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ABSTRACT 

A study on inheritance of early maturity and 
nonsenescence in sorghum (Sorghum bicolor L) Moench was conducted 
to determine the mode of inheritance for efficient and effective 
selection of the desired traits. The study was carried out in two 
parts: 1) Generation means analysis for early maturity and 
nonsenecence traits in sorghum and 2) Combining ability estimates 
for early maturity and nonsenecence traits in sorghum. In the first 
study two high yielding ICRISAT type cultivars viz: ICSV 107 and 
ICSV 219 were crossed with an early maturing local type Pot.3 -9. A 
field trial with eight generations namely P1, P2, F1, F2, BC1, BC2, 
BC1 (S) and BC2 (S) for each cross was conducted at two locations 
i. e. National Agricultural Research Centre (NARC) Islamabad and 
Maize & Millet Research Institute (MMRI) Yousafwala during kharif 
season 1992. 

Analysis of generation means indicated that addi ti ve 
genetic effects were important for yield per plant, head length, 
seeds per head, 1000-grain weight, threshing percentage, maturity 
index, leaves per plant, leaf area of upper six leaves (LAUSL), 
percent green leaves area per plant fifty days after flowering 
(%GLA SODAF) and sugar percentage, in both the crosses. Dominance 
effects were also important for yield per plant, 1000-grain weight, 
maturity index and %GLA SODAF in cross 1 and yield per plant, 
maturity index, leaves per plant, LAUSL, %GLA SODAF and sugar 
percentage in cross 2 which indicated that cross 2 ( ICSV 219 X 
Pot.3-9) was more nonsenescent (stay-green ) . Epistasis was not 
important for the desired traits in either population. Significant 
additive effects suggest that effective selection for early 
maturity, head length, seeds per head, 1000-grain weight and yield, 
is possible in cross 1 and selection for leaves per plant, LAUSL, 
%GLA SODAF and sugar percentage is possible in cross 2. Selection 
fOr early maturity would be more effective in later generations. In 
cross 2, selection for yield could also be practised in early 
generations. 

Narrowsense heritability estimates from variance 
components ranged from low to high in both populations. Low 
heritability for yield suggested that selection in cross 1 should 
be practised in later generations. Low correlation between yield 
and early maturity in both crosses indicated that selection for 
early and favourable recombinants could be possible from these 
crosses. 

Estimates of general and specific combining ability 
effects as well as the variances for yield, and stay-green 
associated components were obtained for a set of 12 straight 
crosses made in a factorial mating design among seven pure lines 
of sorghum. The parental material consisted of three pure lines 
from ICRISAT, viz: ICSV 107, ICSV 112, ICSV 219 and four early 
local type lines viz: Pot.3-9, Red Janpur, Bagdar and DS-7S . 
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All these lines had been maintained for more than six 
years. The FI and F2 generations were evaluated in the field to 
determine the combining ability of the parents for maturity and 
stay-green traits such as yield per plant, head length, seeds per 
head, 1000 -grain weight, threshing percentage, maturity index, 
plant height, leaves per plant, LAUSL, %GLA 50DAF and sugar 
percentage. The trials were conducted on Fl and F2 generations in 
randomized complete block design with three replications at the two 
locations during 1993 and 1994, respectively. 

General combining ability estimates were non - significant 
for all the traits except plant height in Fl. Specific combining 
ability estimates were significant for head length, seeds per head, 
1 000 -grain weight, threshing percentage, plant height, LAUSL and 
%GLA 50DAF in F2 generation. The magnitude of GCA was much greater 
than SCA for majority of the traits in both Fl and F2 generations 
indicating that additive genetic variance was more important than 
nonaddi tive genetic variance. Among male parents, Bagdar gave 
highest GCA for yield per plant, head length and 1000 - grain weight, 
whereas Pot.3 - 9 gave highest GCA for maturity index and threshing 
percentage. Among the female parents, ICSV 107, as expected for 
being adapted to the Pothwar tract agro-climatic conditions, gave 
the best GCA . for yield per plant, head length, seeds per head, 
1000-grain weight , threshing percentage and maturity index. ICSV 
219 gave the highest GCA effects for LAUSL, %GLA 50DAF and sugar 
percentage among the female parents, indicating its superiority in 
stay-green character. 

There was a highly significant positive correlation of 
maturity with plant height and %GLA 50DAF and significantly 
negative correlation with yield per plant and head length. 
Selection for early maturity and high yield in Pothwar area should 
be practised among progeny of ICSV 107 X Pot . 3-9, while selection 
for the stay-green associated characters be practised in progeny of 
ICSV 219 X Pot.3-9. F3 progenies will be planted and evaluated at 
NARC to identify the best crosses under local agro - climatic 
conditions . 
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INTRODUCTION 

Sorghum (Sorghum bicolor ~) Moench is an important food , 

feed and fodde r crop wo rldwi de and is grown throughout the tropical 

and temperate regions. It remains the staple crop for millions of 

people in the semi-arid regions of the world. Its unique ability to 

withstand periods of drought and other adverse e daphic and climatic 

factors have led to its widespread cultivation, utilization and 

consumption in Africa and Asia. Sorghum is grown in some of the 

harshest environments and most fragile lands in the world, 

resul ting in low and unstable grain produc tion. As population 

pressure increases in these areas, the need to boost production in 

environmentally sound ways becomes increasingly urgent (Jhon 1 992 ) . 

Production of sorghum in the world is generally 

restricted to the areas between latitude of 34° Nand 35° S. India, 

China and Africa are the largest producers of sorghum. About 65 

percent of the total is produced in the dry rainfed areas of the 

semiarid tropics where the yields range from 600-800 kg/ha. These 

yields are very low compared to those of 2500 kg/ha obtained in the 

developed countries. 

The area under sorghum production in Pakistan during the 

year 1993-94 was 369, 000 hectares . About 55 percent of this area 

was in Punjab, 25 percent in Sindh, 14 percent in Balochistan and 

6 percent in NWFP . The major portion of the total area which is 

rainfed, fluctuates from one year to another depending on the 

amount and distribution of rains. 

With rapid increase in population (3.2% ) of Pakistan, 

sorghum as a food grain crop can support wheat, rice and other food 

grain crops. Almost 70 percent of sorghum grain is used as food in 

the sorghum growing areas of Pakistan. Sorghum is also used as 

green fodder crop for feeding livestock before grain formation. 

1 
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A recent new demand dimension has been opened up by its 

use in poultry feed production. Presently more than one million 

tone of wheat is being used in the poultry feeds, which could 

otherwise be used for the human beings in the long run in view of 

the increased population which would be only possible if production 

of sorghum crop is enhanced substantially. 

The maj or production constraints are pests, diseases, 

non - availabili ty of improved varieties and unreliable rainfall 

patterns of the semi-arid tropics. Much research has been done to 

develop high yielding and disease-resistant cultivars of sorghum, 

but these cultivars do not perform well under abnormal weather 

conditions in many sorghum growing areas . Early maturing cultivars 

may escape some of these natural weather hazards. Some developing 

counties like Pakistan need early maturing cultivars for a double 

cropping system with other crops. 

Maturity is an important and complex consideration in 

sorghum breeding. Fortunately the wide variability in length of pre 

and post flowering period provides an important base for selection. 

To avoid yield reduction due to earliness and yet fit a time frame , 

we need to develop genotypes which utilize the time period most 

efficiently without sacrificing yield potentials. 

Sorghum growers of the Pothwar tract of Pakistan are also 

interested in high yielding and early maturing cultivars to reduce 

the risks involved with abnormal growing conditions particular ly at 

the end of the season. In Pothwar tract, rains come usually in last 

week of June or 1st week of July. The last soaking rain usually 

comes in the last week of September. There is usually adequate 

moisture for 70 to 80 days. Under such conditions 110 to 120 - day 

varieties have no chance of being adapted. There is a need for 
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varieties which mature i n 80 to 85 days , and f i t in c r opp i ng 

sequences that permit crop intensification and better utilization 

of the a va i l a bl e l a nd a nd wa t er resou rces . Producti v ity s h oul d b e 

viewed as yield per unit area per unit time rathe r than yi eld pe r 

unit area only. 

Plant breeding has contributed substantially to solving 

the problems by increasing agricul tural productivi ty and efficiency 

of production. The development of early maturing cultivars with 

high yield potential is one of the priori ty obj ectives of a 

breeding programme in almost all the sorghum growing countries 

inclu ding Pakistan. Several methods have been suggested by 

scientists for determination of maturity in sorghum with respect to 

length of its growing period. The indices used for determination of 

maturity in sorghum are: days to 50% flowering, days to 3 0% grain 

moisture, time to 100% milk line and days to physiological 

maturity. Plett (1992) has reported time to 50 % silking as the most 

consistent measure of maturity. In the present study the numbe r of 

days fr om pl a n ting t o relative maturity ( formation of black l ayer) 

a nd t h e c o l our of aleu r one l ayer h as b een take n as the ma turi t y 

index. 

In local sorghum cultivars, lack of stay - green character 

i s one of the factors affecting its acceptance by the farmers 

because they use sorghum as green fodder to feed their livestock 

particularly at the end of the crop season when there is general 

scarcity of green fodder. Cultivars lacking stay-green character 

loose the chlorophyll content as these attain maturity. The local 

types which are a source of early maturity, generally have no stay­

green character. In contrast ICRISAT types are late in maturity but 

have stay-green character. A small degree of stay - green character 

in maize has been reported by Bhatti (1964) who has emphasized the 

importance of this character in maize breeding. Duncan et al (1976) 

studied the characteristics and inheritance of nonsenescence in 
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crosses of US and ICRISAT type sorghums. He reported that this 

characteristic is under the control of only one major factor or 

chromosome segment. 

In view o f the importance of sorghum stover for animal 

feeding in Pakistan, breeding of dual-purpose (grain-cum- fodder ) 

varieties should be considered a priori ty area in the breeding 

programme. Thus, besides grain yield and quality, forage yi e ld as 

well as quality in terms of leafiness, stem juiciness and 

sweetness, ability to tiller, production of fine stems and stay­

green character should be among the criteria for selection. 

As sorghum is commonly cultivated both for grain as well 

as for fodder purposes, the stay-green character in sorghum has, 

therefore, a great economic importance from the point of view of 

its utility for green fodder supply. By virtue of this character, 

it is commonly cultivated both for grain as well as for fodder 

purposes. The nonsenescence or stay- green trai t in sorghum is 

thought to provide a measure of resistance to lodging, charcoal rot 

and terminal drought. It is therefore, a potential means of 

impr oving grain and fodde r yields, as well as the agronomic value 

of sorghum genotypes in terminal stress environments as reported b y 

Duncan (1984). 

According to the Economic Survey of Pakistan (1994), 

there are about 115.7 million head of livestock (all kinds) in 

Pakistan, for which we have to set apart 1/6 to 1/8 of the crop 

area for raising fodder crops. Inspite of keeping apart so much 

area, there is still general shortage of green fodder especially at 

the time when the sorghum crop is harvested for grain purpose, 

since at this period the kharif season fodder crops are finished up 

and rabbi season fodder crops are not ready for providing green 

fodder. The stay-green varieties of sorghum could h elp a lot in 
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patching-up the gap of fodder supply to a great extent, by 

incorporating this character into sorghum hybrids. But before this 

useful character can be bred into sorghum hybrids, information on 

inheritance of this character is an essential prerequisite. 

A number of local type lines with 80 to 90 days ma turity 

have been developed but these lines have low fodder and grain 

yields. High yielding cultivars are of ICRISAT type having stay­

green character but are late in maturity. The early maturing 

cultivars are usually local type with very little or no stay - green 

character and low yields. 

The National Cooperat ive Research Programme on So r ghum 

has a major sorghum breeding programme, and developme nt of early 

maturing cultivars with stay-green character is one of their main 

objectives which is the need of the farmers in almost all sorghum 

growing areas of the country and to fit it into the cropping system 

and to escape natural weather hazards such as frost and diseases. 

Local genotypes, having been adapted to the local prevailing 

environmental conditions, are the major source of early maturity, 

but their yield potential is very low compared to ICRISAT types. 

Selection among segregates from crosses of local and ICRISAT 

genotypes could lead to the development of high yielding a nd early 

maturing cultivars of sorghum. 

Although some high-yielding exotic varieties h ave been 

identified, and some have even been released, they have n ot yet 

spread among farmers, because of intrinsic shortcomings such as 

poor grain quality, short stature resulting in low fodder y i eld, 

late maturity, poor germination, emergence and establishment under 

moisture-stress conditions. 
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For incorporation of the desired characteris tic s in a 

cultiv a r , knowledg e of the mode of i n h er i tance of the characters, 

heri tabili ty and combining abili ty o f the lines is the b asic 

requirement in selection of the parents. 

Plant breeders need to understand the type of gene action 

controlling the desired traits, the extent of genetic variability 

available among the parents and selection of parents to use in a 

hybridization programme to get the desired progenies. In addition , 

knowledge of heri tabili ty is also very important to determine 

selection procedure to be used and the generation in which 

selection could be practised effectively. A significant relation­

ship between the combining ability for yield, maturity and stay ­

green character and that of any of its components can help 

formulate criteria for selecting pure lines during the inbreeding 

generations for ultimate use in production of early maturing, high­

yielding lines coupled with stay-green character. 

wi th these ideas i n mi nd the present study was undertaken 

to choose the best parents among the selected lines , whi c h can 

produce progenies with early maturity and high yield coupl e d with 

stay-green character. Accordingly the objectives of the study a re : 

a) To estimate mean and variance components (additive , dominanc e 
and epistasis) for early maturity and nonsenescence traits; 

b) To estimate narrow sense heritability of earliness and stay­
green character; 

c) To estimate general and specific combining ability of the 
selected parental lines for earliness and nonsenescence 
traits; and 

d ) To determine potential effectiveness of selection for early 
maturity, stay-green character and their correlations. 



REVIE"" OF LITERATURE 

The genus Sorghum belongs to the tribe Andropogoneae o f 

the family Gramineae and includes both wild species and species 

cultivated for their grain, fodder, commercial and other purposes. 

All the cultivated sorghums have a haploid chromosome numb er of 

n=10 and cross readily with each other. All the cultiva t ed forms 

are grouped under a single species Sorghum bicolor ~. Mo e nch. It i s 

a semi arid tropical crop, which is drought resistant and grows 

most successful in warm and dry climates (Tahir 1980) . 

In Pakistan, it is grown in most districts located at 

latitude 34°N but is particularly important in D . G . Khan, Rahim Yar 

Khan, Rawalpindi, Attock, and Jhelum in Punjab; Sukkur , Khairpur, 

Dadu, Nawabshah, and Sanghar in Sindh; Nasirabad, Lasbell a and 

Sibbi in Balochistan; and D . I. Khan in NWFP. Dep ending upon the 

varieties and environment, it takes 80 to 120 days to mature. There 

are differences in maturity , photoperiodic reaction and degree o f 

drought tolerance. 

INHERITANCE OF l1.ATURITY : 

Literature pres ented on different aspects of so r ghum 

maturation and related studies, has indicated that high yields are 

achieved by hybrids and varieties which can utilize maximum l eng th 

of growing seasons. More simply stated, the longer the crop take s 

for growth and development in the field, the higher it produces . 

The time of ripening , however, is critical in regions where frost 

is a threat or in the areas where the syst e m of farming is reduced 

to rotation of sorghum and winter cereals. Hence, a point ma y b e 

reached where increasing yield~ by longer or later maturing hybrids 

is not practical. Grain yield is of primary interest, in addition 

to the total duration, the contribution of photosynthesis to yield 

must be considered in terms of the durat i .. :1. of vegetative and 

reproductive periods. 

7 
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The definition of maturity as a trait cited in literature 

has not been consistent and none of the definitions, is equally 

acceptable to plant breeders, physiologists, agronomists or even to 

the farmers . Three measurements of maturity whi ch have been used 

frequently in classifying sorghum varieties and hybrids are: 50% 

anthesis date, physiological maturity (formation of black layer at 

the placenta of kernel) and grain moisture at harvest. 50% anthesis 

date and grain miosture are the most common measures because they 

are easy to obtain. Physiological maturity has gained more 

importance in recent years, because this is the time when maximum 

dry matter accumulation is completed in the kernel. 

The term "physiological maturity" was first used by Shaw 

and Loomis (1950). In their opinion, moisture percentage as a basis 

for prediction of maturi ty was found to be unreliable . They 

reported that large differences in moisture percentage at the time 

of physiological maturity existed among hybrids in anyone year and 

for anyone hybird in different years. Chase and Sherret (1 964 ) 

concluded that higher yields were possible in early hybrids which 

flower late and loose moisture rapidly after physiological 

maturity, and that they would compare favourably with those that 

flower early and dry slowly later in the season. 

According to Kiesselbach and Walker (1952) the 

development of tissue that will eventually turn into the bl ac k 

layer or the closing layer, starts soon after fertilization of 

kernel . This tissue grows completely across the placento-chalaza l 

region of the kernel by approximately 20 days after pollination and 

remains active until about two weeks before maturity, when visual 

black layer development begins. This black closing layer deve l ops 

in a region of cell layers thick which are formed between the basal 

endosperm of the kernel and the vascular area of the pedicel early 

in the seed development. As maturity is approached, cells shrink 

and become compressed into a dense layer which appers black to the 
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same time, the basal conducting 

disorganized and are crushed 

tangentially ceasing the translocation function. 

Many investigators (Daynard and Duncan, 1969i Rench and 

Shaw, 1971i and Johnson and Tanner, 1972b ) have agreed that the 

black layer formation indicates the attainment of maximum dry 

matter accumulation in the kernel. It was suggested earlier by 

Dessureaux et al (19 48 ) that inbred lines and hybrids of corn of 

contrasting maturity vary in rate of moisture depletion and dry 

matter accumulation. Not only the time of flowering but the time at 

which physiological maturi ty is completed, should be considered for 

an adequate measure of maturity. However, Shaw and Thorn (1 951b ) 

reported a constant period of 51 days from silking to maturity, and 

that, because of consistency, time of maturity could be predicted 

at silking time. 

Daynard (1970) and Poneleit et al (1971) reported wide 

genetic variation for black layer maturity and grain filling 

duration. Genotypes differed in growing degree days (GDD) require­

ments for black spot maturity and grain filling period (Poneleit et 

al., 1972). GDD requirement for black spot formation and filling 

period varied from 2406 to 3254 and 992 to 1478, respetively. 

Similar results were obtained by Carter and Poneleit (1973) where 

GDD requirements varied from 1337 to 1808 and from 512 to 821 for 

black layer maturity and kernel filling period, respectively. Rench 

and Shaw (1972) obtained large significant differences in filling 

period length. The total variation, 45-70 days was due to maturity, 

planting and environment. Planting date accounted for 0 to 8 days 

variation in filling period and environment caused differences of 

10 - 20 days. Cross (1975) found significant differences among 

hybrids and years for grain filling period, rate of grain filling, 

yield and thermal units to silking. Significant interaction between 

hybrids and years was reported for moisture content at harvest. 



10 

In earlier work, Hopper (1925) found a range of 57 to 89 

days from planting to flowering in 16 varieties of different 

maturity groups. These differences were due to environmental 

conditions, date of planting and varietal inheritance. Varieties 

with shorter period develop smaller areas of assimilating leaves 

and consequently should be less productive (Shaw and Thom, 1951a). 

Sorghum is known to be a short day species. The time of 

floral initiation controls the number of leaves, the duration of 

growth and the ultimate size of the plants. The inheritance of 

duration of growth in sorghum has been studied in detail by Quinby 

(1967 ) . While working on maturity genes in sorghum, he reported 

that number of leaves on a sorghum plant depended on the time o f 

floral initiation. The delayed floral initiation was associated 

with the development of more leaves. Four loci namely Mal, Ma2, Ma3 

and Ma4 have been identified. There are many alleles at each locus. 

