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itroduction

The reproductive strategy of a p: :icular plant speci 3 may
involve the partitioning of its seed output into many small seeds
or a few large ones, depending on the environmental constraints
placed on the allocation of its resources (Fenner 1985). Seed
_ize seems to be a fixed characteristic of each species, but the
size of a seed must be a compromise Setween effective dispersal
(favouring small seeds) and successful establishment (favouring
large seeds) (Fenner 1985).

Large seeds are characteristic of plants that are
constrained by some environmental factor such that it is more
advantageous to produce fewer seeds, but larger and more nutrient
rich so that the seedlings have enough energy and nutrients for
successful establishment and survival (Fenner 1985). Small
seeds, on the other hand, are produced in large numbers and are
characteri :ic of plants with short 1life cycles without
environmental constraints and often form large seed banks
favouring the dispersal of the species rather than necessary
establishment (Fenner 1985).

Large seeds generally produce large seedlings (Chapin et al.
1989, Zhang & Maun 1993, Jurado & Westoby 1992, Fenner 1985)
which enhances the competitive ability of a particular plant
species in hostile environments (Fenner 1983, Stanton 1984,
Fenner 1985). Large seedlings also have better survivorship
under adverse conditions such as in shade, high light intensity,
low water and low nutrient availability (Fenner 1985, Fenner

1983, Stock, Pate & Delfs 1990, Jurado & Westoby 1992). However,
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BLE 1. Nutrient composition of the five nutrient treatment

lutions.

MACRONUTRIENTS g.l1*! STOCK ~N -P ~Ca -K CTRL
KH,PO, 136.09 1M * * *
KNO, 101.11 1M o * *
MgSo0,. 7H,0 246.50 1M * * ok * %
NHH,PO, 115.03 M *

(NH,) SO, 66.07 0.5M - x  *

NacCl 58.44 1M * * * * *
NaNoO, 84.99 1M ‘ * *
cacCl,.2H,0 147.02 M * * *

CaNOQ, %*
MICRONUTRIENTS g.l1* 8TOCK ~N <P -Ca =K CTRL
H,BO, 2.86 50mM * * * * *
MnCl,. 4H,0 1.81 20mM * * % *
Znso,. 7H,0 0.22 1mM * * *
Cuso,. 5H,0 0.08 0.5mM * * ok *
H,Mo00,.H,0 0.02 0.1mM * LI *
FeEDTA 50nr»nm * * * * *

One molar (1M) stock solutions were made up for each
trient by adding the molecular weight of the relevant nutrient
1 litre of distilled water. The stock solutions were then
pt in the ffidge for the duration of the growth experiment.
r each experimental nutrient solution, 20 ml of the relevant
ock solution for the five treatments (see Table 1) were added
a 20 1 bucket and made up to 20 1 with distilled water. The
ckets were kept sealed in the growth room, and bucket nutrient
lutions were remade every two weeks. The pH of each of the

perimental solutions was recorded.

Plants were fed the relative experimental nutrient solution
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ml acid and for 1 ml and 0.2 ml samples.

The absorbance of each sample solution was measured at 882
nm on a Spectronic 20 spectrophotometer (Bausch and Laumb) which
was zeroed with distilled water.

Standard curve

Ten ml of a stock solution containing 0.4394 g KH,PO, made
up to 1 1 was added to a 500 ml volumetric flask and made up to
500 ml. One ml of this solution was added to a 50 ml volumetric
flask and so on to a total of 15 ml for each flask. One ml of
solution contained 2 ug P ml!. Therefore, the standard curve was
constructed for amounts of P in the range 2 ug-30 ug. Each flask
was made up as for the samples and absorbance measured at 882 nm.
Absorbance values were used to construct the standard curve and

\le equation of the regression line was used for the sample
¢ 1llculations. Two standard curves had to be constructed because
two spectrophotometers were used to measure the absorbance of the

samples. The absorbance values of the samples were converted to

known amounts of P by the following equation:

P=g 6 25m
10ml

& = absorbance value (amount of P in 10 ml) and

P = total amount of P in digested sample
Figures 1 and 2 (Appendix 1) show standard curves and the

equations obtained were :

y =0.016404x - 0.00775 .......... (1)
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jpecies in each treatment at harvesting is shown in Table
nese results suggest that in the the control treatment,
was some sort of toxity effect which affected all the

4. Total number of deaths in each species for each
nt treatment at harvesting (day 73 for P.compacta, 74 for
roides, 79 for P.obtusifolia, 79 for L.laureolum, 77 for

dianum, 80 for L.xanthoconus).

