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CHAPTER 6

INFLUENCE OF SOIL FERTILITY AND CULTIVAR ON LEAF AREA INDEX AND
BIOMASS PRODUCTION

6.1 ABSTRACT

Total dry matter production is a good indicator of the degree of adaptation of a wheat (7riticum
aestivum L.) genotype to the environment in which it is being grown. The objective of this study
was to determine the effects of soil fertility and wheat genotype on leaf area index (LAI),
aboveground biomass accumulation and ear:vegetative dry-mass ratio. Four wheat cultivars
(Inia, Carina, Kariega and SST 86) were planted in a split-plot design in a randomized complete
block and replicated four times with six fertility treatments as main plots, and the cultivars as the
sub-plots using the long-term fertilization and irrigation experiment, at Hatfield Experimental
Farm of the University of Pretoria. The cultivars differed significantly in biomass at terminal
spikelet formation, 50% flowering and at maturity but did not differ in leaf area index (LAI).
The aboveground biomass at maturity was highly correlated (r* = 0.85) with the final grain yield
but poorly correlated (r2 = 0.34) with maximum LAI. At anthesis Carina had the largest mean
biomass averaging 9.1 t ha™ with a LAI of 4.3 and SST 86 the lowest at 5.6 t ha™ with a LAI of
4.0. Leaf area duration (LAD) was longest for Kariega and shortest for SST 86. Carina had the
highest ear dry-mass, averaging 8.1 t ha and SST 86 produced lowest ear dry-mass (4.8 t ha™)
while Kariega was intermediate (6.2 t ha'l). Vegetative dry-mass was highest for Carina (7.2 t
ha™) and did not differ between SST 86, Inia and Kariega ranging from 3.5 to 4.9 t ha'. The
cultivar SST 86 had the highest ear:vegetative ratio (1.4:1) but was lower in grain yield, while
Carina had the lowest ratio (0.89:1) but produced higher grain yield. Leaf area index and
biomass increased with increasing soil nutrient status. Significant interactions between soil
fertility and cultivar were observed for ear dry weight and aboveground biomass but not for leaf
area index. These results indicate cultivar differences in ability to produce and allocate dry-mass
to the ear. Under the experimental conditions, biomass accumulation was positively correlated

(r* = 0.85) with cultivar grain yield.

Key words: Biomass yield, leaf area index, soil nutrient status, Triticum aestivum L.
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6.2 INTRODUCTION

The amount of photosynthate available for biomass production is related to the current leaf area
and the photosynthetic rate of the crop in consideration (Meyer & Green, 1980; Muldoon,
Daynard, Van Duinen & Tollenaar, 1984). As biomass accumulation is dependent on the
absorbed photosynthetically active radiation (PAR), the total amount of biomass will be affected
by the canopy developed (Black, 1963). Several studies on the relationship between leaf area and
biomass accumulation have been reported (Watson, 1937, Watson, Thorne & French, 1963;
Zrust, Partykova & Necas, 1974). Aase (1977) reported a high correlation between leaf area and
dry weight in annual crops. In crop modelling leaf area indices are needed (Marshalls, 1968;
Aase, 1975; 1978), and biomass production may be substituted for leaf area index. Blackman
(1956) indicated that the leaf area to leaf dry matter relationship may change during plant
growth and with environmental conditions. Unfavourable temperature conditions, water stress or
inadequate soil fertility during the early stages of leaf growth will result in a large reduction in
maximum leaf area attained by the crop (Bradford & Hsiao, 1982). Annandale, Hammes & Nel
(1987) reported a significant correlation (r* = 0.69) between maximum leaf area index and

aboveground dry matter accumulation under varying soil nutrient status of wheat.

Grain yield of wheat has been analysed in relation to total biomass produced and its partitioning
into yielding organs. Biscoe (1979) & McLeran (1981) reported that biomass production is
linearly related to final grain yield, is proportional to the amount of solar radiation intercepted by
the foliage, is related to the canopy size, leaf arrangement and photosynthetic efficiency. Canopy
size is affected by husbandry and climate (Gallagher & Biscoe, 1978) while leaf arrangement
may be affected by applications of growth regulating chemicals (Roebuck, 1981) and by plant
breeding (Innes & Blackwell, 1983).