He reported two dominant and eleven recessive 'alleles at the Mal 

locus; twelve dominant and two recessive alleles at the Ma2 locus, 

nine dominant and seven recessive alleles at the Ma3 locus; and 

eleven dominant and one recessive allele at the Ma4 locus. 

Combinations of dominants and recessives at the four loci in 

flowering periods ranged from 40 to over 100 days. The maturity 

period of a sorghum variety is determined by interaction between 

genotype, temperature and photoperiod. The mUltiple alleles at 

each locus differ in response to temperature and cause differences 

in time of flowering. Tropical varieties are always dominant at the 

first maturity locus and are usually dominant at the other three 

loci. Temperate varieties, with very few exceptions, are recessive 

at the first maturity locus. In another study comparing two 

genotypes of sorghum, Quinby (1967) observed that 'SM90' and '90M' 

differed only at locus 1; SM90 was recessive Mal and 90m was 

dominant Mal. Dominance at locus 1 increased duration of flowering 

by 53 days, leaf number by 92 percent, plant height by 77 percent, 

and doubled the dry weight of plant. 
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In a study of inheri tance of leaf -numbe r in sorghum 

carried out by Semenova (1989) using F1 - F2 hybrids involving 10 

varieties; 6 out of 10 F2 hybrids showed, transgressive segregation 

f or the leaves per plant. This study also established that Yantar' 

Rannil 161 and Brod-skaya 2, carry an allele of Mal, while V3 Sara t 

being recessive at all 4 loci, is useful as a tester in genetical 

studies and in breeding for reduced leaf-number and earliness. 

Height and maturity of genotypes are recognized by breeders to be 

determining factors for the ecological adjustment of a variety to 

a particular region and finally in expression of yield. Most 

genetic studies reveal a close association between genes for 

maturity and height. Yang (1949) suggested that only a few genes 

control silking time or plant height and that they are 

approximately similar in effect for the two traits. A similar 

conclusion was reached by Rao and Goud (1977) indicating that gene 

action for plant height and maturity in sorghum is es s ent ially the 

same. They found additive gene action predominated for the above 

traits. Anderson (1959) reported a good correlation between plant 

height and number of days to flower in maize. Late maturing hybrids 

were taller and had more internodes, as compared to early maturing 

varieties (Singh , 1970) 

Interrelationships between yield, plant height and 

maturity have been examined by Rao (1970) . Cross and Zuber (1973) 

reported a high correlation between number of days from planting to 

flowering and plant height, but the relationship was low or 

insignificant when considered over a wide range of environmental 

conditions. Dalton (1967) has reported a positive regression 

between yield and ma turi ty. In an analysis of a 5X5 diallel 

conducted by Vasudeva and Goud (1977) for six characters, additive 

genetic effects were found predominant for height and days to 

flowering. Significant specific combining ability effects were 

observed in some crosses. All characters showed partial dominance 

except panicle length, which showed over dominance. Heri tability 
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estimates were high for height, days to 

internodes and peduncle length. Two gene 

flowering, number of 

pairs controlled each 

character except panicle length, which was controlled by three. 

Shinde and Joshi (1985) used nonepistatic, epistatic 

digenic and epistatic trigenic interaction models to obtain least 

square estimates of various gene effects for plant height and days 

to flowering in 12 generations from 3 intervarietal crosses. They 

found that tallness was dominant and epistatic interactions were 

seven to ten times greater than additive and dominance gene 

effects. Lateness was associated with Indian varieties and 

earliness with their derivatives. Epistatic interactions indicated 

that at least two genes controlled days to flowering, with a third 

gene having no interaction effect . 

Dhillon and Singh (1976) in a study on genetic 

inverstigation of grain yield and maturity in maize pointed out the 

importance of over dominance and presence of complementary 

epistasis in the inheritance of days to silk and grain moisture in 

a diallel set of twenty maize populai tons. Sreekantavadhya and 

Mahadevappa (1969) observed non-additive and dominant gene action 

influenced genetic control of days to silk. Similar results were 

obtained by Griesbrecht (1960) in his study of inheritance o f time 

of silking and pollen shedding in maize. Earliness appeared to be 

due mainly to dominant genes (Jones, 1954). 

Genetic variance, genotypes environment interaction and 

the number of gene groups involved in controlling six yield related 

traits were estimated by Patel et al (1988) in a diallel cross 

involving eight elite lines. The results suggested that days to 50% 

flowering and 100-grain weight were influenced by partially 

dominant gene effects and could be improved by breeding. Genotype 

effects were more important than environmental effects for all the 

characters. Plant height and panicle length were estimated to be 
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controlled by at least three groups of dominant genes, while grain 

yield and number of grains per plant were controlled by two groups; 

and days to 50% flowering and 100 - grain weight by one group. 

Geeta and Rana (1987) from a study on genetic changes 

over six generations in a pedigree breeding programme in sorghum, 

found that yield was highes t in the F1 followed by successive 

depressions in the F2 and F3 despite selection of the highest 

yielding plants in the F2. After a marginal increase in the F4, 

yields were similar in subsequent generations. Plant height 

decreased and days to flowering and grain size increased in later 

generations. Heterosis over the better parent was highest for grain 

yield (27.3% ) followed by 1 00 - grain weight (23.4g ) . Grain yield was 

thought to be controlled by dominant genes. 

In a study of selection for early flowering in three semi 

exotic synthetics, Troye r and Brown (1972) shifted days to silk 1 

to 8 days earlier, decreased moisture content 1.2 percent and 

increased yield 1.00 q/ha per cycle of selection. In a later study 

(1976), they found that silking was shifted 1.7 days earlier per 

cycle for total of seven days for five cycle of selection in three 

early synthetics, and 2.0 days earlier per cycle for a total of 10 

days for a late synthetic. The response to selection was less in 

advanced generation. 

Chase (1964) concluded that higher yields were possibl e 

in early hybrids which flower late and loose moisture rapidly after 

physiological maturity, and that they would compare favourably with 

those that flower early and dry slowly later in the season. ancllg 

(1972) obtained 5 to 10 percent higher yie ld for early flowering as 

compared to plants flowering 7 to 10 days later. He also observed 

that an advance in the date of silking resulted in a corresponding 

reduction in the time from silk to harvest reaching in a 

h arvestab l e condition (40 % moisture ) 
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Yield stability in 54 sorghum genotypes in relation to 

maturity was studied by Saeed and Francis (1983) in Nebraska and 

Kansas USA across 48 environments. They f ound significant genotype 

x environment interactions for yield and seeds per sq m. Stability 

analysis of all genotypes ignoring maturity groups showed a 

significant linear and quadratic relationship between days to 

flowering and stabili ty parameters, regression coefficient and 

deviations from regression, respectively, and suggested that 

differences in yield stability among genotypes were largely a 

function of relative maturi ty. Separate stabili ty analysis of 

genotypes in a maturity group revealed no such relationship in the 

early and the medium groups. Yield stable genotypes were identified 

in each group but proportionately fewer in the late group. A 

combined analysis of genotypes without grouping failed to detect 

this stability of individual genotypes. They suggested to consider 

seed we ight and seed number when breeding for yield stability. 

The inheritance of growth period was studied and analysed 

by Yang (1989), using generation means in the progenies of crosses 

of ten local cuI ti vars. His resul ts showed tha t the F1s had a 

similar growth period to that of the early-maturing parents but 

showed no transgressive effects. Additive effects appeared 

predominant and were the major factors influencing growth period . 

Gene(s) with negative dominance effects caused slightly earlier 

maturity in some F1s. The gene(s) for early maturity resulted from 

long-term domesticating selection. There were also dominant and 

epistatic effects in some crosses . 

Ayyangar et al (1937) reported a case of dwarfness that 

was linked with early maturity but there is every likelihood that 

in this case there was segregation only for number of internodes, 

and not for a gene that influences elongation of internodes, whil e 

papers presented by various sorghum scientists and the one by 

Quinby and Karper (1945), showed that number of internodes as well 
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as the length of internodes influences height. The genes that 

influence time of floral initiation and the consequent number of 

internodes are more correctly classified as maturity genes. In his 

report on height inheritance, only the genes that affect internode 

elongation are considered to be height genes. There is no 

indication in the literature that height in sorghum is inherited 

through the c ytoplasm. 

Based on results from the inheritance studies of maturity 

and other agronomic traits of sorghum, it has been reported that 

maturity is generally a dominant trait in tropical types. Tallness 

is partially dominant to dwarfness. Juiciness and sweetness are 

recessive characters with regard to stalk dryness and sweetness, 

while white midrib is dominant. Purple colour is dominant and tan 

colour is recessive. Normal sugar contents are said to be 

controlled by dominant genes while high sugar contents are 

controlled by recessive genes in sorghum (House, L.R 1985) . 

INHERITANCE OF NONSENESCENCE: 

Sorghum is one of the major cereal crops in semi arid 

regions of the world where prolonged periods of drought are 

frequent. Sorghum exhibits two distinct responses to drought stress 

(Rosenow and Clark 1981; Rosenow et al 1983); one occurs when 

plants are stressed during the panicle development stage prior to 

flowering, called preflowering; and the second occurs when plants 

are stressed after anthesis and during grain development, called 

postflowering. Genetic variation for r~sistance to drought at each 

stage has been observed in sorghum germplasm. Many genotypes with 

a high level of resistance at one stage, are susceptible at the 

other stage (Rosenow et al 1983). Genotypes with resistance to 

postflowering stress, retain their leaves in an active 

photosynthetic state when subj ected to water stress condi tions 

during the grain filling period. Such genotypes are described as 
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possessing the stay-green trait (Rosenow e ,t al 1988). Sorghum 

genotypes with the stay-green trait continue to fill their grain 

normally under limited water conditions (Rosenow and Clark, 1981 

and Duncan et al 1981). These genotypes also have increased 

resistance to charcoal rot (Duncan, 1984) and lodging (Woodfin et 

al 1988) . The physiological mechanism of this trait is not yet well 

understood, although stay- green genotypes have been reported to 

contain greater amount of cytokinins than nonstay - green genotypes 

(McBee, 1984) . Duncan (1981) and Duncan (1984) reported higher 

basal stem sugar content in stay-green sorghum genotypes compared 

with the nonstaty-green genotypes, especially during postanthesis 

growth. 

Stay-green trai t has also been reported in maize by 

Bhatti (1 964). Some maize lines possess it and remain green even 

after the matured cobs are harvested, while a few others are 

reported to be having intermediate character of evergreennessi and 

still other lack this character. The mode of inheritance of 

evergreen character was studied by Hasan (1964-67) in crosses 

amongst four different inbreds of maize in Fl, F2, F3 and backcross 

generations. In the crosses of evergreen x normal, normal condition 

was found to be dominant in Fl. In F2 a ratio of 9 normal 6 

intermediate : 1 evergreen, was obtained. This suggested that the 

evergreen character was controlled b y j : 0 recessive genes. In the 

crosses of intermediate x evergreen, intermediate was found to be 

dominant over evergreen in F1, and gave a ratio of 3 intermediate 

: 1 evergreen in F2. This suggested that the intermediate character 

was controlled by one dominant gene. In the crosses of normal x 

intermediate the normal character behaved as dominant in F1 and 

segregated into the ratio of 3 normal 1 intermediate. This 

indicated that normal was controlled by two dominant genes. The 

evergreen lines, 

normal crosses 

obtained from the F3 generation of evergreen x 

indicated the possibility of incorporation of 

evergreen character into normal lines. 



17 

Duncan et al (1976) from a study on characteristics and 

inheritance of nonsenescence in Sorghum bicolor L. Moench, have 

reported that several characteristics were associated with 

nonsenescence in sorghum. The nonsenescing type generally took 

about two days longer to reach 50% anthesis and averaged 3 to 4 em 

shorter in height than the senescing type. The nonsenescing type 

had a significantly larger stem diameter and maintained a higher 

sugar concentration in the stem from anthesis through harvest. The 

nonsenescing type produced and maintained more green leaves and 

fewer senesced leaves per plant throughout the reproductive phase 

of growth, and as a result, this type expectedly produced a greater 

leaf area index (LAI ) and the LAI was maintained for a longer 

period of time as was reflected by the leaf area duration (LAD ) . 

The nonsenescing type maintained a higher chlorophyll content from 

panicle ini tia tion to harvest. Senescence and stress are both 

associated with a decrease in chlorophyll content. Leaf area ratio 

LAR ) was the only growth analysis parameter which was significantly 

different between the two types. 

Recent studies on the relation between earliness and leaf 

number are in agreement wi th early research. The longer season 

hybrids produce larger leaf area per plant, and tend to maintain 

green lea f area for a longer time than early hybrids (Eik and 

Hanway, 1965). Bonciavelli and Monotti (1975) also obtained a 

larger leaf area index (LAI) value of 5 for late flowering compared 

to LAI of 4.0 for early hybrids. 

Goldsworthy (1 970 ) when compared a tall variety with a 

short variety of sorghum for leaf area duration and grain yield, 

found that the tall variety produced more dry weight after heading 

and had a larger leaf area duration than did the short variety, but 

its grain yield was not significant. 
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A co-efficient for estimating leaf area from linear 

measurements has been reported by McKee (1965) According to his 

research, "leaf area is calculated by summing the products of 

length and width o f each leaf of a plant or of a plot and multiply ­

ing the total by 0.73. This method of calculating leaf area ignores 

the photosynthetic surface of the stalk and other plant parts". 

In a study pertaining to inheritance of nonsenescence in 

sorghum, Duncan (1980) evaluated six populations viz: Psen, Pns, 

F1, F2, BCsen and BCns to estimate genetic variances for ratoon 

tiller regrowth. All data involving progeny of senescent and 

nonsenescent crosses were pooled for analysis using the joint 

scaling test. He reported that parental lines differed 

significantly in tiller production. Tiller production of a ratoon 

sorghum crop was used as a measure of nonsenescence and this 

character was quantitatively inherited with additive genetic 

effects with no indication of significant dominance genetic 

effects. The large estimates for additive genetic variation 

indicated that some progress could be made in selecting for tillers 

in a ratoon sorghum crop. However, heritability estimates were low 

(0.18 to 0.28) for number o f tillers in ratooned sorghum. Estimates 

concerning the number of effective factors controlling tiller 

number in ratoon crop indicated that this characteristic is under 

the control of one major factor or chromosome segment. ZartIDanand 

Woyewodzic (1979) from their study on the rooting patterns of 

senescent and nonsenescent genotypes of sorghum reported that the 

nonsenescent hybrid had established its adventitious root system 

earlier than did the senescent hybrid. When nonsenescence lines 

were crossed with the senescencet lines it was observed by Henzell 

et al (1992) that the effects of moisture stress became 

increasingly evident after anthesis. There was a significant 

negative correlation between senescene ratings and grain yield, 

indicating that under these conditions, selection for nonsenescence 

would have a positive effect on yield. 
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diallel 

lines of 

trial among nonsenescent 

sorghum presented by 

Jaychandran et a1 (1 993 ), indicated that genotypes varied for time 

of onset, rate of progress, and final amount of leaf senescence. 

Nonsenescence was dominant over senescence as measured by the rate 

of senescence but not as measured by the time of onset of 

senescence. The best nonsenescent parents retained approximately 

70% of the area of their upper six leaves green at 50 days after 

flowering (approximate harvest maturity), compared to 5-15% for the 

most senescent parents. 

Rao (1969) has reported that a green midrib (dd) is 

associated with a juicy stalk, whereas a white midrib (DD , Dd) is 

correlated with a pithy stalk. The character is simply inherited 

and easily transferable. In another study Grewal et al (1988) has 

reported that when crosses of whi te midrib, green midrib and 

reciprocals alongwith their parents, BC1, BC2 and F2 were grown, 

segregation of midrib colour conformed to the 3 (white): 1 (green ) 

ratio, indicating that white midrib colour is governed by a single 

dominant gene. The genetic control of leaf -midrib color (reflecting 

stem succulence), inflorescence shape, awnedness, glume length and 

grain colour was studied by Khusnetdenova and El'Konin (1987). They 

reported that in most cases the characters were controlled by 2-3 

interacting genes influenced by the type of cytoplasm present . 

Giriraj and Goud (1983) have reported that based upon 

component analysis and estimate of heritability, days to flowering 

was found to be predominantly under additive control. Number of 

leaves, leaf length, leaf breadth, leaf area, plant height, stem 

thickness, internode length and peduncle length were found to be 

governed both by additive and dominant components. Heritability 

estimates were medium to high for the characters studied. 
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Ma. H.T . et al (1988-90) from a study on inheritance of 

sugar content in sorghum stalks, have reported that the gene 

controlling low sugar content in the stalks was partially dominant . 

Correlations between sugar content and grain weight were negative 

(r=-0.472). The highest sugar content (20.3%, Brix) , grain yield 

(2740 kg/ha) and biomass yield (8920 kg/ha) were found in the F2 

generation. 

Ayyangar and Nambiar (1941) from studies on inheritance 

of leaf colour reported that dark green was monogenic dominant to 

green, and green was monogenic dominant to light green. When there 

was segregation for all three characters, the ratio was 9:6:1 dark 

green, green and light green. 

Leopord (1961) from a study on the chemistry of 

senesecnce in plant cells, has reported that in senesecing cells 

there is a gradual reduction in the endoplasmic reticulum and 

mi tochondoria as well as other organelles and membranes. The rate at 

which these natural changes occur depends greatly on the species, 

the part of the plant involved, and environmental condi tions 

(photoperiod, temperature, soil fertility). Senescence may take 

place at about the same time in all parts of the plant or 

individual organ may senesce while the remainder of the plant 

retains vitality (leaf or fruit senescence) . Leaf senescence may be 

characterized by involvement of all the leaves at the same time 

which is termed synchronous or simultaneous senescence. A "wave" of 

leaf senescence passing-up the stem is known as sequential 

senescence. Senescence of frui t occurs at a late stage in the 

ripening process and does not generally commence until the 

developing seeds are fully formed. 

Results of the inheritance of chlorophyll for various 

crops have been reported by a number of scientists. They have 

reported that total chlorophyll content per unit leaf area and per 
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unit leaf fr esh weight i n French beans is controlled by a single 

g ene , wi th hig h con tent being dominant over low (Nakayama et al 

1 971) 

Stay-green is an important trait associated with drought 

resistance in sorghum [Sorghum bicolor (~) Moench]. Walulu et al 

(1994) conducted trial to obtain preliminary information on the 

mode of gene action for the stay- green trait in sorghum. Stay - green 

lines, nonstay-green lines, and their Fl, F2, and backcrosses were 

grown in field and under a rainout shelter. Moisture stress was 

allowed to develop in both trails during the grain filling period 

by withholding irrigation two weeks prior to flowering. Stay-green 

character was evaluated on an individual plant basis at or soon 

after physiological maturity by using a visual leaf and plant death 

rating score. The results obtained, suggest that the stay-green 

traits in the stay-green lines, is influenced by a major gene that 

exhibits varied levels of dominant gene action depending on the 

environment in which evaluations are made. In another study Moc, 

J.J (1979) reported that lines with high grain yields and strong 

sta l ks remained g reen longer dur i n g gra in fi lling tha n those wi t h 

low yields and weak stalks indicating that selection for the stay ­

green trait should produce similar results to select for 

photosynthetic rate. Benoit et al. (1965) observed that increased 

dry weight of kernels of defoliated plants was associated with 

corresponding decrease in the dry weight of the corn stalk and a 

decrease in stalk sugar content. 

HERITABILITY STUDIES: 

Naphade and Ailawar (1976-77) have reported from their 

research on variability, heritability and path analysis in sorghum 

that among 30 lines, the coefficient of variation of seven 

characters ranged from 10.2 percent for leaf-number to 30.4 percent 

for plant height; a figure of 27.8 percent was recorded for panicle 

length and 22.9 percent for grain yield. The range of heritability 

estimates was narrow, being 65.7 percent for leaf number and 96.8 
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percent for 100 -grain weight. Estimates of genet i c advance ranged 

from 16.7 percent for leaf number to 60.5 percent for plant height. 

