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ABSTRACT 

The rate of CC^ exchange, chlorophyll content, morphological 

characteristics and yield and its components were evaluated on four iso

genic lines of barley (Hordeum vulgare L.) differing in leaf width. The 

type of gene action controlling leaf width, length, and area and stomata 

density on both surfaces of the leaf were investigated, and the herita-

bility values of these characters were evaluated. 

The highest rates of net and gross photosynthesis and dark res

piration were obtained at two weeks of age. Rates then decreased pro

gressively with age. The narrow leaf and normal double recessive 

isogenic lines had the highest rates of net and gross photosynthesis. 

The wide leaf line had the highest and the narrow leaf line the lowest 

rate of respiration. 

Isogenic lines differed in total chlorophyll, chlorophyll a and 

chlorophyll b content. The highest amounts of the three chlorophyll 

types were found in plants two weeks old. The normal double dominant 

line had the lowest amount of total chlorophyll. 

Regardless of plant age, net and gross photosynthesis were posi

tively and significantly related to each other and to chlorophyll con

tent and dark respiration. 

2 
Both leaf surfaces had equal numbers of stomata per mm . The 

flag leaf had significantly more stomata than the second uppermost flag 

leaf. This was true for all isogenic lines. 

xiv 



XV 

Differences in morphological characters among the isogenic lines 

were observed when they were grown in hills of different spacings. 

The leaf and head morphological characters were significantly 

and negatively correlated with yield. With the exception of head width, 

they were highly correlated with number of seeds per head, seed yield 

per head and 1000-seed weight. Flag leaf width was significantly and 

positively correlated with number of heads per unit area. 

The grain yield in kg/ha and its components were significantly 

affected by hill spacings and isogenic lines. The highest grain yield 

was obtained at the 15 cm hill spacing and by the narrow leaf isogenic 

lines. The wide leaf line had the lowest grain yield. 

Number of heads per unit area and total dry matter production 

were positively correlated with grain yield. Regression analysis of all 

yield component variables on yield showed that, number of heads per unit 

area, harvest index and total dry matter production, accounted for more 

than 96.5 percent of the variability in yield. The isogenic lines with 

the greatest grain production were also the lines that had the highest 

net and gross photosynthesis. 

Genetic analysis of leaf area, width and length and stomata 

density on the lower surface of the leaf showed that additive gene ac

tion was predominant. Heritabilities for these traits were quite high. 

Genetic gains should be achieved by selection for these traits. Selec

tion for grain yield or its components, will depend, therefore, on the 

extent of compensatory effects and the biological balance mechanism of 

the three yield components as influenced by environment and genetic 

background. 



Even though all of the morphological characters were signifi

cantly and negatively correlated with yield, there was evidence to show 

that photosynthetic area above the flag node makes a large contribution 

to grain yield. The chances of success in selection for these charac

ters are good because the heritabilities of these traits were high. 

Selection for larger green parts above the flag leaf node might be a 

means of obtaining a high yielding plant type. 



CHAPTER 1 

INTRODUCTION 

The major objective of all cereals breeding programs is in

creased or stabilized yield. This has often been achieved by selection 

for such characters as disease, insect, and lodging resistance which 

allow greater realization of inherent yield potential. The actual abil

ity to yield has been increased steadily, but rather slowly, by contin

ual selection within introduced and hybrid material. Selection for 

specific characteristics to improve yield has not always been successful 

because the characteristics are not always related to yield in the ex

pected way. 

An understanding of the yield problem may be obtained, if grain 

yield is explained on a photosynthetic basis. Some 90 percent of the 

crop dry weight consists of photosynthetic products, with the remainder 

comprised of minerals taken up from the soil. Therefore, when a plant 

breeder selects a line because it yields more, he is actually selecting 

the morphological, physiological and biochemical characteristics, that 

enable the line to store more carbohydrate in the grain. 

Recent studies of morpho-physiological traits have made a large 

contribution in understanding some of the physiological bases of grain 

yield. It is possible to set up an ideal plant type or ideotype, as 

discussed by Donald (1968) in wheat (Triticum vulgare L.) when suffi

cient knowledge has been accumulated. If the most promising plant type 

1 
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for grain yield is set up, progress in breeding for the required plant 

type should be greatly facilitated. 

Knowledge of the inheritance of various characters of the plant 

parts would be valuable to plant breeders in attempts to increase 

yields. 

The major objective of a cereal program is to develop and find 

high yielding types, with the best combination of morpho-physiological 

characters. Besides these qualities, the genotypes have to be given the 

optimum environment and optimum agronomic practices in order to express 

in full their potential through maximum benefit of genotype and envi

ronment interactions. From studies of the effects of various environ

ments on cultivars, even within the same species, some research workers 

have concluded that interaction between cultivar and environment is of 

little importance since cultivars within the same species respond to en

vironmental change in the same manner. Stoskopf (1967) found that all 

winter wheat entries produced more grain from narrow than from wide rows 

at all seeding rates. When studying the effect of varying plant popu

lations on the performance of 5 maize (Zea mays L.) hybrids, Hunter, 

Kannenberg, and Gamble (1970) found that all hybrids increased in grain 

yields as populations were increased. On the contrary other studies 

have shown that cultivars do respond differently to environmental 

change. Blum (1970) found that grain yields of late maturing sorghum 

[Sorghum bicolor (L.) Moench.] cultivars were highest under low plant 

populations, and yields of early maturing cultivars were greatest under 

high plant populations. Stickler and Younis (1966) found that short 

cultivars of sorghum (Sorghum vulgare Pers.) responded much better to 



3 

high plant populations while tall cultivars were superior at low plant 

populations. Stickler and Pauli (1964) found that 2 winter cultivars of 

barley responded differently to seeding rates. Grain yields of one cul-

tivar increased while yields of the second cultivar remained constant 

as seeding rates were increased. 

Knowledge of the morpho-physiological characters and yield and 

its components of barley (Hordeum vulgare L.) have been gathered from 

either cultivars or selections from hybrid populations. Physiological 

aspects of the barley plant have usually been determined on a single 

leaf either intact or detached from the plant at a certain age. 

The findings of previous workers, therefore, provide no informa

tion about the effect of different population densities on morphological 

characters and yield and its components of a group of lines with the 

same genetic background. 

In order to get around these defects, 4 isogenic lines of barley 

differing in leaf width were studied. In the present investigation, 

parameters of vegetative and reproductive characters of 4 isogenic lines 

of barley were studied during the entire growing season in different 

stand densities. Correlation coefficients between grain yield and its 

components and morphological characters were determined. 

The investigation deals in part with physiological characteris

tics, by means of which the yield may be determined. It is evident that 

the study of single yield components alone may not provide satisfactory 

answers to this question and that these characters must be considered as 

manifestations of yield rather than as establishing its physiological 

basis. For that reason researchers have sought relationships between 
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some other morphological characters (subcharacters) and yield components 

(Smocek, 1969). 

Finally, the type of gene action controlling the leaf area, 

width and length and stomata density on both surfaces of the leaf was 

studied and heritability values were estimated. 



CHAPTER 2 

LITERATURE REVIEW 

Influence of Plant Age on the Rate 
of Photosynthesis" 

Rate of photosynthesis apparently does not remain constant 

throughout the life cycle of plants. The photosynthetic rate rises as 

plants develop leaves, reaching a maximum with well developed leaves and 

declines in later stages of growth. 

Research workers have found variations in the rate of photo

synthesis with aging of plants. Singh and Lai (1935), grouped leaves of 

wheat, flax (Linum usitatissimum L.) and sugar cane (Saccharum 

officinarum L.) as juvenile adolescent, and senescent at successive 

stages of growth. They found that the rate of photosynthesis was low at 

the juvenile stage, maximum at maturity (adolescent) and decreased with 

increasing age or senescence in all three crops. They also indicated 

that young leaves with a low content of chlorophyll showed a higher ac

tivity than mature leaves with a greater content of chlorophyll. 

Thorne (1960 and 1961) found that relative growth rate, not 

assimilation and leaf area ratio decreased with age in sugar beet (Beta 

vulgaris L.), potato (Solanum tuberosum L.) and barley. 

Moss and Peaslee (1965) studied the rate of photosynthesis of 

attached maize leaves at various ages on each plant. From a well-

fertilized plant they noted little difference in photosynthetic rate 

between the second and eleventh leaf from the top (40 and 36 mg CC^ 

5 
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dm"^hr"l) while the difference in age was 45 days. Photosynthesis of 
y  

the eleventh leaf from K-stressed plants was only 3 percent of that of 

- 2 -i 
the second leaf on the same plant (1 and 33 mg CC^ cm hr ). These 

authors also suggested that if plants are well watered and well ferti

lized, lower leaves, regardless of age, assimilate CC^ at nearly the 

same rate as upper leaves. Forsyth and Hall (1965) determined that 

young and middle aged leaves of low bush blueberry (Vaccinium angusti-

folium Ait.) have a higher rate of photosynthesis than older leaves. 

This response was noted at a light intensity of 1,000 ft.-c and a CO^ 

concentration of 0.4 percent. Wada and Kuroda (1968), found that photo-

synthetic activity in Nicotiana tabacum, Cv. Bright yellow, leaf blades 

increased with age and reached a maximum after full expansion. After 

termination of the expansion of the basal portion, photosynthetic activ

ity was high in the basal, low in the optical, and medium in the middle 

portion of the intact tobacco leaf blades. 

Relation Between Chlorophyll Content 
and the Rate of Photosynthesis 

Several factors influence the rate of photosynthesis in plants. 

Among the internal factors which influence the rate of photosynthesis is 

chlorophyll as a unit of light absorption. Even though this subject has 

attracted the attention of several investigations for a long time, the 

relationship of chlorophyll content to the rate of photosynthesis is not 

understood. Chlorophyll content and its relation to photosynthetic ac

tivity was studied by Murata (1961) in rice (Oryza sativa L.). He found 

that photosynthetic activity of this crop was proportional to the con

tent of chlorophyll. 



Sestak and Catsky (1962) studied the net photosynthetic rate and 

chlorophyll content in different age groups of leaves of Nicotiana 

sandera Hort. They reported a high correlation coefficient (r = 0.94) 

between rate of photosynthesis and chlorophyll content. Sestak (1963 

and 1966) found a correlation coefficient of 0.917 for photosynthetic 

rate with chlorophyll content in sugar beet leaf disks. In the same 

study he reported that cabbage (Brassica oleracea L.) leaf disks showed 

a correlation coefficient of 0.961 at age of 131 to 133 days for total 

chlorophyll content and photosynthetic rate. Also, a linear relation 

between the photosynthetic CC>2 uptake and chlorophyll content was found 

by Haraguchi and Shimizu (1970) in 5 cultivars of tobacco. One culti-

var, 'Burley 21,' did not show this relationship. 

Plester (1912) working with yellow, light green and normal cul

tivars of plants, did not find a direct relationship between chlorophyll 

content and the rate of photosynthesis. Dastur and Desai (1933) noted 

that all tropical species showed a high rate of photosynthesis with a 

higher water content but higher rates did not show a high content of 

chlorophyll; i.e., Hellianthus annua L. with 0.00119 g of chlorophyll 

_2 -2 -1 dm of leaf area showed an assimilation rate of 0.0728 g CC^ dm hr 

_ 2  at 37°C, while the species with 0.0009 g chlorophyll dm had a rate of 

0.0830 g C02 dm"2hr 1 at 33°C. 

Photosynthetic activity and chlorophyll content of two tobacco 

cultivars were determined by Wada, Watanabe and Kuroda (1970). Higher 

chlorophyll content was not associated with higher photosynthetic rate. 

_2 The cultivar, bright yellow, with a chlorophyll content of 5.2 mg dm , 

had a similar photosynthetic activity to the cultivar 'Consolation 402' 
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-2 
with a chlorophyll content of only 2.2 mg dm . Similar results were 

reported by Singh and Lai (1935) and Barua (1960). Chlorophyll content 

of a number of monocotyledon and dicotyledon species was determined by 

Brougham (1960), who found a chlorophyll content ranging from 1.4 to 2.9 

mg per g of green weight. Dicotyledonous species exhibited significant

ly more chlorophyll than monocots. 

Since chlorophyll is an essential factor in the process of 

photosynthesis, the relationship of chlorophyll to yielding ability in 

crop plants has been investigated. Three strains of corn were studied 

by Sprague and Shivi (1929) in relation to total chlorophyll content and 

the dry weight of tops at successive harvests. They found that strains 

with high chlorophyll concentration per unit area also had high average 

rates of increase in dry weight of tops. Similar results were obtained 

by Sprague and Curtis (1933) in hybrid corn. 

Miller and Johnson (1938) obtained different results. Correla

tion coefficients of -.065, -.328, .105 and .147 were found between 

total chlorophyll and yielding ability for single crosses and inbred 

lines of sweet corn and field corn respectively. Recent work of Oelke 

and Andrew (1966) gave similar results. No correlation was found be

tween chlorophyll concentration and ethanol soluble sugars, crude pro

tein, dry weight production and ear weight. In 1940, Johnson and Miller 

studied 55 clonal lines of 'Fairway' crested wheat grass [Agropyron 

cristatum (L.) Gaertn.] and 76 clonal lines of 'park land' brome grass 

(Bromus spp.). They concluded that significant differences existed in 

percentage of total carotenoid pigments, beta carotene, and total 



chlorophyll among the lines. No significant relation was observed be

tween total chlorophyll or carotene and yielding ability. 

The Association of Photosynthesis 
and Respiration to YielcT 

Variation in rates of photosynthesis and respiration and their 

relationship to variation in dry matter production in cereals have been 

the subject of research and discussion for many years. Archbold (1942) 

noted that early removal of the flag-leaf sheath in barley reduced grain 

size and removal of all the leaves at the junction with the sheath re

duced sugar in the stem. Carbohydrates of the ear were supplied by: 

leaves 15 percent, flag-leaf sheath 15 percent, stem and other sheaths 

40 percent and ears 30 percent. 

Watson (1952) pointed out, that flag-leaf size was the main de

terminant of differences in yield of dry weight between cereal varieties 

and that increased leaf size should be one of the major objectives of 

plant breeding. A recent review by Thorne (1966) states that in cereals 

there is sufficient evidence to show that assimilation after anthesis 

for most of the starch in the grain with only a minor contribution com

ing from stored carbohydrates in the parts below the flag leaf node. On 

the basis of this evidence recent studies of the physiological aspects 

of yield in cereal crops were focused mainly on the upper parts of the 

plant. The photosynthetic surface of this portion consists of the flag 

leaf lamina, flag leaf sheath, peduncle, head, and awns. The first 4 

parts have received more attention since they are easier to work with. 

Results of shading experiments by many workers have shown that 

carbohydrates contributed by the assimilation above the flag leaf node 
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amount to more than 85 percent of the total (Asana and Mani, 1950; 

Watson, Thome, and French, 1958; Quinlan and Sagar, 1965). This has 

also been confirmed by autoradiographical studies. Quinlan and Sagar 

(1962) and Stoy (1963) exposed flag leaves to "^CC^ and found that no 

radioactive carbon was translocated downward from the flag leaf node. 

Carbon assimilated by the flag leaves moved predominantly to the grain. 

Similar results were also reported by Rawson and Hofstra (1969) in a 

detailed study of the movement of carbohydrates during the development 

of wheat plants. Buttrose (1962) also demonstrated that the ear re

tained almost all of its own assimilates. 

Porter, Pal, and Martin (1950) using direct measurments of gas 

exchange deduced that the barley ear contributed about 70 percent of the 

carbohydrates in the grain. Some reports place this as high as 90 per

cent (Thorne, 1966). However, Thorne (1965) has reported that the ear 

only contributes 30 percent of the total grain weight in Jufy I and 

Atle spring wheat. 

Research on photosynthesis and yield is often confounded by 

variation in leaf area. There is evidence that additional leaf area may 

compensate for low photosynthetic rates. Duncan and Hesketh (1968) 

analyzed growth rates in maize and inferred that the accumulation of dry 

matter is more dependent on leaf expansion than on photosynthesis per 

unit leaf area. Hanson (1970) reported a negative relationship between 

productivity and photosynthesis in juvenile maize plants. The higher 

producing genotype had 30 percent more leaf area but a lower chlorophyll 

content and a lower percentage of dry matter. He concluded that selec

tion for yield using high photosynthetic rates, expressed on a leaf area 



basis, could result in less yield. Irvine (1967) reported a positive 

relationship between total photosynthesis and stalk weight in sugarcane. 

He suggested that photosynthesis may be used as a primary component of 

yield. 

Flag leaf size and photosynthesis per unit leaf area of wheat 

(Triticum aestivum L.) were inversely related according to Evans and 

Dustone (1970). Conflicting evidence was reported in barley by Berdahl, 

Rasmusson and Moss (1972). They reported that photosynthetic rate per 

unit leaf area was similar in large and small flag leaves. However, the 

total photosynthetic activity per leaf was twice as great in larger 

leaves. In the field, small-leaved lines produced more tillers and 

grain yield, but when plants lodged, the lines with larger flag leaves 

exhibited a yield advantage. Lupton (1969) concluded that the higher 

yield of one of two wheat cultivars could be account for by increased 

photosynthesis of the upper two leaves. 

Decker (1970) stated that dry matter yield is directly related 

to excess photosynthesis over respiration. Osada (1966) has shown that 

rice cultivars which exhibited a high response to nitrogen also dis

played a large photosynthetic to respiration ratio. As the nitrogen 

level increased, photosynthesis increased proportionately faster than 

dark respiration which resulted in a greater photosynthesis to respira

tion ratio. 

Lawes and Treharne (1971) showed no correlation between photo

synthetic rates and dry matter production or grain yield in oats (Avena 

sativa L.), wheat and barley. 
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King and Evans (1967) found that dark respiration per unit 

ground area increased asymptotically with increasing leaf area index in 

wheat. Heichel (1971) determined the relationship between rates of 

dark respiration, photosynthesis, growth rate and dry matter production 

of two corn cultivars. He found the roots and leaves of the faster 

growing cultivar 'Pa 83,' had a lower rate of dark respiration compared 

to the slower growing cultivar, 'Wf 9.' Lower dark respiration rates of 

Pa 83 were highly correlated with rapid accumulation of dry matter. 

Work with wheat has shown that dark respiration rate had a great impor

tance in determining the total dry matter production (Osman, 1971). 

Biochemical measurements of mitochondria from inbred parents 

have activities approaching that of the mitochondria from the heterotic 

hybrid and therefore exhibit mitochondrial complementation (McDaniel and 

Sarkissian, 1966). Further study in this area indicated that the supe

riority of the mitochondria might be a measure of yield heterosis. The 

authors reported that only mitochondrial mixtures from parents of 

heterotic hybrids exhibited mitochondrial heterosis. 

McDaniel (1972) revealed a highly significant relationship be

tween mitochondrial activity and grain yield of barley hybrids. He sug

gested that mitochondrial heterosis and complementation may serve as a 

quantitative predictor of heterosis and measure of the potential of a 

given hybrid to produce dry matter under ideal conditions. 

Leaf Aspects 

Gardener (1966) compared 3 barley varieties known to be high 

yielding with 3 known to be low yielding. He found that narrow leaves 
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were characteristic of high yielders. He explained these findings by 

assuming that narrow upright leaves could receive more light which re

sulted in more active photosynthesis. Gardener (1966) and Tanner et al. 

(1966) classified 300 varieties of wheat, oats and barley into high, 

medium and low yielders based on leaf angle and width. They correctly 

selected all but 2 of the high yielding varieties. They concluded that 

leaf characters could be a valuable criteria in selecting for cereal 

yield. 

In rice, floppy leaves and tall, weak straw are associated with 

low yield (Jennings, 1964; Chandler, 1969). Matsushima (1966) reported 

that high yielding rice varieties had larger culms. A similar conclu

sion was reached by Chandler (1969) working at the International Rice 

Research Institute in the Philippines. 

Pendleton et al. (1968) compared single cross corn hybrids iso

genic for different leaf angles and found that the line with nearly up

right leaves yielded 40 percent more than the original parents. 