Fertilization, especially with nitrogen (N), can influence tillering and final size of individual
leaves, leaf area and hence, leaf area index. The efficiency of conversion of absorbed radiation
into dry-matter of temperate cereals can be reduced by nutrient deficiencies or water stress (Cock
& Yoshida, 1973; Biscoe, Scott & Monteith, 1975). At a given site there may be little variation
in incident radiation between seasons, but distinct differences in production of biomass may
occur in regions at different latitudes. As the fraction of carbon respired is often a constant
fraction of carbon fixed (Cock & Yoshida, 1973; Biscoe & Willington, 1984), conversion

efficiency will be related to canopy photosynthetic rate, and hence to the amount of biomass
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produced. Understanding the effects of soil fertility and wheat genotype on leaf area
development and leaf area duration in relation to biomass accumulation and distribution is
important, and may result in information beneficial to manipulating source-sink relationships

between the yielding organs to improve wheat yield.

The main objectives of this study was to quantify the leaf area and hence leaf area index,
aboveground dry biomass and ear:vegetative dry-mass ratio of four South African wheat

(Triticum aestivum L.) cultivars, over a range of different soil fertility situations.

6.3 MATERIALS AND METHODS

Details of the experimental treatments are presented in Chapter 2. Leaf area index and
aboveground biomass accumulation were determined at terminal spikelet (TS) stage, booting

stage and 50% anthesis. Dry-mass was also measured at physiological maturity.

Site, soil and crop husbandry practices

Details of experimental site, soil, husbandry and cultural practices were described by Nel,
Barnard, Steynberg, de Beer & Groeneveld (1996). The experimental treatments, design, layout,
plot dimensions, weather for 1995, pH, site soil analysis and statistical procedure followed are

described in detail by Metho, Hammes, De Beer & Groeneveld (1997) and Chapter 3.

Data recorded

At terminal spikelet (TS) stage, heading stage and 50% anthesis plants were sampled from a 1.0
by 0.9 m area starting from time of 50% emergence, and leaf area index and biomass determined.
Leaf area index was determined from a 1 m row of plants, using a LI 3100 leaf area meter. The
weight of each dry-matter sample in g m” was determined after oven drying to a constant
moisture content at 60 °C for 72 hours. To cause minimum interference with long-term rotation
practice only treatments NPKM, NPK and Control ‘0’ were retained for determination of leaf

area index, biological yield and dry-mass yield in the case of the late maturing Carina.
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6.4 RESULTS

The main effects of soil fertility and cultivar on leaf area index, biomass and ear:vegetative dry-
mass ratio are shown in Tables 6.1, 6.2, 6.3, 6.4 and 6.5. Significant soil fertility and cultivar
interactions on ear dry-mass and straw dry-mass are illustrated in Figures 6.1 and 6.2. The main
effects of cultivar and soil fertility on grain yield, yield components and significant interactions

are reported in Chapter 3.

Leaf area index (LAI)

Main treatment effects

Effect of soil fertility

Leaf area index data are presented in Tables 6.1 and 6.2 for the terminal spikelet stage and the
heading stage, respectively. At the terminal spikelet stage leaf area index differed significantly
with varying soil nutrient treatment. Treatment NPKM produced the largest mean leaf area
index averaging 5.1. The NP and NK treatments resulted in low leaf area indices (0.79. The
NPK and PK treatments were intermediate and differed significantly with leaf area indices of 3.8
and 1.5 respectively. No leaf area index data for the unfertilized control treatment ‘0’ is

available.

Table 6.2 shows the NPKM treatment had the highest leaf area index at heading (6.8) while the
Control ‘0’ and NK treatments were lowest. For the treatment NPK the leaf area index averaged
5.5 and was significantly different from the other treatments (Table 6.2). In general the well-
balanced soil nutrient treatments (NPKM and NPK) resulted in higher leaf area indices than the
unbalanced soil fertility situations (e.g. PK, NP and NK treatments).

