5 miles north-
"est of the cxperimental plots. It had been cultivated for
about 40 years.

On the farm "Excelsior?, Theunissen, expsriments were
carried oub on two lands, the First ("Theunisssn IM) being
situated south-vest of and bordering the other ("Theunissen 193
The soils of the ewpmwimenﬁsAat "Eyvecelsior®, Theunissen,
sppeared to pe uniform and the lands had heen under cultivation
for more than 35 years.

Fot exceriments vers conducted oubdoors at Glen under

bird proof wire-nattinzg.
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Greenhouse facilities were not available, therefore hydro-
ponic experiments were carried oubt in the laboratories of ths
Institute of Soil Biolozy at the Universlity of the Orange Free
State. The vessels were placed behind large north facing win~
dows of this nevly erected building. “

1L, Climate and Jeather.

a2, General Climatic Conditions.

The climate of the ares investigated has recently heen
degcribed and disecussed in detbail (@HITMQRE, 1950 a, b and ¢
KENDREW, 1953 p. 114-13% and MNOSTERT, 1958) and only a brief
review will be given here,

The air bemperature, rainfall and evaporation recorded at
Glen and the relative humidity recorded at Bloemfontein are
shown in Table 1.

Long term weather records are avallable for Glen but not
for Theunissen.

On account of the relatively small distance and difference
in altitude bebwsen Glen and Theunissen a good conformity of the
general climatic conditions can be assumed.

Records of the relative humidity at 14.00 hours S5.A. time
have been kept st Glen since Octeber 1957. The monthly fizures
of the fevw years available indicate a great variability of the
relative humidity. The hunidity data at the nearby YWeather
Office in Bloenfontein are based on long term recordings. These
readings are, therefore, considered more represantative of the

aregz investigated.

Only 3 years' recordings wers available to calculate The
nean monthly and yearly evaporatbtlon rates. The means nay, toa
Certain extent, be influenced by seasonal deviations. Since the
figures for the different months vary greatly and onl? rela-
Yively small amnnual differendes between the evaporation during
the same months were found, the mean monthly and annual figures
may well reflect the general tendency.

The climate of the specific area seems to be determined
mainly by the albtitude and the situation in the interior of the .
Continent. The geographical position (Glen College of Agri~
culture i~ Lat. 28° 57'5, Long. 26% 20'E) could, on account of
the latitude, indicate a rather warm climate.  However, the
¢limats is, in fact, fairly temperate and this may to a large
eXtont be attributed te the altitude (Glen College of Agricul-
ture 1,310 m).

The position in the interior of the Continent brinzs about

‘ somed



TABLE 1

WEATHER OFFICE

P

AIR TEMPERATURE, RAINFALL AND EVAPORATION AT THE GLEN COLLEGE OF AGRICULTURE AND RELATIVE HUMIDITY
AT THE BLOEMFONTEIN

AMr temperature (°C), period 1914-1950 Rainfall (mm), period 1929-13960 gi%;t%%§ ?g?%:
| Numbcr_of 2350 ,
i . | | . %2§§fgi§h ) Vg ; 08.00 | 14.00
=3 = 1 18 | wf | 8 | S 0E™ je 2 . .
>} 3 > ' o g n™ | B> [EB™ 83 g B
- B | ! = B a @ e G S g 9 o
MONTH Frolag lpg 1858 e AN |o5 ) v (22088 188 e |, | el g el
8 lad 180 |s8 | aalea [ |oa | & (B8 (38 [fglg |3 15088 < |=2 .
NI R R g &5 PRl BS g 55 o S | KBS sg1 8 a gi10eo 8§ {od |8 (&4
28 |88 ("8 |8 | 48 | SF sH | & (88 (88 [HE3]5% {2 |2[wa8 £ (2318 |83
JULY 17.2 | 21.6 | 26.1 | -1.8 ) -7.4 { =12,7} 7.7{19.0f 8.4 | 1.6} 50,3]0.0|1.6| 6 | Off 89} 71 |81 ] 32 |26
AUGUST 20.4126:1128.21 0.70~5.3] ~9.4y 0.5} 19,7} 9.8 | 1.8} :75.4§0.0| 1.5 5 | Off 141160 |80 {29 {17
SEPTEMBER | 23.7{30.24133.2| 4.9|-2.1| -7.5[14.3[18.8}17.9 | 3.4]109.1{ 0.0} 2.6| 16 | Off 22351 |69 } 25 |12
OCTOBER 07,04 33.2135.8| 9.6 1.8] ~2.2{18.3|17.442.5 | 8.0(136.4] 0.0} 5.6] 13 Ol 281§ 55 |68 [ 28 14"
NovEMBER | 27.9] 34.0|37.2{11.9| 4.6 | -0.6{119.9|16.0f68.5 |12.9|172.0{ 0.0 7.4 15 | Off 282 { 53 |73 | 27 |16
DICEMBER | 30.2 | 34.9|38.4 [13.8| 7.7] 3.3[|21.9{16.4) 74.0 [13.9|174.2} 2.8] 8.0[ 17 | 2}{ 297 {56 |72 [ 29 113
JANUARY 30.8| 35.91 39.1§15.3| 9.6 5.0l 23.1 | 15.5| 77.3 {14.6 | 172.0] 6.9} 9.3} 20 | 3|l 319¢y62 {78 | 33 {23
FEBRUARY [ 29.37134.3|37.2)14.4) 8.9) 4.0[21.8]14.98 71.9 (13.6| 177.3{18.3| 9.4 16 5l 242 | 71 {81 | 42 |22
MARCH 27.0 1 31.8 | 36.7 12,4 6.8 1.4 19.7]14.6]84.7 |16.0233.4| 8.4 9.5] 16 | 4} 192§ 73 [83 | 42 |28
APRIL 23.7]28.2|32.3] 7.7{ 1.5| -5.00115.7(16.0§48.7 | 9.2 211.3{ 0.04 5.9¢ 13 | 0O} 131 72 | 84 | 38|27
MAY 20.67] 24.4 | 28.3 | 2.4 | -4.7| -8.3|11.5)18.219.6 | 3.7} 86.9) 0.0} 4.1} 10 [ ¥ 8875 [86 | 36 |2s.
JUNE 17.2121.9026.7)-1.41 -7.2 1 -10.64{ 7.9]18.60 7.2 { 1.4053.3 {o.0l2.7] 81 OW 73174181 | 33 )22
YEAR 20,67 — 139.1) 7.5 = [=11.7] 16.1]37.1] 530.5] 100 | 822.7}2k4 [66.6 106 | 49ife356 | 64 | = | 33 (=
" The air from the reports of thg-Weather Bureau, Pretoria

temperatures and the relative humidity ware taken

A
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somne climatic properties which are common to the vast con-
tinental areas. These.properties are great daily and annual
temperature fluctuations and a relatively low and erratic
precipitation.

The Orange Free State falls within the vast summer rain-
fall area vhich takes up the major part of Southern Africa.
During summer, when the Continent is strongly heated, a general
monsoonal inflow from the north and north-cast brings'equa—-
torial and maritime air originating mainly from the Indian
ocean, Apart from a stronger inflow of moist &ir into the
east, the relief of the Continent also has a marked influence
on the distribution of the rains over the western and eastern
parts of South Africa,. The Urange Free State lies in the rain
shadow of the Drakensberg Mountain Range., On this side of the
mountain range the land-surface slopes down te the west and
with it the rainfall decreases., KBNDREW (1953, p. 123) set
the altitudes against the precipitation near the 29th parallel:-

Alt., ft. Kean annual rainfall, in.
"Durban 50 . '45
Pietermaritzburg 2,243 %6
Drakensbersg 10,000 45 - 75
Bloemfontein 4,583 ‘ - 21
Kimberley 3,996 16
Upinzton 2,640 7
Pella 1,500 5
Port Nolloth 22 3

In the Central Orange Free State 75 - 80 per cent of ke
rain falls during the six months of the main growth season
from October to karch. A zreat part of the rain falls as
thunder storms. During winyer the inner plateau of Southern
Africa is much colder than the coasts and fine, dry weather
predominates. Frost occurs only during the night and early
morning,

The average first frost date at Glen (over 30 years) is
the 3rd of Nay and the average last date the 24th of Septem- -
ber, Thé extreme dates are the 7th of April for the earliest
frost and the 6th of November for the latest.

b. Relationships between Climate and Crop Production.

A congideration of the soil moisture conditions during
the year is regarded as important for the understanding of
the relationships between climate and crop production. Results
" of soil/
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of s0il moisture studies conducted by the author during 1956/
5¢ may be halpful for the interpretation of this subiect.
Figure 1 illustrates the soll moisture content under undig-
turbed natural vegetation (veld) at Glen for the periocd from
October 1956 to Septeumber 1957, Figure 2 shows the soil
molsture content during the same periocd in & maize land,
about 25m distant from the site of Fisure 1. The precip-
ibation during the season Qctober 1956 to March 1957 correge
ponds to the scasonal average for Glen, but the monthly rain-
fall totals deviated considerably from the corresponding
monthly averages.

After relatively dry conditions before and during
September 1956, a rainy October followed (192 per cent of the
average)a During November only 65 per cont of the mean wag
regcorded. With 176 per cent of the mean, a very high precip-
itation was experienced during Decemboer.  January 1957 had
nearly normal and February (41 per cent), March (62 per cent)
and April (55 per cent) subnorml rainfall. The painfall
during the lave winbter and sarly spring in 1957 was exception-
ally high (ugust 414 and September 609 per cent of the meank.

On account of winter drought, lands permansntly covered .
with plants (natural vegebation or perennial crop plants)
usually have no or only negligible amounts of readily avail-
able moisture conserved from the previous rainy season. The
plants often grow considerably during autumn until winter
dormancy is reachad or the above ground parbts are killed by
frost. During this time the plants may use all or wnost of
the soil moisture gained late in the SEeas0N.

Un the othsr hand, a ceriain amount of so0il molisture nay
be comserved towards the bermination of 2 season vhen the
cultivation of an anpual c¢rop is followed by winter fallow,
The annual crop plants have then‘reached maturity by late
liarch or early April. In the czse of maize and grain
grghuns, molsture may bs conserved during the period of
ripening, when the evapobtranspiration is markedly decreased,
According to long term veather records, the precipitation
during March exceeds that of any obther month of the year.

In the investisations no further attention was pald to
the late and post seasconal molsture conservation; neverthe-
less this ssems to be of considerable practical significance.
Parmers often plant vwheat betwesn the rows of maturing maize
to obtain grazing during winter. No harmful effsct on the
ripening maize is to be expacted, bub the wheal consumes
moisture waich is lost to the following ¢rop. Farmers

‘ aoften/
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often leave maize lands unploughed during winter to allor
the stover Hto bs zrazed. Jeeds somebimes appsar and waste
valuable soll wmoisturs. When switching over from wheat to
maize growing, [armers offen plant maize immediately after
the wheat has been harveshed. in most cases such a prac-
tilce means a failure of the maize because tThe soil moisturs
has been depleted,

Often the moisture content of the surface soil only is
congidered when the moisbture supply avallable to a crop is
assesgsed., The moisture content of the surface soil is im-
portant for the germination of sseds. For the moisture
supply to a8 crop during the growth season, the molisbure con-
served in deeper soll layers is much more important, since
it is not exposed vto direct evaporation,

The graphs of Figure 1 indicate that also under natural
vaegetation (veld) a certain amount of moistbure vas available
in the soil befors an appreciable rainfall was recorded
during Cctober 195¢. This, however, is regarded as an
exXception, caused by a very high precipitation during the
Period from Februsry to May 1956 which had followed =2 henvy
drought damage during January. The growth had also been
terminated by soaverce frost during the first ten days of RMay
{(~3.5° 2). In the soil of the maize land (Figure 2)
slightly wore moisture was available early in October.

As a resulit of subnomal precipitation from February
until Hay 19*5‘?3 the soil of the wveld recuained dry during the
winter of 1957. The moisture avalilable in the malze land
winber 1957 depended on the degree of

Pty

tovards the end o
moisture depletion reached during the previous season. The
graphs of Figure 2 indicate an appreciable content of plant
availablc soil moisture in the case of the wide espacenment,
but not in the cass of the narrow espacement of the maize

plantsg,

Imter soil moisture investigstiocns (Table 8, following
C. 36} indicated conservation of moisture in the scil of =z
maize land towards the end of the 19%7/58 seaison, from
which the maize of the 1958/59 season night have taken
benefit.

The commencerment of the sowing scason is initiated by
the spring rains, Turing spring, larvzer amounts of rain
are necesssry o achiewve an adequote noisture contont of
the surface soil vhich is reguired for good germinatlion.
On account of rapid evaporation, often incresssd by d4dry

- western/
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western winds, the surface soll, molstensd by spring rains,
dries out rapidly, Thus, the peried during which zdequatbe
moisture is available in the surface soil for the planting
and germination of malze or other annual summer crops nay
sometimes be limited to a few days. The high operation

speed achieved by power mechanizsiion has, hogever, prag—
tically ruled cut the difficulty of complebing the cultivation
of 21l the lands proposed to carry o crop.

wWith the advancing season the mean monthly rainfall as
wz2ll as Che evaporative power of the abwosphere increases.
During the wvhole year the potential evaporation gencrally
exceeds the precipitation by far.

On account of the rapid evaporation, light rains cannot
be considered of major imporvance for The molsture supply bo
plants. Only soaking raing can effect apprecizbls conser-
vation of molsture,since the nmoisture Then penetrates deeper
inte the soil and is thereby more protected from evaporation.

Spring and early summer is an important period for cone
serving soil moisture. The grapﬁs in Figure 2 indicate a
consideroble molsture consarvation before planting snd during
the early grovwth of maize. 1% must, hovever, be borne in
mind that the precipitation experienced during ths conmencse
ment of the 1956/57 season was excepbionally early and high.
During seversl seasons, Livttle moisture could be conserved
before planting. The moisture supply %o the plants is most-
1y supplenented during the sarly growth stages when the plants
still have = relatively small Transpiring surface.

FHITKORE (1950 1) showed the evapotranspiration of malze
at different growth stages asccording to datz from the Groot-
fontein Agricultural College. The data show an increasing
moisture requirement with adviancing growth reaching a peak
shortly before tasseling.  During the flowering stage 2 high
level of evapobtranspirabion is maintained. A marked decline
tokes place only after the flowering sbtzge has occurred and

contipues with advancing naturity.

The risk of drought damage to malze during the garly
groTth stages (up to sbout & -7 weeks after planting) is
negligibla,. The sced is always planted into molst surfazce
s80il and ﬁhﬁAtrﬁnSpi?aﬁiOﬁ per unit zrez during the carly
growvth stages 1s low. Young plants car live on limiteq
amcunts of resdily aveilable solil moisture and seem to be
much more drought resistant than plants abt more advanced
grovth stoges. Witk advancing growth and rising t?m@eramare

the/
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the evapotranspiration incresses. At The same time, the
soill moisture conserved before planting and during the early
growth decreases until a nsgligible amount of moisture is
left when the plants zre in most nesd of it, and that is Just
before and during the flowering stage. As can be seen in
Figure 2, in 1957/58 the permanent-wilting percentage with
the densely spaced maize was reached as lazte as the first half
of February, that is during the late [lowering stage. With
wide espacement the permanent~wilting percentage was never
reached, Turing seasons with 2 fadirly normal precipitation
densely spaced maize is often seversly damaged by drought
shortly before tasseling and normally spaced maizz during the
flowering stage. During Japuzry and February severe drought
is often experienced, although the mezn precipitation and the
rellablility of the rainfell increases from Cctober to January
and decreascs only slightly during Pebruary. Since the mois-
ture requirement of maize usually cannot be met by conserved
soil moisture during the period of the highest evapobranspir-
ation, the plants are mainly dependent on the rainfall during
the flowsring stage. Puring Japuary and February short or
long periods of drought, =accompanied by dry and hot weather,
often do extensive damage to TtThe flowering maize. ’

ate in the season the growth and developrment of malze
is generally fzirly elow, probably on account of decreased
temperatures and shorter 43y lengths. Then, moisture is
usuzally not the limiting factor, This can be ettributed to a
rather relisbl: 2nd hipgh rainfzll during March and 2 markedly
decressed evapobtranspiration whils the maize is ripening. The
growth season is torminated by the occurrence of the first
frost. (Averaze 3rd of May, extren. 7¢h of April).

Most maize varictiecs grovn by the farmers require 130 -

145 days from planting to maturity. kaize is usuzlly not
planted before bhe middle of September and the planting sea-
son can be extended unbil the middle of December. With fast
mafuring varietics planting nay be delayed until the end of
December or the beginning of January. Most of the malize is
planted from the middlz of October towards the end of Novem-
ber. To decreasse the risk possibly attached to one btiue of
plantimg; often & part of the malze is planted at one time
and the rest at one or Hwo other Ulmes. The planbting

operations can thus be exbended over a fairly long period.

As mentioned by #HITMORE (1950 b) this long planting
sezson may give the opportunity to regulste the plunting s0
that snticipated poriods of drought which are olften

sxperisnced/
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experienced during the second half of January and the first
‘half of Februsary, do not coincide with the most critical growbh
stadia. it does not, however, often appear possible to evade
guch drought periods. Most varieties have reached the crit-
ical tasseling stage about 65 - 70 days after ploanting. With
fairly Llate planting (e.g. the end of November) the tasseling
and flowering staiges Jjust fall into the anticipated period of
drought. #ith early planting on The other hand, the moisture
conservation before planting would often be insulficilent,

Apart from a possibly slightly higher probability of
drought during the period mentioned, it must be kept in mind
that rainless periods can occur at any earlier growth stage of
maize., In this case the drought seldom becomss evident bee
cause damtge can only be expected when complete exhsustion
of the readily available soil moisture as 2 resulbt of heavy
evapetranspiration up to 2 certain growbh stage, coincides
with 2 rainless period. Such an exhaustion is usually only
reached av the peak evapotranspiration stage shortly before
and during the time of flowering. | Accordingly, tThe usual
interpretation of the relabtionshlp between time of planting
and drought resistonce of maize is not fully convincing.
Instead of the assumption that the droushit can be evadad with
late plonting, another sxplanation seems to be more adegquabte.
Ahen the growtk perioed of maize 1is delayed by delayed
planting, the possibiliby of conserving soll meisture before
planting'is increased. At the same time the probability of
rains during the growbh season is not markoedly diminished by
late planting in comprrison with early planting, Further~
more, Tthe ripening period with late planting is shifted into
A4 pericd of decreased tenmperature and increased relative
humidity.

The meisture content of the soil durding 2 secason may
also be of importance for the decomposition of soil organic
| matter and the wnitrogen supply to crop plants. The resulbs

of the meisture studiecs of Figures 1 and £ may be of some
significonce from this point of view. If +the moisture
graphs of Figurss 1 and 2 arce studisd, it becomes cvident
that, compared with vei&? the scil moisture conbants taxke &
very differcnt course during The year under maize. This is
considersd of fundamental lmportance for the condlitions
which movern the decomposition of plant residuss and there-
by influence the humus and nitregen status of both uncul-
tivated and cultivated soils. At the soil dotth O - 9 in.,
under paize as well a2s under veld, drying oub znd now
moisture infiltration 2lternated during the period Irom
Qotober/
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Qectober to Pebruary. The graphs indicabte a more rapid
moisture loss from the veld than from the maize field during
spring,  From March %o July, that means from towards the
termination of the growth season until winter, the soil
moigture content at 0~-9 in. so0il depth of the culbivabted
land remained higher than that of the veld., The rain during
August and Beptember increased the moisbture conbent of both
veid snd cultivated land, Assuming that decomposition of
organic matber is only hampered when The soll moisturs
decreases to Tthe permanent-wllbting percentage, then under
veld as well as under cultivated land during spring and
summer conditions prevailed at 0-9 in. soil depth which
could have favoured decomposition. The low precipitation
during winter did not, however, moisten the soil layer at
6=-9 in., depth in.the veld above the permanent-wilting per-
centage, while the corresponding depth im the cultivated land
was moist during the same period.

Buring October and December heavy rain temporarily ine
creased the soll moisture content at 9 - 18 in, depth under
veld., Towards the end of December bhe pernanent-wilting per-
centage was reached in this so0ll layer and the molsture content
remained below this percentage until August. The soll at
18 - 27 in. and 27 - 36 in. depths resached the permanent-wilting
bercentage as early as in the middle of November. There-
after and until the following spring the soll moisture con-
tent a8t these depths remained below the permanent-wilbting
Percentage. Buring the twelve months the soil moisture con-
tent at 18 - 36 in. depth upnder natural vegebation was above
the permanent-wilting percentage for only two months. In the
same period amﬁ at a corresponding soil depth, the soil
moisture content under densely spaced maize remained near the
permaﬁentmwilting percentage for approximately six months.
Under widely spaced maize it remained well above the per-
nanent-wilting percentage during the twelve months.

Ohvicusly a noticeable infiltration of meisture into the
deeper soil horizons of veld can only take place when the
veld has not yet passed winter dormancy. As soon as the
veld has started growing, the moisture from rains is rapidly
Consumed, Bven heavy rain, as experienced during December
1956, raised only the moisture content of the surface soil.

These yelationships may partially be responsible for a
relatively vigorous growbh of the veld after soaking rain
during the early season. This iz probably made possible Dby
a moisture conservaticn befors the end of the dormancy pericd.

In/
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In the deeper soil layers of the veld extremely favour- by
able conditions for the maintenance of a relatively high soil
organic matter conbtent may prevail, During the short period
when the desper soll layers are moist an increase in the rootb
material can be assumed, Shortly afterwards the wilbing '
range is raached. For a wvery long time no new moisture pene-
tration takes place. Therefore it must be reckoned that the
decomposition of soil organic matiter ig limibted to a very
short period.

The moisture conditions prevailing during the year in
the soil under a summer crop followed by winter fallow are
very different from those under veld. In this case favour-
able conditions for the decomposition of soil organic matter
at a comsiderszble soil depth predominate during a relatively -
long period.

Ceo Weather During the Experimental Period.

This report presents the results of field experiments
carried out during the period beginning with the 1957/58
season and ending with the 1960/61 season.

Particulars of fthe weather conditions during this period
are presented in Tables 2, %, 4 and 5.

The average and absolute maximum and minimum temperatures
and the frequency of days with maximum btenmperaturss above
30°C . snd minimum temperatures below OV at Glen College of

dgriculture are given in Table 2,

Table 3 presents the rpean relative humidity at Glen at
08,00 and 14.00 hours S.A. Time.

The monthly rainfall at Glen and Theunissen is given in
Table 4, -

Table 5 contains the rainfall per 10 day period and per
month during the summer sezsgon (October Yo March), the
mumber of rainy days and the length of the longest periods
without precipitation above 2 nm, beginning at any date |
“ithin each 10 day period. |

From Theunissen rainfall figures only are avallable
&nd it may be azssumed that the temperature and the relative
qumidity at Theunissen took a fairly similar course bHo that
at Glen.

Since/



TABLE 2

0°C DURING THE YEARS 1957/58 TO 1960/61 AT THE GLEN COLLEGE OF AGRICULTURE

: MAXINMUM AND MINIMUM TEMPERATURES AND FRELUENCY OF DaYS WITH TEMPERATURES EITHER ABOVE 3000 OR BELCW

Temperature (°C)

Year - Jul.  Aug. Sep. OCct. Nov. Dec, Jan, Feb. Mar, Apr. May dun.,

Mean daily maximum 1957/58 | 18.0 20.1 23,0 23.4 30.0 30.0 29.0 30.8 29.0 25.8 21.9 17.6

1958/59 | 20.0 21.5 24.0 27.4 29.6 30.3 29.6 29.5 23.0 25,8 18.2 19.0

1959/60 | 17.8 19.8 25,4 27.2 28.7 28.3 30,7 30.0 26.9 22.1 19.2 17.1

1960/61 | 17.0 22.1 25.1 27.8 28,0 30.3 29.8 31.6 27.7 24.0 19.1 16.6

Mean daily minimum | 1957/58 1.4 1.8 6.2 8.6 11.7 14.6 16,2 12.5 11.6 8.8 3.4 -2.3

1958/59 | -1.3 ~1.2 5.2 8.7 12.5 15.6 13.5 14.2 11.9 8.2 3.1 -1,0

1959/60 1.5 -1.2 3.7 9,0 12.6 14,1 14.3 15.7 12.9 7.3 1.7  -1.4

1960/61 | -1.3 4.0 6.2 g.7 13.2 14,5 13.6 15.1 14.1 8.7 4.3 3.2

Highest maximum 1957/58 | 22.6 25.5 29,5 31,0  34.1 36,0 34.4 34.6 34,0 31.8 26.2. 21.8

1958/59 23.7 27.8 33,1  34.1 36.7 34.1  35.1 34.4 33.3 31.6 25.9 23.8

1959/60 | 22.8 27.1 32.4 37.2  35.8 33.6 36.6 35,0 32.1 27.3 23.8 22.2

1960/61 | 23.2 28.5 30.6 34.2 33.2 35.4 36,6 3.3 31,0 28.6 24.5 21,8

Lowest minimum 1957/58 -5.6 -7.0 -0.5  -1.2 4.8 8.3 13.1 6,8 4.1 2.5 -2.0 ~8.9
1958/59 | -4.5 -8.3 -4.6 1.1 6.4 11,7 4.6 9.1 2.6 0.0 =~2.2 =6.2

1959/60 | -3.0 -5.0 -6.2° =1.6 4.5 8.7 4.3 7.8 5.0 1.3  -3.7 -6.8

1960/61 | -7.0 -2.7 -1.5 -1.1 8.2 10.2 5.1 7.5 7.3 3.4 =2.5 0.6
No. of days_with 1957/58 0 o 0 1 17 15 10 17 16 1 0 0
max. 2 30°C 1958/59 0 0 6 9 15 20 16 16 14 5 0 0
1959/60 0 0 5 10 12 11 20 17 6 0 0 0
1960/61 0 0 2 7 10 18 15 20 A 0 0 0
No. of days with | 1957/58 14 12 2 1 0 0 0 0 0 0 8. 23
min. I 1958/59 26 23 6 0 0 0 0 0 0 1 7 22
= 0°C 1959/60 | 15 25 8 2 0 0 0 0 0 0 12 22
1960/61 23 3 5 1 0 0 0 0 0 o} 6 4




TABLE 3 : MEAN MONTELY RELATIVE HUMIDITY AT 08,00 aND 14,00 HOURS S.A. TIME DURING THE YEARS 1957/58 T0
1960/61 »T THE GLEN COLLEGE OF xGRICULTURE

Yeay Jul, Aug., Sep. Oct, Hov, Dec., Jan. Feb, Mar. Apr. Nay Jun.
Relative humidity . L957/58 87 78 76 71 61 65 76 73 77 87 85 87
(%) atfior?léoo S.A, 1958/59 81 66 71 57 61 73 67 80 79 84 88 89
1959/60 | 87 17 61 59 68 72 66 77 83 86 . 93 91
1860/61 g2 85 €9 61 65 65 65 66 78 86 g1 90
Relative humidity 1957/58 -~ - - 42 28 41 54 33 36 39 32 28
(%) at&géoo S.4. 1958/59 | 23 15 26 20 29 36 33 41 31 34 42 29
1959/60 36 23 116 27 33 44 32 43 46 47 38 35 -
1960/61 33 33 23 24 34 31 31 27 39 39 38 45




TABLE 4 : MONTHLY RAINFPALL IN mm 4T THE GLEN COLLEGE OF AGRICULTURE AND AT THEUNISSEN (x) DURiNG THE YE4RS
1957/58 TO 1960/61

Season Place Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Total

1957/58 | Glen 12.7 40.6 109,1 77.6 51.5 86,7 103.8 29,6 80.4 37.5 57.1 0.0 686,6
| Theunissen 32.0 22,5 168.0 122.0 61.0 113.5 100.0 65.6 50.5 46.5 44.0 0,0 825.,6

1958/59 | Glen 0.0 0.0 27.1 52,7 66.9 105.6 71.5 61.8 31.9 69.7 34.0 0.6 521.8
Theunissen 0.0 0.0 15.2 6.1  12.2  73.4 65.8 53.3 41.7 40.6 60.4 0.0 402.7
1959/60 | Glen - 24 .7 0.0 ' 0.0 53.6 68,7 107.2 45.7 125.3 149.5 77.2 13.2 14.0 679.1
Theunissen 0.0 0.0 0.0 61l.4 59.2 83,1 15.2 49.6 57.8 103.4 4.1 0.0  433.8
1960/61 | Glen 13.6 32.7 5.8 46,5 50.7 61.8 T2.1  48.2 61.8 51.7 60.0 52.5 558 .4

Theunlissen 0.0 23.6 545 56.3 53.6 99.3 44.1 17.0 57.1 83.6 44.5 44,2 528.8

Long term average for
Gilen (1921 - 1961) 8.5 10,3 17.6 42.6 67.8 737 77.2 71.3 GB4.1 48.8 20.6 8.4 530.7

(x) Until August 1958 at Theunissen and thereafter on the farm "Excelsior", Theunissen



TABDE 5 : RAINFALL (mm), NUMBER OF DAYS WITH PRECIPITATION ABOVE 0.2 mm AND LONGEST PERIODS WITHOUT PRECIPITATION
L ABOVE 2 mm TPROM 1957/58 TO 1960/61 AT THE GLEN COLLEGE OF AGRICULTURE AND AT THEUNISSEN (x)
Number of days with precipitation above 0.2 mm and,
Rainfall 1n mm in brackets, longest periods without rain above 2 m:q
: ' _ (days) beginning  within each period
Season 1957/58 1958/59 1959/60 1960/61 | 1957/58 19%8/59 1958/60 1960,/61
Date | Glen Theun. Glen Theun.| Glen Theun.| Glen Theun.] Glen Theun.| Glen Theun.| Glen Theun.| Glen ‘Tﬁeun.
Cet. 1-10 3.9 63.0 0.0 0.0 1.5 17.8] 0.0 0.0 3C.-) 3(C 5) 0T = o( - 10 =) 20 9 OE ) MY O (e
11-20 |46.3 38.5| 30.4 5.6 | 42.6 33,21 43.0 51.5 6§ 4; 2 63 2( 9) 1( 9} 2( —; 2( 0) 3( 6) 1( 6
21-31 | 27.4 20.51{ 22,3 30.5 9.5 10.41 3.5 4,81 4(19) 2 20 o( 6) 2( 6)] 2( 9) 2( 9) 1(15) 2(13
Total | ((-6  102.0 | 52«1 36.L P3.6  B61.4 | 46,5  56.3 | 13 7 4 3 5 6 4 3
Nove 1-10 T 3.3 0.0 63.6  12.2 | 44.& I3.2 | 4.9  12.7| 2C =) 0O( =J[ 7( & 1(33; 3& 3; 20 2 2((4d7 " 1(16
11-20 |17.6 20.0 0.2 0.0 24.3 31,5 17.7 Q.01 3(2) 1( 3); 0(18) oO( -)! 2(13) 3¢ 5; 2(11) ©o( -
21-30 ]30.6 41.0 3.1 0.0] 0.0 14.5]128,1 0.9 3(9) 3( 9 1(2) o =)l o( =) 2( 5) 5(13) 3( 7
Total | 5L.5 61.0 ] 66.9  12.2 ) 68.7  59.2 1 50.7  5©3.61] 8 A 3 T 5 7 q 7
Dec. 1~10 | 60.1 113.5]| 52.4 27.5] 70.0 34.8] 5.9 34.3] 9( 27 6( 1)] 5( 4 2§ 3)1 4( 3; 4( 2; EX( og 4( 2
11-20 0.5 0.0 16.1 16.5 9.3 39.9] 32.2 43.2 1(16% 0(32 3( 4 2( 5)| 4( 4 3(3)3(7) 2(8
21-31 [26.1 0.,0] 37.1 29.4| 27.9 8.4423.7 21.8| 4( 1) O( -)! 4( 4) 3( 9)| 4(8) 2(16) 5(6) 2(8
Total [B6.7 113.517105.6 73.7(107.2 B3.1181.8 99.3 |14 e |12 T 12 ST S N -
Jan., 1~10 |17.5 0.0 18.4 10.4 6.9 0.0 13.7 2.5 6( 8) 0o( - 2(16% 1(173 1(9) o( =)} 1( 8 '“1511§
. 11-20 43.5 89.0 0.0 0.0 18.3 2.5 ( 42.1 37.8] 6( 3 A{ 2 oE -) Oo( =) 2( 5y 1( 5; 6( 7) 3( 8
21-31 |42.8 11.0 53.1 59,4 20.5 12.71 16.3 3.81 8( 3 1{10) 6( 2) 4( 7)) 6{12) 1(11) 1(10) 2(12)
Total (03,8 100,0 715 . 609.8 | 45.7 15.21 72.1L 44.1 ] 20 5 8 5 ) 2 8 6
Feb, 1-10 {17.4 15.0 9.8 27.9( 25.3 17.31{19.8 17.0 45 6) 1(10% 3¢ 5) 1( 9 35 3; 3( 3) 6( 4) 2( -
11-20 [12.0 50.5{ 52.0 25.4{ 15.3 4.6 9.9 0.0 { 4(18) 3(15) 5(16) 1(16)| 3( 3) 1( 9)j 2(10} 0(20
21-28/9] 0.2 0.0 0.0 0,0 ] 84.7 27.7119.5 0.0) O( =) 0o( =)} O( =) ©O( =) 5(4) 3{13)2( 2) of -
Total 29.6 65.5 6Lle0 h3.3 1.125.3 49.6 | 49.2 17.0 8( 4} 8( ) 2( 5 11( 7( )10( - 2( -
Mar. 1-10 }11.2 17.0 9.4 35,1 | 12.2 16.6 ) 14.9 15.7{ 1{( 4 2( 5) 4( 8) 3 3(8) 2( 1) 5 1
11720 |65.9  19.5] 20.2 6.6 | 108.4 36.1[31.2 29.2 55 55 1( 9% 3(16) 2219% 62.3; 3( 4) 4(10%} 2%113
21-31 | 3.3 14.0| 2.3 0.0 28,9 5,1 |15.7 12,21 1(10) 1(13)f 2( =) OC( ~-)l 5(5) 1( 7) 5( 4) 2A( &
Total | 80.4 .5 3.9  41.71149.5 H7.8 { 6L.8  HT7.L| 7 4 9 5 114 6 14 4
Theunigsen

(%)

Up to August

1958 the readings were taien at Theunissen and thereafter on the farm "Excelsior",



TABLE 5 : RAINFALL (mm), NUMBER OF DAYS WITH PRECIPITATION ABOVE 0.2 mm AND LONGEST PERICDS WITHOUT PRECIPITATION
' ABOVE 2 mm FROM 1957/58 TO 1960/61 AT THE GLEN COLLEGE OF AGRICULTURE AND AT THEUNISSEN (x)

. Number of days with precipitation above 0.2 mm and,
Rainfall din mm in brackets, longest periocds without rain above 2 mn
(days) beginning within each period

Season 1957/58 1958/59 1959/60 1960/61 | 1957/58 1958/59 1958/60 1960/61
Date | Glen Theun. Glen Theun. Glen Theun.| Glen Theun. Glen Theun.| Glen Theun.,| Glen Theun. Glen Theun.
Qect. 1-10 3.9 £3.0 0.0 0.0 1.5 17.06 0.0 0.0 30 =) 305 O0( - o( = 1( =) 2% g Oé -y 0 -
11-20 {46.3 38.5{ 30.4 5.6 | 42.6 33,2143.0 51.5| 6( 4 2£ 6) 2( 9) 1( 9)( 2( -; 2( 0) 3( 6) 1( 6
21-31 [ 27.4 20.5{ 22.3  30.5 9.5  10.4{ 3.5 4.8 1 4{19) 2(20){ 2( 6 2( 6)1.2( 9) 2( 9} 1(15) 2(13

Total | 77.6_ 122.0 | B2.7 36.1 1 53.6  61.4 | 46.5  56.3 113 T i 3 5 6 A 3
"Nov,. AL=10 3.3 0.0 63.6 12.2 [ 44,4 1I3.2[ 4.9 12.77§ 20 =) 00 =j)f 7¢ 6§ 1133} 3§ 37 20 20 2((4 1%16
11-20 17.6 20.0 0.2 0.0 | 24,3 31L.5 | 17.7 0.0 3(2) 1(3 0218 OE -1 2(13) 3( 5) 2(11) of -
21-30 J130.6 41.0 3.1 0.0 0.0 14.5]128.1 20.9] 309) 309 1(2) o( =)t o( -y 20 5}k5{13) 3( 7

Total | 5L.5 6L.0| 66.9 12.2 | 68.7 59.2 1 50.7 5H3.61] & 4 8 i 5 i 9 1
Dec. 1-10 [60,1 113.5| 52.4 27.5| 70.0 34.8] 5.9 34.3) 9( 2) 6( 1) s5C 4) 20 3)] 4( 3) 4¢ 22 3(0) 4( 2
11-20 0.5 0.0 16.1 16.5 9.3 39.9{32.2 43.2| 1(16) o0(32) 3( 4) 2( 5)) 4( 4) 3( 3)3(7) 2( 8
21-31 | 26.1 0.0 37.1 29.4 | 27.9 8.4123.7 21.8) 4( 1) 0O( -)] 4( 4) 3( 9)] 4(8) 2(16)5(6) 2(8

. Total [B86.7 113.5]| 105.6  73.4 | 107.2  B3.1 [ 61.8  99.3 | 14 6 . |12 7 10 G 11 B
Jan. 1-10 |17.5 0.0 | 18.4 10.4 6.9 0.0113.7 2.5 6( 8) o( =) 2(16) 1(17)| 1( 9) o( =) 1( 8 .1(11§
11-20 ]43.5 89.0 0.0 0.0 | 18.3 2.5 42.1  37.8] 6( 3) 4( 23 o% =) 0of - gg 5)  1{ 53 6( 7) 3( 8
21-31 | 42.8 11.0 53.1  59.4 | 20.5 12.7 | 16.3 3.8 8( 3) 1(10)] 6( 2) 4(C 7 6(12) 21(11) 1(10) 2(12)

Total J03.8 400.0 | 71.5 69.8 | 45.7  15.2 | 72.1 _ 44.1 | 20 5 B 5 e 2 g 3
Feb. 1-10 |17.4 15.0 9.8 27.9{ 25.3 17.3]19.8 17.0] 4( 6) 1(10g 3 5; (9 3% 3; 3( 30 6(4) 2( -
11-20 }12.0 50.5| %2.0 25.4 % 15.3 4.¢] 9.9 0.0 | 4(18) 3(15)] 5(16) 1(16)1 3( 3) 1( 9) 2(10) 0(20
21-28/9] 0.2 0.0 0.0 0.0 | 84.7 27.7119.5 0.0 o( =) oO( =) o =) O( )} 5(4) 3(13)2(2) o -
Total |29.6  65.5 1 BL.8  53.3 1.025.3 49.6 [ 49.2  17.0 ] B ! 8( 2 - 11( 7( )10( 2( -

Yar. 1=10 }211.2 17.0 9.4 35,1 | 12.2 16.6}14.9 15.7% 1( 4) 2( s} 4( 8) 3¢ 3(8) 2(1)]5(4) 1
11-20 |65.9 19.5{ 20.2 6.6 {108.4 36.1 | 31.2 29.2 5E 55 15 9§ 3§16; 2%19% 65.3% 3( 42 410 2%11
21-31 3.3  14.0 2.3 0.0 ] 28.9 5.1.(15.7 12,21 1(10) 1(13) 2( =) O( =)l 5( 5}y 1( 7) 5(4) 1(_ 4)

(x) Up to August 1958 the readings were taien at Theunissen and thereafter on the farm "Excelsior", Theunissen



Since the amount and distribution of rain seems to bs
the main factor contrelling the crop production in this
region, reference %o thas tempcratures and the relative
humidity data will only be made when the monthly fisures
differ appreciably-from the long term means given in Table 2.

According to the data presented in Tables 2, 3, 4 and 5
the weather conditions during the experimental years were as
follows:-

1857/58 Season,

The beginnine of this season is marked by an excepbion-
ally early and hizgh precipitation.

The highest precipitation recorded at Glen during
September since 1929 was in this seascon (109.1 mm). At
Theunissen the September preocipitation was even higher than
at Glen (168.0 mm); As previously shown, the high precip-
itation during Sepbember 1957 brought about a considerable
g0il moisture conservation (Figures 1 and 2). As during
September, the rainfall recorded during October was at
Theunissen (122.0 mm)  much higher than that at Glen
(77.6 mm), and the precipitation at both places cxceeded by
far the mean precipitation for October at Glen (42.6 mm). The
rainy conditlons were accompanied by low temperatures which
found their expression in & warkedly low mesn maximunm tem-
perature (23Y ¢, the avsrage 1s 27.0° o). The relabtive
Gumidity during Qebober was relatively high (Table 3).

The amount of rain racorded at Glen and Theunissen during
November did not differ greatly from the long ternm average at
Glen. Periods without precipitation above 2 mm of 19 days
at Glen and 20 days at Theunissen were experienced from the
end of Cctober until the second 10 days of November.

The monthly precipitation recorded during December and
January at Glen (86.7 and 103.8 mm respectively) and Theun-
issen (11%.5 and 100.0 mm respectively) exceeded the average
for Glen (73.7 and 77.2.mm respectively). Lost of the rain
was recorded during the first 10 days of December and during
The niddle of January. If periods withoub precipitation
over 2 mm are regarded as dry periocds, dry conditions were
experienced from the middle of December during 16 days at
Glen and 32 days at Theuniss:an. These dry periods were
aggravated by temporarily high temperatures which, however,
do not find a strong exvression in the nean monthly paximum.

February/
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Pebruary was a very dry mownth at Glen (29.6 mm), while &
precipitation only slightly below normal was received at
Theunissen (65.5 mn). In the second half of February
periods without precipitation above Z mm started and lasted
for 18 days at Glen and 15 days at Theunissen, During
fiarch & normal precipitation occurred at Glen and a lower
than normal one at Theunissen.

A mormal precipitation during April was followed by
good rains during hay.

The 1957/58 season represents a moist season at Glen
and an exceptionally molist season at Theunissen, During
the twelve months 8259%: mm rein wag recorded at Theunissen
which is more than the annual maximum ever recorded av Glen.
In spite of The high annual precipitation. relstively dry
periods were expevienced during Decenber, Janvary and
February.

1958/59 Season,

Turinz September and October a rainf=al? ~hich does not
differ greatly from the mean precipitation at Glen occurred
at Glen and Theunissen. The mean naximum tenmperature of

Sevtenber wag below the average.

JWowember brought a normal precipitation at Glen and a
very low rainfall {12.2mm) at Theunissen. & veriod of %3
dawvs without precipitation above 2 um, which started during
the first 10 days of uwovember, was experisncel at Theunissen.
At Glen practically all the November precipitation was
recorded during the first days of this month.

The December rainfall was also higher at Glen (105 . Amm)
than at Theunissen (73.,3mm). The long term mean for
December is 74.0mm at Glen.

During Janpuary and rebruary gimils™ amounts of rain
were recorded at Glen and Theunissen, These were slightly
beloy the average lurins Tanuary and distinectly below the
average during February. Dry periods extending over 16
or 17 days during the middle of January and 16 days begin-
ning in the widdle of February, were experienced at both

vlacges.

During March less than half of the Glen average raln-
fall for this month (8%,7mm) was obtained at Glen and at
Theunissen., The dr::; conditions during karchk found their
expression in a relatively low mean relative humidity at
14,00 nours/



14.00 hours S.A. Time,

April had a fairly normal and May a relatively high
rainfall.

The 1958/59 season represents a fairly normal season
at Glen and a season marked by a slightly lower than nor-
mal rainfall at Theunissen. Long dry periods experienced .
during the middle of January and the second half of
February at Glen and Theunissen must be tLaken seriously
because of the limited possibilities for meisture conger-
vation, espescially at Theunissen.

1959/60 Season,

The beginning of this season was marked by low
relative humidity percentages and a complete absences of
rain during September, a slichtly above normal precip-
itation during Ocbober and a normal precipitation during
Novemper.

During Decenber the precipitation was high at Glen
(107.2 mr) and above normal at Theunissen (83,1 mm).
Righ relative humidity percentages, a below normal mean
maximun @ temperature, and relatively few days with
temperatures above %0° ¢ also indicate that relatively
moist conditions prevailed during December at Glen.

January was a warnm and dry nonth with only 45.7 mm
rain at Glen and as l1little as 15.2 mr at Theunissen
(average at Glen 77.2mnm). Relatively dry periods started
at the end of I}écember and were also experienced towards
the end of January and the beginning of February.

At Glen the drouzght was: broken towards the end of
February when good rains occurrad which brought the total
precipitation for this month up to 125.3% mm (average
71.3mm). At Theunissen only 49.6mmwere recorded during
February, but because of cloudy conditions and an in-
¢reassd relative humidity, the rains during the last days

of February brought some relief.

At Glen a2 very high reinfall was recorded during the
niddle of March and the total precipitation for this
month (149.5mn) by far exceeded the average (84.1mm).
At Theunissen March was a relatively dry month with
only 57.8 mm.

During April an sbove normal precipitation was

received at both Glen (77.2mm) and Theunissen (103.4mm).
it/
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It can be assumed that the relatively high precip-
itation during April brought about some conservation of
$0il moisture which may have been of significance for
the following season's crop.

The 1959/60 season represents a fairly normal season
at Glen and a season with 2 below normal precipitation at
Theunissen, Normal weather conditions during October
and November were followed by a good precipitation during
December, and drought periods during January at Glen and
January as well asg February at Theunissen, According to
vhe rainfall records the drought was much more pronounced
at Theunissen than at Glen.

1960/61 Season,

During September only a very emall amcunt of rain
was recorded at both Glen (3.5mm) and Theunissen (4.8 mm).
The October rain, although about normal, was concentrated
on a few days in the middle of the month, representing
the first alternative period which provided suitable soil
moisture conditions for planting. On account of dry
western winds and high btemperaturcs this period did not
last long. Up to the end of hovember relatively little
rain was recorded. The scattered rains 4id not raise
the moisbture conbent of the surface soil sufficiently for
planting. The second a2lternative pericd for planting
occurred during the last days of November and lasted

until the beginning of December;

The December rainfsll was slightly balow the average
at Glern (61:;8mm) and hicher than normal at Theunissen
(93.% mm). During January a normal precipitation
oceurred at Glen (72.1mm) and dry conditions at Theun-
issen, especially at the beginning and the end of the
month (total precipitation 44.1lmm). Periods without
precipitation above 2mm did not excecd 8 to 12 days atb
both placss. The February of 1961 was dry and hot at
both Glen (49.2 mm) and Theunlssen (17,0mm). Less than
the average rainfsll was zlsc obtained during larch.
The April rainfall was normal at Glen and above normal
at Theunissen, The rainfall during May was relatively
high at both places.

The 1960/61 secason at Theunissen was marked by &
fairly normal rainfall supnly until December and a
sharp decrease during January, Februarv znd Larch. At

Glen/
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Glen the rainfall was slightly below normal until January,
and considerably below unormal during February and March.

Comparison of Seasons 1957/58 4o 1960/61.

@ith regard to the moisture suprly to maize plants,
the zrowth stages shortly before and during flowering are
regarded as the most sensitive ones, Depending on the
date of planting, these growth stages are reached during

January or February.

AL Theunisgsen, the January precipitation was above
norzal in 1957/58, fairly normal in 1958/59, distinctly
below normal in 1960/61 and still lower in 19595/60. ‘The
February precipitation was slightly below normal in 1957/
58, distinctly below normal in 1958/59 as well as 1959/60
and far below normal in 1960/61. Compared with the
December rainfall, a decrease in the moisture supily to
the plants either in January or in February was thus ex-
perienced during each of the experimental seasons. With
regard to the moisture supply during the most sensitive
growth stugzes, the 1957/58 and 1958/59 seasons appear to
have been more favourable than either the 1959/60 or 1960/
6l seasons. In this respect The 1958/59 season differs
the least from the normal rainfall distribution.

At Glen the January precipitation was above normal
in 1957/58 and fairly normal both in 1958/59 and 1960/61.
It was distinctly below normal in 1959/60. The February
precipitbation was slightly below normal in 1958/59,
distinetly bslow normal in 1960/61 and very low in 1957/
58. In 1959/60 a high rainfall only towards the end of
February brought the total precipitation for this month
considerably above the average. A consideration of the
moisture supply during the sensitive growbth stages of
the threze drier scasons would suggest that more favour-
able conditions prevailed during 13958/59 and 1960751
than durinz the 1959/60 season. ‘

Hith the &Kceptidn of the 1957/58 seagon, less rain
was recorded at Theunissen than =t Glen. This seems to
be contradictory to 2 gensral Tendency of an increased
precipitation towards ths north and ezst. It must,
howaver, be bornc in mind that the gencral tendency can

only hecome evident from long term recordings.

The results obtained during the different ssasons

k3

may, if the exceptionally moist first season (1957/5%) is
disregarded,/
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disregarded, represent the possibilities of maize growing
~under fairly normal to slightly below normal rainfall copn-
ditions at the Glen experimental site.

For the Theunissen area the results obtained during
the 1958/59, 1959/60 and the 1960/61 seasons seem Lo
represent the possibilities for crop production undexr
'slightly to fairly subnormal rainfall conditions.

Since the precipitation was not general, a few spobs
near the experimental sites received a markedly higher

precipitation during the ssme seasons.

Beasons with much drier conditions than thosgse of
the experimental period may occur, The absolute annual
minimum for Glen is 215.4 mm,.

III. Soils.

In order to make a general classification of the
80ils dincluded in the experimental work, soll samples were
Taken at O0~1, 1-2 and 2-3% ft. depths from the culti-
vated land of each experimental site and the texture, the
hydrogen ion concentration and the c¢arbon and nitrogen
contents of each sample were determined {(references on the
nethode are given in the section on the experimental
procedure ). The results of these deterninations and a
mechanical classification of the soils are set forth in
Table 6.

Accordinz to The data of Table © the soils of the
two Theunissen sites are lighter than the soils of the
two Glen sites. Lo marked difference exists between the
texture of the soils at the*itwo Theunissen sites.

Typical of the soil at Theunissen is a high content of
fine sand which is nearly constant at all depths (41.8 -
44.,0%), The Glen soils also contain a high percentage
of fine sand at all depths investigated, ranging between
37.5 and 50.0%. The surface soil contains more coarse
sand at Theunissen than at Glen.

According to finger tests the textures of the Glen
and Theunissen solls appesr to differ more than the
mechanical analyses would suggest. The Theunissen
soils have a more sandy and the Glen soils a more clayey
appearance. The Theunissen soils tended slightly
towards a single grailn structure and the Glen soils more

towards a crurb structure.
The/



TABLE 6: MECHANICAL ANALYSES (ATTERBERG) AND CHEMICAL ANALYSES OF THE SOILS INCLUDED IN THE EXPERIMENTS

Mechanical composition, per cent

i ! N
{ ! |
ot =
| e s+ et 2 oot e s 2o e e ~ 1 e .
Experimental i &) { = =R b
Site ! ﬁ | - o E Mechanical ~ i o W, ~ D 3
LR 9158 =] & . classification 58 & 9o H
]
s ]tng o 0 s o =3 (x) 1 oy a0
1 O 0o ] ] O < i L) o =
e o S . w 2 e 2@y ~ 42 H
Ze lsa | dEeiAa I ag | FS | Ad = | 2% | BEl ¢
RS f /2] D uad O a o 5 oY R0 2y g o (o
r
Glen College of F0=-1 0.0 36.0 42.7 8.3 11.9 20.2 ! Fine sandy loam 5.7 0,98 59 9.7
Agriculture Coal . ]
Experimentai ; 1-2 0.0ﬁ’ 27.0 | 38.7 7.7 15.1 32.8 Sandy clay loam 5.9 0.92 63 8.4
Site , 2=3 1 0.0 31.4 | 41.2 ; 18.0 ' 8.4 26.4 | Fine sandy loam l 6.2 0.60 48 7.2
Glen College of | O-1 | 28.6 | 50,0 | 9.0 | 11.1 | 20.1 | Fine ssndy loam | 5.6 | 0.80 | 54 | 8.6
Agriculture, f :
" Topland® 1-2 po24.7 4 37.5 0y 15.9 | 21.3 37.2 | Fine gandy loam 5.8 0.67 49 7.9
o3 - 21,6 £0.2 4 17.6 | 20.0 37.6 | Sandy clay loam 5.9 l 0.33 36 5,2
"Excelsior", { O-1 ' E 41.6 | 42.1 ‘ 3.0 g 12.7 15.7 | Lioamy fine sand 5.3 * 0.61 44 8.0
gﬁign%ssen’ | 1-2 ; ! 29.6 ; 42.9 | 11.4 ' 15.1 ¢ 26,5 { Sandy clay loam | 5.4 | 0.52 | 43 | 7.0
| 2-3 § 32.5 1 43.4 1 12,3 . 11.1 | 23.4 | Fine sandy loam | 5.6 | 0.39 | 36 | 6.4
"Fxcelsior", i O0-1 42.0 41,6 l 2.7 ‘ 12,0 14,7 ! Loamy fine sand 5.0 0.60 41 8.5
g?ign%isen, 1-2 i 29.5 41.8 ; 11.9 l 15.7 27.6 ; Sandy clay loam 5.2 0.58 45 7.5
2-3 | 31.7 i 44.0 ; 11.8 | 12.2 | 24.0 | Fine sandy loam i 5.6 | 0.41 | 39 | 6.0

(x) According to an 1nterna.tlona.l specification presented by SCHEFFER and SCHACHTSCHABEL (1.952)
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The colour of the air dried Glern soils is reddish
brown, becoming more reddish with increasing depth.

The colour of the air dried Theunissen soils is light
brown, sometimes yellowish at the 2-3% ft. layer.

At the Glen experimental site, in slightly lower
lying localities than the places where the experiments
were carried out, a light coloured calcareous and gravel
layer was found at 2-3 ft. depth. This calcareous
layer may underly the experimental sibve at varying depths.

An exact gepebtic groupling of the solls does not
geem to be possible because too 1ittle information on the
specific area is available. The only effort to achieve
a detailed large scale grouping of the South African
soils was undertaken by VAN DER MER%E (1941), and his
work is the only source of information on the soil
groups existing in the Orange Free State. A preliminary
re-clagsification of South African soils has recently
been undertaken (TOYXTON, 1962).

If soil forming conditions are taken into account
it becomes evident that an exact genetical grouping of
the soils is often difficult, The landscape of the
Central Free State consists of undulating plains broken
by numercus dolerite intrusions which constitute ridges
and "koppies®, The soil formed by weathering of rocks
may be rather rapidly washed down with run-offs some-
times experienced during summer. The soils near the
foot of the ridges are to a certain extent always in-
fluenced by the parent material of the rocks. The often
considerable run-off effects soil ercsicr which leads to
ine*%ability and destruction of the solil surface and thus

hampers a possible profiliation.

A considerable area of the Free State is mainly
covered by aeolian deposits. The factors of water and
wind erosion are still working at present. The Glen
s0ils seem to be partially of asoclisn and partially of
colluyvial origin while a more acolian origin of the

Theunissen soils may be assumed.

According to VAN DER MERFE'S soil map of South
Africa (1941), the Glen experimental site falls within
the area of the "Aeolian Sandy Soils® which occupies a
large portion of the Central Orange Free State, north
and northn-west of Bloemfontein and Glen.

The mechanical data of Table & and the colour of
the/
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the soils do not fullj support a c¢lassification as
"Aeolian Sandy Soils".  MOSTERT (1958, p. 7) also observed
that the aeolian soils of thls area "have a rather sandy-
loam texture which is in contrast to the typical Hoopstad
"Sandveld", described by VAL DER MERWE. The properties
of the Glen soils resemble more the "Kalahari sand on
limestone", described by VAN DER MIRWE (1941, p.59) and
the closer relationship to this soil group has also been
indicated by VAR DER kEZRYE himself (1941, p.176). Accord-
ing to VAN DER KERE'S soil map the Theunissen experimen—
tal site is situated in the area of the "Alkali Soils"
(Soil group : Solonetzic Soils) which extends over a
large area in the South and Central Free State and also
borders Glen. This soil type seems to occur only in
lower lying areas near Theunissen, The area under con-
sideration lies near the western border of the "High Veld
Prairie Soils" (Soil group : Podsolic Soils).which occupy
practically the whole Bastern Free State and a large
portion of Southern Transvaal. On the map the eastern
border of the Aeolian Sandy Soils is also situated close
to the Theunissen experimental site. ‘

The soils of the high lying areas (Afrikaans :
"bulte") in the vicinity of Theunissen, generally have 2
sandy to loamy texture and seem to be fairly closely
related tc the Aeolian Sandy Soils towards the west and
graduate to the High Veld Frairie Soils towards the east.
The soil of the Theunissen experimesntal site appears to
be more closely related to the Aeolian Sandy Soils than
%0 the High Veld Prairie Soils.

The lands of the Central Orange Frec State have deen
cultivated for a relatively short time. The European
settlers arrived little more than 100 years ago and for
& nurmber of yezrs they mainly practised pastoral farm-
ing, TLands which have been under cultivation for more
than 35 years can be described as relatively old lands.

Stimulated by the introduction of power mechan-
ization during the past few years, a larger area of
land has been ploughed. A considerabls portion of the
soils have thus been under cultivation for only a few

Jyesars,

D. EXFERII BLITAL PROCEDURE/
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D. EBXPEITMENTAL PROCEDURE,

I. Field EBExperiments.

2., Cultivation and Harvesting of Maize.

In all the experiments the msize was planted by hand
with the aid of planting lines. Three seeds were “lanted
in each hill. #hen the plants were about three inches
high, surplus plants were removed leaving one plant per
hill. On empbty hills the seads were replaced and the
rlants then alsc thinned out.

Fertilizer was applied by hand. Great care was
taken to achieve an even distribution on the plot area.
Fhosphorus and potassium fertilizers were applied before
Planting and ploughed in immediately after being spread.
Hitrogen fertilizer was spread at planting time or ab
‘different growbth stagzes. '

Regular mechanical and chemical weed control and chem-
ical insect conbrol were applied.

When %he grain had ripensd the plants were cut off just
above the soil surface and then stooked for further drying.
On account of generally dry conditions during winter
2fficient wind drying was usually attzined, About two
mopths after the maize was cut, the tobal plant welghts
were debermined and the cobs were removed from the stover
and threshed. The wind dry stover yield was calculated by
subtraction of the grairn weights from the total plant
weights, The moisture content of the grain was determined
with a Marconi apparatus and the grain yields will always
be presented as having a moisture content of 12%%.

In 8 few instances it was necessary or considered
important to dstermine the dry weight of the stover. vhere
chemical apalyses were done on the stover, the results had
to be related to the dry yield. 1In spite of the rela-
tively long periocd the stooked maize was left for wind
drying, fairly diverging molsturs contents of the stover
had sometimes to be expected on account of the treat-
nents of an experiment (e.g. different times of planting).
In these czses the. total weights of tha plants were taken
either =25 soon as the plants were cut or after the
stoozed plznts had become falirly drye. The percentage of
dry matter in the vlants at the time of the determini-
tion of the weight was obtained by oven drying of ,

samples.,

‘b./



b, Plot 8ize and Sampline of Plants.

In most of the experiments conducted at Glen, z plot
of 6 x 26 yds. gg—— morgen (approx.) was planted, while
at Theanlssen the plot planted was always 9 x 18 yds. =
———7 morgen {(approx.). In order to exclude border
effects the avia harvested in most instances was 4 x
22 ydg. = ITB—E morgen (approx.) at Glenm and 7 x 14 yds: =
“—Z morgen (approx.) at Theunissen

- There were, however, exceptions to the general plot
sizes. In an sxperiment with extremely stronz border
effects (different times of planting at Glen, project
Cw=GLl.74) the long and narrov pleot shape proved inefficient,
and plots with 12 x 13 yds. planting area and 8 x 9 yds, =
T?%T@ norgen (approx.) harvesting area were used in the
following season,

At Glen, samples of ten plants per plot standing in
fuil campetiﬁian with other plants were taken at differ—
ent growth stages from a few rlots in order to obtain
information on the growth and nitrogen uptake up to
certzin growth stages. This decreased the final harvest
size of the plobs. In addition to the decreased number
of plants, provision had to be made for the new border
effect arising from the harvesting at differcnt times,
These pamples were taken only from densely spaced malze
(3 ££. x 12 in.) and the maximpum decrease in the final
plot size at the grain harvest 4id not exceed about one-
quarter of the original size.

In order to investigate the growth and nitrogen up-
take of maize up to certain growth stiges at Theunissen,
special experiments vere carried ocutb. The general plot
size wag applied for plaﬁtiﬁg. For the huarvesting of
the green plants, the pists were sub-divided into four
sub-plote, making provision for harve§ting at four
growth stages. Thirty to forty plants were harvested
at early and twenty to thirty at advanced growth stages.
The moisture determindtions and chemical analysss were
bagsed on samplés of 2 minimunm of 10 plants each. The
harvests were undertaken on the harvesting arez of the
Plots, and provision was zlso made for the border
effects arising from the harvesting on successive dates.
In order to eliminate these border effects, two border
Plants between the harvesting areas vere excluded from
harvesting during the first experimental season and
thersufter three border plants. Baczuse of the

relatively/
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relatively small number of plants, only plants standing in
full competition with other plants were includcd in the har-
vest. As & very high degree of precision was obtained with
the espacements, the yields per morgen could be calculated
from the number of plants harvested and the theorstical
number of plants per morgen.

ihen sampling at the stage of ripeness, samples of at
least ten plants or five to eight pounds of air dry stover
were taken. The samples were oven-dried at 100°C until a
constant welght was zbtained. For chemical analyses the
entire dry samples werse milled and thoroughly mixed,

¢, Soll Bampling and Soil moisture Investigation.

