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CHAPTER I 

INTRODUCTION 

Man's strife to solve the problem of world hunger by 

means of improved crop production has paralleled that of 

the evolution of agriculture. During the early develop­

mental stages of farming man increased crop yields by 

merely planting in rows instead of broadcasting the seed. 

He next began to use mechanical weed control and fertilizer 

application in the form of manure, crop residues, and green 

manuring. Upon the introduction of the industrial age, 

crop production was increased by bringing new land into 

cultivation. With the advent of the chemical fertilizer 

industry and improved knowledge in soil fertility, crop 

physiology, genetics, and other sciences, great strides 

have been made in improved crop yields. 

Man can no longer rely upon increasing the acreage 

of cultivated land for higher food production. He must 

therefore search for means of improving land use efficiency. 

One way of accomplishing greater efficiency in land use 

would be that of multiple cropping or companion cropping. 

This is not a new method uncommon to today's farming 

practices; however, it has not been exploited to the 

greatest extent. 

1 
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When considering multiple cropping, one would prefer 

to reduce the competition between the different species to 

a minimum. A logical choice of crops would thus be one 

having a summer growth habit and the other a winter growth 

habit. Two such species which meet these requirements are 

bermudagrass (Cynodon spp.) and winter wheat (Triticum 

aestivum L.). 

When sowing winter wheat in bermudagrass sod it is 

desirable to delay the planting of the wheat as long as 

possible in the fall, to reduce the competition. Because 

of this it is usually impractical to sow the wheat for 

fall and winter grazing purposes. This, however, does not 

eliminate the sod-seeding of winter wheat for the purposes 

of grain production. One would suspect that higher levels 

of nitrogen and higher seeding rates would be necessary 

in sod-seeding to maintain yields comparable to that of 

conventional cultural methods. 

The objectives of this study were (1) to determine 

optimum levels of nitrogen and seeding rate for wheat 

sown in bermudagrass sod, (2) to study the effects of 

nitrogen levels and seeding rates upon the yield compo­

nents and morphological plant parts of wheat. 



CHAPTER II 

. LITERATURE' 'REVIEW 

Multiple Cropping 

Multiple cropping systems are becoming common practice 

in today's agriculture. This type of crop management is 

especially adaptable to the small farming operations, which 

involve animal production as well as crop production. In 

such systems there is generally land which is under perma­

nent pasture, consisting of either .native or introduced 

grass species. The oversowing 'of these pastures, during 

their dormant season, with a noncompetitive crop species 

could feasibly increase. the gross income per acre as well 

as improve the overall productivity of the land. 

Literature on multiple cropping studies is very ex­

tensive and multiple cropping systems are- presently an 

active area of. agronomic research;· Examples of some 

species combinations being studied are: Sorghum in rye­

grass sod (32), annual ryegrass in dallisgrass~-cornrnon 

bermudagrass sod (14), and perennial ryegrass--red and 

white clover mixtures undersown with winter rye (19). The 

majority of these studies are for forage yield and not 

grain yield. While there are numerous species combinations 

that could be made, the two most probable choices for 

3 



Oklahoma would be winter wheat and bermudagrass. These 

two crops are very common th~oughout the state and they 

represent a major portion of the farm income. 

Advantages and Disadvantages of Sod-seeding 

4 

One advantage of sod-seeding a crop is that of.reduced 

tillage. This not only saves labor costs but also fuel 

consumption and equipment wear. The second advantage of 

sod-seeding is the use of land at a time of the year in 

which it normally would not be in production. This would 

have the obvious effect of increasing the yearly income 

Obtained from the land. Another important aspect of sod­

sowing is the improved moisture conditions for the inter­

sown species and the prevention of soil erosion. Improved 

soil aggregation stability and surface soil moisture have 

been noted under reduced tillage of wheat (9). This im­

proved soil moisture condition has in some crops led to 

higher yields. Corn grown in rye sod averaged 44% higher 

in yield than conventionally tilled corn (36). Higher soil 

moisture was attributed as the factor causing these yield 

differences. In direct drilled wheat, yields were equal 

to that of conventionally tilled wheat (41). Higher avail­

able soil moisture in no-till and sod-seeded crops can be 

attributed to decreased evaporation from the soil and a 

greater ability to store moisture (6, 25). One must take 

into consideration that these studies were conducted on 

sod which had been killed by means of herbicide application. 



With the seeding of winter wheat in bermudagrass, the 

success of obtaining yields equivalent to that of con­

ventional tillage would be dependent upon year to year 

precipitation. This type of cropping system utilizes 

moisture the year around, thus it may offset the advan­

tage of reduced soil evaporation in sod planting. This 

system of wheat culture would probably not be satisfac­

tory for low rainfall regions or during years of drought. 

While the sowing of a winter annual in the sod of 

a summer perennial would appear to be an ideal means of 

land utilization, this system is not without problems or 

difficulties, which must be solved with further research. 

Sod-seeded rye reduced the first harvest of coastal 

bermudagrass. This reduction in yield was intensified as 

the nitrogen levels increased for rye fertilization (52). 

This effect may be explained as a result of competition 

for light. Higher nitrogen application for rye increased 

foliage production, thus decreased the amount of light 

reaching the bermudagrass. Sod-seeding requires a higher 

degree of fertility management than does conventional 

seeding methods. Another disadvantage of this system is 

the initial decrease in bermudagrass yields, which could 

reduce forage production for hay or grazing. The grazing 

period would also be delayed until completion of small 

grains harvest. 

5 



Nitrogen Levels and.Seeding Rates 

As St~ted previously soil moisture is of major sig­

nificance in multiple cropping. Two factors which affect 

the usage of this moisture and which have a direct effect 

upon yield are the seeding rates and nitrogen levels. 

Optimum nitrogen and seeding rates have not been studied 

sufficiently as the results vary with precipitation and 

climatic conditions. In a study at Muskogee, Oklahoma, 

60 pounds per acre of nitrogen and a seeding rate of 90 

pounds per acre was sufficient for maximum yields of 

wheat sown in bermudagrass (11). A similar experiment 

conducted at Stillwater, Oklahoma, demonstrated that 

68-102 kg/ha seeding rate was optimum for sod-sown wheat. 

The optimum levels of nitrogen and seeding rate would be 

expected to increase during years of high precipitation 

and decrease in the years of lower rainfall. 