Effect of cultivar

Leaf area index data are presented in Tables 6.1 and 6.2. The cultivars did not differ in leaf area
index at the terminal spikelet stage ranging from 2.2 to 2.8 (Table 6.1), but differed significantly
at the heading stage (Table 6.2). Carina produced the highest leaf area index (3.6) and SST 86
the lowest (2.9). Inia and Kariega were intermediate in leaf area index ranging between 3.2 to 3.3
(Table 6.2). Leaf area duration (LAD) was observed to be longest for Kariega and shortest for
SST 86 (data not shown).
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TABLE 6.1 Effect of fertility on leaf area indices at terminal spikelet stage of four South

African cultivars

Treatment e
SST 86 Inia Kariega Carina Mean
Fertility NPKM 4.9¢c 5.2d 4.6¢ 5.7e 5.1d
NPK 4.2¢ 4.0c 3.9¢ 3.2d 3.8¢c
PK 1.5b 1.8b 1.6b 1.3b 1.5b
NP 1.8b 1.8b 1.9b 2.4c 0.79a
NK 0.80a 0.96a 0.64a 0.75a 0.79a
Mean 2.6a 2.8a 2.2a 2.7a

Means within columns followed by the same letter are not significantly different according
to Fisher’s test (P < 0.05). Each value is a mean of 18 observations.

TABLE 6.2 Effect of soil fertility on leaf area indices at heading of four South African

cultivars
Treatment CULTIVAR
SST 86  Inia Kariega Carina  Mean
Fertility NPKM 6.4d 7.5b 6.8d 6.4d 6.8d
NPK 5.0c 5.5¢ 5.1c 6.4d 5.5¢
PK 2.3b 2.3b 2.7b 3.8¢c 2.8b
NP 2.4b 2.6b 2.7b 2.7b 2.6b
NK 0.96a l.1a 0.79a I.1a 0.99a
‘O’ Control 0.68a 0.89a l.1a 0.85a 0.88a
Mean 2.9a 3.3ab 3.2ab 3.6b

Means within columns followed by the same letter are not significantly different according
to Fisher’s test (P < 0.05). Each value is a mean of 18 observations.
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TABLE 6.3 Effect of soil fertility on cultivar aboveground biomass yield at terminal

spikelet stage of four South African wheat cultivars

Treatment BIOMASS YIELD (t ha_l)
CULTIVAR
SST 86  Inia Kariega Carina Mean
Fertility NPKM 5.9¢ 5.5¢ 6.3c 14.3e 7.9d
NPK 5.7c 7.3d 7.4c 9.0d 7.4d
PK S.1c 4.3b 4.9b 5.8¢c 5.0c
NP 2.4b 4.7 3.9b 3.9b 3.7b
NK 1.6a 1.7a 1.8a 1.6a 1.7a
Mean 4.8a 4.7a 4.8a 6.9b

TABLE 6.4 Effect of soil fertility on cultivar aboveground biomass yield at anthesis of four

South African wheat cultivars

Treatment BIOMASS YIELD (t ha_l)
CULTIVAR
SST 86  Inmia Kariega Carina Mean

Fertility NPKM 9.3d 11.6d 15.6e 15.6¢ 13.0e
NPK 8.3cd 9.2¢c 12.7d 11.3bc 10.4d
PK 6.9¢c 6.6b 10.1c 10.6b 8.6¢
NP 4.1b 6.2b 7.2b 9.6b 6.8b
NK 2.8a 3.3a 4.4a 3.7a 3.6a
o 2.3a 3.8a 34a 3.9a 3.4a
Control

Mean 5.6a 6.8b 8.9¢c 9.1c

Means within columns followed by the same letter are not significantly different according

to Fisher’s test (P < 0.05). Each value is a mean of 18 observations.
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All four wheat cultivars reacted similarly producing higher leaf area indices in the well-balanced
soil fertility situations (NPKM and NPK treatments) and were lower in the unbalanced or
unfertilized plots (Tables 6.1 and 6.2).