Depanding on the purpose, soil samples weres agen with
Veihmeyer sampling tubes or with spades. Compared with
spade sampling, sampling with tubes has the advantage that
the soil core which represents the profile on the Sampling‘
5pot, can easily be obtained. Hith spa&e sampling, con the
other hand, some effort is roquired in ensuring that the
apcunt of s0il obtained fror the different depths of an
intersection does not differ. 4 disadvantage of tube
sampling is a relatively small sampling diameter,

Fhere relatively 1little soil was required (soil
moisture studies and chemical soil survey), the soil samples
vers usuilly btaken with Veihmeyer tubes.

Soil sampling in order to cbtzin soil for pot exper-
iments was always done with spades. Lo investigate the
s0il of a certzin zrez, csomples were taken on 3 number of
Spots over the whole arsa, the area next to the borders
being excluded. The number of sampling spobts depended
nainly on the size of the arsa, the mirnimum being four in

the cagse of plots.

For the determination of the soil moisture content,
s0il samples were placed in tins with closely fitting
covers snd brought to the laboratory for weighing and
Oven-drying. As it is desirsble to establish the molist
¥cight of goil sampless as soon 3s possible after sampling,
with only one or two persons c¢vailable, the number of soil
samples which could be taken at a time was limited.
Accordingly, only two to four treatments could be inves-
tizat2d snd compared at A timaz, as provision was pade for

sampling 2t four to six soil depths 2nd four replicate

‘Bampling spots per treatment.
From/
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FProm a statistical point of view the normal procedurs
would have been sampling from the soil of each replicate
plot a$ spots plicked at random over the experimental area;
Sampling on only one or two spots per plot musht, in this
case, be considered insufficient, since the diesmeter of the
sampling tube is too small to represent a whole plot. In
genersl, replicate plots are alsc sibtuated relatively far
apart which causes a considerable probability of differences
in soll texture. The soil mgisture content is the finest
indicator for differences in soil hexbure. According to
previous experience of the author the results of sampling
on relatively distant replicate plots can to such an extent
reflect Texture differences that treatment effects are
overshadowed, On account of these reasons and regarding
the available facilities it was attempted to find =2
solution by the establishment of model conditlons.

The model conditions are pased on the assunpbion that
the probability of differences in soill btexbure lessens with
decreasing distance between palred sampling spots of two
treatments. Therefore, the gampling spots of the treat-
meuts were chosen as near to each other as vossible,dus allow-
anee being made for the border effects {four yds, in thoe czse of
maize planted =t a row distance of one yard). Further-
more, the uniformity of the soll texture was checked by
neans of soil moisture studiss carried out previous to the

experimental sampling.

Thue the sampling was undertaken on adjacent plots
representing only one replication of two treatments to be
compared, Over the length of the plots four to six pairs
of sampling spobts were chosen, each pair representing one
replication under the model condilbions.

Trn the case of the soil moisbure investigations of
Flgures 1 and 2, the distance bebtween The sampling spots
on the veld from those on the maize land amounted Yo
about 25 ydsi The soll moisture investigation on veld
wzs part of another comparison not considered in this
thegis.

Successive moisture investigations during & season
were undertaken in the arca next to the prechosen snots,
and previous sampling holes were filled with soil and

marked,
As the gravimetric mebhod of soil molsture investiga-

Vion is very laborious,the establishment of model conditions
seens/
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seems to be the only promising alternative, if no extrene
efforts can be made for sampling on a very large scalc, *

.Particulars of the distance of the sampling spots from
the plants and of the depths of sampling will be given with
the resulis.

With the exception of the soil moisture investigations
presented in Figurecs 1 and 2, soil moisture percentages
were always converted into mm soil moisture. In order to
obtain the volume weights of the soils, holes wers dug into
the soils and volume samples from each investigated soil
layer were obtained with the aid of 100 cm? cylinders,

The permznent-wilting percentages of the soils were
determined according to the sunflower method described by
KRAIH"ER’ 1949, po 87. -

II. Pot Experirents,

a. BExperiment on the Nitrogen and Phosphate Status
of the Soils.

In order to determine the nitrogen and phosphorus
status of wvarious scoils, a pot experiment with two row
barley (cv. Swanneck) as test plants was carried out in
MITSCEERLICH pots. As purified sand was not available,
the soils were not nmixed with sand. The quantity of air
dry sieved soil used corresponded to 6 kg dry soil per pob.
As soils differing in texture were involved in the exper-
iment, it was considered important to note the moisture con-
tent of the air dry soils,

The particulars of the fertilizers applied as well as
the soils included in the experiment will be given with the
results,

At the time when the pots were filled, the fertil-
izers vere mixed with the so0il and the moisture content of
21l the soils was brought to an eguallevel of 60% of the
water-holding capacity. Fifty seeds were planted per pob
and after germination the seedlings were thinned out to
25 per pot.

At the beginning of the experiment only the soil

surface was kept moist, Thereafter the soil was
saturated/

*  The author is indebted to PROFESSOR H. BAUMANN for
ideas on sampling for soil moisture investigations,
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saturated with moisture twice a week., In the time between
dates of saturation, moisture was supplied according to the
weather conditions and 211 treatments received equal amounts
of water. Distilled wabter was used for watering. The
plants were harvested at the flowering stage, oven dried
and milled for chemical z2nalysis,

b. Experiment on the Litrogen hubrition of Maize.

In order to determine the influcnce of nitrogen applied
al differené g:dwth stages, on the growth and nitrogen up-
take of maize under conditions with & sufficient moisturs
supply, = pot experiment was carried out in large MITSCHER-
LICH vessels. For this experiment 14 kg air dried soil
taken from the 0~ 8 inch horizon of the experimental site at
"Excelsior", Theunissen (site I) was used per pot.

The following fertilization was applied per pot for all

treatments:i-
2,00 g ¥rpCg as Superphosphate
1,00 g K20 as Ko 504
0,50 g g0 as MgS80y - 7 Ho O
0,10 g Zn0 . as ZnsS0y + 6 HpO
0,0% g EnOp as MnB0y « 4 H2 O
0,21 g Nap Fe-ZDTA

At the time when the pobts were filled, all the fer-
tilizers except nitrogen vere mixed with the soils and the
s0ils were moistensd to &0 per cent of the water-holding
capacity. ‘ )

On each of four planting hills two seeds of ths maize
variety PP x K64 were planted. After germination surplus
plants were removed, leaving 2 plants per pot. The sseds
had been praselected according to weight (0.5 - 0.6g).
Previous expafiencé had indicated that a greater uniform-
1ty of the experimental results can be achizved by select-
ing the seeds according to weight (BCHRIDT, 1955).
Nitrogen fertilizer was applied at different growth stages.
The first nitrogen was given as soon 2s The surplus plants
had been rvemoved. - The nitrogen treatments will be
presented with the results.

At the beginning of the experiment only the scil
surface was kept moist. Thersafter the applicabion of
water varied according to the size of the plants and the
weather conditions. '

‘ The/
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The solil was saturated with moisture every two to four
days. During the timc between the saturations all pots
obtained the same amounts of water) Care was taken to en-
sure that the plante of 2ll trestments received a sufficient
nmolsture supply during vhe whole experimental period.
Distilled water was uscd Tor watering. To prevent & loss
of plant material, dry leaves were cubt off and gathsred
regularly. This plant material was added to vhe plant
material harvested,

c. HBydroponic Expsriments.

Hydroponic experiments were carried out to investigate
& possible ion function of nitrate in maize plants and the
relative efficicney of nitrate and ammonium nubtrition.

Seeds of the varicty SA 200 were selected by weighing
and germinated in sawdust which had been boiled and washed
with distilled watber. Cnly seeds of the waights between
0.%5% and 0.40 were used in the experinents, When the roobs
ware aboubt 4 -5 om long, the plants were transferresd Lo one
gollon polyethylene vegetation vessels containing 4,000 nl
nutrient seolution. Five plants were grown in each vegee
tation vessel, The wvessels had a cover with six collared
holes, Pive of the holes held the seed, and 3 stick placed
in the sixth hole (centre) wns usad to support the plants.

Only distilled water and A.R, guality chemicals were
used for the hydroponic experinents. The water losses due
to evaporation and transpiration were replaced reguliarly.
From time to tine the hydrogen ion concentration of the
splubion was determined with a MEDTRORN pH m&texa

When harvesting, the roobs were ssparatsd froom the
herbage, All material was*oven-dried at 100° ¢ and the
dry weights were debterminad.

Since both the breatments and the composition of %The
basic nubtrient scolution were changed in successive ex—
pariments, all the particulars of the solutlons will be

given with the results.

ITI. Soil Incubstion Tests.

The mincral nitrogen contents (wig- and HOZ~N) of
the soils of different experimental sives and the liber-
ation of mineral nitrogen in these solls during

jncubation/
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incubation were detiermined. The procedure followed was
similar to that applied by ZOTTL (1958, 19602 and 1960c).

The ammonium and nitrate contents of the soils from
four experimental sites, sampled 2t three soil depths, were
determined previous to and after incubation for 7, 14 and
21 days at %09C. The quantity of soil per sample incubated
corresponded to 20g of dry soil. The moisture content of
the soils during incubation amounted to 60 per cent of the
water-holding capacity. The liberation of mineral nitrogen
in the soils during incubation was obtzined by taking the
difference between the mineral nitrogen contents previous to
and after incubation. The investigations were carried out
in duplicate.

IvV. Mechanical and Chemical Analyses., X

4., Soil Analyses.

The mechanical analyses were conducted according to the
ATTERBERG method. Carbon was determined according to the
method of KURMIES (MEBIUS, DEKKAR and TEN HAVE, 1957). Humus
cohtents (soil organic matter) were always calculiated from
the czrbon contents (factor 1.742). For the determination
of total nitrogen, the KJELDAHL-FORSTER method was employed.
The soil pH was detcermined electrometrically in 0.1 n KCl-
solution with 2 METRCHM pH neter. The dilution was 1 part
0f soil to 2.5 parts solution. ‘

For the determination of nitrate and ammonium in Ehe
80il incubation test, the same methods as a2pplied by Z0TTL
(1958, 1960a and 1960c) were used. A gquantity of soil
Corresponding to 20 g dry soil was shaken for half and hour
with 40 ml of one par cent KAl (SOx)2 solution and then
filtered. In the filtrate both nitrate and ammonium were
determined photometrically (Zeiss Spectrophotometer),
andionium with KESSLER'S reagent after micro-diffusion
(CONJAY, 1950 and BREMNER and S#HaW, 1955) and nitrate
according to the xylenol method (BLOM and TRESCHOW).

* #hen Weil known, conventional methods are used the
original literature will not be cited. In these cases
the names will be given without statement of the year.
These methods are described in detzil by THUK, HERRMANN

and KNICKRARL {1949).
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b. Plant Analyses.

In order to determine nitrogen in plant material,
different methods were used, depending on the presence or
zbsence of nitrates. - Previous to any nitrogen determi-
nation the presence of nitrates in the plant nmaterial was
determined by means of the qualitative test with diphenylamine
sulphuric acid. If present, the nitrates were reduced with
dilute sulphuric acid and ferrum reductum before digestion of
the material in sulphuric acid, 25 proposed by RAUTERBERG
and BENISCHKE (194%), The conventional KJELDAHT method was
used if no nitrates were present in the material.,

In 2 few instances, various nitrogen fractions were
determined separately according to the method 2pplied by
ZANDER (1943/44), In these cxses, the protein nitrogen was
separated from the total soluble nitrogen by cozgulation of
the protein with tannin solution and subsequent filtration.
Both the protein and total soluble nitrogen were deternined
by the KJELDAHL method, the total soluble nitrogen in an
aliquot part of the filtrate after the nitrates had been
reduced with dilute sulphuric acid and ferrum reductum.

Nitrates were determined according to the nitroxylenol
pethod applied by ZANDER (1943/44) in allquot portions of
the filtrates,

During the seasons regular determinations were nade to
find out up to what growth stages the plants contained
nitrates, The qualitative test with diphenylaming sulphuric
acid was applied according to the plant test described by
OHLROGGE (1956).

Fhosphates were determined with ammonium vanadate
molybdate aceording to the method of GERICKE and KURKIES

(1952). -

Vv, Design and Evaluation of the Experiments.%

The designs used in the experiments, depending on the
type and object of the experiments, werce randomized blocks
s well as split plot z2nd factorial designs. The exper-
iments were statistically anilyzed according to their
design. The standard error (SE) znd, where the variance

ratio (F) indicated significant differences, the least
significant/

—

# The author is indebted to Professor Saunders as well
s to lr. R, Basson for =2dvice concerning the evaluation

of some of the experiments.,
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significant difference (LSD) will be presented together
with the results, The Tive percent level of probability
{(P=0.05) has been adopted in the experiments. In some
cages a statistical analysis of the dabta was regarded as
unnegessarys Results of factorial experiments will be
presented as.interactiOE tabless Correlation coefficients
were calculated zccording to BRAVAIS's formula (MUDRA,
1958, p« 97 ).

B, RESULTS AND DISCUSSION OF INDIVIDUAL
AXPERTHENTS.,

L. Pield Bxporiments.

%, Descrivption.
The following field experiments will be pressnbted and

discussed in this thesis

1+ Bpacing and Fertilizer Requircment of kaize at Glen
(Froject 0.G1.54).
The object wag to investigate the influence of the

espacement and applicztion of fertilizer (nitrogen,
vhosphorus 2nd potassium) on maize yields.

Aceording to previous experimental results, the
opbinum plant density dis about 15,000 plants per morgen.
HFrom other reglons reports hod been received thot ylelds
could be raised considerzbly when malzée wis spoced nore
densely snd, in addition to phosphate fertilizer, nitro-
gen was applied, S?é@iﬁl attention was paid o the
effects of nitrogen fertilization, 2g no previous
results on the response of maize to nitrogen fertilizer
were available in the Central Orange Free State.

The experinents of 'this project were conducted on
the experimental site at Glen during the seasons 1957/
58, 1958/59, 1959/60 and 1960/61.

The experiments included two espacements (3 £t x
124in. = 30,000 plants per morgen znd 3 f% x 24 in. =
15,000 plants per morgen), three nitrogen fertilizer
treatments {(none, 200 and 400 1b. spmonium sulphate
per morgen, corresponding to 42 and 84 lb. N}, two
phosphate treatments (300 and 600 lb. superphosphate
per norgen in the first season and 200 and 400 1b.
superphosphate in the following seasons) and two
potassium treatments (none and 400 1lb. potassium
chloride per morgen in the first and none =2 d 100 1b

' potassiun/
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potassium chloride per morgen in the first and none and
100 1lb. potassium chloride per morgen in the subsequent
seasons). '

The maize variety S.A., 200 was planted in the 1957/
58 snd 1958/59 seasons, and the variety PP x K64 in
the 1959/60 and 1960/61 seasons.

A2x3%x2 x2 factorial design with 3 replica~
tions was employed in the experiments. The position of
the plots remained unchanged during the experimental
period. The soil had been cultivated for two years
whan the sxperiment was started.

In the first season only the yields were deter-
mined. In the subsequent seasons the protein content
of the grain snd the nitrogen content of the stover as
well as the nitrogen uptake by the herbage of 2 number
of treatments of the experiments were also investigated.
In addition, the nitrogen contents and nitrogen uptake
at differcent growth stages were estzblished by analyses
of samples taken during the 1959/60 season. In 1957/58
s0il moisture studies were carried out on plots with
3ft, x 24 in, and 3 ft. x 12 in. espzcenent of the plants
in combinztion with two fertilizer treztments (without
nitrogen fertilizatvion and with 400 1b, ammoniun
sulphzte per norgen).

Spacing and Fertilizer Reguircnment of Maize af
"Excelsior", Theunissen  (Project 0.G1.55).

The object and duration of the experiments were
the same as in the case of project 0.Gl.54.

During the 1957/58 scason the experimental design
and the treatments applied at Glen (0.G1l.54) and
Theunissen (0.G1.5%) were~exactly the same. As from
the second season, special attention was pzid to the
time of application of the nitrogen fertilizer, A
2 x 7 x 2 factorial design with three replications
was used in the 1958/59, 1959/60 and 1960/61 seasons.
Two espucements (3 £+ x 12in, and 3 ft. x 24 in.)
Were applied in combination with seven nitrogen
traztrments (without nitrogen fertilizer, 200 1b.
dnmonium sulphate per rmorgen applied at planting
Tine, 100 1b. 2ppliesd 2t planting plus 100 1b. about
four weeks thareafter, 200 1b. applied about four
weeks after planting, 200 1b. applied six to cight
Weeks after planting, 4C0O 1b. applied at planting
and 200 1b. 2pplied at planting plus 200 1b. six to

eight/



-

eight weeks after planting). In addition, two phos-
phate levels were included in the btreatments (200 and
60C 1b. superphosphate per morgen).

The maize variety Pobchefstroom Pearl was planted
in the 1957/58 seazson and, as from 1958/59, the varisty
PP x K &4

in the first season the yields only were deter-
nined, In the seasons that followed, The protein con-
tent of the grain and the nitrogen content of the stover
28 well as the nitrogen upbake by the herbage of a
number of selected treatments were invesbigated, AN
effort was also nade Ho compare bthe results of correge-
vonpding treatments obtained at Glen and Theunissen.,

In order to prevent a possible residual effect of
nitrogen fertilizer, the experiments were 1laid out on
a new site of the farm "Excelsior", Theunissen, éach
88500 . At Glen (0.G1.54) the available area was
limited, so that a change of the experimental site was
not possible, The soll at Theunissen had been under
cultivation for more than 3% years.

Growth, Nitrogen Uptake and Nitrogen Content of lMaize

2% Successive Growth Stages at "Excelsior”, Theunissen.

The object was to investigate the influence of
nitrogen fertilizer, applied at different stages of
growth, on the growth and nitrogen stabtus of the plants
during the growth period. ‘

The experiment was corried out during two seasonsg
(1958/59 and 1959/60), In 1959/¢0 the results obbtained
from two treatments of this experiment wers conmpared
With the results of corresponding treztments obtained
by sampling on the expe}imeﬁﬁal area at Glen,

The experiment consisted of six nitrogen fertil-
izer treatnents (without nitrogen fertilizer, 200 1b.
armmonium sulphate per morgen applied at planting,

200 1b, applied sbout four weeks zfter planting,

200 1b. applised six to eight weeks after planting,
400 1b. zpplied a2t planting and 200 1b. applisd at
planting plus 200 1b. six to eight weeks after plent-

ingy,

The espacement was 3 ft. x 12in. = 30,000 plants
per morgen, the malze variety PP x K o4. A1l the

plots were provided with superphosphite at a rave of
600 1b./
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00 1b. per morgen, The experimental ares was changed
after the first sesson. The scoil had been under cule
tivation for more than 35 years.

Bach experinental plobt was subdivided for harvests
at four growbh stages, the first harvest at the date of
the application of nitrogen fertilizer about four weeks
after planting, the second at the date of the applica-
tlon of nitrogen fertilizer six o clght weeks after
planting, the third during the early flowering stage
and the fourth during either the late flowering or the
milk stage.

The subdivision made 1% posgible o snalyse the
results as a split plot design. This, however, was
only applied for the analysis of the growth intensity
and the intensiby of the nitrogen uptzke between
successive harvesting dates.

Tire of Plantine, Spacing ond Nitrogepn Fertilizor
Reguirenant of kaize albt Glen {Project 0.GL.747%.

The object was to investigate The interaction
betwecn times of planting i espacements and nitrogen
fertilizer treatments with regord te malze yieldss
Special attention was alsc paid to the influence of the
Trezatments on the drought resistance of Ths crop.

In the sechbion on "Relabiconships betwesn Clinate
and Crop Production® {(p. © ), it was pointed out that
both the espacerent and time of planting may hove an
influence on the drought resisbance of nmaize., BSince a
decreased danger of drought damage could be expected
with both wide espzcement and late planting, the
possibility had to be considered that an espacenent
of 15,000 plants per morgen did not represent the
opbimur espacenent ab any planting date.  Late planbe
ings may“‘ allov relatively dense plant populations,
and early plantings may require 2 wide espzccenent
in order to survive raisless periods without danage

- to the plants. In addition, interest was taken in

the effects of nitrogen ferbtilizer spplied in com-
Bination with 4ifferent btimes of planting and differw
20t espacencnts.

This report includes the results of two szasons
(1959/60 and 1960/61).

In hoth seasons, two dates of planting, 2
treatnant/
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€00 1b. per norgen. The experimental aresn was changed
after the first sesson. The 501l had besen under cul-
tivation for more than 35 yoars.

Each experinmental plot was subdivided for harvesbts
at four growth stages, the first harvest at the date of
the application of nitrogen fertilizer about four weeks
after planting, the second 2t the date of the applica-
tion of nitrogen fertilizer six to cight weeks after
planting, the third during the early flowering stage
and the fourth during either the labe flowering or the
milk stage.

The subdivision made 1t possible to analyse the
results ss a4 gplit plot design. This, however, was
only applied for the analysis of the growbh intensity
and the intensity of the nitrogen upbtake belween
fuccessive harvesting dates.

Time of Planting., Spacing arnd Nitrogen Fertilizer
Requirement of Maize at Glen  {(Project 0.GL.74).

The object was to investigite the interaction
betweeon times of planting 3 espacements and nitrogen

fertilizer treatments with regsrd To maize yields.
Specizsl abttention wis 2lsc p2id te the influence of the
treatments on the drought resistance of the crop.

In the gecbtion on "Helationships between Climsote
and Crop Production” {(p. ¢ ), it was poinbed oubt that
both the espzcement and time of plapnting may have an
influence on the drought resistance of maize., Since =
decrezsed danger of drought damage could be cexpected
with both wide espacement and late planting, the
possibility had to be considered that an espaccment
of 15,000 plants per morgen did not represent the
optimun cspocenent 2t any plaonting date. Date plont-
ings msy allow relatively dense plant populations,
and early plantings mey require a wide espaconent
in order to survive rainless periods without danage
%o the plants. In additlon, inberest was baken in
the affeects of nitrogen fertilizer applied in come
bination with different times of planting and differ-
ent espacencents.

This report includss the results of two scasons
(1959/60 and 1960/61).

In both scasons, two dates of planting, 2
treatnent/
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treathent without the application of nitrogen fertile
izer and oune with the applieation af 300 1b. anmoniun
sulphate per morgen (863 1b. N) were included in bthe ox-
periment. - In the first season the plants were planted
in three different espacements (3 ft. x 12 in., = 30,000
plants per morgen, 5 fbt.x 24in. = 15,000 plants per
morgen and 3 £%. x 36 in. = 10,000 plants per norgen).
In the second season both 3 £t. and & £, rovs were
planted with the same number of plants as wers used in
the three espacements during the previous season. Thus
the espacenents 6 ft. x 6in., 6ft.x 12in., and 6 ft. x
181in, were included in addition %o the espacements of
the first season.,

In both seasons the tillerising of the plants and the
vields were established. In the 1960/61 seascn the
protein content of the grain and the nitrogen content
of the stover were also determined and the nitrogen up-
Take caleulated for all treatmente. In addition, soil
nolsture investigabtions were carried out on plots with
garly snd late planting zs well as on plobts with 15,000
plants per morgen planted in 3 ft. and 6f{%. rovs duriﬁg
1960/61,

A 2 x % x 2 factorial design with three replica-
tions was applied in the 1959/60 season and 2 2x 3x2
xd Tactorial design with three replicablons in 1960/61.
The soil had been under cultivation for four and five
years regpectively. Superphosphate was avnpliced at a
rate of 400 1b. per morgen per season Yo all Treatments.
The experinental cite was changed after the first

seagon. The maize variety was 2P x K6

b, Results and Discussion.

Instead of presenting the results of the sxper-
iments over the entire duration of ezch project
separately, it was decided %to discuss the work season
by seascn, as s discussion of 2ll the resulls in this

way seenmed to be more advantagasous.

1957 /58 Season.
Spacing and Fertilizer Requirsment of kaize at
Glen {0.GL. B4},
Experimental dates : The malze was planted on
Noveriber 20%th, 1957 and harvested on lMay 21lst, 1958.

Observations ¢ The only visible fertilization 2ffect
was observed during the tasseling stage when a
slightly/
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slightly more intense green colour was evident in plants
that had received nitrogen fertilizer.

In spite of an exceptionally high rainfall until
January, drought during February caused considerable
danage Yo the densely spaced plants (% £%. x 12 in.).
The plants of the nornal espacenent (3£t, x 24 inJalso
wilted, but only tenporarily. During this season nor-
nal precautions did not prevent the naize from being
infested by stalk borer. The densely spaced plants
were more extensively damaged Than the norm=lly spaced
ones,

Hesults : The grain and stover yields sre sumnarised in

The espacenment % ft, x 12 in, (30,000 plants per
norgen) resulted in lower grain and higher sthover
yields than the espacenmsnt % 4. x 24in, (15,000 plants
per morgen}, With regard te both grain and stover
yields neither fertilizer effects nor interactions
between either the treatments with different fertile
lzers or betwesn ench of the fertilizer treotments ond
the espacements proved significant.

Soil Moisture Investigation on Plots of 0.G1.54,
In order to determine the influence of nibtrogen
fertilizer and of two espacenents on the soll nolsbure

depletion during the growth ssason of naize, soil
moisture studies were carrvied oubt on plots not provided
wWith nitrogen fertilizer and on plots with the npplica-
Tion of 84 1%, I per morgen abt 316, x 12in., 28 well os
51f%. x 28 in, espacenent of the plante.

The investigations included the soll depths O-4in,,
GeBine 8-124in,,12~241n, and 24 - 36 in. and were
sbarted 15 days after the naize had been plonted.

The samples were taken about 9 in. from the plants
bebween the rovws. Otherwise the procedure described
in the section on methods was followed.

Results ¢ In Table 8 the amounts of soll nolsture
(rn) found at the Boil depths O~ 12, 12-24 and
24 - 36 in, are presented for bthe treatments with
denss and normal espacement and the treatments
without and with an applicabion of npitrogen fertlil-
izer. Since the resulvs of the combinations
bebvecn espacencnts and nitrogen Treatnents rovealed
ne further information, they are nob presented.
Bach/



TABLE 7: GRAIN AND STOV.R YTELDS OF KAIZE AS INFLUSNCED.
* BY SPACING AND FERTILIZER TREZATMENTS -

GLEN, 1957/58

{Urain yield, bags per

jmorgen (12.5% moisture)

1
H

i

A
3

EE

Stover yield, ton per
norgen (air dry)

Fertilizer | i\, dspacer
opplicd . z A, 3spacenent ]
1b./morgen | 2 ay - : ay 8y _
3ft.x  8ft.x | Mean  3ft.x: Sft.x | liean
j12 in, 24 in, | n 12 in, 24 in. |
* | ! ;
Be Ammonium -k 1
sulphate |
by none 16,6 18,1 , 17,3 ¢ 3.1 2,88 : 3,00
by 200 15.7 18.1 | 16,9 g 3.12 2,74 | 2,93
by 400 | 15.9 18,8 | 17.4 f 3.13  2.78 | 2.96
i
C. Super- - ;
phosphate 1
cg 300 $15.6 13,1 | 16.8  3.08  2.82 | 2.95
c] 600 1645 18,6 | 17.6 | 3.16 2,77 | 2.97
;
D, Potassium |
chloride
dn none 1 16,9 18.4 17 .6 3.13 2.74 294 -
d5 400 15.1  18.3 | 16.7 i 3,11 2,36 | 2,98
4
—M-Qan . I 1600 18;3 { 1702 !I 3&12 2.80 2.96
B. Amumonium sulphate,lb./morgen
C. Super- b ke! by i bg by by
phosohate | none 200 400 !i nons 200 400
i t
i :
¢y 800 16,7 17.6 16,3 | 2.94 3,02 2,90
¢y 600 17,9 16,3 . 13.4 [I 3.04 2,85 3,01
D. Potassium: ;!
chloride . i
dg none 17,1 17.8 . 18. i 2.2 2,90 2,98
dy 400 |17.5 16,0 16.6 |1 3.06  2.97 2,93
5 o C.-Superphosphate, 1b./morgen
" OasSIT. o 800 eq 600 | co 800 ¢y 600
i
45 none | 17.8 17,5 2.95 2,92
Proatment SE LSD (+) SE L3D {+)
B 0.556 - | 0.0649 -
C 0.454 ~ ; 0.0530 -
D 0.454 - g 0.0530 -
AB 0.787 - | 0.0817 ~
AC 0.642 - ; 0,074¢ -
4D 0.642 - ] 0.0749 -
5C 0.737 - ; 0.0917 -
BD 0,787 - ; 0.0917 -
CD 0.642 - ¥ 0.0749 -




TABLE 8

(bo) WITHOUT AND (bl)

wITH THE APPLICATION OF 84 1b. N PER MORGEN

: bEPLETION OF SOIL MCISTURE UNDER MAIZE AT (ao) 3 £%. x 12 in, AND (al) 3 ft. x 24 in., ESPACEMENT,

GLEN, 1957/58

- Total soil moisture at three s¢il depth, mm Readily available moisture
dg;%% t gggigﬁigiggeg Emergence—before flower.-flower.-dough-ripening-fully ripe | at three scil depths, mm
v Dates of | L T ] z
'investigation !5.12 21.12! 2.11 16.11 30. 1| 13.21 27.21 13.3; 27, 3| 24 .4 5.12 1 16.1 1 30.1 113.2 1 24,4
aq 3ft.x 12in. | 52, 5| 39.2! 39.81 28.51 29.5] 23.5! 15.6| 23.7{ 41.5; 41.0 | 26.3] 2.6| 3.6 | 0.0115.1
0-12 la; 3ft.x 24in. | 53.6 1 45.0; 44.6, 31.01 32.9y 25.3 17.3} 24.2) 42.9; 41.7 { 27.7} 5.1{ 7.0 { 0.0 115.8
in, {bgno N 1 52.6 | 41.4] 42.1} 28.3{ 30.51 23.8] 15.51 23.41 41L.1} 40.4 ¢ 26,71 2.4 | 4.6 | 0,0 114.5
by 84 1b. N 54.0 { 42.8¢ 41.9t 31.3} 31.8} 25.01 17.0| 24.6} 43.41 42.2 . 28.1| 5.4 5.9 | 0.0 :16.3
ag 3ft.x 12in. [76.9 172.2] 62.41 52.21 51,7 48.5, 44.3] 47.1] 58.2 57.8 | 28.9] 4.2 3.7 | 0.5 ¢ 9.8
12-24 fja] 3ft.x 24in. | 75.5 1 71.8] 65.7} 55.41 54.11 49.4, 45.71 44.71 53.1] 57.8 | 27.5| 7.4 | 6.1 | 1.4 9.8
in. {bgy no N 75.9 { 72.71 64.31 54,01 52.2| 48.5! 45.21 46.6] 55.41 57.8 | 27.9} 6.0} 4.2 | 0.5 9.8
' b; 84 1b. N | 5.9 P71.8) 63.8] 53.11 53'6. 49.41 44.71 45.7! 55.91 57.3 ¢+ 27.9} 5.1 5.6 1 1.4 0 9.3
ay 3t.x 12in, | 72.2 | 68.5 63.31 53.0% 49.7| 46.01 44.51 45.01 45.0} 44.5 L 26,7 | 7.5 L 4.2 | 0.5 1 0.0
24-36 |ai 3ft.x 24in. | 70.3 [ 67.5] 66.1] 56.3’ 52.5 46,0} 44.5) 46,01 45.04 44,1 [ 24.8 110.8 ) 7.0 | 0.5 0.0
in, by no N 72.2 | 68,01 64.7| 54.41 50,61 45.5| 43.11 46,9 45.0} 44,5 | 26.7| 8.9 I 5.1 { 0.0 ' 0.0
160 84 1b. §  170.3 |68.0| 64.7] 54.9! 51.6] 46.4] 46.0| 4¢.1| 45.0| 44.1 | 24.8| 9.4 ! 6.1 {0lg | 0.0
mm rain between dates 42.61 26.4? 29.8; 73.71 19.7% 9.7 14.4i 66.21 36.4 |readily available moisture,0-3ft.
4 ! : H T §
Evapotrans- 0 3ft.x 12in, | 64.4 ¢ 40.7; 61.6] 76.5 | 32.6i 23 3 3. 0l 37.3; 37. aqg 3ft.x 12in, i
piration a; 3ft.x 24in. 57.71 34.3t 63.5 76.9]| 38.5, 22.9| 7. OE 40.1; 33.8 3159 114 .3 {11 5 1.0 i124.9
between bO no N 61.21 37.4 64.21 T7.11 35.2: 23 7 i. 3| 41.61 35.2 3ft.x 24in.
dates, mm by 84 1lb. W 60.2 38.6{ 60.9| 76.0! 35.9] 22.8} 7.7] 36.3 37.1 s8olo [23.312001 | 1.9 25.6
Cumulative 2 3ft.x 12in. : 64.4 '105,1166, 71243.2|275. 8%299 1{302.14339.4:377.2 b no N 5
evapotrans- a; 3ft.x 24in, {57.7) 92.0/155.5 232,41270.9!1293.8:300,81340.9,374.7 3 |17.3 {13.9 | 0.5 [24.3 ;
piration, by no N 61.2| 98.6:162.8(239.91275.1}298.81300.1{341.7|376. by 84 1b. N | f
mm ) 84 1b. N 60.2 | 98.8{159.71235.7|271.6]204.4 1302.1338.4 |375. 8018 |19.9 |17.6 | 2.3 |25.6 |
. ; . ; ! i

i
¥
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Bach figure of Table 8 thus represents the mean obbained
from eight sampling holes. In additiocn %o the amount of
soil moisture, The evapobranspiration bebtween the dates
of dnvestigation, the cumulabtive ev&petr&ﬁgpiratioﬁ§
and, for a few dates, the amount of readily availsble
soil moisture (soll moisture determined minus mm soil
moisture below the permanent-wilbing percentage) are
also given in Table 8.

The moisture investigations of this season are of
gspecial interest since the resulits represent Lthe mois-—
ture depletion under relatively high rainfall conditions,
in contrast to moisture investigations carried out under
relatively low rainfall conditions during the 1960/61
season. On account of a relabtively high precipitation
during September and October, a relatively large ancunt
of soil meisture was available when the plants emerged
(81 mm plant available soil moisture). According to
results from previous moisture investigabions on fallow
land of a bordering site (unpublished), it is estimated
that this amount represented about V5% of the field
eapacity. The rainfall during November was normal. Up
to the flowering stage (January %0th) the amount of
readily available soil moisture decreased at O - 30 in.
depth to between 12 and 20mm in spite of an above
normal precipitation during December and Japuary. A
dry February brought a conplete depletion of the avalle-
able soil moisture which was followed by wilting of the
plants. The soil moisture ressrve was incressed by
a good rainfall only btowards the middle of March. The
results obbained on April 24¢h indicate that the mois-
turé had not penetrated deeply into the soil. The soll
layer at 24 - 36 in. depth was still dry. The figures
also indicabe that even considerable amounts of soil
noisture conserved befoPe planting were depleted
rapidly by the growing plants, with the result that
shorter dry periods at advanced growth stages could

cause drought damage to the planbs.

The intervals between dates of sampling were
mostly 14 days, with the exceptions of the firsy
peried (5,12 to 21.12 with 16 days), the second
period {21.12 to 2.1 with 12 days) and the last
period (27,3 to 24,4 with 28 days). The evapoiranse
piration bebtween dates has not been corrected to
equal intervals., Generally, the evapatranﬁpiratign

per 14 day interval increased slightly up %o the
flowering/
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flowering stage and decreased sharply thereafter. This
decrease may to a large extent be attributed to a lack
of soil moisture at that stage. |

The espacements had only a very slight effect on
the s0il moisture depletion.

At the early growth stages (5.12 t6 2.1) the
evapotranspiration was slightly higher with dense than
with normal espacement. In contrast, for the period
beginning during the flowering stage (30,1 to 1%.2) a
slightly higher evapotranspiration for normal than for
dense espacement was calculated. The probable reason,
therefore, was that the densely spaced plants were more
severely affected by the drought during the flowering
stage and thereafter than the normally spaced ones.

If the cumulative evapotranspiration is considered,
it becomes evident that the higher plant population used
the so0il moisture slightly more readily than the normal
plant population only during the early growth stages,
while later a more or less equal moisture consumption
was obtained with both espacements, This result was not
expected and indicates that plant populations of 15,000
and 30,000 plants per morgen may bring about a nearly
equal depletion of soil moisture during a season. The
growth and development of the plants seemed to be
affected only in that the amount of moisture available
and used per plant was much higher with normal than with
dense egvacement. During the previous season where con-
siderable differences were obtained between the soil
moisture contents at. two  espacements (Fig. 2),
greatly differing plant populations had been compared
(5,600 and 30,000 plants per morgen).

The nitrogen treatments did not influence the soil
moisture depletion to}an& noteworthy extent. Since the
application. of nitrogen fertilizer was not followed by
any growth reaction this result could be expected.

Spracing and Fertilizer Requirement of Maize at
Theunissen (0,61,5%5), _

Experimental Dates : The maize was planted on November
27th,1957 and harvested on liay lst, 1958.

Observations: No signs of drought damage were

Observed during the growth season. This may be

attributed to an exXceptionally high rainfall,which was
higher/




- 39 -

higher than at Glen both before planting and egpecially
during February. '

From a relatively early growth stage (about 18 in,
height) there was an obvious response to the nitrogen
treatments in that the plants developed different inten-
sities of leaf colour: All the plants treated with 4001b.
ammonium sulphate per morgen maintained a dark green
colour, while those with 200 1b. became medium green and
those without an application of nitrogen fertilizer
medium to pale green. At dense espacement the differ-
ences between the colour intensity of the plants were
greater than at normal espacement. Soon afterwards a
considerable growth response to the nitrogen treatments
became apparent. The plants which were suppliesd with
nitrogen fertilizer and especially those with the high
application, grew more vigorously and developed thicker
stalks than the plants without nitrogen fertilization.

With advancing growth the leaf colour generélly
became paler, especially at dense espacement of the
vlants, At the tasseling stage all plants supplied with
400 1b, ammonium sulphate per morgen still had a medium
to dark green colour, while those with 200 1b. were pale
green when densely spaced or medium to pale green when
normally spaced. The plants not supplied with nitrogen
fertilizer were pale when densely and medium to pale
green when normally spaced.

At the beginning of the milk stage all the densely
spaced plants were pale green, while the normally spaced
Plants with the high application of nitrogen fertilizer
were medium green, those with the lower one medium to
pale green and those not provided with nitrogen fertil-
izer nearly as pale as the densely spaced plants with-
out an application of nigfogen. Therzafter, the plants
which were not suppliéd with nitrogen fertilizer
c¢hanged from pale to medium gresn again, indicating a
new nitrogen uptake from the soil, This indication
did not become evident in the plants supplied with
nitrogen fertilizer, The result was that the colour
of the densely and especially the normally spaced
plants not supplied with nitrogen fertilizer was
finally darker than that of the densely spaced plants
supplied with nitrogen. These symptoms may be
explained as follows :-—

Hitrogen/
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Fitrogen fertilization had brought aboub a con-
siderable pgrowth response until-a stage was reached when
all the nitrogen had been taken up. As & result of
vigorous growth and insufficient nitrogen available from
the soll, the nitrogen content of the plant mabterial
then decreased to such an extent Lthat the densely spaced
plants suffered from nitrogen deficiency in spite of a
relatively large quantity of nitrogen applied at planting
ting. when considering the relatively large gquantity of
paterial produced by the plants supplied with nitrogen
fertilizer, the amount of nitrogen liberated in the soil
may not have been sufficient Yo bring about a visible
change of the leaf colour during this labte growkh stage.
In contrast, the amount of nibrogen liberated in the soil
during this period of improved soil moisture conditions
gseemed gsufficlent to bring about a marked increase in the
nitrogen content of the small plants that had not been
treated with nitrogen fertilizer. The reduced growth
rate at that stage may also have been of imporbance in
that the nitrogen liberated in the soll effected the
observed change of the colour of the leaves, as 1t wasg
not all uged for a further growbh.

During carly growth stages the higher phosphate
level brought about a slightly better grovwth than the
lower. Tater these differences became indistinet. kLo
distinet potassium reactlon on the growih was cbserved,

The generally heavy, atback by stalk borer ex-
perienced during bthe 1957758 season WaS evVen more pro-
nounced at Theunissen than at Glen, in spite of the
application of normal prscautions, The percentage of
infested plants per plot was statistically analysed
after transformation of the percentages according to
the are.-sin, transformation. A significantly higher
infestation (P = 0.05) occcurred at dense espacement
(60,7% of the plants were infested) than at a normal
one {(24,%%). On plots without an application of
nitrogen fertilizer the infestation (46.3%) was highep
than on those with the application of 200 1b. (80.1%)
or 400 1b, anmonium sulphate per morgen (41.0%).

degults - The grain and stover yields are presented

in Table 9. As at Glen during the 1957/58 season,

the espacement % ft. x 24 in. brought about higher

grain and lower sbtover vields than the espacement
26, x 12 in./



TABLE O: GRAIN AND STOVER YIZLDS OF MATZZ AS IIFLUENCED
BY SPACTNG AND FiRTILIZER TRZATVENTS
THRUNISSEN, 1957/58

éGrain yield, bags per 4_ Stover yield, ton
aorgen (12,57 moisture}yl’ per morgen (air dry)

Feriilézer &, @Bspacement
applie . '
1b./morgen | 20 ay i 8 8 |
3ft,x  3ft.x | Mean aft.x  3ft.x ! Mean
12 in, 24 in, | 12 in, 24 in,
B, Amonium | ; ﬁ
sulphate ! ,
b, none 6.1 11.9 | 9.0 3.34 2,74 | 3.04
by 200 P72 14.1 | 10.6 i 8.80 3.,22 | 3,51
b 400 8.7 14,3 | 11.5 ! 4.18  3.61 | 3.90
'y
C. Super- 1
phosphate 1
¢y 300 7.1 18.2 | 10,2 @ 3,74  3.00 | 8.42
¢, 600 7 o5 13.7 | 10.6 4 3.80 3,20 | 3.54
D, Potassium | '
chilorids !
1
do none D 7.4 13.6 | 10.5 @ 3.65 3.15 | 3.40
d7 400 F 7.2 13,3 | 10.2 ! 8.90  3.23 ! 8.56
Yean 7.3 13.4 | 10,4 | 3,78 3.19 | 3.48
: B. Ammonium sulphate,lb /morgen
C. Super- | P0 b . by By by by
phosphate;none 200 400 Y none 200 400
: 1
tq 300 t 9,0 10,5 11.0 § 3.03 3.47 38,75
¢y 600 - 8.9 10,9 11.9 § 3.06 3.54 4,03
D. Potassiu! j
- chloride | _ . !
d4 none P 9,1 10,8 11.4 | 2.96 3.40 3,83
d; 400 8.8 10,5 11,5 f 313 3.6l 3.95
—— i
b
5 ' C.+ Superphosphate, b, /morgen
« Potassium
Chloride : CO 300 Cl 600 ? CO 300 Cl 600
d4 none :  10.6 10.3 : 3.37 3.43
Treatment sz LSD (+) SE 1LSD {(+)
X 0.30 0.0 0.05L 0.12
B 0.37 1.1 ; 0,062 0.18
C 0.30 - ! 0.051 -
D 0.30 - ‘ 0.051 0.14
AB 0.52 . - 0.088 -
AC 0.42 -~ 0.072 -
AD 0.42 - 0.072 -
BC 0.52 -~ 0.0883 -
BD 0452 - : 0.088 -
CD 0.42 - ! 0.072 -

(+) P = 0.05
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5ftex 12in. The application of nitrogen fertilizer
(200 and 400 lb, of ammonium sulphate per morgen) led to
higher grain yields than those obtained when nitrogen

had not been applied. The stover yield. was increased by
increasing amounts of nitrogen. The application of
potassium fertilizer. resulted in a slightly increased
stover yield. The phosphate treatments did not influence
the yields. None of the interactions proved significant.
The increase in yields resulting from the dressings of
nitrogen fertilizer was surprisingly low when one bears
the observations in nmind. Two factors could have been
responsible for nitrogen fertilizer failing to bring
about a considerable increasc in yvields.

Firstly, the heavy stalk borer infestation might
have generally prevented a higher yield. Secondly the
fact that even the plants with the higher application of
nitrogen obvicusly suffered from - nitrogen deficiency
during the flowering and ripening stages, is considered
to have influenced the results. It is assumed that the
nitrogen content of the plant material of the densely
spaced plants supplied with 42 or 84 lb. nitrogen per
morgen had decreased to such an extent that the nitrogen
taken up by the plants was retained to a large extent in
the leaves and stalks and thus pfevented from being
readily translocated to the grain., This nitrogen
retention might have been detrimental to the formation

of grain.

In addition, thﬁﬂifierences between yields obtained
with and without the application of nitrogen fertilizer
may have become smaller because the nitrogen which
became available in the soil at an advanced stage of
growth, obviously led to a more pronounced improvement
of the nitrogen status of~the sm2ll plants which had
not been provided with nitrogen fertilizer than of the
nitrogen status of the bigger plants which had been
supplicd with nitrogen fertilizer at planting time,

-

1958/59 Season.

The observations and results of the previous season

nfluenced the approzch to the further research work con-
Ycted at Theunissen. As from this season great care was
2ken a2t both places to prevent any infestation of stalk
Crer, The potassiun treatments were excluded from further

experimants/
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experiments at Theunissen in favour of more nitrogen treatments,
The observations had indicated that the time of the application
of nitrogen nmight be of great importance in ensuring a good
nitrogen supply to the plants during the period of grain¢forma~
tion. Spe cial studies on the groﬁth, nitrogen uptske and
nitrogen content of the plants at successive growth stages and
on the nitrogen composition of the harvested material at the
normal harvesting fime were undertaken.

1. Spacing and Fértilizer Requirement of Laige at Glen
(C.G1.54). ‘
Experimental Dates : The maize was planted on Novembér'
7th, 1958 and harvested on April 13th, 1959,

Observations : In this season with a fairly normal precip-
itation the maize suffered heavily from drought during -
rainless periods experienced during January and the second

half of February. The densely spaced plants wilted during
these periods and large parts of the leaves became dry as
early as the flowering stage. . Ko fertilizer effects

were observed. The stalks contained nitrates during the
whole growth season until harvesting time. Some plants -
were infected with Ustilago maydis.  The infection was

limited to densely spaced plants and, with very few
exceptions, did not occur on normally spaced ones.

Results : The grain and stover yields are given in
Table 10. In Table 11 the results of nitrogen analyses

are presented which were conducted on the harvested
material of the trcatments with narrow and normal e¢space-
ment, without nitrogen fertilizer and the two nitrogen
levels, with the higher phosphate level, and with
Potassium fertilizer.

As in the previouslseason, the espacement 5 ft. x
12in, resulted in lower grain and higher stover yields
than the espacement 3 £t. x 24 in. The grain yields of
the 1958/59 season were much lower than those obtained
in the 1957/58 season. '

The application of potassium fertilizer resulted
in a slightly increased stover yield.  Very high
pPercentages of protein in the grain were obtained a%
Glen. These were very uniform and do not indicate
any influence of the treatments.

Ths quantity of nitrogen in the grain was

influenced to 2 large extent by the grain yield. 1t
was/




TABLE 10: GRAIN AND STOVER YIELDS OF MATZE AS INFLUENCED
. BY SPACING AND FEZRTILIZER TRIATLENTS
~ GLEN, 1958/59

Grain yield, bags per l! Stover yield, ton per
morgen (12.5% moisture}! morgen (air dry)
Fertilizer -
applied, A. Zspacement
1b,/morgen 84 a; 1 .85 8y
3ft’x  3ftix | Hean  § 3Tz 3ftrx | Mean
12 in, 24 in, | 12 in, 24 in,
- ] -
B, Ammonium i
sulphate _ i
N I B
bl 200 2460 7.04 | 4.82 P 3689 2.57 | 3.38
b2 400 _ 2,58 6.66 | 4.62 r 3.78 2.84 3.32
C. Super- E
phosphate | :
cy 200 2451 6,40 | 4.46 © 3,92 2439 3.40
Cq 400 2.90 663 I 4.76 3.88 2,92 : 3.40
D. Potassium '
chloride .
dy none 3.12 G441 | 4,76 || 8,77 2.83 3.30
dl 100 2.29 6.63 | 4.46 4.03 293 3.00
- | | .
Mean 2.70 Be.02 | 4.61 i 3.90 2,91 3.40
, B, Ammonium sulphate,lb./morgen
C. Super- Do by Dy bg by b,
Phosphate | none 200 - 400 l. none 200 400
¢y 200 4,35 4,38 4.64 | 3.54 3,42 3,25
¢y 400 4.43 S5.26 4,60 {l!y 3.47 3.34 3.38
D. Potassium i
chloride 5
4o none | 4.24 4,91 5,18 | 3.35  3.28  3.27
_ C. Superphosphate,lb./morgen
Ds Fotassimm Cqy 200 400 cq 200 400
chloride 0 ¢1 i 0 V¥ C1
dy none 4,61 4792 3 3.33 3.27
dy 100 : 4.30 - 4.61 | 8.48 3.53
Treatment S2 LSD (+) | SZ LSD (+)
K U.250 V.31 g 0.0033 0615
g 0.350 - ! 0.0653 -
D 0.286 - ; 00,0533 -
AB 0.286 e - : 0-0533 0.15
I 0.495 - | 0.0924 =
C 0,404 - | 0.0754 -
4 0,404 - ! 0.0754 -
3% 0,495 - 0.0924 -
: 0.495 - ﬁ 0.0924 -
il 0.404 - I 0.0754 -




TABLE 11: NITROGEN COMPOSITION OF THZ HARVASTED HATERIAL
AND AMOUNTS OF NITROGSN GATIN=ZD BY MATZE AS IN-
FLUSNCED BY SPACING AND NITROGSN FERTILIZER

TREATEENTS
GL3N, 1958/59
A. Spacing EREE: | I per morgen
B, ammonium prote.{ 3, centained in .ol
sulshate Cin dry . ‘ o grain
applied, dry sto- | #ain sto~{| to- |as %of
:
a, 3 ft,x 12 in, § |
: ! )
by none 12,9 +) 1.6 - : -~ -
b, 200 128 | 1.45| 5.0 | 98 | 104 | 4,8
b, 400 - 13:2 | 1.62 7.1 | 107 | 114 62
! 1 -
lean (ag) 13.0 | 1.54 7.9 | 103 | 109 72
a; 8 ft.x 24 in, i |
by none 12.6 | 1.401 18,9} 72 ! o1 |=20.8
by 200 12.8 | 1.45 1 34.5 76 | 110 | 81,4
b, 400 12,7 § 1.21 1 21.8 ¢2 | 84 126.0
Lean (&) 12.7 | 1.38{ 25.1 70 S5 | 26.4
Lean values (B)
b, none 12.8 - 15,2 - - -
b, 200 12,8 | 1.45 | 19,8 | 88 | 107 | 18,5
by 400 13.0 | 1a42 | 24,4 1 B4 | 99 | 14,5
liean 12,9 | 1:468 | 16;5 86 | 102 | 16.2
Trogte % prot, in 1b, N per morgen
ment . in grain
H grain
(P=0,05) S2 1LSD S3 'LSD
A 0.0563 - 1.79 5.6
B 0.0633 - 2.19 -
43 0.0975 - 3.0% 9,7

(+) Samples not taken
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was considerably larger at normal than at dense espace-
ment of the plants, The nitrogen content of the stover
was also generally high but varied considerably, as did
the quantity of nitrogen contained in the stover and the
nitrogen uptake by the plants. No statistical analyses
were undertaken with these figures, they are presented
merely to give a general idea on the nitrogen composition
of the harvested material obtained at the Glén exper-~
imental site during the 1958/59 season.

The grain nitrogen as a percentage of the nitrogen
contained in grain plus stover (Table 11) gives an

‘ indication as to what extent the nitrogen taken up by

the plants was absorbed by the grain. Since the per~
centages protein in the grain were very uniform in

all treatments, the influence of the treatments on the
translocation of nitrogenous compounds to the grain was
closely correlated with the influence of the treatments
on grain production. The figures indicate that the
nitrogen in the plants was used for grain production to
a‘considerably larger extent at 5 ft. x 24 in. than at
3ft, x 12in. espacement.

It is believed that the moisture conditions also

influenced the extent to which the nitrogen taken up by

the plants was translocated to the grain. When only a
low percentage of the amount of nitregen in the plants(
was absorbed by the grain, this may indicate that dry
conditions adversely affectsd the grain production and
with it the translocation of nitrogenous compounds.to
the grain. The indications obtained from the grain
nitrogen expresssd as a percentage of the total nitrogen
uptake appezr to be similar to those which can be ob-
tained by calculating the grain : stover ratio.

Spacing and Fertilizer Ré&uirement of Maize at
Theunissen £0.G1.55%). , '
Eiperhnental Dates : - On account of dry soll oniy a
few scods germinated after planting on the 19th

‘November 1958, Rain which occurrcd on 6th December

1958 effccted 3 good germination on the rest of the
experimental site, so0 that finally a full stand was
obtained. On planting hills where plants of both
gerrination dates were present, the older plants

wore reroved when removing surplus plants.

About 98 per cent of the plants in the exper-

iment had started germinating on 6th December 1958.
The/
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The plants were harvested on 7th April 1959.

Observations : From October to February considerably
less rain was recorded at Theunissen than at Glen. In
spite of continuous drought during January and February,
and in contrast to the plante at Glen, no visible signs
of drought damage occurred. On maize lands in the
vicinity of the experimsnt, heavy drought damage was
eXperienced from about the middle of January. Both
Proper wead conbtrol and the late germination of the

maize may have contributed to the drought resistance of
the plants on the experimental area. A distinct
influence of the espacements and nitrogen treatments on
the colour of the leaves becams evident before the
tasseliﬁg stage. The plants treated with nitrogen
fertilizer had a darker colour and the difference be-
tween the colour intensities with and without the
application of nitrogen fertilizer were much more pro-
nounced at dense than at normal espacement.

Nitrogen fertilizer effected 2 distinct growth
reéaction shortly bpefore and during the flowering stage.
The denscly spaced plants in particular, showed con-
sidersble differences in growth, The top-dressings of
nitrogen also resulted in an increased growth and,
espeeially in the cases where no nitrogen had been
applied at planting, in 2 marked change of the colour
intensity of the leaves.

In contrast to the previcus season, nitrogen
deficiency 4id not occur when nitrogen had beecn applied
a% planting time. Distinct nitrogen deficiency
symptoms were limited to the treatments without nitrogen
fertilizer. The stalks contained nitrates until the
tasseling stage. -

At early growth stéges the plants with the higher
Phosphate level appeared to grow better than those
%ith the lower one.

Results : The grain and stover yields are given in
Table 12 and the results of nitrogen analyses con=-
ducted on the harvested material of the treatments. with
narrow and normal espacement, six of the scven
ritrogen treatments and the treatment with the higher
Phosphate level are presented in Table 13.

In this scason during which there was a fairly
limited moisture supply, a distinct nitrogen reaction
was/



TABLE 12: GRATN AND STOViR YTELDS OF MATZE AS INFLUENCED
BY SPACING AND FERTILIZER TREATUENTS
THEUNISSEN, 1958/59

’ Grain, bags per morgen (12.5% moisture)
B, Amm, sulph. in — - -
units of 100 1b. Ao Hspacement C..Superphosphate
per morgen(..) 2, CI 1b, /morgen
and date of : . c c
3 . aft, x 3ft. x Hean 0 1.
application  h15%L 24in.!  (B) 200 600
1 .
b none 14,1 21.5 17.8 17.2 1843
1 (2)19.11 23.9 2845 23.7 22.9 24.5
% (1)19.11+(1)30.12{ 19.8 23.2 ! 21.2 20.8 21.7
5 (2)80.12 B -5 W 24.6 22.3 22.1 23.6
5, (4)19.11. 28.3 26.2 27 42 27.2 27.3
25 (2)19,11+(2)30.12} 28,9 - 27.4 28.2 28,1 28.2
% (2)19.11+(2)14.1 | 26.9 26.0 26.4 26.0 26.9
an (A and C) 23.2 24.6 23.9 | 23.5  24.4
) i :
" Treat~- ‘ (+)
’» Superphosphate : ment SB LSD
lb,ymorgen A 0,438 1.2
S - 0.820 2.3
200 - . 1 23.2 23,7 | € 0.438 -
A . AB 1.16 3.3
‘ Stover, ton per morgen (air dry)
. A soa 2 A
ﬁ%ssg%pliéoufb‘ Ai Espacenment ( C.Superphosphate
ner morgen (..) , i 1b/morgen
end date of - a '
Jace ) % | e c
application 3Ft, % 3ft, % ! Vesn ’ 5 08 60% |
o | 12 in, 24 in, } (B) | _
’o none 3.05 2,98 i 3,02 | 2,07 3,07
1 (2)18.11 3.77 3.28 | 3.50 | 3.27 3.73
5 (1)19.11+(1)30.12: 3.53 3.12 | 3,32 3.82 3,33
)3 (2)30,12 $ 3,90 8.18 3.52 3.57 3,47
)y (41011 | 417 3.8 8.68 ! 8,97 3,58
’5 (2)18.11+(2)30.12{ 4.18 3,30 ! 3.74 | 3.63 3.85
Yy (2)19.11+(2)14.1 | 3.97 3.35 | 3.66 3.67  3.65
%an (A and €) | 3.80 3,18 | 3.49 | 3.46  3.53
5 | Tﬁ‘eat—' (+)
‘e Slgpe_rphospha’te 4 ment S LSD
./morgen ; A 0.0473 0.13
: B 0.0885  0.25
0 200 3.83 3.08 o 00473 <
4 600 3.76 3.29 AB 0.125 0.35
AC 0.0669  0.19
BC 0.125 -
————————

+) P=0.05



TABLE 13: NITROGEN COMPOSITION OF THE HARVSSTSD HMATERTAL

AND AKOUNTS OF NITROGEN GATNED BY HATZE AS IN-
FLUENCED BY SPACING AND NITROGuN FERTILIZER

TREATMINTS
THEUNISSZN, 1958/59
A, Spacing % % 1. N ﬁer oy 113
o : gen Utili-
B, fzponium prot.f N contamed in zation’
sulphate in é;l ; r ; ' of N
applied, dry N zrain
lba/morg;en “igrain sto+ ain sto~j to—~ jas%cof am%}_?d,
and date ver [ ver ; tal ; total
ag 3 £t,x 12 in. !
by none 5,81 [0.42]22.81 21 | 44! 52 -
b, 200 : 19.11 | 6.50 [0.45|42.81 30 | 78| 59 | 69
. ) t
b, 200 : 30.12 | 6.50 40,3 ;
bg 400 : 19.11 7.12 55.11 ;
by 200 : 19,11+ ! |
200 : 30.12 | 7.06 {0.46|55.8| 33 | 89| 63 | 54
bs 200 : 19.11+ :
200 : 14.1 6450 5040 !
lean (aj) 6,58 j0.44144.51 28 69 59
ay 3t x 24 in, |
by 200 : 19,11 17,25 {0.52152.4; 31 | 83| 63 | 50
by 200 : 30.12 | 7.50 5247
by 400 : 16,21 ! 7.75 58.1 i
b, 200 : 19.11+ | ;
200 : 80.12 i 7.06 }0.49|55.6 ) 29 | 85 | 65 ! 27
bs 200 : 19,11+ ﬁ |
— 200 :14,1 17,44 55.1
lean (a) 1 7.26 10,46 152,61 27 | 77 | 65
Liean values (B) |
bg none 6,18 {0440 132441 20 | 53 | 61
by 200 : 19.11 | 6.38 }0.4847.6| 30 | 78 | 61 : 60
by 400 : 19,11 ! 7.44 5646 | /
by 200 : 19.11+ L
200 : 30.12 |7.06 {0.48155.7; 381 | 87 | 64 | 40
bs 200 : 19,11+
—_ 200 : 14,1 6,97 5246
iean 6.92 48.61 27 | 73 | &2
Treat- % protein in - ; 1b. N/morgen in
ment grain grain
(P = 0,05} SE LSD SZ LSD
g 0.133 0.39 1.70 5.0
in 0.231 0,68 2.95 3.6

(+) Difference between the amounts of nitrogen gained with
and without the application of nitrogen, expressed as a
percentage of the amount of nitrogen anplied
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wags again obtained at Theunissen. At normal eéspacement
the responsge to nitrogen fertilizer was less pronounced
than at dense espacementi.

The Lop-dressings of nitrogen spplisd to plants

with or without the application of nitrogen fertilizer at
pilenting time, were wall utilized by the plants, and the

response to nmitrogen fertilizer was almost entirely deter-
minzd by the quantity of nitrogen applied, and not by the -

time of application.

Without an application of nitrogen a much higher
grain yield was cbtained at normial ghan at dense espace-
mant, %hen increasing smounts of nitrogen were‘applieﬁ
the denscly spaced plants had 3 more pronounced increase
in grain giélds than the normally spaced ores. At
normal espacement only ths grain yield obtained without
nitrogen fertilizer and that with.a total épplication of
400 1b, smmonium sulphate per morgen differed gignifH)
icantly. The grain yields obtained with dense and
normal espacement were nearly equal abt the highest
nitrogen level. As an average for all fertilizer treat-
ments, the densely spaced planbts yielded slightly less
grain than the normally spaced ones.