Total number of deaths

CTRL -Ca =K =N -P
racta 2 0 0 0 0]
\roides 3 0 o 2 0
Isifolia 3 2 7 1 1
‘eolum 4 0 0 0 0]
.dianum 1 1 0 1 0
:‘hoconus 5 1 0 o 0

deaths 18 4 7 4 1




TABLE 5.

each treatment after 35 days of growth
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Nutrient deficiency symptoms of all the species for

TREATMENTS AND S8YMPTOMS

SPECIES - Ca CTRL - N - P - K
P.compacta vyellow brown healthy |brown healthy
leaf tips |[leaf leaf
tips tips
P.cynaroides |red leaf |red leaf |[red leaf |red leaf |red leaf
edges & blotch tips blotch blotch
red leaf
blotch
P.obtusifolia |brown brown red leaf |healthy |brown
leaf tips |leaf tips leaf
& edges tips blotch
L.laureolum healthy brown healthy |healthy |brown
leaf leaf
blotch blotch
L.meridianum |healthy leaf tip |red leaf |healthy |healthy
necrosis |blotch
L.xanthoconus |brown brown red leaf [healthy |brown
leaf tips |leaf tips leaf
blotch blotch

(ii) Relative growth rates

Relative growth rates (RGR) for each species under each nutrient

treatment is presented in Table 6.
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Table 6. Average relative growth rates (RGR) (g dry mass per
day) for the 6 Proteaceae species and 5 nutrient treatments. RGR
is expressed as 1ln final dry mass in g, minus 1ln initial dry mass
in g, divided by the length of the gowth period in days.
(* Where S.D. = Standard deviation for (n=12)) and (# where y to x represent
the significant differences of RGR between treatments for Tukey range
analysis, two way analysis of variance) and ($§ where a to b represent
significant differences of RGR between species for Tukey range analysis, two
way analysis of variance) and (+ where a to b fepresent significant difference
in RGR of each species for each nutrient treatment for Tukey range analysis,
one way analysis of variance, ns = not significant). Alphabetical ascending

order represent smallest to largest differences.

RGR (relative growth rate (g dry
matter per day)

y* X X b e X
-Ca -K -N e 4 CTRL
b* a a ab a
at P.compacta 0.043 0.034 0.033 0.038 0.035
s.D.® 0.005 0.006 0.006 0.005 0.006
b ab ab a a
b P.cynaroides 0.051 0.045 0.049 0.043 0.036
S.D. 0.005 0.007 0.004 0.007 0.006
b a a a a
ab P.obtusifolia 0.051 0.036 0.004 0.044 0.040
S.D. 0.003 0.007 0.004 0.009 0.009
b a ab ab a
b L.léureolum 0.039 0.038 0.038 0.031 0.040
S.D. 0.009 0.008 0.005 0.013 0.013
ns ns ns ns ns
a L.meridianum 0.052 0.035 0.037 0.041 0.041
S.D. 0.007 0.004 0.009 0.003 0.005
ab a ab b ab
a L.xanthoconus 0.037 0.030 0.038 0.046 0.035

S.D. 0.007 0.008 0.005 0.004 0.004
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Nitrogen
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Figure 3. The relationship between initial plant size (germling
mass in g) and relative growth rate (RGR g dry matter day!) for
the six Proteaceae species in the -Nitrogen treatment. (r’=0.09,

constant=0.04, x coefficent=-0.11, S.E.=0.05).
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Calcium Potassium
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FIGURE 6. The relationship between seed mass (g) and final

seedling mass (g) for each of the six Proteaceae species for each

of the nutrient treatments. (-K c=0.15 x coefficient=7.83, CTRL

c=0.21 x coefficient=7.73, ~-P c=0.20 x coefficient=10.81, -Ca

c=0.30 x coefficient=15.32)
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There is a strong positive relationship (P < 0.001) between
initial seed mass and total plant mass for all of the six
Proteaceae species in each nutrient treatment (-K r?’=0.53 for
n=54, -P r’=0.60 for n=59, CTRL r’=0.50 for n=47, -Ca r’=0.60 for
n=58, -N r’=0.45 for n=58) (Figure 6). This suggests that
initial seed size determines the final pléht size, irrespective

of nutrient treatment.

