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CHAPTER 3 

 

THE CONTRIBUTION OF MAIN STEM, TILLERS AND KERNEL POSITION TO 

GRAIN YIELD AND GRAIN PROTEIN CONTENT OF WHEAT 

 

 

3.1 ABSTRACT 

 

The relative contribution of main stems and tillers, as well as the contribution of first, second and 

third kernels in spikelets to grain yield and grain protein content, is seldom quantified. The grain 

yield of main stems and tillers, and the mass of kernels in the spikelet by floret position, were 

determined in a long-term fertilization and irrigation experiment at the University of Pretoria.  A 

randomized complete block design in a split-plot arrangement with three replicates was used.  

Main plots consisted of two different soil fertility levels and sub-plots were assigned to four 

cultivars.  Mean grain yield of main stem (MS), first tiller (T1) and second tiller (T2) for the 

cultivar Kariega was 1.26 g, 0.98 g and 0.53 g respectively; 1.29 g, 0.78 g and 0.40 g for Carina; 

1.63 g, 0.69 g and 0.09 g for Inia and 1.71 g, 1.10 g and 0.51 g for SST 86.  Within a cultivar, the 

respective ears (MS, T1 and T2) did not differ in mean grain protein content, but significant 

differences were observed among the cultivars with Kariega averaging 16.2% compared to SST 

86 and Inia with 14.5%.  Main stems contributed on average 68.6%, first tillers 24.8% and third 

tillers 4.4% of the mean yield per unit area. Main stems produced on average 44.1 grains, first 

tillers 28.9 grains and the second tillers 15.3 grains.  Main stem kernels were 15% larger than 

kernels from later-formed tillers.  Main stems constituted 51.7% of the total ear number per unit 

area, first tillers 30.3% and the second tillers 14.4%. Mean kernel mass differed with position in 

the spikelet.  First kernels were on the average 9.3% larger than second kernels, and 26.5% larger 

than third kernels.  Main stems and later-formed tillers did not differ in grain protein content. 

Under the experimental conditions grain yield was largely contributed to by main stems and first 

tillers, and especially first and second kernels in the spikelet.       

 

Key words: Grain yield, kernel position, main stem, protein content, tiller.   
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3.2 INTRODUCTION 

 

Knowledge of the relationship of yield in wheat (Triticum aestivum L.) with its components (ears 

per unit area, kernels per ear and kernel mass) have been of great assistance to plant breeders in 

making selections, although it is now recognised that selections for components of yield may not 

necessarily result in yield increases.  Many researchers have reported on growth analysis as 

better selection criteria (Stoskopf, Tanner & Reinbergs, 1963; Voldeng & Simpson, 1967; 

Donald, 1968; Walton, 1971).  Other workers have found associations between morphological 

characters above the flag leaf and yield of wheat (Watson, 1952; Thorne, 1966; Donald, 1968; 

Rawson & Hofstra, 1969).   

 

Individual wheat shoots differ in grain yield as well as in protein content and hence, in quality 

(McNeal & Davis, 1954). This is true even of primary shoots of a single genotype grown in a 

homogeneous plot (Ledent & Moss, 1979).  These differences may be accompanied by variation 

in flag leaf or peduncle morphological development (Ledent, 1974), and may suggest interre-

lationships between the phenological and morphological development pattern rather than a single 

trait approach to yield and quality improvement.  
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Wheat apex development is central to grain yield as both grain number and kernel mass are 

components of the ear.  Wheat cultivars normally produce kernels varying greatly in size as a 

result of kernel position on the spike (Briggs, 1991).  Kernels from the central spikelets of the 

rachis are larger than those of the basal or distal spikelets (Kirby & Appleyard, 1981; Whingwiri 

& Stern, 1982).   