Yield Components 

Yield in cereal crops has generally been considered 

6 

as an expression of many factors of which each make a con­

tribution. The environment has a drastic effect upon 

yield, and yet it is the least controllable factor. Gen­

etic and physiological characters, which the plant possess, 

are the second most important factors that determine the 

yield of a crop. There are three major characters which 

contribute significantly to yield in cereal crops. These 

are number of fertile tillers per plant, number of kernels 



7 

per spike, and the kernel weight (17). These three factors 

are collectively referred to as the yield components. 

Contribution to Yield 

While all three of the components of yield are im­

portant, the percentage contribution to yield is not 

divided equally among each component. McNeal, et al. (34) 

showed by simple correlation coefficients that grain yield 

was more closely related to fertile tillers per 4.g met~rs 

than with kernels per head or kernel weight. In the wheat 

varieties Lemhi and Thatcher it was determined that heads 

per plant and kernels per head were more closely associated 

with yield per plant than was kernel weight (35). Johnson, 

et al. (23) compared the yield components of high yielding 

short varieties of winter wheat to the lower yielding tall 

varieties. The high yielding varieties were found to pro­

duce more kernels per spike, while kernel weight and spike 

number were less than other varieties. While the latter 

data does not agree with the literature previously cited, 

these discrepancies can be attributed to the variation 

between varieties and plant types (20). 

In the future yield components may become important 

in the selection for high yielding varieties. However, 

many studies presently show that at maximum yield levels, 

substantial increases in any one yield component usually 

cause a .decrease in one or both of the other components 

(18, 43). 
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The Effects of Nitrogen and Seeding Rate 

Nitrogen is an essential constituent of plant proteins 

and is necessary for the normal growth and development of 

the plant. Different levels of available soil nitrogen 

would obviously have a significant effect upon yield and 

yield components. Khadr and Kassem (27) applied nitrogen 

to wheat at rates of 20, 40, and 60 kg/ha. The respective 

rates increased the yield by 93, 185, and 197%. Fertile 

tiller numbers were increased by 36, 71, and 83% as com­

pared to a zero nitrogen control. While it is true that 

increasing nitrogen levels in the soil results in increased 

yields, there is a level at which yield can no longer be 

increased by higher nitrogen rates. This point of satura­

tion depends upon many factors such as moisture, population 

density, and most important, the variety of wheat. Johnso~ 

et al. (23) determined that yield increased with increased 

nitrogen up to about 90 kg/ha for Lancer winter wheat and 

112.5 kg/ha for C.I. 14016. While the ultimate effect of 

nitrogen addition is upon yield, the direct effect may be 

to increase the number of tillers and tillering efficiency 

(1, 21, 40). The other two components are usually second­

ary in response to nitrogen and in some cases may respond 

negatively towards nitrogen application. Syme (47), in a 

study using high yielding wheats, found that increases in 

nitrogen levels and in seeding rates resulted in higher 

ear populations and a decrease in the number of grains per 

ear. 



Yield components are not only affected by nitrogen · 

but also by seeding rate. Alhagi (1) found that increas­

ing seeding rates from 68 to 136 kg/ha increased the 

tillers/m2 of wheat sown in bermudagrass sod. Quinlan 

and Sagar (40) determined that doubling the seeding rate 

in spring wheat decreased the number of fertile tillers 

per plant but did not decrease yield. Bengtsson (4) con-

eluded that increased seeding rates decreased tillering 

per plant; however, yield was increased due to more ears 

9 

per unit area. Briggs (7) measured the effect of seeding 

rate in different varieties of wheat. He determined that 

rate of seeding had no effect upon seed weight or test 

weight. The effect of seeding rate, thus appears to be 

upon the tillering capacity of the plant. 

Morphological Plant Parts and Yield 

Yield in cereal crops can be characterized as economic 

yield and biological yield. Both types are the ultimate 

result of photosynthesis which has occurred throughout the 

life cycle of the plant (37). Those morphological charac-

ters above the flag leaf node are the most important in 

the fulfillment of the photosynthetic requirement for the 

developing grain. Simpson (45), in a study containing 120 

varieties of wheat, found high positive correlation coef-

ficients between grain weight and the photosynthetic area 

above the flag leaf node. Yap and Harvey (53) determined 



that head surface, peduncle surface, and flag leaf area 

were all strongly associated with grain yield in barley. 

Spike and Flag Leaf Contribution 
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The contribution of each character is altered with 

the different phases of the reproductive stage. However, 

when evaluating the total photosynthetic contribution to 

grain yield the spike and the flag leaf are the most 

important structures (2, 26, 50). The importance of these 

two structures can be exemplified by means of shading 

experiments. Light is very critical during the heading 

stages and even slight restrictions for short periods 

reduces yield (39). Saghir, et al. (42) shaded the var­

ious parts of wheat and barley to determine their impor­

tance in grain yield. Shading the spike proved to be the 

most effective treatment in yield reduction, while shading 

the lower leaves proved to have the least significance in 

lowering the yield. The results of these experiments are 

not unexpected since the flag leaf and the spike are in 

the most effective position for light absorption during 

the rapid grain filling stages. In addition these two 

plant parts have shorter distances than other parts for 

the translocation of photosynthate to the grain. 

There have been many studies which attempt to measure 

the actual percentage contribution to grain weight by the 

spike and flag leaf. The results of these undertakings 

are as varied as the number of varieties of wheat and the 
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techniques for studying photosynthesis. Thorne (49), re­

ported that co 2 fixed by the wheat ear accounted for 17-

30% of the grain weight. However, more than this was lost 

by spike respiration so that the flag leaf made the great­

est contribution of 110-120%. Evans and Rawson (13), 

published data which is in disagreement with Thorne's 

estimations of spike respiration. They determined that 

photosynthesis by the grain up until ripening amounted to 

33-42% of the total ear photosynthesis. This amount of 

contribution by the grain was sufficient to nearly balance 

the loss of co 2 by dark respiration. Their estimation of 

the contribution to grain weight by the ear was 33% in the 

variety Sonora and 20% in Gabo, while in some awned vari­

eties spike contributions were as high as 76%. While the 

measurements of spike photosynthesis have large variations, 

a general estimate of 10-44% would be a good mean percent­

age contribution (30). 

Importance of Awns 

One characteristic of the wheat spike is the presence 

or absence of awns. This particular component has been 

studied extensively and is very important in spike photo­

synthesis. Awned varieties are generally superior to 

awnless varieties (38). The improved yield is consistently 

attributed to an increase in kernel weight (38, 15). 