Panicle weight was most highly correlated with grain yield, 

followed by 100-grain weight, panicle breadth and plant height. 

Path analysis revealed that the effect of panicle weight on grain 

yield was mainly due to its positive direct effect, and also, that 

it was a major factor contributing to yield. Leaf number also had 

a direct effect on yield. Based on their results they have recom­

mended improvement by selection for panicle weight and leaf number. 

In 57 FI-F3 hybrids from crosses involving 20 varieties 

and 8 lines, variation and heritability for the main yield 

characters were studied by Spivakov (1989) . He reported that yield 

was closely correlated wi th weight of the main inflorescence 

(r=0.88 + 0.07) and number of grains in the main inflorescence 

(r=0.93 + 0.05). The coefficients of heritability for these two 

yield components were high (respectively 0.78 and 0.83), suggesting 

that selection for them in early generations would be effective. 

The genetic gain from selection for the two characters was 

respectively 4.4 and 5.6 percent. The greatest genetic gain was 

achieved in F2 hybrids. Yield was in most cases negatively 

correlated with growth period duration; the highest yielding types 

were midseason and late. However, some high-yielding early 

recombinants were selected in particular crosses. The genetic 

effect of earliness was on the average 4.9 percent and for height 

12.5 percent. Plants taller than the parents could be readily 

selected in the F2. Rasmusson and Tew (1979), in a study with 

barley, also obtained intermedia te to high heritability values of 

0.54 to 0.99 for vegetative period. 

Liang and Walter (1968) estimated gene effects based on 

parental, Fl, F2 and backcross progenies, Additive gene effects 

seemed to make a minor contribution to the inheritance for grain 
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yield, head weight and kernel weight. The addi ti ve x addi ti ve 

interaction effects, however, formed a major component. The 

dominance x dominance were also of high magnitude. Patel et al 

(1983) from a study on heritability estimates in grain sorghum have 

reported that selection through panicle length and 1000 - grain 

weight would be most effective for further improvement of yield. 

Inheritance of grain yield and panicle components was 

studied by Giriraj and Goud (1982) in Fl and F2 generations of 

eight-parent diallel cross in sorghum. Through component analysis, 

they reported that grain yield, panicle length, panicle breadth, 

number of whorls, number and length of primary branches, 100 - grain 

weight and number of grains per panicle governed by both additive 

and non-additive components of genetic variation. For majority of 

the characters, estimate of heritability was high in Fl and low in 

F2 generation. 

The FI-F2 from 10 crosses involving eight sorghum stocks 

of five major ecological types with a wide range of grain weight 

(17.1-40.9 g / lOOO grains) were studied by Wang (1988). He reported 

that 1000 - grain weight was governed by at least five pairs of 

genes. In the FI of most combinations it tended to be intermediate 

between the parents, with a bias towards the better one. Most of 

the combinations showed a high broad - sense heritability for the 

trait, averaging 80.9 percent but ranging from 57 . 9 to 93.5 

percent. Narrow- sense heritabilities in two of the combinations 

were estimated at 80.7 and 86.0 percent. This was taken to indicate 

that the effect of environmental factors on variation in grain 

weight was limited and it would be effective to start selection in 

early generation. The absolute and relative expected genetic 

advances for the trait, at a selection intensity of 5 percent 

averaged 3.7 g and 25.2 percent respectively, over the 10 

combinations, but differed significantly among the combinations. 

Grain weight was significantly and posi tively correIa ted wi th grain 

length, but not significantly with grain width. 
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Nimbalkar and Bapat (1987) crossed three tall and five 

dwarf varieties in all possible combinations and the Fls and F2s 

were studied for number of leaves per plant , number of days to 50 

percent flowering and plant height. They reported that the last two 

traits were controlled by additive and nonadditive gene action, 

where-as leaf number was controlled by nonadditive action. 

Overdominance was apparent for all the tra i ts, each of which 

appeared to be controlled by a single group of dominant genes. 

Narrowsense heritability was moderate in the Fl for height and days 

to 5 0 percent flowering; and low for the number of leaves per 

plant. Kukadia et al (1 983b ) while studying the estimates of 

heritability and other related genetic parameters in sorghum 

reported that number of primaries and grain yield per plant showed 

high magnitude of expected genetic advance expressed as percentage 

of the mean accompanied by high heri tabili ty values. All the 

remaining characters showed high heritability with low exp ected 

genetic gain indicating that high heritability estimates may not 

necessarily mean an increased genetic advance in all cases. 

Prabkakar and Prasad (1984) presented tabulated data on genetic 

variance for grain yield per plant and six of its components in the 

F4 of three intervarietal crosses. The phenotypic coefficient of 

variability was high for grain yield and number of productive 

tillers, and gene action was mostly additive for these traits. 

Grain yield showed high heritability and genetic advance in all the 

crosses. Muhammad R. and A. Rahman (1982) have reported analysis of 

data on g rain yield per plant and five related traits from a 

diallel cross, involving two exo tic and two local lines giving high 

heritability estimates for plant height, number of days to anthesis 

and panicle length. 

COMBINING ABILITY STUDIES: 

When hybrid seed production is the objective of a 

breeding programme, it is essential for the breeder to dete rmine 

selection criteria for parental lines and often the breeder chooses 
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to classify the parental lines in terms of their combining ability. 

Griffing (1956) made a detailed examination of the concept of 

combining ability in relation to dia11e1 methodology and presented 

four different dial1e1 crossing systems with alternative methods of 

analyses for different types of materials. As grain yield is mostly 

used as a criterion for various estimates of combining ability, 

recently some research workers have tested the component analysis 

approach in estimating the combining ability for complex character 

and the genetic mechanism involved in heterosis. Graf ius (1956, 

1959, 1960) made favourable comments on the component analysis 

approach. According to his views, quantitative analysis of yield 

per se is inadequately indicative of the nature of genetic 

mechanism involved, remarking further that the study of individual 

yield components should result in better understanding of the 

genetic process. 

According to the findings of Ramasamy et al (1986), 

specific combining ability was significant for grain yield, panicle 

components, plant height, days to flower and leaf number. Grain 

yield was positively and significantly correlated with weight. The 

number of leaves was negatively correlated with plant height 

(r=O. 3), indicating that selection for short plants wi th many 

leaves was possible. 

Studies by Reddy (1963) involving exotic females and 

Indian males also pointed towards the greater importance of general 

combining abili ty for yield and yield components. Kambal and 

Webster (1965) observed that both general and specific combining 

abilities were important in determining yield and related 

characters, but comparatively the GCA effects were more important 

and more stable over the years. 

Deshrnukh (1983) from combining ability studies on 

maintainer lines of sorghum reported that variances due to GCA and 
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SCA for various characters were significant. Higher magnitude of 

GCA variances revealed that additive gene action was dominant for 

plant height, days to 50 percent bloom, panicle length, panicle 

girth , grain yield and 1000-grain weight. For the characters like 

number of leaves, days to 50 percent bloom, GCA and SCA variances 

were equal in magnitude, indicating that additive as well as 

nonadditive gene action was equally important in expression of 

these characters. For leaf area and panicle weight, the variances 

due to SCA were higher, indicating the importance of nonadditive 

gene action. On the basis of GCA effects, he concluded that high 

heterotic hybrids involved the parents with high x high and high x 

low GCA effects to produce promising hybrids . Sprague and Tatum 

(194 2 ) and Rojas and Sprague (195 2 ) from their study on general and 

specific combining ability in corn, have reported that the specific 

combining ability variances were relatively greater than general 

combining ability variances. 

Four rabi and two kharif improved varieties of sorghum 

and their F1, F2 and F3 progenies were evaluated for yield per 

plant and five other related characters. Data tabulated on the mean 

performance of the parents, genetic components of variance and on 

heterosis and inbreeding depression in the progenies revealed 

importance of additive effects and additive x additive interactions 

in most crosses and suggested that grain yield could be improved by 

selection (Thombre et al 1985). Johnson and Hayes (1940) and Cowan 

(1943) found that crosses between two low combiners tended to give 

lower yields than those between two high combining lines. 

In a 13 X 13 diallel cross between the two types, highly 

significant general and specific combining ability effects 

indicated that genes with both additive and nonadditive effects 

were influencing yield and yield components. However, for number of 

days to flowering, additive effects alone played a significant 

part. While for height, additive effects alone were of greater 
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magnitude than non - addi tive . For ear head w~ ight and g rain weigh t , 

non-additive effects were more important than additive (Subba Rao 

et al 1977). I n another study Subba Rao et al (1 976) h as rep orted 

that variance due to general and specific combining ability e f fect s 

was significant for all characters, the specific combining ability 

being generally greater. The exotic lines had the overall best 

general combining ability. Additive gene effects were predominant 

for days to flowering, whilst nonadditive gene effects were of most 

importance for plant height, head weight and 1000-grain weight. 

From a study on combining ability in various forms of 

Kefir and Bantu corn conducted by Spivakov (1988), analysis of 

variance indicated that grain yield was controlled mainly by genes 

with additive effects. Good combinations of the main yield 

components were found in most of the hybrids. High general 

combining abili ty for grain yield was shown by the Ke fir co r n 

varieties . Yield was closely correlated with grain weight per main 

panicle (r=0.88) and grain number per main panicle (r=0.93), both 

of which showed high heri t a b ility (H2= 0 . 78 and 0 . 83, respectively ) 

and are recommended as selection cri te r ia in breeding f or h i gh 

yield . Both components were mainly conditioned by a dditiv e g e n e s. 

Analysis of data on grain yield per plant and nine 

r elated traits from a 10X10 diallel cross revealed high genetic 

diversity, particularly for yield, plant height, peduncle length 

and numbe r of primar ies. Heterosis for yield averaged 29 percent. 

The best eight hybrids yielded 100-123 grams per plant. GCA and SCA 

variances were highly significant for all traits. Heritability was 

low (0 .27 ) for grain yield. The parents CSV8R, M35-1 and SPV232 had 

significant positive GCA effects for yield and seven of the eight 

superior hybrids showed highly significant positive SCA effects as 

reported by Sahib et al (198 6 ) . 
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In a study of gene action in forage sorghum, Dangi and 

Parada (1978) recorded ten quantitative characters in five Fl 

hybrids and their parental F2 a n d F3 g e n erations pl a n ted at two 

sowing d a t e s . Green and dry- ma tter yi e l d per plant , number o f 

leaves per plant and leaf length, width and weight were governe d 

ma i nly by the dominance component of variance as well as b y 

epistatic interactions, whereas additive gene action predominat e d 

for days to flowering, height and stem thickness. Epistasis was 

observed to vary in magnitude between sowing dates. Vasudeva and 

Gaud (1977) in a study on inheritance of grain yield and its 

components in sorghum, has recorded data on grain yield, 1000-grain 

weight and number of seeds per panicle from a 5X5 complete diallel 

analysis involving two dwarf introductions two induced dwarfs and 

a local tall variety, revealed that overdominance conditioned grain 

yield . Maximum heterosis for grain yield occurred in IS 2226 (dwarf 

introduction) X Karad Local (tall), re sult i ng from addi t i ve X 

addit i ve gene i nterac tion . They r epo r ted wide genetic dif f ere nce s 

a mong t h e paren ts f o r the traits s t udied. Heterosis appeared to be 

associated with differences in the geographical origin of the 

parents. Variances for both general combining a b ility and specific 

comb i n i ng a b il i ty indica ted that add i t i ve a nd n onaddi ti ve g e n e 

action conditioned the traits measured, but the nonadditive gene 

action was the most important . 

In a study on heterosis in sorghum, Guzhov and 

Malyuzhenets (1986) repor t e d h i ghest heterosis effects f o r g ra in 

yield. The hybrids also showed heterosis for grain weight per main 

panicle and for productive tillering, and also the principal yield 

components were highly expressed and contrasted in parental forms. 

Heterosis was lower in the F2, being 46 percent lower than in the 

F1 for grain yield, 38 percne t for grain weight per main panicle, 

16 percent for productive tillering, 10 percent for yield index and 

14 percent for plant height. 
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Path and Thombre (1986) studied inheritance of grain 

yield components of rabi x rabi and rabi x kharif combinations in 

sorghum by crossing . the rabi variety SPV 151 with three varieties 

grown in the rabi season (rabi x rabi crosses) and two grown in the 

kharif season (rabi x kharif crosses) Additive effects, dominance 

effects and dominance x dominance and additive x additive 

interactions were important for all components. Additive effects 

and additive x additive interactions in the majority of crosses 

suggested the feasibility of improvement of grain yield through 

1 000 -grain weight when selecting for high yield. 

F1 hybrids from a 6-parent dial1el, without reciprocals, 

showed heterosis for .grain yield 44 percent above the midparental 

value and 21 percent above the value for the best parent. Both 

general and specific combining abilities were important for 9 of 

the 12 yield-related traits as reported by Desai et al (1985). 

The FI and F2 of a 8 x 8 diallel cross, were evaluated by 

Shinde and Jagadeshwar (1986) for grain yield and yield components 

in three environments, namely early sowing rainfed, normal sowing 

rainfed and normal sowing irrigated. Both additive and nonadditive 

gene effects were estimated to be important for the inheritance of 

grain yield and yield components but nonadditive effects were 

predominant for most of the characters. Lines SPV 438 and SPV 86 

had good GCAs in all the three environments. Genotype x environment 

interaction was significant for all the characters. Hybrids SPV 438 

X SPV 440 and SPV 86 X SPV 440 displayed moderate stability over 

the different environments. 

Patii and Thombre(1985) from trial results of six variet­

ies, five F1 crosses, five F2 and five F3 generations, has reported 

that dominance effects were important for panicle length and 

weight, number of primary and secondary branches, 1 00 0 - grain weight 
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and grain yield in kharif x kharif and kharif x rabi varietal 

crosses. Dominance x dominance interaction was important for grain 

yield. Whitehead (1962) reported the predominance of additive gene 

action for flowering date, plant height, head length and head 

opening in dwarf varieties. On the basis of the preponderance of 

cases where good parents have good hybrids, and poor parents 

resulted in poor hybrids, he suggested that general combining 

ability was more important than specific combining ability. Niehaus 

and Pickett (1966) have observed that general combining ability 

effects were larger than specific effects for seeds per head, while 

specific effects were larger for seed weight. 

Liang (1967 ) , from a dialle l analysis found that general 

combining ability was significant for characters like yield, 

panicle components, plant height, leaf area, days to flower, 

threshing percentage, germination percentage, number of leaves and 

protein content, while (Rao 1970) has reported that specific 

combining ability was significant for grain yield, panicle 

components, plant height, days to flower and number of leaves per 

plant. Palmer and Fleming (197 2 ) conc luded that the high degree of 

heterosis for yield in maize was correlated with a high degree of 

heterosis for total chlorophyll, but hybrids varied in the extent 

of chlorophyll heterosis. Specific combining ability seemed to be 

important in the expression of chlorophyll content. 

Beil and Atkins (1967) have found that the variance for 

general combining ability was larger than that for specific 

combining ability for all characters. Specific combining ability 

effects were usually more stable than general effects for grain 

yield and seeds per head over the range of environments in their 

experiments. Rao et al (1968) tested the general and specific 

combining ability effects of crosses based on male steriles 

developed in India. The new male steriles did not exhibit 

superiority over Kefir-60 with regard to mean yie lds or their 
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general combining ability. MaIm (1968) reported that both general 

and specific combining effects were important for the grain yield. 

He attributed hybrid vigour to the genetic diversity of the parents 

involved in the crosses. 

According to Liang et al (1968), there are four groups of 

genes governing the inheritance of yield. For the time of anthesis, 

partial dominance was indicated with three genes involved. Both 

general and specific combining abilities were important for time of 

anthesis while only specific combining ability was important for 

grain yield. General combining abili ty showed significant 

interaction with location for grain yield. 

CORRELATION STUDIES : 

Fifty-four genotypes of 

Moench; were studied by Dost et al 

relationships a mong various traits 

yie ld and forage quali ty, as well 

importance and high stover yield, 

sorghum (Sorghum bicolor 1. ) 

(1992) to determine the inter 

relating to grain and forage 

as to establish the relative 

low crude protein content and 

harvest index. High grain yield was associated with high harvest 

index and greater seed number and size. High crude protein was 

associated with high harvest index and short height, whereas more 

acid-detergent fibre was as sociated with greater height. Late 

maturity and more plant height, were associated with high h arves t 

index. 

In a study of genetic analysis of some quanti tative 

characters in grain sorghum Kukadia et al (1983a ) evaluated five 

parental lines and their ten single crosse s , for yi e ld components. 

Epistasis was identified for grain yield as regression coefficient 

deviated from unity. Correlation between p arent a l measurements and 

the order of domina nce were p os itive but non-significant for days 

to 50 percent bloom, plant height, days to maturi ty and ear 

circu.mference. The correlations were negative for the other trai ts. 
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Ramasamy et al (1986) established correlations between 

grain yield, plant height, leaf number, ear weight and 1000-grain 

weight of the parents and F2 of the crosses (2219A X PSV 351, 2219A 

X Usilampatti 2 and 2760A X Co24). Grain yield was positively and 

significantly correlated with 1000-grain weight in all cases. In 

cross 2760A X Co24, the number of leaves was negatively correlated 

with plant height (r=O. 3), indicating that selection for short 

plants with many leaves was possible in the cross they tried. 

Plants of the [male sterile] female parent of the sorghum 

hybrid CSH 5, ms 2 077A, were grown at four soil moisture levels in 

the presence of CS 3541 plants and scored for grain yield per plant 

and eight agronomic traits. Data tabula t ed fr om t h e path 

coefficient analysis of these traits at each moisture level showed 

a high positive association of earhead weight with grain yield at 

all moisture levels and several other traits affected grain yield 

indirectly through earhead weight. The degree of association of the 

different trai ts wi th grain yield varied with moisture level 

(Krishnasamy 1984) . 

On the basis of height and maturity, correlations among 

the characters showed that early flowering and few leaves were 

negatively correlated with grain yield while height and days to 

flowering were positively correlated with fodder yield (Rana 1984) . 

Sanchez (1969) in a study of 306 progenies of four Sl 

lines, got a negative correlation between the silking date and 

yield. Data presented by Eastin (1972) showed that the period from 

anthesis to maturity in sorghum, which varies among lines from 31 

days to 56 days was consistently longer in the higher yielding 

hybrids, and there was a positive correlation between the lenght of 

the period and grain yield. Similar results were reported in spring 

oats by Mckee et al (1979) where they got a correlation value of 
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r=0.69 for yield and grain filling period. Pande et al (1971 ) found 

a positive and significant correlation between yield and number of 

grains per ear, grain yield per plant and 1000-grain weight. 

Chase (1967a) obtained a hihgly significant positive 

correlation between mean number of leaves per plant and mean days 

from planting to anthesis. A positive correlation between moisture 

at harvest and the above two traits was also noticed . Similar 

results were presented by Chase and Nanda (1967b) suggesting the 

number of leaves per plant as a criterion in the selection for 

maturity. 

Cheralu 

variability and 

and Rao 

character 

(1989 ) , from 

association 

a 

for 

study 

yield 

on genetic 

and yield 

components in sorghum have reported a highly significant positive 

correlation of yield with ear weight, number of primaries, 

secondaries and total dry matter. Jaganath et al (1975) have shown 

that yield in sorghum was more directly correlated with leaf area 

duration(LAD) and grain-leaf ratio than with leaf area ratio (LAR). 