Yap and Harvey (1971) evaluated hybrids of barley from a 7 x 

7 diallel cross under field conditions and reported that developmental 

patterns for flag leaf area, peduncle area, and head area or a combina

tion of these traits were similar in the heterozygous hybrids and homo

zygous parents. In graphical, simple correlation and multiple 

regression analysis show that the areas of green parts above the flag 

leaf node were highly associated with grain yield. A thick culmed char

acteristic is usually desirable depending on the environment. 

Monyo and Whittington (1973) have shown that leaf area is an 

indicator of potential yield in wheat and since the flag leaf plays a 
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predominant role, its size may be important. They found a correlation 

coefficient of 0.41 between the area of flag leaf and yield per tiller. 

In rice, leaf length is much more variable than leaf width and 

leaf length is closely associated with leaf angle. The longer the 

leaves the more droopy the leaves. As a result, short and small leaves 

are associated with erect leaves (Tsunoda, 1959). In another study, 

Tsunoda (1964) theorized that when larger leaf masses were produced high 

photosynthesis per unit area was more important than an increase in leaf 

area. According to Tanner (1969), the yield of barley and wheat was 

generally positively associated with narrow, upright leaves. 

The size of an individual tiller is a function of plant density. 

Increasing plant density reduces the size of individual tillers. In 

rice, Matsushima, Tanaka and Hoshino (1964) showed that the photosynthe

sis of a canopy which has a larger number of tillers but smaller size of 

leaves was greater than that of a canopy which has fewer tillers but 

larger leaves and the same leaf area index. 

Many other similar studies also indicated that higher yielding 

varieties of cereal crops were characterized by a longer post flowering 

photosynthetic area duration than lower yielding varieties (Watson, 

Thorne and French, 1963; Stoy, 1965). 

Since carbohydrates in the grain came from assimilation by the 

photosynthetic parts above the flag leaf node after anthesis, one would 

think that the larger the photosynthetic area, the higher the grain 

yield, provided that the photosynthetic efficiency within the same spe

cies does not vary significantly. Using correlation analysis, Voiding 

and Simpson (1967) and Simpson (1968) found that the correlation 
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coefficient between flag leaf area and grain yield from the same tillers 

in 7 lines of wheat grown in a growth room ranged from +0.54 to +0.90. 

A later experiment using 120 varieties of wheat grown in a greenhouse 

gave a higher correlation coefficient of +0.93 between grain yield and 

the total area above the flag leaf node, i.e., areas of the flag leaf 

blade, the flag leaf sheath and the ear. 

Walton (1969) evaluated F^ hybrids of wheat from a 7x7 diallel 

cross under field conditions and reported that extrusion of the head 

and flag leaf lamina length were highly associated with grain yield but 

flag leaf breadth and head length were not. In a later experiment (Hsu 

and Walton, 1970) using a 5 x 5 diallel cross of wheat cultivars found 

significant positive correlation coefficients between grain yield and 

flag leaf lamina length and peduncle length. These inconsistent results 

probably indicate that the length unit of the morpho-physiological 

traits is not a reliable criterion or it may be a function of the dif

ferent genotypes used in the 2 experiments. The influence of leaf 

orientation and plant density on the morphology and yield of maize was 

studied by Pepper, Pearce and Mock (1974). The experiment included 9 

inbred lines visually selected for differences in leaf orientations, 3 

horizontals, 3 intermediates, and 3 upright. Plant densities were 

39,000, 79,000 and 158,000 plants per hectare with a 51 cm row spacing. 

There was a greater influence of leaf orientation on grain yield than on 

dry matter yield. As expected, the advantage of uprights became more 

apparent as plant densities increased. They concluded that leaf orien

tation could be adequately selected for by visual means. 
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Two radiation induced mutants in Hannchen barley narrow leaf and 

wide leaf produced an F2 ratio of 10 nornial to 3 narrow to 3 wide leaves 

(Ramage and Day, 1961). This ratio was explained on the assumption that 

both the double recessive and double dominant genotypes produce normal 

phenotype. Both, narrow and wide leaf mutants were controlled by single 

recessive genes which were independently inherited. Fowler and Rasmus-

son (1969) estimated the heritability of the flag and first leaf below 

it by the parent method. The values ranged from 0.23 to 0.73 and 0.18 

to 0.70 respectively for flag leaf and first leaf below it. Lastly they 

concluded that the possibilities of selection for altering leaf area are 

encouraging. Edwards and Cooper (1963) and Edwards (1967) have altered 

the leaf area by two generations of selection in Lolium. Yap (1970) and 

Walton (1969) found that leaf area was mainly controlled by additive 

gene action and that small leaf size was dominant over large. 

Stomata and Photosynthesis 

Carbon dioxide supply is one of the major factors in the process 

of photosynthesis. A bulk of CC^ diffuses into leaf intercellular space 

from the atmosphere and diffuses out in the process of respiration 

through stomata (Meyer, Anderson and Bohning, 1960). The number of 

stomata per unit leaf area on the upper or lower epidermis of leaves 

varies within plant species. Investigators have determined the frequen

cy of stomata per unit leaf area and their relation to photosynthesis. 

Miskin and Rasmusson (1970) found that the stomatal frequency on 

the lower surface of the flag leaves of 649 cultivars from the world 

_ 2  collection of barley, ranged from 38 to 98 stomata mm with a mean of 



64. Differences in stomatal frequency observed in the field were con

firmed by a greenhouse experiment involving 50 cultivars. Stomatal fre

quencies of several cultivars decreased progressively from the flag to 

the lower leaves, with the flag leaf having approximately twice as many 

- 2 stomata mm as the basal leaves. Stomatal frequencies on the lower and 

upper surface of the flag leaves were similar. These results were con

trasted by the results of Teare, Peterson and Law (1971) on wheat where 

they found that the stomatal frequency was always greater on the upper 

than on the lower surface for the first 4 leaves on a tiller from the 

top. Also stomatal frequency decreased in relation to the position of 

leaf insertion on the culm. The first leaf had the greatest stomatal 

frequency, the second had the next greatest and the fourth had the 

least. The leaf base contained the most and the tip the fewest stoma 

per unit of leaf area. A correlation coefficient of 0.67 was estimated 

2 between the number of stomata per cm on the upper and on the lower sur

face of the first leaf. No general relationship was found between grain 

_2 
yield of 77 lines of wheat and number of stomata mm of leaf surface. 

Stomatal densities among three species of Agrostis and among the five 

cultivars of A. palustris were reported to vary significantly (Shearman 

and Beard, 1972). Density and distribution of stomata also varied with 

leaf blade surface and position. The upper leaf surface of 'penncross' 

creeping bent-grass had approximately 3 times the stomatal density of 

the lower surface. Stomata were distributed in parallel rows on the 

upper surface of the leaf blade and were scattered throughout the lower 

surface. Stomatal density was greatest on the youngest leaves. 
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The relationship of stoma density to water use efficiency has 

been studied. Dobrenz et al. (1969) investigated 6 clones of blue panic 

grass (Panicum antidotale Retz.). They found that although stoma densi-

_2 ty ranged from 78 to 165 mm , no significant association was noted be

tween stoma density and water use efficiency. Freeland (1938) and 

Hesketh (1963), reported no relationship between photosynthesis and 

stoma numbers or length and arrangement of stoma of different species. 

El-Sharkawy and Hesketh (1964) suggested that the presence of some un

known factors beside stoma number limits the rate of photosynthesis. 

2 
Irvine (1967) found a stomata density of 192 to 334 per mm in sugarcane 

and indicated that no significant correlation existed between photosyn

thesis and stoma density. 

Effect of Population Density on Yield 
and Its Components 

Blum (1970) worked with early maturing grain sorghum hybrids 

and found that the greatest yields were obtained under high population. 

Day, Turner and Kirkpatrick (1971) found that a planting rate of 56 kg 

per ha of barley resulted in greater grain yields than a planting rate 

of 28 kg per ha. In addition to that Stickler and Pauli (1964) found 

that for one barley cultivar yields increased as planting rates in

creased. They attributed the yield increases to a greater number of 

heads per unit area even though number of seed per head decreased and 

seed weight remained constant. 

In other cases increasing plant population did not always in

crease yields. Guitard, Newman and Hoyt (1961), working on wheat, 

oat, and barley cultivars, found that yields remained essentially 



same for each crop when seeding rates were increased. Also for all 

crops, they found that, as seeding rates were increased number of plants 

per unit area increased and number of seed per head and seed weight de

creased. Day and Thompson (1970) recorded that seeding rates from 11 

to 45 kg per ha produced as much or more grain than rates up to 123 kg 

per ha. As seeding rates were increased, heads per unit area increased 

and number of seed per head and seed weight decreased. Woodward (1956) 

found that, on irrigated soil in the Western United States, barleys 

sown in rates of 34 to 45 kg per ha yielded as well as those at higher 

rates up to 167 kg per ha. In addition, he determined that rates of 56 

to 67 kg per ha were adequate for other small grains, and lower seeding 

rates produced larger heads and larger kernels than higher seeding 

rates. Woodward's studies showed that increasing plant populations had 

no effect on yield, there is probably an optimum plant population for 

small grains, and exceeding this optimum has little or no effect on 

yields. The studies of Kirby (1967) and Puckeridge and Donald (1967) 

indicated and confirmed that there were optimum rates of seeding barley 

and wheat, respectively. Pelton (1969) found that when weeds, insects 

and diseases were chemically controlled, low seeding rates of winter 

wheat produced significantly more grain yield than higher seeding rates. 

He concluded that lower rates produced longer heads and heavier kernels. 

Welty (1973) found that planting rates greater than 100 kg per ha re

duced yields drastically, whereas rates from 25 to 50 kg per ha resulted 

in the greatest yields. 

Concerning the effect of row spacing on yield and yield compo

nents of grain, Brown, Cobb, and Wood (1964) found that grain sorghum 
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hybrids grown in rows 51 cm apart produced significantly more grain 

than when grown in rows 102 cm apart in 2 out of 3 years. Stickler and 

Wearden (1965) and Stickler and Younis (1966) obtained similar results 

in 2 separate studies. They concluded that yields of grain sorghum 

grown in rows 51 cm apart exceeded yields grown in rows 102 cm apart. 

Stickler (1964 )showed that rows 51 cm apart exceeded rows 102 cm apart 

in grain yields by 6 percent under irrigation and by 5 percent without 

irrigation. Similarly Lutz, Camper and Jones (1971) concluded that corn 

yields increased as width between rows decreased. They observed that 

ear weight increased with a decreased in row spacing. Hunter et al. 

(1970) in another study with 5 corn hybrids concluded that all hybrids 

gave small but significant yield increases as row width was decreased. 

From the literature there is evidence that a decrease in spacing 

between rows increases yields of small grains. When studying the effect 

of row spacing on cereals and flax, Siemans (1963) found that as space 

between rows was increased yields of all grains decreased, whereas num

ber of heads per plant and numberof seeds per plant increased. Day et 

al. (1971) assessed Arivat barley at different row spacings and found 

that drilling 7 rows 15 cm apart on beds resulted in higher grain yields 

than 2 row per bed drilled 30 cm apart. 

In contrast to the previously mentioned results, some re

searchers found that changing row spacing had no effect on yield. Cook 

et al. (1959 )showed that yields of wheat and oats grown in rows 36 cm 

apart closely approximated yields from rows 18 cm apart. Middleton, 

Hebert, and Murphy (1964) found no differences in yields of winter bar

ley when grown in rows 20 and 41 cm apart. They concluded that wider 
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rows could be used to achieve similar yields. Plaut, Blum and Arnon 

(1969) worked with grain sorghum and concluded that decreasing space 

between rows from 70 to 45 cm had hardly any positive effect on yields. 

Using 4 spacings, 50, 65, 80 and 95 cm between rows, Giesbrecht (1969) 

concluded that row spacing did not affect grain yields of corn hybrids. 

Stickler and Wearden (1965) explained the remarkably constant 

grain yields among stand densities of grain sorghum to be due to inter-

compensations among individual components of yield. Row width and 

stand density interaction was not noted. 

Karchi and Rudich (1966) studied the effect of row width and 

seeding spacing on yield and its components of grain sorghum under dry 

land conditions and found that superior yields resulted from narrow 

rows combined with wide intra row seedling spacing. They also noted 

that plant yields were inversely associated with number of heads per 

unit area. Plot yields were equalized at different seedling populations 

mostly by changes in number of kernels per head. Plot yields were also 

directly associated with number of heads per unit area and inversely 

associated with head weight. 

Kinra et al. (1963) while studying the interaction between row 

spacing and rate of planting with winter wheat, found that, within row 

spacings, as seeding rates were increased, fall culm count also in

creased. Within a seeding rate, increased spacing reduced fall culm 

count in two out of three experiments. Also, within a seeding rate, 

rows spaced 18 or 23 cm apart tended to give the highest yields. 

Stoskopf (1967) studied yield performances of winter wheat in 

rows 9, 11, 18 and 23 cm apart at seeding rates of 67, 134, and 202 
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kg per ha. He concluded that all cultivars produces more grain when 

grown in wide rows in both years and all seeding rates. 

Finlay, Reinberg and Daynard (1971) conducted a study over a 

2-year period on yield responses of spring barley to row spacing and 

seeding rate and concluded that grain yields were unaffected by seeding 

rate in either year. When yields were high in 1968, narrow row spacing 

resulted in the highest yields. However, in 1967 when yields were 

lower, these results were not obtained. In both years, narrow row spac

ing resulted in increased number of heads per unit area and decreased 

numbers of seed per head. A significant interaction between cultivar 

and row spacing for grain yield was observed in 1968 but not in 1967. 

They also concluded that cultivar differences in yield were not related 

to the relative sizes of the various yield components (seed weight, seed 

per head, and heads per unit area). Andrew and Peck (1971) studied 4 

corn hybrids planted in narrow (76 cm) and wide (91 or 102 cm) rows at 

plant populations of 40,000, 50,000, 60,000, and 70,000 plant per ha. 

They concluded that yields at the wide row spacing averaged 93.6 percent 

of yields obtained at the narrow row spacing with greater differences at 

higher populations. 

Welty (1973) studied yield performances of barley cultivars in 

equidistant hill spacing at 15, 30, and 60 cm at seeding rates of 1, 5, 

10, and 20 plants per hill. He concluded that all cultivars produced 

more grain when grown in 30 cm hills and with 5 plant per hill. Oelke 

and Elliott (1974) studied 3 varieties of wild rice (Zizania aquatica 

L.) planted at 6, 17, 34, 50 and 112 kg/ha which resulted in plant popu

lations ranging from 1 to 31 plants per square meter. Plant dry weight 



and number of tillers per plant significantly decreased with an increase 

in plant population for all 3 varieties. Grain yield significantly in

creased with plant population for 2 varieties but not for the third. 

Kirby and Faris (1972) found that leaf sheath length and lamina 

length were increased in length with increasing density from 50 to 1600 

- 2  plants m . The lamina width was narrower with increasing density. 

The term harvest index as referred to by Donald (1962) has been 

given various names such as the "Coefficient of Effectiveness" (Nichi-

porovich, 1960) and the migration coefficient (Tsunoda, 1959). It is 

the grain to straw ratio. Relatively little effort has been deliberated 

toward selection for or evaluation of cultivars on the basis of varia

tion in harvest index. The improvement in grain yields in Australian 

oat cultivars has been due almost entirely to an increased harvest index 

without an increase in straw yield or total dry matter production when 

compared to the old cultivars (Sims, 1963). Van Dobben (1962) compared 

the leading wheat cultivars during the last 60 years and found a pro

gressive increase in the harvest index from 34 to 40 percent. Vogel, 

Allen and Peterson (1963) reported that high yielding semidwarf culti

vars had an improved grain to straw ratio over taller cultivars and 

showed a change in the harvest index from 32 to 38 percent. New English 

high yielding varieties of barley and winter wheat showed a higher grain 

to straw ratio than previous cultivars (Watson et al., 1958; Thorne, 

1963). Singh and Stoskopf (1971) studied harvest index values in cere

als (winter wheat, barley and rye, spring barley and oats) during 1964 

to 1967. They reported that a high degree of variability was found in 

the harvest index of winter wheat and other cereals. Stems contributed 
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the greatest amount of dry weight to the straw yield and thus, as a 

vegetative part, materially influenced the harvest index. Reduction in 

plant height lowered the dry weight of the vegetative parts and thereby 

lowered the straw yield which resulted in an increased harvest index. 

Harvest index was positively correlated with grain yield but negatively 

correlated with vegetative growth. 

Singh and Stoskopf (1971) suggested that considerable improve

ment in cereal grain yield could be made by selecting for higher harvest 

index. This could be accomplished by a better distribution of assimi

late between vegetative growth and grain development. To increase the 

harvest index a breeder may select for smaller plants with fewer or 

shorter internodes and/or smaller leaves, shorter vegetative period and 

a longer reproductive period. The effect of increasing density was to 

significantly reduce the harvest index from 0.42 at 10.0 cm spacing to 

0.38 at the 3.5 cm spacing. At the 7.0 cm spacing the harvest index was 

0.42 and at the 5.0 cm spacing 0.40. Total dry matter increased by a 

small amount with increasing density (Kirby, 1967). 



CHAPTER 3 

MATERIALS AND METHODS 

Plant Materials 

Two of the 4 isogenic lines used in this study are radiation-

induced mutants in Hannchen barley. The mutants condition narrow leaf 

and wide leaf. Mien crossed they produced an ratio of 10 normal to 

3 narrow to 3 wide leaves (Ramage and Day, 1961). This ratio was ex

plained on the assumption that both the double recessive and double 

dominant genotypes produce normal phenotypes. Both mutations are con

trolled by single recessive genes. The phenotypes and genotypes of 

these isogenic lines are as follows: 

Number Isogenic Line Phenotype Isogenic Line Genotypes 

1 Normal double dominant Nlh Nlh Wlh Wlh 

2 Narrow leaf nlh nlh Wlh Wlh 

3 Wide leaf Nlh Nlh wlh wlh 

4 Normal double recessive nlh nlh wlh wlh 

Five crosses among the 4 isogenic lines were made by hand in the green

house in the fall 1972. The genotypes of these F^ hybrids are as 

follows: 

25 
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F, Hybrid Genotypes 

Nlh nlh Wlh Wlh <Fl cross between isogenes No. 1 and 2) 

Nlh Nlh Wlh wlh <F1 cross between isogenes No. 1 and 3) 

Nlh nlh Wlh wlh <F1 cross between isogenes No. 1 and 4) 

nlh nlh Wlh wlh (pl cross between isogenes No. 2 and 4) 

Nlh nlh wlh wlh cpi cross between isogenes No. 3 and 4) 

In the studies of chlorophyll content, rates of CO^ uptake and 

release, morphological characters and yield and its components, the 4 

isogenic lines were used. The isogenic lines with their 5 hybrids 

were involved in the estimation of the heritability values of the leaf 

area, length and width and stomata density. 

Experimental Procedures 

For the study of chlorophyll content and rates of CO^ uptake and 

release, 20 pots 15 cm in diameter were filled with a standard soil mix, 

and planted with each isogenic line on October 7, 1972. Five seed were 

sown in each pot in a circular pattern. The pots were irrigated twice 

everyday during the period of the experiment. At an age of 21 days from 

planting, the plants were dusted with sulphur, for the control of pow

der)' mildew (Erysiphe graminis Dc.). 

The temperature inside the greenhouse ranged from 60 to 70°F. 

Relative humidity was not controlled and was high, reaching at times 

100 percent. The photoperiod was the outside normal day light duration. 

A complete randomized block design with 2 factors, isogenic line 

and plant age was utilized in determining the effect of plant age on 
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the rate of CC^ uptake and release. Four replicates were used for each 

plant age. Rates of net photosynthesis and dark respiration were mea

sured on the potted plants of all isogenic lines at the plant ages of 

2, 3, 4, 5 and 6 weeks from planting date. 