 

Within a spikelet, kernels on the basal florets are larger than those of the distal florets and may be 

controlled by the time of terminal spikelet formation relative to time of floret initiation 

(Whingwiri & Stern, 1982).  Stockman, Fischer & Brittain (1983) found that there are large 

differences in the strength and size of sinks among spikelets on the same rachis and among 

florets in the same spikelet, depending on the sink's position.  Hay & Walker (1989) showed that 

central spikelets have advantages in gaining photoassimilates, while spikelets on the distal region 

of a rachis are the weaker sinks.   

 

McNeal & Davis (1954) found that the earliest formed and matured kernels contained the highest 

protein content, suggesting a first come-first serve situation regarding translocation of nitrogen to 

kernels.  McNeal, Berg, Brown & Watson (1966) reported a significant negative relationship 

between grain protein content and harvest index, suggesting that as grain yield makes up a 

greater part of top growth, grain protein percentages will be correspondingly lower.  

 

Wheat producers often harvest late due to late-maturing tillers, as certain wheat cultivars are 

known for differential ear development, depending on prevailing environmental conditions. In 

South Africa it is reported that about 0.5 million tons of wheat received at the silos every year is 

affected by late-maturing tillers (Wheat Board, 1990; 1994).   

 

The effect of late-maturing ears on grain yield and quality has not been quantified, but is 

reportedly affecting yield and quality in major wheat growing areas of South Africa. The 

phenomenon of late tillering in small grain cereals have been reported by others (Aspinall, 1961; 

Kivisaari & Elonen, 1974). 

 

To explore the relationship between wheat yield and quality the objectives of this study were: (i) 

to quantify the relative contribution of main stems and tillers, as well as the contribution of first, 

second and third kernels in the spikelets to yield and protein content, and (ii) to test the 

hypothesis that tillers affect the quality of grain to a greater degree than their contribution to 
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grain yield.  Few studies have been specifically focused on individual kernel mass and quality by 

relative floret positions in the spikelet, and this may contribute towards strategies in selection for 

yield and improvement of grain protein content. 

 

3.3 MATERIALS AND METHODS   

 

The experimental details, cultural practices, weather (monthly rainfall, evaporation and mean 

minimum and maximum temperatures) and statistical procedure are presented in Chapter 2. 

Because of the repeated measurements on the same experimental unit, a within and between-

subject factors ANOVA-procedure was performed to analyse the data using the HELMERT 

option (SAS User�s Guide Stat., 1989).  

 

Main plots consisted of two different soil fertility levels and the sub-plots were assigned to four 

wheat cultivars.  This report only deals with two fertility treatments (NPK and NPKM) 

representing two well-balanced soil nutrient situations producing strong healthy plants with good 

yields.  Due to the tedious nature of the dissections only three replications were included. At 

maturity two sets of five plants were randomly sampled and separated into main stems and tiller 

components. 

 

Ears from the main stems and the tillers were threshed separately, dried at 600C for 48hrs, and 

weighed to obtain grain yield.  From the second set of five plants kernels were recovered from 

any five of the central spikelets (7, 9, 11, 13, 15 and 17 or 6, 8, 10, 12, 14 and 16) and grouped 

separately into first, second and third kernels.  Grain protein content, on a 12% moisture basis, 

was determined by the Wheat Board on ground samples using a near infrared analyser 

(NIR)/Dumas Method (AACC, 1989).  

 

3.4 RESULTS AND DISCUSSION 

 

This chapter reports on the main effect of genotype and soil fertility on grain yield per ear, 

number of fertile ears per unit area, grain number per ear, grain protein content and mean kernel 

mass at specific floret positions on the ear.  Grain yield per unit area, yield components, grain 

nitrogen content and some interactions between cultivars and soil fertility were reported and 

discussed in Chapter 2. 
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Fertile ear numbers 

Based on the initial plant population, and tiller ratio of the samples, the number of main stems, 

first tillers and second tillers were calculated.  The cultivars differed in number of ears due to 

differences in plant populations and tillering potential which resulted in differences in number of 

fertile ears per unit area (Table 3.1).   

 

The cultivar Inia had the highest plant population and thus number of main stems, while SST 86 

had the lowest.  First tiller occurrence varied, with Inia having the lowest number, while Carina 

had the largest number of first tillers. 