Kirby and Atkins (1968) have concluded from their studies 

on 24 sorghum hybrids that seeds per head was the character most 

highly associated with grain yield , while yield components, 1000 -

grain weight and seeds per plant were not strongly correlated with 

grain yield. Heritability value, determined by Chiang and Smith 

(1967) was high for number of tillers (43.2% ) indicating that a 

rapid and effective selection could be made for this trai t in 

sorghum while Patel et al (1983) reported that selection through 

panicle length and 1000 - grain weight would be most effective for 

further improvement of yield. 



MATERIALS AND METHODS 
The inheri tance study of early maturi ty and nonsenescence 

(stay -green character) in four local and three exotic cultivars of 

sorghum (So rghum bicolor ~) Moench; was carried-out at two 

locations namely, National Agricul tural Research Centre (NARC ) 

Islamabad (located at 33°N and S18m) and Maize & Millet Research 

Institute (MMR I) Yousafwala, (located at 29°N and 174m) , during the 

period 1990 to 1994. The objectives of the research project were: 

a) to estimate mean and variance components (additive, dominance 

and epistasis) for early maturity and nonsenescence traits; b) to 

estimate narrow sense heritability of earliness and stay-green 

character; c) to estimate general and specific combining ability of 

the selected parental lines for earliness and nonsenescence traits; 

and d) to determine the potential effectiveness of selection for 

early maturity, stay-green character and their correlations. To 

achieve these objectives the following two separate studies were 

conducted at the two locations: 

A. A Generation Means Analysis for Early Maturity and 
Nonsenescence (stay-green) Traits . in Sorghum. 

B. combining Ability Estima tes for Early Maturity and 
Nonsenescence (stay-green) Traits in Sorghum. 

In the first study one local pure line Pot 3-9 as a 

source of early maturity and two exotic ICRISAT pure lines ICSV 107 

and ICSV 219 as source of high yield and stay- green character, were 

used as parental material for crosses. These are described as 

under: 

DESCRIPTION OF PARENTAL LINES : 

ICSV 107 
ICSV 107 was introduced from ICRISAT as one of the 

entries of International Sorghum Variety and Hybrid Adaptation 

Trial (ISVHAT) and tested at NARC and other locations in the 

country. ICSV 107 emerged as a promising variety not only at NARC 

but also across locations combining high yield and stability of 

34 
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performance. ICSV 107 was developed at ICRISAT by pedigree 

selection from a cross SC 108-3 X CS 3541 made in 1975 . The line 

was tested under different designations viz. SPV 351, ICSV 1 07, 

ICSV 1 and CSV 11. In 1984, the line was released in India as CSV 

11 for cultivation in all sorghum growing areas of India. Its grain 

yield potential ranges from 2500 to 3000 kg per hectare. Based on 

the overall outstanding performance in Pakistan at NARC and across 

locations, this variety is a candidate variety for its general 

cultivation in the country. 

ICSV 219 

ICSV 219 is a pure line variety developed by pedigree 

selection made at ICRISAT. It was introduced from ICRISAT as one of 

the entries of ISVHAT. On the basis of its performance at NARC as 

well as at other locations in 1987 and the following season, ICSV 

219 was recommended for testing in the National Uniform Sorghum 

Yield Trials. ICSV 219 when grown under irrigated condition at NARC 

in an off-season nursery (during spring season), its performance 

was outstanding and had good seed set despite the extremely high 

temperature prevailing at flowering in June that causes sterility 

in some varieties. In 1987, it was grown on farmers fields near 

Islamabad; they liked it not only because of its high grain yield 

(3400 kg/ha), but also because the stover remained green after 

grain maturity, providing good fodder which is important in the 

area. 

Pot. 3 - 9 

Pothwar 3-9 is a local adapted pure line developed from a 

local land - race of Pothwar tract by head-to-a-row selection. 

Pedigree selection in self pollinated progenies was done at NARC, 

using both spring and normal (kharif) seasons. The bulk was 

evaluated in 1987 in the Preliminary Sorghum Yield Trials at NARC 

and was observed to be a stable high yielder. Pot. 3-9 ranked first 
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Eor earliness among the varieties tested in the Coordinated 

1ultilocational Advanced Variety Trials. Overall, Pot. 3-9 mean 

Jrain yield performance was recorded 10 00 kg/ha compared with 28 00 

kg /ha for the introduced variety (ICSV 107). By virtue of its tall 

height, Pot. 3 - 9 also yielded significant quantity of fodder (upto 

8380 kg/ha). Pot. 3-9 is an early maturing variety. It takes about 

40 days from planting to 50% flowering and matures in 80 to 85 

days. The plants are 23 0 cm tall, having tan pigmentation, and 

leaves of medium size with white midribs. The panicle is semi 

compact and well exerted. The glumes are red coloured and cover 

more than half the grain and are free threshing. The line is 

moderately susceptible to foliar diseases and insect pests. Pot.3 - 9 

can be sown to a population of 1,11,000 plants per hectare at a 

spacing of 75 X 15 cm. Pot. 3-9 has pear-shaped medium size (3.02 

gm per 100 grains ) , light creamy coloured grains. The pericar p is 

thin and lustrous. This variety is suitable for cultivation as a 

rainfed crop in the rainy (monsoon) season in the Pothwar area of 

Pakistan. 

The seed of the above mentioned three pure lines was 

obtained from the Coordinated Research Programme on Sorghum and 

Millet NARC Islamabad. The two high yielding ICRISAT type sorghum 

(Sorghum bico1or ~ . ) parents namely ICSV 107 and ICSV 219 were 

crossed with Pot . 3-9, which is an early locally adapted pure line 

for a source of early maturity. Crosses were made in khari f 1990. 

F1 plants of each cross were grown in the field in kharif 1991 to 

produce F2 seeds. F1 plants were also back-crossed with female and 

male parents to generate two (BC1) and two (BC2) generations, 

respectively. Five BC1 and five BC2 plants were selfed to generate 

BC1(S) and BC2(S), respectively. The following eight generations so 

obtained, were evaluated in a field trial in kharif 1992 at NARC 

Islamabad and MMRI Yousafwala. 
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IDENTITY GENERATION 
Cross 1 

ICSV 107 
Pot. 3-9 
ICSV 107 X Pothwar 3-9 
(ICSV 107 X Pothwar 3-9) Selfed 
(ISCV 107 X Pothwar 3-9) X ICSV 107 
(ICSV 107 X Pothwar 3-9) X Pothwar 3-9 
[ ( ICSV 107 X Pothwar 3-9) X ICSV 107] Selfed 
[(ICSV 107 X Pothwar 3-9) X Pothwar 3-9] Selfed 

Cross 2 

ICSV 219 
Pothwar 3-9 
ICSV 219 X Pothwar 3-9 
(ICSV 219 X Pothwar 3-9 ) Selfed 
(ISCV 219 X Pothwar 3-9 ) X ICSV 219 
( ICSV 219 X Pothwar 3-9) X Pothwar 3-9 
[(ICSV 219 X Pothwar 3-9) X ICSV 219] Selfed 
[(ICSV 219 X Pothwar 3-9) X Pothwar 3-9] Selfed 

PI 
P2 
Fl 
F2 
BC1 
BC2 
BC1(S) 
BC2(S) 

PI 
P2 
F1 
F2 
BC1 
BC2 
BCl (S ) 
BC2 (S) 

In order to facilitate the classification of the parental 

and segregating populations, these were classified in early, medium 

and late maturity groups based on the physiological maturity - the 

colour of aleurone layer ranging from lightbrown to black. For the 

stay-green character, leaf area of upper six leaves per plant 

(LAUSL), percent green leaf area 50 days after flowering (%GLA 

50DAF) and sugar content (including soluble salts) in the central 

portion of the stalk, were taken as criteria for the three distinct 

phenotypes. The moisture contents of the populations were recorded 

by moisture tester and sugar contents were estimated by 

refractometer. Harvesting was done 120 days after planting to get 

uniformity in classification. 

The above sixteen entries were planted at the National 

Agricultural Research Centre, Islamabad and Maize & Millet Research 

Institute, Yousafwala on July 7 and July 17, 1992, respectively. 



38 

A randomized complete block design with f our r eplicat i ons was used 

t o conduc t the t ri a l a t each l o cation . Each plot was of four rows, 

5m l ong f or the P I , P2 and F1 gene r ations, fou r r ows Sm long p l ot s 

f or the BCl, BC2, and BCl(S) and BC2(S) and four rows for F2 

generations. Standard cultural practices were followed during the 

growing season. 120 days after planting, all the plants of each 

entry and replication, were harvested separately. Grains were 

threshed from each plant separately and dried in the dryer for one 

week. Seeds from five randomly taken plants per head were bulked 

and the aleurone layer was checked for 30 seeds per plot and were 

grouped in three maturity classes based upon the colour of the 

aleurone layer ranging from lightbrown (MCI -late ) to black (MC3 -

early), for maturity index. Seeds in each class were multiplied by 

its class number and summed up. Higher values of the maturity index 

reflect earlier maturity. Data on the following traits were 

recorded according to the data schedule: -

DESCRIPTION OF PARAMETERS 

1. 
3. 
5. 
7 . 
9 . 
11. 

Days to 5 0% flowering. 
Head Length(cm) 
1000 - grain weight . 
Threshing percentage. 
Number of Leaves per plant. 
% GLA 50 DAF. 

2. 
4. 
6 . 
8. 
10. 
12. 

Plant Heig ht (em) . 
Number o f seed s per head 
Yield per plant(gm) 
Maturity Index. 
LAUSL per plant. 
Sugar% in stem. 

The data recorded on the above parameters is described 
as under: 

1. Days to 50% flowering ( 

The nun~cr of days taken by an entry from planting to 
when 50% of the plants in the two central rows of the plot have 
started shedding pollen. 

2 . Plant height 

Average plant height was recorded in centimeters from the 
base cf the plant to the tip of the panicle. This was effectively 
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done by measuring the height of 3 to 5 random plants from the 
two central rows of the plot and averaging it for the purpose of 
final value of the entry. The correct time to note this charac ter 
was at the grain filling stage. 

3. Head length 

Average head length was recorded in centimeters from the 
base of the head to the tip of the head. This was done by measuring 
the length of 5 to 10 random plants from the two central rows of 
the plot and averaging it for the purpose of final value of the 
entry. The correct time to n ote this character was at the grain 
filling stage. 

4. Number of seeds per head 

Number of seeds per head was arrived-at by counting the 
seeds of five heads per plot in the central two rows and dividing 
by the number of heads. 

5. lODo-grain weight 

1000-grain weight was taken as average of 10 samples of 
1000 grains, each obtained at random from the bulk grain produce of 
each plant. Weight was measured in grams with electronic balance 
to the nearest 0 . 01 gram. 

6. yield per plant 

Grain yield per plant was obtained in grams after thresh ­
ing total heads of the central two rows and the mean calculated p er 
plant . 

7 . Threshinq ~ercentaae 

Threshing percentage was calculated by dividing the 
total weight of seeds of five heads by the total weight of the 
five heads and mUltiplied by 1 0 0 at a uniform moisture content. 

8. Maturity Index 

12 0 days after planting all the plants in each entry and 
replication were harvested separately. Seeds from five randomly 
taken plants per head were bulked and the aleurone layer was 



4 0 

checked for 30 seeds per plot and were grouped in three maturity 
classes based upon the aleurone layer colour, ranging from light 
brown (MC1-late ) to (MC3-early ) dark brown. For maturity index, 
heads in each class were mul tiplied wi th its class number and 
s ummed u p. Th e high er valu es of the maturity index reflec t earlier 
maturity. 

9 . Number o f leaves per plan t 

Numbe r of g reen, possible functional l eaves per p l ant 
were taken on weekly basis and extended up to the stage of panicle 
initiation, and the mean calculated accordingly. 

10 . Lea f area of upper six leaves (LAUSL) 

The area of upper six leaves per plant was taken by 
calculating the leaf area of each of the six leaves and summed up. 
The area of each leaf was calculated by the formula following Mc 
Ke e (1965) as under: 

Length of leaf X breadth of leaf X 0 . 7 3. 

11. Percent green leaf area 50 days after flowering (%GLA SODAF ) 

Green leaf area of individual leaf was recorded in 
percentage visually and summed up for all the leaves per plant. 

12. Sugar percentag e in stem 

Sugar content ( i ncluding so l ubl e salt s ) i n t h e centra l 
porti on o f t h e s t a l k , wa s taken f o r three dist inct phe noty p es 
me n tioned above, and percent basal st e m s u gar was d etermined fr om 
5 plants pe r plot with the help of refractometer. 

STATISTICAL ANALYSIS 

To estimate variance c omponen ts, generation means 

analysis we r e performed according to Mather and Jinks (1982). 

Narrow sense h eritability was estimate d from variance components in 

F2 generation and the t wo backc r osses, Fl and p arent s f ollowing 

(Allard 1960) . The means of maturity, yield per plant, head length , 

seeds p e r h ead, 1000 - grain we ight, and threshing percentage for 
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each generat i on i n each cross was used to estimate parameters in 

the genetic model. Locations were considered random. Analysis of 

variance was performed on the means of each trait and a Waller ­

Duncan mUltiple range test was used to dete r mine the signif i cant 

differences among the means of various generations. The generation 

means analysis proposed by Mather and Jinks (1982) was followed. 

M = Mid parent value 
A = Pooled additive effects 
D = Pooled dominance effects 
AA = Pooled additive X additive effects 
AD = Pooled additive X dominance effects 
DD = Pooled dominance X dominance effects 

The expectations of the generation means according to 
Mather and Jinks (1982) are: 

Pl = M + A + AA 
P2 = M - A + AA 
Fl = M + D + DD 
F2 = M + 0 . 5 D + 0.25 DD 
BCll = M + 0.5 A + 0.50 D + 0.25 AA + 0.25 AD + 0.25 DD 
BC12 = M - 0 . 5 A + 0.50 D + 0.25 AA - 0 .25 AD + 0 .2 5 DD 
BCllS = M + 0 .5 A + 0.25 D + 0.25 AA + 0.125AD + 0.9625 
BC12S = M '- 0 .5 A + 0 .25 D + 0 .25 AA - 0 .125AD + 0 . 0 625 

DD 
DD 

A general linear model procedure (SAS, 1985) was used to 

estimate the genetic effects from the generation means of each 

cross at each location and combined over locations. 

A full model including all genetic effects was fit to th~ 

data F-test of the sequential sum of squares for genetic effects 

was used to reduce the model. In the selected model, genetic 

parameters having significant effects were included and all the 

non-significant parameters were ignored. When any high order effect 

was significant the lower order effect was also included in the 

model, even if it was nonsignificant. 
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HERITABILITY ESTIMATE 

An estimate of narrowsense heritability (h2
) was computed 

from the variance components in F 2 generation and for the two 

backcrosses as described by Allard (1960) . 

2VF 2 = 2VA + 2Vc + 2VE 

Vac1 + VaC2 VA + 2VD + 2VE 

VA = 2VF2 Vac1 Vac2 

h 2 
= VA/VF 2 

Where: VF2 = Variance of F 2 generation 

VA = Additive variance 

VD = Dominance variance 

VE = Environmental variance 

V a c1 , Va c2 = Variance of the two back 
crosses 

h 2 
= Estimate of narrowsense 

heritability. 

Correlations among traits were computed on the basis o f 

generation means in both the crosses. 

B. combining ability estimates for early maturity and 
nonsenescence traits in sorghum 

In the second study, the genetic material comprised of the 

following seven pure lines of sorghum and Fl generation of straight 

crosses:-

1. 

5. 

Pot. 3-9 

ICSV 107 

2 . 

6. 

Red Janpur 

ICSV 112 

3. 

7. 

Bagdar 

ICSV 219 

4. DS-75 
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The pure line Pot. 3 - 9, Red Janpur, Bagdar and DS-7S are 

local adapted pure lines . The lines ICSV 107, ICSV 112 and ICSV 219 

were received from ICRISAT and have been maintained at NARC since 

1984. As far as could be ascertained, these lines were not closely 

related in their o rigin and thus p r ovided a good deal of genetic 

diversity. A brie f description of the lines is given as below :-

DESCRIPTION OF PARENTAL LINES 

Pot. 3 - 9 

Pothwar 3 - 9 is a local adapted pure line developed from a 

local land-race of Pothwar tract by head-to-a-row selection. 

Pedigree selection in self pollinated progenies was done at NARC, 

using both spring and normal (kharif ) seasons. The bulk was 

evaluated in 1987 in the Preliminary Sorghum Yield Trials at NARC 

and was observed to be a stable high yielder. Pot. 3 - 9 ranked first 

for earliness among the varieties tested in the Coordinated 

Mul tilocational Advanced Variety Trials. Overall Pot. 3 - 9 mean 

grain yield performance has been reco rded 1000 kg/ha. By virtue of 

its tall height Pot. 3-9 also yielded significant quantity of 

fodder (8380 kg/hal Pot. 3 - 9 is an early maturing variety. It 

takes about 40 days from planting to 50% flowering and matures in 

80 - 85 days . The plants are 23 0 cm tall, having tan pigmentation, 

non juicy stalks and leaves of medium size with white midribs . The 

panicle is semi compact and well exerted. The glumes are red 

coloured and cover more than half the g rain and are free threshing. 

The line is moderately susceptible to foliar diseases and insect 

pests. Pot.3 - 9 can be sown to a population of 1,11, 000 plants per 

hectare at a spacing of 75 X 15 cm. Pot. 3-9 has pear-shaped medium 

size (3.0 2 gm per 100 grains) light creamy coloured grains . The 

pericarp is thin and lustrous. This variety is suitable for 

cultivation as a rainfed crop in the rainy (monsoon) season in the 

Pothwar area of Pakistan . 
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Red Janpur 

Red Janpur is a dual purpose (grain-cum- fodder) variety of 

Sindh province which is characterized by the presence of red 

~igment in the dry leaves, stems and seeds. It is a re latively 

early maturing variety which takes about 100 days to mature. It is 

a drought tolerant variety and is grown in rainfed and high 

temperature areas of Sindh, particularly in districts of Jacobabad, 

Khairpur and Nawabshah. It has got tall, non juicy stems, red grain 

colour and is moderately resistant to foliar diseases. Its grain 

yield potential ranges from 1680 to 2000 kg/ha. 

Bagdar 

Bagdar is a dual purpose (grain-cum-fodder ) variety of 

Balochistan province which is characterized by bold white grains. 

It is widely grown in Balochistan and also in Dadu and Larkana 

districts of Sindh. It is a tall variety (250 to 270cm), with non 

juicy stalks. It matures in 110 to 115 days and is moderate l y 

resistant to foliar diseases . Its grain yield potential ranges from 

1800 to 2200 kg/ha. 

DS -75 : 

It was developed at Agricultural Research Institute, D.I. Khan 

(NWFP) by pure line selection from a sorghum entry No.954125 which 

was introduced from Purdue University USA in 1973 and was named in 

1975. It is characterized by high grain yield (1800 to 2500 kg/ha), 

having medium maturity (90-100 days) and dwarf - to-intermediate 

height (130 to 150cm). It is moderately resistant to foliar 

diseases . Its grains are chalky white with a brown sub - coat which 

gives brownish "Chappa ti" (b read ), whereas the local consumer 

pre~erence is for pearly white grains. 
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ICSV 1. 07 

ICSV 107 was introduced from ICRISAT as one of the entries of 

ISVHAT and tested at NARC and other locations in the country. ICSV 

107 emerged as a promising variety not only at NARC but also across 

locations combining high yield and stability of performance. Its 

grain yield potential is 3000-3500 kg/ha. ICSV 107 was developed at 

ICRISAT by pedigree selection from cross SC 108 - 3 X CS 3541 made in 

1975. The line was tested under different designation viz SPV 351, 

ICSV 107, ICSV 1 and CSV 11. In 1984, the line was released in 

India as CSV 11 for cultivation in all areas of India where kharif 

sorghum is grown. Based on the outstanding performance in Pakistan 

at NARC and across locations this variety is a candidate variety 

for its general cultivation in the country. 