Measurement of CO2 Assimilation 
and Dark Respiration 

Net photosynthesis and dark respiration were measured on all 

isogenes at each plant age. A closed system with a total volume of 7.3 

liters was used to determine the above physiological parameters. The 

air was circulated with a diaphragm pump at 6.9 1/min. The air was 

pumped out of the glass plant chamber, through a drying column of 6 to 

16 mesh moisture--indicating silica gel. A 250-ml flask was inserted in 

the system to alleviate fluctuations in pressure before the gas entered 

the Beckman 215 Infra Red Gas Analyzer. The air was then reintroduced 

into the plant chamber. The change in CO2 concentration per unit time 

was monitored on a Beckman recorder. The change in concentration of 

CO^ in ppm per unit time was converted to mg CC>2 hr \ corrected for 

temperature and pressure and expressed on a unit dry leaf weight (mg 

CO2 g ^"hr •*") basis. 

Light for the photosynthetic measurement was provided by five 

500 watt, 130 volt Sylvania-reflector flood lamps which developed an 

intensity of 55.3 Klux. Lamps were submerged in 15 cm of water to re

duce heat. Temperature inside the plant chamber was 30 ± 2°C for both 

physiological measurements. Measurements of net photosynthesis and dark 

respiration were made between 370 and 270 ppm CO^. 
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The potted plants for each plant age were allowed to equilibrate 

at lab temperature (25°C) overnight before being used for photosynthetic 

rate determination. 

Chlorophyll Content 

Once both net photosynthesis and dark respiration were deter

mined for the potted plants of any plant age, the plants of each pot 

were separated into stem and leaves. The leaves of the plants of each 

pot were cut into small pieces and mixed together. A random sample of 

0.5 g fresh weight was taken for chlorophyll content determination. 

The rest of the fresh plant materials was dried at 50°C for 96 hr and 

expressed as g dry weight. 

Total chlorophyll (chlorophyll a + chlorophyll b) of the leaves 

was determined following the procedure of Arnon (1949). 

The weighed samples of leaves, after being cut into pieces were 

placed in a full line Voltage Omni Mixture type OM-1150 (Sorvall Inc., 

Newton, Conn.). The pigment was extracted by grinding the leaf for 2 

min in 100 ml of 80 percent aqueous acetone. The acetone solution of 

the pigment was removed by a BUchner funnel through suction filtration. 

The filtrate was restored to 100 ml and kept in the dark. The total 

pigment was estimated by obtaining the OD (optical density) values at 

663 and 645 my using a Beckman DB-G spectrophotometer (Beckman Instru

ments, Inc., Fullerton, Calif.). Quantitative data were obtained by 

using the following equations of Arnon (1949). 

chlorophyll a mg/1 = 12.7 (OD)^^ - 2.69 (OD)^ 
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chlorophyll b mg/1 = 22.9 (OD)^^ - 4.68 (OD)^^ 

Total chlorophyll = chl a mg/1 + chl b mg/1 

or = 27.3 x (0D)g^2 

The total chlorophyll was expressed as mg chlorophyll per 0.5 g leaf dry 

weight. 

Field Study 

Another experiment was conducted to determine the interaction 

between isogenic line and hill spacing and the effect of both factors on 

yield and its components and morphological characters. The isogenic 

lines were planted in early December in a moist seed bed in a grabe loam 

soil at Tucson, Arizona in 1973. 

The seeds were treated with Vitravax (2,3-dihydro-5-Carboxanili-

do-6-methyl-l,4-oxathlln) for control of loose smut [Ustilago nuda (Jens) 

Rostr.). A stand for each isogene was established by hand thinning, 

after 4 weeks from planting, at 5 plants per hill at spacing of 15, 

22.5, 30 and 45 cm. These 4 hill spacings gave 4 plant population 

treatments of 2,222,222, 987,654, 555,555 and 246,914 plants per ha 

respectively. The experimental design was a complete randomized block 

with 8 replicates. Plot size varied with hill spacing treatment. The 

15, 22.5, 30 and 45 cm spaced plots consisted of 144, 64, 36, and 16 

2 hills, respectively. Yield data were taken from 0.81 m which consisted 

of 36, 16, 9 and 4 hills for the 15, 22.5, 30 and 45 cm hill spaced 

plots respectively. Two plants randomly chosen from each plot were 

tagged and used for studying morphological characters. Near to maturity 
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the width and length of both flag leaf and second uppermost leaf (the 

leaf immediately below the flag leaf) the length of the extrusion of the 

head from the flag leaf sheath and the head length and width were mea

sured. The diameter of the main tiller at the bottom of the plant and 

the diameter of the main tiller plus the flag leaf sheath were measured 

by means of a vernier caliper. The volume of the head of the main 

tiller was determined by emersion in alcohol. Height of the plant was 

measured from the ground to the apex of the head including the awns of 

the main tiller. 

The stomatal densities on both surfaces of the two leaves were 

counted from cellulose acetate impressions following the procedure de

scribed by Cooper and Quails (1967). The method consisted of applying 

a thin layer of cellulose acetate to the upper and lower surfaces of 

both flag leaf and second uppermost leaf of the main stem of the two 

tagged plants in each plot. After a few minutes the hardened acetate 

film was gently lifted with a forceps, inverted and placed on a glass 

slide. The impressions on the slides were covered by cover slips, the 

edges of which were glued in place. A total of 4 impressions from leaf 

surfaces were prepared from each plot. Four microscopic fields (450X) 

on each impression were counted and averaged. The number of stomata 

2 were expressed as the number per mm of the upper (adaxial) and lower 

(abaxial) surfaces of the flag and second uppermost leaf. 

For statistical analysis of the data concerning the stomata 

density, a split-split plot design was utilized with barley isogenic 

lines as main plots, leaf position (flag or the second uppermost leaf) 

as the first split and leaf surfaces (impressions) as subplots. 
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The areas of the lamina of the flag leaf and the second upper

most leaf on the main tiller were determined by weighing a xeroxed copy 

of each leaf divided by the average weight of one centimeter of the same 

xeroxed paper. The length and maximum width measurements of laminae of 

both leaves were obtained by normal linear measurements. Leaf area 

(L.A.) of a single leaf was estimated as follows: 

L.A. = length (L) x maximum width (W) x C 

where C is the coefficient necessary to make the length-width product 

equal to actual leaf area. The coefficient used most commonly is ob

tained by dividing the actual leaf area by the length-by width product. 

The coefficient necessary to convert length and width measurements of 

leaf blades to leaf area were obtained from the 4 isogenic lines and 

their hybrids in different combinations. The mean coefficients for 

genotypes were 0.693 for the flag leaf and 0.710 for the second upper

most leaf. 

Yield and yield components data that were collected consisted 

2 2 
of grain yield per 0.81 m , number of heads per 0.81 m , average number 

of seeds per head, average weight of 1000-seed, seed weight per head, 

2 
and total dry matter per 0.81 m . Number of days from planting to head

ing (50 percent of the tillers in each plot having visible heads) were 

recorded and the harvest index was determined. The harvest index is the 

ratio of the economic yield to the biological yield. The economic yield 

is the grain yield while the biological yield is the total dry matter. 



Heritability Study 

In the following study emphasis was given to estimating heri

tability and genetic control of leaf area, width and length and stomata 

density on both surfaces of the leaf. 

Heritability in a bi'oad sense is the ratio of total genetic 

variability to the phenotypic variability. However, in plant breeding, 

selection is usually practiced on segregating populations. When con

sidering the relationship between generations, it is the gametes carry

ing genes rather than genotypes that pass from one generation to the 

next. Thus from the practical point of view, the ratio of additive 

variance to phenotypic variance is more meaningful. This ratio is known 

as narrow sense heritability. 

For studying heritability, 9 genotypes, comprising 4 isogenic 

lines and 5 hybrids (obtained by hand crossing among the lines in 

different combinations) were grown in half-gallon pots with a single 

seed per pot in October, 1972. A randomized block design with 16 repli

cates was used. The flag leaf and second uppermost leaf areas and 

widths and lengths of the main culm were recorded for all 16 plants of 

each isogenic line or F^ hybrid. 

Impressions for stomata count were made on both sides of the 

leaf at a middle position. Only 8 replicates were used for the deter

mination of stomata density. Variations in the greenhouse were kept to 

a minimum so as to control the effect of environment. The data on leaf 

area, length, and width and stomata density on both sides of the leaf 

were analysed as a randomized complete block design by the normal analy

sis of variance as presented in Table 1. 
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Table 1. Form of analysis of variance and the expectations of the com
ponents of variance. 

Source of Variation d.f. M.S.S. 
Expected value 
of M.S.S.* 

Replication (r-1) - -

Genotypes (g-D M2 
2 2 ra g + a e 

Error (r-l)(g-l) M3 
2 
a e 

Total (rg-1) 

* 2 a g = genotype variance 
o^e = Error variance 
r = Number of replications. 
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According to the method proposed by Cockerham (1954), the vari

ance of the genotypes (Table 2), was partitioned into 8 orthogonal com

parisons as presented in Table 2. The purpose of the partition was to 

study the type of gene action controlling these morphological charac

ters. 

On the basis of Tables 1 and 2, genotypic, total and additive 

variances and their heritability was calculated as follows: 

2 ^ 4 . !  2 ^ 2  a Total = a e + a g 

2 2 2 
Genotype Variance (a^g) = (I^ - M^/r = (° e + 

Additive (a^a) = o^a Nlh + o^a Wlh + a^a Nlh x a Wlh 

o2a Nlh = t°2e * r(g - l)c2a Wlh] - o2e 
r(g - 1) 

2 = [o2e 4- r(g - l)<,2a Wlh] - o2e 
r (g - 1) 

o2a Nlh x a Wlh = * r(s ' x a ̂  
r(g " 1) 

Heritability percent estimated by two ways: 

2 _ o Additive Narrow sense = —j 
o Total 

Broad sense = % 
o Total 



Table 2. Genetic values, frequencies, and eight orthogonal scales which are utilized in partitioning 
the genetic variance. 

Variance Components d.f. M.S.S. Expected Value of M.S.S.* 

Genetic Variance (g-1) M2 
2 2 0 e + ro g 

Additive Nlh 1 
. M21 

a2e + r(g-l)o2a Nlh 

Dominance Nlh 1 M22 
a2e + r(g-l)a2d Nlh 

Additive Wlh 1 M23 
a2e + r(g-l)a2a Wlh 

Dominance Wlh M24 
a2e + r(g-l)a2d Wlh 

Additive Nlh x Additive Wlh 1 M25 
a2e + r(g-l)a2a Nlh x a Wlh 

Additive Nlh x Dominance Wlh 1 M26 
a2e + r(g-l)cr2a Nlh x d Wlh 

Dominance Nlh x Additive Wlh 1 M27 
o2e + r(g-l)a2d Nlh x a Wlh 

Dominance Nlh x Dominance Wlh 1 M28 
a2e + r(g-l)a2d Nlh x d Wlh 

Error (r-1)(g-1) 
2 
a e 

* 2  2  a-a Nlh or 02a Wlh = additive variance for locus Nlh or Wlh 
a d Nlh or a d Wlh = dominance variance for locus Nlh or Wlh 

w cn 



CHAPTER 4 

RESULTS AND DISCUSSION 

Physiological Characters 

Net Photosynthesis 

The rates of net photosynthesis for 4 isogenic lines at 5 stages 

of growth are shown in Table 3. No significant differences were found 

among the isogenic lines, when the plants were 2 weeks old. A signifi

cant difference was noted between the isogenic lines when plants were 3 

weeks old. The narrow leaved isogene showed a significantly higher 

rate of CC^ assimilation than the normal double dominant isogenic line. 

The differences among the other isogenic lines were not significant. No 

significant differences were observed when the isogenic lines were 4 and 

6 weeks old. At the 5 weeks stage of growth, a significant difference 

was found between the isogenic lines. The highest rates of net photo

synthesis were given by the narrow leaved and normal double recessive 

isogenes. 

Although differences between the lines in CC^ uptake, averaged 

over age, were not significantly different, a higher CO2 uptake was 

shown by the double recessive and narrow leaved isogenes. Differences 

between the plant ages, averaged over isogenic lines were significant. 

As plant age advanced the net photosynthetic rates decreased. 

The interaction of isogenic lines x plant ages was not signifi

cant. But generally all isogenic lines reduced their net photosynthetic 

36 



-1 -1 Table 3. Effect of plant age on net photosynthetic rates expressed as mg CCL g hr of four iso
genic lines of barley. 

Net Photosynthesis (mg CO2 g~^hr~l) 

Plant Age (Weeks) 

Isogenic Line Genotype 2 5 L t ( Mean+ 

Nlh Nlh Wlh Wlh 60. 6a* 28. ,1b 22. .4a 11, ,2b 8. ,6a 26. 2a 

nlh nlh Wlh Wlh 63. 3a 34. .9a 22. ,1a 14. ,2a 9. ,9a 28. 9a 

Nlh Nlh wlh wlh 61. 0a 30. ,3ab 19. ,3a 11. .lb 9. ,7a 26. 3a 

nlh nlh wlh wlh 62. 2a 33. ,4ab 23. ,0a 14. • la 9. ,8a 28. 5a 

Plant Age Mean+ 61. 8a 31. ,7b 21. ,7c 12, . 7d 9. .5e 27. 5 

+ 
Means followed by the same letter are not significantly different at the 0.05 level according to 
Student-Newman-Keul's range test. 

"^Means (four replications) followed by the same letter within a plant age are not significantly dif
ferent at the 0.05 level according to Student-Newman-Keul's range test. 
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rates with advancing age (Figure 1). All lines showed maximum uptake of 

CC>2 when plants were 2 weeks old. 

Dark Respiration 

Data in Table 4 show that at 2 weeks of age the narrow leaf and 

normal double recessive isogenic lines had the highest rates of respira

tion and did not differ significantly from each other. Both were sig

nificantly different from the other 2 isogenes. At all other plant ages 

the differences between the isogenic lines in respiration rate were not 

significant. 

The overall means of the isogenic lines showed that the differ

ences among them in dark respiration rates were not significant, al

though the normal double recessive line was a little higher than the rest 

of the lines. 

The interaction of isogenic line x stage of growth was not sig

nificant. The respiration rates of all isogenic lines decreased with an 

increase in age. The isogenic lines showed a sudden decline in dark 

respiration rates at 3 weeks of age. This might be attributed to pow

dery mildew infection or to the effect of sulphur which was used to con

trol the disease. 

Gross Photosynthesis 

Gross photosynthesis is defined as the sum of net photosynthesis 

and dark respiration. 

At the 2, 3, 4 and 6 week stages of growth, no significant dif

ferences in gross photosynthetic rates between the isogenic lines were 

detected (Table 5). In general both the narrow leaf and normal double 



© Normal double dominant 

• Narrow leaf 

A Wide leaf 

0 Normal double recessive 
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2 3 4 5 6 

Plant Age, Weeks 

Figure 1 Effect of plant ages on the average rates of net photosyn
thesis of four isogenic lines of barley. 



Table 4. Effect of plant age on the average total dark respiration rates expressed as mg CCL g "4ir ^ 
of four isogenic lines of barley. 

Dark Respiration (mg CO2 g ^hr 

Plant Age Greeks) 

Isogenic Line Genotype 2 3 4 5 6 Mean+ 

Nlh Nlh Wlh Wlh 
+ 

9.5b+ 8.0a 9.9a 6.0a 3.0a 7.3a 

nlh nlh Wlh Wlh 13.1a 6.6a 10.1a 5.6a 3.0a 7.7a 

Nlh Nlh \\dh wlh 10.5b 8.4a 9.7a 6.2a 3.2a 7.6a 

nlh nlh wlh wlh 13.3a 8.0a 8.9a 6.7a 3.4a 8.1a 

Mean+ 11.6a 7.8c 9.6b 6.Id 3.2e 7.7 

+Means followed by the same letter are not significantly different at the .05 level according to 
Student-Newman-Keul's Multiple Range Test. 

+Means (four replications) followed by the same letter within a plant age are not significantly dif
ferent at the .05 level according to Student-Newman-Keul's Multiple Range Test. 



-1 -1 Table 5. Effect of plant age on-the average gross photosynthetic rates expressed as mg CO- g hr 
of four isogenic lines of barley. 

Gross Photosynthesis (mg C02 a"l & hr"1) 

Plant Age (Weeks) 

Isogenic Line Genotype 2 5 4 5 6 1 Mean+ 

Nlh Nlh Wlh Wlh 
+ 

70.1a+ 36. ,1a 32.3a 17. 2b 11. 6a 33. 3b 

nlh nlh Wlh Wlh 76.4a 41. .4a 32.2a 19. 7ab 12. 9a 36. 5ab 

Nlh Nlh wlh wlh 71.6a 38, .7a 29.0a 17. 3b 12. 9a 33. 9ab 

nlh nlh wlh wlh 75.5a 41, .4u 31.9a 20. 8a 13. 2a 36. 6a 

Mean+ 73.4a 39, .4b 31.4c 18. 8d 12. 7e 35. 1 

+Means followed by the same letter are not significantly different at the .05 level according to 
Student-Newman-Keul's Multiple Range Test. 

+Means (four replications) followed by the same letter within a plant age are not significantly dif
ferent at the .05 level according to Student-Newman-Keul's Multiple Range Test. 
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recessive isogenic lines showed a higher rate of gross photosynthesis 

than the other 2 isogenic lines at all plant ages. Significant differ

ences were noted between the isogenes in the rates of gross photosyn

thesis when plants were 5 weeks old. The differences between the normal 

double recessive and narrow leaf isogenes were not significant, but the 

differences among the normal double recessive wide leaf and normal 

double dominant isogenic lines were significant. 

There were significant differences between the mean values of 

the isogenes and the mean values of the stages of growth. The highest 

gross rate of photosynthesis was obtained at 2 weeks of age and then the 

rates progressively decreased with age. 

The narrow leaf and normal double recessive isogenic lines, with 

average rates of gross photosynthesis of 36.5 and 36.6 mg CC^ g "'"hr ^ 

respectively, did not differ significantly from each other and from the 

average rate of the wide leaf isogenic line. However, the normal double 

recessive isogenic line was significantly higher than the normal double 

dominant line. 

The interaction of isogenic line x stage of growth was not sig

nificant, but the rates of gross photosynthesis of each isogene sharply 

declined with increasing age. 

Chlorophyll Content 

The amounts of chlorophyll a, chlorophyll b, and total chloro

phyll per 0.5 g leaf dry weight in relation to plant age is illustrated 

in Figure 2. These amounts are the means of the 4 isogenic lines. The 



O Chlorophyll a 

A Chlorophyll b 

• Total Chlorophyll 

Plant Age (Weeks) 

Figure 2. Effect of plant ages on the average chlorophyll content of 
barley leaves. 
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results show that the average amounts of chlorophyll a, b and total de

crease gradually from 2 weeks to 6 weeks. 

The amounts of chlorophyll a per 0.5 g leaf dry weight for the 4 

isogenes at different stages of growth are given in Table 6. The normal 

double dominant isogene had a significantly lower amount of chlorophyll 

a at 6 weeks of age. There were no significant differences between the 

other 3 isogenes. The amounts of chlorophyll a in the 4 isogenes at the 

first 4 stages of growth were not significantly different. The inter

action of isogenic line x stages of growth was not significant for 

chlorophyll a. The average amount of chlorophyll a of all the lines 

showed a drop at 3 weeks of age with an immediate increase at 4 weeks 

of age, and a gradual drop at the later 2 stages of growth. 

Differences between the isogenes in the amount of chlorophyll b, 

were significant at 2 and 6 weeks of age (Table 7). At 2 weeks of age 

the narrow and wide leaved isogenes had the highest amount of chloro

phyll b and both were significantly different from the other 2 isogenes. 

The difference between normal double recessive and normal double domi

nant was not significant. At 6 weeks of age, the wide leaf plants had 

the highest amount of chlorophyll b in comparison to the other isogenes. 

The normal double recessive isogenic line was not significantly differ

ent from the wide and narrow leaf isogenic lines. The normal double 

dominant isogenic line had the lowest content of chlorophyll b and was 

significantly lower than both the nornal double recessive and narrow 

leaf isogenic lines. There was a significant interaction between iso

genic lines and stages of growth for chlorophyll b. All lines had their 

maximum chlorophyll b at the 2 weeks plant age (Figure 3). 