 

The four wheat cultivars did not differ in number of second tillers produced, although SST 86 

had the highest and Inia the lowest.  On the average main stems accounted for 51.7% of the 

total fertile ear number per unit area, first tillers 30.3% and the second tillers 14.4% and lower 

order tillers 3.6%. Increasing soil fertility from the NPK treatment to the NPKM treatment 

significantly increased main stems by 15.3%, first tillers by 13.8% and number of second tillers 

by 54.5%.  In general fertile ear number per unit area increased with increasing soil fertility.  

Morishima, Oka & Chang (1967) and Hsu & Walton (1971) classified wheat varieties as "ear 

number" or "ear length" types to emphasize the relative importance of ear number as a 

component of yield.  Other researchers Darwinkel, 1978; Nerson, 1980; Gales, 1983; Bulman & 

Hunt, 1988) have reported genotypic differences in ability of wheat cultivars to produce fertile 

tillers.   

 

A positive correlation between spike number and grain yield have been reported by Nass 

(1973).  In our study we obtained a positive and significant correlation between fertile spike 

number and estimated grain yield  (Data not shown) 
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TABLE 3.1 Effect of wheat cultivars and soil fertility on fertile ear number, main 

stems, first tillers and second tillers per m2 

 

Treatment  Fertile 

number of 

ears 

Main stems 

(MS) 

First tillers 

(T1) 

Second 

tillers (T2) 

  per m 2 per m 2 per m 2 per m 2 

CULTIVAR SST 86 442(100) 241(57.0) 129(30.5) 107(25.3) 

 Inia 532(100) 378(70.9) 100(18.7)  45 (8.4) 

 Kariega 568(100) 253(44.6) 216(38.0)  68 (9.8) 

 Carina 674(100) 263(39.0) 220(32.7) 100(14.8) 

 LSDT 

  P ≤ 0.05 120 49.9 55.2 121 

FERTILITY NPKM 575(100) 304(115) 177(114)  96(155) 

 NPK 523(100) 264(100) 155(100)  62(100) 

 LSDT 

  P ≤ 0.05 98 37.2 50.9 93.2 

MEAN  549 284 166 79 

CV%  15.4 11.4 22.5 101 

Figures in ( ) refer to MS, T1, T2 as percentage of fertile ear number per m2 averaged 

over the NPKM and NPK fertilization treatments. 

 

 

Grain yield of individual ears  

Grain yield of main stems, first tillers and second tillers are shown in Table 3.2.  Grain yield of 

the main stem differed between cultivars, with SST 86 producing the highest yield of 1.71 g and 

Kariega the lowest (1.26 g).  First tiller grain yield did not differ significantly between cultivars 

and ranged from 0.69 g for Inia to 1.10 g for SST 86.  The yield of second tillers was relatively 

small but differed significantly with that of Kariega being 0.53 g while Inia produced 0.09 g.  

Yield per square metre was calculated from the number of ears (Table 3.1) and the grain yield of 

main stems, first tillers and second tillers (Table 3.2).  Main stems contributed on average 68.6%, 

first tillers 24.8% and second tillers 4.4% and the remaining tillers 2.2% of the yield per unit area 

(Table 3.2). 
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The estimated grain yield of the cultivars did not differ significantly.  Due to the small number of 

samples (5 plants per treatment) the estimated yield (Table 3.2) differs somewhat from the actual 

grain yield (Metho, Hammes, De Beer & Groeneveld, 1997).  When estimated yields were 

compared, Inia had the highest and Carina the lowest, while with actual yield Carina produced 

the highest and SST 86 the lowest. The data show that the main stem (MS) yield was higher and 

more stable compared to the yield of tillers which varied greatly between the cultivars.  Similar 

results have been reported by Power & Alessi (1978) for spring wheat. 

 

Bulman & Smith (1993) using spring barley (Hordeum vulgare L.) reported on the stable nature 

of main stem ear yield components, and on the relatively small contribution of tillers to grain 

yield.  Gan & Stobbe (1995) reported that main stem grain yield was relatively uniform but tiller 

yield was highly variable in spring wheat.  