ICSV 112 

ICSV 112 (bred at ICRISAT; also released in Zimbabwe as SV 1 ) 

was developed by pedigree selection in the F2-F5 from a multip le 

cross involving 5 lines and bulking in the F6. It is photoperiod 

insensitive; and matures in 110-120 days. Its plant height is 1.5-

1.8 meter, having an exerted, 

medium-sized light-cream grains 

elliptic, semicompact panicle and 

(100 -grain weight = 2.5 gm), with 

a thin pericarp, which contain 9.6 percent protein (2.6 percent 

lysine per 100 gm of protein). Its average grain yield potential is 

3432 kg/ha and 11.4t fodder/ha. It is suitable for intercropping 

with legumes during the rainy season . 

ICSV 219 

ICSV 219 is a pure line variety developed by pedigree 

selection made at ICRISAT. It was introduced from ICRISAT as one of 

the entries of ISVHAT. On the basis of its performance at NARC as 

well as at other locations in 1987 and the following season, ICSV 

219 was recommended for testing in the National Uniform Sorghum 

Yield Trials. ICSV 219 when grown under irrigated condition at NARC 
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Ln an off -season nursery (during spring season), its performance 

~as outstanding and had good seed set despite the extremely high 

temperature p revailing at flowering in June which causes sterility 

in some varieties. In 1987, it was grown on farmers fields near 

Islamabad; they liked it not only because of its high grain yield 

(3400 kg/ha), but also because the stover remained green after 

grain maturity, providing good fodder which is important in the 

area. 

These lines were grown in the field during the year 1990 

and were crossed in a 3x4 factorial mating design using the exotic 

lines as female parents and the local ones as the male parents. 

The female parents ICSV 107, ICSV 112 and ICSV 219, are 

late maturing cultivars with high yield potential introduced from 

ICRISAT. ICSV 107 is a high yielding cultivar developed and adapted 

to ICRISAT India. Its maturity is early relative to other ICRISAT 

cultivars, but substantially later than the male parents used in 

this study. The male parents were selected for having early 

maturity identified by the National Cooperative Research Programme, 

NARC Islamabad. All these lines have low yield potential ranging 

from 1000-2000 kg/ha. F1 seed of the following 12 hybrids was 

produced during kharif 1990-91. 

I. ICSV 107 X Pothwar 3-9 7 . ICSV 112 X Bagdar 

2 . ICSV 107 X Red Janpur 8 . ICSV 112 X DS 75 

3. ICSV 1 07 X Bagdar 9. ICSV 219 X Pothwar 3 - 9 

4. ICSV 107 X DS 75 10. ICSV 219 X Red Janpur 

5 . ICSV 112 X Pothwar 3-9 1I. ICSV 219 X Bagdar 

6. ICSV 112 X Red Janpur 12. ICSV 219 X DS 75 

In order to ensure that no self pollination occurred in 

the crossed heads, polythene bag methodology was resorted to, which 

sterilized the anthers on the plants for use as female parents. The 
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lollinated heads were kept bagged throughout the growing season for 

lrotection from birds and insect damage. A few typical plants in 

~ach of the lines were self pollinated to obtain selfed seed for 

:he next year planting. 

FIELD TRIAL (Fl GENERATION) 

The twelve F1 hybrids alongwith their parents were 

~lanted at NARC Islamabad on July 6 and at the MMRI, Yousafwala 

Sahiwal on July 1 0 , 1993. A randomized complete block design with 

three replications was used at each location. At both the locations 

normal cuI tural practices were followed throughout the season. 

Fertilizer was applied at the rate of 60-30 - 0 kg/NPK in the form of 

nitrophos and urea. 

Each plot consisted of two rows 5m long 75 cm apart with 

25 cm spacing between the hills. Planting was made at the rate of 

two seeds per hill and when the seedlings reached six leaf stage, 

these were thinned to a stand of one plant per hill. At both the 

locations, the crop had a mild attack of shootfly. Furadan 3 G 

granules were applied at the rate of 16 kg/ha for control of the 

shootfly. 

A random sample of twenty plants, regarded statistically 

adequate, was harvested from each plot and data were recorded for 

the following characters. 

DESCRIPTION OF PARAMETERS 

1. Days to 50% flowering 

The number of days taken by an entry from planting to 
when 50% of the plants in the two central rows of the plot have 
started shedding pollen. 
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2. Plant height 

Average plant height was recorded in centimeters from the 
base of the plant to the tip of the panicle. This was effectively 
done by measuring the height of 5 random plants from the two 
central rows of the plot and averaging it for the purpose of final 
value of the entry. The correct time to note this character was the 
grain filling stage. 

3. Head length 

Average head length was recorded in centimeters from the 
base of the head to the tip of the head. This was done by measuring 
the length of five random plants from the two central rows of the 
plot and averaging it for the purpose of final value of the entry. 
The correct time to note this character was the grain filling 
stage. 

4. Number of seeds per head 

Number of seeds per head was arrived-at by counting the 
seeds of five heads per plot in the central two rows and dividing 
by the number of heads. 

5. looo-grain weight 

1000-grain weight was taken as average of 10 samples of 1000-
grain each obtained at random from the bulk grain produce of each 
plant. Weight was measured in grams with electronic balance to the 
nearest 0.01 . gram. 

6. yield per plant 

Grain yield per plant was obtained in grams after thresh ­
ing total heads of the central two rows and the mean calculated per 
plant. 

7. Threshing percentage 

Threshing percentage was calculated by dividing total 
weight of seeds of five heads by the total weight of (unshelled ) 
five heads and mUltiplied by 100 at a uniform moisture content. 
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8. Maturity Index 

120 days after planting all the plants in each entry and 
replication were harvested separately. Seeds from five randomly 
taken plants per head were bulked and the aleurone layer was 
checked for 20 seeds per plot and were grouped in three maturity 
classes based upon the aleurone layer colour, ranging from light ­
brown (MC1) to black (MC3). For maturity index, heads in each class 
were multiplied with its class number and summed- up. The higher 
values of the maturity index reflect earlier maturity. 

9. Number of leaves per plant 

Number of green, possible functional leaves per plant 
were taken on weekly basis and extended upto panicle initiation, 
and the mean calculated accordingly. 

10. Leaf area of upper six leaves (LAUSL) 

The area of upper six leaves per plant was taken by 
calculating the leaf area of each of the six leaves and summed up. 
The area of each leaf was calculated by the formula following Me 
Kee (1965) as under: 

Length of leaf X breadth of leaf X 0.73. 

11. Percent green leaf area 50 days after flowering 

Green leaf area of individual leaf was recorded in 
percentage visually and summed - up for all the leaves per plant. 

12. Sugar percentage in stem 

Sugar content (including soluble salts) in the central 
portion of the stalk, was taken for the three distinct phenotypes 
mentioned above, and percent basal stem sugar was determined from 
five plants per plot with the help of refractometer. 

Analysis of variance was run on all characters for 

individual location and combined for the two locations using mean 

values for each plot at each location as a factorial design in 

which the pooled sum of squares for males and females estimated 
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general combining abili ty and male x female interaction sum of 

squares estimated specific combining ability (Hallauer and Miranda 

1981). General and specific combining ability effects of the 

parents were estimated according to Simmonds (1979) . Analysis of 

variance for parents and crosses was performed by location and 

across locations. Pearsons correlation among maturity and other 

agronomic traits was also calculated. 

FIELD TRIAL (F2 GENERATION) 

Seed from all replications of the F1 trial was bulked for 

each entry. A random sample from bulked seed of all the entries was 

taken to plant F2 trial . The F2 entries wi th the parents were 

planted in July 1994 at the same sites as for the F1 tests. The 

trial was conducted in randomized complete block design with three 

replications . The trial was conducted at NARC Islamabad and MMRI 

Yousafwala. At both the locations normal cultural practices were 

followed throughout the season. Fertilizer was applied at the rate 

of 6 0 - 30 - 0 kg /NPK in the form of nitrophos and urea. 

Each plot consisted of four rows 5m long 75 cm apart with 

25 cm spacing between the hills. Planting was made at the rate of 

two seeds per hill and when the seedlings reached six leaf stage, 

these were thinned to a stand of one plant per hill. At NARC the 

crop had been attacked by shootfly. Furadan 3 G granules were 

applied at the rate of 16 kg/ha for control of the shootfly. Each 

trial was harvested 120 days after planting. A sample of 5 - 10 heads 

was collected from each plot in each replication. The data was 

recorded on the parameters as desc r ibed for F1 generation. Analysis 

for combining abili ty was carried out as described for the F1 

generation . 



RESULTS 

A: GENERATION MEANS ANALYSIS 

CROSS 1 (ICSV 107 X Pot.3-9) 

The parents of this cross differed significantly for all 

the variables (Table 1). The early parent, Pot. 3 - 9 had the 

earliest average matur i ty (MI 144.00). ICSV 107 was significantly 

better parent than Pot. 3-9 for yield per plant, head length, 

number of seeds per head, leaves per plant, LAUSL, %GLA 50DAF and 

sugar percentage, while Pot. 3-9 was significantly better in 1 000 -

grain weight, threshing percentage, plant height and maturi ty 

index. The Fl means were significantly higher than the better 

paren t f o r yield , head leng th , seeds per head, and maturity index 

but not for leaves per plant, LAUSL and %GLA 50DAF. The Fl mean was 

close to the early parent for 1 00 0-grain weight. The BCl [ ( ICSV 107 

X Pot. 3-9) ICSV 107)], means of 34.73, 33.83, 2150.50 and 34.342 

for yield per plant, head Length, seeds per head and 1000 -grain 

weight exceeded their higher parents significantly while the 

difference was not significant for number of leaves per plant. The 

BC2 [(ICSV 107 x Pot.3-9) X Pot.3-9] means for maturity index and 

seed weight were better than the early parent values (Table 1) . 

Generation means analysis indicated that additive me an 

squares were significant for yield per plant, head length, seeds 

per head, threshing percentage, maturity index, %GLA 50DAF and 

sugar percentage (Tables 3,4 ) . Dominance mean squares were also 

significant for yield per plant, 1 000 -grain weight, maturity index, 

%GLA 50DAF. Epistasis means squares were significant for head 

length, 1 000 -grain weight, maturity index and sugar percentage, 

which had significant additive x additive epistasis in this cross. 

Epistasis mean squares were significant for yield per plant, 1000-

grain weight and %GLA 50DAF which had significant dominance x 

dominance epistasis in this cross. Additive x location interaction 

was significant for maturity index and %GLA 50DAF. 
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Table 1. 

Generat ion 

P1 (ICSV 107) 

P2 (Pot .3 -9 ) 

F1 

F2 

BC1 

BC2 

BC1(S) 

BC2(S) 

P1 (ICSV 219) 

P2 (Pot.3 -9 ) 

F1 

F2 

BC1 

BC2 

BC1(S) 

BC2(S) 
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Generation means for maturity and nonsenescence traits in 
t wo crosses over two locations-1992. 

Yield per 
plant (g) 

28.94cd 

15.55e 

32.60b 

29.05cd 

34.73a 

29.48c 

32.86b 

28.22d 

27.78e 

14.83f 

32.67b 

31.08c 

35.97a 

31.11c 

33.03b 

29.53d 

Length of 
head (em) 

Seeds per 
head 

1000 - grain 
Weight (g) 

CROSS 1 (ICSV 107 X Pot. 3-9) 
30.23c 1759.25c 26.902d 

21.39d 

32.41b 

30.36c 

33.83c 

30.83c 

32.58ab 

30.02c 

496.87d 

3253.12a 

1990.37ab 

2150.50a 

189 0.12bc 

2056. 50ab 

189 3.25bc 

31.135abc 

33.392ab 

30.392bc 

34.342a 

34.087a 

29.313cd 

31.686abc 

CROSS 2 (ICSV 219 X Pot. 3-9) 

30.83abc 

19.04d 

31.06abc 

28.76c 

31.68ab 

29.48bc 

32.17a 

31.97a 

1703.25c 

502.87d 

2182.87ab 

2097.60ab 

2210.00a 

1998.37ab 

2002.87ab 

1947.37b 

27.662c 

30.582bc 

34.477a 

33.127ab 

33.853ab 

34.011a 

32.165ab 

35.483a 

Threshing Maturity 
% Index 

68. 23f 

81.72a 

73.63c 

72.58ed 

76.40bc 

69.48ef 

77.09d 

72.77de 

70.07e 

82.98a 

73.19bc 

72.84bc 

72.50bc 

76.01b 

74.62b 

74.58b 

117. 50f 

144.00d 

148.00bc 

146.00cd 

134.00 e 

151. 50a 

135. 50e 

15D.DO ab 

111.50e 

142.00b 

142.50ab 

141.00b 

132. 50c 

146.00a 

127.50b 

144.00ab 

Means with the same letters are not significantly different according to Waller­
Duncan mUltiple range test (K ratio = 100) . 



Table 2. 

Generation 

PI (ICSV 107) 

P2 (Pot.3-9 ) 

F1 

F2 

BC1 

BC2 

BC1(S) 

BC2(S) 

PI (ICSV 219) 

P2 (Pot.3-9) 

F1 

F2 

BC1 

BC2 

BC1(S) 

BC2(S) 

53 

Genera tion means for maturity and nons enescence traits in 
two crosses over two locations-19 92. 

Plant 
Height (em) 

174.2Sf 

239.00cd 

242.75bc 

240.50bc 

234.62d 

2S0.37a 

229.00e 

245.37ab 

171.37c 

235.75b 

245.87a 

247.12a 

244.37a 

248.50a 

237.75b 

244.87a 

Leave s per 
Plant 

L A U S L 
( cm2

) 

CROSS 1 ( ICSV 107 X Pot. 3-9 
14.25a 2983.87c 

9.75d 

13.62ab 

12.87bc 

14.00a 

12.2Sc 

13.62ab 

12 .62e 

23S0.12d 

3187.00abc 

3121.25abc 

332S.S0a 

3290.62ab 

3304.00ab 

3022.2Sbc 

CROSS 2 (I CSV 219 X Pot. 3-9) 

13.87a 

8.75d 

12.37bc 

12.2Sbc 

13.7Sa 

l3.37ab 

12.62abc 

11.S0c 

30S1.63cd 

2194.12e 

3266.87b 

3197.12b 

3372.S0a 

3081.12c 

3254.00b 

2964.00d 

%GLA 
50 DAF 

81.02b 

42.0Se 

82.2Sb 

72.08c 

86.02a 

66.75d 

81.11b 

66.85b 

84.61a 

37.42e 

84.36a 

68.89c 

87.26a 

67.11cd 

80.47b 

64.70d 

Sugar% 

12.53a 

4.02e 

8.4 5b 

6.2 6c 

9.13b 

6.4 1c 

6.6 Sc 

5.26d 

14.24a 

3.90f 

10.46c 

7.14e 

11.99b 

6.30e 

8.7 Sd 

Means with the same letters are not significantly different according to Wal ler ­
Duncan mUltiple range test (K ratio = 100). 
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Tabl e 3 . Mean squares for maturity and nonsenescence traits for 
cross 1 (ICSV 107 X Pot.3-9) over two locations - 1992. 

Source 

Location 
Rep (Loc ) 
Generations 

Additive (A) 
Dominance (D) 

AA 
AD 
DD 

Loc X Gen . 

A X Loc. 
D X Loc. 
AA X Loc. 
AD X Loc. 
DD X Loc. 

Error 

CV (%) 

df 

1 
6 
7 

1 
1 

1 
1 
1 

7 

1 
1 
1 
1 
1 

42 

Yield per Length of 
p l ant (g ) head (cm) 

0.74 
1. 3 4 

277.15* * 

83.27** 
27. 93 ** 

5.82 
7.02 

15.13 * 

1.18 

0.41 
0. 27 
0.70 
2.72 
0.29 

3.42 

6 .3 9 

6 .89* 
6 .16** 

116.26** 

33 .20** 
2 .49 

5 .91* 
6 .82* 
0.03 

4.26* 

0.04 
7 .75* 
0.83 
0 .77 
7.60 * 

3.45 

6.15 

* Significant at 5 % level. 
** Significant at 1% level. 

Seeds per 
head 

296752.56** 
30556 1 .03** 

2356955. 92 ** 

521998.41** 
208.30 

353193.88* 
183208.29 

34. 98 

29328.06 

3996.00 
147369.24* 

151. 11 
25821. 54 
42995. 91 

74334. 30 

15. 16 

1000-gra in Threshing 
Weight (g) % 

1. 35 
16 . 38 
52.11 ** 

31.08 * 
88 . 85** 

30.16* 
9.85 

41.59 * 

2.29 

7.83 
3 .74 
1. 01 
4.36 
2.39 

10.28 

10.21 

19.58 
32 .43** 

151.13** 

99.85 ** 
22.09 

19.52 
87.61** 
9.14 

2.18 

3.50 
1. 38 
9.74 
0.35 
0.14 

12.87 

4.85 

Ma turity 
I ndex 

110 . 25** 
5 . 83 

1034 . 82** 

251 . 61** 
2 . 66* 

92 . 44** 
11 . 43* 

0 . 08 

1.11 

1 . 61* 
10 . 64 
27 . 28* 
1.14 
0 . 43 

9 . 14 

2 . 15 
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Table 4. Mean squares for maturi ty and nonsenesc ence traits for 
cross 1 (ICSV 107 X Po t.3 -9) over two l o cations - 1992. 

Source df Plan t Leaves per L A U S L %GLA Su gar% 
Height (cm) Plant (cm2

) 50DAF 

Location 1 19.14 0. 01 106194.51 272.25** 17. 74 ** 
Rep. (Lac) 6 26.32 1. 50 775.70 11.20 1. 82 * 
Generation 7 4690.62 16. 57 ** 814707.42** 1619.16** 5 6. 32 ** 

Additive (A) 1 1610.76 12. 82 290251.72 1114.87* 3 3 .46 * 
Dominance (D) 1 305.52 0. 18 126993.08 157.55* * 0.4 1 

AA 1 424.72 2. 19 228 5 6.88 17.68 24. 8 0** 
AD 1 62.4 4 0. 52 653.62 32.21 0.1 6 
DD 1 194.86 0. 05 71779.01 64.52* 0 . 1 5 

Lac X Gen. 7 13.39 0. 43 60776.91 48.78** 3 .45 ** 

A X Lac. 1 0.86 0. 69 14685.17 85.32* 0. 31 
D X Lac. 1 2.06 0. 35 26992.30 136.54** 10. 97 * * 
AA X Lac. 1 57.99 1. 02 214 52.43 7.37 0.0 2 
AD X Lac. 1 11.61 0. 07 33834.86 24.38 0.81 
DD X Lac. 1 1. 32 0. 12 14108.16 58.20 3.14 

Error 42 45.4 4 0. 95 75389.36 17.54 1.18 

CV (%) 2.90 7. 55 13.24 5.80 14.80 

* Significant at 5% level. 
** Significant at 1% level. 
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Domi nance x l o c at i on i nte r act i on was signi f icant f o r h ead 

l e ngth, s eeds per head , %GLA 5 0 DAF and sugar percentage indicating 

that genetic es tima t e s f o r t he s e t r aits are n ot c onsis t ent over 

locations . 

Non-significant parameters were removed from the full 

model to have the better estimates of the significant components. In 

the reduced model, additive effects were highly significantly 

different from zero for all the characters studied (Tables 5,6). 

Dominance effects were also significant for yield per plant, head 

length, 1000-grain weight, LAUSL and %GLA 50DAF. For maturity index 

additive effect was almost equal to AA. Epistasis was there for all 

the trai ts where addi ti ve x addi ti ve, addi ti ve x dominance and 

dominance x dominance type of epistasis were significant. 