Table 6. Effect of plant age on the average chlorophyll a content expressed as nig/0.5 g dry leaf 
weight of four isogenic lines of barley. 

Chlorophyll a (mg/0.5 g) 

Plant Age (Weeks) 

Isogenic Line Genotype 2 3 4 5 6 Mean+ 

Nlh Nlh Wlh Wlh 
+ 

13.7a+ 11.5a 12.9a 9.0a 7.5b 10.9b 

nlh nlh Wlh Wlh 15.3a 11.5a 13.2a 10.2a 9.7a 12.0a 

Nlh Nlh wlh wlh 14.8a 11.5a 12.7a 10.1a 9.6a 11.8a 

nlh nlh wlh wlh 14.0a 12.3a 13.1a 10.2a 9.3a 11.8a 

Mean+ 14.5a 11.7c 13.0b 9.9d 9.0d 11.6 

+Means followed by the same letter are not significantly different at the .05 level according to 
Student-Newman-Keul's Mulitple Range Test. 

+Means (four replications) followed by the same letter within a plant age are not significantly dif
ferent at the .05 level according to Student-Newman-Keul's Multiple Range Test. 
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Table 7. Effect of plant age on the average chlorophyll b content ex
pressed as mg/0.5 g dry leaf weight of four isogenic lines of 
barley. 

Chlorophyll b (mg/0.5 g) 

Plant Age (Weeks) 

Isogenic Line Genotype 2 3 4 5 6 Mean+ 

Nlh Nlh Wlh Wlh 4.6b+ 3.8a 2.2a 3.1a 2.5c 3.2b 

nlh nlh Wlh Wlh 6.0a 4.5a 2.3a 3.3a 3.0b 3.8a 

Nlh Nlh wlh wlh 5.6a 4.0a 2.3a 3.3a 3.9a 3.8a 

nlh nlh wlh wlh 4.8b 4.5a 2.4a 3.5a 3.2ab 3.7a 

Mean+ 5.3a 4.2b 2.3d 3.3c 3.2c 3.6 

+Means followed by the same letter are not significantly different at 
the .05 level according to Student-Newman-Keul's Multiple Range Test. 

+Means (four replications) followed by the same letter within a plant 
age are not significantly different at the .05 level according to 
Student-Newman-Keul's Multiple Range Test. 
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Figure 3. Effect of plant ages on the average chlorophyll b content of 
the four isogenic lines of barley. 
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The overall averages of the isogenic lines at the 5 different 

stages of growth for chlorophyll b showed a drop in the amount at 4 

weeks of age. 

The amount in mg of total chlorophyll per 0.5 g leaf dry weight 

for the 4 isogenic lines at 5 different stages of growth are presented 

in Table 8. 

Significant differences were noted between the isogenic lines 

in the amount of total chlorophyll only when plants were 6 weeks old. 

The wide leaved isogene showed a higher amount of total chlorophyll when 

compared to the narrow leaf and normal double recessive isogenic lines, 

and with no significant differences among these 3 lines. Less variation 

in total chlorophyll content was observed when the isogenes were 3,4 and 

5 weeks old. A highly significant isogenic lines x stage of growth 

interaction was detected for total chlorophyll (Figure 4). 

All isogenic lines had their highest amount of total chlorophyll 

when 2 weeks old followed by a gradual decrease in the amount with ad

vancing age. 

Differences between the plant ages, averaged over isogenic lines 

for total chlorophyll content were not significant and showed a pro

gressive decline with age. The overall average of the 4 isogenic lines 

for the 5 different plant ages for chlorophyll a, b and total showed 

significant differences among them. The most prominent feature was the 

low significant values of the normal double dominant isogenic line in 

comparison to the other lines for chlorophyll a, b and total. 



Table 8. Effect of plant age on the average total chlorophyll content expressed as mg/0.5 g dry 
leaf weight of four isogenic lines of barley. 

Total Qilorophyll (mg/0.5 g) 

Plant Age (Weeks) 

Isogenic Line Genotype 2 3 4 5 6 Mean+ 

Nlh Nlh Wlh Wlh 17 
+ 

.2a+ 15.4a 15. la 12.1a 10. 0b 14. 0b 

nlh nlh Wlh Wlh 21 .3a 16.0a 15. 6a 13.5a 12. 8a 15. 8a 

Nlh Nlh wlh wlh 20 .5a 15.5a 15. 0a 13.4a 13. 5a 15. 6a 

nlh nlh wlh wlh 18 .8a 16.6a 15. 5a 13.8a 12. 5a 15. 4a 

Mean+ 19 .4a 15.9b 15. 3b 13.2c 12. 2d 15. 2 

+Means followed by the same letter are not significantly different at the .05 level according to 
Student-Newman-Keul's Multiple Range Test. 

+Means (four replications) followed by the same letter within a plant age are not significantly dif
ferent at the .05 level according to Student-Newman-Keul's Multiple Range Test. 



22. Or 

50 

2 0 . 0  

© Normal double dominant 

0 Narrow leaf 

AWide leaf 

0Normal double recessive 

" 18.0 
m cd Q) 
J 

16 .0  

14.0 

1 2 . 0  

10.0 

_L 
3 4 

Plant Age, Weeks 

Figure 4. Effect of plant ages on the average total chlorophyll content 
of four isogenic lines of barley. 



51 

Relation Between Chlorophyll Content 
and Photosynthetic Rate 

The maximum total chlorophyll and gross photosynthetic rate were 

observed at 2 weeks of age. Chlorophyll content and photosynthetic 

rates decreased as plant age increased (Figure 5). The decrease of 

total chlorophyll content was, however, more gradual than the decrease 

in gross photosynthetic rate. This relationship is in agreement with 

what Sestak (1963) found in cabbage and Haraguchi and Shimizu (1970) in 

tobacco. 

Both net and gross photosynthetic rates were significantly cor

related with chlorophyll a and total chlorophyll, when plants were 2 

weeks old (Table 9). At 3 and 5 weeks of age the correlation values of 

chlorophyll components with both net and gross photosynthetic rates were 

positive but not significant. 

At the 4 weeks stage of growth, net and gross photosynthetic 

rates were poorly and negatively associated with chlorophyll content. 

This might be regarded as exceptional to the general trend. The dis

turbance in the percentage of both chlorophyll a and b might be due to 

the sulphur dusting, against powdery mildew, when plants were at an age 

of 3 weeks. Apparently the plants were photosynthesizing and the assim

ilated organic materials were enough to satisfy the needs of respiration 

and other reaction of the plants. 

At the age of 6 weeks, the plant's net and gross photosynthetic 

rates were high and positively correlated with chlorophyll and its com

ponents. The amount of chlorophyll content in the plant tissue and the 

photosynthetic rates of the plants at this age were the lowest. An 
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Figure 5. Effect of plant age on rates of gross photosynthesis 
total chlorophyll content of barley plant. 



Table 9. Simple correlation coefficients of chlorophyll content and 
dark respiration expressed on net and gross photosynthesis. 

Chlorophyll Dark 

Stage of Growth Photosynthesis a b Total Respiration 

2 Weeks net .70** .16 .65** .28 
gross .68** .14 . 64** 

3 Weeks net -.06 .39 .15 .25 
gross .06 .45 .29 

4 Weeks net -.05 -.07 -.06 .70** 
gross -.08 .01 -.06 

5 Weeks net .28 .32 .30 .24 
gross .31 .31 .32 

6 Weeks net .61** .55* .62** 
• 1 7  

gross .49* .44 .50* 

Overall net .83** .72** .89** .77** 
gross .80** .75** .88** .70** 

* Significant at the 0.05 level. 

**Significant at the 0.01 level. 
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active photosynthesis balance was obtained with a certain mimimum 

content. 

At all plant ages the correlation coefficients between net rates 

of photosynthesis and dark respiration rates were positive but not sig

nificant. 

Regardless of plant age the correlation coefficients between net 

and gross photosynthetic rates were positive and highly significant. 

Also dark respiration was highly correlated with both net and gross 

photosynthesis. This shows that the amount of carbohydrate synthesized 

during the photosynthetic process was high to satisfy all the biological 

activities of the plant. Respiration is one of these activities. All 

this would indicate that the healthy well developed plant under better 

conditions had to have a high chlorophyll content and a high photosyn

thetic rate. 

Several investigators (Murata, 1961; Sestak and Catsky, 1962; 

Sestak, 1963 and 1966; Haraguchi and Shimizu, 1970) have reported a 

linear relation between rate of photosynthesis and chlorophyll content 

in different plant species. 

Morphological Characters 

Plant Height 

Both genotype and hill spacing affected plant height (Table 10). 

The 45 and 30 cm hill spacings resulted in the greatest plant height. 

There was no significant difference between them. The 22.5 cm spacing 

was the next tallest and the 15 cm spacing was the shortest. 
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Table 10. Effect of hill spacing on plant height of four isogenic lines 
of barley. 

Plant Height (cm) 

Isogenic Line Genotype 15 

Hill Spacing (cm) 

22.5 30 45 
Isogenic 
Line Mean 

Nlh Nlh Wlh Wlh 112b+ 117a 117a 126a 118a 

nlh nlh Wlh Wlh 108bc 103c 112a 114a 109b 

Nlh Nlh wlh wlh 111b 119ab 123a 120a 118a 

nlh nlh wlh wlh 102b 110a 115a 117a 111b 

Hill Spacing Mean 108c 112b 116a 119a 114 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to Student-Newman-Keul's Multiple Range Test. 
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Differences among the isogenic lines were significant for plant 

height. The normal double dominant and wide leaf isogenic lines were 

significantly taller than the other 2 lines. The difference between the 

narrow leaf and the normal double recessive isogenic lines in plant 

height was not significant. 

The interaction between hill spacing and isogenic line for plant 

height was significant (Figure 6). The normal double recessive isogenic 

line showed nearly a steady increase in plant height as hill spacing was 

increased from 15 cm to 30 cm. Plant height at 45 cm hill spacing was 

the same as that at 30 cm spacing. The wide leaf isogenic line had an 

increase in plant height as hill spacing was increased from 15 to 30 cm, 

and an equivalent decrease was observed as hill spacing was increased to 

45 cm. The plant height of the narrow leaf isogenic line showed a de

crease as hill spacing was increased from 15 to 22.5 cm, and a sharp in

crease as the spacing was increased from 22.5 to 30 cm hill spacing. 

Between 30 and 45 cm hill spacings the height of the narrow isogenic 

line exhibited a slight increase. Concerning the normal double dominant 

isogenic line, the height of the plant increases with the increase of 

hill spacing, but the largest increase was between 30 cm and 45 cm hill 

spacings. 

Diameter of the Main Culm 

The diameters of the main culm in mm for the 4 isogenic lines 

as affected by different hill spacings are presented in Table 11. 

The main culm diameter consistently increased as hill spacing 

increased. The largest culm diameter was obtained when hills were 
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Table 11. Effect of hill spacing on the diameter of the main culm of 
four isogenic lines. 

Stem Diameter (mm) 

Hill Spacing (cm) 
Isogenic 
Line Mean Isogenic Line Genotype 15 22.5 30 45 
Isogenic 
Line Mean 

Nlh Nlh Wlh Wlh 4.3a+ 4.7a 4.9a 5.1a 4.7b 

nlh nlh Wlh Wlh 3.8a 3.9a 4.0a 4.1a 4.0d 

Nlh Nlh wlh wlh 5.2a 5.2a 5.5a 6.2a 5.5a 

nlh nlh wlh wlh 3.9a 4.2a 4.6a 5.1a 4.5c 

Hill Spacing Mean 4.3c 4.5bc 4.7b 5.1a 4.7 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to Student-Newman-Keul's Multiple Range Test. 
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spaced 45 cm apart. No significant differences were observed between 

30 and 22.5 cm and between 22.5 and 15 cm hill spacing treatments. 

Differences among the 4 isogenic lines were significant. The 

wide leaved isogene had the largest culm diameter, followed by the nor

mal double dominant, the normal double recessive and the narrow leaf 

isogenic lines. 

The interaction of hill spacing x isogenic line was significant 

(Figure 7). Generally the main culm diameter of all isogenic lines re

sponded differently to increased hill spacing and the maximum diameters 

for each isogenic line were obtained at the 45 cm hill spacing. Culm 

diameters of the wide leaf isogenic line plants were much larger than 

those of the other isogenic lines at all hill spacings. 

Flag Leaf Area 

Mean values for the flag leaf areas of the 4 isogenic lines and 

4 hill spacing are shown in Table 12. The 45 cm hill spacing resulted 

in the greatest flag leaf area followed by the 30 cm spacing, with no 

significant differences between them. The flag leaf areas obtained from 

hill spacings of 15 and 22.5 cm were similar and both areas were signif

icantly smaller than the area of 45 cm hill spacing. 

Differences in leaf areas of the isogenic lines were signifi

cant. The wide leaf isogenic line had a significantly larger leaf area 

than the other isogenic lines. The flag leaf area of the normal double 

dominant isogenic line was significantly smaller than the leaf area of 

the wide leaf line, but significantly larger than the leaf areas of both 

narrow leaf and normal double recessive isogenic lines. No significant 



60 

<D •p 

O Normal double dominant 

ID Narrow leaf 

A Wide leaf 

0 Normal double recessive 

45 15 22.5 30 

Hill Spacing, cm 

Figure 7. Effect of hill spacing and barley isogenic line on the main 
culm diameter. 



61 

Table 12. Effect of hill spacing on the flag leaf area of four isogenic 
lines of barley. 

2 
Flag Leaf Area (cm ) 

Hill Spacing (cm) Isogenic 
Line Mean Isogenic Line Genotype 15 22.5 30 45 
Isogenic 
Line Mean 

Nlh Nlh Wlh Wlh 15. , 4b+ 20. 5a 18. 3ab 20. .8a 18 ,8b 

nlh nlh Wlh Wlh 9. , 6a 8. 7a 10. 7a 11. ,9a 10 .2c 

Nlh Nlh wlh wlh 27. ,9ab 24. 5b 31. 8a 31. ,1a 28 .8a 

nlh nlh wlh wlh 12. ,6a 11. 7a 12. la 11. ,9a 12, . lc 

Hill Spacing Mean 16.4b 16.4b 18.2ab 18.9a 17.5a 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to Student-Newman-Keul's Multiple Range Test. 
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differences occurred in flag leaf area between the normal double reces

sive and the narrow leaf isogenic lines. 

The interaction between hill spacings and isogenic line, for 

flag leaf area was significant (Figure 8). The flag leaf area of both 

the normal double recessive and the narrow leaf isogenic lines were less 

affected by an increase in hill spacing from 15 to 45 cm. The wide leaf 

isogenic line had a decrease in flag leaf area when hill spacing was in

creased from 15 to 22.5 cm. The differences in flag leaf area among the 

other 3 hill spacings were not significant, except that the flag leaf 

area decreased slightly as space between hills was increased from 22.5 

to 30 cm. 

Flag Leaf Width 

Flag leaf width was not significantly affected by hill spacing, 

but significant differences between isogenic lines were observed (Table 

13). The flag leaf of the wide leaf isogenic line was significantly 

wider than the flag leaves of the other isogenes. The differences, in 

leaf width, among the rest of the lines were significant. 

Differences in leaf width among the hill spacings were not sig

nificant; all leaves had the same width. The interaction between hill 

spacings and isogenic lines for flag leaf width was significant and 

diagramed in Figure 9. The width of the wide leaf isogenic line de

creased from 15 to 22.5 cm. Leaf width of the other isogenic lines were 

less affected by the increase in space between hills. Leaf widths of 

the wide leaf isogenic line at all hill spacings were significantly 

greater than those of the other lines at the same hill spacings. The 
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Table 13. Effect of hill spacing 
lines of barley. 

on flag leaf width of four isogenic 

Flag Leaf Width (cm) 

Hill Spacing (cm) Isogenic 
Line Mean Isogenic Line Genotype 15 22.5 30 45 
Isogenic 
Line Mean 

Nlh Nlh Wlh Wlh 1.3a+ 1.4a 1.4a 1.4a 1.3b 

nlh nlh Wlh Wlh .8a .8a .9a .9a .8d 

Nlh Nlh wlh wlh 2.3a 2.0b 2.3a 2.3a 2.2a 

nlh nlh wlh wlh 1.1a 1.0a 1.0a 1.0a 1.0c 

Hill Spacing Mean 1.3a 1.3a 1.4a 1.4a 1.4 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to the Student-Newman-Keul's Multiple Range Test. 
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narrow leaved isogene had the narrowest leaf width at all hill spacing 

compared to the other lines. 

Flag Leaf Length 

Flag leaf length was significantly influenced by both hill 

spacings and isogenic lines (Table 14). As spacing between hills was 

increased, flag leaf length also increased. The normal double dominant 

line had significantly longer leaves than those of the other lines. The 

narrow leaf and normal double recessive isogenic lines had similar leaf 

lengths. However they both had significantly shorter leaves than did 

the wide leaf isogenic line. 

Even though the interaction between hill spacings and isogenic 

line was not significant, all isogenic lines responded to an increased 

hill spacing with an increase in flag leaf length. 

Second Uppermost Leaf Area 

Means of hill spacings and isogenic lines for the second upper

most leaf area are presented in Table 15. 

The area of the second uppermost leaf area was significantly 

affected by hill spacing and isogenic lines. The leaf area increased 

as space between hills increased. The largest difference was observed 

between the 15 and 45 cm hill spacings. The leaf area differences be

tween the 30 and 45 cm hill spacings were not significant. However 

both had a significantly larger leaf area than the 15 and 22.5 cm hill 

spacing. The differences in leaf area among the isogenic lines were 

significant and followed a similar pattern to that shown for the flag 

leaf. The wide leaf isogenic line had the largest leaf area followed by 



Table 14. Effect of hill spacings on flag leaf length of four barley 
isogenic lines. 

Flag Leaf Length (cm) 

Hill Spacing (cm) Isogenic 

Isogenic Line Genotype 15 22.5 30 45 Line Mean 

Nlh Nlh Wlh Wlh 18. 4a+ 20, ,5a 19. 3a 21, .4a 19, .9a 

nlh nlh Wlh Wlh 15. 6a 15, .5a 17. 2a 18. .7a 16, ,7c 

Nlh Nlh wlh wlh 17. 3a 17. .4a 19. la 19. ,9a 18. ,4b 

nlh nlh wlh wlh 16. 5a 16, ,2a 17. la 16. ,5a 16. .6c 

Hill Spacing Mean 17. Ob 17. ,4ab 18. lab 19. ,1a 17, .9 

•f 
Means m rows within the table and isogenic line and hill spacing means 
followed by the same letter(s) are not significantly different at the 
.05 level according to the Student-Newman-Keul's Multiple Range Test. 
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Table 15. Effect of hill spacings on the second uppermost leaf area of 
four barley isogenic lines. 

? 
Second Uppermost Leaf Area (cm ) 

Hill Spacing (cm) Isogenic 

Isogenic Line Genotype 15 22.5 30 45 Line Mean 

Nlh Nlh Wlh Wlh 28.9b+ 33.0b 34. 9ab 40. 5a 34, .3b 

nlh nlh Wlh Wlh 17.5a 16.6a 19. 4a 20. 5a 18. , 5d 

Nlh Nlh wlh wlh 45.9b 46.7b 55. 2a 56. 7a 51. ,1a 

nlh nlh wlh wlh 22.2a 22.3a 23. 0a 22. 5a 22, ,5c 

Hill Spacing Mean 28.6b 29.7b 33.1a 35.0a 31.6 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to the Student-Newman-Keul's Multiple Range Test. 
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normal double dominant, normal double recessive and the narrow leaf iso

genic lines. The second uppermost leaf area of the narrow leaf and nor

mal double recessive isogenic lines were significantly smaller than 

those of the wide leaf and normal double dominant isogenic lines at all 

hill spacings. Isogenic line x hill spacing interaction was significant 

for the second uppermost leaf area suggesting that the lines responded 

differently to different hill spacings. This relationship is presented 

in Figure 10. The leaf area differences of the narrow leaf and normal 

double recessive isogenic lines among all hill spaces were not signifi

cant. The leaf areas of the wide leaf and normal double dominant iso

genic lines consistently increased as hill spacing was increased and the 

differences in leaf areas between both lines at all hill spacings were 

significant. 