The stover yields were nearly cqual at dense and
normal espacement when no nitrogen fertilizer had been
applied. Nitrogen fertilizer applied at increasing
rates (200 and 400 1b, ammonium sulphate per morgen)
brought sbout & considerable increase in the stover
Yields of the densely spaced plants only, but not of the
normally spaced cnes. The mean stover yield at dense
espacement was hisher than that at normal espacement.

As an average the stover yields obtained from the
treatments with 200 and 600 1b. superphosphate per
morgen did not differ much. A slightly higher stover
yicld with 600 1b. of superphosphate than with 200 1b.
scemed to be indicated at normal espiacement.

The percentage of protein in the grain was
generally low. Compared with the treatments without
nitrogen fertilizer, 2ll the applications of nitrogen
effected an increase in the protein content of the
grzin,

At normal espacement the protein content of the
grain was higher than at dense espicement.

The/
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The quantity of nitrogen contained in the grain was
larger with the application of 200 1b., ammonium sulphate
than without nitrogen fertilization. With 400 1b.
ammonium sulphate per morgen (applied at planting time
or divided into 200 1b, applied at planting plus 2C0 1b.
applied on December 30th, 1958) the quantity of grain
nitrogen was again increased above that obtained with
200 1b. amnmonium sulphéte applied either at planting or
on December 30th, 1958.

The very late top-dressing of nitrogen (January l4th,
1959) does not secem to have influenced the quantity of
grain nitrogen to the same extent as the medium late one
(December 30th, 1958), especially if the figures for the
dense espacement are considered. '

At normal espacement COnsiderably more nitrogen was
absorbed by the grain than at dense espacement.

The percentages of nitrogen in the stover samples
8s well as the quantities of nitrogen contained in the
stover and the nitrogen uptake by the herbage were
generally low.

A considerable portion of the nitrogen taken up by
the plantswas absorbed by the grain. The nitrogen con-
tained in the grain, expressed as a percentage of the
nitrogen contained in grain plus stover, was higher at
normal than at dense espacement.

The percentages of nitrogen in the stover and the
quantities of nitrogen contained in stover and in grain
pPlus stover (nitrcgen uptake) are not statistically
analysed. These figures should be used merely to
obtain a general idea of the nitrogen composition of
the harvested material and the nitrogen supply which
had been available in the soil at Theunissen.  The
figures were presented in order to interpret the
reasons for the different results obtained with the
application of nitrogen fertilizer at Glen and Theun-~
issen, that is the good response to nitrogen fertil-
izer at Theunissen and the lack of any nitrogen
Teaction at Glen. It is, therefore, interesting
that the results of the nitrogen analyses indicated
2 relatively good nitrogen supply to the plants grown
On the soil at Glen (high protein contents of grain
and high nitrogen contents of stover as well as a
high nitrogen uvtake by the plants) and a poor
nitrogen supply te the plants grown at Theunissen.

In/
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In contrast to Glen, a high percentage of the
nitrogen taken up by the plants was found in the grain
at Theunissen, This indicates a good use of the nitrogen
taken up by the plants for grain production. The drought
had a much stronger effect at Glen than at Theunissen
during the period wher the grain was being formed and this
ﬁay have contributed to the poor use of the nitrogen for
grain production at Glen only. However, the same maize
variety was not planted at Glen and Theunissen during this
season and the maize was planted at different dates. In
subsequent seasons an effort was made to achieve nmore
conparable results. ‘

Influence of the Nitrogen Supply on the Growth, Kitrogen
Uptake and Nitrogen Content of Maize at Successive Growth

Stages at Theunissen.,

Experimental Dates : The seed of this experiment and the
experiment 0-Gl. 55 were planted on the same date (19th
November, 1958) and the maize of this experiment also
failed to germinate after ﬁlanting. The date when ger-
nination started is considered to be December 6th, 1958
on which date a rainfall of 17.8 mm was registered. This
date was used instead of the planting d2te when the
growth intensity and the intensity of the nitrogen uptake
were calculated for the period ending at the first harvest.
After the surplus plants had been removed, nearly 100 per
cent of the plant population had started germinating on
Decerber 6th, 1958. The particulars of the harvesting
dates and thz dates of nitrogen fertilizer application

as well as the number of plants included in the harvests

were pgg follows -

Pléntinv,harvest- .
. S . Jumber of Number of
Date £yag aﬁf g%?llca— “days from gggwgh plants
lon oi nitrogen germination g harvested
fertilizer

-‘-'~__

9'11°1958 Planting and - - -
first mitrogen ‘ -

—_— fertilization

O'12-1958 First harvest and 24 8-11 in. 50
medium late nitrogen height

—_— fertilization

lhl-1959 Second harvest znd 39 Before 50
late nitrogen tasseling

~—— fertilization stage

2'2-1959 Third harvest . 68 Flogering 30

stage

-"‘"—-—_._._

o]

<+3.1959 Fourth harvest 96 Soft dough 20

-~

stage
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Observations 1 With the éxeepﬁion of the treatment where
200 1b, of ammonium sulphste per morgen wis to be applied
&8 weeks after the planting date, all the trestments of
this experiment werc 21so represented in the experiment
0-Gl.55. The observations on the plants of correspond-
ing treatments in the two experiments were similar, and
the digcussion of 0-Gl.55 is alsgo valid for this experi-
ment which was situated next to the experimental site of
O-Gl.55, A uniform plant populabtion was obbained after

the removal of surplus plants, The late top-dressing

of nitrogen to the plants without a previous application
of nitrogen fertilizer, not represented in the experiment
0-G1.55, chowed 2 clear responsce by an increased growth
and change of the leaf colour from z light to z darker
green,

Besults s  The results are gdven in Tables 14, 15 and 16
and the contents of each table will be dezlt with
separately. In Table 14 the dry herbage yields, the
percentages nitrate and total nitrogen and the quantity
of nitrogen in the herbage as obbtained on each harvesting

dzte are presented.

Up to the third harvesting date (68 days after ger-
mination, flowering) the herbage yield as well as the
nitrogen contained-in the plants increased considerably
during cach of the pariods from one harvesting date to
the noxt. Batwvaen the third and fourth harvesting
dateg (96 days after germinatvion, soft dough stage) all
the plants still inereased in herbage weight while an
ineresse in the quantity of nitrogen contained in the
herbasge was limited to the treatments with zither late
application of nitrogen fertilizer or the application
of the higher smount of ammonium sulphate (400 1b. per

morgen) at planting time,

Phe nitrate and total nitrogen contents dacrcased
with advancinz growth and simultancously the nitrate
nitrogen expressed 2s a percentzge of the total
nitrogen. This percentage amounted To 12 per cent on
the first and & per cgnt on the second harvesting
date, Jith one excapbion, the plants were [ree of
nitrates from about the flowering stzge {third
harvest) .

mThe herbage yields of the first harvest (24 days

e

after gormination) were nearly eauzl for all
treatnente./



TABLE 14

: GROWTH AND NITROGEN COMPOSITION OF MAIZE AT SUCCESSIVE GROWTH STAGES AS INFLUENCED BY WITROGEN
FERTILIZER TREATMENTS
THEUNISSEN, 1958/59

y Dry herbage yield, 4 Nitrate nitrogen i Total nitrogen ! Tetal nitrogen in herbage,
, ton/morgen in dry matter, % ! in dry matter, % { 1b /morgen
Am o Sulph o [ d ,«-- ; ) : L «u:L 1 B m ke Ak bl ot . o AR T 1 i -l
applied, i 1lst 1§ 2nd i 3rd } 4th let. | 2nd S 3rd 1 4th. i lst - 2nd jrd | 4th ; lst 2nd ! 3rd 4th
1b./morgen’! har- l har- | har- i har- | har-{ har-| har- lhar—’! har- har- { har-~ | har- | har- har- { har- haxr-
and date vest, | vest,' vest,; vest, vest vest] vest, vest,. vest,| vest,, vest,| vest,i vest, vest,! vest) vest,
30 : f P12 30 14 12 ¢ 12 30 | 14 12 12 {30 4, 12 12
Bec. | Jan. ; Feb. | Mar.| Dec.| Jan.; Feb. |Mar. | Dec. i Jun. | Feb. | Mar. | Dec.| Jan. | Feb.| Mar. |
1. None 0.097 ;0.5% 12.46 33,80 { 0.33 !0 i 0 0 2.98 2.02 0.9 i0°54 (5.78 | 24.0 i46.2 {41.1 f
2, 200 ¢+ 10.098 io 630 13.54 16.14 ' 0.48 i 22 O i 0 :3.26 }2.40 i1.12  |0.64 16.38 | 30.2 i79.0 | 78.9
19 Nov, , f i i 1 f
(planting) , i | ‘ | %
: | P 1 !
3. 200 = 0.102 {0.604 [2.66 {5.56 ! 0.33 0.17 G i O f2.98 12,24 1.11 JC.67 16.08 27.0 58.8 4.2
4, 200 ¢ 0.102 j0.577 i2.61 (5.69 | C.27 | 0.10 0 1o ;2:93 l2.12 1.09 10.77 5.98 24,5 56.8 87.2
14 Jan. E % i ﬂ
5. 400 s 0.096 10.619 [3.56 36.76 0.49 ! 0.21 |trace ! © '3.41 2.41 11.25 0.81 i6.55 29.8 89.0 (109.6
19 ch . i X
i | [
6. 200 @ 0.092 {0.603 {3.39 ;6.38 | 0.46 0.21 0 ) 13.29 2.40 |1.20 {0.80 6.06 28.9 81.5 (101.8
19 Nov ; i ! ‘ | ! |
+2001 | | ; ! 5 j i i
14 dJan. ; . i s A | : ; , :
, : ! ’
Mean 0.098 )O 604 ;3 04 l5 72 0.39 | 0.17 ! 0 Y 3.13 2.27 1.13 ’0.72 16,14 27.4 68.6 | 82.1
) : ‘ ! | i i | ; !
SE 0.0427i0 .017810.,119 ;O.157 0,030} 0.024 f 10.0540,0,056510,0398:0.0296-0.278 ' 0.813 E 3.90 . 4.57
i i ; \ i I !
LSD ' ) ' z ' ! j
(P=0.05) - E - 0.36 0.47 0.09 0.07 l % t0.16 iO,.17 {9.12 |C.C9 % - 52.4 1.7 §13.8
L . e ' | SN RPN NN R S I S




ANCIEALE LN JERBAGL Wil GiLs AND LN CUHE AMOUNESD UF NLTEROGEN CONToINED IN #MalzE DURING
SUCCESSIVE GROWIH STAGES AS INFLUENCED BY NITROGEN FERTILIZER TREATMENTS

THEUNISSEN, 1958/59

ALl '
| Increase in dry herbage weight, ton per ' Increuse in nitrogen gain, 1b. N per

and date cf application

I morgen, corrected to 14 day pericds ; morgen, corrected to 14 day periods
. .Ammonium sulphate fActual duration of periods (no. of days): Actual duration of periods (no. of days)
in units of 100 Ib/morgen () ' 1 (54) | 11 (15) (TI1(29) | IV (28) | I (24) I (15) .IIT (29). IV (28)

{
togermi-  Iet to Znd te - 3rd to . germi- . 1st to | 2nd to ; 3rd to
i nation ! 2nd har- | 3rd har- ' 4th har- nation - 2nd har- 3rd har-. 4th har-
| to lst | vest | vest , vVest to ist vest | vest | vest
. harvest | : : harvest j ’
1 f ] 1 .‘
1. None _ 0.057 % 0.46 0.90 } 0.67 ! 3.4 ¢ 17.0 i 0.7 - 2.5
2. (2) 19 Nov., planting ¢ 0.057 § 0.50 1.41 P 1,30 3.7 . 22.3 - 23.6 | -0.1
3. (2) 30 Deec., lst harvest - 0.059 0.47 0.99 , 1.45 L 3.6 . 19.5 154 7.7
4. {2) 14 Jan., 2nd harvest Q.059 0.44 0.98 . 1.54 3.5 (17.3 ; 15.6 . 15,2
5. (4) 19 Nov., planting | 0.056 0.49 1.42 . 1.60 3.8 | 21.7 . 28.6 | 10.3
6. (2) 19 Nov,, plus 3 ' 5 ! ! : ,
(2) 14 Jan. | 0.054 | 0.48 | 1.34 f1.49 3.5 i 21.3 L 25.4 10.1
Mean | 0.057 ' 0.47 1.17 ¢ 1.3 3.6 | 16.8 , 19.9 6.8
H ! H :
SE | 0.00249| 0.0158 | 0.0582 ;| 0.0%45 | 0.162 0.765 ; 2.00 3.15
LSD (P=0.05) L - - 0.18 ; 0.28 P~ 2.3 6.0 9.5
\ Megaxf + Periods ! Periods within each N-treatn. Inﬁeraction
"Split plot" analysis | : ‘ l : b o , \
ine - herbage  nitrogen hgrbage nitrogen herbage | nitrogen
including all harvests i' Weiggﬁ - pain } welght ! gain weight | gain
SE ; 0.0247 | 0.848 | 5.0604 .08 0.0563 | 1.90
* 0.070 1 2.40 5 0.171 5.9 | 0.16) ! 5.4

o T - e o it - —

ISD (P=0.,05)




TABLE 16 : INFLUENCE OF NITROGEN FERTILIZER ON THE RELJTIVE INCREASE IN WEIGHT AND NITROGEN GuIN AT SUCCESSIVE
GROWTH STAGES OF MAIZE
THEUNISSEN, 1958/59

' Dry herbage yields on Nitrogen gain on : ) : ,
lst, 2nd and 3rd har- ' lst, 2nd and 3rd har- . bé?grefzidlnegr{bhﬁr"ﬁ Increase in nitrogen
Amm. sulph. ! vesting dates as % of | vesting dates as % of | = yﬁ_ ligd ‘ ] per 1b. N applied :
in units of ! that at fourth harvest, that at fourth harvest “bp k . i
100 1b/morg. : T e e
(+-) anddate ' 1lst  2nd = 3rd 4th . 1lst end ! 3rd . 4th " lst [ 2nd : 3rd . 4th 1st  2nd -3rd 4th.,
of applica- har- ~har- ' har- har-| har-: har- ! har- i har- har-  har- i har- . har- har-  har- :har- har-
tion vest, : vest, - vest, - vest, vest, vest vest, . vest: vest, - vest, vest, vest, . vest, ' vest, Evest,'vest,;
Y30 . 14 12 12 - 30 , 14 -~ 12 . 12 © 30 14 0 12 1z 30 | 14 lz 0 12
| Dec. :dJan. " Feb. Mar.i Dec. Jan, : Feb, tlar. = Dec, Jan. | Feb., . Mar. - Dec. ' Jan. .Feb. Mar,
1. None 2.55 15.6 64.7 ,100 & 14.1 58.4 112.4 100 | - - - - -
o ‘ : :
2, (2) o ; 3 ; - ‘ ‘ : L -, : :
19 Nov, ©1.60 110,33 57.7 ;100 ; 8.1L: 38.3 100.1- 100 ; 0.048 .1.71 +51.4 1 111.4 0.0143 0.148 10.78 i 0.90 -
(planting) ; : | ? | : ‘ f ‘ ; i ‘ i j - ‘ |
3. {2) ‘ * | 100 ! ; - i | : - ; |
30 Dec. 1.83 ¢10.9 -47.8 100 | 8.2 36.4 . 79.2: 100 ¢ - . 0.48 . 9.5 83.8: - : 0,071 10.30 0.79 E
4'- (2) - . " i ; ' l: . j ; ! - R l : 1
14 Jan., . 1.79 ;10.1 45.8 100 - 6.9 28.1 . 65.1 100 = -~ P . 7.1. 90.0° - - j0.25 1.1C .
. i ; ‘ ¢ : E : i ' | i :
5. (4) . ' : : ; { ' ! ' :
19 Nov. 1.42 ! 9.2 :52.6 100 | 6.0? 27.2 . 8l.2 100 ~0.024 0,57 ;26.2 - 64.0;0.0092? 0.069 0,51 .0.82
i ; : , ! : . : : | ; '
6. (2 , i } : i , : . s _ { ‘ : : :
19)Nov. S 1.44 ;) 9.5 i53.1 100 i 6.0 28.4 ;+ 80.1 100 ! = L= . 22.1 61l.4; - - :0.42 0,72
+ (2) ' : i 1_ , i ‘ 'i '! ' ': i i :
14 Jan, - : ; ; | § é g : 1 : a ; - g
Mean 1,71 510.6 '53.1 ElOO o Te5 ’33.4 j 83.6 100 - Co- g - ;82,1 - ; - ro- fO.87
. L ! s ! H E L i i ¥ \ : | : t




TABLE 16 : INFLUENCE OF NITROGEN FERTILIZER ON THE RELATIVE INCREASE IN WEIGHT AND NITROGEN GoIN AT SUCCESGIVE
GROWTH STAGES OF MAIZE
THEUNISSEN, 1958/59

' Dry herbage yields onAT Nitrogen gain on : ' ) . ‘

© lst, 2nd and 3rd har- ° lst, 2nd and 3rd har- . b%nere?sidln dr{bhﬁr“i Increase in nitrogen
Amm. sulph. ! vestlng dateg as » of  vesting dates as % of | Gs8 VO? 1ip§r : b per 1b, N dpplled :
in units of | that af fourth harvest, that at fourth harVebt ; appLie : :
100 1b/m0rg. ——— o _Tv_ L L ._ o 2_,. - .. e e e e ....‘A - .4..,....!.
(«-) anddate ' 1lst 2nd ' 3ra . 4th . ls% 2nd 3rd , 4th o lset S 2nd ; 3rd 4th i let P 2nd “3rd 4th.
of applica-  har- ‘har- " har- har-; har-: har- | har- | har- har-  har- har-: har~  har- 1 har- :har- har- -
tion - vest, : vest, - vest, - vest,, vest,! vest 'vest,; vest: vest, ' vest, vest, vest, vest,! vest, ivest,'vest,;

Y30 14 12 12 30 ; 14 12 . 12 ¢ 30 ' 14 12 12 0 30 . 14 12 12

| Dec. :Jan. Peb., Mar.:@ Dec. Jan.  Feb. ' ¥ar. Dec, Jan. | Feb,, K Mar. - Dec, ' Jan. .Feb. MNar.

1. None 2,55 15.6 6447 100 | 14.1 58.4 112.4 100 | - -~ - - - = .
2. (2) : : ’ : ' ; J ; .
19 Nov, ~ 1.60 "10.3 57.7 ;100 . 8.1:38.3 100.1. 100 ; 0.048 ,1.71 ;51.4 A 1il.4 0.0143  0.148 :0,78 i 0.90
(planting) ; } E ‘ ; ; | : ; ; ; : :
3. (2) ’ S ‘; | ~. | x | g o
30 Dec. 1.83 110.9 - 47.8 100 ' 8.2 36.4 79.2; 100 : - 0.48 1 9.5, 83.8; -  :0.071 {0.30 ' 0.79
. (2) | r SN : -' ; E ; . TR
14 Jan. - 1.79 ;10.1 45.8 100 - 6.9 28.1 . 65.1 100 = - - 1 7.10 90,00 - . - l0.25 11.10
5. (4) f | ' ! ‘
19 Hov, 1.42

6. (2) .
19 Nov, l.44

+ (2) T

14 Jan. ’

¥

9.2 152.6 100 | 6.0!27.2 , 81.2 100 ' 0.024 '0.57 ;26.2 - 64.0.0,0092 ' 0, 069 '0.51 . 0.82
i ﬁ ; ‘ : : : i i E

9.5 '53.1 100 i 6.0 28.4 ; 80.1 100 ' = = 22,10 6l.4: - - 10.420.72

i

Mean ©1.71 110.6 *53.1 (100 7.5 !33.4 | 83.6 100 i - - ! -, 821 - | - = ' 0.B7
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treatmants. The plants supplied with nitrogen fertil-
izer hsd slightly higher nitrate and total nitrogen con-
tents than those not provided with nitrogen. There was
no noteworthy difference between the nitrogen upteke by
the differently treated plants.

The herbage yields of the sccond harvest (39 days

after germinztion) a2lso did not show any influsnce of
the fertilizer treatments. Compared with the treatment
#without nitrogen fertilizer, the nitrate =nd ths tobtal
nitreogen contents as well as the nitrogen uptake were
higher where nitrogen had been applied either at plant-
ing time or 24 days after germination, The application
0f 400 1b. ammonium sulphzte per morgen had caused a
higher nitrogen gain than the application of 200 1b. at
planting time and this treatment again a higher one than
the treatment with the same quantity of nitrogen applied
24 dzys efter germination.

A distinet influence of the treatments on the herb-
2ge yilelds became evident on the third harvesting date

(68 days after planting, flowering stage). The applica-
tior of 200 or 400 1b. ammonium sulphate at planting time
or 200 1b, at planting time vlus 200 1b. at the time of the
second harvest, brought about higher herbage yields than
the treatments without an application of nitrogen or
those with +the application of 200 1b, ammoniun sulphate
elther 24 or 39 days zfter germination, Thz herbage
7ields of thoe last mentioned three trestments wers nosr-
1y squally low. The percentages of nitrogen in the
plants supplied with nitrogen 24 or 39 days after gor-
Bination were higher than those of the plants without 2
2ssing of nitrogen. The highest percentage of nitro-
Zen was obtained with the aspplication of 400 1b. of
snmonium sulphate. The'amounts of nitrogen contained
in the plants indicate that the nitrogen z2pplied av
planting time had been absorbed Lo a2 larger extent up
to the flowering stage than the nitrogen applied either
24 or 39 days after germination. The latter effected
tnly o slightly increased nitrogen uptake.

The figures from the fourth harvest (96 days
ifter planting, soft dough stage) reflect 2 much
stronger influecnce of all the nitrogen treatments on
the plant weights than those of the third harvest.
Th2 plants suppliszd with 40C 1b. smsonium sulphate per

“orgen at planting bime yiclded the highest herbage
weight,./
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weight. Spmaller harvest weights were obtained with the
application cf 200 lb. ammonium. sulphate at planting time,
with or without additional 200 1b. 39 days after germina-
tion. These herbage weights were still higher than those
cbtained with the late application of 200 1b. of ammonium
sulphate to the plants not provided with nitrogen at
planting time. In contrast to the nitrogen gain up to
the third harvest, the nitrogen gain up to the fourth
harvest did not reflect any distinct influence of the time:
of application, but only an influence of the amount of
nitrogen aprlied. This indicatesg that, by the soft
dough stage, the nitrogen of the btop-dressing had been
taken up to & similar extent as The nitrogen applied atb
rlanting time.

The percentages of nitrogen in the harvested materia.
indicate an influenc¢e of both the amount of nitrogen
applied and. the time of application. The plants
supplied with 400 1b. ammonium sulphate, either given in
one dressing at planting time or divided into two applica-
tions, one at planting and the other 39 days after germins-
tion, as well as the plants not provided with nitrogen-
fertilizer a2t planting time and supplied with 200 1b.
ammonium sulvhate %9 days after germination, had relative-
ly high nitrogen contents. Lower percentages of nitrogen
were found in the plants which had received 200 1b. of
armonium sulphate either at planting time or 24 days
after germination, These percentages of nitrogen were
55111 slightly highwr than those obtained vhere nltrogen
fertilizer had not been applied.

Table 15 shows the increase in herbage yislds and
Litrogen from germination until the first harvesting
date and during the periods between each two successive
harvesting dates, correcgted to egual periods of 14 d=re.
The table demonstrates the growth intensity and bthe
intensity of the nitrogen uptake (herbage) during
Various growih stages.

As an average the growth intensity was very low
during the first period (between germination and 24
days thereafter) and about 8 times as high during the
second periocd (from 24 to %9 days after germination).
it still increased from the sgecond to the third (&8
days after germiration) and from the third to the
fourth harveshing dates (96 days after germination).

The intensity of the nitrozen uptake as an
average/



o 5L

average increased only from the first to the second period,
rerained the same during the third and decreased during
the fourth period. '

During the first and second pericds the growth
intensity did not differ bebtween treatments, while the
intensity of the nitrogen uptake was higher with than with-
out the application of nitrogen fertilizer during the
second period, It is interesting that an equal intensity
of nitrogen‘uptake occurred with the two nitrogen levels
of 200 and 400 1b. smmonium sulphate per morgen both during
the first and the second periods. Differences in nitrogen
uptake between the plants supplied with these two nitrogen
levels occurred only later. An influence of the nitrogen
applied 24 days after gerrination on the intensity of the
nitrogen upbake becomes evident in the figures Tor the
second periocd.

Turing the third and fourth periods the nitrogen
treatments distincetly influenced the growth intensities,

Of special interest are the changes in the intensi-
Eties of growth and nitrogen uptake for each treatment from
the third to the fourth period. During the third period
the plants not provided with nitrogen fertilizer had a
Lower growth inbensity than the plants supplied with 200
°r 400 1b, ammonium sulphate at planting time and an equal
Low growth intensity as the plants which received a top-
dressing of 200 1b, of ammonium sulphate per morgen 24 or
39 days after germination. The plants not provided with
Litrogen fertilizer were the only ones which considerably
decreased in growth intensity from the third to the fourth
Seriod. The figures for the intensity of nitrogen up-
take indicate that these plants did not take up any
NHitrogen from flowering until the soft dough stage:s It
Can be deduced that the growth during this period was
strongly reduced by nitrogen starvation, evidence of

Which was observed before and during this growth stage.
Since no nitrogen was taken up after the flowering

stage, the nitrogen absorbed by the cobs for grain forma-
Ylon must have originated exclusively from the stalks

a1d leaves which were poor in nitrogen at that growth
stage, It is assumed that the vegetative parts of

Plants can be depleted of nitrogen only %o a certain
degree, For the treatment without nitrogen fertilizer

& supply of nitrogen insufficient for meximum grain pro-

duction can bs assumed,
The/
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average increased only from the first to the second period,
remained the same during the third and decreased during
the fourth period.

During the first and second pericds the growth
intensity did not differ between treatments, while the
intensity of the nitrogen upbake was higher with than with-
out the application of nitrogen fertilizer during the
second period, It is interesting that an equal intensity
of nitrogen uptake occurred with the two nitrogen levels
of 200 and 400 1b, ammonium sulphate per morgen both during
the first and the second periods. Differences in nitrogen
uptake between the plants supplied with these two nitrogen
levels occurred only later, An influence of the nitrogen
applied 24 days after germination on the intensity of the
nitrogen uptake becomes evident in the figures for the
second period: ‘

Turing the third and fourth pericds the nitrogen
treatmente distinctly influenced the growth intensities.

Of special interest are the changes in the intensi-
Ties of growth and nitrogen uptake for each treatment from
the third to the fourth period. During the third periocd
the plants not provided with nitrogen fertilizer had a
Lower growth intensity than the plants supplied with 200
or 400 1b. ammonium sulphate at planting time and an equal
ilow growbth intensity as the plants which received 2 btop-
dressing of 200 1b, of ammonium sulphate per morgen 24 or
39 days after germination. The plants not provided with
nitrogen fertilizer were the only ones which considerably
decreased in growth intensity from the third to the fourth
veriod., The figures for the intensity of nitrogen up-
take indicate that these plants did not take up any
nitrogen from flowering until the soft dough stage: 1t
can he deduced that the, growth during this period was
strongly reduced by nitrogen starvation, evidence of
which was observed before and during this growth stage.
Since no nitrogen was taken up afver the flowering
stage, the nitrogen absorbed by the cobs for grain forma-
tion must have originated exclusively from the stalks
and lesaves which %ere poor in nitrogen at that growth
stage, It is assumed that the vegetative parts of
plants can be depleted of nitrogen only to a certain
degree, Tor the treatment without nitrogen fertilizer
a supply of nitrogen insufficisnt for maximun grain pro-

duction can be sssumed.
The/



- 52 -

The plants supplied with 200 1b. smmonium sulphate at
planting time had similar growbth intensities during the
third and fourth pesriods: All the nitrogen had been
taken up before and during the flowering stage (second
and third periods) and no incrsase in nitrogen was obtained
during the fourth periocd: The growth intensity does not
seem %o have been decreased by nitrogen deficiency during
the last period.

The treatments wiﬁh a top~dressing of 200 1b. of
ammenium sulphate 24 or 29 days after germination rep-
resent a case where the growth intensity was relatively
low on account of nitrogen shortage during the reriods
before the tasseling and flowering stases and increased
considerably during the period ending with the soft
dough stage. On account of a dry period fhe nitrogen
applied 24 days after germination was not taken up short-
ly after having been applied. The considerable increase
in the growth intensity during the late growth sbage is
remarkable. The general trend experienced with all
treatments, that the amounte of nitrogen in the plants
increased in advance of the production of plant material,
was very pronounced in the treatments with top-dressings
of nitrogen. An increased intensity of the nitrogen
uptake following the application of nitrogen 24 days
after germination became evident during the second period
and, following the application of nitrogen 39 days aflter
germination, during the third piriod. An influence of
this nitrogen fertilizer on the growth intensity was
observed only during the fourth period. The intensity
of nitrogen uptake during the fourth period was higher
with the late top-dressing of nitrogen (39 days after
germination) than with the medium late one (24 days

after germination):

The results from fhese twon treatments (top=-dressing
of nitrogen to plants not provided with nitrogen fertil-
izer at planting time) appzar to be of specizl impor-
tance when a limited quantity of nitrogen is made
available to the plants without the danger of nitrogen
deficiency at the  important flowering and ripening
stages. These conditions of nitrogen deficiesncy can
be induced by a strong vegetative growth during early
growth stages in moist seasons and can oceur in spite
of the application of nitrogen fertilizer at planting
time (Theunissen, 1957/58). Nitrogenous top~

dressings/
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dressings may ensure that a favourable nitrogen status of
the plants is maintained during the period when the grain
is being built up.

The two treatments with 400 1b. ammonium sulphate per
norgen applied at planting time and with 40C ib. divided
into two applications of 2001b., one at planting time and
the ofther 39 days afber germination, gave similar results.
The growth intensity which was already high during %he
third yeriod‘did not increase to any noteworbthy extent from
the third to the fourth period. The intensity of nitrogen
uptake reached its highest peak during the third period and
was lower duriﬁg the fourth periocd.

in contrast to the obgservations of the previcous
ssason (Theunissen, 1957/58), a good nitrogen supply was
ensured during all the growth stages by the application
of 400 1b. of ammonium sulphate at planting time.

In Table 16 the herbage yields and nitrogen gain of
the herbags of each treatment, azs determined on each of
the first three harvesting dates, are given as percentages
of those on the fourth harvesting dates, In addition, the
increase in herbage yields and in nitrogen, effected by
nitrogen fertilizer and calculated per 1b, of nitrogen
applied, is also presented in Table 16.

The herbage yields and the amounts of nitrogen con-
tained in the plants on the first three harvesting dates,
expressed as percentages of the corresponding figures at
the fourth harvest, again indicate to what extent the
nitrogen uptake preceded the preduction of plant materlal.
On the second harvesting date, for example, the plants not
provided with nitrogen fertilizer had reached 15.0 per
cent of the final weight and 58.4 per cent of the final
amount of nitrogen taken up. With the application of
nitrogen fertilizer, and especially in the cases where
top-dressings had been applied, a relatively nigher
nitrogen upbtake and a higher growth intensity became
evident during the advancsed growbh stages.

The figures for the increase in the nitrogen uptake,
effected by nitrogen Tertilizer and calculated per 1b.N
@pplied, give the percentage of fertilizer nitrogen
taken up by the plants when multiplied by 100, Accord-
ing to these figures,as an average 87 per cent of the
nitrogen applied was absorbed by the plants. Since the
ubilization of fertilizer niirogen was assessed by

comparing/



- 54 -

comparing the guantities of nitrogen applied with the
differences between the quantities of nitrogen taken up with
and without the application of nitrogen fertilizer, these
figures can be too high and may not reflect the true position.
The possibility exists that the plants supplied with nitro-
gen fertilizer made betber use of the soil nitrogen than

the plants not provided with nitrogen fertilizer. The
latter plants were, especially during the last growth period,
much smaller than those supplied with nitrogen and had losty
some of the lower leaves at the time of the last harvest.
Apsrt from nitrogen lost with the leaves, a lower growth
intensity and weaker development of the roots could also
have contributed to the relatively low nitrogen uptake ob-
tained with this treatment.

When the uptake of fertilizer nitrogen by the plants
of corresponding treatments of this experiment and the
experiment 0,G1.5%5 are compared, it becomes evident that
the fertilizer nitrogen was taken up to a lesser degree in
the experiment 0.GL:i55% than in this experiment. It must,
however, be kept in mind that the harvested material from
the stooked plants of experiment C.Gl.55 was gathered in
June while the plants of this experiment were oven dried
shortly after having been cut. Apart from mechanical
iosses, as for example loss of leaves Through wind, the
stover of the plants of experiment 0,.G1.55 may have under-
Zone changes through fungi and bacteriz during the perilod
of drying. In spite of these rearons for The diverging
results, the suspicion may arise that also arother method-
ological shortcoming was involwved. It is possible that
the border cffect which arcse from the harvests at
successive growth stages was not fully cexcluded by
naking provision for one border row either side of the
border between the sub-plots established for harvesting
at successive dates. Jhe roots of the plants which
stood next to the border rows could have reachied the
soil under the area of the previous harvest and found
a2 relatively good moisture supply on account of lack
of vegetation and, where nitrogen had been applied,

also additionsl nitrogen.

The lncrease in herbage weight per 1b. of nitrogen
applied was smaller with the application of 400 1b. than
With that of 200 1b. smmonium sulphate per morzen, and
With the late application of 200 1b. ammonium suiphate
slightly lower than with the early one.

To/
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To obtain an indication of the influence of the
treatments on the grain yield, the cobs harvested at the
fourth harvest were removed from the plants and weighed.
The grain of plants in the different treatments had
shown no differences in the degree of ripeness. All the
grain was in the late soft dough stage. The weight of
dry clean cobs differed considerably. It was low where
nitrogen fertilizer had not been applied (0:64 ton per
morgen), considerably higher with the application of
200 1b, ammonium sulphate per morgen at planting time, 24
or 39 days after germimation or with 200 1b. applied at
planting time pluSVEOO]lh 39 days after germination
(between 1,46 and 1.65 tons per morgen) and highest with
the application of 400 1b: of ammonium sulphate at
planting time (2,08 tons).

The results of this experiment indicate that
nitrogen fertilizer may be applied to maize up to a
fairly late growth stage (in the experiment shortly
before the tasseling stage when a nitrogen shortage was
indicated by a light leaf colour), The nitrogen applied
as a top-dressing effected a high nitrogen uptake during
advanced growth stages and increased the growth intensity
at a very late growth stage (the flowering stage and
thereafter), Compared with the plants not provided with
nitrogen fertilizer, the plant and cob weights were in-
creased by the top-dressings and the application of
Nitrogen fertilizer at planting time to a similar extent.

1959/60 Season.

An effort was made to achieve a good comparability between
FSults obtained af Theunissen and Glen during the 1959/60
F2son;  The planting dates of the experiments 0.Gl.54,
GLi55 and the experiment on the influence cof nitrogen
F'tilizer on the growth, nitrogen uptake and nitrogen con-

It of maize at successive growth stages were chosen as

A2 0 each other as circumstances allowed. In order to
Plvare the growth and nitrogen uptake of the plants at

Fen and Theunissen during successive growth periods, plant
“iples were also takén at succes=ive growth stages from two
“®atments of 0.G1l.54 which were similar to two treatments of
?E eXperiment with successive harvesting dates at Theunissen.
12 influence of the time of planting, spacingand nitrogen
*rtilization on maize production was during this season in-
*Stigated for the first time at Glen., The maize variety

Fx K64 was planted in all experiments.
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Spacing and Fertilizer Reguirement of Maize at GQlen
(0.G1.54).,

Experimental Dates : The maize was planted on November
17th, 1959 and harvested on May 2nd, 1960,

Ubservations : In spite of a high precipitation during
December, a few rainlegss days towards the end of the

month caused the leaves of the densely spaced plants bo
wilt. Rain on December 30th and 31st brought about a
complete recovery for a few days. During the following
period drouht damage occurred and large parts of
most leaves became dry. The leaves of the normally
spaced plants wilted during the prriod from the beginning
of February until towards the end of this month when the
drought was broken. These plants recovered to a certain
extent after the rain had fallen and no necrosis was
observed. '

The hesvily damaged densely spaced plants also
showed signs of recovery towards the end of February and
thereafter., - The improved moisture conditions led to
renewed develdpment with the formation of new inflorves-
cences. The result was that different stages of ear
development were obtained during the second half of
March. Aside from plants without cobs and with one cob
the grain of which had reached the hard dough stage,
there were also plants which had developed a second ear
which did not yield any grain. Thisc renewed develop-
ment of inflorescences . was not cbservsd amonc the
normally sp&ggd blan%g. At no stage was any fertilizer

effect perceived.

Hesults : The grain and stover yields are given in Table
17, In Table 18 the results of nitrogen aralyses of
tha harvested material from the ftreatments with narrow
and normal espacement, without nitrogen fertilizer and
with the two nitrogen levels, with the higher phosphate
level and without potassium fertilizer are presented.

As in previous seasons at Glen, only the espace-
ments had a strong influence on the results. The
various fertilizer treatments did nst influence either
grain or stover yields. The grain yield obtained at
dense espacemsnt was axceedingly-low, vhile a reason-
able grain yield was obtained at rormal. espacement.
if the periods of drought are taken in%o consideration.
The gbover yisld was higher at dense than ot normal

espacement,
The/



TABLE 17: GRAIN AND STOVZER YIZLDS OF MAIZE AS INFLUZNCED
BY SPACING AND FERTILIZZR TREATMENTS

GLEN, 1959/60

Graln

morgen (12.

yield
5;

bags per
% moisture){

!

H
4

Stover yield, ton
per morgen (air dry)

i
{

Fertilizer i A, Espacement
apolied, i .
lb/morgen ; oY) 8y i e 8 i

; oftix  3ft.x | Iiean § 3ft.x 3ft.x | Mean
$12 in. 24 in ' 12 in, 24 in,

B, Ammonium | i

sulphate | : ;

by mione 2.8 a.40 .34 3.53 2,96 | 3.24
by 200 Po1,72 8.12 4,92 8,73 2.38 3.31
by 400 £ 1.66 3,13 | 4.90 3.50  2.91 | 38.20
C. Suner- !

phosphate f

¢y 20C 1.82 8.79 | 5.30 [ 3.60 2,90 | 3.25

D, Potassium ! Lr
chloride | | :

d4 none 2,03  7.92 | 5.00 ﬁ 8.55 2,92 ! 3.24
4] 100 1,70 8452 | 5.11 1§ 3.62 2.9 | 3.26
T : t i
Heaxn i 1.89 .22 | 5.05 ! 8.59 2.02 | 8.25

: ‘B, Amonium sulphate,lh ‘morgen
Phosphate | nofl 280 4Bo E none 260 a0
¢y 200 } 5.51 5.2  5.19  3.26  8.33  3.15

ey 40C . 5.17  4.63  4.60 i 3.23  3.29 3.26

H 1
Ds Potassium | a
chloride ;
4 none P 5,00 4.78 5,20 | 8.22 3.33  3.16
d7 100 . 5.67  5.06 4.59 | 3.27 3,23  3.25
i C. Superphosphate,lb./morgen
9. Fotassium } ¢, 20C ¢, 400 & e, 200 ¢, 400
chloride ! 0 1 A 0 1
45 none i 5.27 - 4.72 i 3.20 3,27
d ¢ [} "

1 10C @ 5.34 4,82 : 3.23 3.25

Treatment | S3 LSD (+) k SZ LSD (+)
A ' 0.280 0.80 T 0.044Z 0,13
B 0.342 - Y 0.0544 -
C 0.280 - S 0.0444 -
D 0,280 - L 0.0444 -
ag 0.484 - i 0,0770 -
ac 0.325 - t 0.0628 -
AD 0.395 - 5 0.0628 -
BC 0.484 - 10,0770 -
8D 0.484 - i 0.0770 -
Co 0.395 - i 0.0628 -
(+) P = 0.05



TABLE 18: NITROGZN COMPOSITION OF THE HARVISTED MATZRIAL
AND AKOUNTS OF NITROGEN GATNED BY WATZZ AS IN-
FLUSNCED BY SPACING AND NITROGEN F_RTILIZER
- TREATLENTS
GLEN, 1959/60

&, Spacing % % 1b. N per morgen Utili-
B, Ammonium protes N contained in | zation
sulphate in (]:'!-?'y I - { . 1of N

applied, dry 18010 | onnlied
1b. /morgen grain | sto- . isto- | to~ las% of| »
/more ver {673 Mver | tal itotal |“ )
a, 3 ft.x 12 in, ]
by none 11,8 |1.45 | 6.8 |66.3]73.1) 9.3} -
by 200 11,9 11.65 | 7.1 |86.0| 93,1 7.6 |48
b, 400 11.81.65 | 7.9 180.0;87,9] 9.0 |18
Ligan (ao;) ' 11.811.58 7e3 |77e4 ] 84,71 8,6 | =
. |
2 3 ft. x 24 in. ; ;
by none 11.2 | 1.45 }23.6 {59.8 | 83.4i28.3| -
by 200 | 11.4 {1.49 [21.4 {59,0}!80.4}26.6| 0
b, 400 11.4 | 1.50 |23.4 |60.9184,3127.81 1
— ;
rean (aq ) 11.311.48 122.8 [59.9 !82.7127.6 | O
: ;
Lean values (B) !
b, none 11.5]1.45 |15.2 {63.0:78.2 110,24 | =
. ¥ §
200 11.6 | 1.57 §14.3 [72.54 8648 {16.5 |20
b, 400 11.6 | 1.58 |15.6 70.51 86,1 {13.1 ] 9
ek 11,6 | 1.53 | 15.0 |68.7 | 83,7 [17.9 {14
Treat- ‘ %> prot. in 1b.N/morgen in
tent grain grain stover | total
(P=0,05) S8 1SD | S& LSD| S& 1SD ; S3 LSD
A 087 - | 1.72 5.4 | 2.62 8.3 | 2.46 =
B 0,229 =~ |} 2.10 - {3.21 - ' 3.0 -
AB 0.323 - |*2.97 - §4.55 - | 4026 -

(+) Difference between the amounts of nitrogen gained with
and without the application of nitrogen, expressed as
a percentage of the amount of nitrogen anplied
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The percenftages of protein in the grain and nitrogen
in the stover were high with all treatments. The quanti-
ties of nitrogen contained in the stover and in grain plus
stover were also generally relatively high: The nitrogen
treatments had not influenced the protein content of the
grain and the nitrogen uptake to any noteworthy extent.

The smounts of nitrogen contained in grain plus stover
were similar at dense and mnormal espacement, The densely
spaced plants contained considerably less nitrogen in the
grain and considerably more in the stover than the nor-
nally spaced ones. Accordingly, the grain nitrogen,
exprassed as a percentage of the nitrogen conbtazined in
grain plus stover,was much higher at normal than at dense
aspacemnent,

The degree of utilization of fertilizer nitrogen by
the plants (difference between nitrogen gain with and
without application of nitrogen fertilizer as 2 percentage
of the amount of nitrogen applied) varied considerably.

At dense espacement a betbter utilization of the fertilizer
nitzw:geﬁ seemed to be indicated than at normal
espacement., The results of the nitrogen analyses
indicate than the soil at Glen was rich in availsable

nitrogen.

Spacing apd Fertilizer Requirement of Maize at
Theunigsen. (0.G1l.55).

Experimental Dates ! The maize was planted on November
19th, 1959 and harvested on May 9th, 1960.

Observations : A very uniform plant population was ob-
tained after planting, Pronouncedly dry conditions
during January adversely affected the densely spaced
plants. Initially the leaves of these plants wilted
during the warm hours of the day only: Later permanent-
Wilti@g cccurred and the plants remained relatively
small, In contrast to the experiment CiGL.54 at Glen,
no premature drying of the leaves was observed at any
stage at Theunissen. No interaction between fertilizer
treatments and degree of drought damage became evident.
Apart from occasiopal wilting, the normally spaced
Plants survived the dry periocds without visible damage.

Towards the end of the growth period, cooler con-
ditions and rain caused a certain recovery of the
densely spaced plants. A renewed development was

Observed in these plants only, presumably because the
development/
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development of the normally spaced plants was more
advanced since it had not been retarded to the same ex-
vent by drought. This resulted in different degrees of
ripeness §ftthe donsely spaced plants towards the end of
Harceh, Apart from plants which had formed no grain,
thers were plants with grain in the soft dough stage, the
hard dough stage and with fully rivened grain. Only one
cob was formed per plant, The grain of the normally
spaced plants was conplebely ripa.

The reaction of the plants to the nitrogen treat-
nments was far smaller than in previous seasons at Theun-
issen.  Before btasseling the densely spaced plante had
a lighter leaf colour than the normally spaced ones., The
nitrogen applied had increassd the colour intensity.
Compared with bthe plants supplisd with the lower phosphate
level,the higher phosphabte level resulted in 2 slightly
improved growth. The differences caused by the fertil-
izer treatments disappeared to a large exbent during the

dry periods.

Results : The grain and stover yields are glven in Table
19 and the results of nitrogen smnalyses of the harvested
material from the treatments with narrow and normsl
espacenent, six of the seven nitrogen treatments and the
treatment with the higher phosphate level are presented
in Table 20,

During this season with sub-ncrmal precipitation and
Proncuncedly dry conditions during the most important
%féwth,pariodsy a strong spacing effect, only a limited
nitrogen effect and, compared with the lower phosphate
level, no responses to the higher phosphate level were
obtained, The normal espacement yielded on an average
8 bags more grain and 0.0 ton less stover than the

dense espacementi .

Only the plants cupplied with 400 1b. ammonium
sulphate per morgen, i.e. those provided with 400 ib.
at planting btime as well as theose with 200 1b, at plant~
ing time plus 200 1b. 32 days later, yielded more grain
than the plants not supplied with nitrogen fertilizer,
Although the interaction spacing by nitrogen Treat-
nents did not fully reach the level of significance,
the differences between the grain yields obbtained with
the nitrogen treatments in combination with each of
the espacements indicate that the appliication of

citrogaen/




TABLE 1C:

GRAIN AND STOVER YIELDS OF MATZE AS INFLUENCED

BY SPACING AND FERTILIZER TRHATNENTS
TEZUNISSEN,

1959/60

B, Amm, sulph, in

Grain, bags per morgen (12 5% moisture)

units of 10C 1b,

A, Dspacement

i C.Superphosphate

. per morgen () 1b./morgen
- and date of an 2 I c c
anplication | et w 3Pt x ! lean 0 1
' 12in, 241in. (B | 200 500
| i : -
% Hone 9.7 16,7 ¢ 18,2 | 13,1  13.4
by (2)19.11 9.6 20.5  15.0 1542 14.8
b (1)19.21+(1)21., 15 12.0 17.8 | 14.9 14,8 15.0
3 (2)21,12 [ 9.3 17,7 1 13.5 13,2 13.8
, (419,11 D11.4 22,0 @ 16,7 | 18.0 15.4
b (2)19.11+(2)21.13 12.9 18,5 | 1547 15.6 15.8
b (2)19.11+(2)14.1: 10.8 1841 g 14,4 14.8 14,1
—_— i . :
leen (4 and C) | 10.3 18,8 ¢ 14,8 15,0 14,6
i - Treat- .
Cy Superphosphate | __ment Sa 15D{+)
1b, /morgen ; oA 0.410 1.0
! ¢ B 0,767 2.2
¢y 200 Lo11,1 18.8 | C 0,410 -
¢, 600 i 10,5 18.7 ., AB 1,09 3.1
B : LAC 0,580 -

—— 4

e

B} k=, sulph. in
units of 100 1b.

——

Stover, ton per morgen (air dry)

Lo wspacemant

C;Su erphosphate

and date of . a a , )
application : 0 1 © lean i o ¢
. : P 3ft.x oft.x : (B) : 200 60
12 in. 24 in. | i 0
by none 2457 2,30 2444 2.40 2.47
H_(z)lg 11 2,86 2,34 2,60 2.62 2,59
2 (1)1c.11+(1)21.13 2.86 2,22 2,54 2,50 2.59
by (2)21.12 b 275 . 2.22 | 2,48 | 2448 2449
b (4)19.11 | 3.00 2.38 | 2.69 2.64 2.74
b5 (2)15.11+(2)21.18 2.95 2.26 | 2.60 2,60 2,60
% (2)10,11+(2)14.1; 2.95 2.11 | 2.53 2.50 2,56
— 5 :
ean (A and C) { 2,85 2.26 : 2.55 2,53 2.58
I ———— ; > : ; i
j ! Treat-
'Supgfngl';%%pfate ; | _ment SE 15D {+)
A 0.0223  0.06
A ; { B . 0.0418 0.12
%y 200 | 2.83 2.24 | ¢ 0.0223 -
. s ; 0.0591 .1
1 606 2.87 2428 1 ¢ 0.0316 -
i BC 0.0591 -

[+ 70,05



TABLE 20: NITROGEN COMPOSITION OF THE HARVASTZD HATERTAL
- AND AMOQUNTS OF NITROGZN GAINED BY iIATZE AS IN~
FLUENCSD BY SPACING AND NITROGEN FZRTILIZER
TREATRENTS
THEUNISSEN, 1959/60

4 Spacing - . : 1b. N per morgen -  Utild
sulghage ' Tin in 3‘ ; ! grain ‘of N
?E"ﬁ /3;03:' en i dry | dry [grain ;sto- to ias%of applied,
and dateg grain stoven i ver 'total 1% (+)

; .

ay 3 £t.x 12 in, :
b, none _ 6.33] 0,44 ! 18.2 :19.1 37.31 48.8 0 -

by 200 : 19,11 | 7.98! 0.49)19.8 23,3 43,1 45.9 '13.8
- i '
by 200 1 21,12 | 8.121 0,52 20.3 123,11 43,4] 46.8 14,5
i i
by 400 : 18,11 | 8,29 | 0.62 | 24.3 131.4 | 55.7| 43.6 '21.9
b, 200 ¢ 10,11 +! : |
T 200 § 21.12 | 7.44| 0,60 28,3 {28,1 | 57.4] 49.3 i28,9
bs 200 & 19,11 + §
200 : 14,1 8.71 | 0.65 | 23.9 132,38 | 56.2] 42,5 i22.5
iean (a) 7.31{ 0.55 | 22,5 |26.4 | 48,8} 46.1 {19.3

3 ft.x 24 in. s

by none 6.31 | 0.31 | 29.2 |18.0 | 42.2{ 65.2 ' =

b, 200 : 19,11 | 7.33| 0.43 | 42.0 |18,0 | 60,0! 70.0 :42.4
b

by

L L4 e

200 : 21,12 | 7.40] 0,39 | 335 {16,2 | 54.7 | 70.4 ?29.8
400 : 19,11 | 8.33] 0.49 ! 46.9 |21.5 | 68,4} 68.6 |31.2
i
by 200 : 19,11 + ‘ | 5 i
200 : 21,02 | 7.311 0.45| 36.7 |18,7 | 55.4| 66.2 !15.7
b 200 : 19,11 + | ; ! i 3
-2 200 : 14,1 717 0.46 | 36.8 {17,7 | 54.5: 67,5 114.6
-ean (ay) 7,31} 0.42 | 88:4 |17.5 ! 55.9{ 68.7 126.7
isan values (B) ! ; f !
b, none 6.32"' 0,38 23.7 16,0 { 30,7 59,7 | =
: |
by 200 : 19,11 | 7466 0446 | 3049 |20,6 | 51.5; 60.0 '28,1
by 200 : 21.12 | 7,76 0,46 | 29.4 }19.6 | 49.C| 60.0 22,1
by 400 : 18,11 | 8481 0.56 | 35.6 [26i4 | 62.0{ 5744 ;26,5
by 200 : 10,11 + . |
200 : 21,12 | 7.38| 0,52 | 32,5 [23,8 | 56441 57.6 ;19.9
b5 200 : 19,11 + i | i
“ean 7,56 0.49 | 30.4 121,9 | 52.3] 58.1 i23.1
e . : { ! - i
Tregt- i % prot.in 1b.N/morgen in
“ent grain grain stover total
(P =0,05) | sE ILsp s3 LsD| Si 1sD| sz LSD
. 0.151 0.38 | 1.27 3.7 { 0.254 [ 1.35 4.0
3 0.266 0.66 | 2.20 6,5 | 0.441 2.35 6.9
B 0.320 = 3,12 =~ |} 0.623 1 8 E 3.32 0.7 .
e i

(+) Difference between the amounts of nitrogen gained with
and without the application of nitrogen, exzpressed as a
bercentage of the amount of nitrogen applizd
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nitr@gem fertilizer was followed by incresased yields in

the case of normal espacement only. It alsoc becomes
¢vident that the nitrogem applied later than at planting
time 4id not or only negligibly influence grain yields.
This may be explained by the lack of rain after the bHop-
dressings had been applied; The nitrogen of top~dressings
could not be washed into the soil immediately, Presumably
there were also no active roots in the dry surface soil,
The only apprecisble increase in sbtover vields was caused
by mitrogen applied at planting time. |

The percentages of protein in the grain and nitrogen
in the stover as well as the amounts of nitrogen taken up
by the plants were generally low,

The probtein content of the grain was slightly higher
at dense than at normal espacement of the plants, It was
increased by increasing amounts of nitrogen fertilizer
applied at planting vime.

The grain of the plants which had received a Hop-
dressing of nitrogen only,had a considerably higher pro-
tein content than the grain of plants not supplied with
nitrogen. In this case, the btop-dressing failed to
inerease the vield, but nevertheless increased the protéin
content of the grain. This may indicate that the nitrogen
of the top-dressing was Taken up at 2 relabtively late
growth stage.

I the mean gquantities of nitrogen contained in the
grain and stover of the normally and densely spaced plants
are compared, the normally spaced plants contained con-
siderably more nitrogen in the grain, considerably less in
the stover and slightly more in grain plus stover.
Accordingly, the grain nitrogen as a percentage of the
nitrogen contained in the herbage, was higher at normal
than at dense espacememﬁt The nitrogen taken up by the
Plants was used bto a larsger exbent for grain formation
by the normally spaced plants than by the densely
Spaced ones. .

Except where nitrogen was applied as top-dressing
nly, the nitrogen treatments effected an increase in
the quantity of grain nitrogen. The amounts of nitro-
gen contained in the stover and in grain plus stover
Vere increased by all dressings of nitrogen fertilizer,
The increase was more pronounced at dense espacement if
the stover nitrogen is considered and at normsl

espacement/
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espacement 1f the tobal nitrogen in the herbage is btaken
into consideration, The gquantitiss of nitrogen contained
in the stover of the densely spaced plants indicate an in-
fluence of the amounts of nitrogen fertilizer applied, in-
depentently of the vime of application, The normally
spaced plants, on the other hand, contained more nitrogen
in the stover when 400 1b,., ammoniun sulphate per morgen
had been applied at planting time than with either divided
spplication of 400 1b. or application of 200 1b. either at
planting time or 32 days thereafter. The latber guan-
tities of stover nitrogen were again higher than that ob-
tained when nitrogen fertilizer had not been applied. The
clear effect of the nitrogen level obtained independently
of the time of applicabtion, which is reflectad in the
figures for the nitrogen contained in the stowver of
densely spaced plants only, may be explained by the
sbservation that the development of the densely spaced
plants was le ss advanced Than that of the normally spaced
ones towards the end of the season. The renewed growbh
and development of the densely spaced piaﬁﬁa only may
have allowed a relatively good use of the nitrogen applied
a8 a Top-dressing,; wnich became available after the
noisture conditvions had improved,

These relations also find an expression in the differ-
énces bebtween the amounts of nitrogen vaken up with and
without application of nitrogen fertilizer, expressed as
tercentages of the amounts of nitrogen applied, AT dense
espacement, equal total amounts of nitrogen were taken up
by the pilants whether nitrogen had been applied at plant-
ing,as a single top-dressing,or divided into two applica-
tiong, In contrast to the densely spaced plants, the
normally spaced ones took up & larger porticon of the
nitrogen applied at planting time than of that applied
38 a Lop-Qressing. Nevertheless, a generally higher
degree of ubilization of fertilizer nitrogen at normal
than at dense espacement became evident. Thignmay be
Shtributed to generally better growth conditions of the
hormally spaced planbs.

The ubilization of the nitrogen baken up by the
Plants for grain production was not neticesbly influenced
by either the smount of nitrogen applied or the fime of
Avplication. Only the espacement showed a marisd in-
fluence on the grain nitrogen expressed as a percentage
°f the pitrogen in grain and stover, This might

indicate/
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indicate that the nitrogen treatments did not markedly
influence the readiness with which the nitrogenous come
pounds were btrenslocated Yo the grain. As it is assumed
that the molsture supply has a sbtrong influence on the
translocation of nitrogenous compounds to the grain, the
nore or less equal use of the nitrogen vaken up by the
plants. for grain pra&uCﬁiQnAin all nitrogen treatments may
indicate that the ferbilizer nitrogen did not influence
the degree of drought damage suffered by the plants. Thie
concurs with the observation that no relationship could be
noticed between fertilizer treatments and drought resist-

ance.

Comparison of Resulis fr0m<aorxe$@omding Troatments at
Glen {(0.61.54) and Theunisgssen (0.61.55).

A comparison of the results obtained ait Glen and

Theunissen gives infermation on the nitrogen status of the
golls of the experimental asites and explains the different
regults obbtained with the application of nitrogen fertile
izer during The previous sSeasons. It must, however, be
pointed out that the ewxperimental conditions at Glen and
Theuniggen were not exactly the same. The nitrogen
treatments compared were nitrogen not applied, 200 1b.
of ammonium sulphate applied at planting time and 200 1b,
applied at planting time plus 200 1b. 3 to 4 weeks after
planting, mentioned as treatment bp = 400 1b, ammoniun
sulphate in 0.G1,54. The planting dates, espacements

and vapieties corresponded in the twe experiments. The
nitrogen analyses were conducted on material of the Ureabments with
the higher phosphate level and witheout an application of
potasgium fertilizer. The phosphate supply to the planis
of these treatments may be regarded as opbimal on bobth
sites, The main difference is that the experimental

site pemained unchanged at Glen and was changed anpually
at Theunissen, HitrogeR fertilizer had been applied to
the same plots at Glen for the third season and at Theunw
isgen for Lthe first time during the 1959/60 season. The
treatment witheout an applicabion of nitrogen i@rtilizer
coerresponded at Glen and Theunlssen. Since nitrogen
fertilizer brought a clear response at Theunissen only,
the difference bebwesn the btrestments with the applica-
tion of nitrogen is of very slight importance in the

Comparison,

The results compared are those presented in

Tables 17, 18, 19 and 20 (following p. 56 and 58). In
spite/
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spitic of a higher rainfall, the maize suffered much more
from drought at Glen than at Theunissen. The grain yields
cbtained at Glen {mean for dense espacement 1.9 bags and
mean for normal espacement 8.2 bags per morgen) were
accordingly much lower than those ob¥ained at Theunissen
(mean for the yields of the corresponding nitrogen treat—
ments ¢ 10.7 bags at dense asnd 18.6 bags at normal égpacem
ment).  The stover yields were slightly higher at Glen
(3.6 tons at dense and 2.9 %Hons at normal espacement) than
at Theunissen (2.8 tons at dense and 2.% tons at normal
gspacement), If the yields of dry grain plus dry stover
are calculated for both Glen and Theunissen, the total
vield was at both places higher at normal than at dense
espacemnant and at Theunissen higher than that at Glen.

It is difficult to decide whether the mechanical com-
vosition of the Glen soll was r@sponsible for the com-
paratively low drought resistance or whether a high
matrlent supply night be regarded as a reason for the
rapid moeisture depletion. Compared with Theunissen,
nore vigorous vegetative growth during the growth stages
before tasseling was observed at Glen during the previous

Sens0ns,

The grain and stover yislds at Glen were not
glpnificantly influenced by the nitrogen fervilizer
dpplied, while 2t Theunissen the meap grain yield was
raised from 13.2 bags (without nitrogen fertilizer) to
15,9 bags by the application of 200 1b. ammonium sulphate
at planting time plus 200 1b. 32 days later.

The nitrogen analyses disclosed fundamental differ-
énces in the nitrogen composition of the harvested male-
risl. At Glen the average parcentage of protein in the
grain was 11.8 at depmse and 11.% at noymol sspacement.
The coprresponding percentages at Theunissen were 7.2 for
denge and 7.0 for normal espacenment, The difference
wag particularly distinct when nitrogen had not been
applied (6.3 per cent protein at Theunissen and 11.5 per
cent at Glen). The application of nitrogen fertilizer
- raised the protein content of the grain at Theunissen
only (6,%% without nitrogen fertilizer and 7.7 and 7.4
with the two nitrogen levels).

The nitrogen conbents of the stover differed still
nore than the protein contents of the grain. The stover
from the plants not provided with nitrogen fertilizer
contained 1.45% K at Glen and 0.58%L at Theunissen. AL

Glan/
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Glen 63 1b. XN and at Theunissen only 16 1b. N were returned
to the soil with the stover of the maize which had not
been supplied with nltvcgﬂn fertlllzer. As a presult of
higher grain yields, and in spite of a lower- Prercentage of
protein in the grain, the amounts of grain nitrogen were.
largsr at Theunissen (without nitrogen fertilizer and
with the applications of 42 and 84 1b. N per morgen,

23.7, 30.9 and 32.51b, K per morgen, respectively) than
at Glen (15.2, 14.% and 15.61b. N per morgen, respective-
ly). The amounts of nitrogen taken up by the plants
were rwuch higher at Glen (781b. N without nitrogen
fertilizer, 87 1b. N with 42 1b, and 86 1b. N with 84 1b, of
fertilizer nitrogen applied per morgen) than at Theun-
issen (40, 52 and 56 1b., N with the corresponding fertil-
izer treatments).