Another important aspect of awned versus awnless varieties 

is that the higher yields associated with the awned wheat 
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show the greatest significance under drought conditions 

(3). In a study conducted by Evans, et al. (12), drought 

increased the proportion of assimilate contributed by ear 

photosynthesis to grain filling. An.assimilate contribu­

tion of 13-24% occurred in awnless wheat varieties while 

34-43% was observed in awned lines. In an attempt to ex­

plain the advantages of awns various researchers have 

concluded that the primary asset of awns is an increase 

in net photosynthesis (29, 22, 48). 

Flag Leaf Area and Duration 

The flag leaf is another essential component in 

supplying photosynthate to the developing grain. This 

being the uppermost lea.f it is ideally located for light 

reception. In addition it is the last leaf to remain 

green p~ior to grain maturity. Many studies have been 

undertaken to determine means of improving its photosyn­

thetic efficiency and light absorption. Berdahl, Ras­

musson, and Moss (5), from experiments involving large 

and small leaf lines of barley, postulated that large 

leaves favor higher kernel weight and small leaf lines 

paralleled increased culm production. Not only is leaf 

size important, but the orientation or angle appears to 

have significance in improved light absorption. Lupton 

(33) suggested that the selecting of erect leaves in 

wheat could be a means of yield improvement. The breeding 

of narrow, small, upright leaves in wheat could result in 

an improved canopy architecture. This would have the 



effect of increased light absorption and thus a higher 

photosynthetic rate per plant. 
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Another active area of flag leaf research is the leaf 

duration, the period of time which the flag leaf remains 

green. Duration expressed as leaf area duration has been 

positively correlated with yield (16). Welb~nk, et al. 

(51) found that wheat varieties had grain yields propor­

tional to their leaf area duration. Increasing the dura­

tion of the flag leaf would have the obvious effect of 

increasing the flow of photosynthate to the grain at a 

most critical time of plant development. These results 

present the possibility of selective breeding for duration 

as a means of improving yields. 

Selection is not the only means for increasing leaf 

area duration. Khalifa (28) observed an increase in leaf 

area duration with early nitrogen applications. Thus with 

a combination of a breeding program as well as fertility 

trials, improved flag leaf photosynthesis through increased 

duration could feasibly be obtained. 

Research in the physiological aspects of yield has 

opened many avenues for yield improvement. This is pres­

ently an active area of research; however, more studies of 

this type must be simulated before significant advances in 

yield of cereal crops can be expected. 



CHAPTER III 

MATERIALS AND METHODS 

The study was conducted at the Oklahoma State Univer­

sity Agronomy Research Station at Stillwater, Oklahoma. 

The location of the study was on a Kirkland silt loam 

soil, in a lowland area, which was frequently subject to 

moist conditions. 

The experimental design was a completely randomized 

block, with three replications of treatments. The treat­

ments were arranged factorially, with seeding rate and 

nitrogen levels being the two factors involved. 

'Danne' hard red winter wheat was intersown in Midland 

bermudagrass sod on October 1, 1974. This was accomplished 

with a 2.8 m International drill, having a 25.4 cm row 

spacing. The plot sizes were 2.8 m wide and 12.2 m long. 

A 7.6 m border alley-way was left between replications. 

The seeding rates were 67, YOl.,r:a.nd 135 kg/ha. Fertilizer 

application at seeding time consisted of 112 kg/ha of 

18-46-0. Ammonium nitrate was top-dressed on April 4, 

1975 at rates of 34, 67, lOl, and 135 kg/ha of actual 

nitrogen. 

14 



Measurement of Plant Characters 

Upon grain maturity one 0.61 m row was sampled 

randomly from each plot. These samples were then used 

for fertile tiller count, number of kernels per spike, 

peduncle area, chaff weight, and micro-kjeldahl nitrogen 

determination. 

15 

In counting the number of tillers, only those bearing 

spikes were counted. All characters measured were based 

upon ten randomly chosen tillers. 

To obtain measurements of the peduncles, the culms 

were excised above the uppermost node and at the base of 

the first joint of the rachis. The length of the indi­

vidual peduncles were measured. The diameter was measured 

by laying the ten peduncles adjacent to each other and 

measuring the width ten centimeters from the base of the 

peduncles. 

The spikes were threshed on a rub-board hand thresher 

and total weights of individual samples were taken. The 

chaff was separated from the grain by means of an air flow 

seed cleaner. Grain weight was taken after the cleaning 

process. Chaff weight was calculated by subtracting the 

grain weight from the total weight. Total numbers of seed 

per sample were counted and then averaged to estimate the 

number of kernels per spike. 

A sample (0.2 gm) of whole seed was weighed for 

micro-kjeldahl nitrogen determination. This analysis was 

conducted by the Oklahoma State University Soil and Water 
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Analysis Laboratory. Percent nitrogen was converted to 

percent grain protein by multiplying the conversion factor 

5.7 by the nitrogen percentage. 

The field plots were harvested for total grain yield 

on June 19, 1975. These samples were also used for 200 

kernel weight. 

1975-76 Study 

The location of the 1975-76 experiment was relocated 

due to wet and weedy conditions at the previous site. 

This study was conducted on an elevated area with a mod­

erate sloping, terraced terrain. 

The experiment was a randomized block design with a 

factorial arrangement of treatments. There were four 

replications of treatments with the plot sizes being the 

same as the previous year. 

'Triumph' hard red winter wheat was sown in Midland 

bermudagrass sod on October 17, 1975 according to the 

method of the previous season. Seeding rates of 67, 101, 

135, and 168 kg/ha were used. Due to mechanical errors 

336 kg/ha of 0-46-0 was applied at seeding time. However, 

no deterimental effects were noted upon germination. 

The field plots were top-dressed with ammonium nitrate 

on February 10, 1976. Levels of actual nitrogen applied 

were 34, 67, 101, and 135 kg/ha. 



17 

Measurement of Plant Characters 

Samples for flag leaf area measurements were taken on 

May 18, 1976. Fifteen flag leaves were randomly sampled 

from each plot and packed in ice until they could be 

transferred to a freezer. At a later date these samples 

were thawed in water to allow full turgidity to return to 

the leaves. Ten leaves were randomly chosen from each 

sample and the individual leaf areas were measured with 

an automatic leaf area scanner. The area of the ten 

leaves per sample were averaged for an estimate of leaf 

area per plot. 