The Second Uppermost Leaf Width 

Hill spacing and isogenic line significantly affected leaf width 

of the second uppermost leaf (Table 16). The widest leaves were ob

served when hills were spaced 30 and 45 cm apart, with no significant 

difference between them. The leaf widths obtained from 15 and 22.5 cm 

hill spacings were similar, and both leaf widths were smaller than those 

observed from 30 and 45 hill spacings. The wide leaf isogenic line had 

significantly wider leaves than the other isogenes. The differences in 

leaf width among the normal double dominant, normal double recessive and 

narrow leaf isogenic lines were significant. The leaf width at 15 cm 

hill spacing was wider than that at 22.5 cm hill spacing. However, they 
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Table 16. Effect of hill spacings on the second uppermost leaf width 
of four isogenic lines of barley. 

Second Uppermost Leaf Width (cm) 

Hill Spacing (cm) isogenic 

Isogenic Line Genotype 15 22.5 30 45 Line Mean 

Nlh Nlh Wlh Wlh 1.6a+ 1.7a 1.7a 1.7a 1.7b 

nlh nlh Wlh Wlh 1.0a 1.0a 1.1a 1.0a 1. Id 

Nlh Nlh wlh wlh 2.6b 2.5b 2.8a 2.9a 2.7a 

nlh nlh wlh wlh 1.3a 1.3a 1.3a 1.4a 1.3c 

Hill Spacing Mean 1.7b 1.6b 1.7a 1.8a 1.7 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to the Student-Newman-Keul's Multiple Range Test. 
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both had significantly lower leaf widths than those at 30 and 45 cm hill 

spacing. 

A significant isogenic line x hill spacing interaction indicates 

that the leaf widths of the isogenic lines did not respond alike to the 

different hill spacing (Figure 11). The widths of the leaves of the 

normal double dominant, normal double recessive and narrow leaf isogenic 

lines were less affected by hill spacing than leaf widths of the wide 

leaf isogenic line at all hill spacings. The wide leaf isogenic line 

had substantial increases in leaf width with an increase in hill spacing 

from 22.5 to 45 cm. 

The Second Uppermost Leaf Length 

The mean leaf lengths of the isogenic lines and hill spacings 

are shown in Table 17. The leaf length of the uppermost leaf was sig

nificantly affected by hill spacing and isogenic line. The normal 

double dominant isogenic line had the longest leaf. Both the normal 

double recessive and narrow leaf isogenic lines had similar leaf 

lengths. However, they both had a significantly shorter leaf than that 

of the wide leaf isogenic line. 

The 45 and 30 cm hill spacing treatments resulted in the great

est leaf lengths followed by 22.5 and 15 cm spacing treatments. The 

interaction between hill spacing and isogenic line was not significant 

for leaf length yet the normal double dominant isogenic line had the 

largest increases in leaf length as space between hills was increased. 
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Table 17. Effect of hill spacings on second uppermost leaf length of 
four isogenic lines of barley. 

Second Uppermost Leaf Length (cm) 

Hill Spacing (cm) isogenic 

Isogenic Line Genotype 15 22.5 30 45 Line Mean 

Nlh Nlh Wlh Wlh 24. 7a+ 27. .la 29, ,0a 31. la 28. 0a 

nlh nlh Wlh Wlh 22. 7a 23. ,3a 24. ,5a 25. 4a 24. 0c 

Nlh Nlh wlh wlh 23. 7a 26. , 2a 27. ,6a 27. la 26. lb 

nlh nlh wlh wlh 23. 0a 23. ,3a 23, ,9a 23. 2a 23. 4c 

Hill Spacing Mean 23.5c 25.0b 26.3ab 26.7a 25.4 

•J* 
Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to the Student-Newman-Keul's Multiple Range Test. 
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Stoma Density 

_2 The number of stomata mm on the lower and upper leaf surfaces 

of the 2 leaf positions of the 4 isogenic lines are presented in Table 

18. 

The differences in stomatal density on the upper and lower sur

faces of the leaf were not significant. Both leaf surfaces had nearly 

similar stomatal numbers. 

2 
The flag leaf had significantly more stomata per mm than the 

second uppermost leaf. The flag leaf had a significantly higher fre

quency of stomata on both the upper and lower surfaces than the second 

uppermost leaf. 

Regardless of the leaf surfaces or positions, the normal double 

recessive isogenic line had the greatest stomata density among the 

2 
lines. The other 3 lines had nearly similar number of stomata per mm 

and the differences among them were not significant. 

Isogenic lines differed significantly in frequency of stomata on 

the flag leaf and second uppermost leaf. 

A significant isogenic line x leaf surface interaction (Figure 

12), reflected the departure of the wide leaf, normal double recessive 

and normal double dominant from the usual pattern, which was, the upper 

surface of the leaf had lower number of stomata in comparison to the 

lower surface. Both isogenic lines had similar frequencies on the 

upper and lower surfaces of the leaf blades. 

The interaction of leaf position x isogenic line was signifi

cant. For all isogenic lines the flag leaf had a significantly higher 

stomata number than the second uppermost leaf. The reduction in 



2 
Table 18. Mean values for stomata per ram of the upper and lower leaf surfaces of plants of two 

leaf positions of four isogenic lines. 

-2 Stomata Density mm 

Flag Leaf 
Surfaces 

Second Uppermost 
Leaf Surfaces Leaf Surfaces Leaf Position 

Isogenic Line 
Genotype Upper Lower Upper Lower Upper Lower 

Flag 
Leaf 

Uppermost 
Leaf 

Isogenic 
Line Mean 

Nlh Nlh IVlh IVlh 82a+ 83ab 67b 69bc 74cd 76bc 82a 68e 75b 

nlh nlh IVlh Wlh 77b 80b 70ab 75a 73d 77ab 78b 72c 75b 

Nlh Nlh wlh wlh 81ab 83ab 70ab 68c 76bc 76bc 82a 69cde 76b 

nlh nlh wlh wlh 83a 84a 73a 72ab 78a 78a 84a 73c 78a 

Mean 81a 82a 70b 71b 75a 77a 82a 70b 76 

+Means in the same column followed by the same letter(s) are not significantly different at the .05 
level according to the Student-Newman-Keul's Multiple Range Test. 
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stomatal frequency from the flag leaf to the second uppermost leaf was 

consistent for the 4 isogenic lines. 

Generally the lower leaf surface had a higher number of stomata 

per mm . However, this observation was not consistent among the differ

ent isogenic lines especially for the second uppermost leaf. Both the 

normal double recessive and the wide leaf isogenic lines had higher 

stomatal numbers on the upper surface than on the lower. 

The significance of the isogenic line x leaf position x leaf 

surface interaction shows that the difference, in stomata density be

tween surfaces varied for each leaf and each isogenic line (Figure 12). 

Regardless of the leaf position and surface and isogenic line, 

differences in stomata number mm of plant leaves planted at hill 

spacings of 15, 22.5, 30, and 45 cm were not detected. The means were 

2 75.8, 76.6, 75.4, and 76.5 per mm for the 4 hill spacings. The iso

genic line x hill spacing interaction was not significant. 

Head Volume 

Differences in head volume among the isogenic lines and hill 

spacings were significant (Table 19). The largest head volume was ob

tained at hill spacing of 45 cm. Generally, as more space became avail

able between hills, head volume increased. The normal double dominant 

and wide leaf isogenic lines had similar volumes. However, they both 

had significantly larger head volume than those of the normal double re

cessive and narrow leaf isogenic lines. 

The interaction of hill spacing x isogenic line was significant 

(Figure 13). All lines showed a consistent trend of increasing head 
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Table 19. Effect of hill spacings on head volume of four isogenic lines 
of barley. 

3 
Head Volume (cm ) 

Isogenic Line Genotype 15 

Hill Spacing (cm) 

22.5 30 45 
Isogenic 
Line Type 

Nlh Nlh Wlh Wlh 1.4a 1.2a 1.3a 1.5a 1.3a 

nlh nlh IVlh IVlh .6a .7a ,8a .9a .7c 

Nlh Nlh wlh wlh 1.2a 1.2a 1.4a 1.4a 1.3a 

nlh nlh wlh wlh .8a .9a 1.0a 1.2a 1.0b 

Hill Spacing Mean . 9d 1.0c 1.1b 1.3a 1.1 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to the Student-Newman-Keul's Multiple Range Test. 



1.5r 

1 .0  

O Normal double dominant 

• Narrow leaf 

A Wide leaf 

0 Normal double dominant 

.5-

15 22.5 30 45 

Hill Spacing, cm 

Figure 13. Effect of hill spacing and barley isogenic line on head 
volume. 



81 

volume with increasing hill spacing and their maximum head volumes were 

obtained at 45 cm hill spacing. The normal double recessive and narrow 

leaf isogenic lines had less head volume than those of the normal double 

dominant and wide leaf isogenic lines at all hill spacings. 

Head Width 

Differences among the isogenic lines and hill spacings in head 

width were significant (Table 20). Head width was largest at the widest 

hill spacing of 45 cm and was reduced significantly as space between 

hills was reduced. 

The narrow leaf and normal double recessive isogenic lines had 

the largest head widths. Both had significantly wider heads than the 

wide leaf and normal double dominant isogenic lines. The interaction of 

hill spacing x isogenic line was significant (Figure 14). Head width 

for each isogenic line increased with increasing hill spacing. The nor

mal double dominant and wide leaf isogenic lines consistently had nar

rower heads than the narrow leaf and normal double recessive isogenic 

lines at all hill spacings. These latter 2 isogenic lines were less 

affected by the increase in space between hills. 

Head Length 

There were significant differences among isogenic lines and hill 

spacing in head length (Table 21). The 45 cm hill spacing, had longer 

heads, than the other 3 hill spacings. Head lengths of the 30 and 22.5 

cm hill spacings were similar and both significantly exceeded the head 

length of the 15 cm hill spacing. 
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Table 20. Effect of hill spacings on the head width of the four iso
genic lines of barley. 

Head Width (cm) 

Hill Spacing (cm) Isogenic 
Isogenic Line Genotype 15 22.5 30 45 Line Mean 

Nlh Nlh Will Wlh 7. 8b+ 7.7b 8. . 5a 8. .9a 8.2c 

nlh nlh Wlh Wlh 8. 7c 9.7b 10. ,1b 11. .4a 10.0a 

Nlh Nlh wlh wlh 8. 3b 9. Oab 9. ,2a 9. .7a 9.0b 

nlh nlh wlh wlh 9. 0c 9.7b 10. ,0b 11. , 5a 10.0a 

Hill Spacing Mean 8.4d 9.0c 9.5b 10.4a 9.3 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at .05 
level according to the Student-Newman-Keul's Multiple Range Test. 
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Table 21. Effect of hill spacings on head length of the four isogenic 
lines of the barley. 

Head Length (cm) 

Hill Spacing (cm) Isogenic 

Isogenic Line Genotype 15 22.5 30 45 Line Mean 

Nlh Nlh Wlh Wlh 11. 2c+ 11. .9bc 12. 4b 13. . 5a 12. ,3a 

nlh nlh Wlh Wlh 7. 5a 7. .8a 7. 5a 8. .4a 7, ,8d 

Nlh Nlh wlh wlh 9. 8b 10. ,3b 11. 2a 11. .8a 10, .8b 

nlh nlh wlh wlh 7. 3c 8. ,6b 8. 7b 9. ,6a 8. , 5c 

Hill Spacing Mean 9. 0c 9. ,6b 9. 9b 10. .9a 9, ,8 

+Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to the Student-Newman-Keul's Multiple Range Test. 
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The normal double dominant line had the longest heads and the 

narrow leaf isogenic line the shortest at all hill spacing. The inter

action of isogenic line x hill spacing was significant (Figure 15) . 

Head lengths of the normal double dominant, normal double reces

sive and wide leaf isogenic lines consistently increased in length as 

hill spacing increased. Head lengths of the narrow leaf isogenic line 

were similar at all hill spacings. 

Peduncle Length 

There were significant differences among the isogenic lines and 

hill spacings in peduncle length (Table 22). 

Peduncle length decreased as hill spacing decreased but the dif

ference between the 22.5 and 30 cm hill spacings was not significant. 

The peduncle length of the normal double dominant isogenic line was sig

nificantly longer than that of the other lines. The normal double re

cessive and wide leaf isogenic line were similar in peduncle length. 

Both had significantly longer peduncles than the narrow leaved isogene. 

The interaction of hill spacing x isogenic line was not signifi

cant, but all isogenic lines had their longer peduncles at 45 cm hill 

spacing. 

Extrusion Length 

Of the 2 variables, hill spacings and isogenic lines only iso

genic lines had a significant effect on the extrusion length (Table 23). 

The 30 cm hill spacing treatment resulted in the longest extrusion 

length followed by the 45, 15 and 22.5 cm hill spacing treatments. 

I 
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Table 22. Effect of hill spacings on the peduncle length of the four 
isogenic lines of barley. 

Peduncle Length (cm) 

Hill spacing (cm) Isogenic 

Isogenic Line Genotype 15 22.5 30 45 Line Mean 

Nlh Nlh Wlh Wlh 21. 3a+ 21. 3a 22. ,6a 22.9a 22. ,0a 

nlh nlh Will Wlh 18. 9a 19. 4a 19. ,4a 20.8a 19. ,6c 

Nlh Nlh wlh wlh 19. 6a 21. 2a 20. .la 22.5a 20, .9b 

nlh nlh wlh wlh 19. 0a 20. 3a 20, .la 20.9a 20, ,1b 

Hill Spacing Mean 19. 7c 20. 6b 20. ,6b 21.8a 20. ,6 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to the Student-Newman-Keul's Multiple Range Test. 
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Table 23. Effect of hill spacings on the extrusion length of the four 
isogenic lines of barley. 

Extrusion Length (cm) 

Hill Spacing (cm) Isogenic 

Isogenic Line Genotype 15 22.5 30 45 Line Mean 

Nlh Nlh Wlh Wlh 4.5a+ 3.7a 5.4a 4.9a 4.6b 

nlh nlh Wlh Wlh 2.0a 3.1a 1.9a 2.4a 2.3c 

Nlh Nlh wlh wlh 5.2ab 4.2b 6.7a 6.5a 5.6a 

nlh nlh wlh wlh 2.8a 3.0a 2.6a 2.1a 2.6c 

Hill Spacing Mean 3.6a 3.5a 4.1a 4.0a 3.8 

Means in row within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to the Student-Newman-Keul's Multiple Range Test. 



The wide leaf isogenic line had the greatest extrusion. The 

normal double recessive and narrow leaf isogenic lines had similar ex

trusion lengths, and both had significantly shorter extrusion lengths 

than the normal double dominant isogenic line. The interaction between 

hill spacing and isogenic line for extrusion length was significant and 

is diagramed in Figure 16. An increase in extrusion length was ob

served for the wide leaf and normal double dominant isogenic lines as 

hill spacing was increased from 22.5 to 30 cm, and a slight decrease was 

observed as hill spacing was increased to 45 cm. Also both isogenic 

lines had their longest extrusions at all hill spacings in comparison 

to the other 2 lines. The extrusion of both the normal double recessive 

and narrow leaf isogenic lines were increased in length with the first 

increase in hill spacing. The normal double recessive line exhibited a 

slight and steady decrease in extrusion length as hill spacing was in

creased from 22.5 to 30 and from 30 to 45 cm. The narrow leaf isogenic 

line showed a decrease in extrusion length as hill spacing was increased 

from 22.5 to 30 and a slight increase as spacing increased from 30 to 

45 cm. 

Leaf Peduncle Plus Leaf Sheath Diameter 

Table 24 presents the peduncle plus leaf sheath diameter for 

the 4 isogenic lines at the different hill spacings. Both variables 

significantly affected the character. With increasing hill spacing, 

there was a steady increase in peduncle plus leaf sheath diameter. The 

widest diameter was observed at the 45 cm hill spacing. The normal 

double dominant and wide leaf isogenic lines had significantly larger 
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Figure 16. Effect of hill spacing and barley isogenic line on extrusion 
length. 



Table 24. Effect of hill spacings on peduncle plus leaf sheath diameter of the four isogenic lines 
of barley. 

Peduncle Plus Leaf Sheath Diameter (mm) 

Isogenic Line Genotype 15 

Hill Spacing 

22.5 

(cm) 

30 45 
Isogenic 
Line Mean 

Nlh Nlh Wlh Wlh 2.7b+ 2.9b 2.9b 3.4a 3.0a 

nlh nlh Wlh Wlh 2.4a 2.5a 2.3a 2.4a 2.4c 

Nlh Nlh wlh wlh 2.9a 3.1a 3.0a 3.2a 3.0a 

nlh nlh wlh wlh 2.5ab 2.3b 2.6ab 2.9a 2.6b 

Hill Spacing Mean 2.6b 2.7b 2.7b 3.0a 2.8 

Means in rows within the table and isogenic line and hill spacing means followed by the same letter 
are not significantly different at the .05 level according to Student-Newman-Keul's Multiple Range 
Test. 
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peduncle plus sheath diameter than the other 2. All isogenic lines with 

the exception of the narrow leaf isogenic line, had their largest pedun

cle plus sheath diameter at 45 cm hill spacing. 

The interaction of hill spacing by isogenic line for leaf pedun

cle plus leaf sheath diameter was significant (Figure 17). Both narrow 

leaf and wide leaf isogenic lines were less affected by an increase in 

space between hills. The narrow leaf isogenic line had its smallest 

peduncle and sheath diameter at the 30 cm hill spacing. At all hill 

spacings, both normal double dominant and wide leaf isogenic lines had 

their largest peduncle plus sheath diameter in comparison to the other 

isogenic lines. At hill spacing of 22.5 cm, the normal double recessive 

had its smallest peduncle plus leaf sheath diameter in comparison to the 

other hill spacings. 

Yield and Its Components 

Grain Yield 

Grain yields per ha were significantly affected by both hill 
/ 

spacings and isogenic lines (Table 25). The highest grain yields were 

obtained when hills were spaced 15 cm apart followed by hills spaced 

22.5 cm apart. No significant differences in grain yields were observed 

between the 30 and 45 cm hill spacing treatments. 

The normal double dominant, narrow leaf and normal double reces

sive isogenic lines had similar yields and all were significantly higher 

than the yield of the wide-leaved isogene. 

The interaction of isogenic line x hill spacing was significant 

(Figure 18). This means that the isogenic lines responded differently 
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Figure 17. Effect of hill spacing and barley isogenic line on the 
peduncle plus leaf sheath diameter. 



Table 25. Effect of hill spacings on grain yields of four isogenic lines of barley. 

Isogenic Line Genotype 15 

Grain Yield (Kg/ha) 

Hill Spacing (cm) 

22.5 30 45 
Isogenic 
Line Mean 

Nlh Nlh Wlh Wlh 8497a+ 6895b 4213d 5070c 6169a 

nlh nlh Wlh Wlh 8632a 6365b 5732b 4803c 6383a 

Nlh Nlh wlh wlh 7911a 5300b 4535c 4543c 5572b 

nlh nlh wlh wlh 8259a 6561b 5568c 4912d 6325a 

Hill Spacing Mean 8325a 6280b 5012c 4832c 6612 

Means in rows within the table and isogenic line and hill spacing means followed by the same letter 
are not significantly different at the .05 level according to Student-Newman-Keul's Multiple Range 
Test. 



9000 

8000 

7000 

6000 

5000 

© Normal double dominant 

• Narrow leaf 

A Wide leaf 

0 Normal double recessive 

4000 

15 22.5 30 45 

Hill Spacing, cm 

Figure 18. Effect of hill spacing and barley isogenic line on grain 
yield. 
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to increased hill spacing, even though the maximum yield for each iso

genic line was obtained at the 15 cm spacing. Yields of normal double 

dominant and wide leaf isogenic lines were much lower than yields of 

normal double recessive and narrow-leaved isogenes when hills were 

spaced 30 cm apart. 