All these results indicate a considerably higher
supply of nitrogen to the plants at Glen than at Theun-
issen, Distincet effects of nitrogen fertilizer on the
nitrogen contents of the harvested materizl and the
nitrogen uptake of the plants were limited 4o the
Theunissen experimental area, It is possible that the
nitrogen supply available in the Glen soil was so high
that the comparatively small zmounts of nitrogen applied
could not bring aboubt 3 marked growth response under the
conditions where the utilization of soil and fertilizer
nitrogen was linited on account of drought.

The qQuestion arises whether Tne difference between
the nitrogen supply available in the soils at Glen and
Theunissen can be atbtributed to the soil types only or
Whether it was caused by the difforent pericds the soils
had been cultivated. This question will be discussed
later,

Influence of the Nitrogeéen Supply on the Growth,
Nitrogen Uptake and Nitrogen Content of Maize 3t
Successive Growth Stages at Theunissen and Glen.

Experimental Dates :  The maize at Theunissen was
planted on lovember 20th, 1959. The samples at Glen
were taken from the plots of the experiment 0.GL.54
{date of planting, Nove mber 17%h, 205%), The interval
betwzen the two planting dabtes was only three days.
In order to attain a good comparability between the

rresults at Theunissen and Glen, 2n effort was ma@e to
drrange the sampling at ezch harvesting stage three
' days/



days later at Theunissen than at Glen.
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Small deviations

were, however, unavoidable on account of rain on proposed

dates of harvesting.

The times of harvesting and of the
application of nitrogen fertilizer as well 2s the number
of plants included in the harvests are given below,

Number of . . Fuober of
days from giifﬁ}n%giiﬁgiifﬁﬁg Growth stage plants
planting Eggrogen at Theunissen (T) harvested:
date 3 fortilizer and Glen (G)
Theun. Glen ' Theun. Glen
o 0 Planting, - - -
first nitrogen
fertilization

51 51  First harvest, 10-12 in, height 40 10
medium late nitro- 6-8 leaves (T)
gen fertilization  12-15in, height
at Theunissen 8 leaves (G)

55 56  Second harvest, 27-30 in,height (1) 30 10
late nitrogen 36-39 in.height (@),
fertilization at before tasseling
Theunissen

83 8% Third harvest Late flowering- 20 10

initial soft
dough stage
119 115 Fourth harvest Half ripe and 20 10

fully ripe (T)

late flowering

and fully rige
(G

The sampling at Glen was limited %o two treatments,

the one without nitrogen fertilizer and the other with

the application of 200 1b. ammonium sulphate per morgen

at planting time.

All the sampled plots had been

prévided with 400 1b. superphosphate per morgen annually.

Potassium fertilizer was not applied.

The results

from these two treatments at Glen were compared with
those from the two corresponding treatments at

Theunissen.

An optinmal phosphate supply could be assumed on

both sites.,

Therefore, a full comparability was

given for the treatments-without nitrogen fertilizer.

The treatment with a dressing of nitrogen at Glen
differed from that zt Theunissen in that the 200 1b.
ammonium sulphate had béen applied to the same plots
for the third season at Glen, while it was applied for

the first time at Theunissen.

This was, however,

considered/

s

£
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considered te be of minor importance since the plants at
Glen generally failed to respond to nitrogen fertilizer.

Ubgervations : The obssrvations on the plants of the

Theunissen site agreed with those on the plaﬁts of the
corresponding treatments of experiment 0.G1.55 at Theun-
isgen,which have bean described before, The growth of
the plants of the two treatments of the experiment 0.Gl.54
at Glen, which were included in the conparison, has also
been described, The observations at Glen and Theunissen
will, therefore, only be briefly compared.

The Decenmber rainfall was slightly zbove normal at
Theunissen and relatively high at Glen, Optimal soil
noisture conditions can be assumed from planting until the
first hapvest (31 days later).  The plants at Glen grew
nore vigorously than those at Theunissen.

During the period between the first and second hare |
vests (from 31 to 55 or 56 days afterlplaﬂtiﬁg) drought
adversely affected the plants. At Glen, the generally
stronger plants hzd obviously depleted the moisture
supply of the soil rapidly, and 2 few days without rain
caused wilting. At Theunissen, the plants wilted tem-
Porarily during the warm hours of the &ay towards the end
of this period. '

Further drought, experienced during the period
batwesn the second and third harvests (from 55/56 to 83
days after planting), was followed by drying of large
parts of most leazves at Glen and, in spite of considerably
less pain, by only seriocus wilting without necrcsis afb
Theunissen. Differences in the soil were reflected in
uncqual degrees of wilting of the plant populaticn at

Theunissen.

During the pcricd between the third and fourth
harvests ending 115 days after planting 2t Glen and 119
days after planting at Theunissen, a certain degree of
Tscovery of the drought damaged plants was observed on
both sxperimental sites. This led to varying doegrses
°f ripeness of thes grain at each site as described for
the ecwperiments 0.G1.54 and 55.

Results : As the plants sustzined heavy drought damage |

% 2 fairly early growth stage, no material contribution -«

to the solution of the prircary problem to be investigated ’

in this experiment could be expected. Nevertheless,

the results were cvaluated in the same way as those of
the/
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the previous seagdn, in order to examine the influence of
the nitrogen treatments under the asbnormally dry con-
ditions of this season. The results are presented in
five Tables, 21 to 25, and each table will be dealt with
separately.

In Table 21 the dry herbage yields, the percéntages
nitrate and total nitrogen and the amounts of nitrogen
taken up by the plantes are given =3 obtained on zach
harvesting date at "Axcelsior®, Theunissen.

The plant weights from 211 tresatments were similar
at the first harvest (31 days after the planting date).

The plants supplied with zmmonium sulphate contained more
nitrate and totzl nitrogen per unit of dry natber and per
nergen than those not supplied with nitrogen. An in-
crease in the percentage and amount of nitrogen due $o
the incresse in the fertilizer rate from 200 to 400 1b.
ammonium sulphatze per morgen is also indicated, The
nitrate nitrogen as a percentage of the Sotal nitrogen
averaged & per cent and wag higher with than without The
application of nitrogen fertilizer (with 400 1b. smmonium
sulphate per morgen 13 per cent, with 200 1b. 8 - 9 per
cent, and without nitrogen fertilizer 4 - 6 per cent).
Obvicusly, a considerable ancunt of the nitrogen foertil-
izer had been nitrified in the soil before belng taken up

by the plants,

The plants harvested on the second harvegtline date
(55 days after the planting date) hzd suffered from
drought. The herbage yleld was slightly higher when
nitrogen had been applied at planting Time than when
nitrogen had not been applied. The nitrate and total
uitrogen conbents of the differently treated plants aid
not differ to any noteworthy extent. As an average
only 2 per cent of the total nitrogen was in the nitrate
form, Compared with the plants not supplied with
nitrogen fertilizer, more nitrogen was Taken up where
nitrogen had been applied &t planting time. Ho distincet
incrzase due either to the higher amount of nitrogen
applied or to the late applicztion of the smaller amount

beecane evident.

The plants harvested on the third harvesting date

(8% days =after the planting d2te) hzd sustzined heavy
drought damage, The herbage weights, the percentages
of nitrogen in the plant material and the amounts of
nitrogen in the plants did nobt indicate any significant
traibnent/



TABLE

21 :

FERTILIZER TRE,TMENTS
THEUNLSSEN, 1959/60

GROWTH AND NITROGEN COMPOSITION OF MAIZE AT SUCCESSIVE GRCwTIH STAGES A3 INFLUENCED BY NITROGEN

Dry herbage yield,

Nitrate nitrogen

Total nitrogen

' Total nitrogen in herbage,

i
ton morgen : in dry matter, % _ 1n dry matter, ﬁ ? 1b./morgen
Amm. Sulph. . ‘ AP PR _..: i : R, ’ o —— - . }s e ‘,’,,,. o e '.. [ - -
applied, lst f 2nd 3rd [+th | 1s ; 2nd  {3rd jwth % lst i 2nd | 3rd 4th ' lst  i2nd  {3rd | 4th
1b./morgen ! har- { har- jhar- | har- | hdr~ | har-  har- 'har- ' har- | har- ;| har- | har- ! har- ‘!har- |har- | har-
and date vest, » vest, .vast, !vest,! vest, | vest,‘vest,;vest,i vest, ! vest, | vest, ;vest,. vest, !vest, {veat, }vest,
21 4% ;11,18 0 21 | 1¢ {11 - 18 . 21 14 11 . 18 21 | 14 11 | 18
| Dec. : Jan. Feb ilar. @ Dec. | Jan. Feb. :Mar. . Dec. ! Jan., | Feb. . Maxr. E Dec. !Jan. |Feb. |lar.
! l ! } ; ‘ ' '
1. Nons ;0,150 | 1.10 ,2.50 3.73 ;0.13 , 0.027 O 0 2,32 i1-7o 0.76 ,0.67 ;6.95 37,4 f38.o {49.8
. i h i ' ! ! 1
2. 200 @ Eo 142 ¢ 1.27 (2.67 13.66 [ 0.24 i 0,051: tr&ce 0O 2,81 :1.74 | 0.87 ,0.83 1 7.97 (44.3 146.7 . 61.0
20 Nov, .: | ; : | ‘ | | | | T
(ranving) | L 4 o | SN DR A B
3. 200 3 :0.142 S 1.22 §i2.80 ©3.78 i 0.08 : 0,016, O : O© ; 2.26 | 1.60 | 0.84 ;0.80 $6.48 139.0 146.8 160.4
21 Dec. | : ; . ! ; i I ; | . , 5 | .
: i ! ! ! ; ! . : {
4. 200 : 10.150 | 1.06 '2.74 13.40 0,13 | 0.019 trace, 0 1 2.21 " 1.64 | 0,79 ;0.76 6.52 [34.7 !43.5 }51.6
1 June | | % | | | | ? | | | *
5. 400 10,152 © 1,38 [2.99 :3.68 |0.36 | O, 054' 0 ; 0 . 2.85 ,1.74 ! 0.88 0.858 8.67 la7.9 |52.8 |64.4
20 Nov. | o . 2 ; ; - ; | | ; : i
6. 200 10.141 : 1.24 i2.87 {3.71 | 0.21 | 0.020; trdcel 0 | 2.60 . 1.85 | 0.88 10.88 17.34 !45.9 150.6 |65.1
20 Nov. | | | ; | ; : ! | - | ; | :
+200 ¢+ ! | ! g | ‘ : | ; f ; ? }
14 Jan. i , | ’ ] : I ; : z .
L . " - - l ) ’ - N H
Mean 10,146 0 1.21 |2.76 [3.66 :0.19 | 0,033 0 251 {1711 0.8¢ 10.80 §7.3¢ [41.5 [46.4 58.1
- ' ! ; ' f i r ) ' f
6 10,0107 10,0585 {o 142 | 0. 192;0 0386 10,0200 ; . 0,077 £ 0.080 0.061 10.058 0.458 12.16 [3.17 '3.04
' H H i : : i
LSD - f | | i , | | a l | | | i |
(P=0.05) - $ 0,18 | -t - 1022} - o - 1 - 10,23 Lo~ - 1.38 }6.5 |- 19.2
. ! ! i : ' ; ! ! :




TABLE 22 : INCREanE IN HERBLGE wEIGHTS AND IN THE AMOUNTS OF NITROSEN CONTAINED IN MAIZE DURING
SUCCESSIVE GROWTH ST..GES 45 INFLUENCED BY NITROGEN FERTILIZER TREATMENTS

N _ THEUNISSEN, 1959/60

!Increase in dry herbage weight, ton per§ Increase in nitrogen gain, 1lb.N per

L morgen, corrected to 14 day periods | morgen, corrected to 14 day periods

Ammonium sulphate

5 : : j r : 3 3 4
in units of 100 lb/morgen (-) | 4ctual duration of periods (no.of days)} Actual duration of pericds (no.of days)

| |
and date of application DI O(31) ¢ II (24) jIIT (28) ] IV (36) T (31) , II (24) II1 (28): IV (36)
{ planting | Ist to ; 2nd to 3rd to - planting I Ist to i 2nd to | 3rd to
{ to lst |2nd har-, 3rd har~ | 4th har- : to 1lst !2nd har-, 3rd har- ! 4th har-
tharvest | wvest - vest | vest ‘ narvest ; wvest | vest  vest
j : ‘ ‘ S : ; :
1. Tone ' 0,068 ¢ 0.55 . 0.70 0.48 | 3.1 17.8 ¢ 0.3 4.6
2. (2) 20 Nov., planting | 0.064 0.66 1070 4 035 | 3.6 |2l 1.2 5.6
3. (2) 21 Dec., lst harvest © 0,064 | 0.63 f 0.79 g 0.38 ;2.9 ; 19.0 3.9 i 5.3
4. (2) 14 Jan., 2nd harvest’ ' 0,068 | 0.53 . 0.84 L 0,26 L 3.0 P 16.4 § 4.4 oL
5, (4) 20 Nov., planting ~ 0.069 g 0.72 g 0.80 é 0.27 3.9 é 22.9 ; 2.5 4.5
6. (2) 20 Nov., plus : r ; : g ! | |
(2) 14 Jan. . 0.064 | 0.64 . 0.81 i 0.33 P 3.3 22,5 2.3 | 5.6
- : i : J i i i !
Mean - 0,066 ¢ 0,62 f 0,77 ; 0.35 -1 3.3 | 20,0 . 2.4 ! 4.8
SE | 0.00480 i 0.0298 | 0.0516 | 0.0843 | 0.207 : 1.16 | 143 i 1.17
LSD (P=0.05) { - ..0.09 | - L - 0.6 1350 - -
rSo1it plott amalyeic ; T Mzan®:. Perlods | Periods within each N-treatm. | Interaction ]
including all harvests «  herbage ;. nitrogen l herbage 1 nitrogen herbage I nitrogen |
. welght ‘ gain { welght , gain welght gain ;
SE ' 0.0221 | o0.482 | 0.0540 ’ 1.18 0.0510 |  1.08 |
LSD (P=0.05) t0.064 | 1.4 % 0.153 N P L= \ - i
! ‘ ! 3 ; :




PaBLE 24 @ INFLULNCIY OF NITROGEN FEGTILIZER »4STLT Eo al fwO LXPERIMENTAL oITES OW THE GROWTII AND NITROGEN
COMPOUITION OF MAIZE AT SUCCESLIVE GROWTH STAGES
TIIBUNIGEN AND GLEN, 1959/60

' Dry herbage weight, ! Nitrate nitrogen in : Total nitrogen in ;Total nitrogen in herbage,;
- » ton/morgen : dry matter, % ‘ dry matter, % i 1b/morgen
Xp. site H ' . ki
d . . ' . - : o . +
suigh.agiplied i Harvest and number of days from planting to hervesting dates at Theunissen (T) and Glen (G) ?
&{bp}agﬁlng’ ' let i 2na, 3rd  4th ¢ lst; 2nd | 3rd . 4th 4 lst ) 2nd: 3rd - 4th i lst ! 2nd f 3rd ' 4th
SHOYECL 1 pg Gy DiB55 ! T&G: 0 T:11G9 k T&G:  T:55  T&G: ‘T:ll9k T&G: ' Ts55 . T&G: P T2119° T&G: | T:55 : T&G: ¢ T:119
131 16:56: 83 G115 31 G:56 0 83 U6:115% 31 0 G:i56:¢ B3 G:ll5% 31 G561 83 G:115
TIIEUNI 5SEN : ] | L | g 5 ‘ | } | ;
1. Tone 1 0,150 1.10 2.50 3.73 10.13 "0.027 ' © 0 +2.32 .1.70,0.76 . 0.67 ! 6.95 ,37.4 ;1 38.0 :49.8
2. 200 L 0,142 1 1.27 12,67 | 3.66 ©0.24 0.051 ‘trace O 2.81 1.74 0.87 0.83 | 7.97 '44.3 ' 46.7 ;61.0
! : | | | | ’ j ; =
GLEN: ; | \ 1 : | ‘ g | | a ! § ; ,
3. None ' 0.230  1.75, 2.47  3.31  0.37 0.126 -0.16 ‘0.8 - 2.76 .1.98 . 1.64 ' 1.46 q 12.7 69.4 8l.2 .96.7
4, 200 10,236 1.87; 2.41 ;3.26 .0.54 0.275 :0.23 0.25 { 3.03 2,18 1.73 1,61 ; 14.3 !81.7 83.6 104.9
Mean £0.190 - 1.50 2.51 : 3.49 _30.35 - 0.140 1 2,76 1.94 ' 1.24 11.12 Y 10.5 358.2 1 62.4 78,1
' i s B ; T ' | : ; ; ;
LSD (B=0.05) to | f a 5 i ‘ : ‘ | : : ! 5 '
%ompare l\or 2 ; i : \ : : : ' : L i :
dreplic.with 3 | \ 3 D i : j B : 1
or 4(%.replic.) 0.031 0.19 n.s. ‘n.s. $0.18 0.000 - - ©0.31 10,30 ; 0.21 0.19 i 1.0 % 8.6 ; 9.0 9.7
3 with 4 1 0.033 0.21. n.s. in.s. j0.19 0.006 'n.s. 0.16 " 0.33 0.32 0.22 '0.20 ©1.1¢ 9.21 9.6 °10.3
(n.s.= not sig- | ; | | . - : : ) f f g j : f
nificuant) i : t : " : : : - : ; C ¥ ! :

#) It was not always possible to harvest after the same number of days Ifrom planting at Theunissen and Glen.
The second harvest was taken one day later at Glen and the fourth harvest four days later at Theunissen.
The influence of the greater deviation of 4 days on the results was negligible on account of the low growth
intensity at the advanced growth stage.



VABLE Z5:

INFLUENCE OF NITROGEN TFERTILIZER AIPLIED AT TwO EXPERIMENTAL SITES ON THE TNCREASE IN FREIBAGE

WEIGHTD AND IN THE AMOUNTS OF NITROGEN CONTLINED IN MAIZE PLANTS DURING SUCCESSIVE GROWTIH STACRS
THEUNISSEN AND GLEN, 1959/60

i

Increase in dry herbage weight, ton per

morgen, corrected to 14 day pgrlpds

¢ morgen,

™
"

| - . v .
F Increase in nitrogen gain, 1b. N per

corrected to 14 day

periods

[

Eﬁg'azit@ " Periods and actual duratlon of periocds tnﬁmber‘of'dg;és at Theunlssen (1) and Gleﬁ“(a>
ORLpd. applied I SR = S & & S i I 11 I I
2L PLantlig, (T & G : 31) ET : 24% (r : 28) ! ET : 36) 4 (T & G : 31) (o 24% (T s 28) 1 (T : .36)
1b./morgen planting G : 25): (G : 27) G : 32) &  planting (G : 25) ¢+ (g : 27) (G : 32)
i to lat 1lst to 2nd to 3rd to h to let lst to Z2nd to i 3rd +to
harves?$ 2nd har- ; 3rd har- » 4th har- harvest ¢ 2nd har- = 3rd har- ' 4th har-
: vest vest L vest i ? vest ! vest © vest
THEUNISSEN: ; * i ﬁ : E
1. nocne b 0,068 0.55 0.70 - 0.48 | 3.1 ; 17.8 | 0.3 4,6
2. 200 0.064 0.66 } 0.70 |  0.39 | 3.6 | 21.2 1.2 5.6
I : 5
GLEN: ; i i |
3. none l 0.104 0.85 0.37 0.37 % 5.7 . 31.8 | 6.1 6.8
4. 200 © 0,107 0.92 0.28 0.37 | 6.5 37.7 1.0 9.3
, : ! ,
i : i :
Mean | 0.086 0.74 . 0.51 0.40 & 4.7 271 1 2.2 1 6.6
1 . 3 { . :
LSD (P = 0.05): i ! I ! ! ;
to compare 1 or 2‘ i § | ; ‘
(4 replic.) with . : [ i |
3 or 4 (3 replic) 0.014 0.0 ! 0.23 | n.s. 0.46 | 5.0 | n.s. I 2.1
3 with 4 0.015 . o021 ' 0.2 ' nws. | 0.49 b5 | mss | 2.2
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treatment offect. Only ftraces of nitrate nitrogen were
found in the material of some of these plants,

During the peried betwesn the third and fourth
harvesting dates from 83 to 119 days after the planting
date) the plants recovered a little from the heavy drought
dam:

W

%]
3
]

The herbage welghts obtained from the fourth harvest
were similar for 21l treatments. The percentages of

nitrogen in the plant material did not differ to any nots-
worthy cxtent. The material of zl11 plants was free fronm
nitrates, The plants supplied with nitrogen fertilizer
2t elither planting time or %1 days thersafter had taken
up more nitrogen than the plants supplied with nitrogen
55 days after planting or those not supplisd with nitrogen
fertilizer. The reappearance of the treatment sffect on
the amcunt of nitrogen contained in the plants 2% the
fourth haprvest (it had disappeared from the second to the
third harvest), may be explsinad by improved soil mois-
ture conditions during the period between the third and
fourth harvests. However, the nitrogen zpplied 55 days
after the planting date had obviocusly resmained inefficiont.
It is possible that the results were influenced by a
difference in laevel between the aciive root 2one and most
of the fertilizer nitregen. Barly in the season thare
wis enough rain be wiash the smmonium sulphate into the
scil, znd the small plants having a relatively shallow
root system could readily take up fthe nitrogen from the
moist surface soil. The surface soil dricd out during
the periods of extended drought, znd the active root zone
presunably went deeper with advancing growih., The amount
of rain which would be necesszary to wash niftrogen down to
the active root zone zfbter 2 dry period, would have to
increase with advancing .growth. Only little rain was
recorded after the late fPop~drcessing of nitrogen. This
could explain why most of the nitrogen applisd 55 days
2fter planting was not taksn up, in spite of slightly
inpreved scil molisture conditions during a late stage

of plant development.

Table 22 shows the increase in herbage yields and
in the amounts of nitrogen in the plants from vlanting
until the first harvesting date and during the periods "
betweon each two successive harvesting dates, correchted
To equal poeriods of 14 days at "Excelsior!,Theunissen.

As an average for 211 treatments, the highest growth
intensity/
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intensity was recorded for the period betwsen the second
and third harvests (from 55 to 8% days after planting,

l.¢. from before tasseling until the late Flowering stage).
The growth iﬂtensiﬁy'was not much lower during the pre-—
ceding period (from 31 4o 55 days after planting), but con-
siderably lower during the period that followed (from 83

to 119 days after planting). It was very low during the
period from planting up to the first harvest.

By far the highest intensity of nitrogen uptake was
recorded during the period between the first and sccond
karvests. Only small and not widely differing amounts of
nitrogen were taken up during the other thres periocds,

The highest growth intensity during the periocd starting
vefore tasseling (sccond harvest) and ending at the late
Tlowering stage (third harvest) coincided with the lowest
intensity of nitrogen uptake, if the means for all treat-
nents are censidered, This again indicates that the
nitrogen uptake preceded the production of plant material,
The execeptionally low intensity of nitrogen uptake during
the period bebweoen the second zand third harvesting dates
indicates a fetardiﬁg influence of the drought on the
ritrogen uptake. A slightly improved moisture supply
Guring the last period (from laote flowerinz up bto the
stage of full ripeness) brought about 3 higher average
nitrogern uptake than that obtaincd during the preceding
period,

The figures for the first pericd (from planting up
to the first harvest) nay be nmislezading as the time taken
0y the seed to germinate was included in this period. The
fipures calculated for the second period show z2n influence
of the fertilizer treatments on the growth intersity and
those for the first and seccnd periods, on the intensity
of nitrogen uptoke. A4s from the second harvest no
tarked differences were cbtained bobween the intensities
of growth and nitrogen uptake if the results from the
different treatments are copparcd within each pericod.

The nitrogen applied loter than at planting affected
neither the growth intensity nor the intensity of nitro-
gzn uptaks,

In Table 23 the herbage yields znd the awounts of
nitrogen containsd in the plants of ench Troatment, 2s
determined on each of the first three harvesting dates,
2re given as percentages of thosez on the fourth harvest-
ing date. In addition, the increase in herbage yields

and/
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and in pitrogen uptake, as affected by the application of
nitrogen fertilizer and calculated per 1b. of nitrogen
applied, are also presented in Table 23.

The ligures in the first part of this table again
indicate to what extent the nitrogen upbtake preceded the
preduction of plant maberial. Az an average for all
treatments, e.8. only 33.L per cent of the final weight'
(fourth harvest) was reached on the second harvesbting
date, while the smount of nitrogen teken up amounted to
70.7 per cent of the finzal one, Generally, a higher
percentage of the final weight was reached on the dates of
the second and third harvests when nitrogen fertilizer had
been applied at planting time than when nitrogen fertil-
izer had not been zapplied. On the second harvesting
dz2te, relatively higher percentages of the final nitrogen
upbake were found both withoubt a dregsing of nivrogen and
with nitrogen spplied at planting time than with top-
dressings of nitrogen. - On the third harvesting date the
percentages indicate a relabively delayed nitrogen upbtake
when the nitrogen had been applied as a top-dressing. 1t
must be borne in mind that these figures, expressed as
percentvages, are to a certain exbtent independent of the

absolute figures.

The sccond part of Table 22 demonstrates the increase
in herbage yields and in the amcunts of nitrogen due to
equal smounts of fertilizer nitrogen. The figures for
the incresse in the amounts of nitrogen, caused by
fertilizer nitrogen and calculated in 1b. N per 1b. of
nitrogen applied, could indicate thoe percentage of fertile
izer nitrogen utilized by the plants, if multiplied by
100,  7This, however, is based on the assumption that the
Plants supplied with nitrogen fertilizer and those not
supplied with nitrogen tagg up equal amcunts of nitrogen
originating from the soll. The results obfained from
the corresponding experiment during the previcus seison
(p.49) led to the suspicion that this assumption is not
always correct. Therefore, these figures must be
interpreted cautiously, althcugh the possible method-
clogical shortcoming of an imsufficient elimination of
border offcets, arising from harvesting at different
growth stazes, was elininated as far as possible. The
figures indicate 2 weak growith response and poor
utilization of the .nitrogen applisd vo the plants.

In Table 24 the dry horbage ylelds, the percentages
nitrate/
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nitrate and total nitrogen in the plant material and the
amounts of nitrogen contained in the plants from two
corresponding treatments at "Excelsior", Theunissen and at
Glen are presented.

Most striking is the considerably higher herbage
yield at Gler than at Theunissen at the time of the first
harvest, Since optimal soil moisSure conditions for the
FoOUng ﬁlants can be assunmed on both gites, it can be baken
for granted that the soil ab Glen allowed 2 betber growth
than the soil at Theunigsan. This agrees with the
observations made during several scasons. Although the
higher herbage yields at Glen were accompanied by higher
total nitrogen and nitrate nitrogen contents as well as a
higher nitrogen uptake, the better growbth is not attribu-
ted to a superior nitrogen supply in the Glen soil. All
the previocus results at Theunissen and Glen had shown
that the nitrogen supply does not affect herbage yields
at very early growth stages. Some unkpown fertility
factor must be responsible for the different growbth at
Theunisgen and Glen, On the other hand, the more vigor-
ous growth at Glen might have been directly responsible
for the higher sensitivity to drought, since a more rapid
depletion of the secil moisture supply wnight have resulbted
from the more vigorous growth. in spite of s higher
rainfall, the plants at Glen suffered more from drought
than the plants at Theunissen during the period that
followed the first harvest. On *“he second harvesting
date the differences between the results at Glen and
Theunigsen were similar to, but less pronounced than
thoase on the first harvesbting date. Puring the period
bebtween the first and second harvesting dates the
nitrate nitrogen contents decreased more rapidly ab

Theunissen bthan a8t Glens

On the third and fourth harvesting dates, the
nerbage welghbts obbained at Glen and Theunissen did notb
differ appreciably. The plant material avt Glen con-
tained nitrate nitrogen during the entire growth period.
Except for traces of nitrate in the plants of one
treatment at the third harﬁest, the plants at Theun-
issen were free from niitrate nitrogen on the third and
fourth harvesting dates. The percentages of total
nitrogen also show a considerable Influence of the ex-
rerimental zite. The difference bebtween the nitrogen
contents of the material harvested at Glen and Theun-
issen was much larger at the time of the third and

. fourth/
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fourth harvests than at the first and second harvests. The
nitrogen upbake of the plants up to the third and fourth
harvests was also much higher at Glen than at Theunissen.

Table 25 presents the increase in herbage vields andin
the quantities of nitrogen taken up from germination until
the first harvesting date and during the periods between
successive harvesting dates, corrected to periocds of 14
days,

The higher growth intensity during the early growbh
stages recorded at Glen is clearly shown by the figures
for the first and second periods. The differences
between the growth intensities at Glen and Theunissen
were smaller during the second period than during the
first. From the second to the third period the growth
intensity did not change noticeably at Theunissen, bub
decreased sharply at Glen, with the result that it was
much lower at Glen than at Theunissen during the third
period, This result may be explained by the phenomenon
that the plants at Glen suffered earlier and more heavily
from drmmgﬁt than those at Theunissen. From the third to
the fourth pericd the growth intensity decreased at
Theunisgen and renained nearly constant at Glen, so that
similay growth invtensities were cbtained during the fourth
Period on both sites.

The figures for the intensity of nitrogen uptsake
reveal the same tendencies as mentioned when the previous
table was discussed, namely a high intensity during the
second period only, with a higher nitrogen uptake at Glen
than at Theunissen, a sharp decrease btowards the third
period and a slight recovery during the fourth pericd
caused by inproved m@iéture conditions.

Time of Plantine, Spacing and Nitrogen Fertilizer
Reguirement of Maize atb Glen (0.GL,74),
Expsrimental Dates ¢ The early maize wag planted on
Qotober 24th, 1959 and the labte maize on December 3rd, .
1959,  The harvesting dates were March 17th, 1960 for
the early planted maize, and May 2nd, 1960 for the late
Planted maize. The harvested material of all treat-
ents was gathered on June 16th, 1960. It was suspected
that the moisture content of the stover was not uniform
on account of the different planting dates. Thersafore,
the meisture conbent of the stover was determined and
the stover weights were calculated on a dry weight basis,
Qbservations./
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Observations : W%hen the early maize was planted the soil
moisture content was insufficient for a good germination
and a number of seeds failed to germinate. It was initial-
1y believed that the germinabtion of these seeds was rebard-
ed and the replacement was, therefore, arranged only on
November 11lth, 1959, Adjacent to the planting hills where
the seed had germinated after the first planting on October
24th, there were thus a number of planting hills where the
seed had germinated after the date of replacement, 16 days
after Tthe regular planting date.

& uniform plant populabtion was obtained on Tthe plots
with late planting (December 3rd). The early planted
maize grew vigorously,as adequate moisture was available
until the second half of December. Towards the end of
this month, about 50 per cent of the plants had reached
the tasseling stage. ALl the plants had a dark gfeen
colour and no nitrogen reaction was observed.

Towards the end of December, the early planted and
densely spaced (3 ft.x 12 in.) naize wilted afbter a Tew
days without rain. Later thess plants were heavily
damaged by drought and large partes of most leaves dried
Ube The normally spaced (3 ft.x 24 in.) and, espscially
the widely spaced (3 ft. x 36 in.) maize of the early
tlanting, withstood the drought for a considerably longer
Period but also wilted slightly towards the middle of
January,

According to observations, the normally and
especially the widely spaced plants tillered more than
the densgely spaced ones and thereby lost the advantage
of the wider espacement with regard To drought resistance.

The plents of the late planting grew vigorously
during January. At normal as well as al wide espace-
nent the btasseling stage Was reached early in February.
. During the second half of January wilting occurred only
&t dense espacement, Thereafter the densely spaced
plants were heavily damaged by drought. The leaves
dried up partially and the plants remained smaller than
those of the wider espacenents. The drought also ,
retarded the development of the densely spaced plants.
The result was that bteowards. the end of March some of
the ears had vesched the soft dough stage, others only
the late filowering stage. In conbrast, the grain of )
the wider spaced plants was in the hard dough stage al

that time. On the borders bebtween plots with early
‘ and/
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and late planted maize, a strong border effect occurred.
The plants of the late planting, growing in border rows
next to plots with early maize, failed to grow higher
than about 1 LY. to 1 ft. 6in, The leaves renained strong-
1y rolled inward during an exbendsd period bubt did not
become necrotic. After good rain during the second half
of February, the retarded plants immediately developed
inflorescences and formed cars. The inmpression was ob-
tained that young plants can endure heavy drought much
better than older plants without being damaged. In the
case of young plants, only the vegetative growth seemed
to have been retarﬁéd.

The maize was infected with Ustilago maydis. The

infection was practically limited to the heavily drought
stricken, densely spaced plants.

With planting at different times, the question
arises whether the rate of development is influenced by
the time of planting, To answer this question, the
rumber of days from planting until the beginning of tassel-
ing was estimated for the normally spaced early and late
Planted maize of this experimsnt and for the maize of the
Experiment 0,GL.54, which had the same varlety and grew
°on plobts adjacent to those of this experiment. With the
Planting dates October 24th, November 17th and December
rd, 1959, the period from planting until the beginning
of tasseling varied between 59 and 62 days. No influence
of the time of planting on the rate of development unbil

tasseling becans evident.

desults 3 The grain and sbtover yilelds are pressnted in
table 26, In order to determine the influence of the
treatments on the tillering of the plants, the number of
tillers higher than 15 in, was devermined during the
flowering stage. The results are alsoc given in Table 26,

The grain yields of the garly planted maize
(October 24th, 1959) were very low, while those of the
late planted maize (December 3rd, 1959) were appreciably
higher., There was a considerable variation in grain
Yields. The main reason for this is conzidered to be
drought during the growth seascn. It has always been
found that drought increases the —ariation in grain
Yields.  The plot size havvested was also rather small.
The plot shape proved unfavourable for this experiment
Vhere allowance had to be made for a strong border
¢ffect. The transformed grain yields indicate a

significant/



TABLE 26: INFLUSNCE OF PLANTING DATZ, SPACING AND THE
APPLICATTIOLN OF NITRCGEN FERTILIZER ON (CRAIN
AND STOVZR YIELDS AND ON THE TILLIRING OF

HATZE
GLIN, 1959/60
i, Planting b Grain Sto- Plants ;1\?0. of stems
jase (12.5 % -} ver (1) without (plus tillers
3. Distance moisture),{ (ary)i(2) with one, |higher than
of plants with-4bags log | ton [(3) withax 15 in.
in 3 £t. rows per 10x | per »one tiller
;e N applied, |mareg. "| mor~ 'higher than per per
b ./morgen () +) | gen ; 15 in, , % plamt morgen
(D (2 (3)
i, Do 12 in, | 1.8 1.12]1.95 ] 80 7 4@ 1.17 35,003
ot bp 86 in. ; 3.7 1.55|1,80 | 24 25 51] 2,37 23,669
ilean 2.3 1.30|1.89 | 49 20 230! 1.85 29,643
y by 12 in., |11.5 2.04138.29 | 95 3 2} 1.08 92,303
y D5 24 in, [15.1 2,1712.,78 | 49 27 24| 1.75 26,260
ko Pa 86 in. [18.2 2.1112,12 | 29 27 44{ 2.,1¢ 21,874
lean 13.3 2211273 | 58 19 23, 1.67 26,812
by ¢g O 7.0 1.60 2,68 | 92 5 387 1.3 33,853
1> ¢ 63 5.8 1.58[2.56 | 92 6 2| 1.12 33,453
B Iiean 6.4 1.5902.62 | 92 5 3 1,12 33,853
5, ¢é; O 8.4 1.7072.81 (42 28 00| 1.59 28,304
o1 © 63 8.6 1.7012.39 { 43 28 29| 1.87 28,093
M fean 845 1.70 |2.35 | 42 28 30| 1.88 28,243
5, €5 O 040 1.86 | 1.93 | 27 28 45{ 2.26 22,578
36 ¢ 63 740 1.80311,88 | 26 24 49| 2.30 22,994
M tieen 844 1.83]1.96 | 26 26 47| 2.28 22,786
¢ ag 24 Oct, | 245 1,81 {1:88 { 61 21 28| 1.82 22,080
0 & 3 Dec, {1347 2.12 12,74 | 56 20 24| 1.70 27,469
ilean 8.1 1.72 |2.3L ! 54 20 26| 1.76 28,275
¢ @y 24 Oct, | 2.1 1.20 [1.90 ; 40 10 92| 1.85 30,205
g3 8 3 Dec. {12.8 2.09 |2.72 | 59 19 22§ 1.64 26,155
Mean 7.4 1,80 (2,31 | 54 19 27| 1.76 28,180
Lean 7.8 1,70 {2.31 | 54 20 27{ 1.76 28,227
R
o T
Treatments A - B C AB AC ! BC
—_— | ]
54, grain (+) {0.0344}0.0421 | 0.0344| 0,059 | 0.0486 |0.0596
ISD (p=0.05) }0.10 ]o0.12 - loaz + - | -
82, stover 0.0353 | 0.0433 | 0.0353| 0.0612 | 0.0499 | 0.0612
8D (2=0.05) |0.10 }0.13 - 1 0.18 - -
S

*) In the case
carried out
logarithmic
and LSD for

of grain yields the analysis of variance was

on transformed data. I
transformation was most appropriate.

Indications were that

The S2

grain yields asply to the transformed data.
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significant interaction between dates of planting and
espacements., With early planting the treatment with
10,000 plants per morgen,yielded_slightly more grain than
the treatments with 15,000 orx 30,000 plants per morgen.
The differences were, however, small and it is obvious
that the wide espacamenﬁ could eliminate the adverse
effect of a poor molisture supply bto the early planted
naize to only a slight extent. The grain yields obtained
from the densely, normally and widely spaced plants of the
late planting did not differ to an appreciable extent.

Similar grain and stover yieclds were obtained
whether or not nitrogen fertilizer had been applied. The
stover yields of the late planted maize were generally
higher than those of the early planted maize: The con=
dition of the stover from the plants of the Two planting
dates was not the same when the welights and moisture con-
tents were determined {(June 16%h, 1960). The stover of
the sayly planted maizme had a darker colour and was more
brittle. A larger loss of weight by decomposition. during
the longer period the early msize was left stooksd, is
regarded as possibiea

The three espacements in combination with sarly
planting gave similar sbover weights,  From the late
planted maize the smallest stover weight was obbained in
combinaticon with the wide espacement, a higher one in
combination with the normal and the highest in combination

With the dense espacement,

It was conbrary bto expectation that the grain yileld
obtained from the widely spaced maize of the early plant-
ing was very poor and not appreciably higher Than thab
from the early planted and normally or densely spaced
naize, It had beenrﬁxpséted that both wide espacenment
and late planting would have inereased the drousghi
resistance of the plants with the result that not only
late planting would generally wield more grain than
garly planting, but also that early planting would
yield considerably more grain in combination with wide
espacement than with normal or dense espacement. This
was not the case, and the widely spaced plants of the
early planting also suffered from drought, assumedly
beeause the strong tillering led to a detrimentally
high moisture consumpbion. Tn this respect the par-
ticulars on the tillering of the plants, wnich are

Presented in Table 26, are of gpecial interest.
o The/
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significant interaction betwesen dates of planting and
espacenents. With early planting the treatment with
10,000 plants per morgen yielded slightly more grain than
the treatments with 15,000 or 30,000 plants per morgen.
The differences were, however, small and it is obvious
that the wide espacement could eliminate the adverse
effect of a poor. moisture supply to the early planbted
maize to only a slight extent. The grain yields obtained
from the densely, normally and widely spaced plants of the
late planting d4id not differ Lo an appreciable extenti

Similar grain and sbtover yields were obtained
whether or not nitrogen fertilizer had been applied. The
stover yields of the late planted maize were generally
higher than those of the carly planted maize: The con-
dition of the stover from the plants of the two planting
dates was not the same when the weights and wmoisture con-
tents were determined {(June 16%th, 1960}, The stover of
the esarly planted naize had a darker colour and was mora
brittle. A larger loss of weight by decomposition.during
the longer period the early maize was left stooked, is
regarded as pcssibiee

The Three éspacenments in combinabtlon with early
planting gave similar stover weights, From the late
Planted maize the smallest stover weight was obtained in
combinaticon with ths wide espacement, a higher one in
combination with the normal and the highest in combination
with the dense espacement,

it was contrary to expectation that the grain yield
obtained from the widely spaced malze of the early plant-
ing was very poor and not appreciably higher than that
from the early planted and normally or densely spaced
maize, It had bean~expected that both wide sspacement
and late planting would nave increased the drought
Tegistance of the §laﬁts with the result that not only
late planting would generally yield more grain than
early planting, but also that early planting would
yield considerably more grain in combination with wide
espacement than with normal or dense espacement. This
was not the case, and the widely spaced plants of the
early planting also suffered from drought, agssun=dly
bapause the strong tillering led to a detrimentally
high moisture consumption. In this respect the par-
ticulars on the btillering of the plants, which are
Presented in Table 26, sre of spacial interest.

| The/
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The tillering appears to have been slightly lower
with late than with early planting. The nitrogen treat-
ments do not seem to have influenced the tillering and the
strongest influence came from the espacements: Assumedly,
the competition between the plants was sbtrong at dense
espacement; resulting in a high percentage of plants in
which the tillers could not develop; In contrast, a
wegalk competition betwsen the widely spaced plants favoured
tillering, With the threc different plant populations of
ten, twenty and thirty thousand plants per morgen, as an
average about 22.8, 28.2 and %%.7 thousand stems and
tillers were counted per mMOrEen. While the tillers of
the densely planted maize generally d4id not grow high and
dried up early, the majority of the tillers of the widely
spaced plants grew as high as the main stems so that iv
wag difficult to distinguish between main stems and
tillers. The advantage of a greater drought resistance,
attributable to a thin plant populatvion, had obviously
been decreased by the strong tillering of the widely
spaced plants. This had a detrimental effect on the
carly planted maize, as the soil moisture rescrves had
been depleted when the strongly developsed plants entered
the drier period.

1960/61 Season.

The investigations of the previous season were continued.
! addition, an effort was made to determine whether the differ-
't results obtained at Theunissen and Glen are to be attributed
the soil type or to the period the soils had been under
ltivation. It was, howevsr, difficult to find a suitable
L

Merimental site which sliowed a comparison of soils identical
tept for the period of cultivation.

In addition it was tried %o reduce the tillering in a
“in plant population in order to enable the plants to take
ﬂi~advantaga of a wide espacement as regards drought

o

]o

istance,.

Spacing and Fertilizer Reqguirement of M=aize st Glen
(0.G1l.54).

mynapimental Dates : The maize was planted on TDecenber
lst, 1960 and harvested on April 19th, 1961,

Observations : During this ssason with a subnormal

precipitation at Glen, the fertilizer treatments did
_ not influence the growth and leaf colour of the plants.
i The/
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The malze sbarted tasseling towards the beginning of
February, and at that time the first wilting symptoms
occurred among the densely spaced plaatsi Shortly after-
wards the normally spaced plants also started wilting.
After the middle of February the leaves of all planbs were
strongly wilted and partially dried up. Iin contrast to
the previous seasons, the degree of wilting of the normal-
ly and densely spaced ?laﬂts did not differ much., Towards
the beginning of March practically all the leaves had
dried up.

Results The grain and stover yields ars given in

Table 27. The results of nitrogen analyses of the
harvested mabterial from the densely and normally spaced
plants without an application of nitrogen and with the two
nitrogen levels, with the higher phosphate level and with-
out an application of potassium fertilizer are presented
in Table 28.

The grain yields were very low. Asg in the previous
seasons, the plants of the normal espacement yielded more
grain and less stover than the plants of the dense espace-
ment, The effect of espacements on the grain yields was
¢ongiderably smaller than in previous Se8s0ns. The pro-
longed drought had affected the normally and densely
spaced plants to a2 similar degree. From the results of
this dry sesason a tendency can be nobticed for phosphate
fertilizer to decrease the drought resistance of the
Plants, thersby affecting the grain production. At normal
espacement the higher phosphate level caused a lower
grain yield than the lower phosphate level.

The percentage protein in the grain was relatively
high and varied little. It was slightly higher at
normal than at dense espacenment, The percentage of
nitrogen in the stover was generally high. The quantity
of grain nitrogen varied to an exceptional degree. This
wag caused by the great vari=tion in grain yields,

Since the protein contents of the grain varicd only
slightly. The stover as well as the total herbage
contained more nitrogen at dense than at normal

€spacenent.

411 the stover samples contained nitrates. The
amounts of nitrogen in the grain, exproessed as percent-
ages of the nitrogen in grain plus stover, were gener-
8lly low and varizd considerably. These figures
demonstrats that the translocation of nitrogenous

compounds/



TABLS 273 GRAIN AND STOVIR YISELDS OF LIATZE AS INFLUZNCED

BY SPACING AND FERTILIZZIR TREATMENTS
GLZN, 1960/61

! Grain yield, bags per Stover yield, ton
‘morgen (12,5 moisture) § per morgen (air dry)
Fertilizer { A, Dspacement
applied Y ,
1b, /morgen 29 & P % o1
ft.x 3ft.x | Mean || 3ft.x 3ft.x | Mean
;12 in, 24 in, ; b 12 in, 24 in,
B, Ammoniun | i i
sulphate ; i
b, none 2,75 5.23 ¢ 8.99 |l 4.46  3.09 | 8,78
b) 200 i 2.57 4.87 | 8.72 [ 4.09 3,08 | 3.56
b2 400 1021 4062 ; 2.92 ‘] 3.92 2.99 3.46
C. Super-~ : i
phsphate | i ‘
ey 200 1.80 5.68 1 3.74 | 4,16 3,07 3.62
e, 400 2456 4.3 | 8.35 I 4.15  3.00 | 3.58
D, Potassium E ;
chloride t I
d, none 2,05  4.82 | 3,44 } 4,08 2,95 ;. 3.49
d; 100 2.31 4.99 | 3.65 7 4.28  8.12 . 8.70
Mean ] 248 4.91 | 3.54 ﬁ 4,16 3,04 | 3.60
B, Asmonium sulphate,lb./morgen
b b b w b b b
I P
C. Super— 1 O 200 oo | none 260 480
phosphate : !
¢y 200 i 3,95 4,37 2.89 3.84  3.64 3.37
ey 400 4,03 3,07 2,94 3,72  8.47  3.54
D. Potassium p
chloride i
dg none 3.58  8.68 3,11 ] 8.65 38,51 3,32
d7 100 4,41 3.61 2,73 ¢ 8.90  3.61 3,59
| C. Superphosphate, 1bJ/morgen
. Potassium ;  ¢5.200 ¢; 400 1 cq 200 cp 400
chloride i
{
44 none ; 3.91 2497 3.59 3.39
dy 100 | 3457 3.73 3.64 3.76
Treatnent SE LSD (+) S3 LSD (+)
4 0,316 0.90 . 0,083 0.24
B 0.387 - i 0.102 -
C 0.316 - 0.083 -
D 0.316 - 1 0.083 -
4B 0.547 - ; 0.144 -
AC 0.447 1.27 | 0.117 -
AD 0.447 - ! 0.117 -
oC 0.547 - : 0.144 -
8D 0.547 - : 0.144 -
CD 0.447 - t 0.117 -

(+) P = 0,05



TABLE 28: NITROGEN COLPOSITION OF THE HARVASTED MATERIAL
AND AMOUNTS OF NITROGEN GAINED BY LIATZE AS IN-
FLUENCED BY SPACING AND NITROGEN FIRTILIZZR

TREATLENTS
GLEN, 1960/61

A, Spaéi . ‘ % 1b,N per morgen
B. Ag?lg;g%m ﬁfggt ! N contained in

sulphate 4n 1 n grain

applied, iry | dry grain sto-} to= | Jsgor

/ sto- ver | tal

1b, /morgen grain [ ver | *. total
8 3 ft,x 12 in,

b, none 99| 1.50 | 82! 88| 96! 8.5

by 200 1046 | 1.84 | 16i4 | 107 | 123 | 13.3

b, 400 9i8 | 1.74 | 3i0 93 | 96 | 3.1
lican (agy) 10,1 | 1.70 | 9.2 96 | 105 1 8.8
& 3 ft,x 24 in,

by none 1044 | 1.50 | 10.5 | 71 | 82 | 12.8

by 200 106 | 1.73 ] 8.4} 72 | 80 | 10.5

b, 400 10.9 | 1.80 | 13.7 83 JL 07 | 14.1
iean (aq) 10.6 { 1.68 | 10.¢ 75 86 | 12.7
— {
lean values (B)

bO none 10.2 { 1.90 Oe4 80 89 | 10.6

by 200 10.6 | 1.64 { 12.4 | 90 [102 | 12.2

b, 400 10,41 1,77 | 8.4 83 | 96 | 8.8
— ' i :
iean 10.4 | 1.64 | 10,1 86 | 96 | 10.5
- P — —

. % prot,; in 1b, N per morgen in
gg;?t- | grain grain stover total
(P=0,05) SE IsD | S3 LSD| S5 LSD Sz LSD
i [0.180 0.44 [2.45 - [2.92 6.2 ] 4.47 121
B 10,170 - 3.00 =~ {3.58 =~ | 5.47 -~
4B 10,240 =~ [4.25 - }5.06 - | 7.47 -
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compounds o the grain had been decreased by drought at
both normal and dense espacement.

Spacing and Fertilizer Requirement of liaize at
Theunissen {(0.G1l.55):

Experimental Dates ¢ The maize wag planted on November:
28%h, 1960 and harvested on April 25th, 1961. .

Observations : Thig season was marked by a fairly normal

woisture supply until December and a considerably below
normal rainfall during the rest of the growth season. The
saed germinated uniformly. The young plants were adverses
1y affected by dust storms. The gurface of the experi-
mental plots was very even and this contributed to the

dust storms beling able to damage the plants to a consider-
able extent. The plants recovered quickly, but a portion
of the nibrogen fertilizer might have been blown from one
plot to another or away from the experimental area.

Drought during January and especially during February
caused visible damage to The densely spaced plants from
about the second half of February (late flowering stage).
Not 21l the densely spaced plants, however, were affected
2t that time, The plants had suffered visibly only in
patehes. No relationship could be feound between the
fertilizer trestments and the sppearance of dry patehes.
The influence of drought increased with advancing develop-
ment until the stage of maturity. Many of the normally
spacad plants showed marked wilting symptoms from after

the flowering stage.

Shortly before tasseling one could observe an effesct
0f the nitrogen treatments on the growth and the leaf
Colour of the plants. Mainly a2t dense 2spacement a
slightly lighter leaf colour and & slightly poorer growth
could be noted on the plots where nitrogen had not been
applizd. The leaf colour of the densely spaced plants
¥as generally lighter than that of the normally spaced
ones, After tasseling the leaf colour of zll the
Plants not supplied with nitrogen fertilizer. becanme
8t111 lighter, so that the plants supplied with nitrogen
At plantineg time or 37 days affer the planting date
could sasily be distinguished from the plants not
Suppli.d with nitrogen. Comparced with the previous
Se¢asons, the nitrogen rsaction was considerably less
Pronounced. 1t was assumed that the drought was respon-
$ible for the relatively poor affect of nitrogen fertil-

izpe .
Gr. During/
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compounds to the grain had been decreased by drought ab
both normal and doense espacaenent.

Spacing and Pertilizer Reculrement of Maize at
Theunissen (0.GL.55%.

Txperimental Dates @ The maize was planted on Bovember
28th, 1960 and harvested on April 25th, 1961. .

Observations 3 This season was marked by a fairly normal

moisture supply until December and = considersbly below
normal rainfall during the rest of the growth season. The
seed germinated uniformly. The young plants were adverse-
ly affected by dust storms. The gurface of the experi-
nental plots was very even and this contributed to the

dust shtorms belng able to damage the plants Lo 2 consider—
able extent. The plants recovered gquickly, but a porticn
of the nitrogen ferbilizer might have been blown from one
rlot to another or sway from tThe experimenbtal area,

Drought during January and especially during February
taused visible damage to the densely spaced plants from
about the second half of February (late flowering stage).
Not all the densely spaced plants, however, were aifected
&t that tims, The plants had suffered wvisibly only in
pvatehes. Ho relationship could be found between the
fertilizer treatments and the sppearance of dry pabehes.
The influence of drought increased with advancing develope
ment until the stage of maturity. Many of the normally
spced plants showed marksd wilting sympltoms fr@m after

the flowering stage.

Shortly before tazgseling one could observe an effectd
of the nitrogen treatments on the growth and the leafl
colour of the plants. Mainly st dense espacement 2a
slishtly lighter leaf colour and a slightly poorer growih
could be noted on the plots where nitrogen had not been
Applied. The leaf colour of the densely spaced planbs
was generally lightsr than that of the normally spaced
ones,  After tassoling the l2af colour of all the
Plants not supplied with nitrogen fervilizer. became
86111 lighter, so that the plants supplied with nitrogen
2% planting time or 37 days afver the planting datve
could easily be distinguished from the plants nob
Supplicd with nitrozen. Comparad with the previcus
Seéagons, the nitrogsn reaction was considerably less
sronouncad. Tt was assuned that the drought wass prespon-
sible for the relatively poor affect of nitrogen fertil-

iza ,
Gl During/



" During the earlier growth stages until tasseling,
the plants supplicd with the higher quantity of phosphate
grew more wvigorously thap those supplied with the smaller
quantity, Qutside the border of the ewxperimental area
Crotalaria nubica Benth was found. The roots had numer

cus and well developed nodules.

As was the case with most of the maize in the
Theuniscen. district, the plants dried up early during
this season. At the time of improved moisture con-
ditions during March, the roots and stems of nany plants
rotted near the crown and many plants fell over. In some
places other than the experimental arez, this occurred
even before the grain was fully developed. It is
assumed that the preceding drought was responsible for
this early termination of the growth. As a regult of
wilting, a2 decreased photosynthesisand insufficient
nubpition of the roots snd thersby, in turn, a decreased
use of possibly still ayailable soil molsture may be
assumed. This might have contributed to the rapid
desiceation of the plants under the conditions of extend-
ed drought. The possibilities of fungl entering the
dead plant mabterial can he regardsd as optipal affer the
nolsture conditions had improved,

Results : The grain and stover yields are given in
Table 29 and the results of nitrogen analyses of the
harvested materizl from the densely and normally spaced
plants of six of the seven nitrogen treatments and the
treatment with the higher phosphate level are presented
in Pable 30,

In this dry season, the application of nitrogen
Tertilizer 4id not influsence &ither grain or stover
vields at Theunissen. As in previous seascons, a shreng
effect of the espacements was obtained and the normally
Spaced plants wvielded nore grain and less stover than
the densely spaced ones. The grain and stover yields
Wers about egual at the two phosphate levels.

The reason for the lack of a response to nitrogen
Tertilizer during this season, in conbradiction to
thres previous seasons, cannot be ascribed to the poor
Bolsture conditions during the flowering sbhage and
thereafter alone. The percentages of protein in the
grain and nitrogen in the stover as well as the amounts
of nitrogen %aken up by the plants were higher than in
the previous seasons. This indicates that more

aibrogen/



TiBLE 29: GRAIN AND STQVER YIZLDS OF MATZE AS INFLUENCED
BY SPACING AND FERTILIZER TREATMENTS
THEUNISSEN, 1960/61

B, Amm, sulph, in

units of 100 1b, ¢

per morgen(,.)

Grain, bags per morgen (12,5% moigture)

A, dspacement

-Superphosphate
1b. /morgen

and date of e ! c c
: . Mean 0 1
application : 3ft x 3ft.x
12 in, 24 in, (B) p 200 600

by none 10.6 14.4 12.5 13,0 12.0
b (2)28.11 9.3 14 .4 11.8 12,8 10.9
by (1)28.11+(1)4.1 | 10.6 16.4 138.5 15.0 12,1
by (2)4.1 8.3 14.1 11.2 11.4 11.0
b, (4)28.11 11.9 17.8 14.8 14.3 15.4
bs (2)23.11+4(2)4.1 | 11,0 16.8 13.9 12.7 15.2
by (2)28.11+(2)26.1 | 9.8 16.2 13.0 | 13.8 12.2
— |
Mean (A and C) 1 10.2 | 15.7 13,0 | 13.3 12.7
C. Superphosphate ggﬁt_ SP 1sptH?

1b./morg:n A 0.497 1.4

B 0980 —
¢y 200 10,2 1644 . c 8.497 -
° 600 10,2 15,1 . AB 1.32 -
| AC 0.703 -
! BC 1.32 -

B — ~ ——rr —_—

—r

B, Amm. sulph. in
units of 100 1h,

Stover, ton per morgen (air dry)

A. Aspacement

C .Superphosphate

1b,/norgen
c

per morgen (..) a, ay i I ¢4 ey
and date of : - :
: . 1 3ft, x 3ft.x ! lean ; 200 600
application 12 in. 24 in | (B) |
by none 3,60  2.76 | 8.18 | 3.10  3.26
B (2)23.11 3.04 2.72 . 3.28 | 3.22 3.34
by (1)28.11+(1)4,1 | 38.83 2,71 ; 8.27 | 3.28 3,27
b (2)4.1 3.66 2.68 | 3.17 | 3.16 3.18
b, (4)23.11 4,05 2.88 | 346 | 3.46 8447
b5 (2)28.11+(2)4.1 | 3.98 2.82 ! 8.40 , 8.34 3.47
b (2)28.11#(2)26,1 | 3.94  2.70 3.32 | 8.40 3,24
Lean (A and C) 3.84 2475 3.30 3.28 3.32
—
¢+ Superphosphate Treat-
1b, /ror-cn ' ment S5 LSD( +)
¢y 200 3479 2,77 . A 0.0441  0.12
! B 0.0824 -
S 0.117 -
b oaAC 0.0623 -
P RC 0,117 -
e I

(+) p=0.05



TABLE 80: NITROGEN COMPOSITION OF THE HARVESTED MATERIAL
AND AIOUNTS OF NITROGZN GAINED BY LAIZE AS IN-
FLUZNCED BY SPACING AND NITROGZN FERTILIZER

TREATMENTS

THZUNISSEN, 1960/61

A, Spacing % % Utili-
B, Armonium prot.) N 126§t§§;egagﬁén zation
sulphate in in : . . {of N
applied, dry diy . | . gr%;nfigpgi%ed,
b, /m grain | sto- . sto- | to- as % ofi%
and {ia?txc;gen ver [EF&1 ver . tal | total
4 3 ft,x 12 in, :
bO none 8.78 0.61 22 09 34-1.7 ? 57.6 39-8 -
by 200 : 28,11 ;| 9.69 |0.71 | 23,6 44.3 67,9 34.8 25
b, 200 : 4,1 9,50 10,73 | 25.8] 45,2 : 71,0} 36.3 |32
by 400 : 28,11 10,00 [0.72 | 36.1 44.92 81.0 | 44,6 (28
by 200 s 28.11+ ? f
200 : 4.1 9,73 10.66 | 32,7 41.6 ] 74.3 | 44.0 |20
bs 200 : 28,11+ |
200 : 26,1 110.12 10681 25,91 40,7 ! 66.6 : 38,8 111
liean (ag) " 9,68 [0.68 ] 27.8] 41.9 | 69.7 ] 39.9 |23
&1 3 £t x 24 in,
by none 9.54 |0.52 | 37,71 25,7 | 6344 | 59,5 | -
by 200 : 28.11 | 9.81 {0.72 | 85.6 32.6 ; 68.2 | 52.2 |11
by, 200 : 4,1  {10,40 {0.67 | 42.1] 29,2 | 71.3 1 59.0 {19
by 400 : 28,11 |10.19 [0.69{ 50.2| 34,1 ; 84.3 | 50,5 {25
b, 200 : 28,11+ | |
200 : 4,1  {10.,27 |0.71{ S51.3| 34,8 | 86.1} 59.6 127
bs 200 : 28,11+ i ,
—_ 200 : 26,1 | 9,87 10,69 41.3} 81,1 |72,4]57.0 {11
ean (a,) 110,01 {0.67 | 43.,0! 31.3174,3]57.9 |19
iean values (B) l
by none 9,14 |0.56 | 30.3| 80.2 : 60.5!50.1 | -
by 200 : 28,11 | 9475 |0.72 | 29.6{ 3344 ' 68,01 43.5 |18
By 200 3 4,1 | 9495 {0.70| 34,0: 37.2 {712 | 47.8 |25
b3 400 : 28,11 10410 {0,701 48,2} 39.5! 8247 | 52.2 |26
by 200 : 28,11+
200 : 4,1 10,00 [0.68 | 42,0 3842 | 80.2 | 52.4 {23
D5 200 ¢ 23,11+ | ;
~—.200_: 2641 110,00 {0,681 33,6} 85,9 { 69.5!43.3 {11
Kean | 9.82 [0.67 | 35.4] 36.6 | 72.0{49.2 |21
l"‘"-t¥ i ' § 4 H
Ireat- % prot, in 1b, N/morgen in
ant ; grain grain stover total
(P~ 0,05), SE ISD | S8 LsD| ST  1SD ! SZ  LSD
—— ;
g i 05151 - 1982 5.8 O-??l 2.8 1092 el
AB i, 0.262 b 3015 9.2 1.33 809 3.32 9.7
~——— i 0.370 hand : 4.46 - 1.89 - 4.69 -

(+) Differenc? between the amounts of nitrogen gainad with
and without the apnlication of nitrogen, expressed as
a percentage of the amount of nitrogen applied
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nitrogen had besen available in the soil during this season
than during the previous seasons. Apart from a possible
seasonal difference, the higher nitrogen supply might have
been caused by nitrogen fixation by Crotalaria nubica
Benth which grew on the area of the 1960/61 experiment.