 

Grain yield per ear was highly correlated (r2 = 0.85) to grain yield per unit area.  Nass (1973) 

using stepwise multiple regression analysis concluded that yield per ear and number of ears per 

plant, and ears per unit area, made the greatest contribution to grain yield.  Briggs (1991) 

reported  that while the productivity of wheat cultivars is determined by both the kernel mass and 

number of grains, approximately 50% of a plant's productivity in total grains and kernel biomass 

was produced by the first spike (MS), and 80-90% by the first two spikes (MS and T1).  Our data 

confirm that grain yield of wheat is largely contributed by main stems and first tillers. 

 

In general increasing soil fertility from the NPK treatment to the NPKM treatment tended to 

increase grain yield of main stems and that of first tillers, but significantly decreased yield of the 

second tillers (Table 3.2). 
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TABLE 3.2 Effects of wheat cultivar and soil fertility on grain yield of main stem, first tiller, second tiller and grain 

yield per m2 

 

Treatment 
 G R A I N  Y I E L D  

 

Estimated 1 

grain yield per 
m2 

Actual 2 
grain yield per m2 

  Main stem 
(MS) 
(g) 

First tiller 
(T1) 
(g) 

Second tiller 
(T2) 
(g) 

 
 

(g) 

 
 

(g) 
CULTIVAR SST 86 1.71 1.10 0.51 589 390 
 Inia 1.63 0.69 0.09 715 448 
 Kariega 1.26 0.98 0.53 564 445 
 Carina 1.29 0.78 0.40 541 634 
 LSDT 

   P ≤ 0.05 
 

0.34 
 

0.52 
 

0.23 
 

195 
 

103 
FERTILITY NPKM 1.59 0.99 0.35 684 493 

 NPK 1.35 0.78 0.42 521 465 

 LSDT 
   P ≤ 0.05 

 
0.39 

 
0.31 

 
0.07 

 
172 

 
139 

MEAN  1.47 0.96 0.44 602 479 

CV%  17.1 37.6 36.4 20.9 20.0 
1. Number of MS, T1 and T2 per m2 x mean grain yield per ear of MS, T1 and  T2. 
2. Metho et al., 1997. 
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Grain number per ear 

Grain number per ear is the product of number of fertile spikelets per ear and grains per spikelet, 

while grains per unit area is a function of number of grains per ear and ears per unit area.  Grain 

number varied with cultivar, with SST 86 having the largest number of grains per ear, averaging 

32.3 grains, and Inia the lowest with 24.5 grains (Table 3.3).  

 

Although not statistically significant, SST 86 had the highest number of grains per ear in the 

main stems, first tillers and second tillers, while Inia had the lowest numbers.  Main stems 

produced on average 44.1 grains, first tillers 28.9 grains and the second tillers 15.3 grains.  On a 

single plant basis, mean whole plant grain number was 73.4 grains for Inia, 89.5 grains for both 

Kariega and Carina, and 96.9 grains for SST 86.  

 

Increasing soil fertility from the NPK treatment to the NPKM treatment did not significantly 

affect grain number per ear or per main stem, but significantly increased grain number of the 

first tillers by 24%.  The number of grains of the second tillers (T2) was not significantly 

affected, although increased by 13.3% (see Table 9.A6).  In field experiments, several 

authors (Puckridge & Donald, 1967; Willey & Holliday, 1971; Fischer, Aquilar, Mauver & 

Rivas, 1976) have reported that increase in grain yield was positively correlated with an 

increase in grain number. 