Biomass yield

Effect of soil fertility

The aboveground biomass yields are presented in Tables 6.3 and 6.4 for the terminal spikelet
stage and at anthesis respectively. Biomass yield differed significantly with soil nutrient status
and with stage of development. The balanced NPKM and NPK treatments produced higher
biomass varying from 6.9 to 6.4 t ha™. The NK treatment resulted in the lowest biomass (1.7 tha
1) (Table 6.3). PK and NP treatments were intermediate but differed significantly in biomass
yield, averaging 5.0 and 3.7 tha respectively at the terminal spikelet stage. No data is available
for the control ‘0’ treatment.

At anthesis the NPKM treatment produced the largest biomass yield (13.0 t ha'l) while the
treatments NK and control ‘O’ were lowest. The NPK treatment produced significantly more

biomass (10.4 tha™) than PK (8.6 t ha™) and NP (6.8 t ha (Table 6.4).

Table 6.5 shows that dry-matter production differed significantly at physiological maturity, with
the well-balanced soil fertility treatments NPK and NPKM ranging from 15.9 to 16.3 t ha
respectively, and the control "0" treatment ranked the lowest (4.7 t ha'l). Because Carina data in
the PK, NP and NK treatments are not available the treatment means refer to the cultivars SST
86, Inia and Kariega and hence, no comparison is made other than that for treatments NK, NP

and PK dry-matter yields varied from 4.3, 9.0 to 12.0 tha (Table 6.5).

Effect of cultivar

The results of the biomass yield at the terminal spikelet stage and at 50% anthesis are shown
in Tables 6.3 and 6.4, respectively. At the terminal spikelet stage Carina produced the largest
biomass (6.9 t ha'l) with SST 86, Inia and Kariega biomass yields significantly lower,
ranging from 4.7 to 4.8 t ha™' (Table 6.3). At anthesis (Table 6.4) Carina and Kariega did not
differ in their biomass yield of approximately 9 t ha™', while SST 86 had the lowest biomass of
5.6 tha. Inia was intermediate with a biomass yield of 6.8 t ha™, but was significantly different

from SST 86 and Kariega (Table 6.4).
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TABLE 6.5 Effect of soil fertility on cultivar aboveground dry matter at maturity of four

South African wheat cultivars

Treatment DRY MATTER (t ha™)
CULTIVAR

SST 86' Inia' Kariega1 Carina’ Mean

Fertility NPKM 14.0e 15.5d 14.8¢c 20.8b 16.3b
NPK 12.2d 14.5d 16.3d 20.5b 15.9b
PK 10.9¢ 12.4c 12.8b - (12.0)
NP 6.3b 8.7b 12.1b - (9.0)
NK 4.1a 4.0a 4.7a - (4.3)
‘O’ Control  3.6a 3.0a 4.5a 7.7a 4.7a
Mean 8.5a 9.7b 10.9¢c 16.3d

Means within columns followed by the same letter are not significantly different according

to Fisher’s test (P < 0.05). Each value is a mean of 18 observations.

1  Cultivar means based on six soil fertility treatments NPKM, NPK, PK, NP, NK and
‘O’ Control.

2 Cultivar mean based on three soil fertility treatments NPKM, NPK and ‘O’ Control.

The four wheat cultivars differed in dry-matter production at physiological maturity. Averaged
over the NPKM, NPK and Control ‘0’ treatments, Carina had the highest (16.3 t ha'l) and SST
86 the lowest (8.5 t ha'l) biomass (Table 6.5). Inia and Kariega were intermediate but differed

significantly.

In general the highest dry-matter was produced under conditions of balanced soil fertility status
(NPKM and NPK treatments) and was drastically reduced in the nutrient limiting soil situations
(PK, NP, NK and Control ‘0’ treatments (Table 6.5).