Number of Heads Per Unit Area 

Hill spacing and isogenic lines significantly affected number of 

heads per unit area (Table 26). With each additional increase in hill 

spacing there was a decrease in number of heads per unit area. The 

narrow leaf isogenic line had significantly more heads per unit area 

than did the other isogenic lines. The normal double recessive isogenic 

line had more heads per unit area than did the normal double dominant 

and wide-leaf isogenic lines, with both of the latter having essentially 

the same number of heads per unit area. 

The interaction between hill spacing and isogenic line was sig

nificant and is presented in Figure 19. The number of heads per unit 

area of all isogenic lines was lowered by an increase in space between 

hills. The highest number of heads per unit area for all isogenic lines 

was produced at the 15 cm hill spacings. Number of heads per unit area 

of the normal double dominant and wide-leaf isogenic lines were the 

same at 30 and 45 cm hill spacings. They were less affected by hill 

spacing than were the normal double recessive and narrow leaf isogenic 

lines. 
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Table 26. Effect of hill spacings on number of heads per square meter 
of four barley isogenic lines. 

_2 
Number of Heads M 

Hill Spacing (cm) Genotype 
Isogenic Line Gentoype 15 22.5 30 45 Line Mean 

Nlh Nlh Wlh Wlh 1056.0a+ 737. 5b 492. 9c 466 „ ,4c 688.2c 

nlh nlh Wlh Wlh 1450.7a 1035. 6b 870. 4c 664. 9d 1005.4a 

Nlh Nlh wlh wlh 998.9a 601. lb 485. 7bc 446. 9c 633.1c 

nlh nlh wlh wlh 1285.9a 944. 2b 774. 7c 566. 6d 892.8b 

Hill Spacing Mean 1197.9a 829.6b 655.9c 536.2d 804.9 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to the Student-Newman-Keul's Multiple Range Test. 
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Number of Seeds Per Head 

Number of kernels per head was influenced significantly by both 

hill spacing and isogenic lines (Table 27). As space between hills was 

increased, number of seeds per head also increased. 

The normal double dominant and wide leaf, both had a signifi

cantly higher number of seed per head than did the narrow leaf and nor

mal double recessive isogenic lines. Differences between the normal 

double dominant and wide leaf isogenic lines were not significantly 

different. The normal double recessive isogenic line gave a signifi

cantly higher number of seed per head than the narrow leaf isogenic 

line. 

The interaction between hill spacing and isogenic line was not 

significant. As more space became available number of seed per head in

creased for all isogenic lines. For each isogenic line, the number of 

seeds per head at the hill spacings of 22.5 and 30 cm were the same 

All lines had the greatest number of seed per head at the hill spacing 

of 45 cm. 

Weight of 1000-Seed 

For the yield component of weight of 1000-seed significant dif

ferences were found for hill spacings and isogenic line (Table 28). The 

weight of 1000-seed was highest at the widest hill spacing, 45 cm, and 

was reduced significantly as space between hills was decreased. Both 

hill spacings of 22.5 and 15 cm had similar weights of 1000-seed. 

The differences among the lines for 1000-seed weight were signif

icant. The normal double dominant had the highest weight of 1000-seed. 
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Table 27. Effect of hill spacings on number of seed per head of four 
barley isogenic lines. 

Number of Seed per Head 

Hill Spacing (cm) Isogenic 
Line Mean Isogenic Line Genotype 15 22.5 30 45 
Isogenic 
Line Mean 

Nlh Nlh Wlh Wlh 22.2a+ 24, ,7a 24, .8a 26. 8a 24. ,6a 

nlh nlh Wlh Wlh 19.9a 20. ,8a 20. ,8a 22. la 20. ,9c 

Nlh Nlh wlh wlh 23.4a 25. . 6a 25. ,6a 26. 5a 25. ,3a 

nlh nlh wlh wlh 20.6a 21. ,8a 21. ,9a 24. 0a 22. ,1b 

Hill Spacing Mean 21.5d 23.2c 23.3b 24.8a 23.2 

•f 
Means in rows within the table and isogenic line and hill spacings 
means followed by the same letter are not significantly different at 
the .05 level according to the Student-Newman-Keul's Multiple Range 
Test. 
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Table 28. Effect of hill spacings on weight of 1000-seed (g) of four 
isogenic lines of barley. 

1000-Seed Weight (g) 

Hil_l Spacing (cm) Isogenic 

Isogenic Line Genotype 15 22.5 30 45 Line Mean 

Nlh Nlh Wlh Wlh 37, . 8a+ 38. 2a 38, ,6a 41. .9a 39, .la 

nlh nlh Wlh Wlh 29. ,8a 29. 5a 30. , 5a 31, .9a 30, .4d 

Nlh Nlh wlh wlh 34. , 6a 34. 4a 36, ,4a 38. .la 35, ,9b 

nlh nlh wlh wlh 31. ,0a 32. 0a 33. ,4a 35, ,2a 32. ,9c 

Hill Spacing Mean 33. .2c 33. 5c 34. 7b 36. ,8a 34. , 6 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to Student-Newman-Keul's Multiple Range Test. 
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The lowest weight of 1000-seed was given by the narrow leaf isogenic 

line. 

The interaction between hill spacing and isogenic line was not 

significant but all isogenic lines responded to increased hill spacing 

with an increase in weight of 1000-seed. Both the narrow and wide leaf 

isogenic lines decreased slightly in weight of 1000-seed as space be

tween hills was increased from 15 to 22.5 cm. However, when space be

tween hills was increased from 22.5 to 45 cm, a substantial increase in 

weight of 1000-seed was observed. The narrow leaf isogenic line was 

less affected by the increase in space between hills. 

Weight of Seeds Per Head 

There were significant differences between the mean seed yield 

per head for hill spacings and isogenic lines (Table 29). 

The highest seed yield per head was obtained from the 45 cm hill 

spacing. The weights were reduced significantly as space between hills 

was decreased. The normal double dominant isogenic line had the highest 

weight of seed per head and averaged 6.2 percent, 24.3 percent and 34.8 

percent higher than wide leaf, normal double recessive and narrow leaf 

isogenic lines respectively. 

Even though the interaction of isogenic lines by hill spacing 

was not significant, the isogenic lines responded to increased hill 

spacing with an increase in weight of seed per head. Both the normal 

double dominant and wide leaf isogenic lines had higher weights of seed 

per head at all 4 hill spacings in comparison to the other 2 isogenic 

lines. The 45 cm hill spacing averaged 17.7 percent and 22.5 higher in 
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Table 29. Effect of hill spacings on weight of seed per head (g) of 
four barley isogenic lines. 

Weight of Seed per Head (g) 

Hill Spacing (cm) Isogenic 
Line Mean Isogenic Line Genotype 15 22.5 30 45 
Isogenic 
Line Mean 

Nlh Nlh Wlh Will . 87a+ .94a .96a 1.12a .97a 

nlh nlh Wlh Wlh . 59a .61a . 63a .70a .63d 

Nlh Nlh wlh wlh .83a .88a .93a 1.01a .91b 

nlh nlh wlh wlh .68a .70a .73a .84a .74c 

Hill Spacing Mean .74c .78b .81b .92a .81 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter are not significantly different at the .05 
level according to Student-Newman-Keul's Multiple Range Test. 
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weight of seed per head than the 15 cm hill spacing for the wide leaf 

and normal double dominant isogenic line respectively. 

Total Dry Weight 

The dry matter production per ha for each isogenic line at the 

different hill spacing is shown in Table 30. Differences among the hill 

spacing in total dry matter production was highest at the narrowest hill 

spacing, 15 cm, and was reduced significantly as space between hills was 

increased. The total yield of dry matter per ha at 15 cm hill spacing 

was 57.6 percent over that at 45 cm hill spacing. 

When considering isogenic line differences, the normal double 

recessive isogenic line had significantly higher dry matter production 

than the wide leaf isogenic line. The normal double dominant and the 

narrow leaf isogenic lines had similar weights of dry matter and both 

were not significantly different from the normal double recessive and 

wide leaf isogenic lines. 

The interaction between isogenic line and hill spacing was sig

nificant (Figure 20). The dry matter yields of all isogenic lines were 

lowered substantially by an increase in space between hills. The dry 

matter yields of the normal double dominant, normal double recessive and 

wide leaf isogenic lines were much lower than yields of the narrow 

leaved isogenic line when hills were spaced 30 and 45 cm. The normal 

double recessive isogenic line produced similar dry matter yields at 

both 15 and 22.5 cm hill spacings. The normal double recessive isogenic 

line produced 6 percent more dry matter yield per ha than the other 3 
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Table 30. Effect of hill spacings on dry matter yields (metric tons/ha) 
of four isogenic lines of barley. 

Dry Matter Yield (Metric Tons/ha) 

Hill Spacing (cm) isogenic 

Isogenic Line Genotype 15 22.5 30 45 Line Mean 

Nlh Nlh Wlh Wlh 37. . 3a+ 27. 6b 15 .7c 14, .3c 23. .7ab 

nlh nlh Wlh Wlh 33. .9a 22. 4b 22 .7b 16, .lc 23. ,8ab 

Nlh Nlh wlh wlh 32. ,8a 24. lb 19 ,6c 14. ,8d 22. ,8b 

nlh nlh wlh wlh 35. ,0a 32. 2a 18 .5b 13. ,7c 24. , 9a 

Hill Spacing Mean 34.8a 26.6b 19.1c 14.7d 23.8 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter (s) are not significantly different at the 
.05 level according to Student-Newman-Keul's Multiple Range Test. 
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Figure 20. Effect of hill spacing and barley isogenic line on dry 
matter production. 
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isogenic lines. All isogenic lines had higher dry matter yield at 15 

cm hill and lower yields at 45 cm hill spacings. 

Harvest Index 

The harvest index was significantly affected by isogenic lines 

and hill spacings (Table 31). The harvest index decreased as space be

came more restricted. This is the reverse of grain yields and dry matter 

productions where yields were decreased as hill spacing was increased 

from 15 to 45. 

The harvest index values of the normal double dominant, normal 

double recessive and narrow leaf isogenic lines were similar and signif

icantly higher than the harvest index value of the wide leaf isogenic 

line. The trends of the isogenic lines of the 3 characters, i.e., the 

grain yield, total dry matter yields and harvest index were similar. 

The wide leaf isogenic line was the lowest among the lines for the 3 

characters. 

The interaction between hill spacing and isogenic line for the 

harvest index was significant (Figure 21). Generally all isogenic lines 

had their highest harvest index value at the 45 cm hill spacing. The 

narrow leaved isogene had the lowest harvest index at the 45 cm spacing 

and the highest values were at 15 and 22.5 cm hill spacings. The har

vest index of the wide leaved isogene at the hill spacings of 15, 22.5 

and 30 cm were nearly similar and were significantly inferior to the 

percentage at 45 cm hill spacing. The normal double dominant isogenic 

line had the steepest increases in harvest index values with increases 

in hill spacings. The harvest index of the normal double recessive 
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Table 31. Effect of hill spacings on harvest index of four isogenic 
lines of barley. 

Isogenic Line Genotype 15 

Harvest Index 

Hill Spacing (cm) 

22.5 30 45 
Isogenic 
Line Mean 

Nlh Nlh Wlh Wlh . 23c+ .25bc .27b .35a .28a 

nlh nlh Wlh Wlh .25b . 28ab • 25b .30a .27a 

Nlh Nlh wlh wlh .24b • 22b .24b .31a .25b 

nlh nlh wlh wlh . 23c o
 

o
 

.30b . 36a .27a 

Hill Spacing Mean . 24c • 24c .27b • 33a .27 

Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter(s) are not significantly different at the 
.05 level according to Student-Newman-Keul's Multiple Range Test. 
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Figure 21. Effect of hill spacing and barley isogenic line on the 
harvest index. 
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isogene was reduced as the hill spacing was increased from 15 to 22.5 

cm. The harvest index values for both 30 and 45 cm was significantly 

higher than the other 2 spacings. 

Number of Days From Planting to Heading 

Days from planting to heading was significantly affected by the 

isogenic lines and hill spacing (Table 32). As hill spacing was in

creased, number of days to heading decreased. All lines differed sig

nificantly in number of days from planting to heading with the normal 

double dominant isogenic line being the first to head and the wide leaf 

and normal double recessive isogenic lines were the last to head. 

The isogenic line x hill spacing interaction was significant and 

is presented in Figure 22. The heading dates of the wide leaf isogenic 

line remained the same at both the 22.5 and 30 cm hill spacing. As hill 

spacing was increased from 15 to 45 cm, both normal double dominant and 

narrow leaf isogenic lines headed 4 days earlier. The wide leaf and 

normal double recessive isogenic lines headed 6 and 1 days earlier re

spectively as hill spacing was increased from 15 to 45 cm. The heading 

dates of the normal double recessive isogenic line at all hill spacings 

were nearly the same. When hill spacing was increased from 30 to 45 

both the normal double recessive and narrow leaf isogenic lines headed 

one day earlier. The normal double recessive line headed 2 days 

earlier, whereas the wide leaved isogenic line headed 5 days earlier 

when hill spacing was increased from 30 to 45 cm. 
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Table 32. Effect of hill spacings on number of days from planting to 
heading of four barley isogenic lines. 

Days From Planting to Heading 

Hill Spacing (cm) isogenic 

Isogenic Line Genotype 15 22.5 30 45 Line Mean 

Nlh Nlh Wlh Wlh 128a+ 126a 125a 124b 126b 

nlh nlh Wlh Wlh 132a 131ab 127c 128bc 129a 

Nlh Nlh will wlh 133a 132a 132a 127b 131a 

nlh nlh wlh wlh 131a 130a 132a 130a 131a 

Hill Spacing Mean 131a 130a 129a 127b 129 

•f-
Means in rows within the table and isogenic line and hill spacing means 
followed by the same letter(s) are not significantly different at the 
.05 level according to Student-Newman-Keul's Multiple Range Test. 
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Relationship Between Morphological 
Characters and Yield and Its Components 

Correlation coefficients of all combinations of characters of 

yield and its components are presented in Table 33. Grain yield per ha 

was negatively and significantly correlated with number of seed per 

head, seed yield per head, 1000-seed weight, harvest index, stem length, 

and days from planting to heading. Also grain yield was positively and 

significantly associated with both number of heads per unit area and 

total dry matter per ha. 

High significant negative correlations were observed between 

number of heads per unit area and number of seeds per head, seed yield 

per head, 1000-seed weight, harvest index, days from planting to heading 

and stem length. The relation between both number of heads per square 

meter and total dry matter per ha was positive and significant. 

Number of seeds per head was positively and significantly cor

related with seed yield per head, 1000-seed weight, harvest index, days 

from planting to heading and stem length and negatively associated with 

total dry matter per ha. 

The association of 1000-seed weight with total dry weight was 

negative, but significant. 1000-Seed weight was positively correlated 

with seed yield per head, harvest index^days from planting to heading 

and stem length. 

Total dry matter gave significant negative correlations with 

seed yield per head, harvest index, days from planting to heading and 

stem length. Harvest index, days from planting to heading and stem 

length were positively and significantly correlated with seed yield per 



Table 33. Simple correlation coefficients (r) between yield and yield components. 

Grain 
Yield 
(Kg/ha) 

No. of 
Heads 
per 

Square 
Meter 

No. of 
Seeds 
per 
Head 

1000-Seed 
Weight 
(g) 

Total 
Dry 

Weight 
(Tons/ha) 

Seed 
Yield 
per 
Head 
(g) 

Harvest 
Index 

Days from 
Planting 

to 
Heading 

No. of Heads/M^ .86** 

No. of Seeds/Head -.42** -.66** 

1000-Seed Weight (g) -.28** -.58** .65** 

Total Dry Weight 
(Tons/ha) 

.88** .77** -.40** -.31** 

Seed Yield/Head (g) -.33** -.65** .87** .91** -.35** 

Harvest Index -.31** -.32** .23** .26** -.70** .27** 

Days From Planting 
to Heading 

-.48** -.52** .30** .29** -.47** .28** .20* 

Stem Length (cm) -.26** -.53** .50** .54** -.40** .57** .30** .27** 

* 
Significant at .05 level. 

Significant at .01 level. 
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head. Days from planting to heading and stem length were positively and 

significantly correlated with harvest index and with one another. Cor

relation coefficients between grain yield per ha and its components and 

the morphological structures above the second uppermost leaf node are 

presented in Table 34. Both characters, grain yield per ha and dry 

weight (tons per ha) were negatively correlated with all the characters 

studied. Except for head width, number of seeds per head, seed yield 

per head, and 1000-seed weight were positively and significantly cor

related with all studied characters. All morphological characters with 

the exception of flag leaf width were negatively and significantly cor

related with number of heads per unit area. 

Harvest index gave significantly positive correlation with pe

duncle length, stem diameter, head, length, width and volume and stem 

length. The rest of the characters were either negatively correlated or 

not linked with harvest index. 

Six of the 14 studied traits were individually correlated with 

number of days from planting to heading at the 5 percent level of sig

nificance. Among the 6 traits the second uppermost leaf length, head 

length and stem length gave the largest correlation coefficients. 

The results of the stepwise multiple regression analysis of 

yield and its components are shown in Table 35. The number of heads per 

unit area gave high positive correlation coefficients with total dry 

weight per ha and harvest index. Also total dry weight per ha was posi

tively and significantly correlated with harvest index. The partial re

gression coefficients among the number of heads per unit area, harvest 

index and total dry weight per ha for each of the isogenic line are 



Table 34. Simple correlation coefficients (r) between yield components and morphological characters 
of the mean of the four isogenic lines of barley. 

No. of 
Heads No. of 

Grain per Seeds 1000-Seed Dry 
Yield Square per Weight Weight 
(Kg/ha) Meter Head (g) (Tons/ha) 

Seed 
Yield 
per 
Head Harvest 
(g) Index 

Days from 
Planting 

to 
Heading 

Flag Leaf Area 
(cm^) 

Flag Leaf Width 
(cm) 

Flag Leaf Length 
(cm) 

Second Uppermost 
Leaf Area (cm^) 

Second Uppermost 
Leaf Width (cm) 

Second Uppermost 
Leaf Length (cm) 

Extrusion Length 
(cm) 

Peduncle Length 
(cm) 

.27** -.48** .61** .51** 

-.21* 

-.25** 

-.15 

.43** .58** .47 

-.27** -.39** .40** 

.46** .61** 

-.37** .52** 

Aft 

.46** 

-.31** -.54** .68** .59** 

.51** 

-.36** -.52** .56** .55** 

.48** 

-.35** -.46** .52** .49** 

- .17* 

,09 

.25** 

,20* 

.12 

.32** 

.09 

.36** 

.61** -.07 

.58** 

.47** 

.70** 

.61** 

.61** 

.58** 

.55** 

-.14 

.10 

-.05 

-.12 

.11 

-.05 

.25** 

.11 

.02  

.20* 

.12 

.04 

.31** 

.14 

.21 



Table 34, Continued. 

No. of Seed 
Heads No. of Yield Days from 

Grain per Seeds 1000-Seed Dry per Planting 
Yield Square per Weight Weight Head Harvest to 
(Kg/ha) Meter Head (g) (Tons/ha) (g) Index Heading 

Peduncle + Sheath -.13 -.27 .37** .43** -.18* .46** .17 .06 
Diameter (mm) 

3 
Head Volume (cm ) -.41** -.67** .68** .73** -.40** .78** .24** .21* 

Head Width (mm) -.36** -.19* -.12 -.26** -.44** -.24** .36** .12 

Head Length (cm) -.36** -.63** .70** .58** -.33** .85** .19* .34** 

Stem Diameter (mm) -.38** -.57** .60** .55** -.36** .62** .19* .17 

Stem Length (cm) -.36** -.53** .50** .54** -.39** .57** .30** .27** 

* 
Significant at p = 0.05 level. 

Significant at p = 0.01 level. 



Table 35. Standard partial regression coefficients of stepwise multiple regression analysis for 
yield and yield components for the overall of the four isogenic lines of barley. 