Two 0.31 m row samples per plot were taken on 

June 6, 1976 for tiller counts. The tiller number, 200 

kernel weight, chaff weight, number of kernels per spike, 

peduncle area, and micro-kjeldahl nitrogen samples were 

taken from these samples in the same manner as the pre­

vious season. 

Total plot harvest for grain yield was taken on 

June 25, 1976 using a Gleaner combine. 



CHAPTER IV 

RESULTS AND DISCUSSION 1974-75 

Grain Yield 

The overall mean of grain yield was 693.3 kg/ha 

(10.3 bu/a). The highest average yield was 1037.5 kg/ha 

(15.4 bu/a) obtained at the 101 kg/ha nitrogen level and 

the 135 kg/ha seeding rate (Table III, Appendix). The 

lowest mean grain yield of 294.9 kg/ha (4.4 bu/a) occurred 

with the 135 kg/ha nitrogen level and 67 kg/ha seeding 

rate. 

The cause for such low grain yield values may be at­

tributed to two sources. The primary cause was probably 

due to a high weed population which occurred throughout 

the study area. Dock (Rumex spp.) and various Trifolium 

species were the major species contributing to this weed 

population. While the clovers were competitive with the 

wheat as under-story vegetation, the dock was equal in 

height to the wheat and thus could have been highly com­

petitive for both nutrients and light. A second factor 

which wouJ!d: have resulted in a negative effect upon grain 

yield was the excessive moisture which accumulated at 

various times during the fall. The field plot area was 

located in a low lying area where run-off water from 
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higher surrounding land accumulated. This resulted in 

some of the plots being temporarily flooded. Some death 

losses did occur during these periods of high moisture. 

Nitrogen was highly significant in its effect upon 

grain yield. As the nitrogen rates increased, grain 

yields decreased. There was no significant difference 

between the 34, 67, and 101 kg/ha nitrogen rates. How­

ever, with the 135 kg/ha rate. a significant decrease in 

yield occurred (Figure 1). These results suggest that 

the lowest nitrogen level supplied enough nitrogen for 

the yield levels obtained. With the 135 kg/ha rate 

excessive nitrogen could have caused large amounts of 

vegetative growth, resulting in lower yields. Dougherty 

(10) noted a 7% decrease in the yield of spring wheat 
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with nitrogen application and high seeding rates. He 

attributed these results to increased water stress. 

Similarly, Scott (44), using high seeding rates reduced 

the number of grains set per spike. Singh, et al. (46), 

noted an increase in the depletion of stored soil moisture 

with high nitrogen application. 

Seeding rate was not significant in its effect upon 

grain yield. There was evidence .of a, nitrogen b~ seeding 

rate interaction which had significance at the 0.07 level 

of probability. 
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Percent Grain Protein 

The overall mean of percent protein of the grain was 

11.6%~ A protein value of 10.6% was the lowest mean which 

occurred at the 34 kg/ha nitrogen level and the 135 kg/ha 

seeding rate. The highest mean of 12.7% protein occurred 

at the 135 kg/ha nitrogen level and seeding rate. There 

was no difference between the 34, 67, and the 101 kg/ha 

nitrogen levels. The 135 kg/ha rate of nitrogen did sig­

nificantly increase the percent grain protein as compared 

to the 34 and 67 kg/ha rates. There was no significant 

difference between the 135 and the 101 kg/ha rate (Figure 

2). Johnson, et al. (24) also noted an increase in pro­

tein as nitrogen application was increased. 

Seeding rate and nitrogen by seeding rate interaction 

were not significant at the 0.05 level of probability. 

Yield Components and Other Plant Characters 

Kernel weight was not significantly affected by 

nitrogen levels. However, seeding rate exhibited a high 

degree of significance (probability = 0.01) in its effect 

upon the kernel weight. As the seeding rate increased 

the kernel weight decreased (Figure 3). There was a sig­

nificant (probability= 0.02) nitrogen by seeding rate 

interaction. However, the simple effect of seeding rate 

was greater than the effect of the interaction (Table IX, 

Appendix). 
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at the 0.05 level of probability.) 
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Nitrogen treatments were sign1ficantly different 

(probability = 0.06) in their effect upon the number of 

kernels/spike. The number of kernels/spike increased as 

the nitrogen levels increased. Alhagi (1) found similar 

effects of nitrogen upon this yield component. No sig­

nificant differences were shown between the 34, 67, and 

the 101 kg/ha rates. The 135 kg/ha rate was associated 

with significantly more kernels/spike than the 34 and 

67 k~/ha rates of nitrogen. There was no difference in 

the number of kernels/spike between the 135 and 101 kg/ha 

nitrogen rates {Figure 4). Seeding rate and nitrogen by 

seeding rate were not significant. 

No significant differences appeared in the F test, 

for tillers/m as affected by nitrogen and seeding rates. 

Increased seeding rates proved to have an adverse 

effect upon chaff weight. No differences existed in 

chaff weight between the 67 and 101 kg/ha rate. The 

135 kg/ha rate significantly (probability = 0.004) de­

creased the chaff weight (Figure 5). It is believed 

that as the plant population increased a higher level of 

competition resulted. The individual plants compensated 

for this high level of competition at the expense of 

chaff weight and kernel weight. 

The last character evaluated, peduncle area, was not 

significantly affected by nitrogen levels and seeding 

rates. 
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34 67 101 135 

Nitrogen(kg/ha) 
Figure 4. Kernels Per Spike as Affected by 

Nitrogen Levels (1974-75). (Treat­
ments with the same letter are not 
significantly different at the 
0.05 level of probability.) 
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Simple Correlation Coefficients 

Correlation coeffic~~rtts were determined for the 

various plant characters and grain yield (Table I). 

27 

None of the characters evaluated significantly correlated 

with grain yield. Because of this~ it is difficult to 

determine which character contributed the most .to ;Yield. 

The unusually low grain yields may have been caused by 

numerous factors which masked the effects of the yield 

components in their contribution to yield. This could 

have hidden any CQrrelation between yield and the other 

plant characters. 

Peduncle area and number of kernels/spike had highly 

significant correlations with each other (Figure 6) 

(r = 0.637). It is believed that peduncle area did not 

have an effect upon the number of kernels/spike. Since 

the number of kernels are determined before the peduncles 

become functional in photosynthesis. The positive re­

sponse seen between these two factors was probably due to 

an unknown factor which positively affected the peduncles 

as well as the number of kernels/spike. 