CROSS 2 (rCSV 219 X Pot. 3-9) 

In this cross the par ents differed significantly for all 

the t r aits, except 1000 - grain weight. Parent Pot . 3-9 was the e arly 

par ent with highest maturity index o f 142 . 00 (Table 1) . ICSV 219 

was the better parent for yield per plant, head length and number 

o f seeds per head . The F1 me ans were clos e to the better p arent 

(ICSV 219) for yield per plant, head length, seeds pe r head, 

threshing percentage, leaves per plant, LAUSL and %GLA 50DAF, while 

the mean was close to the midparent value for sugar content. The F1 

means were close to the parent Pot . 3-9, for 1000 - grain weight and 

maturity index. Backcrossing of the F1 with the earlier parent, 

Pot. 3 - 9, increased earliness and with ICSV 219 delayed maturity 

and increased the mean yield per plant, head length and the number 

of seeds per head. 

Generation means analysis indicated that additive mean ­

squares were significant for all the traits. Dominance was signi­

ficant for yield per plant, maturity index, leaves per plant,LAUSL, 

%GLA 50 DAF and sugar percentage (Tables 7,8). Additive x additive 

type of epistasis was significant for head length, LAUSL a nd sugar 
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Estimates of genetic effects on maturity and nonsenesence 
associated characters, in two crosses-1992. 

Parameter Yield per 
plant (g) 

Length of 
head (cm) 

Seeds per 
head 

1000-grain 
Weight (g) 

Threshing 
% 

CROSS 1 ( ICSV 10 7 X Pot. 3-9) 

M 22.97* * 26.2 8** 2179.59** 21.64** 73.99 ** 
+0.45 +0.45 +48.28 +3.05 +0.44 

A 6.11* * 3.87** 603.68** -1.76** -6 . 34 ** 
+0.38 +0.3 8 +0.63 +0.63 +0 .8 6 

D 27.16* * 18.2 4** 29.79** 
+2.14 +2.15 +8.67 

AA 1 01 5.58 ** 7.61* 
+91.03 +3.15 

AD -931.64** 29 .74** 
+251.94 +3.77 

DD -18.01** 12.42 ** -18.2 1* * 
+2.13 ±2.1 4 ±6.19 

R2 (%) 0.89 0.78 0.78 0.36 0.55 
(0.91) (0.79) (0.78) (0.37) (0.58) 

Values in parentheses are R2 f or full model . 
* Significant a t 5% level. 

** Significant a t 1% l e vel. 

Maturity 
I ndex 

14 6 . 87** 
+0.56 

- 1 3.17** 
:t o.78 

- 1 6 . 17** 
+1 . 06 

-8 . 00* 
+3 . 41 

0. 92 
(0 .92) 
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Table 6. Estimates of genetic effects on maturity and nonsenescence 
associated characters, in two crosses-1992 . 

Parameter Plant 
Height (cm) 

Leaves per 
Plant 

L A U S L 
(cm2

) 

M 

A 

D 

AA 

AD 

DD 

R2 (% ) 

CROSS 1 (ICSV 107 X Pot. 3 - 9) 

227.67 ** 13.38** 1697.80 ** 
+6.397 +0.17 +64.63 

- 31.64** 1.96** 264.02** 
+1.595 +0.19 +55.34 

60.29** 1887.55** 
+18.29 +309 .49 

- 20.16** -1.33** 
+6.605 +0.32 

37.64** 
±6.989 

- 4 5.80 ** -1418.88** 
+13.009 +308.29 

0.78 0.66 0.54 
( 0.94 (0.68) (0.56 ) 

Values in parentheses are R2 for full model. 
* Significant a t 5% level. 

** Significant a t 1% level. 

%GLA 
50DAF 

72.20** 
+2.23 

18.58** 
+0.96 

10.00 ** 
+3.32 

-9.82 ** 
+2.71 

0.89 

Sugar% 

3.78** 
+0.611 

4.0 6** 
+0.31 3 

4.97** 
+0.907 

4.5 6** 
+0.741 

-4.26** 
+1.372 

0.80 
(0.79) 
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Table 7. Mean squares for maturity and nonsenescence traits for Cross 2 
(ICSV 219 X Pot. 3-9) over two locations-1992 

Source df Yield per Length o f Seeds per 1000-grain Threshing Matu rity 
plant (g) head (cm) head Weight (g) % I ndex 

Location 1 5.76 1. 96 6889.00 15.24 0.54 1 00. 00 * * 
Rep. (Loc) 6 2.76 2.81 209763.15** 4.53 47.79** 1 0. 83 
Generation 7 328.64 ** 151.07 ** 2 502719.52** 50.61** 116.56** 1087. 85 ** 

Additive (A) 1 74 . 43 ** 55.29 ** 7 53776.85** 23.92* 154.64 * * 361. 39 * 
Dominance (D) 1 70 . 35 ** 1.24 131711.85 4.71 0.09 8 0. 25 ** 

AA 1 11.08 35.01 * 205815.24 5.09 5.90 1. 62 
AD 1 0.73 1. 03 227937.15* 0.65 5.58 * 1. 40 
DD 1 42 . 43 ** 0.11 125207.67 1. 93 0.52 26. 00 

Loc X Gen. 7 2.21 2.22 33 1 97.39 2.13 9.08 0. 57 

A X Loc. 1 0.28 0.08 19810.33 8.04 24 .41* 1.15 
D X Loc. 1 3.88 0.0 0 1550.55 2.84 0.00 14. 29 
AA X Loc. 1 0.00 1. 8 0 19795.59 2.96 0.35 27.0 5 
AD X Loc. 1 5.25 3.7 0 39 4 05.54 0.24 0.06 0.2 9 
DD X Loc. 1 1.44 0.0 0 4 887.91 0.39 0.96 2. 50 

Error 42 4.19 7.49 7 5934.33 8.74 16.67 10. 55 

CV (%) 6.93 9.32 15.05 9.05 5.47 2. 39 

* Significant at 5% level 

** Significant at 1% level. 



60 

Table 8. Mean squares for maturi ty and nonsenescence traits for Cross 2 
(ICSV 219 X Pot. 3-9) ove r two locations - 1992 

Source 

Location 
Rep. (Loc) 
Generation 
Additive (A) 
Dominance (D ) 

AA 
AD 
DD 

Loc X Gen. 
A X Loc. 
D X Loc. 
AA X Loc. 
AD X Loc. 
DD X Loc. 

Error 

CV (%) 

df 

1 
6 
7 
1 
1 

1 
1 
1 

7 
1 
1 
1 
1 
1 

Plant 
Height (cm) 

19.14 
14.39 

5356.35 
1619.44** 

275.47 

677.44 
159.64 
191.44 

11.92 
0.01 
2.88 

20.77 
37.79 
1. 91 

39.20 

2.67 

* Significant at 5% level . 
** Significant at 1% level. 

Leaves per 
Plant 

0 .56 
1. 03 

21. 82** 
26 .09* * 
13. 69* * 

3 .09 
3 .00 
3 .87* 

1. 78 
3 .71 * 
0 .60 
1. 30 
0 .16 
0 .79 

1. 28 

9 .18 

L A U S L 
(cm2

) 

2388.76 
14939.70 

1091598.67** 
385614.18** 
104524.40** 

73401.19** 
7279.22 

57103.57* 

3879.12 
6068.60 

645.64 
6564.28 

67.54 
535.18 

10766.69 

5.07 

%GLA 
50DAF 

125.72* * 
17 . 44 

2173.70* * 
1034.06* * 

232.30* * 

4.81 
29.44* 

100.33* 

8.54 
6.02 

93 . 99* 
14.42 

6.18 
67.99* 

23 . 78 

6.79 

Su gar% 

1. 8 9 
1. 97 

92.0 5* * 
28 .2 1* * 

3 .2 5* 

14. 14** 
8. 21 
0 .2 3 

2 .6 4 
1. 1 0 
0 .3 2 
0 .05 

10 .6 8* 
0. 0 0 

2 . 42 

17 .9 4 
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percentage. After removing the nonsignificant parameters from the 

model the R2 was still high, indicating that the parameters 

removed, made little contribution for the variation. The result s 

fr om the reduced model indicated that dominance effects were 

significant and higher in magnitude than additive effects for yield 

per plant and the maturity index. Dominance effects were 

significant for yield, maturity index, leaves per plant, LAUSL, 

%GLA 50DAF and sugar in this cross. Additive x additive epistatic 

effects were significant for threshing percentage and leaves per 

plant (Tables 9,10). The same was true for threshing in the 

additive x dominance epistatic effect. Epistasis was negatively 

significant for all other traits . 

HERITABILITY AND CORRELATION 

CROSS - 1 (ICSV 107 X Pot . 3 - 9) 

An estimate of narrowsense heritability (h2
) was computed from 

the components o f variance in F2 generation and f or the two b a ck 

crosses as described by Allard (196 0) As location effects were 

highly significant for some of the traits, the heritability 

estimates were also computed fr om components of variance after 

removing the location effects. The narrowsense heritability (h2
) 

estimates from the components of variance in F2, backcross 1 and 

backcross 2 ranged from zero to 76 percent (Table 11). The high 

heritability estimate of 72 percent was obtained for seeds per 

head, while it was low for yield per plant which was 7 percent. Fo r 

1000-grain weight and head length, heritabilities were 33 percent 

and 31 percent, respectively. 

Phenotypic correlations of maturity with 1000 - grain 

weight and threshing percentage was positive (Table 12). Though 

these phenotypic correlations were high but none was significant. 
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Estimates of genetic effects on maturity a nd nonsenescence 
associated characters , in two crosses-1992 

Parameter Yield per 
plant (g) 

Length of 
head (cm) 

Seeds per 
head 

1000-grain 
Weight (g) 

Threshing 
% 

Cross 2 (ICSV 219 X Pot. 3-9) 

M 25.89* * 31.69** 2246.05** 34.63** 73.40** 
+1.99 +0.47 +4 9.10 +0. 5 0 +0.70 

A 6.27** 5.53** 566.82** -1.55** 5 .98** 
+0.50 +0.65 +66.47 +0.18 +0 . 96 

D 25.93* * 
+5.67 

AA - 4.14* -6.16** -1 1 07.72** 5.23* * 3 . 25** 
+2.05 +0.88 +90.82 +0.95 +1 .31 

AD - 4.46* -9.60** -977.37** 8.76* 
+2.17 +2.83 +2 91.28 +4.21 

DD -1 9.44** 
+4.05 

R2 (%) 0.90 0.68 0.79 0.38 0.92 
(O.69) (O.80) (O.39) 

Values in parentheses are R2 for full model. 
* Significant at 5% level . 

** Significant at 1% level. 

Maturity 
Index 

127.03** 
+0 .81 

- 15 .17** 
+0. 69 

37.42** 
+3.88 

-12.14** 
+3.87 

0.44 
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Table 10. Estimates of genetic e ffec ts on maturity and nonsenescence 
associated characters , in two crosses-1992 

Parameter Plant 
Height (cm) 

Leaves per 
Plant 

L A U S L 
(cm2 

) 

M 

A 

D 

AA 

AD 

DD 

R2 (%) 

233.59 * * 
+5.97 

- 31.14 * * 
+1.49 

64.44 * * 
+17.01 

- 2 9.20 * * 
+6.17 

62.43 * * 
+6.52 

-52.71 * * 
+12.15 

0.94 

Cross 2 (ICSV 219 X Pot. 3 - 9) 

8.34** 
+1.15 

2.53** 
+0.29 

13.50** 
+3.27 

3.04** 
+1.18 

-4 .57** 
+1.25 

-9 .51** 
+2.33 

0.653 

1914.50** 
+98.44 

922.08** 
+24.54 

1118.03 ** 
+280.23 

- 279.19** 
+101.63 

314.79** 
+107.55 

-773.95** 
+200.16 

0.928 

Values in parentheses are R2 for full model. 
* Significant at 5% l evel. 

** Significant a t 1% l evel. 

%GLA 
50DAF 

63.46** 
+1.01 

21. 72** 
+1.05 

22.21** 
+2.10 

0.899 
(0.911) 

Sugar% 

aw 

5.06** 
+0.74 

4.7 6** 
+0.32 

5.47** 
+1.09 

4. 13** 
+0.89 

0. 809 
(0. 810) 
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Table 1 1 . Narrow sense her i tabil ity estima t e fo r maturity and nonsenescenc e 
traits in t wo crosses on the bas i s o f variance components- 1 992. 

T R A I T Cross 1 ( ICSV 10 7 X Pot.3 - 9) 

Includi ng 
a l l ef f ects 

Yi eld/pl ant 7% 

Head length 31% 

Seeds / head 72 % 

1 000-grain weight 33 % 

Threshing% zer o 

Maturity index zer o 

P lant height 21% 

Leav es /p lant 64 % 

LAUSL 66 % 

%GAL 50DAF 12 % 

Sugar% 3 9% 

Ex c luding 
Location ef fec t s 

11% 

33% 

71% 

37% 

25% 

z e ro 

19% 

67% 

z e ro 

zero 

31% 

Cross 2 (ICSV 219 X Pot .3-9) 

Including 
all effects 

4% 

29% 

18% 

zero 

17 % 

zero 

zero 

73 % 

62% 

65 % 

57 % 

Exc l uding 
loca t ion effects 

17% 

22 % 

2 1 % 

1 3% 

1 6% 

7% 

9% 

74% 

61% 

59 % 

5 3% 



65 

CROSS-2 (ICSV 219 X POt.3-9) 

In this cross the narrowsense heri tabili ty estima tes 

computed from the variance components were higher than cross 1. The 

estimates ranged from zero percent to 73 percent. Heritability 

estimates in this cross were 62 percent for LAUSL, 65 percent for 

%GLA 50DAF, 57 percent for sugar content, 29 percent for head 

length, 13 percent for lOOO -grain weight and only 7 percent for 

maturity index. Heritability estimates, after excluding location 

effects were not so different for yield per plant, seeds per head, 

l OOO-grain weight and threshing percentage but there was much 

difference in stay-green trai ts LAUSL, %GLA 50DAF and sugar 

percentage, showing genotypic x location interaction for these 

traits. 

positive and highly significant correlations were 

obtained between yield per plant, head length, seeds per head, 

lOOO-grain weight, leaves per plant, LAUSL, %GLA 50DAF and sugar 

percentage (Table 13). Correlation of yield per plant was positive 

with maturity index but it was not significant. 

There were positive and highly significant correlations 

between maturity index, lOOO-grain weight, (r=O.54) and maturity 

index and threshing percentage (r=O.34). 
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Table 12. Correlation coeficients among different characters for two Crosses -
Cross 1 (ICSV 107 X Pot. 3-9 ). 

Character Yield per Lenght of Seeds per 1000-grain Threshing Maturity Plant Leaves perLAUSL %GLA 
plant (g) head (cm) head Weight (g) % Index Height Plant (cm2

) 50DAF 
Sugar% 

Yield per 1.000 
Plant (g) 

0.910** 

Lenght of head (cm) 1.000 

Seed per head 

1000-Grain weight (g) 

Thresh ing% 

Maturity Index 

Plant Height (cm) 

Leaves per plant 

L A U S L (cm2 ) 

%GLA 50DAF 

Sugar% 

0.871** 0.140 

0.820** 0.106 

1.000 0.106 

1.000 

( cm ) 

-0.359* -0.149 -0.052 0.724** 0.754 0.904** 0.471** 

-0.351* -0.127 - 0.038 0.715** 0.697** 0.820** 0.407** 

-0.358* -0 . 053 0.014 0.582** -0.684** 0.762** 0.429** 

-0.836 0.434** 0.511**-0.069 0.178 -0.014 -0.222 

1.000 0 .069** 0.267* -0 .331* -0.294 -0.349* -0.411** 

1 .000 0.887** -0.381* -0.005 -0.381* -0.714** 

1.000 -0 .333** 0.068 -0.306* -0.699** 

1.000 0.502** 0.814** 0.573** 

1.000 0.609** 0.293** 

1.000 0. 634** 

1.000 



Table 13. Correlation coeficients among different characters for two Crosses -
Cross 2 (ICSV 219 X Pot. 3-9). 

Character Yield per Lenght of Seeds per 1000-grain Threshing Maturity Plant Leaves perLAUSL %GLA Sugar% 
plant (g) head (cm) head Weight (g ) % Index Height Plant (cm~) 50DAF 

Yield per 1.000 
Plant 

Lenght of head 

Seeds per head 

0.799** 

1.000 

1000- Grain weight (g) 

Threshing% 

Maturity Index 

Plant height (cm) 

Leaves per p l ant 

L A U S L (cm~) 

%GLA 50DAF 

Sugar% 

0.857 ** 0.322* 

0.749** 0.213 

1.000 0.254* 

1.000 

(cm) 

-0.487** 0.087 0.193 0.679** 0.936** 0.829** 0.531** 

-0.539** -0.220 -0.036 0.556** 0.785** 0.772** 0.521** 

-0.586** -0. 017 0.186 0.564** 0.879** 0.721** 0.398** 

0.015 0.537** 0.572** 0.116 0.183 0.057 -0.176 

1.000 0.340** 0.268**-0.499** -0 .613* *-0.617**-0.499** 

1.000 0.825**-0.371* -0 .196 -0.467**-0.678** 

1.000 0.204 0.091 -0.234* -0.567* 

1.000 0.670** 0.694** 0.572** 

1.000 0.859** 0.562** 

1.000 0.782** 

1.000 
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B. COMBINING ABILITY ESTIMATES 

Statistical analysis for all the characters were run both 

on the data for individual location as well as for the data 

combined over two locations. The average performance over two 

locations of the lines and crosses for the various character s 

alongwith their analysis of variance and combining ability analysis 

are presented in Tables 14 to 35. The mean values for individual 

location and their analysis are appended as Tables B1 to B26. 

EVALUATION OF PARENTAL LINES 

As is apparent from the data presented in Tables 14,15; 

the pure lines included in the present study exhibited a 

considerable range of differences for yield, maturity and stay­

green associated characters. In all cases, the differences among 

the lines were found to be highly significant. Line ICSV 107 

produced the h ighest grain yield o f 33.37 gm per plant and was 

50.66 percent higher than Pot. 3-9 the line at the lowest extremes, 

yielding only 18.04 gm per plant. The second high yielding line was 

ICSV 219 followed by ICSV 112, yielding 31.56 gm and 28.92 gm per 

plant, respectively. 

Bagdar with a weight of 37.72 gm per 1000-grain weight, 

produced the heaviest seeds among the mal e parents followed by Pot. 

3 - 9, giving a mean weight of 34.51 gm per 1000 grain weight. Among 

the female parental pure lines ICSV 107 yielded 29.84 gm per 1000 

grain weight. Rest of the lines were intermediate and the 

differences were not significant among them. 

A fairly wide range of difference was exhibited by the 

female and male parents wi th regard to the number of seeds per 

head. The line ICSV 107 with a mean of 1221.50 seeds per head was 

the highest in number of seeds per head, followed by ICSV 219 with 

an average of 1197.13 seeds per head. Among the male parents DS- 75 

produced 895.25 seeds per head followed by Bagdar (711.63 seeds per 

head ) . 



Table 14. 

Pure Lines 

ICSV 107 

ICSV 112 

ICSV 219 

Pot. 3-9 

Red Janpur 

Bagdar 

DS-75 

69 

Means of the pure lines for yield, yie ld components 
and stay-green charac ter over two locations-1990. 

Yield per 
plant (g) 

33.37a 

28.92b 

31.56a 

18.04d 

20.17c 

23.78c 

23.8lc 

Length of 
head (cm) 

30.84a 

28.08a 

28.43a 

19.76b 

18.09b 

16. 56b 

22. 53 b 

Seeds per 
head 

1221.50a 

1097.13b 

1197.13a 

633.7 5d 

655.00d 

711.63d 

895 .25c 

1000-grain 
Weight (g) 

29.84b 

25.90b 

26.93b 

34.51a 

29.53b 

37.72a 

25.71b 

Threshing 
% 

76.52ab 

71.13b 

71.90b 

79.47a 

75.32ab 

70.92b 

71.38b 

Maturity 
Index 

12 3.50d 

11 5.25e 

117. 25e 

154.38a 

144. 88b 

13 6.50c 

134. 13c 

Mean s with the same letters are not significantly different according to Wal ler -
Duncan multiple range test (K ratio = 100). 