 

Results indicate that grain yield per ear was strongly associated with grain number per ear.  The 

high yield of main stems compared to that of tillers led to a wheat with one culm being identified 

as crop ideotype by Donald (1968).  The advantages of tillers for grain production and for 

compensation purposes remain debatable due to differences in the grain yield of main stems and 

tillers.  Ledent & Moss (1979) reported a close association between kernel number and shoot or 

ear yield, while Nass (1973) reported that kernels per ear and kernel weight were associated with 

yield per ear.  Later-formed shoots produced ears that contained fewer grains due to reduced 

number of fertile spikelets (Darwinkel, 1978).  Bulman & Smith (1993) reported that poor grain 

yield of tillers resulted from the formation of fewer and smaller grains.   
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TABLE 3.3 Effect of wheat cultivar and soil fertility on mean grain number  of main stems, first tillers, second tillers and of  

whole plant 

 

 
Treatment 
 

 
G R A I N  N U M B E R  

  

  Main  
stem 
(MS) 

First  
tiller 
(T1) 
 

Second  
tiller 
(T2) 
 

Mean grain1 
number per ear 
(Σ MS + T1 + T2) 

3 

Whole plant 
grain number 
(WP) 

CULTIVAR SST 86 46.8 31.7 18.5 32.3 96.9 

 Inia 40.9 23.0  9.5 24.5 73.4 

 Kariega 44.9 31.7 16.9 29.9 89.5 

 Carina 43.9 29.3 16.2 29.8 89.5 

 LSDT 
   P ≤ 0.05 8.44 10.2  9.2  6.1 18.3 

FERTILITY NPKM 44.9 32.0 16.2 31.2 93.1 

 NPK 43.3 25.8 14.3 27.1 81.6 

 LSDT 
   P ≤ 0.05 

 
7.1 

 
5.7 

  
5.5 

  
5.6 

 
16.9 

MEAN  44.1 28.9 15.3 29.2 87.4 

CV%  12.9 22.4 38.3 14.4 14.3 

1. Averaged over the NPKM and NPK fertilization treatments. 
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Kernel mass  

The effects of cultivar and soil fertility on kernel mass are shown in Table 3.4.  The cultivars 

differed in mean kernel size of the main stems with Inia having the largest kernels averaging 39.8 

mg, while Carina had the smallest kernels at 29.3 mg. Kernels on main stems were on average 

15% larger than kernels from the later-formed tillers (T1 and T2), probably due to limiting 

photoassimilate supply in the case of tillers. 

 

Kernels from the first tillers differed with Inia kernels averaging 34.1 mg and Carina 26.8 

mg.  Kernels from the second tillers did not differ significantly, although they ranged in size 

from 22.9 mg to 30.6 mg.  Hsu & Walton (1971), from a factor analysis for both greenhouse 

and field trials, reported that 20.9% of the total variation in yield was attributed to 1000 

kernel mass.  Darwinkel (1978) reported that at higher plant densities there was no 

relationship between shoot age and grain weight, but when kernels from shoots or ears which 

emerged first were compared to those that emerged later, it was found that the former had 

larger and heavier kernels than those from later-formed ears.  Kernel mass depends on the 

availability of plant assimilates during the stage of grain-filling, and this is closely related to 

the leaf area duration after anthesis (Spiertz, Ten Hag & Kupers, 1971; Thorne, 1974; 

Annandale, Hammes & Nel, 1987).  Puckridge & Donald (1967) and Willey & Holliday 

(1971) found that very high numbers of grains can only be achieved in dense crops, in which 

radiant energy for grain-filling will be limited and grain weight will decrease due to less 

reserve carbohydrate in ear-bearing shoots after anthesis. Briggs (1991) concluded that 

genotypic variation in kernel mass (or seed size) within wheat cultivars is common and will 

depend on the levels of environmental stress in a particular growing season as well as on the 

specific plasticity of individual cultivars. Although not statistically significant, kernel mass 

tended to increase with increase in soil fertility (Table 3.4). Many workers (Terman, Ramig, 

Dreier & Olson, 1969; Ledent & Moss, 1979; Bulman & Smith, 1993) have reported that 

response of kernel mass or grain weight to climatic conditions, nitrogen treatments or soil 

fertility generally vary.  Application of N-fertilizer treatments from 0 to 200 kg N per ha did not 

affect 1000-grain weight in an experiment conducted by Bulman & Smith (1993).   