TABLE I 

SIMPLE CORRELATION COEFFICIENTS OF GRAIN YIELD, PERCENT GRAIN 
PROTEIN, AND OTHER PLANT CHARACTERS (1974-75) 

Plant Characters Grain Chaff Kernel Kernels/ Tillers/m 
Protein Weight Weight Spike 

Grain Yield -0.123 -0.201 -0.113 -0.169 0.267 

Grain Protein 0.375* -0.225 0.357 0.144 

Chaff Weight -0.021 o.667** 0.001 

Kernel Weight 0.179 -0.468** 

Kernels/Spike -0.097 

Tillers/m 

Peduncle Area 

*Significance at 0.05 level probability. 

**Significance at 0.01 level probability. 

Peduncle 
Area 

-0.225 

0.393* 

0.727** 

-0.052 

o.637** 

0.190 

I\.) 

CD 
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CHAPTER V. 

RESULTS AND DISCUSSION 1975-76 

Grain Yield 

The growing season of 1975-76 was an abnormally dry 

year. Unseasonably dry weather occurred in the fall and 

it persisted until early spring. The grain yields were 

higher than the previous year. The mean grain yield was 

1130.1 kg/ha (16.8 bu/a), while the maximum and minimum 

yields were 2093.4 kg/ha (31.1 bu/a) and 557.1 kg/ha 

(8.3 bu/a), respectively. The maximum grain yield 

occurred at the 101 kg/ha nitrogen level and the 135 

kg/ha seeding rate. The minimum grain yield occurred 

at the 135 kg/ha nitrogen level and the 67 kg/ha seeding 

rate. 

No significant differences in grain yield were 

observed with different nitrogen rates. This season's 

precipitation was below normal, which may account for 

the lack of response to nitrogen treatments. 

Increasing the seeding rates caused highly signifi­

cant differences in grain yield. As the seeding rate 

increased, grain yield increased. Differences in yield 

occurred between the 67 kg/ha and 101 kg/ha seeding rates. 
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Beyond the 101 kg/ha rate no significant differences were 

present, although there were increases in grain yield 

(Figure 7). 

Percent Grain Protein 

A high degree of significance existed with grain pro­

tein as affected by nitrogen. As with the previous year, 

increased nitrogen application generally resulted in 

higher percent grain protein. There .was a decline in 

the protein for the 101 kg/ha nitrogen rate averaged over 

the seeding rates to 10.1%. The reason for such low grain 

protein at this level of nitrogen is n<D1t known. Protein 

values of 10.8, 9.4, and 8.2% occurred at the first three 

seeding rates, respectively. A percent grain protein of 

12.2% occurred at the highest seeding rate. If one ex­

cludes this treatment there is no significant difference 

beyond the 67 kg/ha nigrogen rate (Figure 8). The lowest 

mean protein value was 9.3%, which occurred at the 34 

kg/ha nitrogen level. The highest mean protein content 

(14.2%) occurred at the 135 kg/ha nitrogen level. 

Seeding rate was not significant in its effect upon 

grain protein. 

Yield Components and Other Plant Characters 

A high degree of significance was observed with the 

effects of nitrogen upon kernel weight. A significant de­

crease in kernel weight occurred with the application of 



13 
,....... 
ns 

.I::. 12 .......... 
O> 
~ 

0 
11 0 

r-1 ...._, 
"'O 
..-; 

10 Q.) 

>-

c:: 9 
ns 
L 

(.!) 

32 

a a 

a 

b 

67 101 135 168 

Seeding Rate(kg/ha) 
Figure 7. Grain Yield as Affected by Seeding 

Rates (1975-76). (Treatments 
with the same letter are not sig­
nificantly different at the 0.05 
lev~l of probability.) 

I . 

,.. : 



14 

c:; 
13 

Q) 

+' 
0 
L 12 a.. 

c: 

C1S 11 L 
L!J 

+' 10 c: 
Q) 

0 
L 
Q) 9 a.. 

a 

ba 

c 

d 

34 67 101 135 

Nitrogen(kg/ha) 
Figure 8. Percent Grain Protein as Affected 

by Nitrogen Levels (1975-76). 
(Treatments with the same letter 
are not significantly different 

33 

at the 0.05 level of probability.) 
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nitrogen at 67 kg/ha. No further decreases in kernel • 

weight were seen at the 101 and 135 kg/ha nitrogen levels 

(Figure 9). 

The numbers of kernels/spike were significantly in-

creased as higher nitrogen rates were applied. As can be 

noted from Figure 10, a gradual increase in the number of 

kernels/spike occurred at all levels of nitrogen. These 

results explain why a decrease in kernel weight occurred 

with increased nitrogen levels. The additional nitrogen 

was being utilized by the wheat plant for increased spike-

let production. This resulted in the transport of photo-

synthate to more sink sites with each site receiving less 

carbohydrates at the higher levels of nitrogen, which then 

had the effect of decreasing the kernel weight. Langer 

and Liew (31) noted that grain weight responded less to 

nitrogen treatment than grain numbers. Yield was con-

trolled by the transport of carbohydrates, which was de-

pendent upon the number of sites available for grain 

filling. 

Nitrogen was not significant in its effect upon till-

ers/m; however, seeding rate was highly significant in its 

effect upon tillers/m. As the seeding rate was increased 

from 67 to 101 kg/ha, an increase in tiller number re-

sulted (Figure 11). Further increases in seeding rate was 

not effective in increasing tillers/m. 

Nitrogen and seeding rate had no significant effect 

upon chaff weight and peduncle area. 
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Flag leaf area was not significantly affected by 

nitrogen applications. Increasing the seeding rate from 

67 to 101 kg/ha resulted in a significant decrease in 

flag leaf area (Figure 12). Further increases in seeding 

rate did not significantly decrease flag leaf area, al­

though a general decline in area was observed. 

Simple Correlation Coefficients 

Simple correlation coefficients were computed between 

the various plant characterB and grain yield (Table II). 

Tillers/m was the only character which was significant in 

its correlation with grain yield. This correlation was 

highly significant (probability= 0.01), with a coeffi­

cient value of 0.474 (Figure 13). 

Kernel weight was significant in its correlation with 

percent grain protein. A_correlation .coefficient of 

-o.444 exist~d between these two characters (Figure 14). 

Only peduncle area significantly correlated with 

kernel weight. The significance was at the 0.01 level of 

probability with a correlation coefficient of 0.421 (Fig­

ure 15). 

The number of kernels/spike had significant correla­

tion coefficients with peduncle area (0.692), (Figure 16). 