No. of No. of 
Seed 1000-Seed Stem Days From 
per Weight Length Planting to 

Spike (g) (cm) Heading 

Seed 
Yield 
per 
Spike 
(g) 

No. of 
Heads 
per 

Square 
Meter 

Harvest 
Index (R2) 

1000-Seed Weight -.12 

Stem Length -.04 

Days from Planting -.05 
to Heading 

Seed Yield per -.04 
Spike 

Number of Heads per -10 
Square Meter 

Harvest Index -.22* 

Total Dry Yield -.17 
per ha 

.04 

.04 

.01 

.13 

.22* 

.03 

.07 

.08 

.12 

-.10 

-.02 

.16 

.16 

-.04 

-.17 

,18 

.24* 

.07 

.45** 

.60** .90** 

.769 

.957 

.965 

.966 

.967 

.967 

.968 

Significant at p = .05 level. 

k 
Significant at p = .01 level. 
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presented in Table 36. In all isogenes the total dry weight per ha was 

highly associated with number of heads per unit area and harvest index. 

The harvest index gave a very low coefficient with number of heads per 

unit area in the normal double dominant isogene and a negative value in 

the normal double recessive isogene. 

The multiple correlation coefficients (R) for the 3 characters 

for each of the 4 isogenes and their overall mean are presented in Table 

37. The values of R were highly significant for all the isogenes, and 

also the overall mean of the isogenes. 

The coefficients of determination or simply the squaring of R 

values given as percentage indicated that above 97.0, 98.5, 96.7, 95.8, 

and 96.5 percent of the variability in yield, of the 4 isogenes, and 

their overall means, was accounted for by its association with number of 

heads per unit area, harvest index and total dry weight per ha. 

Yield was significantly and positively correlated with number of 

heads per unit area and total dry weight per ha. This indicates that 

yield potential was increased by increasing number of heads per plant 

and green parts of the plants which are considered the photosynthesizing 

area. These 2 characters besides being correlated with yield, were 

highly correlated with themselves. The relationship between grain yield 

and 1000-seed weight was negative and significant. Austenson and Walton 

(1970), Hsu and Walton (1971), Yap and Harvey (1972b), Monyo and Whit-

tington (1973), and Welty (1973) reported significant positive correla

tions between yield and number of heads per unit area or plant and also 

between yield and 1000-seed weight. 
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Table 36. Partial regression coefficients for number of heads per 
square meter, harvest index and dry weight yield per ha for 
each of the four barley isogenes. 

Isogenes 

Number of 
Heads per 
Square 
Meter 

Harvest 
Index 

Normal Double Dominant 

Harvest Index 
Total Dry Yield per ha 

.156 

.551** .869** 

Narrow Leaved 

Harvest Index 
Total Dry Yield per ha 

.058 

.557** .921** 

Wide Leaved 

Harvest Index 
Total Dry Yield per ha 

.133 

.383** .810** 

Normal Double Recessive 

Harvest Index 
Total Dry Yield per ha 

-.047 
.496** .783** 

Significant at p = 0.01 level. 
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Table 37. Multiple correlation coefficients (R), coefficient of deter
mination (CD) for number of heads per square meter, harvest 
index and. total dry weight per ha. 

Isogene Value of R CD (Percent) 

Normal Double Dominant 0.985** 97.0 

Narrow Leaved 0.993** 98.5 

Wide Leaved 0.983** 96.7 

Normal Double Recessive 0.979** 95.8 

Overall Mean of Isogenes 0.983** 96.5 

Significant at p = 0.01 level. 



Rasmusson and Cannell (1970) conducted a study with barley to 

find which component was most highly correlated with yield, and which 

component was most important in selection for yield. They concluded 

that selection for number of heads per hill was similar to selection for 

yield. Selection for kernel weight was similar to selection for yield 

in one population, but not in the other. Yield was reduced in one popu

lation when selected for number of seed per hill. 

Number of seeds per head and seed yield per head were signifi

cantly and positively correlated with 1000-seed wieght, head length, and 

between themselves, while with grain yield and number of heads per unit 

area the relationships were negative but significant. 

Thus the following conclusiosn could be drawn from the r values 

obtained. (1) Selection for high number of heads per plant will be 

accompanied by reduction in seed size (1000-seed weight) and head weight 

(weight of seed per head). (2) When the breeder selects for high number 

of seeds per head, he is likely to select for heavier heads but for 

smaller seeds. (3) Selection for larger heads is not likely to result 

in either larger seeds or heavy heads. 

Guitard et al. (1961), Niclcell and Grafuis (1969), Hsu and 

Walton (1970), Knott and Talukdar (1971) and Welty (1973) found that 

number of heads per unit area was negatively correlated with both num

ber of seed per head and weight of 1000-seed weight. Yap and Harvey 

(1972a) reported a positive correlation between number of heads per plant 

and number of seed per head. This result was obtained in the first 

season but not in the second. Weight of 1000-seed was not linked to 
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number of heads per plant in the first season, but the relation was 

positive and highly significant in the second season. 

In a 5 x 5 diallel crosses among varieties of spring wheat, 

Walton (1972) found a positive correlation coefficient between number of 

heads per plant and 1000-seed weight (r = 0.42) and a negative relation 

with number of seeds per head (r = -0.103). Hsu and Walton (1971) found 

the reverse to such associations. 

A significant positive correlation of grain yield with number of 

seed per head (Austenson and Walton, 1970; Welty, 1973) and plant height 

(Welty, 1973) and harvest index (Singh and Stoskopf, 1971) have been re

ported in the literature but no such associations were observed in the 

present work. Number of heads per unit area was negatively and signifi

cantly correlated with plant height. This was in agreement with Smocek 

(1969), while Welty (1973) found a positive significant relation (r = 

0.32). In rice Chang and Tagumpay (1970) reported a significant nega

tive correlation between panicle number per hill and plant height. 

A significant positive relation between number of seeds per head 

and weight of 1000-seed was observed. Smocek (1969), Hsu and Walton 

(1970 and 1971), Rasmusson and Cannell (1970), and Walton (1972) re

ported either positive or very low correlation coefficient values be

tween number of seeds per head and 1000-seed weight, while Welty (1973) 

found a positive significant correlation coefficient (r = 0.25). Yap 

and Harvey (1972a) found a negative relationship between number of seeds 

per head and 1000-seed weight (r = -0.05) in the first season and a sig

nificant positive correlation (r = 0.70) in the second season. 
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In wheat Singh and Stoskopf (1971) reported that harvest index 

was negatively correlated with the dry weight of all the vegetative 

parts, like leaves, stem, tiller chaff and ear. Harvest index was posi

tively correlated with grain yield but no such association was observed 

in the present study. 

Mien barley was planted at high populations and at close spac

ing, the number of seed per head, seed yield per head, harvest index, 

plant height and days from planting to heading were reduced because of 

severe competition. The total dry matter per ha, number of heads per 

unit area and grain yield per ha all were increased with dense planting. 

The flag leaf area and the second uppermost leaf area were nega

tively correlated with grain yield per ha. However, this result was 

contrary to the findings of Voiding and Simpson (1967), Simpson (1968), 

Walton (1969), Hsu and Walton (1971), and Monyo and Whittington (1973) 

in wheat and Yap and Harvey (1972b) in barley. Even though the correla

tion between leaf area and grain yield was negative, the highest grain 

yield per ha was obtained from the narrow leaf isogenic line. 

The structures above the second uppermost leaf node like second 

uppermost length and width, flag leaf length and width, spike volume, 

width and length, and stem diameter were all negatively and significant

ly correlated with grain yield. In wheat, the peduncle length and flag 

leaf length were not associated with yield per plant (Hsu and Walton, 

1971), but the leaf breadth was significantly correlated with grain 

yield per plant (Hsu and Walton, 1970). 

In this study, both head extrusion length and leaf peduncle plus 

leaf sheath diameter were not related to grain yield per ha. Hsu and 
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Walton (1971) reported a negative correlation between head extrusion 

length and yield per plant (r = -0.29), in wheat. While in barley, Yap 

and Harvey (1972a) found that peduncle area showed a positive correla

tion with grain yield and the increase in peduncle area was mainly due 

to elongation of the peduncle. 

The narrow leaf isogenic line had the highest number of heads 

per unit area and the wide leaf line had the lowest number, but the num

ber of heads per unit area showed only a significant correlation coeffi

cient with flag leaf width. Different populations obtained due to 

planting at different hill spacings might be the reason for this posi

tive correlation. In wheat with single spaced planting, Hsu and Walton 

(1971) reported that higher ear numbers per plant were accompanied by 

longer peduncles, longer ears and broader flag leaves (Hsu and Walton, 

1970). Also in barley, Yap and Harvey (1972b) found that number of 

heads per plant was positively and signficantly associated with flag 

leaf area, peduncle area, and culm diameter especially in the second 

year of the study. 

Number of seeds per head and 1000-seed weight gave positive and 

highly significant correlation coefficients with the areas of both flag 

and the second most upper leaf. Such findings were in agreement with 

those reported by Friend (1966), Smocek (1969), Yap and Harvey (1971 and 

1972b) and Walton (1972). Simpson (1968) found a correlation coeffi

cient of r = +0.78, between flag leaf lamina area and number of seeds 

per head. 

Flag leaf width and length, second uppermost leaf width and 

length, extrusion and peduncle lengths, peduncle plus sheath diameter, 
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stem diameter and length, and spike volume and length all were positive

ly and significantly correlated with the number of seeds per head, and 

1000-seed weight. These findings do not agree with those obtained by 

Hsu and Walton (1970) in wheat. Hsu and Walton (1971) found a highly 

significant and positive correlation between ear length and both seed 

number per head and 1000-seed weight. Walton (1972) reported a correla

tion of seed per head with both extrusion length (r = -0.20) and head 

length (r = 0.26). Head length and extrusion length, however, were 

positively and significantly correlated with each other (r = 0.56). In 

wheat, Hsu and Walton (1971) concluded that the number of seeds per 

head was affected by ear length, flag leaf breadth and extrusion length. 

1000-Seed weight was influenced mainly by flag leaf length. Their cor

relation coefficients estimates were comparable to those obtained in 

this study. 

In barley Yap and Harvey (1972b) found correlation coefficients 

of 0.45 and 0.68 between culm diameter and 1000-seed weight and between 

culm diameter and number of seeds per head, respectively. 

Seed yield per head was positively and significantly correlated 

with all traits studied except head width. Hsu and Walton (1971) re

ported that the correlation coefficients between yield per ear and both 

flag leaf width and ear length were 0.45 and 0.59 respectively. Extru

sion length was negatively correlated with yield per ear. 

Days to heading was positively and significantly correlated with 

flag leaf length, second uppermost leaf length, peduncle length, head 

volume, head length and stem length. Hsu and Walton (1971) and Walton 

(1972) reported that flag leaf width, head length and flag leaf area 
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were positively and significantly correlated with days from planting to 

heading. Concerning flag leaf length, Hsu and Walton (1970 and 1971) 

obtained a negative correlation coefficient and Walton (1972) found a 

positive and negative correlation coefficient between flag leaf length 

and days from planting to headings. Total dry weight per ha was either 

negatively correlated or not associated with morphological characters. 

A significant positive correlation was found between height and 

harvest index, while Vogel et al. (1963) found a negative significant 

relation in winter wheat. They suggested that harvest index can be im

proved by reducing the plant height. 

Plant varieties may have the same yield, but have it as a result 

of different yield components. Thus as long as a product relationship 

between yield and its components exists, and if yield is held constant, 

negative correlations among the components are to be expected. 

The negative correlation among yield and its components may be 

due to the great influence of the environment on the components. Also 

the correlations are believed to be developmental (phenotypic) rather 

than genetic (Adams, 1967; Rasmusson and Cannell, 1970). Adams' hypoth

esis may explain the failure of many of the early investigations (sum

marized by Watson, 1952) to identify the yield controlling component or 

components which the breeder could use as a basis for selection for 

grain yield. But with selection for a certain number of components, in 

a populations, a sizable positive or negative response was observed in 

the other components. 

The effect of selecting for a component to increase yield will 

depend, therefore on the extent of compensatory effects in the other 
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components determined by the environment and by the genetic history of 

the population which would dictate the linkage relationships of the 

genes controlling the components (Rasmusson and Cannell, 1970). 

Efforts made to increase the number of kernels per head through 

breeding or management in cereals failed due to a negative relationship 

between tillering and kernels per head. Yield improvement must come 

through the establishment of a beneficial interdependence of these com

ponents (Stoskopf, Nathaniel and Reinberg, 1974). 

According to Rasmusson and Cannell (1970), the optimum level for 

the seed number component, number of heads and number of kernels per 

head, will differ depending on environment and that the third component, 

kernel size, will be the only one whose genetic ceiling is consistently 

near its maximum. This view is supported by Grafuis (1965) who consid

ered that the optimal genetic level for each component would differ de

pending on the type of environment encountered. 

In this present study head number per unit area was consistently 

associated with yield, Table 33, suggesting that this component was im

portant in determining yield level. This result was supported by Ras

musson and Cannell (1970) who found the same in barley. Likewise, 

selection for high yield in European barley seems to have resulted in 

varieties with more heads per plant without any consistent effect on the 

other components (Cannell, 1969). 

In this study, number of heads per unit area was highly corre

lated with total dry weight per ha (r =0.77). Increases in number of 

heads would effect the source by increasing the leaf area and any photo-

synthesizing parts of the plant, and the sink by providing more heads. 
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Increases in kernels per head would affect the source only slightly, 

but would markedly affect sink size. So the argument against selection 

towards a maximum genetic potential for these components is based on the 

observation that the environment often severely limits yield. High 

genetic ceilings for number of heads and kernels per head could result 

in a large early demand on nutrients and water which could then become 

limiting at later more critical stages of growth (Rasmusson and Cannell, 

.1970). 

Hie morphological characters when related to yield and its com

ponents showed, that all characters with the exception of head width 

were highly correlated with number of kernels per head, seed yield per 

head, and 1000-seed weight. Flag leaf width was the only character 

which had a highly significant and positive correlation to number of 

heads per unit area. With yield, all morphological characters had a 

significant but negative correlation coefficient. 

The morphological characters might have a minor direct effect on 

yield in comparison with yield components. So, the effects of morpho

logical characters on yield were through their influences upon yield 

components. This idea was supported by Hsu and Walton (1971). For flag 

leaf and second most upper leaf, the leaf length and width were impor

tant components of leaf area. All were correlated with each other and 

with the number of kernels per head, seed yield per head and 1000-seed 

weight. Both flag leaf lengtli and second uppermost leaf length were 

correlated to days from planting to heading. These findings did not 

agree with Hsu and Walton (1971) results. Generally the isogenes with 

a large leaf area have wide leaves. 
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Longer heads provide sites for more spikelets and thereby in

crease kernel number. Therefore the close relation between ear length 

and number of kernels per head might be expected. Also longer heads, 

wider and longer leaves, longer extrusion and peduncle tended to be as

sociated to seed yield per head in barley. 

Even though the associations of yield with the morphological 

characters were not significant the results showed, that selection for 

larger photosynthetic areas above the flag leaf node would be a promis

ing approach to obtain higher yielding barley plants. Peduncle area can 

be increased by selecting for greater length and diameter. Selection 

for too great a length may result in stem weakness and would thus be 

undesirable. Selection for greater diameter, on the other hand, should 

result in a stronger stem and may also give a greater vascular capacity 

allowing greater water and nutrient movement. 

A larger head could have 2 benefits. It will have a larger 

photosynthetic area and more florets potentially capable of producing 

seeds, providing the larger head was not obtained by selecting for 

laxness. 

The possibility of selection among lines for larger or smaller 

leaf area is desired. Different suggestions or approaches have been 

made. In one, selection might be based on a random sample of leaves as 

described by Carleton and Foote (1965). A problem in this approach is 

the large size difference among leaves on a plant that would make it 

necessary to utilize relatively large numbers of leaves. The second 

alternative suggestion would be to select only one leaf, i.e., the flag 

leaf or the second uppermost leaf with the expectation that the area of 



the other leaves would be correlated ivith the one selected. Selection 

based on only leaf would have the distinct advantage of a smaller na-

nance and might therefore require that fewer leaves be sampled (Fowler 

and Rasmusson, 1969). 

The finding of Yap and Harvey (1972b) in barley indicates that 

selection for larger flag leaf area either by increasing length or width 

would not result in an unduly floppy flag leaf type and could result in 

an increase in flag leaf duration. 

In sorghum, Liang et al. (1973) found that total leaf blade area 

was correlated significantly and positively with leaf width and length 

in hybrids, but not in their parents. Also areas of adjacent leaf 

blades were highly and positively correlated in both parents and hy

brids. They suggested that the advantage of such correlation might be 

that lines with a desired total leaf blade area could be selected by 

measuring only one leaf, expecting areas of other leaves to be corre

lated with the one measured. 

In breeding for cereal crops, the primary object is to create 

new cultivars which give more grain yield per unit area than the exist

ing cultivars. Since grain yield is the end product of the plant life 

cycle and is greatly affected by the dynamic environmental factors dur

ing growth, it is thought that selection for its components might in

directly increase grain yield. Grafuis (1965) assumed grain yield to 

be the volume of a rectangular parallelepiped and the 3 components were 

the 3 dimensions. Thus increasing any one of the dimensions would cause 

an increase in grain yield provided that the volume is not constant. 

Furthermore, Mather (1949) suggested that the genetics of the yield 
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components might not be as complicated as grain yield and so they would 

be relatively easier to work with. Rasmusson and Cannell (1970) found 

that selection for number of heads per plant, in barley, was as diffi

cult as for grain yield itself. Selection for kernel weight was only 

effective in altering grain yield in one of their 2 populations. When 

selection was practiced for kernels per head, they found a negative 

response. Similarly, Nickell and Grafuis (1969) found that an increase 

in the number of heads per plant did not cause an increase of grain 

yield. 

Thus it seems that there is a balancing mechanism among the num

ber of heads per unit area, 1000-kernel weight, and the number of ker

nels per head, which is a biological characteristics of small grain 

plants. Selection for an increase in one component can cause a reduc

tion in one or both of the other components and so the yield is not in

creased. The present study showed that the narrow leaf isogenic line 

had the largest number of heads per unit area but at the same time had 

the lowest kernels per head and the lowest 1000-seed wieght. The wide 

leaf line had the characteristics of lower number of heads per unit 

area, higher number of kernels per head and larger 1000-seed weight. 

Yap and Harvey (1971) found in barley that selection for the 

previously mentioned 3 yield components for increasing yield was effec

tive since they are controlled by additive gene action and the 3 yield 

components were highly correlated with grain yield in both years. 

Even though the relations between the morphological characters 

and yield were negative, the photosynthetic areas above the flag leaf 

node make a large contribution to grain yield and its components. This 
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selection for greater area should result in increased yield provided 

sink capacity is not limiting. Some of these morphological traits, like 

leaf area, width and length, were mainly controlled by additive effects 

and the heritability of these traits were reasonably high. Thus genetic 

gains is expected if selection for these traits is practices. These 

ideas were supported by Yap and Harvey (1971). 

The merit of leaf angle might change from one environment to 

another. In the present studies there was no indication that a large 

flag leaf angle was an undesirable trait. Both the normal double reces

sive and normal double dominant had a large leaf angle but still they 

gave the same yield as the narrow leaf isogenic line, which had an erect 

leaf. 

The associations of chlorophyll content, photosynthetic rates 

and dark respiration rates with yield and its components were not cal

culated because the data were recorded from separate experiments. The 

highest yielding 2 isogenic lines, the narrow leaf and noimal double 

recessive, also had the highest net and gross photosynthetic rates. The 

normal double dominant isogenic line which had the third largest grain 

yield had the same photosynthetic rates as the wide leaf isogenic line. 

Concerning chlorophyll content and dark respiration there was no 

general trend of the relation between grain yield with increase or de

crease of chlorophyll content and respiration rates. 
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Heritability of the Leaf and Stomata Density 

Flag Leaf Area, Length and Width 

The traits, flag leaf area, length and width showed significant 

differences among isogenic lines. These results indicate that signifi

cant differences existed among the genotypes. The mean performance of 

the leaf characters for the 9 genotype and their analysis of variances 

are shown in Appendix A. 