 

Wheat yield is generally attributed to three primary components namely number of ears per unit 

area, number of grains per ear and mean kernel mass.  Variations in yield per shoot result from 

differences in kernel number per ear and kernel mass. Correlations between yield per plant and 

its primary components (ears per plant, grain number per ear and mean kernel mass) both in 
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green house and field conditions have often been reported (Hsu & Walton, 1970; 1971; Bulman 

& Hunt, 1988).  While acknowledging the contribution of other researchers, considerable effort 

is still needed to enhance our understanding of how genotypes and soil fertility interact in 

relation to the role of ears as sinks, and kernel size distribution between individual ears and 

within the different spikelets.   

 

The results show that wheat cultivars differ in grain yield potential of individual ears. Main stem 

yield was relatively high and stable compared to the yield of later-formed tillers which varied 

greatly between the cultivars.  Similar results have been reported by among others Power & 

Alessi (1978).  Gan & Stobbe (1995), working with spring wheats, reported that main stem grain 

yields were relatively uniform but tiller grain yields were highly variable.  Tillers contributed 

poorly due to fewer grains and smaller kernel mass.  The results show that kernel size depends 

on position of ear, whether main stem or from later-formed tillers.  Our data confirms those 

reported by Levi & Anderson (1950) and Briggs (1991) who found differences in kernel mass in 

different positions in the spike and spikelet.  The data indicate that, under the experimental 

conditions, grain yield of wheat is largely contributed by main stems and first tillers, and 

especially first and second kernels in the spikelet.    

 

Grain protein content per ear 

The protein content of the ears varied as shown in Table 3.5.  Main stems differed with Kariega 

having 16.2% protein and SST 86 having 14.5%.  The first tillers did not differ in grain protein 

content and varied from 14.7% to 15.6%.  In the case of second tillers the cultivars differed in 

grain protein content with Kariega having 16.2% protein, while Inia contained 14.5%. 

 

Levi & Anderson (1950) and McNeal & Davis (1954) reported small, and not significant differ-

ences in protein percentage between the main stems, tillers and composites.  The relatively high 

protein values (14.2-16.2%) obtained in my study is typical for very small samples of grain, 

according to Randall (Personal communication, 1997). The treatments NPK and NPKM did not 

differ in grain protein content, except in second tillers where grain protein content in the NPKM 

treatment significantly increased. Large differences in grain protein was observed in other 

fertility treatments of this experiment, indicating grain protein increased with improved soil 

fertility status (Appendix Table 9.A7.). Schlehuber & Tucker (1959), Johnson, Schmidt, Mattern 

& Haunold (1963), Laubscher (1981) and Fischer (1989) have reported improved grain protein 

content and higher grain yield of wheat with improved soil fertility.  The same authors reported 
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that the major factors affecting grain protein are climate, soil fertility and genotype.  The benefits 

of applying nitrogen fertilizer to increase both yield and grain protein levels in wheat have been 

reported by many research workers (McNeal & Davis, 1954; Finney, Meyer, Smith & Fryer, 

1957; Seth, Herbert & Middleton, 1960; Alkier, Raczs & Soper, 1972; Strong, 1982; Randall, 

Freney, Smith, Moss, Wrigley & Galbally, 1990).  Inverse relationships between protein 

content of wheat grains and yield level have also been reported (Malloch & Newton, 1934; 

Terman, Ramig, Dreier & Olson, 1969). 