From these simple correlation coefficients it can be 

concluded that the major source of yield for the 1975-76 

season was tillers/m. All of the other characters were 

secondary in their importance as yield components. These 
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TABLE II 

SIMPLE CORRELATION COEFFICIENTS FOR GRAIN YIELD, PERCENT GRAIN 
PROTEIN, AND OTHER PLANT CHARACTERS (1975-76) 

Plant Characters Grain Chaff Kernel Kernel/ Tillers/m Peduncle 
Protein Weight Weight Spike Area 

Grain Yield -0.029 0.089 0.155 -0.105 o.474** 0.125 

Grain Protein -0.004 -0.444** -0.041 0.242* -0.136 

Chaff Weight 0.231 o.656** -0.101 0.524** 

Kernel Weight 0.165 -0.117 o.421** 

Kernels/Spike -0.373** o.692** 

Tillers/m -0.222 

Peduncle Area 

Flag Leaf Area 
~ 

*Significance at the 0.05 level of probability. 

**Significance at the 0.01 level of probability. 

Flag Leaf 
Area 

-0.193 

0.214 

0.121 

0.042 

0.251* 

-0.202 

0.228 

+= 
0 
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results are in agreement with McNeal and others (34, 35) 

who made similar conclusions. 

PSduncle area, flag leaf area, and the chaff weight 

collectively are the major constituents of the photosym­

thetic area which contribute to grain development. All 

of these characters were positively related to the number 

of kernels/spike. As discussed previously, this is be­

lieved to be the result of increased assimilate flow which 

would be available for the development of more kernels/ 

spike. Kernel weight was also increased as photosynthetic 

areas were increased. This relationship, however, was only 

evident in the positive correlation with peduncle area. 

Another point of interest was that tillers/m was 

negatively correlated with the number of kernels/spike 

and positively correlated to percent grain protein. This 

was believed to be a response which resulted from increased 

competition from the higher plant population. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

A two year multiple cropping study was conducted on 

the Oklahoma State University Agronomy Research Station. 

The purpose of this study was to determine optimum nitro-

gen fertilization and seeding rates for winter wheat sown 
~ 

in bermudagrass sod. The yield components and other plant 

characters were also studied to determine their responses 

to the various nitrogen and seeding rate treatments. 

Grain yield for the 1974-75 season was altered only 

by increased levels of nitrogen fertilization. Maximum 

yields were obtained with nitrogen rates between 34 and 

101 kg/ha. Higher application rates drastically reduced 

grain yields. 

Nitrogen did not significantly affect grain yield 

for the 1975-76 season. This may be the result of an 

unusually dry growing season which could have reduced the 

availability and uptake of the nitrogen. Increased seed-

ingrates were favorable for higher yields. The optimum 

seeding rates for maximum yields were between 101 and 168 

kg/ha. 

There were no significant correlations between grain 

yield and the yield components or other characters 
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evaluated for the 1974-75 season. However, for the 1975-

76 season the number of tillers/m was significant in its 

correlation with grain yield. It was believed that this 

character was the major components of grain yield for this 

season. 

Percent grain protein was affected by nitrogen ferti­

lizer for both years of the study. As nitrogen levels in­

creased there was a general trend for the percent grain 

protein to also increase. Maximum protein content for 

both years were reached at the 135 kg/ha nitrogen levels. 

The three yield components; kernel weight, number of 

kernels/spike, and number of tillers/m had varied respon­

ses to nitrogen and seeding rates. For the 1974-75 season 

kernel weight was significantly decreased with increased 

seeding rates. A significant nitrogen x seeding rate 

interaction occurred. Nitrogen had a significant affect 

upon kernel weight for the 1975-76 season. As nitrogen 

fertilization increased kernel weight decreased. 

The number of kernels/spike was increased in both 

years by increasing nitrogen application. 

The number of tillers/m showed no response to nitrogen 

and seeding rate in 1974-75. However, in 1975-76 seeding 

rate had a significant effect upon the tiller/m. With 

higher seeding rates the number of tillers/m increased. 

The practice of sod sowing winter wheat in bermuda­

grass is a f~asibl~ means of using idle acres of pasture 
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during the winter months for central Oklahoma. However, 

the growth and yield responses may vary extensively from 

season to season depending upon yearly precipitation and 

soil moisture status. 
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APPENDIXES 



Nitrogen Level 

34 
34 
34 
67 
67 
67 

101 
101 
101 
135 
135 
135 

LSD 0.05 

TABLE III 

MEAN VALUES OF GRAIN YIELD, AND THE YIELD COMPONENTS AT THE 
VARIOUS LEVELS OF NITROGEN AND SEEDING RATES (1974-75) 

Seeding Rate Grain Yield 200 Kernel Number of 
(kg/ha) (kg/ha) Weight (Gms) Kernels/ 

Spike 

67 773.5 6.3 22.9 
101 952.3 4.1 20.7 
135 757.8 6.o 19.9 

67 1002.5 5.6 23.5 
101 563.3 5.5 22.4 

135 902.6 5.9 20.6 
67 911.5 5.7 27.0 

101 393.5 5.8 21. 8 

135 1037-5 5.7 20.0 
67 294.9 6.5 23.7 

101 387.6 5.6 26.1 

135 342.9 5,3 25.7 

420.21 1. 03 5.09 

Number of 
Tillers/m 

117.4 
144.2 
102.3 

92.8 
130.2 

99.3 
91.2 
86.9 

122.3 
82.0 
85.3 

125.6 

43.8 

\Jl 
\Jl 



TABLE IV 

MEAN VALUES OF PERCENT GRAIN PROTEIN, CHAFF WEIGHT, AND PEDUNCLE AREA 
AT THE VARIOUS LEVELS OF NITROGEN AND SEEDING RATES (1974-75) 

Nitrogen Level Seeding Rate Percent Grain Chaff Weight Peduncle Area 
(kg/ha) (kg/ha) Protein .. · (gms) (cm2) 

34 67 11.6 2.6 24.2 

34 101 11.4 2.1 21. 5 
34 135 10.6 1.7 19.2 

67 67 11.6 2.2 26.6 

67 101 11.6 2.4 23.3 
67 135 10.7 1.7 19.8 

101 67 12.2 2.3 23.6 
101 101 11.7 2.0 24.7 
101 135 11.6 1. 8 22.7 

135 67 12.1 2.4 24.6 

135 101 11.9 2.4 25.5 

135 135 12.7 2.1 26.2 

LSD 0.05 1. 35 0.61 6.50 

Vl 
CY\ 



TABLE V 

MEAN VALUES OF GRAIN YIELD, AND THE YIELD COMPONENTS AT THE VARIOUS 
SEEDING RATES AVERAGED OVER NITROGEN LEVELS (1974-75) 