The mean squares for the 8 partitions of the genetic variance 

for flag leaf area, length and width are included in Table 38. 

Concerning the flag leaf area, the portions of the additive and 

dominance variances for one locus or 2 loci were very large in compari

son to the other variances, showing that the variation among the geno

types might be due to additive and dominance gene action. 

For the flag leaf length character, all variances with the ex

ception of dominance Nlh x additive Wlh were significant. The dominance 

variances for one locus or 2 loci were larger in values than the other 

variances included in Table 38, suggesting a tendency for dominance to 

be associated with long leaves. 

The variation among the genotypes for flag leaf width, was sug

gested to be caused by an additive gene action. The portions of the 

genetic variance with higher values were those of the additive type. 

The Second Uppermost Leaf Area, 
Length and Width 

From the analysis of variances in Appendix B, the genotype mean 

squares were significant at 1 percent level for the 3 traits. The 



Table 38. Genetic variance with its components for flag leaf area, length and width. 

Mean Square 

Source of Variation d.f. Flag Leaf Area Length Width 

Genotype 8 1287.183** 73.906** 3.183** 

Additive Nlh 1 6207.346** 21.660** 17.690** 

Dominance Nlh 1 1089.321** 225.781** .892** 

Additive Wlh 1 1544.861** 27.735** 3.949** 

Dominance Wlh 1 79.622* 118.580** .052 

Additive Nlh x Additive Wlh 1 756.009** 28.489** 1.501** 

Additive Nlh x Dominance Wlh 1 29.512 44.179** .029 

Dominance Nlh x Additive Wlh 1 511.452** 3.548 1.307** 

Dominance Nlh x Dominance Wlh 1 79.338* 121.275** .041 

Error 135 16.653 6.906 .015 

•k 
Significant at p = 0.05 level. 

Significant at p = 0.01 level. 

f—* 
w Ln 



136 

results indicated that the different genotypes had different leaf areas, 

leaf widths and lengths. 

The mean squares for the 8 partitions of the genetic variance of 

each of the second uppermost leaf area, length, and width are included 

in Table 39. 

For the leaf area, the variances of additive Nlh, dominance Nlh, 

additive Wlh, dominance Nlh x dominance Wlh, and additive Nlh x additive 

Wlh, were not only significant but they have very large values in com

parison to the others, suggesting an additive gene action was responsi

ble for the genetic variation in the character. 

Concerning leaf length, all components of the genetic variance 

with the exception of additive Nlh x dominance Wlh and dominance Nlh x 

dominance Wlh, were significant. This shows that the leaf length of the 

second uppermost leaf was controlled by additive gene action. 

High significant values of additive Nlh, dominance Nlh, additive 

Wlh, additive Nlh x additive Wlh, dominance Nlh x additive Wlh vari

ances, indicate that a substantial amount of additive gene action was 

responsible for the genetic variation. 

Stomata Density 

With the exception of stomata densities on the upper surfaces 

of both flag leaf and second uppermost leaf, the stomata densities on 

the lower surfaces of both leaves showed significant differences among 

the genotypes. The analysis of variance tables and the mean performance 

of the 4 characters studied for the 9 genotypes are shown in Appendix C. 

The partitions of the genetic variance for each of stomata density 



Table 39. Genetic variance with its components for second uppermost leaf area, length and width. 

Mean Square of Second Uppermost Leaf 

Source of Variation d.f. Area Length Width 

Genotype 8 1671.188** 180.362** 2.605** 

Additive Nlh 1 5933.986** 58.282** 15.272** 

Dominance Nlh 1 1422.631** 464.109** .272** 

Additive Wlh 1 3101.293** 197.227** 3.227** 

Dominance Wlh 1 59.370 219.801** .068 

Additive Nlh x Additive Wlh 1 2031.947** 336.722** 1.035** 

Additive Nlh x Dominance Wlh 1 20.394 38.700 .003 

Dominance Nlh x Additive Wlh 1 372.684* 25.375 .960** 

Dominance Nlh x Dominance Wlh 1 67.197 102.684** .005 

Error 135 49.324 10.264 .022 

A 
Significance at p = 0.05 level. 

Significance at p = 0.01 level. 
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on the lower surfaces of both flag leaf and second uppermost leaf are 

shown in Table 40. 

For the stomata density on the lower surfaces c/ both the flag 

leaf and second uppermost leaf, only 2 portions of the genetic variance 

did show significant differences at 1 percent level. The additive Nlh x 

dominance Wlh and dominance Nlh x additive Wlh were not significant but 

their mean squares were large. Additive and epistatic gene action were 

probably responsible for the genetic variation among the 9 genotypes. 

Generally, the genetic analysis of the leaf area, width and length and 

- 2  stomata number (mm ) on the leaf indicate that these traits were con

trolled by additive gene action. If the dominance effects are traced 

they are complicared, so genetic gain is expected if selection for these 

traits is practiced. 

In wheat Monyo and Whittington (1973) reported that the inheri

tance of flag leaf area showed evidence of additivity when the analysis 

was based only on measurement of flag leaves from specified tillers. 

Yap and Harvey (1972b) showed that additive gene action was predominant 

in the inheritance of flag leaf area. Estimate of heritability in the 

narrow sense varied from 3.1 percent for flag leaf length to 84.6 per

cent for flag leaf width (Table 41). The estimates of heritability in 

the broad sense were very high in comparison to the narrow sense esti

mates. Broad sense heritability was calculated in order to estimate the 

proportion of the total variance attributed to genotype differences. 

Therefore, those characters with heritability estimates exceeding 80 

percent possess a wide range of genetic variability and improvement can 

be achieved with mass selection alone. 
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Table 40. Genetic variance with its components for stomata density (mm ) for the lower surface of 
the flag leaf and second uppermost leaf. 

Mean Square 

Source of Variation d.f. 
Lower Surface of 

Flag Leaf 
Lower Surface of 

Second Uppermost Leaf 

Genotype 

Additive Nlh 

Dominance Nlh 

Additive Wlh 

Dominance Wlh 

Additive Nlh x Additive Wlh 

Additive Nlh x Dominance Wlh 

Dominance Nlh x Additive Wlh 

Dominance Nlh x Dominance Wlh 

Error 56 

340.076** 

35.021 

73.674 

1397.521** 

9.507 

760.500** 

240.667 

160.167 

43.556 

84.247 

496.875** 

14.083 

306.250 

1598.521** 

189.062 

427.781 

906.510** 

463.760 

69.031 

141.093 

Significance at p = 0.01 level. 
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Concerning the heritability of leaf area in barley Fowler and 

Rasmusson (1969) reported that the heritability estimates ranged from 

.15 to .65 on a plant basis in the and F^ generation and from .35 to 

.52 on a family basis in the F^ generation. These heritability values 

appear to be high enougli to justify selection on a plant or family 

basis. Yap (1970) reported the heritability values of the flag leaf at 

an age of 4 weeks were 52 and 31 percent for 1969 and 1970 respectively. 

In grain sorghum Liang et al. (1973) found that the estimated heritabil

ity for total leaf blade area was 75.1 percent. 

This study showed that leaf width was more highly heritable 

than leaf length, even though both leaf length and width were highly and 

positively correlated with leaf area. Fowler and Rasmusson (1969) re

ported that leaf length was more important than leaf width in accounting 

for the variation in leaf area. Thus, selection based on both length 

and width would be more effective in altering leaf area than selection 

based on length alone. 

The heritability estimates by the parent progeny regression 

method was reported by Miskin, Rasmusson and Moss (1972) for stomata 

density on the leaf lower surface, ranged from 22 to 74 percent for the 

F2 and F^ generation on an individual plant basis. The lower range of 

the heritability was comparable to the values encountered in the present 

study. 
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Table 41. Heritability values for leaf area, length and width and 
stomata frequencies (per mm^) on the lower surface of the 
leaf. 

Character 

Heritability 

Narrow 
Sense 

% 
Broad 
Sense 

Flag Leaf Area 68.8 82.7 

Flag Leaf Length 3.1 37.7 

Flag Leaf Width 84.6 92.8 

Second Uppermost Leaf Area 56.6 67.3 

Second Uppermost Leaf Length 17.9 43.3 

Second Uppermost Leaf Width 82.9 88.1 

2 Stomatal Frequence (per mm ) 

On Lower Flag Surface 24.6 25.6 

On Lower Second Uppermost Leaf Surface 13.6 24.0 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Studies of physiological and morphological characters and yield 

and its components of 4 isogenic lines of barley (Hordeum vulgare L.) 

differing in leaf width showed that the highest net and gross rates of 

photosynthesis were obtained at 2 weeks of age. Rates then decreased 

progressively with age. Rates of net and gross photosynthesis of the 

isogenic lines were different. Variation in the rates of CO2 assimila

tion was noted between the isogenic lines. 

Dark respiration rates of all isogenic lines decreased with an 

increase in age. 

The amounts of total chlorophyll and of chlorophyll a and b 

decreased gradually in plants ranging in age from 2 to 6 weeks. Iso

genic lines differed in total chlorophyll, chlorophyll a and chlorophyll 

b content. The normal double dominant isogenic line had the lowest 

amounts of total chlorophyll and chlorophyll a and b. 

Regardless of plant age correlation coefficients between net and 

gross photosynthetic rates were positive and highly significant. Also 

dark respiration was highly correlated with both net and gross photo

synthesis. A significant linear relation between rates of net and gross 

photosynthesis and chlorophyll content was detected. 

There were considerable differences in morphological characters 

between the isogenic lines. Morphological characters were also affected 
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by hill spacing. Most of the morphological characters were consistently 

increased as hill spacing increased. 

Regardless of the leaf position and isogenic line, both leaf 

2 
surfaces had nearly equal numbers of stomata per mm . Hie flag leaf had 

significantly more stomata than the second uppermost leaf. The lower 

number of stomata on the second uppermost leaf as compared to the flag 

leaf was consistent for the 4 isogenic lines. 

The highest grain yield, numbers of heads per unit area and 

total dry weight, were obtained at the 15 an hill spacing. Number of 

seed per head, 1000-seed weight, weight of seed per head and harvest in

dex were highest at the widest hill spacing, 45 cm, and were reduced 

significantly as space between hills was decreased. As hill spacing was 

increased, number of days from planting to heading decreased. Grain 

yields of the wide leaf isogenic line were substantially lower than 

yields of the other 3 lines overall hill spacings. The highest yield 

was given by the narrow leaf line, which had yields near similar to the 

normal double recessive and normal double dominant lines. 

The number of heads per unit area and total dry matter produc

tion were positively correlated with grain yield. The results of a 

stepwise multiple regression analysis of yield and its components 

showed that number of heads per unit area gave high positive correlation 

coefficients with total dry weight and harvest index. The total dry 

weight was positively and significantly correlated with harvest index. 

The number of heads per unit area, harvest index and total dry weight 

accounted for 96.5 percent of the variation in grain yield. All mor

phological characters, with the exception of head width, were highly 
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correlated with number of seeds per head, seed yield per head and 1000-

seed weight. Flag leaf width was significantly and positively corre

lated with number of heads per unit area. All morphological characters 

were negatively correlated with yield. 

The 2 isogenic lines which had the highest grain yield, the 

narrow leaf and normal double recessive, had the highest net and gross 

photosynthetic rates. 

There was no general trend in the relation between grain yield 

and chlorophyll content or respiration rates. Genetic analysis of flag 

leaf area, width and length, second uppermost leaf area, width and 

length and stomata density on the lower surface of the leaf, indicate 

that these traits were mainly controlled by additive gene action. Fur

thermore heritabilities of these morphological traits were quite high. 

Genetic gains should be readily achieved by selection for these traits. 

In breeding for cereal crops, the primary object is to create 

new varieties which give more grain per unit area through direct selec

tion for grain yield and its components. The progress through this ap

proach, in general, is slow and sometimes unsuccessful. The effect of 

selecting for a component to increase yield will depend, therefore, on 

the extent of compensatory effects in the other components, determined 

by the environment and by the genetic history of the population which 

would dictate the linkage relationships. Thus it seems that there is a 

balancing mechanism among the yield components, number of heads per unit 

area or plant, 1000-seed weight and number of seeds per head, which are 

the biological characters of small grain plants. 
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The present study showed that the narrow leaf isogenic line had 

the largest grain yield per ha, the greatest number of heads per unit 

area, and the lowest number of seeds per head and weight of 1000-seed. 

The wide leaf line had the reverse. 

The merits of flag leaf angle might change from one environment 

to another. In the present study, there was no indication that large 

leaf angle was undesirable. Both the normal double recessive and normal 

double dominant isogenic lines had larger leaf angles, but their yields 

of grain were nearly equal to that obtained from the narrow leaf iso

genic line with erect leaves. 

Even though all the morphological characters were negatively 

correlated with yield, there was sufficient evidence to show that photo-

synthetic area above the flag leaf node makes a large contribution to 

grain yield. Thus selection for greater area should result in increased 

yield provided sink capacity is not limiting. 

In this experiment, head number per unit area was consistently 

associated with grain yield suggesting that this component was important 

in determining yield levels. 



APPENDIX A 

TABLES OF ANALYSIS OF VARIANCES FOR FLAG LEAF AREA, 
LENGTH AND WIDTH AND THEIR MEANS FOR THE FOUR 
PARENTAL ISOGENES AND THE FIVE HYBRIDS 
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Table A-l. Analysis of variance for flag leaf area. 

Source of Variation d.f. Mean Square 

Total 143 

Replication 15 27.613 

Genotype 8 1287.183** 

Error 135 16.653 

Significant at 0.01 level. 

Table A-2. Analysis of variance for flag leaf length. 

Source of Variation d.f. Mean Square 

Total 143 

Replication 15 11.925 

Genotype 8 73.905** 

Error 120 6.279 

Significant at 0.01 level. 

Table A-3. Analysis of variance for flag leaf width. 

Source of Variation d.f. Mean Square 

Total 143 

Replication 15 .023 

Genotype 8 3.183** 

Error 120 .014 

Significant at 0.01 level. 



148 

Table A-4. Mean flag leaf characteristics of the four parental isogenes 
and hybrids. 

Flag Leaf Flag Leaf Flag Leaf 
Area Length Width 

Isogene and F]_ Hybrid Genotype (cm2) (cm) (cm) 

Nlh Nlh Wlh Wlh 23.41d+ 23.01e 1.46d 

nlh nlh Wlh Wlh 14.99f 24.36de .88g 

Nlh Nlh wlh wlh 41.57a 25.69cd 2.34a 

nlh nlh wlh wlh 19.40de 24.37de 1.15e 

Nlh nlh Wlh Wlh (F-j^ cross 1x2) 31.04c 28.12abc 1.56cd 

Nlh Nlh Will wlh (Fx cross 1x3) 36.36b 29.09a 1.79b 

Nlh nlh Wlh wlh (F-^ cross 1x4) 31.14c 27.56abc 1.61c 

nlh nlh Wlh wlh (F^ cross 2x4) 18.71e 26.22bcd .99f 

Nlh nlh wlh wlh (F-^ cross 3x4) 32.54bc 28.66abc 1.64c 

Overall Mean 34.85 26.34 1.49 

Means in the same column followed by the same letter(s) are not signif
icantly different at the 5 percent level according to the 
Student-Newman-Keul's Multiple Range Test. 



APPENDIX B 

TABLES OF ANALYSIS OF VARIANCES FOR THE SECOND 
UPPERMOST LEAF AREA, LENGTH AND WIDTH AND 
THEIR MEANS FOR THE FOUR PARENTAL ISOGENES 

AND THE FIVE Fj HYBRIDS 
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Table B-l. Analysis of variance for the second uppermost leaf area. 

Source of Variation d.f. Mean Square 

Total 143 

Replication 8 124.938 

Genotype 15 1671.188** 

Error 143 39.872 

Significant at 0.01 level. 

Table B-2. Analysis of variance for tlie second uppermost leaf length. 

Source of Variation d.f. Mean Square 

Total 143 

Replication 8 40.438 

Genotype 15 180.362** 

Error 135 10.264 

Significant at 0.01 level. 

Table B-3. Analysis of variance for the second uppermost leaf width. 

Source of Variation d.f. Mean Square 

Total 143 

Replication 8 .027 

Genotype 15 2.605** 

Error 135 .021 

Significant at 0.01 level. 
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Table B-4. Mean second uppermost leaf characteristics of the four 
parental isogenes and hybrids. 

Second Uppermost Leaf 

Serial 
No. Isogenes and Hybrids Genotype 

Area 
(cm 2) 

Length 
(cm) 

Width 
(cm) 

1 Nlh Nlh Wlh Wlh 26.10c+ 23.16d 1.59c 

2 nlh nlh Wlh Wlh 22.29c 30.21bc 1.03e 

3 Nlh Nlh wlh wlh 52.64a 31.34abc 2.35a 

4 nlh nlh wlh wlh 26.30c 29.21c 1.29d 

5 Nlh nlh Wlh Wlh "i 
cross 1x2.) 37.75b 32.85abc 1.61c 

6 Nlh Nlh Wlh wlh cross 1x3) 42.73b 32.49abc 1.90b 

7 Nlh nlh Wlh wlh <Fi cross 1x4) 38.84b 33.64ab 1.62c 

8 nlh nlh Wlh wlh Cpl cross 2x4) 25.71c 32.25abc 1.12e 

9 Nlh nlh wlh wlh tpi cross 3x4) 41.30b 34.26a 1.69c 

Overall Mean 34.85 31.05 1.58 

Means in the same column followed by the same letter are not signifi
cantly different at the 5 percent level according to 
Student-Newman-Keul's multiple range test. 



APPENDIX C 

TABLES OF ANALYSIS OF VARIANCES FOR STOMATAL DENSITY 
ON THE LOIVER SURFACES OF THE FLAG LEAF AND THE 
SECOND UPPERMOST LEAF AND TIIEIR MEANS FOR THE 
PARENTAL ISOGENES AND THE FIVE F HYBRIDS 
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Table C-l. Analysis of variance for stomatal density on the lower 
surface of the flag leaf. 

Source of Variation d.f. Mean Square 

Total 71 

Replication 7 142.881 

Genotype 8 340.076** 

Error 56 84.247 

Significant at 0.01 level. 

Table C-2. Analysis of variance for stomatal density on the lower sur
face of the flag leaf. 

Source of Variation d.f. Mean Square 

Total 71 

Replication 7 237.665 

Genotype 8 496.875** 

Error 56 129.022 

Significant at 0.01 level. 
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Table C-3. Mean stomatal frequencies (stomata mm ) on the flag leaf and the second uppermost leaf 
of four isogenes and their hybrids. 

Stomata Density mm"2 
Flag Leaf Second Uppermost Leaf 

Isogene and Hybrid Genotype 
Upper 
Surface 

Lower 
Surface 

Upper 
Surface 

Lower 
Surface 

Nlh Nlh Wlh Wlh 75.0 87.0a+ 67.4 78.4a 

nlh nlh Wlh Wlh 67.5 7 2.4abc 62.7 66.Oab 

Nlh Nlh wlh wlh 67.7 63.9c 60.6 55.1b 

nlh nlh wlh wlh 69.1 68.7bc 59.6 57.4b 

Nlh nlh Wlh Wlh (¥± cross 1x2) 69.2 79.lab 57.6 59.7ab 

Nlh Nlh Wlh wlh cross 1x3) 68.2 72.6abc 52.0 52.6b 

Nlh nlh Wlh wlh ̂  cross 1x4) 70.6 74.7abc 57.7 57.9b 

nlh nlh Wlh wlh (F^ cross 2x4) 74.6 77.2abc 61.5 66.Oab 

Nlh nlh wlh wlh (F^ cross 3x4) 70.2 73.5abc 55.4 56.0b 

Overall Mean 70.3 74.4 59.4 61.1 

+Means in the same column followed by the same letter are not significantly different at the 5 per
cent level according to the Student-Newman-Keul's multiple range test. 
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