 

Kernel mass and grain protein content in floret positions 1, 2 and 3 in the spikelet 

Differences between cultivars in kernel mass and grain protein content for the different kernel 

positions in the spikelet are shown in Tables 3.6 and 3.7.  In floret position 1 the cultivar SST 86 

had the largest kernel mass averaging 42.4 mg, while Kariega kernels were the smallest at 37.8 

mg.  Kernels in floret position 2 differed with Inia having the largest kernels at 39.5 mg, and 

Kariega the smallest averaging 34.0 mg.  In floret position 3, Inia produced the largest 

kernels averaging 35.9 mg, while Carina had the smallest averaging 21.5 mg.  Floret position 

affected kernel size the least in cultivar Inia, where kernels from floret 3 were 14.3% smaller 

than those from floret 1.  The cultivar Carina showed the largest variation in kernel size, as 

third kernels were 46% smaller than first kernels (Table 3.6).  The 1st and 2nd kernels did not 

differ in mass, but kernels in 3rd position in the spikelet were significantly smaller compared to 

the 1st and 2nd kernels in all cultivars. Kernels from central spike positions were significantly 

larger than kernels from the basal and distal end of the spike (data not shown).  These results are 

based on the data collected on the well-formed central spikelets, as distal or basal spikelets varied 

greatly in number of grains produced and in kernel size. 
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TABLE 3.4 Effect of wheat cultivars and soil fertility, on mean kernel mass of main 

stem, first tiller and second tiller 

 

Treatment  M E A N  K E R N E L  M A S S  

  Main stem 

(MS) 

mg 

First tiller  

(T1) 

mg 

Second tiller  

(T2) 

mg 

CULTIVAR SST 86 36.4 (100) 30.3 (83.2 30.6 (84.1) 

 Inia 39.8 (100) 34.1 (85.7) 30.4 (76.1) 

 Kariega 31.1 (100) 29.9 (91.5) 28.9 (92.9) 

 Carina 29.3 (100) 26.8 (91.5) 22.9 (78.2) 

 LSDT 

   P ≤ 0.05 

 

 5.8 

  

 6.9 

 

11.4 

FERTILITY NPKM 35.7 (110) 30.3 (103) 29.5 (108) 

 NPK 32.6 (100) 28.6 (100) 28.2 (100) 

 LSDT 

   P ≤ 0.05 

 

 7.6 

 

 3.6 

 

 7.9 

MEAN  34.2 29.5 28.8 

CV%  12.9 14.1 23.6 

Figures in ( ) are expressed as percentages relative to kernel mass of MS. 
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TABLE 3.5 Effect of wheat cultivars and soil fertility on mean grain protein content of 

main stem, first tiller and second tiller 

 

Treatment M E A N  P R O T E I N  C O N T E N T  (%) 

  Main stem 

(MS) 

First tiller 

(T1) 

Second tiller  

(T2) 

CULTIVAR SST 86 14.5 15.3 15.8 

 Inia 14.5 14.7 14.5 

 Kariega 16.2 15.6 16.2 

 Carina 15.7 14.9 14.9 

 LSDT 

  P ≤ 0.05 1.82 1.58 0.98 

FERTILITY NPKM 15.2 15.6 16.2 

 NPK 15.2 14.7 14.5 

 LSDT 

  P ≤ 0.05 1.05 1.22 0.15 

MEAN  15.2 15.1 15.3 

CV%  7.6 6.9 3.9 

 



University of Pretoria etd - Metho, L A

 
 

 45 

 

TABLE 3.6   Mean mass of kernels in floret positions 1, 2 and 3 in the spikelet of four 

South African wheat cultivars 

 

Treatment  
M E A N  K E R N E L  M A S S  

  Floret  

position 1  

(mg) 

Floret  

position 2  

(mg) 

Floret  

position 3  

(mg) 

CULTIVAR SST 86 42.4 (100) 38.7 (91.3) 32.7 (77.1) 

 Inia 41.9 (100) 39.5 (94.3) 35.9 (87.7) 

 Kariega 37.8 (100) 34.0 (89.9) 28.3 (74.9) 

 Carina 39.8 (100) 35.6 (89.4) 21.5 (54.6) 

 LSDT 

  P ≤ 0.05  3.93 4.26  5.64 

FERTILITY NPKM 41.7 (106) 37.6 (104) 27.3 (85.6) 

 NPK 39.3 (100) 36.3 (100) 31.9 (100) 