Ear:vegetative dry-mass ratio
The ear:vegetative dry-mass ratio’s are presented in Tables 6.6 and 6.7 show the NPKM, PK and

NP treatments averaged 1:3, and treatments NK and Control ‘0’ averaged 1:1. The cultivars,
90



University of Pretorfa etd - Metho, L A

however, differed with SST 86 having the highest ratio (1.4:1) but with significantly lower dry-
matter yield, and Carina the lowest (0.89:1) and having the highest dry-matter yield (Tables 6.6
and 6.7). Inia and Kariega were intermediate (1.1:1 vs 1.3:1, respectively) (Table 6.7). In
general ear and vegetative dry-mass yields, and ear:vegetative dry-mass ratio increased with
increasing soil fertility situation from the Control ‘O’ treatment to the NPKM treatment (Table
6.6).

Interaction between soil fertility and cultivar on biomass yield, ear and straw dry-mass
production

Significant interactions between soil fertility and cultivar were observed for aboveground
biomass at terminal spikelet stage and at physiological maturity (Figures 6.1, 6.2 and Chapter
2, Figure 2.2). P resulted in the highest total aboveground biomass (9.4 t ha™) compared to K
(69t ha'l) and N (4.4 t ha'l) at anthesis stage.

Significant interactions between soil fertility and cultivar observed for ear and vegetative dry-
mass yields (Figures 6.1, 6.2 and Chapter 2, Figure 2.5) indicated differential cultivar
accumulation of ear and vegetative dry-mass with varying soil nutrient status. Figure 6.1 shows
that the cultivars reacted similarly in ear dry weight to the P limiting (NK treatment) soil fertility
situation, but differed significantly in the N and K limiting (PK and NP treatments) showing a

cross-over interaction effect.

The wheat cultivars again reacted similarly to N, P and K soil limiting fertility situations (Figure
6.2). In the P soil limiting (NK treatment) the cultivars did not differ but in the K soil limiting
situation (NP treatment) Carina had the highest vegetative dry-mass yield and SST 86 the lowest
(Figure 6.2).

The interaction between soil fertility and cultivar was not significant for leaf area index at

terminal spikelet stage and heading stage, respectively.
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TABLE 6.6 Effect of soil fertility dry mass of ears and vegetative parts and growth ratio of
four South African wheat cultivars at final harvest

DRY MATTER (t ha™)

Treatment
Ear Stem and Ear: Vegetative
vegetative parts parts ratio
Fertility' NPKM 8.6¢ 6.9¢ 13:1
NPK 7.5¢ 6.4c 1.2:1
PK 6.7b 5.3b 13:1
NP 5.2b 3.8b 13:1
NK 2.3a 2.0a 1.1:1
Control ‘O’ 2.0a 1.9a 1.1:1
LSDr 1.4 1.7
P <005
Mean 5.4 4.4 1.2:1
CV% 16.5 19.3

Significant at P < 0.05.
1 Fertility data based on cultivars SST 86, Inia and Kariega Carina.

TABLE 6.7 Effect of cultivar on ear: vegetative growth ratio of four South African wheat
cultivars at final harvest

Treatment DRY MATTER (t ha™")
Ear Stem and Ear : Vegetative parts
vegetative parts ratio

Cultivar’ SST 86 4.8a 3.5a 14:1

Inia 5.1ab 4.8a 1.1:1

Kariega 6.2b 4.9b 13:1

Carina 8.1c 7.2¢ 0.89:1

LSDr 1.2 1.1

P <005

CV% 16.5 19.3

Significant at P < 0.05.
1 Cultivar data based on fertility treatments NPKM, NPK and Control ‘O’ only.
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6.5 DISCUSSION

Total dry-matter production is a good indicator of the degree of adaptation of a wheat plant to the
environment in which it is being grown, while grain yield has been analysed in relation to total
biomass produced and its partitioning into yielding organs. For example, leaf area and hence,
leaf area index attained, determines the amount of photosynthate available for biomass
production. Leaf area index is influenced by cultivar, leaf arrangement, photosynthetic rate and
efficiency, solar radiation intercepted by the foliage, husbandry, climate and soil fertility
(Gallagher & Biscoe, 1978; Biscoe, 1979; Meyer & Green, 1980; Muldoon ef al., 1984; Walker,
1988). Any of these factors may seriously affect biomass production and final grain yield. As
total amount of biomass will be affected by a crop's canopy developed, understanding of the
effects of soil fertility and cultivars on leaf area index and biomass accumulation and partitioning
may result in management strategies for maximizing yield and in cultivar selection for specific

wheat growing environments.