Table 1 5 . 

Pure Lines 

ICSV 1 07 

ICSV 112 

ICSV 21 9 

Pot . 3 - 9 

Red Janpur 

Bagdar 

DS - 7 5 
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Means of t he p u re lines fo r y ie l d, yield c ompone nts 
and stay-green character over two locations - 1990 . 

Plant 
Height (cm) 

1 7 3.74c 

1 62.29c 

178.16c 

2 7 5.41a 

2 2 6 . 94 b 

258.9la 

l56.8ld 

Leaves per 
Pl a nt 

14.71a 

1 4.19a 

15 .40a 

1 0.86b 

11.16b 

l3 .80a 

l 2.95b 

L A U S L 
( (cm2

) 

332 2 . 75b 

32 59.50b 

33 53.13a 

246 9 . 25c 

25 58.50c 

300 3 . 38b 

300 2 . l3b 

%GLA 
50DAF 

75. 7 3b 

73.92b 

82. 1 4a 

37.66e 

42 .6 8d 

50.39 c 

47. 4 6c 

Suga r % 

12.94b 

12.15b 

14.73a 

5.l5c 

5.24c 

5.04c 

4.S5c 

Means with t he same le tters are n ot s ignificantly different according to Wall er­
Du ncan multiple r ange tes t (K ratio = 100). 
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ICSV 107 with 30.84 cm head length was better in head 

length compared with rest of the male and female parents but the 

difference among the female parents was not significant. Among the 

male parents, the head length of DS-75 was 22.53 cm. The other male 

parents did not differ significantly from each other. 

A perusal of the data in Table 14 indicates that a narrow 

range of difference existed for threshing percentage of all the 

lines studied. Pot. 3 - 9 with a mean value of 79.47 had the highest 

threshing percentage and was followed by ICSV 107 with threshing 

percentage of 7 6.52. 

A considerable range was observed in maturity index of 

different lines. ICSV 1 07 among the female parents was earlier with 

regard to maturity having maturity index of 123.5 0 ; while among the 

male lines Pot. 3-9 a local adapted pure line, was the earliest one 

wi th ma turi ty index of 154.38. Red Janpur was the next early 

maturing line. ICSV 112 and ICSV 2 19 with respective values of 

115.25 and 117.25, did not differ significantly from each other. 

In case of plant height the male line Pot. 3-9 produced 

the tallest plants with an average value of 275.41 cm and was 61.28 

percent taller than DS-75, which is at the lowest extreme with a 

mean of 156 . 81 cm. The female parental lines ICSV 107, ICSV 219 and 

ICSV 112 were not significantly different from each other. Pot. 3-9 

and Bagdar also did not differ significantly from each other. 

As regards number of leaves per plant (Table 15) the 

ICRISAT type lines were having more number of leaves than the local 

lines, except Bagdar which was at par wi th the ICRISAT types 

sorghum lines. 
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The same trend was observed in leaf area of upper six 

leaves (LAUSL). ICSV 219 was having the highest leaf area of 

3353.13 cm2 and that of Pot. 3-9 with lowest leaf-area of 2469.25 

cm2 /plant. Percent GLA 50 DAF was highest in case of ICRISAT type 

line ICSV 219 with a mean value of 82.14 percent. The local lines 

were lacking this character and none of the lines exceeded 50 . 39 

percent. Highest sugar of 14.73 percent was recorded in ICSV 219 

followed by ICSV 107 with sugar percent of 12 . 94. The sugar percent 

in the local lines was recorded very low, which ranged from 4.55 to 

5.24 percent. The sugar percent of Pot. 3-9 was recorded 5.15. 

There was no significant difference in sugar content of local 

lines. 

Referring to the analysis of variance of the lines over 

two locations (Tables 16,17 ) , locations were significantly 

~ifferent for yield per plant, 1 000-grain weight, threshing 

percentage, maturity index, plant height, leaves per plant, LAUSL 

~nd %GLA 5 0DAF . There were highly significant differences in the 

lines for all the traits studied. The lines x location interaction 

!las also significant for yield per plant, threshing percentage, 

?lant height, LAUSL and %GLA 50DAF. 

~OMBINING ABILITY STUDIES 

n GENERATION 

Like the parental lines, each of the twelve single 

!rosses among them exhibited considerable range of differences for 

'ield, maturity and stay-green associated characters as is evident 

:rom the pooled data presented in (Table 18). Locations were 

,ignificantly different for yield per plant, seeds per head, 1000 -

'rain weight, threshing percentage, maturity index, plant height, 

GLA 50DAF and sugar percentage. Highly significant differences 

'ere found among crosses for all the traits studied (Tables 18,19). 

ignificant differences were also observed in male versus females, 



Table 16. 

Source of 
variation: 

Loca tions 

Rep (Loc) 

Erro r 

Line s 

Loc X Lines 

Error 

* 
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Analysis of variance of pure lines (Parents) 
over two locations-1990. 

Df 

1 

4 

3 

6 

6 

36 

Yield per 
plant (g) 

123.76* 

25.77 

4.45 

266.75** 

35.04** 

4.82 

Significant at 5% 

Length of 
head (cm) 

111.16 

5.97 

11.88 

254.92* * 

3.47 

5.57 

level. 

Seeds per 
head 

1921.14 

20187.12 

12294.38 

521586.27** 

13418.52 

8865.19 

1000-grain Threshing 
Weight (g) % 

69.15* 130.19* 

7.67 2.09 

5.37 3.85 

172.07** 66.46** 

4.39 24.41** 

5.30 5.57 

** Significant at 1% level. 

Maturity 
Index 

12 92. 16** 

5.78 

17.16** 

1681. 39 ** 

8.4 5 

7. 08 



Table 17. 

Source of 
v ariation: 

Locations 

Rep(Loc) 

Error 

Lines 

Loc X Lines 

Error 

* 

** 

74 

Analysis of variance of pure lines (Parents) 
over two locations-19 90. 

Dr 

1 

4 

3 

6 

6 

36 

Plant 
Height (cm) 

2767.85** 

119.75 

53.30 

18919.69** 

1197.50** 

42.97 

Significant at 5% level . 

Significant at 1% level . 

Leaves per 
Plant 

2.84 

1. 84 

2.38 

24.10 ** 

1.11 

0.89 

L A U S L 
(cm2 

) 

500283.02 * 

16699.30 

50533.83 

1030264.23 ** 

99596.73** 

12606.38 

%GLA 
50DAF 

55.84 * 

2 . 43 

3.71 

2620.78** 

20.31** 

4.82 

Sugar% 

0.39 

0.96 

0.28 

161.61** 

3.06 

0.74 
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Table 18. Means squares of combining ability analysis of F1 hybrids over two locations-1993. 

Source 

Locations 

Rep(Loc) 

Entries 

df 

1 

4 

18 

Male vs Female 1 

Parent vs Cross1 

Among Males 3 

Among Females 2 

Among Cross 11 

Males 3 

Females 2 

Male X Female 6 

Loc X Entry 18 

Loc x Parent 6 

Loc X Cross 11 

Loc X Male 3 

Loc X Female 2 

L X M X F 6 

L X P vs C 1 

Error 72 

Yield per 
p l ant (g ) 

103.16** 

5.26 

231.86** 

4 8.21 ** 

67.81** 

29.82 

3.69 

11.90* 

4.60 

32.62 

3.97 

5.35 

5.83 

6.18 

10.28 

4.29 

4.77 

1 5 .54* 

5.11 

Length of Seeds per 
head (cm) head 

4.38 170520.75** 

2.23 32824.95 

125.59* * 111583 5 . 90 ** 

234.25 * 

98.91** 

54.31 

0.82 

19.39** 

24.95 

26.84 

13.81* 

6 .04* 

5.09 

7.96 

14.29* 

11.17 

3.73 

7.58 

3.57 

46475 2 . 61 * 

3577082.33** 

140387.33 

24186.50 

236834.74** 

291255.51 

349838.24 

162192.74** 

19350.48 

18385.82 

22474.86 

13943.90 

34842.93 

22623.15 

360946.67 

24280.49 

1000-grain 
Weight (g) 

174.14* * 

5.23 

129.35* * 

715.10* * 

24.71* 

171.95 

9.11 

122.40* * 

6.22 

405.08 

19 . 79* 

7.63 

29.45 

8.75 

6.68 

3.11 

11.67 

21.04* 

6.82 

Threshing 
% 

47.93* 

16.37 

116.00** 

365.16* 

1225.16 

65.40 

25.16 

136.32** 

64.08 

303.77 

76.68** 

33.25** 

283.33 

40.11** 

47.84** 

50. 47 

32.79** 

147.04 

10 .73 

* Significant at 5% level ** Significant at 1% level. 

Maturity 
Index 

862.00** 

9.28 

613.89** 

2186. 90** 

829.66 

556.77 

148.1 

150.82** 

107.04 

466.46 

7.60 

32.98** 

94.74 

50.32** 

88.24** 

4.18 

46.76** 

271.98* 

10.9 5 
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Table 19. Means squares of c ombining a b il i ty analysis of F1 hybr ids 
over t wo l oca t ions -1993. 

Source 

Locations 

Rep (Loc) 

Entries 

df 

1 

4 

18 

Male vs Female 1 

Parent v s cross1 

Among Males 3 

Among Females 2 

Among Cross 11 

Males 3 

Females 2 

Male X Female 6 

Loc X Entry 18 

Loc X Parent 6 

Loc X Cross 11 

Loc X Male 3 

Loc X Female 2 

L X M X F 6 

L X P v s C 1 
Error 72 

Plant 
Height (c m) 

1259 . 53 * * 

27 .9 1 

9192 .44** 

312 0. 62 * 

3722.25 

1 1767. 16 ** 

53 . 68 * 

8439 .0 1 * * 

983 . 65 * * 

2 599 8. 31 * * 

21 44.4 8 * * 

25 5. 77 * * 

81 7.2 1 

37 4. 72 * * 

485 .4 7 * * 

63 4. 82 * * 

23 2. 65 * * 

97 9.4 3 
55.9 1 

* Signi fi c ant at 5% level . 

Le a v es p er 
Pl an t 

1. 92 

1. 80 

9.30** 

17.23* 

8.50 

10.22 

0.61 

1 . 84* 

0.21 

4.79 

0.90 

2.08** 

9.13 

2.87** 

0.33 

8.21** 

2.3 5 * 

13.72 
0.77 

L A U S L 
(cm2 

) 

78496.22 

43910.59 

520180.50 

194390.41 * * 

206870.37 

734462.49 

29355.72 

232864.74 * * 

374637.18 

243801.13 

180139.07 * * 

17 0 02aw17 ** 

212356.66 

214118.71 * * 

554682.57 * * 

173423.01 * 

57402.01 

136219.33 
51672.39 

%GLA 
5 0DAF 

243. 3 8 ** 

4.42 

940 . 11** 

35 2 . 60** 

36 1 . 58 

10 2 . 5 5 

15 6 . 47 

135. 08** 

30 0 . 99 

2 48 . 1 5 

23.2 5 ** 

75 .96** 

1 98 . 39 

10 9 . 42** 

43.12** 

3 79 . 4 5 ** 

52 . 56 

1 49.19 
6.4 2 

** Significant at 1 % lev e l . 

Su g a r% 

11.17 * * 

0. 51 

49 . 35 * * 

17 . 66 * * 

13 . 52 

0. 88 

2 . 12 

8 . 38 * * 

8 . 46 

23 . 24 

0. 92 

2 . 75 * * 

5 . 41 

3 . 07 * 

2 . 28 * 

8 . 40 ** 

1. 69 

4. 77 
0. 79 
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for all the traits, while differences were significant for parents 

versus crosses for yield per plant, head length, seeds per head, 

and 1000-grain weight. Male and female parents also differed among 

themselves, but the differences were not significant. Male and 

female GCA mean squares were non-significant for all the traits 

except plant height. SCA was significant for head length, seeds per 

head, 1000-grain weight, threshing percentage, LAUSL, %GLA 50DAF 

and plant height and was non- significant for yield per plant, 

maturity index, leaves per plant and sugar percentage. The SCA mean 

squares were much smaller than GCA for all the trai ts which 

indicates that additive genetic variances were more important than 

nonadditive genetic variances. The genotype x environment 

interaction was significant for threshing percentage, leaves per 

plant, LAUSL, %GLA 50DAF, plant height and sugar percentage, which 

showed significant, interaction between location and GCA for 

females. Tables 18,19 also indicate that GCA and SCA estimates were 

consistent over locations for the same traits. Thus it appeared 

that yield and its components; and the stay-green associated 

characters were influenced by environmental interaction. 

The grain yield per plant in F1(s) ranged from 32.80 gm 

to 37.56 gm. The maximum yield (37 .56 gm) was obtained from the 

cross ICSV 107 X Pot. 3 - 9 which was 10.95 percent higher than the 

better parent and 29.87 percent than the mid-parent. The hybrid 

ICSV 107 X Pot. 3-9 showed significantly better performance than 

rest of the hybrids for plant height, yield per plant, seeds per 

head, head length, threshing percentage and maturity index. The 

mean value of this hybrid was greater than the better parent for 

yield per plant and mid-parental value for maturity index, seed 

weight and threshing percentage. Besides, six hybrids were such 

that these exceeded their mid-parental values for yield per plant, 

and seed weight and three hybrids exceeded mid - parents for maturity 

index (Tables 20,21). The 1000-grain weight for the crosses ranged 

between 26.606 and 40.498 gm. The heaviest seeds were recorded for 
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Table 2 0. Means of F1 hybrids and Parents for maturity and stay-green traits 
ov er two l ocat i ons- 1993. 

Parents . Yield per Length of 
plant (g ) head (em) 

ICSV 107 X Pot.3-9 37.56a 

ICSV 107 X R/Janpur 33.75bcd 

ICSV 107 X Bagdar 36.79ab 

ICSV 107 X DS-75 3 5 .66abcd 

ICSV 112 X Pot.3-9 34.52abcd 

ICSV 112 X R/ Janpur 33.8 5abcd 

ICSV 112 X Bagdar 3 6 .93 a 

ICSV 112 X DS-75 34.56abcd 

ICSV 21 9 X Pot.3-9 34.18abcd 

ICSV 219 X R/Janpur 32.80d 

ICSV 219 X Bagdar 3 6 .46abc 

ICSV 219 X DS-75 3 6 .19 abc 

ICSV 107 33.78bcd 

ICSV 112 35.08abcd 

I CSV 219 33.67cd 

Pot . 3- 9 1 8 .38f 

Red Janpur 18.49 f 

Bagdar 21.83 e 

DS -75 22.67e 

32.13a 

31.10abc 

31.18abc 

29.32cd 

30.18abc 

26.07e 

29.20cd 

30.48abc 

29.07cd 

27.28de 

31.90ab 

29.52bcd 

30.75abc 

30.90abc 

30.20abc 

21.40f 

17.08g 

17.35g 

23.15f 

Seeds per 
head 

18 58a 

17 52a 

16 87abc 

1817a 

1575abc 

14 88c 

1542bc 

1819a 

17 26ab 

1740ab 

11 29d 

16 56abc 

1 541de 

11 57d 

114 3d 

589f 

541f 

632f 

887e 

1000-grain 
Weight (g ) 

34.332bc 

28 . 848defc 

40.498a 

29.958cd 

33.153bc 

29.592def 

40.360a 

29.162defg 

35.393b 

26.606efg 

36.183b 

31.365cd 

28.964defg 

26 .81gefg 

26.840efg 

34 .2 08bc 

25.766g 

36.239b 

26.381fg 

Thre shing 
% 

Maturity 
Index 

79.56a 142.17b 

78.86ab 139.00bcd 

72.91cdefg 132.17fg 

73.19cdef 129.67gh 

74.31cdef 137.3 3cde 

74.92bcde 134.50ef 

68.72ghij 126.67h 

76.72abc 127.67h 

79.27a 138.67bcd 

79.24a 135.17def 

66.73 j 129.17gh 

66.91 j 130.33gh 

67.54 ij 118.00 c 

71.48efghi 108.33j 

70.46fghij 111.17j 

76.29abcd 149.83 a 

70.48fghij 140.00bc 

72.17defgh 129.83gh 

68.38hij 129.67gh 

Means with the same letters are not significantly different according to Wal ler ­
Duncan multiple range test (K ratio = 100). 
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Table 21. Means of F1 hybrids and Parents for maturity and stay-green t raits 
over two locations-1993 . 

Parents 

ICSV 107 X Pot.3-9 

ICSV 107 X R/Janpur 

ICSV 107 X Bagdar 

ICSV 107 X DS-75 

ICSV 112 X Pot.3-9 

ICSV 112 X R/Janpur 

ICSV 112 X Bagdar 

ICSV 112 X DS-75 

ICSV 219 X Pot.3-9 

ICSV 219 X R/Janpur 

ICSV 219 X Bagdar 

ICSV 219 X DS-75 

ICSV 107 

ICSV 112 

ICSV 219 

Pot. 3-9 

Red Janpur 

Bagdar 

DS - 75 

Plant 
Height (cm) 

273.73a 

210.97e 

252.67b 

181.29f 

272.38a 

228.16d 

207.65e 

159.05i 

248.25bc 

243.43bc 

210.97e 

176.60fg 

173.06fgh 

167.16hi 

170.95gh 

227.2 1 d 

244.05bc 

239.60c 

249.5 4 j 

Leaves per 
Plant 

12. 98d 

14. 38abc 

14 .55ab 

14. 37abc 

13. 23cd 

14. 18abc 

13.8 2abcd 

14.42abc 

13. 62abcd 

13. 62abcd 

14. 72a 

14. 33abc 

14.0 6abcd 

13.42bcd 

13. 79abcd 

10. 19f 

11. 53e 

13. 32cd 

11.18ef 

L A U S L 
(cm2 

) 

3327.8abcd 

3032.7def 

3481.0a 

3379.2ab 

2873.2fg 

2943.2efg 

3190.0abcde 

3312.0abcd 

4 551.5abc 

3021.7def 

3141.5def 

3064.5cdef 

3138.7bcdef 

3065.2cdef 

3205.0abcde 

2344.3h 

2429.0h 

3117.8bcdef 

2728.7g 

%GLA 
50DAF 

73.31cd 

73.56cd 

75.90cd 

73.05cd 

77.17b 

69.31efg 

66.86fg 

68.95efg 

82.67a 

66 . 44g 

71.09de 

68.43efg 

75.07bc 

69 . 94ef 

80.15a 

40.19i 

41 . 53c 

48 . 23h 

47.5Sh 

Sugar% 

7. 78cd 

6.0 5ef 

6. 75de 

5.32f 

8.80c 

6.12ef 

8. 20c 

6. 00ef 

8.7 5c 

6. 53e 

8.18c 

7. 06de 

12.9 3a 

11.7 5b 

12.75ab 

3.42g 

3.4 3g 

4.2 0g 

3.4 5g 

Means wi th the same letters are not significantly different according to Waller­
Duncan mUltiple range test (K ratio = 100). 
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~he cross ICSV 107 X Bagdar followed by cross ICSV 112 X Bagdar and 

:CSV 219 X Bagdar with mean 1000 - grain weight of 4 0 .498, 40.36 0 and 

6.183gm, respectively. 

For the number of seeds per head, cross ICSV 107 X Pot. 

-9 with a mean value of 1858 seeds per head is the best one, which 

.s closely followed by the cross ICSV 112 X DS-75 giving a mean of 

.819 seeds per head. The next best cross was ICSV 107 X DS-75 which 

'as at par with ICSV 112 X DS - 75 . The minimum number of 1129 seeds 

,er head were produced by the cross ICSV 219 X Bagdar, which was 

9.24 percent lower than the best cross. 