Seeding Rate Grain Yield 200 Kernel Number of Number of 
(kg/ha) (kg/ha) Weight (gms) Kernels/Spike Tillers/m 

67 745.6 6.0 24.3 96.1 
101 574.2 5.2 22.7 111.8 

135 760.2 5.7 21.6 112.5 
LSD 0.05 210.1 0.52 2.55 21.9 

TABLE VI 

MEAN VALUES OF PERCENT GRAIN PROTEIN, CHAFF WEIGHT, AND PEDUNCLE AREA, AT THE 
VARIOUS SEEDING RATES, AVERAGED OVER NITROGEN LEVELS (1974-75) 

Seeding Rate Percent Grain Chaff Weight Peduncle Area 
(kg/ha) Protein, .· (gms) (cm2) 

-
67 11. 9 2.4 23.7 

101 11.7 2.2 23.7 

135 11. 4 1. 8 22.0 

LSD 0.05 0.67 0.31 3.25 IJl 
-.J 



TABLE VII 

MEAN VALUKS OF GRAIN YIELD, AND THE YIELD COMPONENTS AT THE VARIOUS 
NITROGEN LEVELS AVERAGED OVER SEEDING RATES (1974-75) 

Nitrogen Level Grain Yield 200 Kernel Number of Number of 
(kg/ha) (Kg/Via}' Weight (gms) Kernel/Spike Tillers/m 

34 827.9 5.5 21.1 121. 6 

67 822.8 5.7 22.2 107.5 

101 780.8 5.8 22.9 100.3 

135 341.8 5.8 25.1 97.7 

LSD 0.05 242.6 0.60 2.94 25.3 

l.Jl 
co 



TABLE VIII 

MEAN VALUES OF PERCENT GRAIN PROTEIN, CHAFF WEIGHT, AND 
PEDUNCLE AREA, AT THE VARIOUS NITROGEN LEVELS, 

AVERAGED OVER SEEDING RATE (1974-75) 

Nitrogen Level Percent Grain Chaff Weight Peduncle Area 
(kg/ha) Prote:bn - (gms) (cm2) 

34 11.2 2.1 21.6 

67 11.3 2.1 21.9 

101 11.8 2.1 23.6 

135 12.2 2~3 25.4 

LSD 0.05 0.78 0.35 3.75 

Vl 
\.0 



TABLE IX 

MEAN SQUARES FROM ANALYSIS OF VARIANCE OF DATA FOR 
GRAIN YIELD AND THE YIELD COMPONENTS (1974-75) 

Source DF Grain Yield 200 Kernel Number of 
Weight Kernels/ 

Spike 

REP 2 67808.674 0.263611 1.73528 

NITR 3 498304.881** 0.210648 25.98741* 
SDRATE 2 128383.237 1.996944** 22.28778 

NITR x SDRATE 6 140537.951 1.216204* 11.97519 
REP x NITR 6 71303. 644 0.332870 5.90602 

REP x SDRATE 4 53296.839 0.610694 6.04069 

REP x NITR x 
SDRATE 12 59483.784 0.310509 11.61921 

ERROR 22 61582.483 0.371187 9.04679 
CORRECTED TOTAL 35 116724.023 0.589040 11.33968 

*Significance at the 0.05 level of probability. 

**Significance at the 0.01 level of probability. 

Number of 
Tillers/m 

65.02083 

96.04398 
97.64583 

137.46065 
41.50232 

19.47917 

86.71065 
62.15720 
80.16250 

0\ 
0 



TABLE X 

MEAN SQUARES FROM ANALYSIS OF DATA FOR PERCENT GRAIN PROTEIN, 
CHAFF WEIGHT, AND PEDUNCLE AREA (1974-75) 

Source DF Grain Protein 

REP 2 1.110833 
NITR 3 1.898519* 
SDRATE 2 0.655833 
NITR x SDRATE 6 0.608796 
REP x NITR 6 0.722685 
REP x SDRATE 4 0.192917 
REP x NITR x SDRATE 12 0.732546 
ERROR 22 0.631742 
CORRECTED TOTAL 35 0.765143 

*Significance at 0.05 level of probability. 

**Significance at 0.01 level of probability. 

Chaff Weight Peduncle 
Area 

0.0452778 14.235278 
0.1432407 28.268889 

0.9786111** 12.661944 

0.0949074 7.296389 
0.1182407 15.547500 
0.2673611 17.407361 
0.0903241 13.426250 
0.1301263 14.728611 

0.1688492 14.468825 

0\ 
f-' 



TABLE XI 

MEAN VALUES OF GRAIN YIELD, AND THE YIELD COMPONENTS, AT THE VARIOUS 
LEVELS OF NITROGEN_ AND SEEDING RATES (1975-76) 

Nitrogen Level Seeding Rate Grain Yield 200 Kernel Number of Number of 
(kg/ha) (kg/ha) (kg/ha) Weight (gms) Kernels/Spike Tillers/M 

34 67 1165.0 4;7 22.3 121. 0 

34 101 1097.3 4.6 20.5 141.3 

34 135 1105.9 4.6 18.8 152.8 

34 168 1240.9 4.8 19.5 176.7 

67 67 894.8 4.3 22.7 113.4 

67 101 1038.6 4.2 18.5 160.0 

67 135 1169.2 4.5 24.7 117.4 

67 168 1363.4 4.2 18.6 170.8 
101 67 878.0 3.8 26.5 119.0 

101 101 1321.1 4.5 24.4 131.2 

101 135 1464.6 4.3 21.3 150.8 
101 168 1176.1 4.5 25.1 131.2 

135 67 709.2 4.2 29.0 115.7 

135 101 1206.4 4.3 29.9 155.1 

135 135 1119.4 3.9 22.6 137.7 

135 168 1131.2 3.9 22.7 131. 2 

LSD 0.05 409.8 0.67 7.73 43.6 
0\ 
[\) 



TABLE XII 

MEAN VALUES OF PERCENT GRAIN PROTEIN, CHAFF WEIGHT, PEDUNCLE AREA, AND FLAG LEAF 
AREA AT THE VARIOUS LEVELS OF NITROGEN AND SEEDING RATES (1975-76) 