The Tertilizer treatments did not bring sboub any
noticeable differences between the protein contents of the
grain. The nitrogen content of the stover was slightly
higher with than withoubv the application of nitrogen
fertilizer. ' )

At wide espacement, more nitrogen was conbtained in
the grain and less in the stover than at dense espacensnt,
while the smounts of nitrogen contained in grain plus
stover Werevsimilaf at dense and normal espacenment. These
relations are alse reflected in the figures for the grain
nitragémiexpresse@ a2 a percenvage of the nitrogen con-
tained in grain plus stover. This percentage was higher
4t normal than at dense espacement. As a result of more
Pronouncedly dry conditions, the translocation of nitrogen
%o the grain was hampered at dense espacement bo a higher
degrec than at normal espacement.

A significant influsnce of the nitrogen fertilizer
applied on the gquantity of nitrogen contained in the
grain,was cbbtained only with the higher nitrogen level
{400 1b, spmoninm sulphate per morgen) either applied as a
single dressing at planting btime or divided inbto two
applications, at planting and about 5 weeks Thereafter.

The difference between the amounitsof nitrogen taken
up with and without 2 dressing of nitrogen fertvilizer;
expressed as a percentage of the quantity of nitrogen
applied, gives an indication of the degree of ubilization
of fertilizer nitrogen by the plants. The fipures show
that the nitrogen applied about 8% weeks after the plant-
ing date was practically not taken up by the plants.

Comparison of Results from Theunissen and from two
Ixperimental Sites at Glen.

The results compared are those ¢btained with normal
Sspacement apd three nitrogen treatments ab Theunissen
tiﬁsG1$55§ on soil cultivated for more than 35 years), ab
Glen on soil cultivated for 5 years {(0.GL.54) and at
Glen on soil which had been under cultivation for about
35 years,

Previous regulis had indicated a richer supply of
nitrogen/
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nigrogen in the soil on which the experiments at Glen
(0.G1l.54) were carried out than in the Theunissen soil
(0.G1,55),  As the periods which these lands had been
cultivated differed so widely, it was decided to lay out a
trial on an older lznd at Glen, so as to be able to deter-
sine whother this larger nitrogen supply was an inherent
property of the Glen soil or only limited to relatively
new lands.

As in a previous comparison betwzen the resgults from
Glen and Theunissen, the experiments were not fully come
parable, An optimal phogphate supply couldbe assumned in
The soils of all sites. Nitrogen fertilizer had baen
applied for the fourth successive szeason to the same plots
of the experiment 0.G1l.54 at Glen and for the first time
to the plots of both the experiment 0.Gl.55 at Theunissen
and the old land at Glen. The treatments without nitrogen
fertilizer corresponded on the three sites.  On the old
land at Glen, Velvet Sorghum had been grown for two years
previous to the maize planting and mostly maize before
that tine. Nitrogen had never befére been applied to this
land.  The Sorghum had been ploughed carly in 1960,

Experimental Dates : The maize 2t Theunissen was planted
on November 28th, and the maize of the experiment 0.61.54
at Glen and on the old land at Glen, on December lst, 1960.
The harvesting dates were April 25th,1961 a2t Theunissen,
dpril 19th, 1961 for the experiment 0.Gl.54 at Glen and
April 12th, 1961 for the experiment on the old land at
Glen., The results obtained with normal espacement,
without nitrogen fertilizer and with the two nitrogen
levels of 200 2nd 400 1b. ammonium sulphate per morgen
are presented in Table 31,

The grain yiclds obtained at Theunissen were much
higher than those obtained from the experiment 0O.GlL.54
at Glen, in spite of considerably less rain at Theunissen.
The maize at Theunissen was nat affected to the same
extent by drought and endured more proncunced drought
with less damage., The maize »f the experiment on the
0ld lend at Glen also suffered less from drought than
that of the experiment 0.Gl.54 and brought considerably
higher grain yields. Possibly, the treatment of the
lands prior to planting was of importance, as the pre—
vicus crop was ploughed under relatively ezrly in the
ctage of the old land. This may have contributed to a
larger soil moisturs supply.

The/



TABLS 31: COMPARISON OF YIELDS AND NITROG:=N CONTSINTS OF MAIZE
AID OF TWO EXPERIMENTAL
SITES AT GLEN

HARVESTED AT THEUNISSEW

1960/61
Exp. site Ann, Grain |Sto- % % ip N/morgen
and period sulph, {(12,5% {ver procd N containad in
of cultiva~ | appliedjmoists}|(dry),} in | in
tion, yeers | lb.per fbags/ '{ton/ : dry | dry
morgen jmorgen |morgengein | sto-{ gr.|sto-| to-
| ver fyer | tal
Theunissen, 0 14,3 12.47 | 9.5 1 0.52} 38 { 26 | 64
? 35 200 13.1 2.28 CeB 0,721 36 | 33 69
{0.G1:.55) 400 18.2 |2.48 10.8 {0.72} 52 | 85 | 87
llean 15.2 2.41 2.9 0.65¢ 42 t 31 {1 73
Glen, 0 3.6 2.36 10.4 }1.50} 10 | 71 81
5 200 2.8 2,09 [10.6 1.73 8 | 72 80
(0.G1,54) 400 4,5 230 %10.9 1.801 14 : 83 97
Hean 3.6 12.25 10,6 {1.67} 11 1 75| 86
G1 en, 0 10,6 2.45 RO.5 1,78 31 87 {118
shout 200 10.¢ !2.39 po,5 |1.61| 32 | 77 {109
a5 400 9.9 i2.32 1,1 }1.07} 31 | 73 {104
i i1
Mean 10,5 2.39 p0,7 1.,65} 31 79 1110
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The stover yields from the three experimenbal sibtes
d4id not differ much. Nearly equal percentages of protein
were found in the grain from the two sites ab Glen. Without
the application of nitrogen fertilizer the protzin content
wag slightly higher at Glen than at Theunissen. .

The percentage of nitrogen in the stover from the two
gltes at Glen was very high and wvaried only slightly., The
rercentage of nitregen in the stover sampled at Theunissen
waa found to be low. As 8 result of higher grain yislds,
the gquantities of nitrogen contained in the grain harvested
2% Theunissen and from the old land at Glen were much high-
er than in the case of the experiment 0.G1L.54 at Glen.

The quantities of nitrogen conbained in the sliover
Irom both Glen sites were much higher than those of the
Theunigsen experimental site. The old land a2t Glen
brought the highest tobtal nitrogen upbtake, followed by
the experiment 0.GL.54 at Glen, while the experiment ab
Theunissen had the lowest, This becomes even more evi-
dent 1f the yields obtained with the most comparable
treatments, namely those withoubt the application of
Nitrozen fertilizer, ars compared. - Altheough the moisture
supply to the plants wmight have differcd to a certaln
extent at the three sites, the results may indicate that
the typs of soil and not the period of culbivation was
the predeminating Tactor éetermlnlng the amount of nitro-
gen available to the plants.

Time of Planbin Gpacine and Nitrosen Fertilizer
s £y 8D

RBaguirerment of Maizo at Glen (0.G1.74).

Apart from the treatments which were included in
thig axparlm@mt during. the previous season, o©ft. and
3f%. rows were token up 2s & facbor in the experimenty
0f this season. In addition to the harvest welights,
the protein conbents of the grain and the nitrogen con-
tents of the sbtover were determined.

Experimental Dabes : The early maize was planted on
October 17th, 1960 and the late maize on Decsmber %rd,
1960,  ¢hne narvesting daves were March 6th, 1961 for
the early and April 18th, 1961 for the late maize. The
Felphts and somples for moisture detvermination were
Yaken chortly after the plants had been harvesbed,

Ubservya

tions

Barly in December the lezves of the
“arly planted maize showed signs of wilting., At first

Shis ocourped arong the densely spacced plants in 3 {E,
rows/
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rows (% It, ®» 12in.) only and labter, less pronouncedly,
aiso znong the plants of the 36l x 244in, and 6ft. x6in.
espacenents, Afber rain during the middle of December
all the plants mscoversd.

The plants in 5 ft, rows tillered more than those in
©ft. rows... At wide espacement more tillers developed
than at dense espicenent. On Decenber Z22nd, 1960
(tasseling stage), the height of the plants wes measured.
In 3 f%,; rows Lhe densely spaced plants (3 ft.x 12 in.) had
an average height of 37in, while the normally spaced
plants (3 ft. x 24in.) and the widely spaced plants
(3f%. x 364in, ) werc between 41 and 42 in. high. The
average plant height in € £H. rows was 44 in, for 211 plant
densities. The growth of tThe densely spaced plants in
51t, rows had been adversely affected by drought. The
plants in & £%, rows probably grew higher because they did
not Hiller as much as those in 3 f4. Tows.

Severe drought damage was noted during Januvary., AL
the beginning of this month many leaves of the plants in
3i%. rows, with bhe exception of the widely spaced ones
{(3ft. x 36in.), dried up., Relatively Llittle drought
damape was observed among the plants in & ft. rows, with
the exception of the densely spaced ones (6 ft, x ©in.)
wWhich suffered severely from the drought. As regards
drought damage, the plants of the féplicatiens of identical
treatments exhibited a considerable variation.

Until the milk sbage (middle Jonusry) a further
Increage in drought damage was observed. The plants of
the % £t x 124n. , 3 £t, x 24 in, and 6 fts x 6 in. espace-
ente were most severely affected, but the plants of the
386, % 36 in. and 6 ft. x 12 in. cspacenents had also
sufforad, On account of extended drought, all the
bPlants of the early maize dried up early, so that to-
Wards the middle of February no gresen leaves could be
found =any wore. Thereafter a nuwber of the root orowns
and stems near the soil surface started rotving. It was
assumed that saprophytic fungl attacked the plant mater-
ial of the drought sbricken plants after the soil
meisture content had incrsased,

The observations opn the late planted maize wers
generally similar to those described for the early
Planted maize, The plants tasgseled towards the

eginning of February. A% this tipe the first wilting
SCourred among the plants of the 3 £t. x 12 in. espscement,
Shortly/



-~ B3 -

Shortly afterwards, bthe plants of the 3%, x 24 in, and
©fb. x 6 in. egpacenents were also affectad by drought.
Towards the end of February all the leaves of the densely
spaced plants in 3 ft. rows, and most of the leaves of bthe
normally spaced plants in 3 £+, rows and the densely spaced
plants in 6 f%. rows had dried ups #ilting also occurred
among the widely spaced plants in 3 f6, rows and the
normally spaced plants in € ft, rows.

With both plontings @ markedly higher drought
resisbance was observed with planting in & £%. rows than
with planting in 3 ft. rows, when treatments with the same
number of plants per morgen were comparcd. The impression
wag obtained that 6 ft. rows were superior to % £t. rows as
regards drought resistance, even when 30,000 plants per
norgen in © £, rows were compared with 15,000 plants per
morgen in 3 £%. rows.

Results ¢ In order to determine the influence of the
treatments on the tillering of the plants, the number of
tillers higher than 1% in. was determined during the
Tlowering stage. The results are presenbed in Table 32.
The grain and stover yields and the results of nitrogen
anzlyses of the harvested material are presenbted in
Table 33,

For the figures of Table 32, which are not statis-
tically analysed, a fair degree of variation must be
Asgumed, although sach figure represents the averages of
Countings on 3 minimum of 12 plobs. A An the previous
Seagon, not all the relatlonships could be expressed by
Tigures,  The widely spsced plants often had equally
bigh and egqually developed stems and tillers. In contrast,
the densely spaced planbs had mostly one strong main stem
and varpying nunbers of short tillers. Some of the
tillers withered before they had reached the height of
153n,, the lowest limit taken into account. The im=-
Pression was obtained that all the plants $tillsred %o a
nove or less egual exbent, with the exception of the
Plants of the 6ft.x 6 in. spacing. The moisturs supply
2ssumedly determined to a large extent to what height
the tillersﬂcculd grow snd whether they could reach the

Flowering stage.

The percentages of plants without tillers, with
L2 tillers and with more than 2 tillers higher than
151in. indicate that the number of plants per morgen
Strongly influenced the tillering, With adecreasing
mmber/



TABLE 32: INFLUENCE OF PLANTING DATE, SPACING AND THE
APPLICATION OF NITROGEN F-RTILIZER ON THZ
TILLERING OF HATZE
GLEN, 1960/61

A, Planting date | Plants (1) with- | Til= | no, of stems
A / out, (2) with 1ers | plus tillers

B. No of plants 1-2, (3) with 23~ | higher than

norgen »2 tillers high— |2 E 15 in,

C. Row distance er than 15 in. % | 178 Pir‘ ¢ per

e Piamn morgen

D, 1b, N/morgen (1) (2) (3)

applied

a by 30,000 72 28 0 | 17 | 1.36 40868

0 by 15,000 40 58 2 50 | 1.92 28770
17 Oct, by 10,000 27 64 9 | 79 ] 2,31 23138

Mean 46 50 4 | 49 | 1.86 30925

& b 30,000 74 25 1 1 | 1.35 40492

by 15,000 43 53 4 } 39 | 1.86 27911
3 Dee, Dz 10,000 25 68 7 | 73 | 2,27 22708
Mean 47 49 4 | 38 | 1.83 30370

& = ¢y 8Tt 38 58 4 | 43 | 2,00 33677
17 0et, ©1 6 ft. 55 42 3 } 54 | 1,72 28173
£ cg 3 £t 40 54 6 | 85 | 1.97 32766
¥ Dec, ¢y 6 ft. 55 43 2 | 40 | 1.69 27975
% co 3 ft. 65 35 1 1 | 1.49 44752
80,000 ey 6 ft, g2 18 0| 14 | 1.22 36608 .

Mean 74 26 0 8 | 1.36 40680
b ¢y 3 T, 32 64 4 | 41 } 2,03 30476
15,000 ©1 6 £t 51 47 2 | 49 | 1,75 26205
Uean 42 56 3 | 45 | 1.39 28340
b, cg 8 Tt 20 69 11 | 72 | 2.44 24436
10,000 C1 6 Tt 31 63 6 | 80 } 2,14 21410
Mean 26 66 8 | 76 | 2,29 22923

- ; |

0 dy O 77 23 1 6 1.30 38925
30,000 4y 63 720 30 0 9 | 1.41 42435
B
1 dg O 42 . 54 4 1 3 | 1.88 28170
15,000 q; 683 41 57 2 | 54 | 1.90 28511
[ = .

2 dg O 26 66 8 { 74 | 2.26 22610
10,000 47 63 25 66 9 | 78 | 2.32 23235
o dy 0 T o4 51 39 | 1.96 52208
30 d; 63 37 58 5 | 39 | 2,02 34145

Tt T 356 5 | 3% | Lo 53222
¢ d; 0 56 41 3 [ 35 | 1.67 27506
6pr, 4y 63 53 45 2 | 56 | 1.74 28642

Hean 54 43 3 | 48 § 1.70 28074
————
dq ag 17 Oct. 46 50 Z | 46 | L.86 31128
0 &y 3 Tec, 51 45 4 ] 82 | 1,76 28676
— Heam g~ 48 Z 1 39 1 I.8T 29902
%4 ag 17 Oct. | 46 50 Z | 51 | 1.87 80722
63 & 3 Dee. 44 o2 4 43 i 1,89 32065
- Iean 45 5l 477 47 ) 1.88 31394




TABLE 33: GRAIN AND STOVER YIELDS, NITKOGZN COLMPOSITION OF THE
HARVISTED MATZRIAL, AND’ ALIOUNTS OF NTTROG:N GAINED
BY MATZZE AS INFLUZNCED BY THE DAT® OF PLANTING, SPA—
CING, AND THE APPLICATION OF NITROGEN FZRTILIZZR
GLuN 1960/61

be %ﬁg of plan— g-aiz}';@to- i % Lo 1b.N per morgen
y teag/ iver, prot. N caontained in

> morgen Lo Berglten | an T an ;

C. Row distance moisty)! (dr Y, - - -
D, 1b. N/morgen (dry) {grain xsrgg grain '\?:g ‘ igl

applied . :

% bO 30,000 | 6.5 19,51 | 10e4 | 1.11 ! 19,0 | 55.5 i 74,5
17 by 15,000 111.4 {2.21 ] 10.5 | 1.04 | 33.4 . 45.8 | 79.2

Oct, b 10000 14.0 i2..{—13 10.6 | 1.01 | 41,4 ; 49,1 | 90,5

fomm 10,6 | 2.98 | 1055 | 1.05 | 81.3 | 50,1 | 61.4
8, Dg 30,000 | 4.7 :4.18 | 10.7 | 1.16 | 14.1 & 97.3 |111.Z
5 by 15,000 | 9.7 [ 2.55 | 10.6 | 1.05 | 28,9 | 58.5 ! 82,4
xc. 53 10,000 1311.6 |2.45 : 10.7 | 1.05 | 34.8 : 51.6 | 86.4
Mean 8.7 [ 38.06 | 10.6 | 1.10 | 25.0 | 67.5 ; 93.4
8 ¢ 3 It 8.5 12.20 | 10.5 | 1.15 | 24.4 | 50.7 | 75.1
17 © 6 ft.  [12.9 | 2.56 | 10i6 | 0.97 | 88,2 i 46.6 | 87.8
_Oct. i
& o 3 £E. | 7.8 |2.50 | 10.6 [ L1.10 ; 23.2 | 64.0 | 87,2
ig cy 6 Tt | 9.6 [8.22 { 10.6 | 1,10 | 28.6 | 70.9 | 99,5
Ca J .
DY % 3T | 8e7 | S.15 | 10.8 | L.21 | I1.2 | 76.2 | 87,4
aq000 ©1 6 TH. {1 7.5 13455 | 10.4 | 1.08 | 21.9 | 76,7 | 98.6
Tean T 5.6 | 3405 | 10,6 | 1.14 | 16,6 | 76.4 | 93,0
by o B ft, | B8 [2.12 | 10.5 | 1.09 | 25.2 | 46,1 ; 71.3
1 ey 6 Ft. (12,5 [2.63 | 10.6 ; 1.01 | 37,1 | 53.2 ! 90.3
5000 1 i
Lean T0.5 | 2.88 | 10.6 | 1.04 | 31.2 | 49.6 | 80.8
i
B ¢, S FL [II.8 [ 2.30 | 10.6 | 1.04 | 35.0 | 40.7 | 64,7
1000 ¢ 6 £t [18.8 [2.49 ;| 1047 | 1.02 | 41.2 | 51.0 ; 2.2
Tean 1208 224 | 10.6 | 1,03 | 30.T [ 50,3 | 052
d; 0 75,0 {8421 | 10.6 | 1.05 | 14,3 | 60,0 | 84,7
gyxn d; 63 6.1 |3.48 | 1047 | 1.19 | 18.3 | 82.9 {101.2
o 0 0.1 12.27 | 1044 | 1.10 | 2646 | 50.0 ; 76.6
%ﬂ%p dj 638 . {11.9 [2.48 |710.7 ; 0.99 ; 35.7 | 49,8 | 85,0
5 Gy O 12.4 12,42 | 10.6 | 1.08 | 36.9 | 49.8 | 86,7
10000 45 63 1343 | 2.46 | 1045 | 1.03 | 39,3 | 50.8 | 90.1
1000 41 1848 |
o dy” 0 7e0 12446 | 10.6 | Lall | 22.3 | 04,8 | 77.1
3 ¢t 47 63 8,6 {2.64 { 10,5 | 1.13 | 25.3 | 59.9 | 85.2
@ &y O 10,2 12,80 | 10.5 | 1.04 , 30.0 | 58.3 | 88,3
6 rt 4y 63 1244 |2:98 | 10.6 | 1,04 ; 36.8 | 62.2 | 95.0
Mean TT43 T 2.80 | 10.6 | 1.04 | 53,4 | 60,2 | 93.6
s 0_17'Oct. 937 2‘40 10,5 1 1,05 | 28.2 1 5127 | 80,1
. ean 8.5 i 2. 68 10.6 | 1.08 | 6.1 | 56.6 | 82.7
Yy T8, T7 Oct. [11.6 |2.37 | 10.5 | 1.03 | S4.2 | 46.6 | 82,0
63 2 8 Dec. | 9.3 |3.25] 10,7 | 1.18 | 28.0 | 73.4 |101.4
—__ Han 10,4 | 2.31 | 10.7 | 1.09 | 31,1 | 61.0 | 92.1
o 9.6 12,72 ] 10.6 | 1.08 | 28,6 | 53,8 | §7.4
— . - : 1 i

continued.../



TaABRLs 33 continued

o,

% % {ib,N/morgen in
prot. N
grain| stover in in sto-| to-
Ireatment yield| yileld graini gsto- jgrain! ver | tal
N ver
A. Date |SZ 0.527{ 0,0681| 0.05851 0.0280! 1.52| 2.06 | 1.75
of plan~ |15p® {1.5 1 0.10 = 1 = 4.3 15,0 |5.0
ting :
B, No. of iSE 0.645| 0.0831| 0.0719 | 0.0342| 1.86! 2,52 | 2,14
plants  yeptl 11,8 ! p.oa - - 5.3 7.2 16,1
C. Row SB 0.5271 0.06811 0.0585 ! 0.0280! 1.52 2.06 1 1.75
distance jropt) |4 5 | .19 - 10.08 | 4.3 - 1s5.0
D, W !
oot (5B 0.527 | 0.0681{ 0.0585 | 0.0280! 1.52 | 2.06 | 1,75
ments Lsp*? 11.5 - - - | 4.3 - | 5.0
B o 0.9121 0.118 | 0.101 | 0.0484 ! 2,63 3.56 ! 3.03
sl -~ | o.aa - - - {10.1| 3.5
AC SE 0,745 ] 0,096 | 0.0825 | 0.0395! 2,15 2.91 | 2.48
spt? |~ | o.27 - j0.11 = - e
— ] b
D Yo 0.7451 0.096 ! 0.0825! 0.0395! 2,151 2.91 ! 2,48
sp) - 1 o0.27 - - i = | 8.3 -
BC SE 0,912} 0.118 [ 0.101 ! 0,0484 2.631 3,561 3,03
§LSD+) ~ - 0.3 - - - -
BD ISE 0,912} 0.118 ; 0.101 | 0.0484! 2.63 1 3.56 | 3.03
st o~ L - - - -1 - -
CD as 0.745 | 0,096 ! 0.0025} 0.0395| 2.15] 2.91 | 2.48
T, +) -— — : - — — — —
— | ‘
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number of plants, the percentage of plants without
tillers decreased and the psrcentage of plants with 1«2
and more than 2 tillers increased, The time of plant-
ing had no marked influence on the tillering. 8ix ft,
rows brought about a higher percentage of plants without
tillers than 3 ft. rows. This result was very distinct
in the treatments with 50,000 znd 15,000 plants per
morgen, but not in the treatment with 10,000 plants, _
The nitrogen treatments had no appreciable influence on
the tillering. The number of stems plus tillers per
plant gives similar indications of the treatment effects
on the tillering.

The percentage of tillers which reached the tassel-
ing stage was strongly influenced by the plant populabtion.
With a decreaging number of plaﬁté per norgen, the per-
centage of tillers which reached the tasseling stage
inereased appreciably. In & f%. rows relavively mors
tillers rsached the tasseling stage than in 3 £t rows,
especially in the case of the plant population of 20,000
plants per morgen.

The number of stems plus tillers per morgen indicates
to what extent the plant density, as detormined by the
gspacenents, had been changed by tillering, In combina-
tion with 30,000, 15,000 and 10,000 plants per morgen,
5ft. rows brought about considerably higher numbers of
stems plus tillers than 6ft . rows. The difference
between 3 ft, and & fv. rows was relotively greatest with
30,000 plants per morgen and greater with 15,000 than
with 10,000 plants.

As in the previous season, the advantage of a low
plant population as regards drought resistance, was lost
to a certain degree by a strong tillering of the widely
spaced plants. The reduced tillering, where 6 ft. rows
had been planted instead of 3 ft, rows, is regarded as
of considerable importance for the drought vesistance of
these plants,

The grain yields {Table %3%) were slightly higher
with the early than with the late planting. On account

the late planting dates, no apprecizble moisture con-
servation could have taken place. The drought con-
Finued wuntil lz2te in the season znd affected the late
Planted mzize to a similar extent as the early planted
maizea. The late planted maize had suffersd severely
from/
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from high temperatures and little precipitation during
Hebruary.

0Of all treatments the plant population had the mosd
inflivence on the yields. Under normnal weather conditions
higher grain yields can be expscted with about 15,000
plants per morgen than with cither 10,000 or 30,000 plants.
In this season the highest grain yield wiag obbained with
10,000 plants, a lower one with 15,000 and z very low
grain yield with 30,000 plznts per morgen. The grain
yield from 6 ft. rows was considerably higher than that
from % ft. rows,. .

The application of nitrogen fertilizer cffected a
glight increase in grain yields. Nong of the inbter-
actions proved significant. As 1s usu3al in dry seasons,
the grain yields varied considerably.

The late planted maize yielded more stover than the
eirly planted maize, If the interaction between times of
vlanting and nunber of plants per morgen is considered, 1%
 becomes evident that an appreciable difference between the
stover yilelds obtzined with ezrly and late planting was
limited to the plant population of 30,000 plants. With
10,000 plants per morgen equil stover yields were obbtained
With carly and late planting. The stover yields from
6ft. rows were higher than those from 3 ft. rows. The
application of nitrogen fertilizer brought about a slight
increase in the stover yield from the maize of the late

planting.

Nearly squal percentages of profein were feound in
the grain of all treatments,. The variation was extra—
Ordinarily srall, With 30,000 plants per morgen, the
Percentage provein in the grain was slightly higher in
combinstion with 3% £ft. rows™than in combination with 6 ft.
TOWS, Compared with the grain of the other sprcings,
the grain of the % f£t.x 12 in. spacing was snmaller and
shrunken. This morphological difference might have
been the reason for the higher protoein contsnt.

The percentzage nitrogen in the stover varied con-
siderably. The only noteworthy differcnce occurred ab
tarly planting, where 6 I't. rows brought zbout a lower
Percentage of nitrogen in the stover than 3 £t. rows.
The reason for this is sought in an early dryipe up of
the plants in 3 £t. rows, which had probably prevented =
further increess in the lignin content.

The/
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The percentages of nitrate nitrogen in the stover

varied to a high degrec. All the stover samples con-
2insd nitrates. It was not possible %o dry 2ll the

stover samples in a drying oven immediately after the
harvest. The possibility of a bielogical conversion of
nitrates to protein existed during Hthe air drying of the
samples before oven drying. Thera2fore, no conclusions
were drawn from the nitrate contents. It may only be
nentioned that sbout 11 per cent of the stover nitrogen
(average for all treatments) was found %o be in the form
of nitrates.

Since the grain of all the plants had approximately
gequal protein contents, the nitrogen treatments had
sinilar effects on the grain yilelds and the quantitieﬁ
of grain nitrogen.

The quantitises of stover nitrogen varied consider—
ably. With late planting these werc glightly higher than
with early planting. The interactions time of plant-
ing with number of plants and time of planting with
nitrogen treatments, indicate that the higher gquantity
of nitrogen contzined in the stovsr of the late planted
maize did not apply to all combinastions. Only the con-
binaticns between late planting and 30,000 plants, and
late planting with the application of nitrogen fertilizex
yielded noticeably more stover nitrogen than the remain-
ing cowbinations of the two mentloned interactions.

The nitrogen contained in grain plus stover varied
less than either the quantity of grain nitrogen or the
quantity of stover nitrogen. This indicates that low or
high amcunts of nitrogen contained in either the grain
Or the stover were compensabed for by low or high amounts
¢f nitrogen in the respective stover or grain.

With 30,000 plants per morgen more nitrogen was
taken up by the plants in combination with late than in
Combination with early planbting, The rmeason may be
methodologieal, since a number of the small tillers of
the early planted and densely spaced maize had rotted
on the solil surface when the plants were harvested.

Six f£t. rows resulted in a higher nitrogen upbake
thin 3 ft, rows. This higher nitrogen uptake of the
Plants in & £4., rows was due to a higher amount of
NDitrogen in the grain and not to 3 higher one in the
stover,

Tha/
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The amount of nitrogen contained in grain plus stover
was also slightly higher with than without the application
of nitrogen fertilizer. The figures obtained from the
combinations between nitrogen freatments and times of
planting indicate that the increased nitrogen uptake
resulting from nitrogen fertilization, was limited to #he
late planting.

Soil Moisture Investigations on Plots of Experiment
O.Gl|74. *

In order to determine the influence of the row
distance and the time of planting on the soil moisture

status during the season, so0il moisture investigations
were carried out on plots with 6 ft. and % ft, rows of the
early planted naize ‘(6 ft. x 12in, and 3ft. x 24 in. =
15,000 plants per morgen) and on plots with early and
late planted maize (espacement 3 ft, x 24 in,)at 5 soil
depths and on seven dates.

In the case of the comparison between the soil
moisture contents under 3 ft. and 6 ft, rows, the samples
were taken ©in, from the plants within the rows as well
as in the piddle between the rows. In the case of the
comparison between the soil moisture contents with early
and late maize planting, the samples were taken 6ini
from the plants within the rcws only. Otherwise the
procedure as described in the chapter on methods was
followed,

Resuits : The soil moisture centents (mn) and the evapo-
transpiration for each of the two row distances are
presented in Table 34. Only the average moisture con-
tents for each row distance (8 sampling spots per treat-
ment) ére presented. Differences between moisture con-
tents when sampling 6 in, from the plants within rows

and in the middle between rows occurred only in the
surface soil (0 -1ft.) and were practically limited to
six ft. rows. The surface soil is regarded as of little
importance for moisture conservation. It was felt that
the averages will represent the moisture contents of the
scil with six ft. rows more truly than the figures ob-
tained by either the sampling in the rows or in the
niddle between rows. Table 35 shows the mm soil
noisture and the evapotranspiration with early and late
planting (four sampling spots per treatment).

The sumpling for these scil moisture investigations was
Carried out by Mr. J.H.P. Kellerman, and the authcr is
indebted to him for his collaboration,



TABLE 34: INFLUENCE OF TwW(Q ROW DISTANCES OF MAIZE ON THE DEPLETION OF SOIL MOISTURE: mm SOIL MOISTURE AT
FIVE DEPTHS AND EVAPCTRANSPIRATICON BETWEEN SUCCESSIVE DATES OF INVESTIGATION
GLEN, 1960/61

Treatments: " a, 3 ft,rows (3 ft.x 24 in) b, 6 ft.rows (6 ft.x 12 in)
! 1
Dates and i October 17th, December 3rd, | December. 29th, February 6th, March 7th,
Zggigilgiaze | planting before flowering flowering dough stage | ripening stage
Treatment ! a _ b a b a [ b ‘ a ; b a b
Depth, in. { - i 1
0 - 4 s 8.6 8.1 5.7 6.8 10.7 | 9.3 6,1 5.7 6.5 ! 6.4
4 - 8 P13.9 12.7 6.7 7.8 7.8 ! 6.8 4.9 5.9 6.0 5.4
8§ - 12 '\ 18.8 |, 17.9 10.5 2.7 | 10.6 | 8.4 9.2 9.5 9.1 9.6
0 - 12 41,3 38.7 22.9 27.3 29.1 24.5 20.2 | 21.1 21.6 21.4
12 - 24 61,4 62.7 46.0 52.4 39.6 40.0 36.0 38.1 36.0 37.1
24 - 36 52.9 | 53.6 46. 47.9 36.7 { 39.2 1 31.7 | 33.8 32.3 33.5
. ) !
0 - 36 155.6 | 155.0 115.7 | 127.6 105.4 | 103.7 | 87.9 | 93.0 89.9 i 92.0
: | ! |
mm raln ;
between - ! - 56.4 56.4 574 | 57.4 7.9 779 53.2 53.2
dates : . !
E transpira- ‘
el B ; s6.3 | 830 | enal eis| s | sse | sie | se
dates, mm 5 | ' l (
v T 1 ’ .
pistiesiin bl _ _ 96. 3 83.8 1660 | 165.1 | 259.4 |253.7 | 310.6 | 307.9
piration, mm ! j | I | |




TABLE 35: INFLUENCE OF TwO PLANTING DATES OF MATIZE CON TUHE DEPLETION OF SOIL MOISTURE: mm SOIL MOISTURE AT

FIVE DEPTHS AND EVAPOTRANSPIRLTION BETWEEN SUCCESSIVE DATES OF INVESTIGATION
GLEN, 1960/61

Treatments: a. Early planting (October 17th) b, Late planting (December 3rd)
Dates f Octobver 17th } December 3rd December 29th ; February 6th t March Tth
Treatment ; a f b ! a ‘ b g a b | a § b a b
. ! I ;
Approx. : before ‘ ) l -
: plant- ; before ! plante~ flower— | before dough flower— : sof$
gzgggh } ing i p}ggt— | flower.i ing ing flower.] stage ! ing ripe dough
‘ , , : :
Depth, in, : | ‘
0 - 4 t 8.6 g.7 6.2 11.6 13.0 13.9 | 6.0 | T.7 6.7 ¢ 6.0
4 - 8 { 13.9 15.8 6,6 13.7 8.0 16.4 i 4.7 | 7.4 5.8 | 6.1
8 - 12 f 18,8 ¢ 19.1 ; 10.1 i 19.6 10.4 21.5 9.1 | 1l2.1 | 9.7 ‘ 9.9
0 - 12 41,3 | 44.6 | 22.9 | 44.9 31.4 51.8 | 19.8 27.2 22.2 22,0
12 - 24 61.4 60.6 | 45.9 63.4 38.2 65.9 | 35.0 43.1 1 36,2 36.7
24 -~ 36 52.9 52.3 | 46.4 ! 56.9 36.1 58.0 1 3L.4 { 43.2 | 32.6 33.8
| ‘
, ; . T s ! p , :
0 — 36 | 155.6 | 157.5  115.2 | 165.2 | 105.7 [ 175.7 | 86.2 | 113.5 91.0 | 92.5 .
mm rain ; a
between 1 - - 56,4 56.4 574 o7 o4 779 7.9 53.2 53.2
dates ; ' | .
Evapotrans— E
piration be- f - - 96.8 «0.7 66.9 +6.9 97 .4 140.1 48.4 74 .2
tween dates, mm | | ! i ;
: ‘ ]
C.ommalative
evapotranspira- - - 96.8 AB.7 163.7 095.6 261.1 235.7 309.5 309.9

tion, mm-




At planting‘timeKEQEal moisture reserves were found
in the soils of the plots wherse % ft. and 6 ft. rows were to
be planted (Table 34). Before the flowering stage (46
days after planting), the plants of the 6f%. rows had a
larger soil noisture reserve than those of the 3 fi. rows.
The reason may be scought in the strenger tillering of the
maize in 2It. rows. The moisture conbtent of the deepest
soil layer (24 -~ 36in.) had decreased %o a similar extent
with both row distances. A more pronounced moisture
depletion under % ft., than under 6 £ft. rows wasg indicated
for the layers O0-121in. and 12 -24 in., During the next
periocd (erding during the flowering stage) the evapo-
transpiration was higher with © £ft. than with % ft, rows,
probably becauge more moisture had still been available
for the plants in & ft. rows. The plents in 3 ft. rows
had been adversely affected by drought. Neo very pro-
nounced differences were obtained duriang the last two.
periods.

It is of interest that the maize in 6 f%, rows.
depleted the molsture content of thoe deepest investigated
soil layer (24 - 36 in.) to the same exbent as the maize in
the % £t. rows, but only at a slightly later growth stage.

The total evapotranspiration for the two treatments
was equal. Under the dry ccnditions, the soil moisbure
was cobviously complétely depleted by the malze iIn both
3ft, and 6£ft, rows. During the last pericd the amount
cf rain recorded znd the calculated evspotranspiration
were similar,

The moisture contents of the scils from the plots
ressrved for early and late pailze planting did nos
differ appreciably when ezch investigated depth and the
whole profile were compared at the time of the early
planting (Table 35). During the period from the early
Planting date to the late planting date the soil of the
carly planted maize lost a2 considerable amount of the
801l moisture which had been available at planting time.
Bspecially the scil layers at the soll depths between
O and 24 in. were depleted.

During the same period the plots reserved for late
Planting gained only 3 negligible amcunt cf solil
noisture, 2s only 2 little rain occurred. The amount
of moisture which evaporated from the bare soil was
only slightly less than the srmount of moisture cobtained
from rain. Thus, the meisturs reserve of the scil for

thes
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the early maize at the early planting date, and that of
the soil for the late maize at the late planting date,
did not differ appreciably.

The ncisture contents as deternmined until the
flowering stage indicated a better mecisture supply to
the plants of the late than to those of the early plant-
ing up te flowering. High temperatures and drought
during January and February brought 2 considerable in-
creage in the svapobtranspiration, particulzrly on the
plots of the late planted maize which was nct danaged
by drought during the growth stages before flowering,
The result was that the scil moisture contents decreased
during the flowering stage to a very low level with this
treastment 2s well. At the same time 3 stronger wilting

occurred.

The total evapotranspiration over the pericd of
investigation was equal for the plebs with early and
late maize planting, although the early planted maize
had reached the stage of ripeness and the late maize only
the soft dough stzge. when the investigations were sus-
pended. This may be axplained by a complebte depletion
of the readily available moisture by the plants of both
planting dates. No substantislly different supplies
of moisture to the plants were obtainsd with the two
planting dates during this season. The late planting
only delayed the growth period and with it the depletion
c¢f moisture in the soil.

The possibility of the pre-planting nmoisture
reserve being increased during the period from the
first to the second planting dates, w2s not realised.
Therefore, the late planting was not advantageous when
compared with the early planting.

In spite of this result, the following ideas must
be kept in mind when chocsing the planting date
Altheough the probability of an increased moisturs con-
servation by delayed planting was not fulfilled during
this season, it is assumed to be of importance during
normal SsaS0nS. The conservation of additional soil
moisture bafore planting mpay be achisved by late plant-
ing without the probability of rain during the growth
reriod being diminished. . Therefore, it csn gensrally
be assumed that relatively late planting of maize will
normally ensure a higher molsture supply than ezrly
planting,
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Il. Pot BExperimentson the Nitrogen Nutrition
of Maize.

2. Yot Experiment with Applications of Nitrogen
Fertilizer at Different Growth Stages. £)

The observations during the moist 1957/58 season at
Theunissen led to the conclusion that the application of 42
or 84 1b, N per morgen at planting time does not always ensure
a sufficient nitrogen supply te the plants during the repro-
ductive periocd of growth. In this noist season the applica-
tion of nitrogen fertilizer resulted in a sfrongly increased
growth up to the flowering stage. Indicaticns were that the
percentage of nitrogen in the plant material decrezsed to a

very low level on account of vigorous growth during the vege-
tative period of growth. It is assunmed that the leaves and

st2lks can be depleted of nitrogen only t¢ & certain minimum

percentage when the grain is being formed and that the trans-
location of nitrogencus compounds to the grain as well as the
setting of grain is hampered when the nitrogen content of the
plant material has reached a low level.

To ensure an adequate nitrogen supply during the repro-
ductive period of growth, a knowledge of the most suitable
time for the application of nitrogen fertilizer appears to be
of considerable importance, particularly in a region with
erratic precipitation where only a2 limited quantity of nitro-
gen is applied on account of an uncertalin yleld response to
titrogen fertilizer, Special attention was, therefore, paid
te the time of application of nitrogen fertilizer in the ex-
Periments carried out at Theunissen during the 1958/59,
1959/60 and 1960/61 seasons. The results of the 1958/59
season with an only slightly below normal precipitation
suggested that fertilizer nitrogen may be taken up and
favourably utilized by the -plants up to a fairly late growth
stage, A moist seascn did net occur again and it was,
therefore, not possible %o investigate in field experiments
the influence of a late application of nitrogen fertilizer
under high rz2infall conditions.

The pot eXperiment was carried out to elucidate the
influence of the time of application of an equal total
Quantity of ammonium nitrate (2 g N per two plants) on the
Uptake and utilization of nitrogen for grain formation under
Optimal moisture conditions. Only 2 limited nitrogen supply
Should be offered and, therefore, a relatively small total
Quantity of ammonium nitrate was chosen.

Apart/

S —————

A  In this pot experiment the author was assisted by the
Technical Officer, Mr. R. B. van der Merwe,
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Apart from a treatment without an application of ammonium
itrate, treatoments were included in the experiment where the
otal application of 2g N per pot was applied either shorily
ifter planbting or before tasseling, or divided and applied ab
two bBimes 3 the first portion shortly after planting (1g I or
0,5g N) and the rest (LgN or 1.5gl) either before tasseling
or during fthe tasseling stage. During the tasseling stage
the plants of two pots per itreatment were harvested, in order
to obtain information on the nivtrogen status of the plants at
that stage,

The number of replicate pots planted were ten in the
tise of the treatments with the aspplication of zsmmonium
ritrate and six in the case of the treatment without nitrogen.
After the early harvest alternatively eight =2nd four replicate
p6%s were left For the harvest at the stage of ripeness. In
the cases where nitrogen had been applied, the analyses were
confueted on mixed materiél fron each two replicate pots,
leaving four replicate samples per btreatnent for the nitrogen
inzlyses of the material from the late harvest.

fxperimental Dates : The naize was planted on Hovenber 7th,
1960, The surplus plants were remcved on November 17th. The
i7th of Noverber was also the date of the application of
mitrogen "shortly after planting”. The nitrogen to be
pplied before tasseling was applied on December 23rd, and

the nitrogen to be applied during the vasseling stags, on
January 20th, 1961. At this date the early harvest was

“ken and the harvest at the stage of maturity con March 16th,

dbservations : A very uniform plant nmopulation was obtained
ber the surplus plants had been removed. All the plants
h2d a dark green colour until about 28 days after planting.
e impressicn was obbvained that the growth of the plants
Supplied with the larger quantity of ammonium nitrate at
Planting time was slightly retarded when compared with that
°f the other plants. Theraafter the lsaves of the plant.
thich were not supplicd with nitrogen rapidly became light
Teen, The growth was retarded and the clder leaves then
tcane yellow and dry, probably on account of a transiocation
t nitrcgenous compounds to the younger leaves. About 36
2ys afver planting no differences rotween Tthe leaf colours
'L the plants supplied with 2mmonium nitrate were observed,
 the gsame time, the growth intensity of these plants was
“rkedly influenced by the guantity of nitrogen made avalle
le %o the plants, while differences between the leaf

‘0lour could be noted only later. The/
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 The second date of smmonium nitrate application was 14
days before the expected beginning of tasseling (46 days after
planting), According to experience in field experiments, it
takes zbcut 60 days fron planting until the nmaize variety
PP x K64 starts tasseling, An influence of the nitrogen
applied before basseling on the colour of the lsaves wag
visible within four days. 4 strong increase in the growth
intensity followed socon. However, after a short period the
selowr of the leaves of these plants became lighter again.

With the exception of the plants not supplied with nitro-
gen and those cnly supplied with 0,.5g N  shertly after plant-
ing, the tasscling began bebtween 65 2nd 70 days after planting.
The tasseling was retarded when comparsed with the periocd debter-
tined in field experiments. 1% alsc became evident that the
rlints which had not suffered from nitrogen shortage tasseled
¢arlier than the other plants. The plants which had not been
rovided with nitrogen reached the tasseling stzge only 90
days after planting.

At the time of the first harvest (74 days after planbing)
i1l the plants supplied with amnmenium nitrate shortly after
Planting only, exhibited 2 strong nitrogen deficiency colour
¢f the leaves. In contrast, o darker lezf colour prevalled
¥hen nitrogen had been applied before tasseling, In this
tzse the colour differed in accordance with the gquanitity of
wmrmonium nitrate given to the plants.

The application cof nitrogen during the perioed of tassel-
iog (74 doys after planting) also caused o rapid change of
the leaf colour. Compared with the nitrogen offered, the
Mantity of plant material was large at this stage. Therefore,
in no case was a dark grecn colour obtained after the very
lae application of nitrogen. In spite of the advanced
‘ﬁvolapment of the plants, this very late application of
“monium nitrate caused a considerable increase in the growth

intensity.

The majority of the plants not supplied with nitrogen
failed to form ears. The ecar development of the cther
Plants was extremely retarded, especially where 2 pronounced
Wtrcgen deficiency still prevailed st the stage of ear
ﬁevﬁlopment“ In order to ensure 3z full pollination, the
Mlantg were pollinnted with pollen from other plants.

Towards the end of the experinental period, the colour
Cf a1y plants was light, with the exception of those which
84 received 0.5gN shortly after planting plus 1.5gN at
tassalimg. These plants also had the best cob development.

The/
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The plants supplied with ammornium nitrate during the
tasegeling stige, generally had more cobs than those supplied
with nitrogen a2t carlier stages. Only about one-third of
the plants not provided with nitrecgen formed cobs. The plant:
with zpplications of ampmoniurm nitrate shortly after planting
¢r before flowering formed betwecen 106 and 112 cobs per 100
plants, while those supplied with nitrogen during the tasselw
ing stagé formed betwesen 144 and 169 cobs per 100 plants.

Fone of the plants tillered,

The waler ccngumpti@n was very distinctly influenced by
the nitrogen supply. Before the first harvest, the plants
with the higher application of nitrogen required much more
water than these with the lower or theose withoub the addition
of nitrogen. The late azpplicaticns of nitrogen were also
followed by a étraﬁg increase in wabter consumptlion. During
the experimental period it was generally observed that plants
which hzd a darker leafl colour required more waber than these
which had a lighter leafl colour.

Results The results of the first harvest are presenteéed in
Table 36 and thoss of the second harvest in Table 37,

The- flgurbs for the first harvest (Table 36) indicate
that all the applications of ammonium nitrate were followed
by increased herbage yields, The nitrogen level available
5o the plants alsc influenced the production of plant mater-
izl, The increazse, cilculated per gram nitrogen applied,
wag smaller in the case of the high application than in the
¢ase of the lcocwer ones. The application of all the nitro-
gen (2 g) before tasseling, brought about a relatively small
herboge yicld per gl applied.

The additionsald nitrogen applied before tasseling to the
Plants which had been supplied with nitrogen shortly after
planting, only raised thé herbage yields by sbout half,

When compared with early apﬁlication (difference between
herbage yields with early as well as late application of
Litrogen and the herbage vields with early application only,
Corrected to one g N applied). The percentage of nitro-
gen in the plants not suppiied with nitrogen and in those
Supplied with only 0.5 g [ shortly after planting had
deereased to a very low level., The nitrogen contents of
0.4 or 0.50 per cent assumedly did not allow a ready trang-
location of nitrogenous compecunds for the development of
grain, although the absolute ninicum level which can be
dchicved at a later stage of plant develcpoent and under
Conditions of nitrogen deficiency, is lower. Whole pzize
plants/



TABLE 36 : INFLUENCE OF ANMMONIUM NITRATE APPLIED AT DIFFERENT GRCwTH STAGE:S ON THE YIELD AND NITROGEN
COMPOSITION OF MAIZE HaRVESTED AT THE TasSSELING STaGE

POT EXPERIMENT, 1960/61

Increase due to the application of NH4N03 1

, . Dry - j . ‘ ;

g NNEE§OP°t gpg}ied . herbage E Nitrogen in herbage ', herbage yield, :in herbage yield,'in nitrogen gain as '

as hn fUy and date : yield, . % 2/ pot ‘g ver g N applied;g per g N applied percentage of ¥ ap-

cf applicaticn : g/pot "early and late jearly or late ;plled ;

1, None | 32 0.44 0,14 - :. - g - ;

2. 2 g - 17 Nov. . 188  0.72 1,35 : 78 © 78 (early) 60 |
a t | u |

3, 2 g - 23 Dec. 110 1 1.22 C1.34 | 39 P39 (late) : 60 !

| | - 1 ! | 1

4., 1 g - 17 Nov. + : ‘ i i ' ’

1 g - 23 Dec. 160 : ; 0.84 ©1.35 : 64 41 (late) ; 60 *

: ‘ t . : ;

5, 1 g - 17 Now. 119 ' 0.56 0.67 : 87 . 87 (early) i 53 ?

6. 0.5 g - 17 Nov.+ % | : | ; ;

1.5 g - 23 Dec. . 154 [ 0.81 o l.24 g 61 47 (late) ! 55 ;

: j , i

7. 0.5 g ~ 17 Nov. ‘ 84 C.50 - 0.42 ; - 104 ¢ 104 (early) | 56 :

! ‘ ; j ; :

Mean j 121 - 0.77 0.93 : 72 3 - _ - |

SE ! 6.04 © 0.0263 © 0.0793 | '

LSD (P=0.05) 21 | 0.09 ; 0.27
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POT EXPERIMENT,

1960/61

g N per pOﬁ

!
I

i

! T -
Increase due to N applied | Grain NiDifference: Second

o i
applied as ;Dry weight, g pot: % i o g nitrogen per pot | in dry weight i as % ofjminus first harvest
NH4NO3 and! N inj N in contained in ! g per g N appli%d Igain~as N in gr, . i '
. ! : _ i ; ‘ : . % of N plue herbagenitrogen
date Oi aP-orain stover totallgrain stoverl grain | stover: total ' graini stover: totall ” Tied stover welght gain
plication . } l \ | H ' ErJ,PP le g/POt ?g N/pot
1. None o") a5t st o o fo.00" o2 Touz | - _ - - 0 13 | -0.02
2, 2 g : ! | 3 i i .
17 Nov. 52 198 (250 [0.77 |0.29 10.40 [0.57 '0.97 26 76 |02 42 | 62 | -0.38
. : { .
3.2 g ' a ; ] ! | _
23gDec. 49 165 1214 10.86 10.33 10.42 10.55  0.97 24 60 84 4z 43 104 ~0.37
3.1 g ‘ % ; ! : : :
17 Nov.+| 53 ; 166 1219 1077 j0.30 :0.41 10.49 10.90 26 61 87 | 39 46 60 -0.45
1 g ; ' s : : t
23 Dec : * : ! : |
4. 1 g ' | ! ; ! .
17 Wov.+|76 ; 161 237 0.88 |0.34 ]0.67 [0.55 :1.22 38 | 58 96 | 55 55 118 0.55
1l g : : ‘ : ! ‘ :
20 Jum., | | 1 i |
5. 0.5 & | | |
17 Nov+ |49 ' 172 221 [0.78 10.30 io.38 0.52  {0.90 24 | 64 88 1 39 | 42 67 | -0.34
23 Dec. % i : 5 % ;
6. 0.5 g | | | i | : |
17 Nov.+i81 ' 128 1209 0.91 ;0.36 10.74 10.46 1.20 40 42 82 54 62 125 0.78
1-5 g ! ! ! ; . t
20 Jan, _ ‘ ! ‘ ; : : |
Mean 60 165 225 0.83 10.32 [0.50 '0.47 {0.90 e 60 . 90 | 45 78 | -0.23
SE |4.99 5.24 5.27 (0.032:0.0126/0.0433,0.0238 {0.0443 |
LsD(P=0.05) {14 +15 ' 15 0.096!0.037 {0.013 :0.071 :0.13

+) Not included in the statistical analysis and the calculation of the mean
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plants at the early tasseling stage from a farm in the Theun-~
issen district had an average nitrogen content of 0.3%8 per
cent in this season.

The plants which had not been supplied with ammonium
sitrate shortly after planting and received 2 g N before tassele
ing, had the highest nitrogen content, obviously because the
apount of niﬁrogen applied was high when compared with the
swall guantity of plant material produced on account of pre-
vious nitrogen shortage. The late applications of nitrogen
to the plants which had received nitrogen shortly after planb-
ing were not as efficient with regard to an increase in the
percentage of nitrogen. Less nitrogen fertilizer was applied
ind, in particular, the guantity offered per unit of plant
raterial produced before the date of application, was con-
siderably less,.

The nitrogen taken up per pot was only influenced by the
uantity of nitrogen applied and not by the time of applica-
tlon, The average utilization by the herbage of the anitro-
gen applied amounted to 57 per cent.

Plants not supplied with nitrogen did not yield any
grain (second harvest ¢ Table 3%7). The grain yields obtained
%ith the application of ammonium nitrate shortly after plant-
ing, before tasseling or at both times did not differ
dvpreciably. Higher grain yields than these were obbvained
from the plants which had been supplied with the second
bortion of the nitrogen during the tasseling stage. Thig
indicates that under conditions of a limited nitrogen and a
tufficient moisture supply to the plants, nitrogen appliled as
late as during the tasséling stage may, as regards grain
Yields, be superior to nitrogen applied shortly after plant-
ing or before tasseling.

In the treatments with the application of ammonium
1itrate, the highest sbover yield was obbtained when sll the
Litrogen (2 gN) had been given shortly after planting,and the
loawe st when 0.5 gN had been applied shortly after planting
blus 1.5gN at tasseling. The stover yields of the other
bPlants did not differ noticeably.

The aversge nitrogen content of the grain from all
treatments was exceptionally low (0.83% N = 5.2% protein).
The two treatments with the application of a portion of the
“ltrogen during the tesseling stage which brought the high-
®5% grain yields, also effected the highest nitrogen con-

tent of the grain,
A11/
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all the percentages of nitrogen in the stover were extreme-~
ly low and indicated that the plants of all treatments had
suffered from nitrogen deficiency. The lowest conbent to
itich the stover nitrogen may decrease up to the stage of
ripeness 1s considered to be about 0.30 per cent. Such a low
iitrogen content of the plant material was reached by the
olants which had not been supplied with nitrogen and which had
rislded no grain, The stover of the plants supplied with
anonium pitrate had similarly low nitrogen contents. In this
ise, however, a considerable portion of the nitrogen, taken up
7 the plants, had been translocated to the grain.

The amount of nitrogen contained in the grain was highest
ith the application of 1.5 gl during the tasseling stage.
tis very late application ensured a higher availability of
iitrogen for grain formation than any of the earlier applica-
ong,. The plants of the remaining treatments 4did not differ
Neh with regard to the utilization of the applied nitrogen
for grain production,

The plants not supplied with ammonium nitrate contained
try little nitrogen in the plant material. With the exception
2 two treatments, no distinctly different quantities of nitro-
0 were found in the stover of the plants which had been
suipplied with nitrogen. The exceptions were the plants pro-
‘ided with 2 gN shortly after planting, where the stover
‘ntained siighﬁly less nitrogen, and the plants provided with
L5g N shortly after planting plus 1.5gN at tasseling,where
‘he stover contained slightly more nitrogen than the stover of
the remaining plants:

A1l the plents supplied with ammonium nitrate had
“tteived equal total duantities of nitrogen. It is, there-
fore, surprising that the amounts of nitrogen taken up during
the whole growth period were not équal. Where a pﬂfﬁionlof
the nitrogen was given during the tasseling stage, the plants
‘Mtained more nitrogen thanm where all the nitrogen was
itplied at earlier growth stages. The possibility exists
‘hat the plants supplied with a relatively high amount of
Imonium nitrate at early stages formed an exbtensive root
S¥sbtem. A relatively large portion of the nitrogen could
ave been fived in the material of the roobs. . Howewer, if
she peaeults of the second harvest are compared with those of
‘he first harvest, it becomes evident that the possibility
“ nitrogen losses cannot be excluded. At the second
farvest the plants which had received all the nitrogen
bafore +the date of the firet harvest contained less nitrogen

than the corresponding plants at the first harvest. It is
difficult/
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iifficult to explain the nitrogen losses. The leaves were
;athered regularly. Losses of plant material may have occurred,
iepecially during the tasseling stage with the bassels and
llen, A leaching of nitrogencus compounds from drying

.eaves through rain is also regarded as possible,

The plants which received the second portion of nitrogen
ring the tasseling stage, about doubled their weight from
asseling until the stage of ripeness, whereas most of the
lants supplied with nitrogen at earlier stages, gained much
£88 in weight during the same period. This indicates that a
wonsiderable growth intensity of maize plants can be achieved
5 late as during the reproductive period.

The figures for the increase in yields due to nitrogen
ertilizer and the grain nitrogen expressed as a percentage of
he nitrogen contained in the plants, demonstrate the facts
iscussed before. These figures alse indicate that nitrogen
Prlied during the tasseling stage ensursed a higher avail-
bility of nitrogen for grain formation than nitrogen applised
b earlier stages. The results of this experiment suggest
hat special care should be taken to ensure the maintenance of
csufficient nitrogen status of the plants during the repro-
uctive period of growth. In the case where only a limited
rtount of nitrogen is to be made available to the plants, an
arly application of nitrogen fertilizer may be followed by a
onsiderable increase in the early growth, with the result
hat the nitrogen content of the plants decreases to a very low
¢vel and that the nitrogen contained in the plant material is
0t readily availsble for translocation at the time when the
T2in is being formed. Therefore a late application of
itrogen can be more advantageous than an early one. When the
oisture supply is adequate, nitrogen fertilizer made avail-
ble during the tasseling stage, is rapidly taken up by the
lants and causes a considerable increase in growth and

fain production.

b. hydroponic Experiments on the Functiong of Nitrate
in the Maize Plant and on the Ammonium and Nitrate
Nutrition of Maize.

Depending on the growth stage, the nitrogen status of
be soil and the application of nitrogen fertilizer, various
Tounts of nitrates were found in maigze plants in field
¥periments. It is known that nitrate nitrogen can be
“Cumutabted in the plant material of various species, where
¥ fulfils the function of a storage form of nitrogen and is
tduced as reguired for the synthesis of probein.

In/-
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In some cases, as for exauple Beta vulgaris, Spinacia
cleracea and Triticum sativum, nitrates can be stored in

larger amounts without being used for protein synthesis,
Apart from a limited reducing ability, & particular require=~
ment for monovalent anions 1s attributed to such nitrophile
or halophile plants. This reguirement can be met by either
nitrate or chloride ions, since the monovalent anions L™
and mag“ can replace each other Ho a certain extent and in
seccordance with HOFMEISTER'S series, similarly as bthe cations
gt and Ka+. It is further known that nitrates can be
sxtruded from an ion function in Reta plants {especially in
fodder beet varieties)by chloride ions and thereby freed for
reduetion and utilization for the synthesis of protein ‘
(SCHMALFUSS, 1954 and SCEMALFUSS, 1955, p.204). Therefore,
the application of chloride salts o Beta vulgaris and

Spinacia oleracea was followed by a distinet increase in
7ields and decrease in the nitrate content of the plant mater—
lal (SCHMALFUSS, 1945, 1950 and 1954). In general, nitrate
aubrition is superior to ammonium nutrition in ite sffect on
the growth of halophile or nitrophile plants (SCHMALFUSS,

1954%

With these investigations on other plant species in
1ind, investigations were conducted on the reaction of maize
tlants %o nitratve nubrition in the absence and presence of
*hlorides in the nutrient sclutions,

The purpose of the hydropeonic experiments was to indi-
*ate whether nitrates fulfil the function of a storage form
°f nitrogen only or whether the function of monovalent
inions, as antagonists to polyvalent anions for the mainten-
ince of an optimal hydration of the protoplasm colleoids may
Possibly be ascribed to nitrates alsc in the case of maize.
In agdition, the efficiency of ammonium and nitrate
iuﬁrition of maize should be'compared.

iydreponic Experiment 1.

The purpose of this experiment was to determine the in-
fluence of chloride and sulphate on the nitrogen metabolism
’f maize, with special reference to the rate of reduction and
he use of nitrate nitrogen for the synthesis of protein.

Zxperimental Dates snd Preatments : Maize was germinated
in saw dust and the seedlings were transferred to a

nutrient solution containing no chlorides and with
nitrate as nitrogen source on August 17th, 1960. The
composition of this soluticn was as follows -
231265§Kﬁ03, 1@?56§gﬁa(N0§)g « 4H20, 1.213 g CadPOy -
Soasns
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*2 HpO, 1.22% glgi0, 51?H203 corrgsponding to 500 ng N,
200 mg Po0s, 990 mg Kp0, 807mg Cal0 and 200 mg Mgl per
vessel per 4000ml. The solution of sach vesszl also con-
tained 5nl Hozgland A-% salubtion in which the C1l™ salts
had been replaced by Ségfsalts, and 200 mg Nap Fe-EDTA.

All the plants of 12 wvessels were grown in this solution
for 31 days.

On Sepbember 17th, 1960, the plants of three vessels
were harvesbted in order to obtain an inﬂiéaﬁion cf the
nitrogen uptake up to that growth stage and of the nitro-
gen composition of the harvested material. On the sane
date the plants of the nine remaining vessels were trans-
ferred into three different nitrogen free sgolutions. The
first of these sclutions was free from chlorides and cone
tained 1.215% g CalP0y - 2H20, l¢850g;K2804, 0.921 g CaB0y -«
200 and 1.22% g Mg S0y - 7Ho0, corresponding to 500 mg
Pg@;, 1000 mg K5C, €95 mg Cal and 200 mg Mgl per vessel.

In the second solution 50% and in the third 90% of the
sulphates of the first solution were replaced by equive
alent amounté of the corresponding chlorides. Iron and
trace elements were added to these three solutions in the
same forms and amounts as were used during the [irst
experimental period. The plants wers left in the new
solutions for only eight days and then harvested.

Results : The results of hydroponic experiment 1 are
presented in Table 38.