 LSDT 

  P ≤ 0.05  4.02  3.74  3.54 

MEAN  40.5 36.9 29.6 

CV%   6.9  7.8 11.8 
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TABLE 3.7   Mean protein content of grains in floret positions 1, 2 and 3 in the spikelet 

of four South African wheat cultivars 

 

Treatment  M E A N  P R O T E I N  C O N T E N T  (%) 

  Grains in floret 

position 1 

Grains in floret 

position 2 

Grains in floret 

position 3 

CULTIVAR SST 86 15.4 15.4 14.2 

 Inia 14.8 14.8 14.1 

 Kariega 16.4 16.0 14.3 

 Carina 15.8 15.5 14.7 

 LSDT 

   P ≤ 0.05 1.01 1.33 1.19 

FERTILITY NPKM 15.9 15.9 14.5 

 NPK 15.2 41.9 14.1 

 LSDT 

   P ≤ 0.05 0.74 1.44 0.64 

MEAN  15.6 15.4 14.3 

CV%  4.2 5.9 5.3 
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Wheat normally produces kernels varying greatly in size as a result of kernel position on the 

spike (Briggs, 1991).  Gan & Stobbe (1995) reported that kernels from the central spikelets of the 

rachis are larger than those of the basal or distal spikelets, and within a spikelet, kernels on the 

basal florets are larger than those of the distal florets. Briggs (1991) concluded that smaller 

kernels result partly from floret position effects and partly from kernel mass reduction for later-

formed tillers.  Grain protein content for kernels from floret position 1 varied between cultivars 

with Kariega having 16.4% protein, and Inia 14.8% (Table 3.7).   

 

Grain protein content did not differ between cultivars in floret positions 2 and 3. In floret position 

2 grain protein ranged from 14.8% to 16.0%, while for floret position 3 protein content varied 

from 14.1% to 14.7%.  When grain protein content of kernels in floret position 3 was compared 

with those in floret position 1, Inia showed the least variation in protein content while Kariega 

varied most (Tabel 3.7;  Appendix Table 9.A8).  The data confirms those reported by Levi & 

Anderson (1950) and McNeal & Davis (1954) who found that earliest formed and matured 

kernels contained the highest protein content, suggesting a "first come-first serve" situation as 

regards translocation of nitrogen from plant tissues to kernels.  More recently Jenner, Ugalde & 

Aspinall (1991) reported that under adequate growing conditions, both rate and duration of starch 

deposition during grain filling are determined mainly by factors that operate within or close to 

the grain itself.  The rate and duration of protein deposition are determined by factors of supply 

external to the grain.  The same authors suggested that grain yield and grain protein percentage 

should be selected as independent traits in cultivar improvements.  

 

Increasing soil fertility from the NPK treatment to the NPKM treatment resulted in slight 

increases in grain protein content of kernels.  Elevated grain protein have resulted from crosses 

of cultivated wheat and wheat-related species, in addition to application of N-fertilizer and 

breeding for cultivars efficient in N uptake and translocation (Fischer, 1989).  

 

3.5 CONCLUSIONS 

 

The effect of soil fertility on the relative contribution of main stems and fertile tillers were 

quantified.  In general main stems (MS) contributed 69%, first tillers (T1) 25%, second tillers 

(T2) 4% and the remaining tillers 2% of the mean yield per unit area, depending on cultivar and 

growing situation.  On the average, main stems accounted for 52% of the total fertile ear number 
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per unit area, first tillers 30% and the second tillers 14%, and lower order tillers 4%.  Relative 

kernel mass and protein content generally declined in the spikelet from the 

1st to the 3rd floret position. 

 

Tiller contribution to yield was low compared to that of main stems.  The protein content of main 

stems and tillers did not differ, thus disproving the initial hypothesis that tillers may affect grain 

quality. 

 

The relative contribution of main stems and tillers, as well as the relative contribution of first, 

second and third kernels in spikelets to grain yield and protein content, are seldom quantified.  

The data presented are rarely available, because the process is often tedious and time consuming, 

but valuable to crop modellers and users, and may be utilized in agronomic management 

strategies and crop modelling in different environments for optimum yield and quality. 
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