The data indicated that leaf area index and aboveground biomass was increased significantly in
the well-balanced soil fertility situations. The cultivars, however, differed significantly in
biomass yield, ear dry weight and straw dry-mass, but not in leaf area index (Tables 6.1 and 6.2).
Soil nutrient imbalances caused large reductions in both leaf area index and final dry-matter

produced, depending on whether P, K or N was the most limiting soil nutrient.

Under the experimental conditions, the aboveground biomass was better correlated (r2 = 0.85)
with grain yield than with leaf area index (t* = 0.34). The results agree with those of Biscoe
(1979) and McLeran (1981) who reported that biomass was linearly related to final grain yield.
Fertilization, especially with N, can influence tillering and final size of individual leaves and
number, hence, leaf area index. The efficiency of conversion of absorbed radiation into dry-
matter can be reduced by severe soil fertility deficiencies (Cock & Yoshida, 1973; Biscoe et al.,
1975). Annandale, Hammes & Nel (1987) reported a significant correlation (r2 = 0.69) between

maximum leaf area index and aboveground dry-matter accumulation at maturity.

The competitive relationship between the ear and the stem is thought to determine floret survival
and hence grain number per spikelet and per ear in wheat. Other studies have shown that the
higher yield of modern varieties is related to higher harvest indices, and that there has been little

change in total biomass (Jain & Kulshrestha, 1976; Austin, Bingham, Blackwell, Evans, Ford,
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Morgan & Taylor, 1980; Siddique, Kirby & Perry, 1989). In terms of yield components, per-
grain dry-matter has been found to be relatively stable and increases in yield have been
associated with increase in number of grains per ear or per unit area (Brooking & Kirby, 1981;

Fischer & Stockman, 1986; Perry & D'Antuono, 1989).

In this investigation differences in leaf area index, aboveground biomass production and
ear:vegetative dry-mass ratio over a wide range of soil fertility situations were quantified. Under
the experimental conditions, the results indicate that leaf area index and aboveground biomass
increased with increasing soil fertility. Soil nutrient imbalances caused a large reduction in both

the leaf area index attained and the amount of biomass produced.

The need for balanced fertilization for efficient utilization of applied nutrients is demonstrated by
the higher biomass yield of treatments NPKM and NPK compared to the other treatments (PK,
NP and NK) in which one of the macro-nutrients was limiting. Differences in ability to allocate
dry-matter to the ear at maturity is indicative of differences in source-sink potential between the
four wheat cultivars studied and may be partly responsible for the grain yield advantage of

Carina over the other cultivars.

6.6 CONCLUSIONS

The results indicated that increasing soil fertility status increased leaf area index, biomass and

final dry-matter yield at harvest, depending on wheat genotype.

The ear dry mass, straw dry-mass and ear:vegetative dry-mass ratio increased with increasing
soil fertility. The biomass yield at anthesis and dry-matter at maturity were positively correlated
@ = 0.85) with the final grain yield but poorly (r2 = 0.34) with leaf area index. Leaf area

duration was observed to vary with nutrient status and cultivar.

Under the specif conditions of this long-term fertilization trial phosphorus (P) deficiency caused
the greatest reduction in leaf area index and biomass yield, followed by potassium (K) and
nitrogen (N), respectively. Balanced soil fertility treatments (NPKM and NPK plots) produced
the highest leaf area index and the largest aboveground biomass and final dry-matter yield at
maturity. This is to be expected as the healthy and strongly growing crops have a much larger

photosynthetic factory to absorb maximum of incident radiation (PAR) and hence, the higher
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biomass yield. These results indicate cultivar differences in ability to produce and allocate dry-

mass to the ear and hence grain yield potential.
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