At the time of the early harvest a considerable
amount of nitrate nitrogen had accumulated in the plants.
The nutrient sclubions still contained a2 small amount of
nitrates. The percentage nitrate nitrogen in the roots
was considerably higher than that in the herbage. In
the whole plant about £.5 per cent of the total nitrogen
was in the nitrate form.

During the final eight days of growbh in the three
nitrogen free solutions, the herbage and total plant
weights increased considerably. This gain was accons
panied by & general decrease in the nitrogen percentages
from all nitrogenous fractions investigated,

The fthree different nutrient solutions did not
bring about different herbage and total plant weights,bub
the root welghts were different. The roots of the
plants grown in the sulphate scolutbtiorn did pot increase
in weight during the final eight days of the experi-
ment, while a slight increase in the root weights was

obtained/



TABLE 38: INFLUZNCE OF SULFHATE AND CHLORIDE SOLUTTONS

ON TH& NITROGEN METABOLISH OF MATZE

HYDROPONIC EXPERILNENT 1

Dates of harvesting and
Commencement equivalent weights 504.01 in 1SD
. the nutrient solution (P=
of sxperiment
™ 0.05)
: 1. 2e 3. 4, SBE
174841960 17 Sent, 25 Sept. 25 Sept. 25 Sept.
106:0 100:0 50:80 10:90
Dry weight, g
herbage 9.4 16.5 17,0 15.7 0.613 2.1
roots 1.06 1,07 1.45 1.48 0.096 0.33
total 10.5 17.6 18.4 17.2 0.597 2.1
Protein N, %
herbage 1,73 1,19 1.13 1.25 0.0456 0,16
roots 2415 1.69 1.54 1.48 0.171 -
Soluble N, %
herbage 1.16 0.29 0430 0.40 0,069 (C.24
roots 1.43 0.46 0.39 0.37 0.069 0,24
N03~N, %
herbage 0.227 0,008 0.010 0,012} 0,0185 0,064
roots 0.49 0.000 0,000 0,002 - -
Total M, %
herbage 289 1.48 1.48 1.65 0,104 0,35
roots 3.08 2415 1.93 1.85 0.218 0,75
mgh/vessel in
herbage 272 244 252 259 | 21.4 -
roots 38 23 28 27 1.68 5.8
total 310 267 280 286 | 20.7 -
DH values
minimuz -
massi rmum
ay Initial 6.2"" 6.0—' 6.0""’ 6'1"’“
6.4 6.0+) G.l%)  B.4+)
be At k- .9~ 4,3~ De2—- Seb=
harvests 7.0 4,0+)  5.8+) 6.1+)

——

+) pH values of the new solutions used after the

harvsst on 17 September
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cbtained in the solubions containing chlorides. The
composition of the new solutions had no appreciable in~
fluence on the nitrogen metabolism of the plants.

At the termination of the experiment only little
nitrate nitrogen was found in the herbage and prac-
tically none in the roots. This is 1n contrast to the
results of the first harvest, whers the percentage of
nitrate nitrogen was loweér in the herbage than in the
roots. The total amounts of nitrogen in the roots
decreased during the final experimental period. A
translocation of nitrogenous compounds to the herbage
can be assumed as a possible reason, bubt the possibil-
1ty of nitrogen losses due to leaching of the roots
cannot be excluded.

The results of this experiment indicate that
nitrates, which are accumulated in malze planbts. are
readily reduced when the plants grow without an
additional nitrogen supply, even when no chloridss and
considerable amounts of sulphates are present in the
sclution and an antagonistic function of the nitrates
as monovalent anions can be regarded as important. It
may, therefore, be assumed that nitrates represent
mainly a storage form of nitrogen in the metabolism of

maize.

iydroponic Experiment 2.

The influence of nitrate and ammonium nutrition in com-
Yination with sulphate and chloride nutrient solutions on the
3rowth and nitrogen metabolism of maize was investigated,

Exverimental Dates and Treabments : The experiment
commenced on August 17th, 1960 and terminated on October
9th, 1960, Two nutrient solutions were used. The one
solution contained the sulphates of potassium, mnag-
nesium and calcium and no chlerides. It contained
L.0%93 g 0&5 (PO@}Q,} 1.227g Ko HPO4, 0.622 g 2S04,

1.22% g Mg S04 « 7HS0, 0.921 g CaS0y 20,0, 0.300¢g
Nas Pe-EDT4 and 5ml Hoagland A~2 solution pex 4000 ml
per vessel. In the other solution 90 per cent of the
sulphates of the first solution were replaced by
gegquivalent amounts of the corresponding chlorides.

For the rest the two solutions were identical. These
solutions were used in combination with btwo nitrogen

treatments in which small asmounts of nitrogen were
repeatedly applied to the plants as either HNO§cr

KHy HCOz. The dates of application and the amounts
of/
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_of nitrogen applied at a time as well as the pH values
determined at intervals during the experimental period
are presented in Table 39, The number of replicate
vogsels was four.

The reasons for the application of nibtrogen in small
portions and in the form of HEOx  or &HQHGQ5 are as
follows :- 4 great methodological obstacle in the deter-
mination of the relabive efficiency of nitrate and ammon-
jum as nutrients for a nuwmber of plants has been the in-
fluence of ammonium and nitrabe salts on the hydrogen ion
concantration (cH) of the nubtrient scluticns. As ammonium
salts of strong acids increase and nitrate salts of strong
bases decrease the cH in the scolutions with advancing
growth and nitrogen uptake, it has been difficult to com-
pare the effects of ammonium and nitratse nutrition at
equal pRE levels. Many efforts have been made by varicus
scientists to avoid a divergent development of the cH
after the use of nitrate and ammonium salts. A com-
parison of nibtrate and ammonium effects at nearly equal
PH in the nutrient solutions was achieved by PIRSCHLE
(1930 and 1931) by the use of flowing nutrient solutions,
By this method egual pH values could be atitained with
ammonium and nitrate nutrition and also constant pH
values over whole experimental pericds, Since the
asgimilation rate of nivrate snd ammonium nitrogen can
differ (MEVIUS and EKGEL, 1930), and only a small portion
of the nitrogen supplied by flowing scolutions is taken up
by the plants, flowing nutrient solutions do not ensure
an esqual nitrogen uptake by the plants from nitrate and

gunmonium solutions.

In the investigation under review it was, therefore,
attvenpbed to achieve a compariscon of tThe effects of
nitrate and ammonium nubtrition at nearly equal cH and
at an equal nitrogen uptake by the plants. For this
purpose ammoniun was offered in the form of KH4H865 and
nitrate in the form of HNOz, both by small successive

applications.

By the successive_apylication of small amounts
of Hiz and &HQHG@5 it was endeavoured to achieve
a complete uptake of the nitrogen offered during
The experimental period. It was further tried to
meet a probable increase in the need of nitrogen with
advancing growth by increasing the amounts of nitrogen
applisd at a2 tine. It was agsumed that only negligibly

divergent cH could develop in the solutions if only
relatively/



TABLE 39: DaTES OF APPLICATION AND AMOUNTS OF NITROGHEN APPLIED, AND pH VaLUES OF NUTRIENT SOLUTIONS DURING
THE EXPERIMENTAL P&RIOD OF HYDROPONIC EBEXPERIMENT 2.

Commencement of experiment: 18.8.1960 Harvests 9.10.1960 Experimental duration: 52 days
Application of nitrogen pH vulues of solutions, range minimum - maximum, or of one replication

§
. mg N per vessel ! | ' i

Dates 4t cach | cumulativei gigzrgfﬁi 1. NO : nutrition, 2. NOQ“ natritiocn, . 3. NH4iwnutrition,i4.NHi*nutrition
§ | : - . : ; . ; . : W
| date ‘ i netion | SO4 sclution ! Cl solution ; 804 solution ; Cl sclutirn
29.8 { p) 2 I 18.8 ! 7.1 ~ 7.2 7.1 -~ 7.1 i 7.1 - 7.1 | 7.1 -7.1
31.8 1 2 C g . 26.8 | 6.9 - 7.0 7.0 - 7.1 i 7.0 = 7.1 ;6.9 - 7.0
2.9 . 2 i 6 '1 7.9 { 6.8 7.0 i 6.9 : 7.0
5.9 ] 2 . 8 . 9.9 l 6,6 — 6.7 6.7 - 6.8 ‘ 6.7 = 6.7 } 6.7 - 6.8
7.9 | 5 13 P 112.9 6.3 - 6.4 6.4 - 6.5 | 6.5 - 6.7 | 6.7 - 6.8
9.9 . 5 P18 17.9 | 6.1 - 6.4 6.2 = 6.4 ’ 6.4 — 6.7 1 6.3 = 6.5
10.9 . 5 ; 23 25.9 | 5.2 - 5.7 5.4 = 5.7 ' 6.5 - 6,8 ; 6.5 ~ 6,5
12.9 ! 7 ’ 30 28.9 : 6.2 - 6,5 £.0 - 6.5 : 6.2 - 6,0 | 6.1 - 6.4
14.9 . 10 .40 10.10 5.2 — 5.7 6.1 - 6.3 ! 7.2 - 7.5 ' 6.9 - 7.2
15.9 5 L 45 - | !
16.9 ; 10 P55 ! 1 ;
17.9 20 75 | |
18.9 20 95 ] |
19.9 20 115 : | | ;
20.9 20 135 ! ;
21.9 , 20 155 ! § E
22.9 | 20 175 ‘ , ; i
29,9 20 195 ; ,
pao | os . 200 i | | {
* 3 % !
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relatively small gquantitiecs of ammonium and nitrate were
offered at a time and both nitrogenous compounds were
completely taken up by the plants. Constant pH values
over the whole experimental period were not expected,
because a tendency of the nitrogen free solutions to
change their cH under the influence of the growing plants
had to be reckoned with, On account of this tendency
the possibility that different growth intensities in
different treatments might have led to divergent cH
could not be excluded.

While Hﬁog was applied in small amounts at a LHime
in order to prevent noticeable changes in the ¢H of the
solutions, ammonium was applied in this way mainly in
order to prevent high Nilz - tensions in the solutions. It
is known that high NH§-tensicns can have very harmful
¢ffects on planbs, The BHz - tension in a solution de-
Pends mainly on the ammonium concentration and the ¢H in
the solution. With decreasing pH the NH%-tension in
solutions decreases (MBEVIUS and BNGEL, l@%@}@ As the
prevention ofa@ decrease in the pH of the solutions with
applications of HNOz was considered to be the greater
problem in this experiment, a necutral =zolution was used
which was buffered against the decrease in the pH. In
this way higher Itz - tensions were countered only be means
of small ammonium applications at a time and not by a
high eH, '

Ubservations and Discussicn of pH Values : From about

30 days after the commencement of the experiment, the
Plants with nitrate nutrition grew slightly better than
those with ammonium nutrition, Only slightly higher

pH values {Table 39) in the solutions with ammoniun

than in those with nitrate application were obtained

at that stage. Thereafter the applications of ammonium
Caused s darkening of the colour of the leaves, but not an
sppreciable increszse in the growth intensity. In con-
trast, the applications of nitrate were followed by a
congiderable increzse in the rate of growbth.

A bluish-green colour of the plants supplied with
ammonium was suspected Yo have been caused by a high
Yz - tension in the solution and, accordingly, a high
Snmonia uptake by the plants, Therefors, the nitrogen
Spplications were suspended for a few days to allow the
Plants to consume all the nitrogen coffered. Digtinet
differences between the pH values of the solutions with

the/
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the addition of ammonium and nitrate, determined 38 days
after the experiment had commenced, seemed to prove the
suspilcion of an incomplete uptake of the nitrogen offered
to the plants. These differences between the pH values
disappeared after a few days withoubt an application of
nitrogen. During vhe last experimental period, the
growth was much more vigorous with nitrate than with
ammonium nutritiom;

With nitrate nutrition beth sulphate and chioride
solutions resulted in a similar plant growth. In contrast,
the plants supplied with smmonium showed a betier growth
in the chloride than in the sulphate solution.

Towards the end of the experiment the plants with
apmonium nutrition in combination with the sulphate
solution developed dry leaves and root decay. Discoloured
roots and a few dry leaves wers also observed among the
plants supplied with ammonium in chloride sclutions.

An dnability of the decayed plants supplied with
ammonium to take up the nitrogen offered during the final
periecd of the'experimeﬁt, evidently had an influence on
the pH of the solubilons, determined at the termination of
the experiment. With nitrate nutrition, the final pH of
the chloride solutions were higher than those of the
sulphate solutions. This may indicate a more complete
uptake of nitrate by the plants grown in chloride
solutions shortly before the experiment Terminated.

The plants were not able to use ammonium nitrogen
rag efficiently as nitrate nitrogen. 1t is suspected
that the detrimental effects of ammeonium nitrogen con the
plants can be ascribed to high ammonia tensicons in the
solutions, Temporarily high smmonis tenslons may have
occurred, in spite of the successive applications of
ammonium in small amounts, because the pH values of the
solutions were relatively high.

Results : The results are prescnted in Table 40.
The observations during the last experimental period
are well reflected in the yields. In both chloride
and sulphate solutions much higher plant yields were
obtained with nivrate than with ammonium nutrition.
Hith nitrate nutrition in combination with either
sulvhate or chloride solution similsr herbage, root and
total plant weights were obtained. In contrast,
ammonium nutrition led to slightly higher herbage, root
and total plant welights in combination with chloride
solution/



> TABLE 40 : INFLUENCE COF NITRATE AND ANMMONIUM NUTRITION IN COMBINATION WITH SULFHATE AND CHLORIDE SOLUYLIONS
ON THE GROWTH AND NITROGEN LETABOLILM OF MAILZE
HYDROFONIC EXPERIMENT 2

A e W ' oo : i | .
?ggdﬁgiitjhéﬁifig_g Dry weight, g/vesseliProtein N, % jSoluble N, % .Nitrate N, % | Total N, % | mg N/vessel in
of nutrient solu- | herb., : rovots itotal ,herb. {roots |herb, | rcots Eherb,} roots ! herb. iroots] herb.i roots | total
tion ! f 5 ' : § r i | ; ; i |
=2 ! ; - _ ‘ 3 a ;
1. NOB_ nutrition, ! ¢ ; g : i‘ E i i j
sulphate solution { 9.36 , 1.36 110.7 1.29 il.lO 0.34 '0.31 10,024 {0,000 |1.63 12,41 1153 1 19.2 |172
' i : ! ; : »
[ : ) i' ; ‘ X !. | t
2. NOB" nutrition, i ! i % g | . : :
chloride solution ' 9.69 |1.18 |[10.9 +1.22 [1.25 0.32 }0.34 0.012 |0.000 |1.54 31.59 1149 | 18.8 | 168
! | : : f : ! f ; !
| N 1 . i ! y N
I ’ .| f 3 :
: + . i ' :| ¢ i ; : | i
3. NH4 nutrition, | ! g [ : _ 5 i : : ; E
sulphate solution ; 2.91 10.58 ! 3.5 il.l? 1.33 1.30 0.52 | -~ = ;2547 Il.85 i 72 i 10.7 1 83
i i I i : 4 4 . l
N o = | | , { - |
4. NH4 nutrition, { ; : ; | : ; i i
chloride solution i 4.80 10.83 5.6 i1.33 1.40 1.06 10.76 L - - 1 2.39 i2.l6 i 115 y 17.9 {133
; ; f ! = | | 1 —_—
: : \ : i . : E i ' I v l ‘ ; {
SE | 0.488 : 0.0746 | o.522io.049510.07f.-1ioDO69oi0005745 - 7 - "0,0697'%0.095; 9.66 | 1.39 |10.2
: ; | i t i i i . "\: I' , -
LiD (P=0.05) 1.56 to.2a 11 - .. io.22 0.18 | -~ i - 10,22 10,30 % 31 4.4 0 33
' f i i I ) s ' H ) !

H . — o —— — -t o  —— morra — ——— e )
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solution than in combination with sulphate solution.

With nitrate as nitr@gén source, the nitrate content
of the herbage tended to be slightly higher when the sul-
phate than when the chloride solution was used. Generally,
however, the results with nitrate nutrition do not indi-
cate sny appreciable influence of the kind of solubvion
(805  or CL”) on the content of the differcnt nitrogen
fractions and of Lotal nitrogen. OF interest is the
abgence of nitrate in the roots and its presence in the
herbage.

With smmonium as nitrogen source, the chloride
solution resulted in a lower percentsage soluble nitrogen
in the herbage and a higher percentage soluble nitrogen in
the roots than the sulphate solution. Leaching of solubles
Necompounds from the more decayed roots of the sulphate
gsolution, or ammonium uptake Uup to a later growbth stage
from the chioride solution, may have caused This higher
content of soluble nitrogen of the roots grown in the
chloride scolution.

The plants supplied with ammonium contained more
lnitrogen in both herbage and roots when grown in chloride
than when grown in sulphate solution. A higher nitrogen
uptake from the chloride than from the sulphate soluticn
is thereby indicated. = This may be due mainly to a better
health and higher growth intensity of the plants grown in
chloride solution during the final experimental period.

If the results with nitrate and ammonium nutrition
are compared with regard To the nitrogen fractions, it
becomas evident that the two sources of nitrogen did not
influence the percentage protein nitrogen to any
appraciable extent. The plants supplised with ammonium
contained considerably more soluble nitrogen per unit of
dry matter than the plants supplied with nitrate. The
figures for the herbage show the greatest difference,
The particularly high percentage of soluble nitrogen in
the plant material of the plants supplied with ammoniun
indicates that these plants were unable to convert all
the available nitrogen to protein, Cbvicusly, 2 degree
of ammenia poisoning of the plants had taken place. The
nitrogen taken up seems to have been readily transferred
to the herbage. Possibly the rate of COp assimilation
was also hampered by bthe adverse effocts of an excess-
ive supply of ammonia, caused by the relatively high pH
of the solutions,in spite of the application of ammonium

in/
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in relatively small amounts on successive dates., This,
in turn, may have caused an insufficient carbohydrate
supply for the devoxication of the ammonia taken up by
the plants,

With nitrate nutrition, on the other hand, there was
no difficulty in a conversion of the nitrogen taken up by
the plants. The nitrate nitrogen was well utilized and
the healthy plants were also able to take up more nitrogen
from the solubtlons than the plants supplied with zmmonium,

According to The experimental evidence maize did not
prove to have as comparatively a halophile character as
have some other plant species (Beta, Chenopodium). Nitrate

can accumulatve temporarily in the plant tissue, but is
readily and quantitatively reduced and utilized for the
synthesis of protein. Traces of nitrate nitrogen found
in the herbags probably originsted from nitrate applied
shortly befors the plants were harvested. A tendency
towards a slightly higher nitrate content of the herbage
with sulphate than with chloride sclution may, according
to the final pH of the solutions, be related to a higher
nitrate uptake during the final experimental periocd, and
not to a higher rave of reducticn in the plants grown in
¢chloride solution.

There were no signs of a belter growth in chlorids
than in sulphate solution when the plants were gilven
nitrate, Hith ammonium nutrition. on the other hand, the
thloride scolution led to higher plant yields than the
sulphate solution. This result was, however, obtained at
an advanced degree of decay of the plants. A better
resistance against unfavourable growth conditions, caused
by temporarily high NHz-tensions in the solutions, might
possibly be sttributed to the plants grown in the
chloride solution,

Tt would appaaﬁ risky to make the conclusion that
the favourable effect of chloride in the case of ammon-
ium nutrition can be attributed to the function of
chlopide as a monovalent anion and as an antagonist to
the polyvalent anions in the plant,. In the same way,
the lack of any distinct chloride effeect in the case of
nitrate nutritior c¢annct simply be attributed to the
presence of nitrates in the plants which might have
funetioned ag antagonists to polyvalent anions in the
case of the sulphate solution containing no chlorides,
The general growth conditions with ammonium and nitrate

nutrition daiffered too much to allow such copclusions
which/
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which are based on the sbsence of a chlopide effect with
nitrate nutrition and its presence with ammonium nutrition.

dydroponic Experiment 3,

This experiment served the solution of the sane problems
g5 BXperiment 2. TIn order to avoid harmful NHB—tensicﬂs in
the case of ammeonium nubtrition, a nutrient sclution with =
pigher cH and a tendency towards a stronger increase in the cH
gith advancing growth was used in this experiment. The sulphate
solutilton was similar to that used by SCHMIDT (1955) in experi-
gents with Vicia faba, It contained 5001%3?205 as CaHPOy «
2HhOy 1000 mg KpO as KpSOu, 300mg Cal as Ca80y » 2H20,
200 mg Mgl as MgS0s4 » VEHELC, 300 mg Nay Fo~EDTA  and 5ml Hoag-
land A=-Z solution in 4000 nl solution per vessel. In addition
to this solution, Sthreo solutions were wuscd in which 10, 50
or 90 perccent of zachof the sulphatsg hnad boen  raplaced

py egquivalont amounts of the corr:sponding chlorides.

For the nitrogen nubtrition Hﬁ@g and &H&HGO§ were applied in
combination with each of the four nubrient solutions. Similar-
ly 28 in the previous expsriment, the nitrogenous compounds
gere a2pplied in small amounts on succegsive dates, Four
replicate vessels were. provided per treatment. The dates of
spplication and the guantities of nitrogen applied =2t a time as
well as the pH values determined a2t intervals during the experi-
nental period are presented in Table 41, The experinment
commenced on February 27th, 1961 and was terminated on april
14th, 1961,

Coservations and Discussion of the tH valucs,

The plants generally grew more vigorously than in the
previous experiment, Which nay indicate that‘the nutrient
solution of this experiment was more suibtable to maize
than the prsvious ones. Since the nutrient solutions of
this ewperiment were buffered against an increase in the
¢ to a lesser degree than the previous ones, greater
changes in the pH valdes had to be expescted. The chloride
solutions tended to have slightly higher pH walueg than
the sulphate solutions. DNo distinet treatment effects
ware obhserved dufing the early period of the experiment.
Later the plants supplied with nitrate differed slight-
1y in appesrance when compared with those supplied with
anmonium, The plante supplied with nitrate had slight-
1y thinner stems and were slightly talier than the
plants supplied with ammonium, The latter were slight-
1y darker and greyish-green in colour. In genersl the
differences were very small and it was difficult to

dscide whether nitrate and azmonium nubrition had in-
filuenced,



TABLE 41 : DATES OF aPPLICALION AND AMOUNTS OF NITROGEN 4PrLIED, AND pH VALUES OF NUTRIENT SOLUTIONS DURING

THE EXPERIMENTsL PERIOD OF HYDROPONIC EXFERIMENT 3

Commencement of experiment : 27.2.1961 Rarvest : 14.4,1961
Experimental duration : 46 days

Application of nitrogen | pPH-valiues of solutiocns, range minimum - maximum

mg N per vessel
Dates | at each . cumu-

deter—- -

Date of | ay nitrate nutrition i a1 ammonium nutrition

date | lative | minetion Bouiv. weight SO4 Ti017 in solutions=i Equig. weight §O4j"201" in solutions =

! ! by 100t © by 90: b, 50: ; b, 10: b, 100: | b, 90t | b, 50: , b, 10: ]

: 0% 1 g 250 © 330 . 97g Tio %50 0 390 |

\ ' " ! 3

| f ! . , ! ‘ ; { f

28 2 s 2 d-t i i 28.2 | 5-9" I 509_ ; 5-8"" I 6.,].."" 508— 5»8-’ 5-9"‘ ' 692"" 1

" s ! = , | i :

+0 11—2 d.'d.yli " ) a 6.2 6,0 E 6.0 6.3 r 5.8 5.8 6.3 6.4— E

by - ; « ‘ ' 4 . ' ! : i

15,3 1 °nter—: © 9.3 5.6- | 5.7- 5.9- | 6.3 5.6- 5,8- 6.0- | 6.1~

oovals o5 L 5.8 | 5.8 | 6.0 | 6.4 . 5.8 6.0 1+ 6.2 i 6.4 i

1.6 3 E 5 r_.i.t ‘ ; 20.3 % 4-9_ i 502'“ ; 5-3_ E 5-:8" l 501_ | 5-3— ; 5-8" i 6:0‘— ;
to | 1-2 day | 5.0 5.3 155 | 6.0 155 . 5.6 | 6.0 | 6.2

. _ § : - : : ; . i

30.3 inter- | o 25.3 4.7-  4.9- : 5.1- I 5.4~ 1 4.8- 1 5.2- 5.1~ 0 5.7 \

Vs 85 5.0 bo5.1 0 5.3 5.9 5.1 [ 5.4 5.9 1 6.0 §

31.3 10 at | . 10.4 | 3.6- . 3.4- i 3.9~ ¢ 3.8- 1 3.5= | 3.9- @ 4.2- 4.1~ |

co | 1-3 day ! | 3.9 ] 3.8 la ¢4 a1l |43 15000 f 5.2

' l i | } ; : = :

11.4 |3inter- 3 V) 3 b . 3.5- } 3.9~ i 3.5~ ; 3.6 | 3.9- ; 4.1-. 1 4.2~ ?

vals ; 150 : 3.6 g 3.8 ; 4.3 l 4.5 4,3 | 4.5 P 5.2 P49 ;

' . | { t ! ' i H ! :
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fluenced the growth in a different way, The plants were
harvested earlier than intended becauss nucilage appeared
in some of the solutions where ammonium had been applied.
The roots of the plants concernsd decayed slightly during
the last days of the experimental period.

Hesulte : The results of the third hydroponic experiment
are presented in Table 42,

The water content of the green herbage was determined
in this experiment. it was influenced by both the form
of nitrogen nutrition and the kind of solution. The
solutions containing chlorides resulted in higher water
contents of the herbage than the solution containing
sulphates and no chlorides, An incressed wabter content
became evident when 10% of the sulphates of the sulphate
solution had been replaced by chlorides, Increasing
vortions of chlorides were not followed by a further in-
erease in the water content. A similar influence of
chloride on the water contenbt of plant material was also
found by SCHMALTUSS and REINICKE (15960) in the cage of
Spinacia cleracea, The results obtained with maize

demonstrate the hydrophile cherachter of the ohloride ions
and their contribution to the hydration of the protoplasm
colloids,

The water convent of the green herbage was also
higher with nitrate than with amponium nutrition. This
result, however, may not be ascribed simply to an anion
funeticn of the nitrates similar to éhat of the chlorides,
although an equal growth under all treatments which was
generally obtained, would seem %o allow conclusions on
the nitrate and ammonium effects on the water content of
the plant material. It must be borne in mind that no
nitrates were found in the plant materisl harvested.
Shortly before the date of harvesting, a slight decay of
the roots of tﬁe plants supplied with ammonium was
observed, whiech might have effected a different water
uptake with nitrate when compared with ammonium nutrition.
It appears, therefore, that this experiment does not
allow a conclusion on the influence of nitrate and
ammonium nutrition on the water content of the plant

material.

The herbage, root and total plant weights as well
as the guantity of nitrogen in the herbage and the total
nitrogen uptake from the solutions did not differ appre-
=1iably between the treatments. The treatments affected

only/
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A, N B. Equiv, H 0 in Dry weight, g/vessel| Protein N, % | Soluble N,%+)? Total W, % | mg H/vessel in
applied weight herba o ! ! o » ! : _
as 804:Cl= % 5 ’herb | roots ! total| herb. i roots | herb, y Toots jherb. !roots jherb.;roots: totalg
aHNO, b, 100 ¢+ 0" 83,3 11.0° 1.65: 12.61 0.68 ; 0.92 g 0.32 { 0.47 | 1.00; 1.39 | 110 ' 23, o, 113 §
b, 90 : 10 : 85,6 ' 11,6. 1.93 : 13.5] 0.79 | 0.80} 0.25 | 0.35 | 1.04 ; 1.15 { 121 | 22.2 143 |
by 50 : 50 ; 84,8 *12.2  2.20 ! li..; 0.70 | 0.90 | 0.19 ! 0.29 | 0.89 | 1.19 | 108 | 26.1| 13i
b5 10 : 90 . 842 . 9.8 1.18 ! 11.0; 0.67 | 1.07 | 0.31 ! 0.22 | 0.95 = 1.29 | 96 15.2{ 1i1 !
Vean 84.5 . 11.2 1.74 | 12.9% 0.71 ; 0.92 ' 0.26 | 0.33 ! 0.97 | 1.24 | 109 ° 21.6] 130 |
aNH,HCOy by 100 1 O ¢ 82.2 12.1° 1.86 | 14.00 0.71 | 0.84 , 0.29 | 0.46 | 1.00 ; 1.30 | 121 | 24.2| 145 |
' by 90 : 10 83.8 ' 11,2 2.00{ 13.2: 0.69 ; 0.72 | 0.33 ; 0.48 | 1.02 © 1.20 | 114 | 23.9| 138
by 50 ¢+ 50 0 83.8 ¢ 11.4 1.97 ¢ 13.4. 0.72 1 0.73, 0.29 i 0.53 | 1.01 1 1.26 | 115 ,; 23.9] 140
by 10 : 90 ! 83.2 '11.8  1.73! 13.5° 0.90 { 1.02  0.10 | 0.30 [ 1.00 & 1.32 ! 118 ! 22.8] 141 |
Mean © 83.2 | 11.6  1.89 ' 13.5: 0.76 : 0.83 | 0.25 0.44 } 1.0L | 1.27 ; 117 | 24.0) 141 |
Mean b, 100+ O . 82,8 . 1L.6. 1.76 . 13.3} 0.70 | 0.83 | 0.30 | 0.46 , 1.00 | 1.34 | 136 | 23.6] 139
bl 90 + 10 . 84.7 ' 1l.4 ¢ 1.96: 13.41¢ 0.75 : 0.76 : 0.29 | 0.41 [ 1.04 1.17 f 118 , 23.0] 140
by 50 : 50 . 84,3 - 11.8} 2.08 i 13.9: 0.71 | 0.82 . 0.24 | 0.41 | 0.95 | 1.23 | 112 | 25.51 137
5 10 : 90 ! 83.7 ! 10.8  1.46 | 12.3' 0.78 ' 1.04 ' 0.21 ; 0.26 | 0.99 | 1.30 ' 107 ! 15.0] 126
Mean | 83.8 ; 11.4 1.821 13.2} 0.74 | 0.88 : 0.26 | 0.38 | 0.99°) 1.25 | 133 | 2.28| 136 |
SE A 0,195 ,0.400 ' 0.127 {0,504 ' 0.0174]0.0484{0,0133 0.030210.0196/0.0531{4.28 | 0.88] 4.68 |
B . 0.276 10.565 1 0.179 | 0.712 ! 0.0246(0.0685|0.0187]0.032710.027710.075116.05 | 1.24 | 6.61
AB . 0.391 :0.799 . 0.254 i1.01 | 0.0348;0.0969}0.0265!0.,0604!0.0391{0.106 18,55 | 1.761 9.35
LSD A to.57 - |- | - - - | - jowog | - - - 26 | -
(P=0.05) B 0.B1 | - © =~ & - - - 10,06 {0.13 - - - 1 3.6 -
4B - L - = i - lo.ao - l0.08 :0.18 - - - - -

+) The plants contained

no nitrate
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A, N B. Eyuiv. H 0 in Dry weight, g/vessel| Protein N, % 'Soluble N,%+jf Total N, % i mg N/vessel in
applied weight \ . , _
pgs 504:01= Aher;aée’herb { roots ! total| herb. troots iherb. i roots therb. iroots §herb.§roots; totall
- - ! - . : - b f
agHNO, by 100 : 0 83.3 11.0 1.65: 12.6! 0.68 | 0,92 ' 0.32 1 0.47 ! 1.00; 1.39 ' 110 ¢ 23,0} 113 |
by 90 : 10 : 85.6 ' 11.6, 1.93: 13.5{ 0.79 ; 0,80 ; 0.25 | 0.35 f 1.04 ¢ 1.15 | 121 | 22.2] 143 |
b5 50 1 50 i BA.8 ©12.2° 2.20 % 14.i| 0.70 1 0.90 ! 0.19 ! 0.29 } 0.89 | 1,13 | 108, 26.1| 134
by 10 : 90 84.2 9.6 1.18 ! 11.0; 0.67 | .07 ! 0.31 } 0.22 | 0.98  1.29 ’ 96 ! 15.2( 111
Mean | 84,5 . 11.2  1.74 | 12.90 0.71 | 0.2 1 0.26 | 0.33 | 0.97 | 1.24 ! 109 21.61 130 |
a,NH,HCO, by 100 ¢+ 0 1 82.2 12.1° 1.86 | 14.0] O0.7L | 0.84 , 0.29 | 0.46 | 1.00 . 1,30 | 121 ; 24.2 145
' b; 90 : 10 ; 83.8 ' 11.2. 2,00} 13.2; 0.69 ; 0.72 | 0.33 | 0.48 | 1.02 ° 1,20 ! 114 | 23.9| 138
b2 50 : 50 ¢ 83.8 { 11,4 1.97 1 13.4. 0.72 1 0.73: 0.29 { 0.53 | 1.01 | 1.26 ! 115, 24.9{ 140
by 10 : 90! 83.2 '11.8° 1.73 ! 13.5' 0.90 | 1.02 ' 0.10 | 0.30  1.00 : 1.32 | 118 | 22.8| 141 !
Wean 3.2 | 11.6. 1.89 | 13.5: 0.76 : 0.83 | 0.25 0.4d | 1.01 | 1.27 | 117 | 24,0 141 |
i - : - T . : : i o ]
Mean by 100 : 0 82.8 . 11.6, 1.76 . 13.3( 0.70 | 0.88 | 0.30 | 0.46 ; 1.00 | 1.34 | 116 | 23.6] 139
by 90 ¢ 10 84.7 T 1l.41 1.96 ¢ 13.41 0.75 ; 0.76 | 0.29 | 0.41 | 1.04 | 1.17 | 118 | 23.0| 140
by 50 : 50, 84.3  11.8% 2,081 13.9, 0.71 | 0.82 | 0.24 | 0.41 | 0.95 | 1,23 | 112 | 25.5| 137
5 10 : 90 . 3.7 {10.8 1.46 | 12.3" 0.78 ' 1.04 ' 0.21 | 0.26 ' 0.99 | 1.30 ' 107 : 19, 126
Mean ©83.8 | 1l. iy 28203321 0.7 | 0.88 ;| 0.26 | 0.38 | 0.99 | 1.25 | 113 ; 2.28| 136 |
ST A . 0.195 0.400° 0.127 30.5042 0.017410.04841 0., 0133'0.030210 ,01960.0531{4.28 | 0.88] 4.68 |
B . 0.276 10.565 | 0.179 | 0.712 | 0.024610.0685]0.0187]0.042710.0277|0.075116.05 | 1.24 | 6.61
AB . 0.391 i0.799 - 0.254 i1.01 ! 0.0348,0.0969}0.0265!0.060410.0391{0.106 8.55 | 1.76! 9.35
D A " 0.57 ¢ - - |- - - } - jo.09 | - - - 1 2.6 - ]
P=0.05) B 0.8t | - | - . - - - 0.06 10.13 ! - - - 3.6 -
AB - L - 1 - i - |o.10 - }0.08 0,18 . - - - - -

+) The plants contained

no nitrate
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DECHEASING LaVELS OF SULPILTE IN THE SOLUTLIONs ON 1THE GROWDH,
NITROGEN METABOLISM OF NsIZE

HYDROPOKIC EXPERIMENT 3

WITU ANCREASING LEVELL OF CULORINIG AND
WALER CONTENT OF THE HERB&GE AND THE

A, N B. Equiv, iHQO in SDry weight, g/vessel Protein N, % ‘Soluble N,%Jﬁ)e Total N, % mg N/vessel in
applied weight ' herbase. , , ! L ; ‘
as 804:01= ! % 8% nerd, | roots ! total! herb. :r0cts | herb. irocts jherb. lroots herkt., roots ; total,
;;HNO by 100 ¢+ 0 83,3 T 11.0 0 1.65 12.61 0,68 ' 0.92 : 0.47 | 1,00 i 1,39 ! 110 ' 23,0 113
3 by 90 : 10 : 85.6 ' 11.6, 1.93 . 13.5{ 0.79 ; 0.80 ; .35 | 1.04 1 1.15 ¢ 1211 22,2 143
by 50 : 50, 84.8 12,2 2,201 Ti.i| 0.70 | 0.90 . 0.29 | 0.89 | 1.19 1 108 | 26.11 133
b3 10 ¢ 90 . 84.2 9.8 1.18 ' 11.0: 0.67 | 1.07 ‘! 0.22 | 0.98 | 1.29 96 ! 15.2! 111
Mean | 84,5 . 11i.2  1.74 , 12.91 0.71 | 0.92 0.33 | 0.97 | 1.24 | 109~ 21.6! 130 |
a,NH HCO, by 100 : O i 82,2 12,1 1.86 @ 14.00 0.7L , 0.8% 0.46 | 1.00 . 1,30 | 121 ; 24.2] 145 |
1 by 90 : 10 83.8 0 11.2° 2.00 | 13.2° 0.69 ; 0.72 | 0.48 | 1.02 + 1,20 | 114 | 23.9f 138
by 50 : 50 83.8 : 11.4 1.97 ¢ 13.4. 0.72 ! 0.73 . 0.53 | 1.0L ¢ 1,26 | 115, 24.9| 2140
by 10 : 90 ! 83.2.° 11.8 1.73 - 13.5° 0.90 ¢ 1.02 0.30 ¢ 1.00 . 1.32 | 118 ! 22.8| 141 :
— T ; T | X
Mean ' 83,2 ©11.6 1.89 " 13.5- 0.76 ' 0.83 ] 0.44 § 1,01 § 1.27 , 117§ 24.0; 141 |
. t N : ! : . ! ]
llean by 100 : O 82.8 . 11.6, 1.76 . 13.3. 0.70 ! 0.88 | | 0.46 , 1,00} 1.34 | 116 : 23.6} 139
by 90 : 10 . 84.7 © 11l.4 1! 1,96 © 13.54 0.75 = 0.76 } 0.l | 1.04 | 1.17 ; 118 | 23.01 140
b7 50 3 50 . 84,3 ©11.8: 2.08 ¢ 13.9; 0.71 | 0.82 { 0.41 | 0.95 | 1,23 | 112 | 25.5| 137
by 10 : 90 . 83.7 ©10.8  1.46 ; 12.3° 0,78 ' 1.04 ' i 0.26 ' 0.99 | 1.30 ' 107 i 19.0} 126
Mean 83.8 | 1l.4  1.82 | 13.2} 0.74 | 0.88 : | ©.38 { 0.99} 1.25 | 113, 2.28{ 136 |
SE A ©0.195 ,0.400 0,127 . 0.504 ' 0.,017410.0484] '0.030210.0:96}0.0531i4.28 | 0.88] 4.68
B . 0.276 0,565 10,179 {0.712! 0.0246;0.0685 0.0187]0.042710.0277}0.07516.05 1.24 | 6,61
AB . 0.391 :0.799 0.254 11.01 ! 0.0348;0.0969]0.0265'0.060410.0391{0.106 18.55 | 1.761 9.35
LSD A " 0.57 - - ] - - - 0.09 | - - - | 2.6 -
(P=0.05) B 0.81 - - - - - 10.13 | - - - 3.6 -
AB - - - - 0.10 - 10.18 - - - - -

+) The plants contained no nitrate
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only the quantity of niﬁrogen contained in the roots,
With ammonium nutrition the roots contained more nitrogen
than with nitrate nutrition, Where 90 per cent of the
sulphates had been replaceéd by chloridcs, there was less
nitrogen in the roovs than in the case of the sclution
containing sulphates only or where either 10 or 50 per
cent of the sulphates had been replaced by chlorides.

In the soluticn with the highest chloride content,
the roots contained slightly more protein nitrogen and
slightly less soluble nitrogen per unit of dry matter than
the roots grown in the solutions containing considerable
amounts of sulphates. '

If all the results are considered 1t becomeg evident
that nitrate nubtrition can be substituted by ammoniunm
putrition and that both nitrogen forms can lead to a very
similar growbth response in the case of maize.  Similar
conclusions were made by MEVIUS and ENGEL (1930) and
FPIRSCHLE (19313, Maize can alsoe grow in the absence of
both nitrate and chloride as well zas in the presence of
one or both of these anions. Although an anion function
of chloride wais indicated by an influence on the water
content of the plants, ths results of this experiment do
not prove that chloride is of importance ag a plaﬂt

nubrient for nmaigze.

I1TI. Investigations on the Nitrogen and
Fhosphate Status cof Various Soils.

In the field ecxperiments widely divergent results had
been obtained with the applicabtion of nitrogen fertilizer at
the two experimental sites situated ot Theunissen aznd at
Glen, There had been indicstions that the soil at Glen is
tuch richer in available nitrogén thin the soil at Theunissen.
The results of the field experiments had, however, always been
obtained under different rainfall conditions, so that in the
tomparisons not only the soil had differed, but also the
feather. Consequently, 1t was desiraible to compare the
availability of nitrogen in the soils which had been involved
in the field experiments and of other soils in the vicinity
%y the means of pot and laberzbory experiments.

The approach te these investigetions was influenced by
Tegults of previous investigations on the humus and nitrogen
tontents of cultivated and veld soils of various sites

(SCHMIDT and SCHMIDT, 196%).  These results had indicated
that/
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that greater differences between the humus and nitrogen con-
tents of cultivated and adjacent veld soils existed at 2 - 3% ft,
but not at 0-1ft, soil depth. At 2 -3 %, depth veld =oils
were richer in both humus and nitrogen than the soils under
cultivated lands, The liberation of considerable amounts of
nineral nitrogen in the deep soil layers after ploughing veld
and cultivating annual crop plants was assumed and expiained
by the soil moisture conditions prevailizig under veld and
eultivated lands, after cultivation of wveld, soil moisture is
conserved at a considerable depth during fallowing and the
early growth of annual crop plants, whereas moisture only
rarely pemstrates to the deeper soil layers of veld (Figs. 1
and 2, following p. 7 J.

These indications gave rise to the ides that the nitrogen
status of surface soils does not give 2 proper indication of
the nitrogen status of a whole soil profile and that the con~ |
tribtution of deeper soil layers to the nitrogen nubtrition of
crop plants can be of a greater importance. As a result,
special attention was paid to the question of the contribution
of different soil layers to the nitrogen and phosphate supply
0f plantse.

4, ot Experiment on the Nitroegen z2nd Fhosphate
Status of Solls from Four Sites at Three Depths.

This experiment was designed on the lines of a liitscher-
lieh cxperiment for the determination of plant nutrient cone
tents of soils (PHUN, HERRMANN and KNICKMANN, 1955, p.160),
vhich is mainly used for the nutrients Pp0g and Kpl.  The
Mitscherlich experiment is based on a comparison between the
herbage yields of test plants when one growth fiactor is lack-
ing apd the yields when 2ll growth facbtors are supplied. The
Jields obtained in the first case are expressed as percent-
2ges of those obtained in the second case. If the quantity
of fertilizer applied, the yield and the empirical efficiency
faetor for the respective nutrient are known, the amount of
the investizated nutrient available in the soll can be esti-
Lited by calculation. If the yield obtained when one of
these nmutrients is not applied. is expressed as a percentage
of that when all nutrients are sppliesd, the quantities of
Po05 or of Kp0 availasble in soils can be rcad from existing

tab}«@Sa

For the purpose of this investigztion, it was preferred
%o agsess the relative nitrogen and phosphate status of the
Selils investigated only on the yields obtained without the
*pplication of nitrogen or phosphate fertilizer, expressed as
percentages/
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percentages of those obtsined with addition of K, Polg, K50,
Ca0 and MgO.

In addition to the herbage vislds of the test plants, the
nitrogen and phosphate contents of the herbage were alsc deber-
ained and the nitrogen and phosphate gained by the herbage were
caleulated,

The soils at the depths CO~1, 1 -2 and 2~3%ft,. of the
following sites were included in this investigation i-

1 A land situated adjacent to the plots of the field
experiment 0.GL.54 2t Glen which had been cultivated
for two years and never been supplied with any
fertilizer (Glen, new site).

de A land of the experinental area at Glen which had
been cultivated for about 35 years and had since
1945 been supplied annually with sbout 200 1b. super-
phosphate per morgen (Glen, old sitel.

5> The "Topland" at Glen, which had been under cultiva-~
tion fer about 40 years. According to information
obtained, it had been supplied with superphosphate
at a rate of about 150 1b. per umorgen annually for
% number of years {(Glen, "Topland").

4%  Site I of the farm "Excelsior", Theunissen, which
had been cultivated for more than 35 years and
supplied with superphosphate at a rate of 150 lb.
per mergen about every second year since 1945 -
{Theunissen).

The quantity of fertilizer provided in the case where all
the growth faectors should be supplied was C.5gN as NH4NOx,
0.5g P05 as CaHF0y » 2Hp0, 0O.3g Ep0 as KpSOy, O.lg MgO as
Ug80; « 7HO, and O0.1lg €20 as CaSOy - 2H,O0. per pot per
bkg s0il, ealculzted on a dry soil basis. Three replicate
Pots per ftreatment were provided.

Experimental Dates : The seill woas sampled from malze
lands during the pericd between the 3rd and the 13th of
November, 19&0, and then air dried. The test plant

{two row barley) wis planted on the 4%th of March, 1961,
and harvested on the 4th of May 1961, when the plants of
some of the treatments had reachsd the flowering stage.

Observations ¢ The germination of the seed was slightly
retarded where nitrogen fertilizer had bheen zpplied to

Theunissen soil., However, in gencral, 2 good germina-
tion was achieved. The differences in growth obserwved

during the growbth period, are well shown by the r"jsults
' of
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of the harvest.

The development of the plants was appreciably in-
fluenced by the treatments. With the exception of the
plants grown in surface soil (0-1ft,)from the old site
2t Glen, the development of the plants not supplied with
phosphate fertilizer was strongly retarded. AL harvesting
time these plants had scarcely reached the piping stage,
whereas all obvher plants had reached the flowering sbage.

Results : In Table 43 the dry herbage yields and the
emounts of nitrogen and phosphate contained in the berbage
are presented for all the treatments.

In Table 44 the herbage yields in the absence of
nitrogen fertilizer and those in the absence of phosphate
fertilizer are given as percentages of the respective
vields obbtained with both nitrogen and phosphate fertile
izer applied. In addition, the amounts of nitrogen
gained by the herbage when nitrogen was not appliad and
of phosphate when phosphate was notb applied, are present-
ed 2s percentages of the respective anmounts of nitrogen
ox phosphate tiken up when both nitrogen and phosphate
fertilizer were applied.

The herbage yields obtained from the wvarious soils
With complete fertilization were generally high znd did
not differ much, The highest yields were obtained on
the soils from the pew site 26 Glen and the lowest from
the soils of the site at Theunissen. It is regarded as
possible that 0.5g% was not sufficient to ensure the
maximun yield in the cazse of 211 the soils. Therefore,
the yields obtained with the addition of 2ll the nu -~
trients could have been influenced by differences in the
amounts of soil nitrogen available to the plants. The
same does not seecm to apply to phosphate, since similar
herbzge yields were cbbtained with conplete fertilization
in soils where widely differing contents of available
phosphate were indicated by the herbage ylelds obtained
without the application of phosphata‘fertilizar@ The
choice of the optimal nitrogen supply appears to be
problenatical. Owing to z low efficiency factor of
nitrogen {"Wirkungsfakbor" sccording o MITSCHERLICH),

a relatively large amount of nitrogen fertilizer would
be necessary for maxinun yields, However, danage to
the plants can easily occur when all the nitrogen is
given at the s3ne time 2nd at 2 relatively high con-
centration in 3 pot experiment with a short growth
period/



TABLE 43

NITROGEN AND FPHOSPHATE STATUS OF SO0ILS AS INDICATED BY A POT EXPERIMENT WwITH
BARLEY A8 TEST PLANT

SR UV —

| :
| L . 'S0il | Dry herbage yield, g/pot Nltrooen in herbage, ng N/potl Phosphate in herbage, mg P205/pot
Fertilizer ;o %y [ Glen, “Glen, G18W, “Theus ,” '~ ""TGiGH]GISH, Gled) hhens, T ELEN,” TETeE, T Glen; T THeUS" |
treatment L ft. 1 new old "Top- nis- ;| Mean : new cld "Top- nis—;Mean: new ocld "Top- nis- |Mean \
- ! land  land  langa" sen land land land" sen § ; land land land" sen i i
- : T : 1 } . ! 1
| O-1 | 7.63  6.34 7.35 6.08, 6.86: 61 45 46 49 : 50 | 73.2° 57.6 64.6 69.6 | 66,2
No 1 1-2 : 8.11 4.69 7.00 2.98; 5.70{ 62 37 61 28 ' 47 . 57.6 46,5 34.8 30.5 | 42.4 ]
nitrogen { 2-3 ©11.60 4.46  4.70 2.25 5.75. 90 30 36 23 7 45 ; 49.8 26,5 26.7 21.6 | 31.2
applied ; ' : + : i
PE | Mean 9.13 5.16 6.35 3.77: 6,100 71 37 48 33 . 47 | 60.2 43.5 42.0 40.6 | 46.6
+ ! : ! !
L l0-1  4.06 23.47 4.81 6.27 9,65 172 267 197 199 209 ! 10.1  98.8 12.6 12.8 ; 33.6
! TWo L 1-2 2.25 2.64 1.79 1.29 1.99. 106 107 71 60 ; 86 4.2 4.8 3.0 2.8 ' 3.7
tphosphate '2-3 . 2.44 2,560 1.44 1.30° 1.94, 113 100 57 57 1 82 : 4.8 4.1 2.3 2.7 ¢ 3.5
; applied k § ‘ | : ) 5 !
| | Mean, 2.92 9.56 2,68 2.95 % 4,53' 130 158 108 105 (126 1 6.4  35.9 6.0 6.1 | 13.6
! : ' . i
: ; ! ' ; - ? l ! :
' Nitrogen . 0-1 26.04 24.24 24,13 20.57 '23.74° 304 264 301 298 {262 ! 153,1 231.8 132.5 153.8 f167 8 i
+and 1-2 26,07 23.26 20,39 19,17 22.22. 329 272 314 295 302 i 1i24.4 112.8 7?.9 84.6 | 99.7
, phosphate - 2=3 528.83 24 .30 22.17 20.32 123.90! 303 257 2395 296 ;288 l 120.5 137.8 83.2 5.2 {105.4
. applied ; ; = ; E
i [ Mean : 26.98 23,93 22.23 20,02 i23,2 ! 31z 264 303 296 g294 ! 132.7 160.8 99.2 104.5 124.3




TABLE 44: NITROGEN AND PHOSPHATE STATUS OF SQOILS AS INDI-
CATED BY HiRBAGE YIELDS, NITROGEN OR PHOSPHATE

"UPTAKS

WHEN EITHER NITROGEN OR PHOSPHATE WERE

NOT AFFLIED, ZXPRESSED AS PERCENTAGIS OF THOSE
WHEN BOTH NITROGEN AND PHOSPHATZ WiRE APPLIED

POT EXPERIMENT WITH BARLEY AS TEST PLANT

Origin of soils
]
Soil | Glen, Glen, Glen, Theuy-
depth, new old "Top~ nis- } Hean
Tt. land land land" sen :
Dry material 0-1 1 30 28 30 30 29
when no N 1-2 31 20 34 16 26
applied as % 2-3 40 18 21 11 24
of that when !
N applied i
k.ean 34 22 29 19 ¢ 26
N gain 0-1 20 17 15 16 17
when no N 1-2 19 14 19 9 16
applied as % 2-3 30 12 1 8 1
of that when
N applied
Mean 23 14 16 11 i 16
Ury material 0-1 16 o7 20 30 n
‘when 1o Po0g 1-2 9 11 9 7 9
applied as % 2=3 8 11 6 8
of that when
P205 applied
Mean 11 40 12 15 19
2,05 gain 0-1 7 43 10 g 20
when no P205 1-2 3 4 4 3 4
. 2~3 4 3 3 4 3
applied as %
of that when ——
P05 applied Mean 5 22 6 6 11
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period of the test plant. The slightly retarded germina-—
tion of the seed observed in the case of the Theunissen
soil, seens Yo indicate that 0.5gN was a relatively heavy
application when applied at planting time.

The herbage yields and the zmounts of phosphate taken
up in the absence of phosphate fertilizer indicated con-
slderable differences in the phosphate status of the scils.
By far the highest amount of phosphate was available in the
surface soil (0~ 1 ft.) from the old site at Glen. The
subgoil from this site contained much less available phog-
phate, and the figures for the phosphate uptake from the
soeil from the two layers at 1 -2 and 2~ 3ft, depths were.
similar to those of the soils sampled at corresponding
depths from the other sites. According to the evidence
obtained, the surface soil layer (0 -1 ft.) at each site
contained more available phosphate than the deeper scil
layers (1 -2 and 2-3%ft.). The subsoils from the "Top-
land® at Glen and from the experimental site at Theunisscn
were particularly poor in available phosphate.

The herbage ylelds and the amounts of nitrogen in the
herbage cobiained without nitrogen fertilizer indicated con-
siderable differences in the nitrogen status of the soils.
The results obtained with soils from the new site at Glen
show that the amount of available nitrogen in the soil
wasg considerably higher at 2 -3 ft., thar at both O0-1 and
1-2ft, depths. In the soil from the old site at Glen,
however, the available nitrogen decreased with increasing
depth. In the cise of the "Topland® at (Glen, the soil
from the layer at 1 -2 ft. depth contained more available
nitrogen than that from the layers at both 0~1 and
2% ft, depths. The surface soll from Theunissen con-
tained similar asmounts of available nitrogen as the sur-
face solls from the ol1d site at Glen z2nd from the "Top-
land™, The two subscoil layers at Theunissen were poarsr
in availsble nitrogen than any of the other investigated

gsubsoils.

The phosphate and nitrogen status of the different
soils is alsc clearly reflected in the yields obitained
without nitrogen or phosphate fertiliszer, sxpressed as
percentages of the respective yields with the application
of both nitrogen and phosphate (Tz2ble 44), These
figures also indicate a fairly similar supply of avail-
able nitrogen in the surface scils from the four sites.
In contrast to the surfzce sclils, the nitrogen avallable

in the subsoils differsd largely.
According/
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According to all these results the nitrogen status of
the surface soil does not necessarily give a true indica-
tion of the nitrogen supply available to a crop grown in
the land. An investigation of both surface and subsoil
is necessary when inférmation on the amount of nitrogen
available to a crop is required. The reason for the rela-
tively high amount of available nitrogen in the soil from
the 2 -3 {4, soil layer of the newly established land at
Glen is not seen in a translocation of mineral nitrogen
through percolation, bub rather in a particularly strong
mineralization of soil organic matber in this specific
layer.

At O - 3 ft. depth, the average supply of available
nitrogen was highest in the scil of the new site at Glen
and lewest at Theundissen. The nitrogen supply in the old
land at Glen approached that of the Theunissen site and the
nitrogen status of the "Topland" soil was close to that of
the soil of the new site at Glen.

‘The difference between the nitrogen status of the
soils from the o0ld and new sites at Glen neither found its
expression in the nitrogen conpoesition of the harvested
material nor in the nitrogen uptake in field -ygreriments
with maize during the 1960/61 season, (Table 31, following
p.80 ). The nitrogen available in the soil of the old
site at Glen probably ensured an adequate nitrogen supply
to the plants and the larger smounts Of nitrogen available
in the so0il of the new site could, on account of drought,
net be used to a correspondingly incresased extent in the
field experiments. it must also be borne in mind that
so0il layers deeper than 3 {ft. might have been of impor-
tence to the nitrogen nutrition of The crop.

When the nitrogen status of the soils from all the
sites 1s considered, it becomes evident that the number
of years a soil has been cultivated does not necegsarily
determine the amount of available nitrogen in a soil. In
this respect, natural differences between the soils can
be of greater importance than the number cof years under
cultivation., This also found its expression in previous
investigations (SCEMIDT and SCHMIDT, 196%). The humus
and nitrogen contents of veld soils at Theunissen proved
to be considerably lower than those of veld soils at
Glen, and the amounts of mineral nitrogen estimated to
have been libersted during the pericd of cultivation
were particularly low only in fthe case of the Theunissen

experimental site.
As/
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As regards the phosphate supply, the results from the
soil of the new site at Glen are of special interest inso-
far as this soil had never been supplied with phosphate
fertilizer, The surface soil contained more available
phosphorus than the subsoil. Since this site was fenced
off and not grazed for many years, the residues from the
vegetation had not been removed. An improvement of the
phospha%e content of the surface soil could thus have taken
place. According to the information obtained, all the
other soils had been fairly regularly fertilized with
superphosphate. The results, however, suggest that phos-
phate fertilizer had been applied regularly only in the
case of the old site at Glen, where the cultivation measures
were well supervised. Without the application of phos-
Phate fertilizer to the surface soil from the o0ld site at
Glen, the herbage yield was 97 per cent, and the quantity
of P205 taken up 4% per cent of the respective yield or
phosphate uptake obtained with the application of both
nitrogen and phosphate fertilizer. A good phosphate
status of this particular soil was thereby indicated.

This demonstrates that a regular application of phos-
phate fertilizer leads to an enrichment of asvzilable
phosphorus in the soil. Generally, however, the phos-
phate content of the farm soils has not been enriched by
regular applications of fertilizer, as it has been
the practice prevailing under better moisture conditions,
€.Z. in Central Burope. There, phosphate fertilizer is
mainly applied in order to improve the phosphate status of
the so0il or to maintain it at a high level, and not so
much to provide only the following crop with sufficient
phosphate (SELKE, 1955, p.201). 1In the area under con-
sideration in this thesis, a yield response to phosphate
fertilizer does not often occur owing to the dry condi-
tions and the small plant population per soil surface
unit, in spite of an extremely low phosphorus content of
the soil. Therefore, it appears dubious whether a
general and substantial improvement of the phosphate
status of the soils would be economically justified.

The results obtained with the soils from the three
layers of the 0l1d land at Glen clearly demonstrate the
well known fact that phosphate does not move in the soil
to any appreciable extent. In spite of a particularly
high phosphate content of the surface soil layer,  the

subsoil was poor in phosphate.
With/
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With regard to the interpretation of the nitrogen or
phosphate status of the soils, the nitrogen uptake obtained
without an application of phosphate fertilizer and the
phosphate uptake where nitrogen fertilizer had not been
applied (Table 43), are not of any significance. If these
figures are compared with those obtained with the applica-
tion of both nitrogen and phosphate fertilizer, it becomes
evident to what extent the nitrogen uptake may be hampered
by a shortage of phosphate and the phosphate uptake also be
decreased if there is a lack of nitrogen. This depressive
action of a deficiency of one nutrient on the uptake of
the other may be explained by an influence of the defi-
ciency on the growth, the root development and the root
activity in the absorption of nutrients. For the same
reasons, OLSON and DREIER (1956) found nitrogen to be a
key factor in phosphorus efficiency.

It is probable that the uptake of a nutrient from
the soll i1s decreased not only when another nutrient is
deficient, but also when the same nutrient is available in
an inadeguate amount. The growth of the plant 1is also
retarded in this case and a full use of the available
amount of the nutrient concerned is not possible. In this
respect it is of interest that several scientists found an
increased use of soil phosphorus when an increase in yields
took piace as a response to the application of phosphate
fertilizer (STRZEMIENSKI, 1948, and MATTINGLY, 1957).
For these reasons it is probable that field and pot
experinments overstate nutrient deficiencles.

Determination of the Mineral Nitrogen Content of the

Soils and Soil Incubation Test.

The nitrogen uptake in the pot experiment was influenced

'y the amounts of nitrogen available in the soils previous to
lanting, as well as by the amounts which became available to
‘e plants during the growth period. It was of particular
lnterest to determine whether the mineral nitrogen present in
‘he goils previous to planting, or that liberated in the soils
iux‘ing the experimental period, had the greater effect on

ke nitrogen uptéke of the test plant in the pot experiment.
t was assumed that different amounts of mineral nitrogen,
‘ceumulated in the different soils, had been of considerable
‘mportance for the results of the pot experiment, since an
‘Dpreciable accumulation of mineral nitrogen could be assumed
Y the deeper soil layers of the newly established land. This
ag indicated by the results of both the pot experiment and a

previous/
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With regard to the interpretation of the nitrogen or
rhosphate status of the soils, the nitrogen uptake obbained
wilthout an application of phosphate fertilizer and the
rhosphate uptake where nitrogen fertilizer had not been
applied (Table 4%), are not of any significance. If these
figures are compared with those obtained with the applica-
tion of both nibtrogen and phosphate fertilizer, it becomes
evident to what extent the nitrogen uptake may be hampered
by a shortage of phosphate and the phosphate uptake also be
decreagsed 1f there is a lack of nitrogen. This depressive
action of a deficiency of cone nubrient on the uptake of
the other may be explained by an influence of the defi-
ciency on the growth, the rooht development and the To0t
activity in the absorption of nutrients. For the same
reasons, COLSON and DREIER (1956) found nitrogen to be a
key factor in phosphorus efficiency.

It is preobable that the uptake of a matrient from
the soil is decreased not only when apnother nubrient is
deficient, but also when the same nutrient is available in
an inadeguate anount. The growth of the plant is also
-retarded in this case and a full use of the avallable
amount of the nutrient concerned is notb possible. In this
respect it is of dinterest that several scientists found an
increased use of so0il phosphorus when an increase in yields
took place as @ response to the application of phosphate
fertilizer (STEZEMIE%SKI, 1948, and MATTINGLY, 1957}.
For these reasons it is probable that fiel@ and pot
experiments overstate nubrient deficienciles.

b, Determination of the Mineral Nitrogen Content of the
Soils and Soil Incubation Test.