(v) Root to Shoot ratios

Root to shoot ratios for each species under the five
nutrient treatments are shown in Figure 7. In the -K treatment
root to shoot ratios are higher than 2 for P.compacta,
P.cynaroides and L.laureolum, all the large seeded épecies, while
the root:shoot ratios are 1less than 1 in P.obtusifolia,
L.meridianum and L.xanthoconus, the small seeded species. In the
control treatment the root:shoot ratio for L.xanthoconus was
highest and the only species to have a value greater than 1, in
the -Ca treatment L.meridianum was the only species with a root
to shoot ratio higher than 1. In the -N treatment, all
root:shoot rétios were less than 1 and in the -P treatment
L.meridianum was the only species with a root:shoot ratio greater

than 1.
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Two way analysis of variance showed treatment root to shoot
ratios to be significantly different (F,;,=7.815) (Figure 7).
There was no difference in root to shoot ratios between species

(Fs30=1.498) and the interaction between species and treatments

was significant (F,3=2.172).

F ratios for root to shoot rétios, one way analysis of
variance for each treatment for each species were: P.compacta
Fs7=41.73, P.cynaroides F4,48=25.992', P.obtusifolia F,3=9.953,
L.laureolum F,5=3.909, L.meridianum F,,=0.424 (ns), L.xanthoconus
F,535=0.762 (ns) (Figure 7).These results suggest that root to

shoot ratios are a response to nutrient treatment.
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FIGURE 10. The relationship between germling mass in g and

germling phophorus content for the four species. (c=19.47 x

coefficient=9890.639)
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(iii) Nutrient use efficiency
Tt nutrient use efficiency of phosphorus was calculated by
taking the final plant dry mass (g) and dividing by the
phosphorus content of the plants (mg). NUE was very high for all
species in the ~P treatment, except for L.meridianum. 1In the

other treatments NUE was similar for all species.

Table 7. Nutrient use efficiency (NUE) for Phosphorus (g dry
matter per mg nutrient) of the four Proteaceae species under the
five nutrient treatments. NUE of phosphorus is expressed as
final plant dry mass after harvesting divided by phosphorus

element content of the dry plants.

Phosphorus use efficiency
(g dry matter per mg phosphorus)

-Ca CTRL =K =N -P
P.cynaroides 0.24 0.24 0.28 0.28 6.96
P.obtusifolia 0.28 0.23 0.15 0.21 5.66
L.laureolum 0.48 0.33 0.19 0.34 3.26
L.meridianum 0.22 0.27 0.29 0.19 0.71

(5) Ion chromatography

Figure 11, an ion chromatogram shows the content of cations
in the digested samples of L.laureolum only. The germlings have
very low concentrations of Na*, NH4*, Mg** and ca**. The
chromatogram for the -Ca treatment shows that L.laureolum plants
must have taken up Ca** because the concentration peak is much

} jher than for the germlings. This means that the -Ca treatment
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c absorption spectrophotometry for Calcium

re 12a shows that the -Ca treatment plants definately
ining calcium from a source other than cotyledonary
The calcium content of the germlings of all four
s low. L.laureolum has the highest calcium content
.2a) in all the treatments, but this appears to be
.t has the largest mass (Figure 12b). The control

plants have the highest calcium content (Figure 12a).
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and

ration ugg! (b) for the four species for germlings and for

e nutrient treatments.
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Plants that establish from seeds rich in phosphorus, will

not need to use soil minerals in their first few months of growth
since they appear to be able to survive on cotyledonary reserves.
The requirement for phosphorus may only occur after 70 days of
growth and therefore, soil mineral elements are probably
available to the seedlings lower in the soil profile. However,
fire may also have an adverse effect on soil mineral status with
certain elements being volatalised by very hot fires (Stock &
Lewis 1986). Therefore, it would be of great adaptive
significance to have a stategy that allows for regeneration from
stored nutrients than from external nutrient sources in
environments that have low nutrient soils and are subject to

regular fire events.
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Appendix 1.

phosphorus determination.
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