Nitrogen Level Seeding Rate Percent Grain Chaff Weight Peduncle Flag Leaf 
(kg/ha) (kg/ha) Protein (gms) Area (cm2) Area 

34 67 8.9 1. 6 18.7 10.3 

34 101 8.7 1. 5 15.9 5.3 
34 135 8.1 1. 8 16.6 6.5 

34 168 11. 4 1.8 16.3 6.6 

67 67 12.3 1.9 19.1 10.4 

67 101 13.3 1. 5 15.9 10.8 

67 135 10.4 1. 9 18.8 5.8 

67 168 13.7 2.0 15.3 9.5 
101 67 10.8 1.9 17.7 11. 3 
101 101 9.4 1. 8 20.7 8.9 

101 135 8.2 1.3 18.2 7.5 
101 168 12.2 2.0 19.0 7.8 

135 67 12.9 2.3 20.1 11. 5 

135 101 14.6 2.3 19.2 7.0 

135 135 14.4 1. 6 18.7 8.4 

135 168 14.7 2.4 16.3 7.5 
LSD 0.05 4.28 0.99 5.58 4.94 

G\ 
w 



TABLE XIII 

MEAN VALUES OF GRAIN YIELD, AND THE YIELD COMPONENTS, AT THE VARIOUS 
SEEDING RATES AVERAGED OVER NITROGEN LEVELS (1975-76) 

Seeding Rate Grain Yield 200 Kernel Number of Number of 
(kg/ha) (kg/ha) Weight (gms) Kernels/Spike Tillers/hi 

67 911.7 4.3 25.1 117.4 

101 1165.9 4.4 22.1 146.9 

135 1214.8 4. 3 21. 8 139-7 

168 1227.9 4. 3 21.4 152.5 

LSD 0.05 204.9 0.33 3.87 21.8 

CT\ 
..i:::-



TABLE XIV 

MEAN VALUES OF PERCENT GRAIN PROTEIN, CHAFF WEIGHT, PEDUNCLE AREA, 
AND FLAG LEAF AREA, AT THE VARIOUS SEEDING RATES 

AVERAGED OVER NITROGEN LEVELS (1975-76) 

Seeding Rate Percent Grain Chaff Weight Peduncle2 Flag Leaf Area 
(cm2) Protein:-: (gms) Area (Cm ) 

67 11.2 1.9 18.9 10:'9 

101 11.5 1.8 17_. 9 8;0 

135 10.3 1.6 18.1 ·7. 0 

168 13.0 2.1 16.7 7.8 . 
LSD 0.05 2.14 0.50 2.79 2.47 

O'\ 
\Jl 



TABLE XV 

MEAN VALUES OF GRAIN YIELD, AND THE YIELD COMPONENTS AT THE VARIOUS 
NITROGEN LEVELS, AVERAGED OVER SEEDING RATES(l975-76) 

Nitrogen Level Grain Yield 200 Kernel Number of Number of 
(kg/ha) (kg/ha) Weight (gms) Kernels/Spike Tillers/m 

34 1152.3 4.7 20.3 147.9 

67 1116.5 4.3 21.1 140.3 

101 1210.0 4.3 24.3 133.1 

135 1041. 5 4.1 24.8 134.8 

LSD 0.05 204.9 0.33 3.87 21.8 

0\ 
0\ 



TABLE XVI 

MEAN VALUES OF PERCENT GRAIN PROTEIN, CHAFF WEIGHT, PEDUNCLE AREA, 
AND FLAG LEAF AREA, AT THE VARIOUS NITROGEN LEVELS, 

AVERAGED OVER SEEDING RATES(l975-76) 

Nitrogen Level Percent Grain Chaff Weight Peduncle Flag Leaf 
Area (cm2) Area (cm2) (kg/ha) Protein (gms) 

34 9. 3 1. 7 16.9 7.2 

67 12.4 1.8 17.2 9.1 

101 10.1 1.8 18.9 8.9 

135 14.2 2.1 18.6 8.6 

LSD 0.05 2.14 0.50 2.79 2.47 

0\ 
-..:J 



Source 

REP 

NITR 
SDRATE 
NITR x SDRATE 
REP x NITR 
REP x SDRATE 
REP x NITR x SDRATE 
ERROR 
CORRECTED TOTAL 

TABLE XVII 

MEAN SQUARE FROM ANALYSIS OF VARIANCE OF DATA FOR 
GRAIN YIELD AND THE YIELD COMPONENTS (1975-76) 

DF Grain Yield 200 Kernel Number of 
Weight Kernels/ 

Spike 

3 149432.45 1.537917 82. 943906. 

3 79445.24 0.948750** 82.789323* 

3 350394.06** 0.061250 45.466823 

9 93180.91 0.224722 19.035712 

9 123749.45 0.170278 44.404446 

9 105070.52 0.126667 25.030295 

27 61713.49 0.264398 25.959369 
45 82792.09 0.218028 29.462573 
63 100033.13 0.309167 33.821228 

*Significance at 0.05 level of probability. 

**Significance at 0.01 level of probability. 

Number of 
Tillers/m 

133.9688 
67.1875 

355:9479** 
109.1840 

88.8715 
50.4792 

98.9375 
87.2326 

104.4355 

0\ 
CP 



TABLE XVIII 

MEAN SQUARES FROM ANALYSIS OF DATA FOR PERCENT GRAIN PROTEIN, 
CHAFF WEIGHT, PEDUNCLE AREA, AND FLAG LEAF AREA (1975-76) 

Source DF Grain Protein Chaff Weight Peduncle 
Area 

REP 3 7.94021 0.943490 65.20307 
NITR 3 78.45938** 0.628906 15.52891 
SDRATE 3 20.16354 0.558073 12.59849 
NITR x SDRATE 9 3.79896 0.256545 8.66168 
REP x NITR 9 11.22896 0.523073 29.27571 
REP x SDRATE 9 12.88868 o.473351 21.22585 
REP x NITR x SDRATE 27 7.02095 o.480156 8.74775 
ERROR 45 9.03610 o.487379 15.34896 
CORRECTED TOTAL 63 12.07150 o.486228 16.64524 

*Significance at 0.05 level of probability. 

**Significance at 0.01 level of probability. 

Flag Leaf 
Area 

5.32104 
12. 0585·4 

45.50604* 
7.81729 

17.27674 
7.42590 

11.84567 
12.04793 
12.71697 

0\ 
\.0 
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