The nitrogen uptake in the pet experiment was influenced
% the amounts of nitrogen available in the soils previous %o
blanting, as well as by the amounts which became available to
‘he plants during the growth period, It was of particular
interest to determine whether the mineral pibrogen present in
‘he gsoils previous %o planting, or that liberated in the soils
miing the experimental period, had the greater effect on
‘he nitregen upbtake of the test plant in the pot experiment.
't was assumed that different amounts of mineral nitrogen,
Ceumulated in the different soils, had been of considerable
Jdfportance for the results of the pot experiment, since an
ppreciable accumulation of mineral nitrogen could be assumed
‘L the deeper soil layers of the newly established land. This

‘as indicated by the results of both the pot experiment and a
previous/
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previous soil investigation (SCEMIDT and SCHMIDT, 1963).

The mineral nitrogen contents of soils may be influenced
by the weather conditions prevalling previous %o sampling
(BAUMANN and SCHERDEL, 1952 .and BAUMANN and MAASS, 1957). An
effort was made to secure fairly similar initial conditions by
sampling during & short period and from lands having been gim-
ilarly treated before sampling.

The mineral nitrogen conbents of the same soils as used in
the pot experiment and the liberation of mineral nitrogen in
thegse soils during incubation under controlled conditions were
investigated,

The liberation of mineral nitrogen in & soil during incubs-
tion was given by the difference between the mineral nitrigen
contents of samples previocus to and after incubation. This method
of determining the liberation rate of mineral nitrogen wasg
preferred to methods involving leaching of the soils previous to
incubation and determining the mineral nitrogen after incubation
only, asg applied by STANFORD and HAWWAY (1955), HANWAY and
DUMENTL (1955), MUNSON and STANFORD (1955), and LENHARD
(1957). It was suspected that leaching might influence the
tbility of the soils to liberabte mireral nitrogen. The deter-
nination of both nitrate and ammonium would have required leach-
ing with a salt solution. The soils differed considerably in
textures and it was not possible to prevent clay from passing
through a nunber of filters used when some of the soils were
leached with distilled water. Colourless filtrates were ob-
tainad in these cases only when the scils had been shaken up
7ith KA1(S0,), or EKCl-solutions.

HARMSEN and LINDENBERG (1949) extracted the mineral nitro-
en from the soils by growing a fast growing crop previous Ho
Leubation, In the experiment ¢f this Thesis, a relatively
oW rate of liberation of mineral nitrogen was expected in the
0lls, and the growbth and root development of the plants grown
L the various soils differed visibly (observations after
larvesting the pot experiment). An incomplete removal of
0% materisl from bthe soils would have influenced the libera-
lon of mineral nitrogen in the soils. Owing, to considerable
ifferences in soil btexburs, especially between the solls from
ifferent depths, it was regarded as improbable that the roots
ould be removed to a similar exbtent from all secils.

Hesults : The results of the soil analyses and the
differences between the ammonium, nitrate and total
mineral nitrogen contents of the soils previous to and
after incubation for 7, 14 and 21 days are presented

in/
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in Table 45,

In order to determine relationships existing between
the results of the pot experiment (Table 43, following
P.110) and the soil analyses presented in Table 45, a num-
ber of correlation coefficients were calculated. The level
of significance in all cases amounted to r = 0.708 at
P = 0.01(**) and r = 0.576 at P = 0.05(*),

As expected, there was a close correlation (r=0.861+%)
between the total mineral nitrogen contents of the soils
(Table 45) and the smounts of nitrogen btaken up by bhe
herbage in the pot experiment (Table 43). The nitrate
contents of the soils previous to incubation were also
closely correlated with the nitrogen uptake (r = 0.856%++),
but not the ammonium contents (r = 0.489). The nitrdgen
uptake in the pot experiment (Table 43) was neither '
correlated with the total C and N contents of the soils
(r = 0.404 and 0,318 respectively), nor with the ¢ : N
ratio (r = 0.463), nor with the increase in mineral nitro-
gen during incubation for 21 days (EHX ¢ v = -0,336;

NOZ : T = 0.206 and NH,-Nplus NO3~N : r = 0.011).

These figures suggest that the nitrogen uptake in the pob
experiment had been determined nearly éexclusively by the
mineral nitrogen contents of the soils previous to plant-
ing, but not by the nitrogen liberated in the soils
during the vegetation period.

The ¢ and N contents of the soils and the C : N
ratio were not distinetly correlated with either the
total mineral nitrogen contents (r = 0.426, 0.354 and
0.480 respectively), or with the liberation of mineral
nitrogen during 21 days of incubation (r = 0.453%, 0.3%90
and O.443 respectively). The C and N contents of the
soils and the C : N ratic were also not distinctly
correlated with either the NHi or N0z contents of the
soils (NHE : r = 0.257, 0.201 and 0.258, and NO3 :

r = 0,415, 0,352 and 0.485 respectively). The higher
the ¢ and N contents ¢f the scils and the wider the
¢ : N ratio, the stronger was the nitrification of
ammonium durine incubation, This found its expression
in a negative correlation of the C contents and the .
¢ ¢« N ratio with the increase in szmmonium during incu-
bation for 21 days (r = -0.647 % and -0.669%*)and a
positive correlation for G, N and € : N with the increase
in the NOF contents during incubation (r=0.781%",
0.674% and 0,783*%* respectively). The ammonium contents
of/



TABLE 45: CARBON,

TOTAL

NITROGEN AND MINERAL NITROGEN CONTENTS OF SOILS AND LIBERATION OF MINERAL NITROGEN

DURING 7, 14 aND 21 DAYS OF INCUBATION

-~

‘Minerzl W, ppm.,

.before 1ncubatlon

l
t
i
|

Hineral N,

ppm., dilference after 7,

of incubation

14 and 21 deys

! . ¢ [ o i

Exp. depth C, | - E, C.N . 7 da;ys} 14 days 21 days _
slte £t % ¢ ratio " o + ! + _ 4 ~ ;
. NH, T NOyT Tot. , HH,T KNOyT  Tot. NH," . NO,” | Tot. NH, NOJT, Tot. |

: £ : ' %

Glen, | O-1 0.54. 0.056- 9.6  10.1' 6.2 '16.3  =0.1  44.7 - +4.6 - -1.1 +10.2. +9.1  +0.3 +8.2- +8.5 !
new 1-2 - 0.50: 0,057 8.8 13,3+ 5,6 :18.9 -2.9: ~0.4  =3.3 +0.5 + l.6i +2.1 +2.7, +rl.4, +4,1
land 2=3 I 0.32: 0.043 T.4 9.8713.6 123.4 0.0F =3.3 ] =3.3 +1.6 -~ 0.6_ +1.C +2.0 - -0.7 +1.3 |
Mean ~ 0.451 0,052 8.7 | 11.1° 8.5 {19.6  =1.0° +0.3:=0.7  +0.3  +3.7{+3.8  +1.7 +3.00 +4.7

Glen, 0-1 0.50% 0.054 9.3 : 8.2° 6.6 14.8 ' +0.2° +6.4 - +6,6 = =0.2 +6.7: +6.5 . -0.2 +5.4} +5.2 |
old L 0,38+ 0.047 8.1 ' 7.2 3.6 :10.8 . +3.7 +0.8 +4.5 +3.4 . +0.2 +3.6 . +3,8, +O.6j +4 .4
land | 2=3 0.33° 0,048 6.9 6.5 4.2 {10.7 | +4.31 ~0.5i+3.8 | 4.9 1.2 +6.1 ; +3.1: -0.2: +2.9 |
}" Mean | 0.40? 0.050 3.0 7.3 4.8 (12,1 . +2.7| 42,2 1 45.0 | +2.7, +2.7 +5.4 ; +2.2 +1.9§ +4.2 |

: B ‘ : | , ; ! .

Glen, | 0-1 ., 0.48! 0.055 8.7  10.0 9.0 119.0 | 40,6 42.8 1434 -+l 310 445, 4110 +d, 7. +5.8
Nop— 1-2 © 0,40; 0.049. 8,2 - 13.1.10.9 ;24.0 ' -5,1! ~0.7:-5,8 ; -0.3. -1.5: ~1.8 | +1.6 =0,1' +1.5 |
land" 2-3 | 0.21! 0.039 5.4 | 5.0| 1.3 |10.3 +3.6 +1.1 [ +5.7 | +4.3. +0.5 +4.8 | +5.5 -0.5 +5.0 |
| Mean | 0.36] 0.048 7.5 : 10.7' 7.1 |17.8 00 w11 411 | +1.8 +0.70+2.5 | +2.7) +1, e i

1 ' ’ : I ' i ! ' i : t :

0-1 o.37! 0.046 8.0 1 10.0% 5,0 {15.0 | +1.41 ~0.8 . +0.6 | +4.6 0.0 +4.6 ; +5.0) +4.4: +9.4

Theu- ~ 1-2 | 0.32! 0.047:6.,8 @ 8.1 2,6 110.7 ! -0.1; -0.4 ' ~0,5 | +4.5 ' =0.8 +3.7 ' +3.9! -0.9: +3.0 |
nissen i 2-3 0.22; 0,036' 6,1 , 10.6. 1.2 i11.8 + =3.5{ -0.4 -3.9 +1.2, +0.30+1.5 | +2.1. -0.3, +1.8 |
: . 1 i f . , ; f , : | i : 1

Mean | 0.30: 7.0 i 9.6! 2.9 ;12.5 C o =0.,71 =0.5 , -1.3 3.4, =0.20 +3.3 7 43,70 +1.1: 44T

0.043 .
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of the soils previous to incubabion hzad no pronounced ine
fluence on the increase in the nibtrabte contents of the
sells during 21 days of incubstion {(r = 0.050). |

The amounts of mineral nitrogen (Eﬁf plus ﬁ@%ﬂmﬁ}
found in the soils previocus %o incubation were generally
Low, Caleulated per morgen, the quantity of mineral
nitrogen which was present at ¢ -3% ft, soil depth would,
however, be comsiderably larger than the maxinmum quantity
of nitrogen taken up by maige from the soil under dry-
land conditions during a season. Theoretically, the ,
nitrogen uptake by maize plants could thus have been fully
covered by the mineral nitrogsn present in the soils at
the time of sampling and, in addition, a considerabls
amount of mineral nitrogen could have been left for
subsgequent crops.

After incubation for 7 and 14 days, some soils cone
tained less mineral nitrogen than previous to incubation,
After 21 days of incubation sither sbout equal or higher
amounts of mineral nitrogen were found in the scoils than
before incubation. Several authors pointed out that the
mineral nitrogen, accupulated in solls after incubation,
doss not represent all the nitrogen mineralized, - De-
composition of organic matbter is accompanied by a bullding
up of the microbe population, which fixes a portion of the
nitrogen mineralized, ZOTTL (1958, 1960a and 1960c¢)
distinguished between the total mineralization of rpitrogen
and the net minsralization, Only the latter is determined
by soil incubation tests. The net mineralization of
nitrogen was negative in somes of the soils after a rela-~
tively short period of incubation, especially in the soil
from the subsoll layers of the npew give at Glen, the soil
from the 1 -2 %, soil laver..of the "Topland" at Glen and
the soil from the 2«3 {%., layer of the experimental site
at Theunissen. In most of these casss the net mineral-
ization of nitrogen becane either about zerc or positilve
after 14 days of incubatlon.

Ap appreciable increase in nitrate contents after
ineubation was limited to the soils from the surface scil
layers (0 -~11t.}., The increase in the ammonium contents,
on the obher hand, btended to be more pronounced in the
subsoils than in the surface soils. This suggests that
the nitrification of ammonium was rebtarded in the sub-
spils. In contrast o fthe subsocolils, the apmonium in the
surface soils was readily converted bo nitrate mitr@ggn@

Considerable/
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Considerable differences between the rate of libera-
tion of mineral nltrogen were determined in the soils
sampled at different depths from each site. The average
amount of nitrogen liberated in the soils from the four
sites (0~ 3 ft, depth) during 21 days of incubation aid
net differ appreciably. The incubatbtion test thus failed
to indicate the differences between the nitrogen status of
the solls of the experimental sites at Glen and Theunissen
as found in the field experiments.

The subsoll of the new site at Glen which proved to
be particularly rich in mineral nitrogen previous to in-
cubation, showed only a slight increase in mineral nitro-
gen after 21 days of incubation. It is regarded as
pesgsible that a portion of the minsral nitrogen was Fixed
bioclogically after a short period of incubation {7 and 14
daya} and relessed to only a slight extent after 21 days
of incubation, The surface scil from Theunissen gained =
considerable amount of mineral nitrogen during incubation.
Experience, not cited in this thesis, suggested that the
nitrogen status of the soil at Theunissen also decreased
preonouncedly from the seil surface 4o only 1 ft, depth.
Possibly the surface soil is of minor importance for the
nitrogen supply to crop plants, since it remains dry

during extended periods.

It appezrs that the amounts of minsral niftrogen
available 1in the soils were very important for the
nitrogen supply to maize and determined The nitrogen
fertilizer requirement of the wvarious solls t0 @ con-
siderable extent. Under the proevailing climatic con-
ditions which rarely allow a thorcugh leaching of the
soils and require that a relatively large amount of soil
is available per plant, the aount of mineral nitrogen
available in the soil may be of considerably greater
importance for the nitrogen supply to plants than the
amount of mincral nitrogen releasad from the soil organic
matter during the growth pariod. This conclusion may
apply mainly to soils which have been cultivated for only
a relatively short period and have accumulated certain
amounts of mineral nitrogen during the period when the
higher humus level of the uncultivated soill decreased
due to changed conditionsaffer cultivation.

P. FIHAL DISCUBSION...../
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¥, PINAL DISCUSSION AND  CONCLUSTONS.

The Nitrozen Statug of Some Central Orange Free Shate
Scils and thae Total Nitrogen Requirement of Drviand
Malzo.

The nitrogen status of the soils should be considered
in conjunction with the dynamics of The formation and
decomposition of soll organic mabber, which, apart from
fertilizer nitrogen and nitrogen fixed by legumes,
represents the main source of nitrogen for the nutrition
of plants.

The +to0tal humus and nitrogen contents of both un-
cultivated and cultivated QOrange Free State soils are low,
This applies to both lighter and to heavier soils. The
reasons mey be sparse vegebation under the relabvively dry
candibions and the rapid deceomposition of soll organic
mather on account of high ftemperatures during The greater
part ¢f bhe year.

1t can be assumed thalb fairly constant conditions for
the formation and decomposition of soil organic matber
during an extended period,have led Yo the adjustment of
certain hupus and nitregen levels in uncultivated soils
which are typilcal of the climate and ¥he type of soil.
ATIISON (1957) stbated that the nitrogen content of virgin
s0ils is “stabilized". In this connection the comments
on humus and climate made by WELTE (1949) nay also be
referred to.

The cultivation of a virgin soll ususlly bringg about
g considerable decrease ipn the soil orgapic mabtier and
nitrogen contents (THERON, 1961, and others). This
became evidend in investigations on The organic matier
and pitrogen contents of cultivated and veld soils
sampled near the experimental areas of the malze experi-
ments (SCHMIDT and SCHMIDT, 1963), The results of
these invesbigabionsg are vaspeeial interest as they are
complementary te the investigations cited here. It was
found that the soil organic matter content at O -11t,
depth differed relatively slightly between veld and
ecultivated soils in various sites at Glen and Theunissen,
whoreas eultivated soils contained considerably less
organic matter at 2=-4%1ft. depth. This phenomenon was
explained in conjunction with the results of the soil
moisture studies cited before (Figs., L and 2, following
Te 7 Tn veld, favourable conditions for the main-

repance of a relabively high orgenic mabber content can
va/
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be expected in soil layers below 18 in.. Occasional
moisture penetration to these soil layers during the rainy
season 1s followed by rapid moisture consumption, so that
the moisturce content at 18 - 36 in, is seldom above the
permanent-wilting parcentage. The decomposition of root
material buil{ up after occasional moisbure penetration
may be prevented by the subsequent drought. When veld is
ploughed for the production of annual crop plants,

moisture penetrates and is conserved in deep soil layers
during the periods of fallowing and the ezrly growth of
the plantg. As a result, the soll organic matter conbent in
these layers decreases and considerasble amounts of mineral
nitrogen are liberated at an appreciable soil depth within
a few years after the first cultivation (SCHEIDT and |
SCHMIDT, 196%). ‘

1f this is borne in nmind, it becomes evident that the
number of years 4 soil has been under cultivation may be
of considerabie'importance for the availability of nitro-
gen to crop plants. The soils referred %o in this thesis
had been under cultivation for either relatively long
(batween 35 and 40 years) or short periods (two to six
years). The soil of the experimental site at Theun-
issen had been under cultivation for more than 35 years.
AT Glen, an effort was mads $H0 compars the nitrogsn status
of soils which had been under cultivetion for different
periods (2 years and more, and about 35 and 40 years).

The evidence revesaled by the pet experiment on the
nitrogen status of the soils sampled at 0 =34, depth from
thres sites atv Glen and from the experimental area at
Theunissen, indicated that the soil at Theunissen was
poorer in available nitrogen than the soils at Glen,
However, the average mineral nitrogen content (ammonium
plus nitrate nitrogen) of thé soils at O -3 £t, depth,
was as low in the o0ld land a2t Glen as in the experimental
site at Theunissen. It is assumed that the analytical
determination of ammonium in the socils was complicated
by differences in soil texture, in that the degree of
gxtraction of ammonium depende& ¢n the clay content. The
assessment of the nitrogen status of the soils will,
therefore, be based mainly on the results of the pot
experiment. The nitrogen uptake in the pot experiment
was positively correlated with the mineral nitrogen con-

toents of the soils.

The deep soil layers (2-3 ft%.) of the various sites
showed/
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showed the largest differences in nitrogen status, while the
soils at O -1 6, depth 4id not differ much in available
nitrogen. The influence of the pericd of cultivation of
the soils from the various sites was reflected mainly in the
nitrogen status of deep soll lavers. The investigations
indicated a particularly high content of mineral nitrogen in
the soil of the newly established land at Glen at 2-3ft,
depth. This particular soll layer contained much mors
available nitrogen than the corresponding scoils sampled
from lands at Glen which had been cultivated for about 35
or 40 years. The soil of the experimental site at Theun-
igsen proved to be particularly pecor in available nitrogen
at both 1 -2 and 2~ 3%{t. depths, FPrevious investigations
had indicated that the nitrogen status of both cultivated
and uncultivated soils is particularly poor at Theunissen
(SCHMIDT and SCHMIDT, 1963).

In the investigations of this thesis the liberation of
mineral nitrogen during scil incubation was determined in
addition to the mineral nitrogen contents of the soils pre-~
vious to incubation and the nitrogen upbaks of test plants
from the same soils. The liberation of mineral nitrogen
during 21 days of incubation under controlled conditions
was not correlated with the organic matber and total nitro-
gen contents of the soils, nor with the minerazl nitrogen
contents previous to incubation, nor with the nitrogen up-
take of barley in the pot experiment. The incubation btest
failed vo give =ny indication of the avalilabllity of nitro-
gen to malze grown in the fisld. On the other hand, the
mineral nitrogen contents of The solls previcus to incubi-
tien and, in particular, the nitrogen upbake in the potv
sxperiment, showed considerable differences in nitrogen
stztus between lands at Glen and.Theunissen which also
b@aamé evident in field experiments. This led to the
sonclusion that the minersl nitrogen contained in the
soils was of greater imporiance for the nitrogen supply
to maize than the minerazl nitrogen liberated in the soils

during the growth scason.

However, the influence of the pericd of cultivation
on the nitrogen shatus of the soils 2t Glen, as indicated
by the soil investigations, fzailed to become evident
under field conditions. According to the observations
and results of the field expesrinments, the pericd of cul-
tivation had no influsnce on the nitrogen upbake of
maize ab Glan.

The/
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The gquantities of nitrogen contained in grain and
stover were determined in 3% of the 4 experimental seasons.
The soil of the nawly established experimental site at
Glen always =21lowed a considerably higher nitrogen uptake
Tthan the soil of the experimental site at Theunissen which
had been under cultivation for more than 25 years. The
higher nitrogen uptake 2t Glen was not limited to the newly
established site. In 1960/€1, the -highest nitrogen uptake
was obtzined on a land nesr the new site at Glen which had
been under cultivation for about 55 years.

Tissue bests for the presence of nitrate in the plants
grown on various lands, also indicated that the soils at
Glen supplicd more nitrogen to maize than the soils at
Theunissen, irrespective of the period the soils at Glen had
been under cultivation. Maize grown at Glen always con-
tained nitrates in the stalks up to the stage of ripeness,
while maize grown on the Theunissen experimental site and
in the vicinity was generally free of nitrate from about the
flowering stage. Pronounced nitrogen deficiency symptoms
were observed in the maize of the experimental site at
Theunissen and occurred on many lands in the Theunissen
district. At Glen and on farms near the College of
Agriculture, maize generally failed to show any signs of
nitrogen deficiency at any growth stage.

The fact that the pericd during which the Glen soils
had been under cultivation had no influence on the nitrogen
status of maize may be.explained as follows. On dryland
where the growth is often adversely affected by drought for
shorter or longer periods, soils which vary considerably in
available nitrogen may lead to 2 similar nitrogen uptake in
the course ef a season, because the soils can supply the
limited requirement of the plants, provided that the
nitrogen status is not excessively low, as at Theunissen.
In the case of the Glen soils, a cultivation period of
about forty years does not seem to have been long enough
$0 bring about so great a decrease in the nitrogen status
that an insufficient sﬁ?ply to maize would have resulted.
According to the soil investigations it would, however,
be desirable to check the nitrogen status of the older
lands at Glen at regular intervals in the future. On the
other hand, the generally low fertility level of the soils
at Theunissen would nscessitate the application of
nitrogen fertilizer after rclatively short periods of
cultivation, '

There/
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There were indications that the differences in nitro-
gen status bebween the scils at Theunissen and Glen wers
uore pronounced than was suggested by the nitrogen upbake
of maize under fleld conditions. The maize at Clen was
more severely affected by drcusht and started suffering
earlier during the growth seasons than the maize at Theun-—
issen. In 1959/60, the total nitrogen upbake by the
plants was determined at four successive growth stages,
Where nitrogen fertilizer had nob been applied, the nitrogen
uptake up to each date of sanpling was considerably bhigher
at Glen than at Theunissen. Compared with Glen (100 per
cent), it zmounted to only between 47 and 55 per cent at
~Theunissen. The intensity of the nitrogen uptake during
each of the pericds bebween two successive sampling dates
indicated that the nitrogen uptake st Glen was sppreciably
higher than at Theunissen only during the growth stages
before tasseling, but not thereafter. This is of par-
ticular significance since an optimal molsbure supply to
the plants at both sites could be assumed for the sarly
growbh sbtages only. At Glen, severs drought damage to the
densely spaced plants did not allow an apprecizble nitro-
gen upbake from the soill alfter tasseling. At Theunissen,
where fthe plants suflfered from drought to a lesser degres
than &t Glen, the absence of an appreciable nitrogen up-
take after tasseling was probably duec mainly to a depletion
of the reserves »f available nitrogen in the soil,

It is also sgsumed that the liberation of mineral
nitrogen in the solls wag hampered when the solil moisture
contents had reached the permanent-wilting percentage.
During the three drier seasons at Glen (1958/5%, 1959760
and 1960/61), densely spaced plants either wilted or were
more or lessg  damaged by drought during the period from
shortly before tasseling untilt@éﬁflowerimg stage. Even
in the moist 1957/58 seagon, normally as well as densely
gpaced plants had, ab the late flowering stage, depleted
the soil moilsthure reserve at O ~3 1%, soil depth to about
the permanent-wilting percentage. At Theunissen, soil
moisture was apparently available to the plants up to
later growth stages than at Glen. The plants at Theun-
igsen were considerably less alfected by drought. it
appears improbable that nitrogen can be taken up by the
plants when the sell wmoisture content has resched the
permnanent-wilting percentage.

A1l thasse poinbts of view suggest that the potential

nitrogen supply to plants grown in the solls at Glsn was
nigher/ .
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higher than was indicated by the nitrogen uptake of dry
land maize. On the other hand, the ability of the Theune
issen soils to provide maize plants with nitrogen may have
been reflected fairly accurately in the nitrogen uptake
during threo experimental seasons.

The general conditions which led to different
fertility levels in both cultivated and unculbivated soils
at Glen snd Theunissen are npot known. A similar climate
at hoth places can be assumed. The soils ot Theunisgsen
were only slightly lighter than those at Glsn. A more
productive use of soil moisture at Theunissen than at
Glen became evident in the field experiments. The removal
of grain nitrogen was, on account of higher grain yields
and in spite of lower nitrogen conbents of the grain,
higher at Theunissen than at Glen. Under similar con-
ditions heavier soils usually contain more organic matter
and nitrogen thap lighter soils. According to ALLIZON,
SHERMAN and PINCK (1949) the nature of the inorganic
celloids may also have an apprecisble influsnce on the
humus level of a soil.

At Glemn, the nitrogen reguirement of maize was not
only fully met by a sufficlient nitrogen supply in the
seils, but there was even 2 luxuriocus nitrogen supply
when the growth conditions are taken into account. in
none of the four experimental seasons did any appreciable
influence of nitrogen fertilizer on either grain or stover
vields become evident. The protein content of the grain
was either normal {about 10 - 11%) or slightly higher than
normal, and the nitrogen conbtent of the stover was mostly
high, in some cases extremely high. The stover always
contained nitrates. These indications suggesbted that
nore nitrogen had been taken up Sthan was necessary for
grain formation, Under better growkh conditions, this
nitrogen could have beepn ubilized for higher grain
production. The plants had a considerable nitrogen
reserve abt their dispoesal, which could not be utilized.

According to the results obtained at Glen, it can
be estimated that the herbage of dryland. maize can take
up 2 mawimum of abeut 100 1b. nitrogen por morgen from
the soil. This gquantity is low when compared with the
votential nitrogen uptake of maize grown olther under
nors favourable climatic conditions or under irrigation.
If the growth conditions of dryland maize in this area
are baken inbto accountb,the amount of pnitrogen the Glen
soil can supply bvo maize must be regarded os high.

On/
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On account of +the prevalling climatie conditions, the
plant pepulation must be kept small in erder LG ensure an
efficient utilization of the limited soil moisture.  Cone
sequently, a relatively large amount of soil is available
per plant, and the amount of availadle soil nitrogen can be
adeguate or even relatiﬁmly high,in spite of an abgsolutely
poor nitrogen status of the soil. In addition, the growbth
and grain production of maize were often reduced by dreught
damage of wvarying degrees, although the espacement was
relavively wids.

In contrast to Glen, the amounts of nitrogen the sonils
at Theunissen supplied to maize were insufficient for an
optimal growth and grain production. The plants which had
not been supplicd with nitrogen fertilizer wielded grain
with a very low protein content in fthe 1958/50 and 1959780
seasons and stover with a very low nitrogen content in all
the seasons from 1958/59 to 1960/61. Most of the nitrogen
available in the leaves and stalks for transiocation bo
the esrs was sbsorbed by the grain, During 19%8/59 and
1959/60, the nitrogen status of the plants was even in-
sufficient for the achisvemant of a normal proveln content
of the grain. This shows bhat the growth and grain pro-
duction at Theunissen was to a large extent limited by an
insufficient supply of available nitrogen in ths soil.

From the results obtained at Glen, it can be deduced
that the application of nitrogen fertilizer to dryland
maize wounld be unnecessary on soils with 2 nitrogen stabus
similzr o that of these londs. At Theunissen, on the
obher hand, the application of nitrogen fertilizer led To
incraased grain and stover yields. In the moist 1957/58
season, nibrogen applied at planting time (42 and 854 1b.W
per morgeny caused a considerable growth response and a .
considsrable increase in stover yields, but only a rela-
tively snall increase in graizi yields. Subnormal cone
ditions in the availability of nitrogen for grain forma-
tion, 28 wall ss stalk borer infestavion may have cone-
tributed o the failure of nitrogen fervilizer bto effesct
a substantial inereass in grain production during this
exceptionally moist season. According to the cobservations,
the vegetabive growth bad besn strongly stimulated by the
application of nitrogen. Marked signs of nitrogen defi-
aiém:g in most plants indicated low percentages of nitro-
gen in the plant material during the reproductive pariod
of growth. The nitrogen deficiency was not limited Lo
the plants which were nobt supplied with nitrogen fertilizer

but/
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tut alsp occurred in the plants with the lighter or heavier
applications of nitrogen fertilizer, particularly ab dense
espagemaent, A roady translocation of nitroganous compounds
to the grain could assumedly not take place becauss the

. nitrogen conbtent of the lzaves and stalks had reached a
very low level previous to the period of grain formation.

In the 1958/59 season a fairly normal reinfall distri-
bution was obtained during advanced growth stages. Hitro-
gen applied at planting time as well as top-dressings of
nitrogen fertilizer lad to substantial inereases in grain
and stover yields. The distribution of the rain during
the critical months of January and February was in 1959
closer Lo the supposed normal digbtribution at Theunizsen
than in any obther of the experimentzl seasonsg. Therefore,
the results of the 1998/59 season are considered to be the
most applicable is assessing the possibilities of the
application of nibrogen fertilizer to maize. It is one of
the characteristics of the climate in this area that great
deviations from the normal rainfall and its distribution
are to be expected during most sSsas0ons. The results ob~-
tained from experiments conducted in a limited number of
seasons may, bhersfore, vary considerably, and 1t 1s
difficult to ob¥%ain results which are representative for

the majority of seasons.

In comparison with the 1957/58 and 1058/59 seasons,
the distribution of rain during the 18959/60 season was pro-
nouncedly more unfavourable for maize production. Nitrogen
fertilizer, accordingly, 4id not bring about the same
response 28 in 1958/59, The increasss in grain and stover
vields were ¢onsiderably smaller. On account of dry weathe
ar conditions during advanced growbh sbtages, The nitrogen
of top~dressings did not influence the grain yiclds,

In 1960/61, the plante 3t Thounissen suffersd from
drought at an earlier stage than during any of the previous
seasons. Notwithstanding the dry conditions, unitrogen
deficiency synptoms ware observed. The nitrogen
deficicncy was less pronounced Tthan in the previous
seasons and the applicatvion of nitrogen fertilizer did
not have any noticeable effect on elither grain or stover
yields,

¥hen considering the evidence from the field experi-
ments, it may be deduced that The spplication of nitrogen
fertilizer may lesd to aporecizble increases in grain
vields at Theunissen when the rainfall conditions are

about/
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about normal or betber than normal. The effeet of nitro-
gen fertilizer on the vields may be cither small or entirge
1y lacking when the rainfall is either considerably below
normal or very unfavoursbly distributed over the growth
period, particulerly during advanced growth sbages,

In some seasons the malze yicld will be limited by
drought, in others by nitrogen deficicncy., TFrom the farmer's
point of view 1t is considered desirable that the low grain
yields of dry scasons be compensabed for by higher ones in
normal or bebter than normal seasons. This compznsation
appears to be possible only when the plants are provided
with sufficient nitrogen. Therefore the application of
nitrogen fertilizoer is considered essentizl for 3 success-
ful malize production on solils poor in nibtrogen, in spite of
the risk that yields in isolated dry seascons might fail to
Justify the expenditure on fertilizer. In order to reduce
this financial risk to 2 minimum, the gquantity of nitrogen
fertilizer to be applied should neot excecd about 40 LTo B01h,
fertilizer nitrogen per mMOYEEnR DEr SCASON. The experi~-
mental evidence suggests that this application would ansure
that mors or loss full =dvantage can be taken of fairly
normal or bebtter than normal seasons 2% Theunissen. On
account of & large varistion in the nitrogen requirenent of
maize during scasons with varying roinf2ll conditions,
the opbimal application of nitrogen fertilizer will vary

from one ssason to another.

In the future, 2llowance pust also be made for a
further impoverishment of the pitrogen stabus of the soilsg
due to continuous crop productleon, A regulir application
of nitrogen ferbilizer may counteract this tendeney and
may even lead to an impr@?@menﬁ‘in the nitrogen status of
the soil, since the amounts-of crop residuss from herbags
and roocts and of nitrogen being rebturnsd to the soll are
increasad, The nitrogen eycle of a land, consisting of
the nitrogen upbake by the plants and the return Lo the
s0il of the nitrogen contained in crop residues, nay be
brought to 2 higher level as far as tThe guantities of
. nitrogen involved are concerncd. SCHMALKFUSS (1960}
demongtrated that an inereased reburn of crop residucs
and of ool material after the application of fertilizer
may lead to increased bhumus contents of soils.

Terger nitrogen iosses through lesching are improbable
under the prevailing climatic conditions. Therefore, a

certain portion of the fertiliger nitrogen not taken up by
the/
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the plants during a dry season, may still be available for
the crop of the following season  (sce PEARSON and
ENSMINGER, 1957},

As far as an asscessment of the fertilizer reguiremeny
of various crops is concerned, it is of interest that a
dressing of ammonium sulphate Ho wheat, grown on soils nesr
the experimental area av Theunissen, failed to affcet elther
grain cor straw yilelds during a number of seasons (unpublished).

The Nitrogen Status and Libtrozen Reguirement of Mzaize and
Ehe Utilization of Fertilizer Nitrogen at Different Growth
Stages.

The nitrogen status of malze plants 1s reflected in the

pvercentage of nifrogen in the plant maberial, in the colour
of the leaveg, and in the absence or presence of nitrabes in
the plant bissue. When assessing the percenvags of nitro-
goer in the plant mzterial, the growth sbage must be con-
siderad. The uptake of nitrogen generally precedes the
production of plant material. Since protoplasm is formed
most rapidly in young plants, these ars relatively richer in
anitrogen than older plants. With asdvancing growth, nitro-
gen frec compounds are produced at an increased rabe, and
the nitrogen content of the plant material consequently de=
Creasas. When the seed is formed, nitrogenous compounds
are translocated frow bhe vegetative to the generative

parts of The plants. The nitrogen content of Tthe lezves
and stalks dscreases when bhis loss of nibtrogen is not com-

pensated for by nitrogen uptake.

These gensrally accepbed relatlonships were evident
in both the fisld sxperiments and the pot sxperiment on
the nitrogen nutrition of maize, In the 1958/59 and 1959/
60 seasons, it was found that the nitrogen contents of
plants harvested ab a heighi of 8 -154in, (6-8 leaves)
were generally high at both Glen aund Theunigsen, although
the young plants had taken up only relatively 1ittle nitro-
EiTle The low nitrogen requirement of the young plants was
sufficiently met by an adeguabte nitrogen supply in the soil.
No influence of nitrogen fervilizer on tThe plant welight
hecame cvident at early harvesting dates. The plants in
the pot experiment showed no diffaerance in growth intensity
or leaf colour for about 28 days after planting, irrespec—
tive of the nitrogen supply. Tiistinet differsnces in the
growbth intensity were evident only ab a later stage.
Although the nitrogen supply aid not zffect the growth
intensiby/
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intensity during the early growth stages, it was reflected
in the nitrogen content of the plant material, In 1958/59
and 1959/60,1it was Tound that the application of nitrogen
fertilizer increased the nitrabe and total nitrogen contents
of woung plants a2t Theunissen. In 1959/60, young plants at
Glen contained more nitrate and tobtal nitrogen than plants
of the same age fron corrvesponding fertilizer Sreatments ab
Theunissen.  Nitrogen fertilizer aleo effected a slight in-
crease in the nitrogen content of the plants at Glen.

The nitrogen uptake and the nitrogen content of the
plants during early growth stages way be of importance to
the growth intensity and thes nitrogen supvly %o the plants
a2t later growth stages. An dmproved nitrogen shtatus of
young plants (harvested %9 days after germination in 1958
and 31 days after planting in 1959) was followed by an in-
creased production of plant material during more advanced
growth stages at Theunissen, A relatively high nitrogen
content of young plants may proleong the period during which
sufficient nitrogen is available for opbimal growbh, This
was reflected in bobth the observations and resultes of the
field cexpeoeriments at Theunisgen and of thoe pot experiment on
the nitreogen nubtrition of nmaize. A relatively high nitro-
gen supply to young plants may also bring about 2 more
vigorous growth before tasseling, and in this way improves
the chances of a2 reasonable grain yicld.

The gbimulation of the growth by nitrogen fertilizer
applicd ab an early stage may, howsver, also lead to an
increase in the nitrogen regquirement ol maize. A Limited
anount of nitrogen available at an early stage of growth,
will be fully btaken up and used to increase the production
of plant material. As a result,-a low nitrogen content of
the plant material and severe nitrogen deficicncy may be
reached ab an advanced stage of growth even when 2 smuall
quantity of fertilizer nitrogen had been available to the

young planbs,

The amount of nitrogen required to improve the nitro-
gen status of plants increases with the guantity of plant
materisl formed. More nitrogen is reguired to raliss ths
nitrogen status of plapts which have bullt up a consider-
able guantity of material after an e¢arly application of =
small arcunt of nitrogéngthaﬁ in the casse of Limited sarly
growth resulting fron nitrogen deficiency. These relation-
ships were reflected in the observabtions and resullts of the
field experimsnts at Theunissen and in thosge of the pot

‘ experimont/
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experiment on the nitrogen nubtrivion of maize. During the
moist 1957/58 scason at Theunisgen, nitrogen fertilizer
applied at planting time resulted in 2 vigorous Zrowhh re-
spongse before tasseling. The date on which nitrogen
deficiency occurred waried in zccordance with the quantity
of nitrogen applied. Bven &4 1b. of nitrogen applied at
planting time did not prevent nitrogen deficiency during or
after the flowering stage.  DLate in the season, incressed
availobility of nitrogen in the soil brousght about an im-
proved niltrogen status of the smaller plants not provided
with nitrogen fertilizer, but not of bigger plants which had
been supplied with nitrogen fertilizer. In the pot cxperi-
ment, relatively small apylicatibns of ammonium nibtrate at
different growth stages led to only z temporarily improved
nitrogen status of the plants. FPlants which suffersd from
gevers nitrogen deficliency ab an advanced growth stage,
rapidly Hook up the nitrogen applicd as ammonium nitrate,
resulting in a4 marked increass in growbh. A similar degres
of nitrogen deficiency appeared agalin soon afterwards, 7This
applied particularly to the plants which had been provided
with nitrogen shortly after planting. In this case, the
amount of plant material formed during carly growth stages
Wa S rélatively'high@ Tﬁ@ nitrogen appiied at advanced
growth stages could not be considered as very efficient in
improving thoe nitrogen status of the plants, because rela-
tively little nitrogen had been applied in relation to the
plant mabterizal produced by the plants,

Turing the 1958/59, 1959/60 and 1960/61 seasons at
Theunissen, which were drier than the 1957/58 scason,
distinct sympboms of nitrogen deficiency were mostly limit-
ed to the plants which had not been supplisd with nitrogen
fertilizer. HMore or less distincet differences betwesn the
leaf colour of the plants provided with various dressings
of nitrogen fortilizer indicated thabt the quantity of nitro
gen applied had also influenced the nitrogsn status of the

I

plants. The drisr conditions of thess seasons did not
allow ss vigorous 2 vegetative plant growth as The moist
conditions of 1957/58. Tt is assumed that the percaentage
nitrogen in the plant material, therefore, could not
decrease o the same low level, Notwithetanding the drievr
conditions, all the plants were free of nitrates ab aboub
the flowcring sbtage or even earlioT.

During the 1958/99 season the nitrogen upbike was low
during the very early growbth 3t Theunissen, but rose during
the growbh stvages from 8 ~11in. plant haight to flowering.

The/
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experiment on the nitrogen nutrition of maize. During the
moist 195%7/58 season at Theunissen, nitrogen fertilizer
applied at planting time resulted in a vigorous growth re-
sponse before tasseling, The date on which nitrogen
deficiency occurred varied in accordance with the quantity
of nitrogen appliad. Even 84 1b. of nitrogen applisd at
planting time did not prevent nitrogen deficiency during or
after the flowering stage.  Late in thc season, increased
availability of nitrogen in the soil brought about an im-
proved nitrogen status of the smaller plants not provided
with nitrogen fertilizer, bub not of bigger plants which had
been supplied with nitrogen fertilizer. In the pot cxperi-~
ment, relatively small applicatibns of ammonium nitrats at
different growth stages led to only a temporarily improved
nitrogen status of the plants. Plants which suffered from
severe nitrogen deficiency at an advanced growth stage,
rapidly took up the nitrogen applied as ammonium nitrate,
resulting in a marked increase in growth. A similar degree
of nitrogen deficiency appeared again scoon afterwards., This
applied particularly to the plants which had been provided
with nitrogen shortly after planting. In this caseg, the
amount of plant material formed during carly growth stages
was rélatively high, The nitrogen applied at advanced
growth stages could not be considered as very efficient in
improving the nitrogen status of the plants, because rela-
tively little nitrogen had been applied in relation to the
plant material produced by the plants,

During the 1958/59, 1959/60 and 1960/61 seasons at
Theunissen, which were drier than the 1957/58 season,
distinct symptoms of nitrogen deficiency were mostly limit-
ed to the plants which had not been supplied with nitrogen
fertilizer. More or less distinet differences between the
leaf colour of the plants provided with various dressings
of nitrogen fertilizer indicated that the quantity of nitro-
gen appliced had also influenced the nitrogen status of the
plants, The drier conditions of these seasons did not
allow as vigorous 2 vegetative plant growth as the moist
conditions of 1957/58. It is assumed that the percentage
nitrogen in the plant material, therefore, could not
decreasc to the same low level, Notwithstanding the drier
conditions, all the plants were free of nitrates at about
the flowering sbtage or cven esarlicr.

During the 1958/59 sezson, the nitrogen uptzake was low
during the very e¢arly growbth at Theunissen, but rose during
the growth stages from 8 - 11 in. plant height to flowering.

The/
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The nltrogen fertvilizer applied at planting influcnced the
nitrogen uptake pronouncedly from 8 - 12 in, plant height
until flowsring. After flowering, the plants on plobs
which had received little (42 1b. K pe% morgen) or ﬁo nitrom-
gen fertilizer at planting time, showed no furbher gain in
nitrogen. When 84 1b, nitrogsn per morgen had been given at
planting time or 42 1b, shortly before flowering, appreciable
amounts of nitrogen were baken up during the periocd from
flowering until the soft dough stage, These resulis wers
obtalined under conditions where no visible drought damage
occurred., CARIES, SOUBIES and GARET (1956) also found bthas
the maximum nitrogen uptake of maize was reached by the
flowering stage when nitrogen fertilizer had not becn applied,
and Tthat the nitrogen contaiped in maize plants increased
after flowering when sufflcient nitrogen fertilizer had beern
provided.

Under conditions of more limited moisture supply in
1959/60, the nitrogen uptake at Glen and Theunissen was
highest during the growth stages from about 10~ 1% in. plant
height (6 -8 leaves) until shortly before tasseling.
Thereafter a dry period without any apprecilable nitrogen up-
vake followed, Impfov&d moisture conditions afbter flower-
ing led to 2 certain degree of recovery of the plants and a
late dncrease in nitrogen upbtako. Turing the period of the
most intense nitrogen uptake, the plants 2t Glen took up
muach more nitrogen than the plants at Theunlssen.

As disecussed in the previous sesction, the growth and
nitrogen uptake of the plants abt Glen was obviously not
limited by the nitrogen supply of the soil, but only by
lack of molsture during advanced growth stages. Dry
weather conditions possibly algo decreased the nitrogen
supply to the maize plants at Theunissen. Holl analyses
had indicated that the surfacd soil at Theunissen conbri-
butes more nitrogen o malze than the subsoil. When the
surface soll dries out during extended drought, the
mineralizabion of so0il organic matter and the liberation of
mineral nitrogen as well as the uptake of available nitro-
gen may be stopped in the surface soil. The nitrogen
supply to the plants would then depend on the subsoil only,
which is poor in nitrogen. 501l moistures investigations
at Glen showed thabt the surface soll may remadn dry during
extended perlods. When a land hag been cultlivated for 2
nunber of vears, the surface soll will in most cases be
rmore fertile than the subscll since the crop residugss 2re
ploughed into the surfsce soil only. These general

relationships/
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relabvionships may have conbributed to the resulis Qf-%QSEEE%g
GADET and LENAIN (1960) in the South West of France (Toulousel
Nitrogen defliclency at% an advanced growbth stage under dry
conditions 1s explained by 2 rise of nitrates to the soil
gurface at a time when the roots penetrate deeper into the
s0lil in search of molisture. In order to ensure sufficient
nitrogen supply during the reproductive pericd of growth,
deep (15~ 20 cm) placement of nitrogen fertilizer three to
Tour weeks before flowering is recommended. Under Central
Orange Free State conditions, deep disturbance of the surface
soil at an advanced growth stage by soil implements may lead
to a promounced wilting of maize, even if only dry soil is
movad,

During three of four experimentzl seasons abt Theunissen
atbtempts were made to maintain an adequate nitrogen sUppLyY
Yo the planbts during advanced growth stages by top-dressings.
During the moist 1957/58 season, nitrogen fertilizer had hesn
applied at planting time only. No further moist sessonsg in
which bop-dressings could have proved superior to nitrogen
applied at planting time were experienced, In the 1958X§§
season which provided a2 f{fairly normal rainfall distribution,
nitrogen fertilizer applied as late as shortly before tassele
ing was readlly taken up by the plants. The nitrogen
status of the plants was improved during the tasseling stage
and thereafter, and 2 substantial increase in the production
of plant meterisl occurred during the pericd from flowering
until the soft dough stage. In the 1959/60 season, pro-
nouncedly dry pericds during advanced growth stages resulted
in fop-dressings of nitrogen fertilizer being less elffective
than applications at planting time. The increase in grain
vields, brought about by nitrogen fertilizer applied av
planting time was, however, small in this season. Tn 1960/
. 61, a season with & very unfavourable rainfall distribution,
=‘ﬁitrmgan fertilizer applisd at planting time and/or as Lop-
dressing falled to incresse eithsr grain or stover ylelds,

From the experimental evidence at Theunissen 1t may be
deduced that nitrogen applied as top-dressing before tassel-
ing may be advantageous to the plants when normal or better
than normal rainfall copditions orevall during a season.

Applications of nitrogen at advanced growbh slages
would be of particular imporbance when the nitrogen stabus
of the soil is poor and only 3 limited quantity of anitrogen
fertilizer is to be applied on account of the lrregular
growth response under erratic rainfall conditions. When the

rainfall/
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rainfall is normal or better than normal, small amounts of
nitrogen available in the soil or applied at planting time,
are taken up by the plants at a relatively early growth
stage. The nitrogen content of the plant material may
decrease to a very low level at the time when the nitrogen
requirement of the plants reaches its peak. For grain pro-
duction of maize it appears to be of particular importance
that sufficient nitrogen is available during the reproductive
period of growth. This was also indicated by results
reported by KELSON (1956), SOUBIES, GADET and LENAIN (1960),
and the results of the pot experiment discussed hereafter,

In the pot experimeht on the nitrogen nutrition of
maize, sufficient moisture, but a limited nitrogen suprly
was available to the plants. Under these conditions maize
readily took up nitrogen 3pplied as late as towards the end
of the flowering stage. This late application ensured that
a considerable portion of the nitrogen in the plant material
was readily availsable for translocation to the grain. As
a result, higher grain yields were obtained than with
carlier applications. CARLES, SOUBIES and GADET (1956)
cbtained similar results. When nitrogen fertilizer had not
been applied until flowering, almost all the nitrogen sub-
sequently absorbed, passed intec the ear, These indications
are of particular importance for an assessment of the.
possibilities of applying nitrogen to maize grown under
irrigation in the newly developed irrigated area near

Theuynissen.,

Under dryland conditions, @ heavy application of nitro-
gen fertilizer at planting tirme would probably ensure a
sufficient nitrogen supply to the plants during the entire
growth period in the majority of seasons a2t Theunissen. In
order to decrease the financial risk of an inadequate
return for the expenditure during seasons with an insuffi-
cient moisture supply, the rate of application of nitrogen
fertilizer should, however, be relatively low. When only
2 small quantity of nitrogen fertilizer is to be applied,
it is of great significance that a favourable nitrogen
status during the critical advanced growth stages czn be
achieved by delayed application. It nmay, therefore, be
sugzested that at least a portion of the nitrogen to be
supplied be given to the plants as 2 bop-dressing about
6~ 8 weeks after planting.

With regard to the assessment of the 2dvisability of
applying nitrogen fertilizer at advanced growth stages of
crops, the results with small grain cerezls obtained by

SELKE/
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SELKE (1955) may also be mentiocned. Under Central Buropean
conditions, a certain amount of nitropgen fertilizer should
be applied at planting time. Top~dressings were glven in
addition %o nitvrogen applied at planting time, According %o
SEIXE (1955, p.282), fervilizer nivtrogen applied from the
peginning of flowering until shortly after flowering, is
readlily taken up by small grain cereals and increasses the
protein conbtent of the grain. Bitrogen applied at an
advanced stage of growth generally improved the grain quality
and increased grain yields. The nitrogen requirement of
maize 1is higher than that of small grain cereals. In
addition maize has s longer pericod of active growbth and
especially & longer period from flowering until the grain is
ripe, Theraefore, a top-dressing of nitrogen at an advanced
growth stage appears to be at least zs promising in the case
of maize as in the case of small grain cereals.

In the experiments reported here, avtention was paid to
the limit to which the nitrogen content of the plant material
can decrease while maize is growing, or while the nitrogen of
th
the nitrogen content of the plants not supplied with nitrow

vegetative parts is absorbed by vhe cobs, At Theunissen,

&

gen fertilizer rezched 0,94 per cent during the flowering
stage in 1958/59 and C.76 per cent between late flowering and
the soft dough stage during the 1959/60 season. At these
percentages distinet signs of nitrogen deficiency were
presant. Up to the soft dough stage in 1958/59 and aboub
the half ripe stage in 1959/60, the nitrogen contents of the
whole plants decrsassed further to respoctively 0.54 and 0.67

per cenv.

The lowest nitrogen contents of stover from field
sxperiments ocourred on the Theunissen experimeuntbal site atb
normal espacement of plunts not supplied with nitrogen
fertilizer. Theses nitrogen percentages in the dry stover
anounted to .38 in the 1958/59 season, 0.31 in 1959/60 and
.52 in 196e0/61., In the pot experiment, a nltrogen content
of Q.44 per cent was reachad ag early as at tasseling, and
the nitrogen content decreased to U.27 per cent up to the
end of the experiment, without grain being formed. Sime
ilarly low nitrogen percenbtages were determined in The stover
of plants which had been supplied with nitrogen fertilizer
and which had formed grain. It is assumed that aboub 0.5
per cent nitrogen represents the minimum to which the
vegebative parts of maize plants can be depleted of nitrogen
until maturity.

Tn/
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In all experiments, the nitrogen supply available to
the plants had a considerable influence on the nitrogen con-
tent of the stover and protein content of the grain. The
infiuence of the nitrogen supply available in the soil was
always moere evident than that of nitrogen fertilizer applied,
During the 19%8/59 season at Theunissen, the applicabion of
nitrogen increased the nitrogen content of the stover only
slightly. The fairly normal rainfall distribution during
the advanced growth stages had allowed relatively high grain
yields. Consequently, the nitrogen of the plants could
readily be absorbed by the grain during this season. Drier
conditions during 1959/60, and in particular during 1960/61,
prevented efficient wutilizgation of the nitrogen ftaken up by
the deﬁseiy spaced plants of the expsrinments,

At Glen, nitrogen fertilizer as a rule did not affact
the nitrogen contents of the stover to any nobeworthy exbtent.
These were geperally high, and varied bebtween 1.21 and 1.62
in the 1958/59 season, between 1.45 and 1,65 in 1959/60 and
between 1.4% and 1,84 in 1960/61. The percentages of nitro-
gam'in the stover from the plants with 3ft. x 12 in. spacing
woere always sligbtly higher than those in the stover from the
plents with 3 ft.x 24 in, spacing. This may be due to the
lower grain yields at dense espacement and poorer utilization
of the ritrogen, taken up by the plants, for the formation of
grain, The early drought damage ot dense espicement may
alsc have contributed Lo this result zg 1t decreased the pro-

duction of nitrogen-fres compounds.

In 1960/61 nitrogen percentages were devermined in the
stover of two other experiments at Glen. On an old land of
the Glen experinental site hish psrcenbsges of nibtrogen
{between 1.57 and 1.78) were found in stover from maize that
nad given a pelatively high grain yield in this dry season.
On an experimental site which wak situated near to that of
the experiment on spacing and nitrogen reguirement of maize
and which had been cultivated for the same peried, stover
nitrogen percentages betwesn Q.97 and 1.21 were obtained.
The +treatnents of this experiment (Time of FPlanting,

Spacing and Nitrogen Reguirement of Maize) had a consider—
able influence on the grain yields bub not on the nitrogen

content of the stover.

It is zssumed that the nitrogen content of the stover
iz of importance for the avallabllity of nitrogen to the
crop of the next season. If stover of 2 poor nitrosen
content, 2s obtained st Theunissen, is ploughed into the soil
shortly before the crop of the next seascn is planted, a
pronounced/
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pronounced nitrogen nsgabtive period may be experienced.

The stover in this area is often grazed. The resulis
of the nitrogen determinabvions suggest that the nubritive
value cof the sbtover may vary appreciably devending on the
protein supply to the animals. |

4% in the cuase of the stover, the protein conbtents of
the grain were also strongly influenced by the nitrogen
supply to the plants. As a rule the protein contents of
the grain were lower at Theunissen than 2t Glen. At Thesun-
issen, protein contents of 5.8 per cent at denss a2nd 6.6 per
cent 2t nornzl espacement were obtailned without an applica-
tion of nitrogen fertilizer in 1958/59. Applications of
42 or 84 1b, of nitrogen raised the protein contents o
between 6.,% and 7.1 per cent 2t dense and between V.2 and
7.7 per cent at normal espacement. During the same season
syerage protein contents ranging from 12.6 %o 13.2 per cent
“Were obtained at Glen, where neither espacements nor nitro-
zen fertilirzer treatments affected the protein content of
the grain to any nobeworthy sextent.

A marked influence of nitrogen fertilizer on the protein
content of the grain was limited again in 1959760 to the
Theunissen experimental sive (grain proftein psrcentages
between 6.3 and 8.7 were obbtained), The protein contents
at Glen varied bebween 11,2 and 11.9 mer cent,

In 1960/61, howsver, sinilar protein conbents were
determined in the grain from Thoeunissen (between 8.7 and
10.% per cent) and Glen (between 9.9 a2nd 10.9 per cent in
three experiments).

It appears To be impossible te achiove a further ine-
creass in the probein content of the grain by vhe application
of nitrogen fertilizer 4if the protein content is high on
account of a relatively high supply of nitrogen in the soil,
It is interesting that the provein conbtents of the grain
obtainad in each season a2t Glen were often similsyr within
gach experiment, in spite of grest differences betwsen the
grain yields obbained at different espacements.

On the other hand, the application of nitrozen
fertilizer increased both grain yields and the protein copn-
tents of the grain during two seasons ot Theunissen., It can
e asscumed that the protein content of the grain c¢an be
appreciably increased by nitrogen fertilizer only when the
goil is peoor in nitrogen. A top~dressing of nitrogen
appeared to be more effective in increasing the protein con-
tent of the grain than an application 2% planting tine,

provided/
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provided that the weather conditions allowed 2 fairly com-
plete uptake of the nitrogen applied at an advanced stage of
growth,

The relaticnship between the aitragéﬁ content of the
stover and the protein content of the graiin also indicates
whether the nitrogen in the plant material had been readily
avallable for the formabticn of grain, Evidently, the
leaves and stalks of mpaize plants can be depleted of nitrogen
until a stover nitrogen percenbtage df about 0.60 per cent
is reached, without the devalopment of a depressing effsct of
nitrogen shortage on the protein content of the grain. On
the other hand, much higher stover nibtrogen percentages are
not accompanied by appreciably increased grain protein
contents. ‘

The protein content of the grain is important in thab
it debtermines the nutritive value of maize products. It is,
therefore, of interest that it may vary between 6.2 per cent
cand 12.8 per cent in a single season, nmainly on account of
the nitrogen available in the soil.

Posaibilitics of Deternmining and Predictineg Nitrogen

Deficiency.

In comparison with the nutrients phosphorus and
petéssium, little attention has besen paid to the nitrogen
gtatus of goils with the object of predicting The nitrogen
Tertilizer requirements of crop plants, In Central Furope,
the majority of solls are relatively poor in available
nitrogen and the opbinal fervilization is determined nore
by the nitrogen requirement of sach specific crop than by
the nitrogen the soil may contribute (SEIKE, 1955, p.205).
As a result of dense plant populations and luxurious plant
growbh, both the mineral mitrogen applied and that liberated
in the soil, are generally depleted during 2 single season,
Depending on the weather conditions, the contribution of
soil npitrogen to the nutrition of crop plants varies
{RATMANE and SCHEWNDEL, 1952) and cannobt be easily assessed.
The nitrogen reguirement of crop plants under humid con-
ditions or under irrigation is generally high,

In the low rainfall areas of Southern Africa, on the
other hand, a prediction of the nitrogen fertilizer require-
nent is important for the Judicicus use of nitrozen fertil-
izer. Timited soil modsbure allows only a low plant
density., Consgguently, rolatively large amcunts of soil
are available per plant and relatively 1ittle nitrogen

being/
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beling or becoming available per unit of soil can be suffi-
fciant to meet the nitrogen reguirenment of a crop.  In the
Central Orange Free State, drousht damage often decreases
the nitrogen wpbaks of plants, Many solls have been under
cultivation for chort periods, and the availabls soil nitéem“
gen is often nmore than sufficient te cover the relatively
low nibtrogen requirsment of dryland c¢rops.

The fleld experiments 2t Glen and in the Theunissen
digtrict had indicated that the soils in this seni-arid
continental area'may differ considerably from place to
place in the smount of nitrogen availsble te maize. It was
found that The application of nitrogen fertilizer increases
the growth and reproduction of maize only on soils poor in
nitrogen. An assessment of the nibtrogen status of various
Orange Free State seoils in order to predict nibrogen defi-
clency in maize 1is, therefore, of primary imporbtance. The
results obtained from the field, pot and laboratory experi-
nents may conbtribute to an asscssment of the possibilitles
of predicting nitrogen deficlency in malze grown on various
seils in this zrsa.

The pot experiment on the nitrogen status of soils
gamplad at O~1, 1 ~& apnd £~ 3 ft, depths from four sives
gave an indication of the amounts of mineral nitrogsn
present in the soils before plaonting plus those liberated
during the experimental period. Whers nibtrogen fertilizer
had not besen applied, the amounts of nitrogen contained in
the harvested nmaterial (herbage) of the pot experiment were
closely correlated with the mineral nitrogen conbvents
(ammonium plus nitrate nitrogen) of the seoils previous bo
sowing barley s test plant, but not with the liberation of
mineral niftrogen in the solls during incubstion under con-
trolled conditions. The resulis suggested that the nitro-
gen upbake in the pot experiment was nearly exclusively
deternined by the mineral nitrogen conbeats of the solils
provious o planting and not by nitrogen liberabted during
the growbh period of the test plants.

The assessnent of the nitrogen sgtzatus of the seoils was
similar, bub not exactly the same, when based on either the
nitrogen upbake by the test plants or on the nineral nitro-
poen contents of the soils, The results of both investiga-
tlons clearly indicated o lorge difference in soll nitrogen
status bebween ths pew land at Glen and the sxperinental
arez af Thounissen. A difference in nitrogen status
between the old land at Glen and the experimental site at
Theunissen, which beocame evident in field experiments, was

not/
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not reflected in the mineral nitrogen contents of the Séilﬁ,
To a certaln extent this difference wag, however, Indicated
by the results of the pot experiment, especially when the
amounts of nitrogen gained from the subsoils (1 -2 and

& -31fY,) were compared, This suggests that the pot sxperi-
ment showed the nitrogen status of the soils more accurately
than the mineral nitroegen contents of the soils sanpled 3t
O~ % 5. depth. The deternminstion of smmonium may have been
complicated because the texture of the soils @iffereﬁg
especially at differsnt depths. The degree of extraction of
ammonium from soils can apparently depend on the texture,

In 2ddition to this possible analytical complication, it
must also be borne in mind that 2 considerable quantiby of
soil was used in the pot experiment (6 kg dry soil per pob),
while only = small quanbity was used for the determination
of zammonium and nitrate (10 g). The experimental error
decreases with increasing sanple size,

The results obtained suggest that a pot experiment,
conducted on the lines of a MITSCHERLICH experiment, nmay
indicate the availability of nitrogen to maize grown on
various Central Orange Free Bfate scils fairly accurately.
On the other hand, a determination of the mineral nitrogen
content would reveal larger differences in nitrogen stabus
28 existed betwecn the solls sampled at different depths
from one site, but not always smaller differences, as were
found bebtween botal investigated scll profiles (0 -3 1%,
depth) 8t vericus sites.

The differsnces ipn soll nitrogen status betwsen the
norizons at O0-1, 1 -2 and 2-3% 4, depths proved to be pspw
ticularly important for the assessment of the zvailability
of soil nitrogen to maize. Surfzce soils (0 -1 £+.) fronm
Glen and Theunigsen'§roviéed fairly squal amounts of nitro-
genn to the test plants in the pot experiment, while the
goils at 1 -2 and 2 -~ 3% £, depthg differed widely in this
respect. The new land at Glen was particularly rich in
available nitrogen and the land 3% Theunissen particularly
poor abt L - 3 ft. soil depth. A consideration of the nitro-
gen ﬁtitﬁs of surface soil only, would have lsd to a come
pletely nisleading assessment of the availsbility of nitro-
gen to maize st Glen.ané‘fh@uﬁisseﬁj For an accurabde
indication of the nitrogén requirement of malze grown on
variocus scils, it is, therefore, absolutely essentliil that
the sapmpling includes the subsoil. Sampling to 5 £4,
depth may be regarded as sufficiant. The nitrcgen status
of the soile 3t Glen and Theunissen, 2s indicated by the

resulbs/
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results of the fisld experiments, was Fairly 3mcurately
reflected in the resulte of the pot experiment obtaiﬁed with
the secils sampled at O -3 f't, depbh from bhe respective
lecalities.

With regard to the essential depth of sampling it is of
interest that the conditions discussed for the nutrient o
nitrogen, do not apply to the nutrient phosphorus. The pot
experinent indicated that all the subsoils from the four
invesbtlgated sites were poor in zviailsbls phssphofus and that
the phosphate status of the surface soils differed widely,
depending on the applicatidﬂ of phosphate fertilizer.
Fhosphates do nob move in the soil to any appreciable ewhentd
and sre generally placed in the soil to the depth ploughed.
Sampling at ploughing depth only would, therefore, generally
be sufficient for a determinaticn of the phosphate stabtus of
a iand as influcnced by the application of phosphate fertile
- izer. The majority of soils in this area are regarded
as originally poor in phosphorus (WHITMORE, 1950c¢),and
differences in the phosphate supply will result mainly fronm
the application of phosphate fertilizer. ~

In contrast vo phosphorus, mineral nitrogen osn move
relatively essily in solls. In =z=ddition, changed conditions
for decomposition of scil orgznic matter after ploughing
veld moy lezad to a very different contribution of different
501l horizons Yo the nitrogen nubtrition of malze. Experimentsl
svidence suggested that ploughing veld brings about a nore
proncunced change in the conditions for the deconmposition of
organic natber in subsoils than in surface soils (SCHEIDT
and SCHMIDT, 1963). Due bto these reasons,a larger soll
dapth must be covered for a determination of awvailable
nitrogen in soils than for a devermination of svailable

phosphorus. -

Qontrary to the results of the pob experiment, the 80il -
incubation test failed to indicate differences between the
nitrogen svtatus of the solls av Glen and Theunissen which
nad become evident in Pisld experiments, The amounts of
wineral nitrogen liberated in the soils were generally small,
The mean liberation of mineral nitrogen in the soils sampled
at O - 3%ft, depth did not differ apprecizbly betwesn sibes.
Hedther the relatively poor nitrogen sbatus of the soil at
Theunigsaen, nor the relatively rich supply in the solls 3av
Glen was indicated. In the subsoil of the new land 2%

Glen, which was proved bo be rich din available nitrogen by
both the pot experiment and the determination of the mineral
nitrogen/
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nitrogen content, relatively 1ivtle mineral nitrogen was
liberated in the incubstion btest. The liberation of mineral
nitrogen in this soil d4id not exceed that of the subsoil
sazmpled at Theunissen, which supplied very 1ittle nitrogen
to the test plent in the pot experiment. The results of the
Tield, pot and lsboratory experiments suggested that the
mineral nibtrogen available In the soils was of much greater
importance for the nltrogen supply to maize than the nitrogen
libersted during the growth period, This is contrary to the
findings of & mamber of authors |

According to HARMSEN and LINDENBERGH (1949) and
LENHARD {1957), an accurate indicsation of the nitrogen
fertilizer reaquirvement of plants grown in various localitiss
cannot be obbained by 2 deberminotion of the miperal nitro-
gen présent inm the seils, This is explained by the fact
that the field conditions governing the decomposition of
organic matter in solls may vary considarably, so bthat
appreciasble seascnal and local differences in the conbent of
soluble nitrogenous compounds may ocour, The mineral
nitrogen contenbs, thersfore, often do not reflect the
2pility of soils %o llberate wineral nitrogen under ¢on-
trolled conditions and to provide crop plamts with nitrogen.
The rate of liberabtion of mineral nitrogen per unit of soil
during incubation under controliled conditions is generally
reg&rdad 2 of much greater imporitance for an assessment of
the nitrogen supply availabls vo crop plants during a SEAB0N
than the nineral niftrogen conbent, HARMSEN and LINDENBERGH
{1949) stated that it is impossible to accumulabte enough
pineral nitrogen in scils under n2tursl conditions to cover
the tobal nitvrogen reguirenment of any crop during 2 whole
SE2E0N, Only an incubztion method weuld, therafore, give a
correct indication of the nitrogen fertilizer requirsment.
These authors, g well as FITT8y BARTHOLOMEW snd HEIDEL
£1955), STANFORD and HANWAY (1955), HANWAY and DUMERIL (1955)
and MUNSON =znd STANFCORD (1955}, found that methods involving
mezsurenents of the liberstion rates of mineral nitrogen 2pe
promising in the assessrent of the nitrogen fertilizer nesds
of waricus soils. n

This discrepancy bebtween the results of the invaestiga-
tions of this thesis and those of other zuthors may bhe axe
plained by the low rainfall in the Central (rangs Free State
and the short periods the scils have been under culbivation.
Relatively dry climatic conditions 2llow cnly 2 low pland
dengity which, in turn, results in 2 relatively sm2ll nitro-
gen requirsement of cerop plants per morsen. Little nitrogen

' available/
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available at O -3 %, soil depbh can be sufficient to ensure
an adeguate supply to maire during a sscason or even a numbed
of sea8008. liineral nitrogen is accumulated afber the
cultivatiocn of virgin soils when bthe higher hurmus content
decreases under the changed conditions for decomposition of
organic mattar. The solls z2re only rarely thoroughly
leached, Thersfore, appreciable nitrogen losses from HThe
aolls due Ho leaching are inmprobabls.

The rate of liberation of minersl nitrogen in an incuba-
tilon vest may give an accurate indication of the nitrogen
reguirerent of crop plants in varicus localities only when
the climatic conditicns 21low a fairly complete depletion of
the miperal nitrogen in the soil during 2 sesson, and when
the sells have been cultivated for a relatively long period.

Surface and subscil sampling of a large number of sitas
is laborious and the determination of the nitrogen sbtatus of
goils reguires special seguipment. In the discussions of
the previous chapbers 1t wis repeatedly pointed oub that the
nitrogen status of maize plante depsnds lapgely on the
attrogen status of the goil. The guesticn arises z2s to
whether the nitrogen content of plant natserial can serve for
an assessment of the scil nitrogen status and for 2 predic-
Hion of the choneces of 2 successful application of nitrogen

fertilizer to maize.

Several authors, o.g. OHLROGGE (19%6) and FHANWAY and
ENGLEHORN (19%8), assessed the nitrogen sbtatus of maize
plants during the growbth season from the pressnce or absence
of nitrates in the tissue of mzize stems. The presence of
nitrate, 2 stgriga fornm of nitrogen, nay indiczte an adaquate
nitrogen supply to the plants. Apart from the intensity of
the colour afber the application of diphenylamine sulphuric
acid, also the height where o pasitive reacticn to this
reagent can be obbtained in the stem, glves an indication of
a pc@r‘or rich nitrogen status of the plant,. The more
nitrate is present, the higher nitrate can be found in the

gtem,

Gualitative nitrats tests as well ss nitrate analyses
revealed That the plants 2t Glen were sufficiently provided
with nitrogen during the entire growbh scoason, in each of
the experimental seasgons, the plants atill contzined nitrate
pitrogen at the stage of ripensss. AV Theunlissen, on the
other hand, 211 the nitrate present in young plants was
readily reduced before or during the flowsring stage, so
that nitrates were never fournd in the plant materisl when

the/
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the plants had reached the sbtage of meturity. The height of
the sten to which pitrates were found shorbly before tassele |
ing varied from plant teo plant, With some experience, the.

result of the qualitative niftrate test could be predicted
aecording to the colour of the leaves.

Absence of nitrave in the plant tissue 2s early as
before tasseling would indicate that strong nitrogen defiw
clency has already been reached or can be expected during
the reproductive period of growth, Under these circumm
stances top-dressings of nitrogen can still be applied with
a good chance of increasing grain yields if sufficient soil
molsture is available (results of the 1958/59 season at
Theunissen).

The nitrogen content of plant sanples taken shordly
before tasseling may also reveal the nitrogen sbatus of
maize plants and may possibly help to decide whether or not
a Top~dresglng of nitrogen should be applied. However, tvhe
porcentage of nitrogep in the nmatorial of whole plants
depends largely cn the growth stages and ch&mg@akrapidly with
advancing growbh, AT Theunissen, the nitrogen conbent of
mailze rarely decressed to the minioum lovel, clesrly indicam
ting a poor nitrogen status, earlisr than at btasseling. A
consideration of %the colour of the leaves or of the 2bsence
or presence of nitrates in maize stems, appears to be more
promising for an asscssnent of the nitrogen status of maize
plants shortly before tasseling than the resulits of nitrogen
analyses of the plant material.

At the beginning of tasseling, a nitrogen conbent of
the plant naterial of less thian about 1.0 per cent would
indiczte falrly strong nitvrogen deficiency. However, it is
doubtful whether nitrogen fertilizoer can still e succesgw
fully‘appliéﬁ to maize in the ficld when the planis have
reached the basseling stage. Imll§6®fﬁl§ aven loess than
1.0 per cent nitrogen was found in the plant maverial of
tasseling naize on farms in the Theunlssen district. As the
plants had already suffered Ifrom drought, 2 top-~dressing of .
nitrogen was not recomnended.

In the Light of the eXperimental evidence cbtaimé& from
the field experiments, a deternination of the nitrogen cone
tent of the plant material harvested a2t the sbtage of ripe-
ness, nay be of considerable practical inportance for an
assessnent of the nitrogen status of the soil, and may be
helpful in deciding whether nitrogen fertilizer should be
applied in subseguaent seascons, In this respect, the

percentages/
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percentages of nitrogen in both grain and sbover may glve
valunble information. Less than 0,50 per cent stover
nitrogen would indlicabe that the nitrogen supply to the
plants had been poor during the seison. & medium supply
would be indicated by stover nitrogen percentages between
0,00 and 0.80 per cent. Fhen these levaels are resched in

a dry season with low grain yields, it mzy be expected that
The supply of nitrogen to nalze will be insufficient during
subgequent seagons in which the rainfall allows increased
grain production. An adequate soil nitrogen status would
be suggested by stover niitrogen percentages between (.80 and
1.10,and 32 rich nitrogen supply when the stover contalns
noere than 1.10 per cent nitrogen. It is doubted whether
the very high shover nitrogen percentages cbizined under
fairly dry conditions at Glen (often aboubt 1.50%) can ocour
uniess the growth and gralin producticn is decrcased by
drought,

The protein ccontents (N x 6.25) of the grain indicated
whether the plants had suffered from pf@naunced nitrcgen
deficiency or whether the nitrogen status of tThe plsants had
allowed a falrly noreal protein content. rrotvein conbents
of ¥he grain between zbout © and 8 per cent would indicate
2 poor niirogen status of plant and soil. In two experiments
where the applicatiocn of nitregen fertilizer had resulted in
increased grain yields, the grain cobiained from th: treat-
ment without a dressing of nitrogen had such low protein
conbents. During ancther ssascn, only 2 slightly improved
nitrogen status of the plints, as indicated by slightly in-
erengsed percentages of nitrogen in the stover, allowed =
protein content of the grain of about 10 per cent. Since
sampling of, and nitrogen determination in grain is com-
parabtively simple, this possibility of deternining proe-
nounced nitrogen deficiency in érAﬂge Fres State solils
appears to be of particular interest. This devermination
ray indicate scils of poor nitrogon status which should be
considersd first whepn nitrogen fertilizer is to be appliad
on an increassd scale.

Influence of the Nitrogen Bupply, the Plant Density and

the Time of FPlantine on the Drought Resistance of Dryland
Maize and Tthe Utilization of Nitroeen by the Plants,.

In four experimental seasons, 2 consildsrsble variation
in growth and grain producticn of dryland maize occcurred at
Glen apd Theunisssn, This was largely due to rainfall
eonditions which were erratic in both the botals for the
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geagons and the seasonzl distribution. Erratic moisture

conditions brought an irregulsr vield respénse %o the applica-
tion of nitrogen fervilizer at Theunissen.

A failure in the dryland malze producticn in the Central
OUranze ¥Free State resulis most freguently fron insuificient
moisture during advanced growbh stages. By thig time, the
s0il moisture reserves are usually more cor less depleted, and
the moisture supply to the plants deponds mainly on the
amount and distribution of rain.

Msize grown on the seils of the experimental siteg ab
Glen and Theunissen showed striking differences in drought
resistance, Apparsntly, differsnces between the soils atb
the twe sites in bexbure and water-nolding capaciby are too
small bo ewplain this phencmencn,

The extent of villering and the growth intensity during
early growth stages on each of the two sites, is consgidered
o bhe the major conbribubary factor o this differcnce in
drought resistance, In 1959/60, maize grew more vigorously
at Glen than 2t Theunissen until drought limited the growth
{harvests before the ftasseling stage, %1 and 55 days alter
planting). This asgreed with the cbservations during the
other experinmentil sezscns. Ooviously, the reserve of
available soil moisture hod beon depleted earlier at Glen
than at Theunissen. Considering the rainfall and its
disvribution during the bthree scascns from 1958/59 to 1960/
£1., ths opposite would be expected. The plant weights
incressed legs at Glen than at Theunissen during the growth
stages that followed the harvest shortly before tasseling
in 1959/60. This was dug to drought damage which wWas X
perisnced earlier at Glen than at Theunlissen.

The difference in growth intensity during the very
enply growth at Glen and @heuﬁi§sem wis not attributed o
the nitrogen supply. Chservabtions on the plants in the pob
and field experiments snd the results from harvests at about
8w 12 in, plant beight showed that consider8ble differences
in the nitrcegen supply had no noticeable influence on the
growtn intensity of young plants.

As = rule the plants tillered excessively at Glen bub
less at Theunissen, This is considered to be as loporband
for the soll moisture consusmpticn as the more vigorous
growth at Glan. In the pot experiment on the nitrogen
vutriticn of maize +Hillers were l2id ocut bub failed o
grew on the soll from the experimental site ab Theunissen.
At an ecarly growth stoge the nitrogen supply provided with
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the treatments varied from poorT to rich, Phosphorus,
potagsium, magnesiun and trace elements had been added to
the soil, In a further pot experiment with the same nalze
cultivar, carried out in 1961/62 (not previously describad
in this thesis), the soil was obisdined fron the experimental
area at Glen. Irrespective of the application of anmonium
nivrate, most of the plants formed relat1Ve1y long tillers.
It is possible that the stronger tllleriﬁg at Glen is due fo
the prescunce of some or other soil factor, If this is 505
the game fzotor may also ba responsible for the more vige
orous growth. @ Excessive tillering of maize increazses the
piant density and is, therefore, detrimental to the plants
when the molsture supply is limited. A knowledge of factors
which influence the tillering would conssquently be of con-
siderable Vﬁlﬂu to dryland maize production.

Due to the limited and erratic rsinfall in this ares,
it was particularly important to cbtain information about the
effect of nitrogen fertilizer on the nmoisture congumpbion and
on the ability ¢f maize to survive dry poriocds. FPEARSON and
ENSMINGER (1L95%7) reporbed that field experiments throughoub
the Soubth~Bastern Uplands of the U.8.4. failed to show a
depressing effect of high dressings of nitrogen fertilizer
on maize yields in dry sezsons. - In the pob experinent on
the nitrogen nutrition ¢f maizc it was cbserved that the
moiasture censuﬁytian depended greatly on the nitrogen status
of the plants, in that plante suffering from nitrogen defie-
ecicncy consumaed 1little, 2nd plants sufficientiy supplied
with nitrogen comsuned much nore moisture.,

Fith regard to the effect of various nubtrients on the
noisture consunpbicn of erops, the resulis of field experi~
nents with malize including different levels of phosphate
supply may alsc be mentioned (unpublished}. During the dry
1960/61 season, the application &f phosphate fertilizer led
to markedly increased stover and decreased grain yields. A
growth vesponss during early growth stages had evidently led
%0 an increszsed molsture consumption, resulbting in pronounced
neisture deficiency during bthe sbtage of grain set¥ing.

Hitrogen fertilizer did nov have an effect similar o
that of phosphate fertilizer. Soil molsture investigations
on plots with 2nd without the application of pitrogen
fertgilizer, carried cub a2t Glen in 1057/58, did not reveal
any influence of nitrogen on the depleticn of soil meisture.
However, it must be borne in mind that nitrogen fertilizer
had no appreciable influence cn either the growth or grain
production of maize during four experimental sezssons at Gen,
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The similar soil moistﬁrg ﬁepleti@n which occurred irrvespec—
tive of the application of nitrogen fertilizer may have been
due to the absence of 2ny growth response. During the
seasona that followed the 1957/58 seascn, chservations were
made on the degree of wilting of maize in various fertilizer
treatments at Glen. No influence of nitrogen ferbilizer on
the drought resistance of the plants could be seen. ACCoTde
ing to these obgervations and results, the application of
nitroegen fertilizer has no appreciable effect on the noig-
ture consunpblon and wilting of nazize when the applied
nitrogen fails to affect the growth.

At Theunissen, where an influence of nitrogen fertil-
izer on the moisture consumpbtion could have reesulted from an
increase in growbh, soil meisture investigations could nob
be included in the experinments. Juring dry periods special
attention was paid te the influence of ferstilizer on the
degree of wilting. A marked wilting cccurred at dense
gspacenent during the 1959760 and 10960/61 seasons, No
distinet relationship bebtween nitrogen treatments and the
degree of wilting of the plonts wag observed.

The grain ylelds obbainsd in the drier seasons ab
Theunissen did not revezl any depressing effect of nitrogen
fertilizer on the grain preduction. In spite of severs
dreought damage to the densely spiced plants, the application
of nitrogen fertilizer increansed both grain and stover yields
in 1959/60. In 1960/, the driest of the four experimental
geagons, nitrogen fertilizer failed to increzse grain or
stover yields 2% either normal or dense espacement.

When assessing these resulis 1t must be renembered thab
abpnormally dry condifticns usvally bring about 2 great varig-
tion din growth and grain production. The goeil noisture
content ls a sensitive indicater for variation in texbture,
and slight differences in texture are reflected in a con-
siderable varistion in the grain yields during a ATy Ssason.
It is, therefeore, difficult to prove that fertilizer affects
the drought resistance of plants adversely.

The regults obbained at Theunissen suggest that drought
ean reduce the beneficial .effect of nitrogen fertilizer on
grain yislds. The danger ¢f a depfessing action on the
drought resistance z2nd grain formation during dry seasons,
which was predicted by several farmers, does not seen fo
ceeur in practice under field conditvions. This is in
agrecuent with the findinzs of FPEARRCON and BNSMINGER (1957)
in the South~Eastern Uplands of the U.S8.A.
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If this conclusion is related to the strong influsnce!
of the nitrogen supply on the noisture a@nsuﬁptian shown in
the pot experinent with natze, two faetors nust be cone
siderad. On account of the linited quantity of soil and
relatively he=avy 2pplications, the nitrogen treatnments
differed much more in the zmounts of nitrogsn teﬁpcrarily
avaiiable o the plants in the pot experiment bthan in field -
experirents 2t Theunissen, In additicon, 2 growbh response
to fertilizer nitrogen nay be acconpanied by increased root
developnent. Foct penstration through larger soil volume
in the field =ay increase the noisture supply tc the plants.

Both at Glen and at Theunissen, the drought rcsistance
and grain yvields were sbtrongly influenced by‘ﬁiff@r@nceé in )
egpacenant. The moisture supply during the nost imporbant
growth stages (from shortly before until afver flowering)
varied from particularly molist duriang 1957/58 to dry during
- 1060/61, Notwithstanding a2pprecinble differences in rain-
fall from one seasgon ©o the other, the annual grain yields
per norgen cobtained with 3 plant populaticn of 15,000 plants
were always higher than those from a plant populaticn of
33,000 planbs per morgen.

At Glen where the nitrogen supply in the soil had
always been adeguate, the densely spaced maize suffered fron
varying degrees of drought damaze even during 2 relatively
mnoiat season (1959/58). At normsl espacencnh, severe
drought dansge was linited to the drier seasons (1958/59 to
1960/61y, The grain yields znd the differences betwesn the
grain yields from densely and nornally spaced plants deponded
mainly on the moisture supply. During the relatively noist
1957/58 seagon, 2 high grain vield was cbbained. In this
season the difference between the grain yields at normal and
dense esgpacenent was slight. The grain yields, particulapr-
"1y at dense sspacenent, were nudh lower in the other three |
BEABONS, The grain vields 2t normal and dense spacing in
the three drier seasoms differed greatly in 1959/60 and less
in 1988/59 and 1960/61.

During the four experimental seasons, the stover ylelds
were always higher st dense than abt normal espacenent.
Witrogen snalyses of the naverial harvesbted in the seasons
from 1998/%9 to 1960/61 vevenled that the stover of densely
spaced plants always contained nore nitrogen than that of
normnally spaced ones, In contrast, the zncunts of grain
nitrogen were always highsr at normal espacenment,

The relationships between the grain and stover yields,
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as well as between the amcunts of nitrogen contained in

grain and stover at dense and normal espacement, are regarded
as important in the interpretation of the general effects of
espacenent on the utilization of nitrogen taken up by the '
piants. When both nitrogen and moisture were adequate; the”
dense espacement ¢f the plants zallowed the formaticn of more
vegetative plant material per morgen than the normal one.
It is assumed that during the early growth stages at Glen
both nitrogsepr and rmoisture were sufficiently available to
2ll plants. At advanced growth stages, noisture deficiency
especially revarded the development of the densely spaced

plants. Despite the more pronounced adverse effect of

drought, the ability of the denser plant population to form -
more plant material per nmorgén in the form of leaves and '
gtalks was clearly reflected in higher stover yiclds.

An increased producticn ¢f plant material during the
vegetative growth pericd. is acconpanied by an increased
nitrogen requirement of the crcp. When the production of
plant naterial is increased, ‘the nitrogesn gained by the
plants is distributed throughout an increased amount of
plant material. As a result, the nitrogen percentage in the
plants is decreased, This can lead to nitrogen deficiency
when the nitregen supply is relatively poor. However, the .
socil at Glen provided encugh nitrogen to neet the require-
ment of both densely and ncrmally spaced plants.

The amnounts of nitrcgen contained in grain plus stover
of the normally znd densely spaced plants did nct differ
appreciably in 1958/53 and 1959/60. In 1960/61 it was higher
at dense than at norrial espacement, It is believed that
drought during 1958/59 and 1959/60 decreased the nitrogen
uptake of nainly the densely spaced plants. In 1960/61 a
nore severe drcught decreased the nivtrogen uptake of both
dengely and normally spiced plants to a larger extent.

Tha diverging‘ zoisture supply ¢ the plants, induced
by the two planting densities, greatly affected the utiliza-
ticn c¢f the nitrogen taken up for the setting of grain. The
relatively larger noisture supply available per plant at
nornal espacenent allowed higher grzin yields 2nd the trans-
location of a larger portion of the nitrogen to the grain
than 3t dense espacenent, '

In contrast to Glen where only the neisture supply to
the plants seems to0 have determined the grcwth and grain
produéticn, the results obtained at Theunissen suggest the
influence of both moisture and nitrcgen supply. In the
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‘as"well as between the amcunts of nitrogen contained in

grain and stover at dense and normal espacenment, are regarded
as inportant in the interpretation of the generzl effects of
espacenent on the utilization of nitrogen taken up by the
piants. When both nitrogen and moisture wesre adequate, the’
dense espacement c¢f the plants allowed the formation of more
vegetative plant material per morgen than the normal one.

It is asgsumed that during the early growth stages at Glen
both nitrogen and moisture were sufficiently available to
all plants. At advanced growth stages, noisture deficiency

~especlially retarded the development of the densely spaced

plants. Despite the nmore proncunced adverse effect of
drought, the ability of the denser plant population to form -
more plant material per mergeén in the form of leaves and '
stalks was clearly reflected in higher stover yiclds.

An increased production of plant material during the
vegetative growth periced. is éccompanied by an increased
nitrogen requirenent of the crcp. When the producticn of
plant paterial is increased,'the nitrogen gained by the
plants is distributed throughout zn increased amount of
plant nmaterial. As a result, the nitrogen percentage in the
plants is decreased. This can lead o nitrogen deficiency
when the nitrogen supply is relatively poor. However, the
scil at Glen provided enough nitrogen to meet the require-
ment of both densely ard ncrmally spaced plants.

The amounts ¢f nitregen contiined in grain plus stover
of the normally and densely spaced plants did nct differ
appreciably in 1958/59 and 1959/60. In 1960/61 it was higher
at dense than at normal espacenent. It is believed that
drought during 1958/59 and 1959/60 decreased the nitrogen
upbake of mainly the densely spaced plants., In 1960/61 2
nore severe drought decreased the nitrogen uptzke of both
dergsely and ncormally spiaced plants to a larger extent.

The diverging moisture'supply tc the plants, induced
by the two planting densities, greatly affected the utiliza-
tion of the nitrogen taken up for the setting of grain. The
relatively larger moisturc supply available per plant ag
nornal eéspacement allowed higher grzin yields and the trans-
location of a larger portion of the nitrogen toc the grain
than at dense espacenent.

In contrast to Glen where conly the moisture supply to
the plants seems to have determined the growth and grain
produéticn, the results obtained a2t Theunissen suggest the
influence of both moisture =2nd nitrogen supply. In the
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moist 1957/58 seascn st Theunissen, dense espacenent
resulted in 2 marked increzse in the nitrogen requirement of
naige. Both the plants supplicd with nitrogen fertilizer
, and those nob provided with nitrogen sufferaed fron varying
degrees of nitrogen deflcilency shortly before and during ths
reproductive growbh period, Hitrogen deficiency synptons
were more gevere at dense than 2t nornal spacing. A con-
siderable growbh response to nivrogen, experienced during
early stages, had obvicusly led toe an early depleticn of the
avallable nibrogen. Toig was followed by pronounced nitroe
gen deficiency of the densely spaced plants, which cccurred
irrespective of the application of nitrogen at planting
time during the reproductive growth pericd. The reletive-
ly srester deficiency in tha densely spaced plants may have
contributed to o largs difference between the grain yields
which, dn s=spite of exceptionally meist conditicns during
this season, were congilerably higher at normsl than at
denge espacenent,. As in four seascns av Glon, the stover
yvields were higher at densge than at norpal espacement.
Hitrogen fertilizer applied at planting time increased both
grain zand stover yilelds, although 1t failed o ensure the
naintenance of an opbimal nitrogen status during reproduction.

Increased nitrogen reguirement ab dsnse, conpared with
normal espacement, was especizlly evident in 1958/59 at
Theunissen. The results were obtained under a fairly nor-
mal rainfall distribution during advanced growbth sbtages, and
are, thersfore, considered to be duportant in the general
agssessnant of the combined effects of different plant
densities and differont nitrogen fertilizer treatnmentss
Heither depsely nor nornally spaced plants were visibly
affected by drousht during this season;and the application
of nitrogen fertilizer caused 2 considerable increase in
vields, A significant internttion between espacements and
nitregen breatments with regard to both grain and stover
vieldse wag obtalned. Without the application of nitromgen,
the grain yield from densely spaced plants was considerably
lower than that from normally spaced cnes (14 and 22‘hag$
per rorgen respectively}‘ Applications of 42 and 84 1b, of
nitrogen per norgen either at planting or 3t different A
stages of the vegetative growth period, increased the grain
yvields of the densely spaced plints much nore than those of
the nornally spaced ones, and thereby largely equalized the
grain yields obtainsd froom both espacenents, At dense
espacenent 42 1b. § per rorgen spplied atb planting tine
brought about an increase of 10 bags, and 84 1b, IV per
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morgen an increzse ol 14 bags of grailp per morgen., At normal
espacenent the corresponding increase amounted o only 2 and
& bags respectively. When the actual grain yvields obtained
aye compared, 1t becones evident that dense planting in-
creased the nitrogen requirement without allowing a larger
grain preduction when squal guantibies of nitrogen fertil-
izer per morgen had been applied.

Nitrogen analyses indicated that, where nitrogen had
not been provided, the stover of both densely and normally
spaced plants had been depleted of nitrogen to a similar oxe-
tent. Compared with the densely spaced plants, mors nitro-
gen had been zbsorbed by the grain of the normally spaced
OnEs.

In 19§8f§93 in those czses where nitrogen fertilizer had
not been applisd, the espacements failed to bring about =
difference in stover yields. This isg in conbrast Lo the
results obtained with the application of nibrogen fervilizer
in the same season 2t Theunissen and in all nitrogen treat-
ments in the other seascons 3t boeth Glen and Thounissen. I6
may be related to proncunced nitrogen deficiency in the
densely spaced plants even before tasssling.  From this
stage, the plants concerned failed to show any appreciable
growth, It is assumed that this retarded growth was accom-
panied by 2 rebtarded upbake cof scil nibrogen. The corres—
ponding normally spaced plants took wup more nitrogsn per
morgen from bthe scil. hitrogen deficiency may have affected
the root development and the sctivity of the roocts in absorbe
ing soil nitrogen.

The mubtual relationships between the effects of BEPACE-
ment and nitreogen fertilizer Treatments on the amounts of
nitrogen availsble in the plants for the formatlion of grain
wepre, in 19§@f§§% also reflected in the results obbained
with different gquantitiess of nitrogen applisd. When 42 1b.
ferbvilizer nitrogen per morgen was given to the densely
spaced plants, less niftrogen could be Pranslocated Ho the
grain than when it was given tc normally spaced ones, The
higher application (84 1b, N per norgen) resulted in the
absorpbion of similar awmcunbs of nitrogen by the grain of
poth normally and densely spaced planbs, |

Under the rainfall conditions of the 1958/59 season,
egual total quantities of nitrogen fertilizer brought abous
similar grain yvields whether applied a2t planting time or ah
different growth stages before flowering. &ccorﬂi&gitc the
results, elther 42 or 84 1b. nitrogsn per mérgem applied at
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planting time, ensured that an adequate nitrogen status for
congiderable grain production was maintained during the
entire growbh period at both normal and dense espacenent.

The resulbts obtained in the two seasons ot Theunissen
with pronoudcedly dry conditions during either Januzry or
February (195%9/60 and 1960/61) were fairly sinilar. At dense
gepacemant, severe drought damage occurred at an advsnced
stage of growth during both seasons. As a result, the
Gengaly spaced plants generally ylelded considerably less
grain and appreclably nore stover than the normally spaced
ones.

During 1959/60, nitrogen fertilizer applied at planting
tire increased both graln and stover yields, The increase
in stover yilelds was greater at dense than 3t pormal spacing.
Accordingly, the dense egpacenment during this seascn ine
creased the nitrogen requirement of the plonts, Where
nitrogen fertilizer had not been applied, the nitrogen
status of the densely spaced plants appesared te have been
pocrer than that of the nornslly spaced ones. Agsunedly,
sgvere drought damage 4id nov allow a beneficial affect of
nitrogen fertilizer on the graln proeduction of the densely
spaced plants,

In 1960/61, dressings of nitrogen fertilizer affected
neither grain nor stover yields, nor the quantities of sither
zeain cr stover nibrogen. As in provious sacsons, The densely
spaced plants conbtained more nitrogen per nmorgen in the
stover 2nd less in the grain than the normally spaced ones.
Compared with dense espacenment, a2 considerably larger porticn
of the nitrogen containsd in the plants st normal gpacing had
been abscrbed by the grain.

As 2 result of indicobtions from areas of higher pree
cipitation, the lcocal farming dommunity and agricultural
publications recently discussed the possibility «f increasing
grain yields by increasing the plant populzation in combina-
tion with heavier fertiligzaticn. In the light cf the
experimental evidence from Theunissen, where the soll pro-
vided 2 relatively poor nibtrogen supply to the plants, this
does not seem advisable under the low rainfall conditions of
this orea. A dense espacenent, apart from increasing the
risk of drought danzge, alsc increases the nitrogen require-
ment of maiza. An increszsed nunber of plants nust share a
Limited quoantity of nitrogen available in the soil. Densely
spaced plants form rmore plant rmaterial in the form of
sbalks and lgaves than widely spoaced ones. It iz accepbed
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that the plant materisl can be depleted of nitrogen to a
certain ninimum nitrogen percentaze only. Consequently,
more legaves and stalks retain more nitrogen which is notb
avalilable for translocation to the grain. Provided that

- The plants 2re not dsmaged by drought, dense sspacement may
be superior to a wider one when the offects of nitrogen
fertilizer are to be dsnonstrated, For practical dryland
maize production, 2 plant density of sbout 15,000 planbks per
morgen 18 to be preferred, although the plants do net
respond to nitrogen fertilizer tc the same extent as at a
denser spacing, At the nornal espacement the risk of
drought damzage is smaller, and the yields are z2s a rule
higher,

As demonstrated by the results, bthe risk of drought
damsge 1is considerably higher at Glen than at Theunisscn.
ue o freguent drought damage, grain vields are generally
lower at Glen. Therefore, additiconal efforts were made to
investigate factors which may bring about an improvenment in
the moisture supply to the plants st Glen and theredby help
to deerease the risk of drceught damage.

Apart fropm espacement, the time of mailze plonting is
important for the meisture supply to the plants. Compared
with relatively early planting, the probability of =zccumula-
ting soil molisture before planting is incressed when the
maize planting is delayed, Consequently, an increased
moisture supply per plant may be achieved by delayed plant-
ing as well as by decrveasing the plant densilby. As the
nolisture supply te the plants is influsnced by both factors,
the optinal plant density nay vary depending on Tthe time of
planting, It may thus be possible to ccunter a higher
susceptibility to drought of early planted maize by relabive-
ly wide spacing, or to tzke advantage of improved soll
noisture conditions at deldyed planting by planting mere
plants per noprgen. ®ith these ideas in mind, experiments
on the %Hime of planting, spacing and nitrogen fertilizer
requirenent were carried out during the 1959/60 and 1960/61

goagaong at Glen.

In 1959/60, the grain yield with early planting
{Qetober 24th) was a failure (2 bags of grain per norgen),
while o rveasounable grain yield wasg c¢btained when the maize
was plsnbed on the %rd of December {13 bagsl. The reinfall
recorded between the two dates of planting amounted to 8Ymm
and could not have caused =2 substantial incrsase in soil
moisturs before the delayed planbting. A relatively high
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rainfall during December led to 2n increzsed nolsture con-
tent of vhe z0ll under the maize of the late planting, 248
compared with the land of the early planted nmaize. The spall
plants of the delayed planting did nct counsume the available
soil molsture as readily us bhe bigger plants of the early
planting, so that some accumulabion of soil moisture was
achieved by delayed plantinz. DTuring this season, severe
drought demage was avelded by delayed planting where no
rmore than 15,000 plants had been planted per norgoen,.

The assuncd interaction between the influence of time
of planting znd sspacement on the moisture supply to the
plants was suggested by the results, but it was impessible
Lo gubstantially increase the graoin yield of the carly maise
by plonting only 10,000 instead of 15,000 cor 350,000 plants
peT MOTEEN.

The reason for the fallure of early planted maize %o
produce reasonable grain vields at wide espacenent is naine
ly seen in the sbtrong tiller development. Instead of the
propoesed plant densities of 10,000, 15,000 ond 30,000 plants
per norgen respectively, 22,786, 28.24% and 33,0653 stens
plus tillers (15 in, or longer) were found. In addition,
the tillers of the widely spaced plants were nuch stronger
than those of the nermally and densely spaced plants, At
10,000 plants per morgen 1t was often difficult to digerio-
inate between stems and tillers, whereas, where 30,000
plonts had been planted per norgen, many tillers were noeyg
puch lenger than 15 in., It is believed that the sxcessive
tillering prevented an efficient use of solil ncisture by

the widely spoceld malzs 2t early planting.

The results of the tiller counting zlso suggested that
the competition bebtween the plants had a marked influence on
the tiller development, According to cbservations, the
numbers of tillers formed per plant were similar at all
gapacenments. Whether or not the villers reached 2 helight
of more than 15in., the limit at which they were counted,
depended mainly on the molsture stabtus of the soil as In-
duced b?‘th@ cifferent pléﬂt densitics, The average num—
ber of sbems plus tillars counted per @1ant"3muuntad Lo
1.1, 1.9 and 2.3 2t the plont densities of 30,000, 15,000
and 10,000 plants poer norgen raespectively.

Tn 19%9/60 all the pl:ints had been planted in 3 £t.
rows, 2 relatively norrow row distince. The results and
sbservetions of this season.lsd to The idez that the tiller-
ing of vhe plants may be reduced without increzsing the
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plant pepulstion per morgen by planting & Y. instead of

5 It rows and providing only holf the space per plant within
the rows. It was assumed that decreasing the distance
between the plants within the rows would increass conpetbtition
from an early growth stage and therefore de@r@asé the tillerx
development, resulting in 2o more econemical use of the
available scil moisbturs.

In 1960/61, plants in 6%, rows proved supsricr to
those in 3 £%, rows with regard vo drought resishance. At
equal numbers of plants psr norgen, the plants in 3 £H. rows
were earlier and more severely affected by drought than the
plants in & ft, rows. Counbting stems plus tillers longer
than 15 in. revesled that the tillering was reduced when
624, rows were used in place of % {%. rows. At a planting
dengity of 10,000 plants per morgen, this difference was
smaller than at 15,000 or 30,000 plants per morgen. Apart
from thig distinet effect of the row distance, the influence
of the plant densibty on the tillering of the plants wag
similar to that in 1959/60. Neither the time of planbting
nor the applicabtion of nitrogen fervilizer markedly affected

the tilliering.

The higher drought resistance, ascribed te the reduced
tiller development 1in € ft. rows, was accompanied by increased
graim.yieldsg in particular where more than 10,000 plants had
been planted per morzen. In this dry season, the smallest
plant population yielded more grain than the normal one,
which, in turn, yielded more than the dense plant population.

In contrast to the previous season, early and late
rlanting 4id not affect grain yields greably. - These wers
siightly lower feollowing early fthan fellowing late planting.
The amount of rain recorded bebtween the bwo dateg of planting
(Detober 17%th, 1960 and December 3rd, 1960} was exceptionally
low and did not cause any a@preciabl& increase in the sgolil
moisture content of the Jand, which had been fallowed until
the 3rd of December, During the game period, the moisture
content in the goil under earlv vlanbted maize decreased con-
siderably. Subnormal rainfall conditions during the entire
growth seagon adversely affected the plants of both planting
dates, Gompared with planting on October 17th, planting on
December %rd led to a correspondingly delayed growth snd soll
moisture depletion, without appreciably affecting the degrees
af soil moisture depleticn or of drought damsge incurrsid.
This may explain why grain yiseids obtaiped with early and

late planting in this season were similar.
The/
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The results of both seasons suggest that the influence
of the Uime of planting on the drought resistance may wary.
belayed planting prolongs the peried during which sulficient
rain can be expected to increase the =o0il moisture conbent
before planting. Compared with early planting, the chances
for good rain during the growth period is not diminished when
the maize planting is delayed, Therefore, delayed planting
will increase the chance of a better moisture supply to the
plants and, within limits, of a higher grain yield. Devia~
tions from this general rule may occur, as demonstrated in
1960/61., when the expected increase in soil moisture was not
" realized.

Cempared with dense espacement, normal or wide espace-
ment increases the amount of soil moisture available per
plant, In soil moisture investigations during 1957/58 soil
molsture was lost by evapotranspirablon at a fairly sinilar
rate under both 30,000 and 15,000 plants per morgen. The
soil moisture depletion by 15,000 plants was only slightly
less rapid. This unexpected result indicaltes that the
moisture consumption per plant was much higher at a normal
than at a dense espacement. It further suggests that the
main advantage of a normal espacenment is net the increased
anount of moisture left in The soll at critical growth
stages but rather the extension of the growth period before
permanent drought damage ococours, This means thalt the
chance of dry periods being broken by rain before severe
damage to the plants ceccurs is increased. The superiority
of a wide over a dense espacenpent will be limited when last-
ing drought finally causes & collapse of the widely spased
plants as well., In 1960/61, the difference between the
grain yields at the plant densities of 20,000 and 15,000
plants per morgen was detvermined mainly by the slight differ-
aence bebween the molsture cona%mption per morgen and not by
partial evasion of dranghtléamage in the case of the wider
sspacement. *

As in the case 0f the two plant densities, the soil
moisture content at the same number of plants per morgen in
3£, and 61t. rows differed surprisingly 1little. Compared
with 3 ft, rows, 66, rows prolonged The periocd of growth
before severe drought damage occurred. The difference bhe-
tween the soll nmoisbture supply available at critical growth
stages was not large in 1960/61. This suggests that the
advantage of 6 f%. over % {t., rows was mainly the improved
chance of btermination of drought before the plants were
damaged, HExtended drought finally severely affected the

plants/
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plants of even the 6 ft. rows. It can be assumed that the
difference in yields obbained from % and 6 £, rows would have
been much larger if the drought had berminated when only bthe
plants in % I4, rows were permanently damagé@&

In farming practice elther 3 or 7 f%. rows are planted,
Beven 1Y, rows would be impractical in experiments, when
equal plant populations are to be compared at a wide and a
narrow row distance, - Apart from an increassd drought
resistance of the plsnbs, wider row distances have the ad-
vantage that weeds can be more easily controlled mechanically.
In addition, relatively wide rows more or less exclude the
danger of a too large plant population. On account of
these reasons, preference should be given to a wide row disbance
(6 or 71£%.).

These measures which may improve the nmolsbture gupply Lo
the plants or increase ubilizaticn of the available nmoisture,
were not followed by nearly as high grain yields as can be
obtained under irrigation or under higher rainfall conditions.
At Glen, in particular, the grain yields in 211 treatments
were rather low, Owing to the seasonal distribubticon of rain
in this area and heavy evapobranspiration, soil moisture '
acounulation is in practice limited to the shord periocd from
maturity of summer crops to the beginning of winter and
another short period before planting. Deep moistening of
the soll rarely OCCUTS. The seil moeisture in the upper
layers is expesed to rapid evaporatlion, Due to increased
tillering, relabively wide espacenent does not always ensure
a gubsgtantially improved molisture supply per plant. When a
limited soll moisture supply is available at & relatively
shallow depth only, it will be depleted by densely and
normally spaced plants at a {airly sinmilsr rate. It seems,
therefore, that the risk of drought damage followed by low
vields at Glen, can be decreased butbt not excluded by ths
meagures discussed.

The only method of achieving molsfure counservation in
deep solil layers av Glen may be o fallow the lands during
the rainy season. The pessibility of improving the moisbure
supply by means of cultivating maize every second seagon and
accunulating soil melisgture during the summer seasons in
between, will be investigated at Glen. &4t Theunissen, this
method of increasing the molsture supply appears to be less
promiging since the role played by drought is not as ime
portant as at Glen.

On account of the lengthy growth period of maize and
the/
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the low humidity in this area, even a large soil moisture
reserve available at planting time may not compensate for a
poor rainfall distribution during the season. According to
BAUMANN (1949 and 1951) and BAUMANN and CLAUSS (1956), an
abundant supply of moisture during the early growth stages
of a plant may bring about a luxurious moisture consumption
during the vegetative periocd of growth and z relatively high
susceptibility to drought. Dry conditions during early
growth stagés, on the other hand, may induce the plants to
develop a more drought resistant constitution. Similarly,
increased drought resistance may have followed planting of
the same number of plants per morgen in 6 ft. in place of

3 ft. rows. The increased drought resistance may have been
induced by increased competition for soil moisture between
the plants within the rows during early growth stages. The
achievement of grain yields which are as high as those ob-
tained under more humid conditions or under irrigation
would be impossible if increased consumption of moisture
followed an abundant supply at planting.

Functions of Nitrate in the Metabolism of Maize and the

Relative Bfficiency of Nitrate and Ammonium in the
Nitrogen Rutrition of Maize. )

Depending on the growth stage and the nitrogen supply
to the plants, varying amounts of nitrate nitrogen were
found in the plant material of maize grown under field con-
ditions. Nitrates, which were accumulated in the plant
tigsue during early growth stages, were readily and completely
reduced and utilized for the synthesis of protein, as soon as
‘the nitrogen reguirement of the plants was no longer met by
an adequate supply of fertilizer or soil nitrogen.

During the early growth, the nitrogen supply available
in the soil. was supposedly rélatively large as compared with
the gquantity of plant material formed by the plants. Both at
Theurissen and at Glen young maize plants invariably containsd
a congsiderable portion of the nitrogen in the form of
nitrates. The nitrate content of the plant material, as well
as nitrate nitrogen expressed as a percentage of the total
nitrogen in the plants, decreased with advaneing growth. Av
Theunissen, nitrates were mostly absent from plants at about
the flowering stage and,owing to a relatively poor nitrogen
supply in the soil, the plants were obviocusly in need of
nitrogen at this stage. Application of ammonium sulphate
at a rate of 42 or 841b. N per morgen had only 2 relatively
slicht effect on the nitrate coatent of the plant material

and/



-158 ..

and did not prevent a complede reduction of all the ni-
trates in the plant material when the flowering stage was

reached.,

On the other hand, the plants grown at Glen always cone-
tained nitrates in the stover. The supply of available soll
nitrogen was relatively high and a conversion to proifein of
the nitrates taken up by the plants was apparently limited on
account of an abundant nitrogen supply. Under these condi-
tions, & portion of the nitrogen in the plant meterial remained
in the nitrate form until the harvest and thus could not be
incorporated in the nitrogen metabolism of the plants.
Drought, which affected the growth of the plants may have
gontributed to the relatively vpoor conversion o¢f the nitrates,
in that 1t affected the carbohydrate synthesls and reduced
the nitrogen recuirsnent of the plonts.

The asssumptlon that nitrates in the plant material are
rexdily and complietely reduced when the plant is in need of
nitrogen for the syanthesis of protein, was confirmed by the
results of a hydroponic experiment. A considerable gquantity
of nitrate which had besen accumulated in the plant material
previous to an exposure to nitrogen-iree mutrient solutions,
was readily reduced within a few days.

The investigations on the functions of nitretes in maize,
described in this naper, may be refirded as complementary to
investigations of other authors, whose work deals mostly with
plant species other than mpaize. According to SCHUALFUSS (1954
and 1955), nitrates can be accumulated in the plant tissus of

some plant specles, for example Dota vulgaris. Spinacis olerg-

cea and Triticum sativum, without being used for protein syn-

thesisg. Apart from 2 limited ability for reduction, such
nitrovhile or halophile plants obviously have a particular
regquirement Tor monovalent anions, which can be met by either
§®3w ions or C1L ~ ioms. A& large su?@ly of chlorides can ef-
fect o decrease in the nitrate content of Beta vulgaris, in

that meore of the accumulated nitrate is made availadble for
the protein synthesis (SCHMALFUSS, 1954 and 1955, p. 204).
Variations in the nitrophile or halephile character may oc-
cur even betweesn different varieties of one gpeclies, as in-
dicated by & pronounced halojhile character in Beta vulearis,

var, rogea and lutes and 2 less propounced one in Beta vulga-—
rig, var. altissima (SCHEATFU.S, 1954).

Both nitrates and chlorides may influence the water
halance of these Jlants and contribute to the maintenance

of/
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of an o :timal hydration of the protoplasm colloids. These
anions are in this respect of significance as antegonigts 1o
§Olyv&1enﬁ snions in the plant and can replaece esach other to
a dertalin extent, in accordance with HOFREISTER's series and
similar to K and Na in the case of the cations (SCHMALFUSS,
1954 ). |

With these investigations on other plant specles in mind,
it was of particular interest to soe whether any indications
could be obtained which would suggest that maige Qiantg
have a similar requirement for the monovalent anions €17 and
ﬁ831 and that an anion function of nitrate is of importance

t0 maize plants in addition to the function as a storage form

of nitrogen.

Experimental svidence from a hydroponic expsriment 8ug-
gested that the nitrates which were wconmulated in the plans
tissue were re&dily reduced and utilized for the synthesis of
protein, irrespective of the presence or absecnce of chlorids
in the mutrient solutions,., This corresponds with the results
obtained in another hydroponic experiment (SCHMIDT and SCHLIDT,
196273,

Further experiments included nitrate and ammonium natrie
tilon of plants grown in either chloride~free nutrient solutions
or in nmutrient solutions where varying portions of the sulphate
salts had been replaced by eguivalent ancunts of the corrsspon-
ding chilopides. The nitrozen sources were ENOB and ﬁHQEGQBg
and small amounts of nitrogen were applied on successive days
during the whole growth period. In this way noteworthy differsn-
ces in the hydregen ion concentration {cH) between solutions
with ammonium and nitrate addition were avoided, since the
small amounts of nitrogen could readily be taken up.

Nitrate nutrition proved to be greatly supericr to ammo-
niuvm nuirition when the ¢H of the nutrient solution wesg rela-
tively low. In this case, the plants supplied with amponium
were severely damaged, probvably on account of & hizh ﬁﬁg -
tenslion in the solution which presumably occcurred in spibe
of the successive applications of small amounts of EH4HCQE
at a time. The roots decayed end the plants coniained
considerable amounts of soluble nitrogenous compounds. The
adverse effect of high Eﬁgwﬁengioﬁg on plants ig known and
deacribed by MEVIUS and BHGEL (1930).

By choesing a nutrient solution with & highser hydrogen
lon concentration, higher ﬁHBmtenﬁiQmﬁ in the nutrisnt sola-
tiong could be avoided. In this case, nitrste and amponium

mutrition/
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nutrition proved to have & similar effect on the herbage,
root and total plant welghts as well as on the niirogen up-
take by the plants. . Nitrate nutrition caused a higher
water content vf the green herbage than ammonium nutrition,
This could not be related to & possible ion function of ni-
trate, since no nitrates were found in the plant material

at harveﬁtimg time, and a slight decay of the roots in the
case of apponiuvm nutrition may have led to a decreased watber
uptake.

Chloride in the nutrient solution had no influence on
either plant weights or the nitrogen uptake by the plants when
nitrate was used as a nilirogen source. When ammoniom was
applled, a solution containing chlorides led to higher plant
welghts than a solution containing no chlorides. Thig dif=-
Terence occurred in the exgperiment where the nutrient solu—
tlons with the lower ol werse used but not in the experiment
where the cH of the solutions wasg higher. Ho conclusions
on a possible monovalent anion reguivement of the plante
gould, however, be nade, since this result was obitained affer
the plants had been affected adversely by the application of
ﬁE&HGQB@ CampareﬁAwith the plants of the chloride~free 80—
lution, the plants grown in the solutions containing chloride
ghowed 2 better resistance to unfavourable growth conditions

induced by ammonium nutrition at relotively low cH,

In the experiment which included the nuirient solution
with higher c¢H, sulphate and chloride solution led to d4if-
ferent water contents of the green herbage. Compared with
the plants of the solution containing no chlorider., the so-
lutions containing chlorides increased the water content of
the green herbage. Increasing amounis of chloride, were not
accompanied by & further increase in the water content. It.
is known that chlerides may increase ths water conmtent of
various plants (SCHMALFUSS, 1955). BCHMALFUSS and REINICKE
- {1960) Ffound this to be the case in Sweinwcia cleraces.

This effect demonstrates the hydrophile character of the

C17 ions and their conitrabution 0 the hydration of the
protoplasm colloids.

The experimentsal evidence suggests that malze cannct
be considered as @ plant having an obviocusly nitrophile
character, It may grow in the absence of both nitrates
and chlorides as well as in the presence of one or both of
these anions. It is doubtful whether C17 fulfils $he funce
tion of a nutrient in the case of maize, Nitrogen, being
-accumalated/
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accumulated in the blant tissue, represents a storage form
of nitrogen and is readily and completely reduced ap soom
as the plants sre in need of nitrogen.

Nitrate and ammonium seen To be similarly elficient
in the nitrogen mutrition of maize, provided that a high
ﬁﬁgmtensian of the substratum is avoided in the case of
ammonium nutrition, MEVIUS (1928), MEVIUS and ENGEL (1930)
and PIRSCHLE (1931} came %5 similar conclusions.



- In dryland experiments on a farm in the Theunissen
district, the nitrogen requirement of maize could not be met
by the nitrogen available in the scil. The regponse %o ap-
plications of 42 and 84 1b of nitrogen per morgen Per Season
depended greatly on the moisture supply to the plants during
advanced stages éf growth,

In a moist sesson {1957/58), nitrogen feritilizer ap-
plied at planting time effected a marked increase in the
growth intensity up to the flowering stage, but did not pre-
vent proncunced nitrogen deficlency during the reproductive
growth period, especially when the plants were densely spaced.
Both grain and stover ylelds were increased by the application
of nitrogen fertilizer.

In a sezason with & fairly normal distribution of a
slightly subnormal reinfall (1958/59), the nitrogen reguire-
ment was considerably influenced by the number of plants per
MmoOrgen. Compared with & normal plant population (15,000
plants per morgen), a denser population (30,000) resulted in
a considerably increaged nitrogen requirement and accordingly
increased the effect of fertiliger nitrocen on grain yields.
¥hen no nitrogen fertilizer had been applied, the densely
spaced plants yiselded considerably less grain than the nor-
mally spaced ones. The application of nitrogen fertiliger
egualized, to a large extent, the zrain yields in that it
cauged a greater increase at dense than at normal espacement,
Nitrogen which was applied as a top-dregssing at differsnt
growth stages before flowering was utilized to an extent Simd -
lar to that of nitrogen applied at planting time. Thne grain
and stover yields as well, as 1hs nitrogen uotake were deter-
mined mainly by the guantity of nitrogen applied, and not so
much by the time of application, Nitrogen fertilizer applied
shortly before tasselling brought about 2 substantial ilmprove-

ment in the nitrogen status of plants during reproductive growth,

followed by a considerable increase in the growth intensity
during this advanced stage of development, The percentage
of protein in the grain was exse@tiﬂﬂéily low when the
plants had not been provided with nitrogen fertilizer, and
was increased when nitrogen fertilizer was applied. The
pergeniage of nitrogen in the stover was generally low.

In two seasons with severe drought (1959/60 and 1960/61),
visible drought damage occurred at dense espacement during

an/
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an advanced stage of growth. in one of these seasons
{1959/60), nitrogen applied 8% planting time increased

both grain and stover yields as well as the protein content
of the grain and the niitrogen upitake by the plants. Top-
dressings of nitrogen increased the protein content of the
grain and the nitrogen wuptake by the plants without appre—
gilably affecting grain yields. Both the protein content

of the grain and the nltrogen content of the stover were

Low, especially when no nitrogen fertilizer had been applied.
In the other season (1960/61), fertilizer nitrogen failed to
increase either grain or stover yields. The protein content
of the grain was normal and considerably higher than in the
previous seasons. It was not affected by the nlitrogen fer-
tilizer applied. The nitrogen content of the stover was
only slightly higher than in the previous seasons and was
slightly increased by the application of nitrogen.

In both dry seasons, normally spaced plants yielded
considerably more grain and lessg gtover than densely spaced
ONES . A% normal espacement, the plants contained more ni-
trogen in the graln and less in the stover than at denss
- egpacement.

The plants at Theunlissen were generally free of nitrates
from about the flowering stage. On asccount of a low percen-
tage of nitrogen in the stover, the amount of nitrogen re-
turned to the soil or made available for grazing was small.

Adeceording to the evidence obtained, spplication of ni-
trogen at a rate of forty fto eighty 1bv N per morgen should
increase zrain yvields at Theunlissen in seasons with a nornal
or a better than normal moisture supply. In poist seasons,
8 top~dressing of nitrogen vefore flowering would maintain an
optimal nitrogen status of the plants during advanced growth
stages. Top—-dressings may also be applied in normal ses-
sons, especlally when nitrogen deficiency becomes evident.

Planting at more than about 19,000 plants per morgen
unduly increases the risk of drought damage to the planis
and of a faillure in grain production.

In contrast to the results obtained at Theunissen, no
appreciable influence of nitrogen fertilizer (42 and 84 1b.
N per morgen) on either grain or stover yields, or on the
nitrogen content of either grain or stover, was obtained
during four seasons on the experimentael site at the (len
College of Agriculture. in addition, nitrogen fertilizer

‘ did/
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did not noticeably affect the nitrogen uptake by the crop.
The nitrogen contents of both grain and stover as well as
the nitrogen uptake were relatively high. Hitrates were
always present in the stover.

Normally spaéed maize plants yielded more grain but less
stover than densely spaced plants. The differsnce bhelween
the grain yields at norvmal and dense gspacement varied scool—
ding to the rainfsall conditions. In a moist season [1957/58),
this difference was snaller than in three drier seasons {1958/
59 te 1860/61). Compared with dense espacement, normal es-
pacement ensured that a larger portion of the nitrogen, taken
up by the plants,was translocated to the grain. Densely
spaced plants contained more nitrogen in the stover than nor-
mally spaced ones. The amounts of nitrozen contalined in the
stover and thus returned to the goil, were relatively large
at Glen.

In comparison with the planits st Theunissen, those grown
at Glen proved te be much more susceptible to drought. This
difference was largely attributable t¢ a higher growth inten-
81ty during early growth stages and a strongsyr tillering of
the plants at Glen.

The degree of wilting or of drought damage was not visibly
influenced by the application of nitrogen fertilizer at either
Glen or Theunissen. Investigations during one sezson at Glen
did not indicate any influence of mitrogen fertilizer on evapo-
transpiration, and nitrogen fertvilizer did not influence tiller

develeapment.

4% Glen, normal and wide espacement (15,000 and 10,000
plants per morgen. Tespectively, brought about 2 strongsr
tiller development than a dense one (30,000 plants) and thus
decredsed the advantage of e larger moisture supply per plant.
When the plants were grown in 6 ft. rows, the tiller develop-
ment was decreased, the drought resistance incressed and a
higher grain yield was obtained than when equal numbers of
plants were planted in 3 It. Tows. Compared with 3 ft.
rows, there was only a slight reduction in evapotranspirs-
tion when the same rumber of plants per morgen were planted
in 6 £t. rows.

These slight reductlons in svapotranspiration incresased
the probebility of termination of drought before the plants
were severely damaged which seems to be more important for
the superiority of sither normal spacing or six feet rows
over dense spacing or three feet rows than the slizhtly

increased/
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-increased available moisture.

Gompared with relstively early. planting, delayed plan-
ting resulted in a considerable increase in grain yields in
a geason with adequate early summer rainfall, but, in a ses-
son with generally poor molsture ceﬁ&itieﬁsg it failed to af-
fect the yields zppreciably. Delayed planting increases the
probabiliby of an improved moisture supply to the plants.

A pot experiment with maize indicated that nitrogen fer-
tilizer can still cure nitrogen deficiency and bring sbout a
strong increase in herbage weight and grain yield even if ap-
plied as late as during the flowering stage. This late ap=-
plication was supericor to earlier ones as regards the uwiiliza-
$icon of the nitrogen for grain production.

A pot experiment on the nitrogen status of seils sampled
from variocus sites at three deptbs revealed thalt the soills at
Glen were richer in available nitrogen than the soils of the
experimental site at Theunissen. This applied t¢ all the
Glen soils iﬁvestigateﬁ whether they had been culitivated Loy
shorter or for longer periods, although an influsnce of the
duration of the periocd of cultivetion on the nitrogen status
of the scils was indicated. 1t was found that the supply of
available nitrogen in the surface soils (0-1 f1) at Glen and
Theunisgen differed only slightly. Larger differences were
found between the subseils (1-2 and 2-3 ). A newly esta-
blished land at Glen was particularly rich in available nitroe-
gen gt a depth of 2-3 £, lLess proncuncedly, these indica-
Tiong were also obtained from a determination of the mineral
nitrogen content of the soils, A1L the resulte from the soll
investigations demonstrated that sampling to a depth of at
lezast three feet is of pariicular importance when the nitrogen
statug of a2 soil 15 bo he determined by means of soll analyses.

The amppunts of mineral nitrogen released from the s0ils
during incubation were not related to either the mineral nitro-
gen contents of the solls previous to ilncubation or o the
nitrogen uptake by test plants from the same soils. The g8X=—
perinental evidence suggested thet the mingral nifrogen cone
tente of the solls were more important for the nitrogen nu—
trition of malze than the nitrogen libercied in the soils
during a growvih geason. In the case of the soils investle
gated, a 501l incubation test failed to show differences be-
tween the niftrogen available to maize grown on different

lands,

Propounced nitrogen deficilency in sclils was alse re-
flected/
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flected in & low protein content of the grain as well as a
Llow nitrogen content of the stover ﬁr@m dryland nmaize.

" The results of hydroponic experiments indicated that
ammoniunm and nitrate nitrogen may be utilized fairly egually
by maize when precautlions are taken 0 avold high anmonis
tension in the ammonium solutions, ‘

The significance of nitrates for maize plants appearsed
1o be limited to the function of nitrates as a storage fornm
of nitrogen. No indication was obiained which would suggest
an importance of an anion function of either nitrates or
chlorides. Maize does not seem to be nitrophile or halo-
phile as are some other speciss,.
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flected in a low protein content of the grain as well as a
low nitrogen content of the stover frmm dryland maize,

" The results of hydroponic experiments indicated that
ammonivm and nitrate nitrogen may be utiliged fairly equally
by maize when precantions are taken o avoid high ammonia
tension in the amwmonium solutions, '

The significance of nitrates for malze plants appeared
0 De Limited to the function of niftrates a8 a storage form
of nitrogen. No indication was obtained which would suggest
an importance of an anion function of either nitrates or
chlorides. Maize does not seem to bhe nitrophile or halo-
phile zs are some other sgeecilass,
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