The data presented in Table 21 indicate that the various 

ross combinations exhibited differences of appreciable magnitude 

or the number of leaves per plant. The cross ICSV 219 X Bagdar 

,ith an average of 14.72 leaves was at the top with regard to the 

.umber of leaves per plant followed by ICSV 107 X Bagdar and ICSV 

.12 X DS-75 with mean values of 14.55 and 14 .42 , respectively. 

Plant height in different cross combinations varied from 

.76.60 cm to 273.73 cm. Maximum height of 2 73 .73 cm was exhibited 

'Y the cross ICSV 107 X Pot . 3-9 which was 35.16 percent higher 

.han the lowest cross ICSV 219 X DS-75, with a mean plant height of 

.76 . 60 cm. The maturity index ranged from 126.67 to 142 .1 7 among 

.he crosses. 

The maturity index recorded for the earliest cross (ICSV 

.07 X Pot. 3-9) was 142.17 and for the late cross (ICSV 112 X 

:agdar ) was 126 . 67 . The threshing percentage observed for the 

'arious cross combinations ranged from 66.73 to 79.56 percent. The 

.ross ICSV 107 X Pot. 3-9 with a value of 79.56 percent gave the 

lighest threshing percentage and was 15.88 percent better than the 

.owest cross combination. Crosses ICSV 219 X Pot. 3-9, ICSV 107 X 

IS - 75 and ICSV 112 X DS - 75 were the next best crosses with regard 

.0 threshing percentage .. 
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Analysis of variance, presented in Table 18 r eveals that 

variation due to locations for maturity index, 1 0 00-grain weight, 

seeds per hea d, %GLA 5 0DAF, s u gar percentag e, and plant heigh t was 

significant, but it was not significant for h ead l ength, threshing 

percentage, LAUSL and leaves per plant . While the cross x loc 

interaction wa s found to be significant for all the c haracters 

studied. The interactions of both general and specific combining 

ability with locations were h i ghly significant f o r major i ty o f the 

characters except fo r yield per plant and seeds per head. 

Relative general and specific combining ability effects 

and genotypic effects were calculated for all the characters. As i s 

evident from the data in Table 22, the greatest relative general 

combining ability effects for grain yield were observed for the 

line Bagdar, the value being 1 . 46 followed by ICSV 107 and DS - 75, 

with v alues o f +0.67, and +0. 2 0, re spe c t ive ly. Th e other lin e s were 

re l ative ly poo r combiners , the effects b eing -1. 80 ,- 0 .3 0 and - 0 .36, 

r e s p ectively. 

Bagdar, Pot. 3 - 9 with combining ability values of +6.961 

~nd +1 . 3 36 were b e s t comb i n ing line s a mong t h e male paren t s f o r 

1000 - grain weight, while ICSV 107 with the c ombining ability v a lue 

Jf +0 .4 19 was the best combining l i ne among the f e male parents. 

For number of seeds per head the line ICSV 107 had the 

nax imum combining ab i l i t y effects o f +1 21. 08 , wh i le DS- 7 5 a nd 

?ot. 3 - 9 were the other good combiners fo r number of seeds per head . 

3agdar , ICSV 112 and ICSV 219 e x hibited poor combining ability. 

I n case of maturity, Pot. 3 - 9, ICSV 107 and Red Janpur 

~ith values of +5.87, +2 . 21 and +2.68, showed high relative general 

~ombining ability, while Bagdar, DS - 7S, ICSV 112 and ICSV 219 

,howed relatively poor general combining ability. 
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Table 22. Estimates of general combining ability effects i n F1 hybrids 
over two locations-1993. 

Parents Yield per Length of Seeds per 1000-grain Threshing Maturity 
plant (g) head ( cm) head Weight (g) % Index 

Male 

Pot. 3-9 -0.15 +0.35 + 95.98 +1.336 +3.43 +5.87 

Red Janpur -1.80 - 1.64 + 2.58 - 4.604 +3.39 +2.68 

Bagdar +1.46 +1. 29 -2 04.7 5 +6.961 -4 .83 -4.20 

DS - 75 +0.20 - 0.02 +106.58 - 2.791 -2 .01 -4.32 

Female 

ICSV 107 +0.67 +1.14 +121. 08 +0.419 +1.85 +2.21 

ICSV 112 -0.30 - 0.81 - 26.42 +0.148 -0 .61 -2.00 

ICSV 219 -0.36 -0.35 - 94.67 - 0.566 -1 .24 -0.20 
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Table 23 . Estima t es of general combining ability effects in F1 hybrids 
ov er t wo locat ions-1993 . 

Parent s P l an t Leave s per L A U S L %GLA Sugar% 
Height (cm) Plant ( cm2

) 50DAF 

Male 

Pot. 3-9 +42.69 -0. 74 +307. 67 +5.49 +1.31 

Red Janpur + 5.42 -3 .47 -277.33 - 2.46 - 0.90 

Bagdar + 1.66 +0.34 - 5.37 -0.95 +0. 58 

DS -75 - 49.79 +0.35 - 24.63 - 2.09 -1.00 

Female 

ICSV 107 + 7.57 +0.05 -137.63 - 2.41 -0.6 5 

ICSV 112 - 5.29 -0. 11 -196.93 -1.66 -0.1 5 

ICSV 219 - 2.29 +0.05 +334. 57 +4.07 +0.50 
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For threshing percentage, highest general combining 

ability was observed for the line Pot. 3-9 with a value +3.43 

followed by Red Janpur having relative combining ability of +3.39. 

ICSV 107 was also a good combiner, while ICSV 112, ICSV 219, DS-75 

and Bagdar exhibited low combining ability. 

The relative general combining ability e ffects for the 

characters associated with nonsenescence indicated that ICSV 219 

was the best combiner for LAUSL, %GLA 5DAF and Sugar percentage 

having valves of +334.57, +4.07 and +0.50, respectively. Pot. 3-9 

was the next good combiner (Table 23 ) . Pot. 3 - 9 was the best 

combining line for plant height, giving a general combining ability 

value of +42.69 followed by ICSV 107, Red Janpur, and Bagdar with 

values of +7.57, +5.42, and +1.66, respectively. The low combining 

ability for plant height was observed for the lines DS-75, ICSV 11 2 

and ICSV 219, having value of -49.79,-5.29 and -2 .29, respectively. 

An inverse relationship seems to exist between the 

combining ability for yield and that of threshing percentage for 

the male parents. Similar general trend is also apparent from the 

combining ability effects calculated on individual location's data 

presented in appendix Tables B11 and B12. 

The specific combining abili ty effects for yield and 

other agronomic traits are presented in Tables 24 and 25. Highest 

valves for specific effect for grain yield was obtained in the 

cross combination ICSV 107 X Pot. 3-9 with a value of +1.33. Th e 

lines involved in this cross had relatively high general combining 

ability for yield and yield components. Cross combinations ICSV 112 

X Red Janpur, ICSV 112 X Bagdar, ICSV 219 X Bagdar and ICSV 219 X 

DS-75 with values of +0.60, +0.42, +0.01 and +1.00, also 

exhibi ted combining abili ty effects of considerable magni tude, 

while the other crosses showed negative specific effects for yield . 
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Tabl e 24. Estimates of speci fic combining ability effects for yield, maturity and stay-
green traits in P1 hybrids over two locations -19 93. 

Parents . Yield per Length of Seeds per 1000-grain Threshing Maturity 
plant (g) head (cm) head Weight (g) % Index 

ICSV 10 7 X Pot.3-9 +1.33 - 0.10 -86.75 -0.386 0.00 +1.55 

ICSV 107 X R/Janpur -0.22 +1.81 +41.59 +0.080 -0 .66 +0 .57 

ICSV 107 X Bagdar -0.44 - 0.09 +113.25 +0.927 +1 .61 +0.62 

ICSV 107 X DS-75 -0 . 33 -1.59 +68.08 -0.623 - 0.93 -1. 76 

ICSV 112 X Pot . 3-9 - 0.35 +0.07 -16.25 -1. 284 -2 .79 -0.08 

ICSV 112 X R/Janpur +0 . 60 - 1. 27 -180.91 +1.095 -2 .14 +0.28 

ICSV 112 X Bagdar +0.42 -0.11 +115.75 +1.336 -0 .12 -0.67 

ICSV 112 X DS-75 -0 . 69 +1.52 +81.42 -1.148 +5 .06 +0.45 

ICSV 219 X Pot.3-9 -0 . 63 - 0.72 +102.00 +1.670 +2.80 -0. 54 

ICSV 219 X R/Janpur -0.39 - 0.52 +139.34 -1. 177 +2.81 -0.85 

ICSV 219 X Bagdar +0.01 +1.17 -229.00 -2.265 -1 .48 +0.03 

ICSV 219 X DS-75 +1 . 00 +0.10 -13.33 +1.769 -4 .12 +0. 31 
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Table 25. Estimates of specific combining ability effects for yield, maturity 
and stay-green traits in F1 hybrids over two locations-1993 . 

Parent s Plant Leav es pe r L A U S L %GLA Sugar% 
Height (cm) P lant (cm2

) 5 0DAF 

ICSV 107 X Pot.3-9 + 0 . 36 - 2.53 -118.77 - 2.00 -0.01 

ICSV 107 X R/Janpur -23.78 + 0.86 +160.13 - 0.92 +0.47 

ICSV 107 X Bagdar +22 . 08 - 1. 90 + 8.33 + 2.22 - 0. 31 

ICSV 107 X DS-75 - 1. 75 - 0.77 - 49.77 + 2.70 - 0.16 

ICSV 112 X Pot.3 -9 +13.89 - 0.33 -51 4.07 + 1 .11 +2.83 

ICSV 112 X R/Janpur + 5.59 + 2.61 +140.93 + 1.20 - 0.2 6 

ICSV 112 X Bagdar -11.16 - 0.68 +116.13 - 2.76 +0.34 

ICSV 112 X DS-75 - 8 . 31 + 1.23 +257.03 + 0.47 -0.28 

ICSV 219 X Pot.3-9 -14.25 - 0.40 +632.73 + 0.88 +2.43 

ICSV 219 X R/Janpur +18 . 20 + 1.59 -301.07 - 0.28 - 0.20 

ICSV 219 X Bagdar -10 . 50 - 0.24 -124.37 + 0. 55 - 0.0 3 

ICSV 219 X DS-75 + 6 . 58 + 0.68 -207.27 - 1 .16 +0.43 
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The highest specific combining ability effects for 1000-

grain weight was exhibited by the cross ICSV 219 X DS-75, the value 

being +1.769 followed by the cross ICSV 219 X Pot.3-9 with specific 

combining ability value of +1.6 70 . Cross ICSV 219 X Bagdar 

exhibited the lowest negative effects of -2. 265. For the number of 

seeds per head, cross combinations ICSV 219 X Red Janpur , ICSV 112 

X Bagdar, ICSV 107 X Bagdar, ICSV 219 X Pot.3-9, ICSV 112 X DS-75 

and ICSV 107 x DS - 75 gave positive high specific effects. 

Referring to the general 

parental lines involved in the above 

combining ability of the 

crosses, it is evident that 

parental lines although had low general combining ability values 

for seeds per head, resulted in highest specific effects in hybrid 

combinations. The other cross combinations had either low or high 

negative values. 

For maturity index, the highest value of +1.55 for 

specific effects was obtained in the cross ICSV 107 X Pot. 3-9. A 

perusal of data in Table-20, reveals that both the parents in this 

cross, (ICSV 107 and Pot.3-9) had a high general combining ability 

value for the maturity index. 

X Bagdar, ICSV 107 X Red 

It was followed by crosses ICSV 107 

Janpur and ICSV 112 X DS-75. The 

expression of maturity duration in these crosses were largely due 

to specific effects . Highest negative specific combining ability 

effect of -1.76 was obtained by the cross ICSV 107 X DS-75. 

The highest specific combining ability value (+5.06) of 

threshing percentage was for the cross ICSV 112 X DS-75. It was 

followed by the cross ICSV 219 X Red Janpur and ICSV 219 X Pot.3-9. 

As regards plant height (Table 25), the highest value of 

r22.08 for specific effects was obtained in the hybrid ICSV 107 X 

3agdar followed by ICSV 219 X Red Janpur with a value of +18.20. 
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A reference to Table 25 shows that the parents in the 

crosses, viz Pot. 3 - 9, ICSV 107, Bagdar and Red Janpur 

relatively high general combining ability va lue for height, 

the others were poor in general combining ability for 

character. Six cross combinations showed negative values. 

above 

had a 

while 

this 

As far as the stay - green associated parameters are 

concerned (Table 25), the cross ICSV 112 X Red Janpur, ICSV 219 X 

Red Janpur, ICSV 112 X DS - 75, and ICSV 107 X Red Janpur exhibited 

significant positive specific effects for the number of leaves. 

While the specific effects were positively significant for the 

crosses ICSV 219 X Pot. 3-9, ICSV 112 X DS-75, ICSV 107 X Red 

Janpur, ICSV 112 X Red Janpur and ICSV 112 X Bagdar, the values 

being +632.73, +257.03, +160 . 13, +140.93 and +116.13. 

The specific combining ability effects for % GLA 50DAF 

were +2.70, +2.22, +1 .2 0 and +1.11 for the cross combinations ICSV 

107 X DS-7S, ICSV 107 X Bagdar, ICSV 112 X Red Janpur and ICSV 112 

X Pot. 3-9, respectively . For sugar percentage, the cross 

combinations, ICSV 112 X Pot.3-9, ICSV 219 X Pot.3-9 and ICSV 107 

X Red Janpur exhibited significantly positive specific effects with 

values of +2.83, 2.43 and +0.47, respectively. 

F2 GENERATION 

Locations were significant for all traits except head 

length, 1000 - grain weight, threshing percentage, plant heigh t , 

leaves per plant and LAUSL (Tables 26,27). The differences among 

female parents were significant for all the traits except yield per 

plant and head length. The differences among the male parents were 

significant for yield per plant, maturity index and %GLA 50DAF and 

non-significant for rest of the traits studied, whereas the 

differences were significant for all the traits in the crosses 

except for yield and seeds per head. 
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Table 26. Means squares of combining ability analysis of F2 hybrids 
over two locations-1994. 

Source 

Locations 

Rep (Loc) 

Entries 

Male vs Female 

df 

1 

4 

18 

1 

Parents vs Cross 1 

Among Males 

Among Females 

Among Cross 

Males 

Females 

Male X Female 

Loc X Entry 

Loc X Cross 

Loc X Male 

Loc X Female 

L X M X F 

L X P vs C 

Error 

3 

2 

11 

2 

3 

6 

18 

11 

3 

2 

6 

1 

72 

Yield per 
plant (g) 

2.19 

3.94 

186.73* * 

1937.19 

54.69 

23.69* 

4.38 

7.58 

7.06 

12.44 

5 . 33 

6.45 

9.52 

9.04 

3.02 

11.93 

9.05 

8.43 

Length of 
head (cm) 

196.05 

4.17 

76.91** 

239.67 

1.14 

2.92 

27.59 

20.41 ** 

43.70** 

28.63** 

8.53 

10 .23 

10.71 

9.31 

22.44* 

7.49 

1. 67 

6.72 

* Significant at 5% level. 

Seeds per 
head 

79210.74 

75535.72 

495913.34** 

1110.04 

41878.72 

19059.72 

37113.00* 

83784.30 

77782.05 

109724.17 

72815.11 

52569.58 

81654.95 

14139.00 

23957.55 

134645.39 

211 68.12 

60 565.61 

1000-grain 
Weight (g) 

243.00* 

1.19 

121.50** 

68.42 

58.60 

10.27 

265.57* * 

96.09* * 

30.52 

300.30* * 

15.85* 

9.10 

11.13 

23.89 

4.18 

7.07 

51.85 

10.12 

Threshing Maturity 
% Index 

13.11 150.53** 

16.43 6.24 

50 .68** 488.40 

33.26 2566.84 

59.61 

11.26 

43.30* * 

64.70** 

8.40 

82.84** 

76.40** 

10.24 

13.13 

7.16 

15.35 

15.37 

7.08 

9.11 

1534.88 

147.38** 

395.15** 

106.45** 

17.51 

316.50** 

31.06** 

12.46* 

7.89 

5.11 

1. 84 

11.29 

3.09 

5.88 

** Significant at 1% level. 
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Table 27. Means squares of combining ability analysis of 
F2 hybrids over two locations - 1994. 

Source df 

Locations 1 

Rep(Loc) 4 

Entries 18 

Male vs Females 1 

Parents vs Cross 1 

Among Males 3 

Among Females 2 

Among Cross 11 

Males 3 

Females 2 

Male X Female 6 

Loc X Entry 18 

Loc X Cross 11 

Loc X Male 3 

Loc X Female 2 

L X M X F 6 

L X P vs C 1 

Error 72 

Plant 
Height (cm) 

6826.99 

68.18** 

7739.61** 

4137.67 

4337.84 

45.65 

10688.35** 

5235 .28** 

615. 61 

13150 .2 5 ** 

2817.69** 

1089.21** 

1593.72** 

13 42.03** 

1509.99** 

1747.48** 

511.57 

155.32 

Leaves per 
Plant 

0.03 

1. 28 

6.01** 

15.33 

7.16 

0.42 

8.22** 

2.80* 

1.21 

9.15** 

0.16 

1. 23 

1. 69 

2.11 

0.17 

1. 98 

9.01 

1. 05 

L A U S L 
(cm2

) 

3994.87 

7102.24 

448640.56** 

205183.39 

197114.65 

34900.22 

702981.66** 

263277.62** 

67489.55 

717465.05** 

101446.59** 

14540.78 

17008.86 

20015.16 

26853.55 

12224.15 

90145.44 

17467.55 

%GLA 
50DAF 

540.16** 

23 . 89 

1141 . 97** 

417.42 

449.08 

238.15** 

269.79** 

109.43** 

32 . 35 

334.00** 

22.83 

83.21 ** 

115.83 

274.09** 

19.26 

68.88** 

111.77 

10.28 

* Significant at 5% level. ** Significant at 1% lev e l. 

Su gar% 

12 .07** 

2.26* 

40.83** 

11.49 

11.11 

2.24 

1. 42* 

4.68** 

0.72 

12.90** 

1.89* 

1.11 

0.55 

0.28 

0. 26 

0.78 

3.07 

0.89 
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Table 28. Means of F2 hybrids and Parents for maturity and s t a y-green 
traits over two locations-1994 . 

Parents. Yi eld per Length of Seeds per 1000-grain Threshing Maturity 
Index plant (g) head (cm) head Weight (g) % 

ICSV 107 X Pot.3-9 33.92ab 

ICSV 107 X R/Janpur 32.80ab 

ICSV 107 X Badgar 36.10a 

ICSV 107 X DS -75 32.75ab 

ICSV 112 X Pot.3-9 33.55ab 

ICSV 112 X R/Janpur 32.18b 

ICSV 112 X Bagdar 33.08ab 

ICSV 112 X DS-75 32.63ab 

ICSV 219 X Pot.3 - 9 35.13ab 

ICSV 219 X R/Ja npur 3aw75ab 

ICSV 219 X Bagdar 33.32ab 

ICSV 219 X DS -7 5 33.50ab 

ICSV 107 31.92b 

ICSV 112 31.90b 

ICSV 219 35.35ab 

Pot. 3-9 19.55c 

Red Janpur 21.08c 

Bagdar 19.83c 

DS - 75 20.98c 

30.38ab 

26.98abcd 

29.33ab 

26.86abcd 

27.27abcd 

24.48d 

28.72ab c 

26.42bcd 

25.08cd 

24.37d 

26.52bcd 

26.92abcd 

30.72a 

29.73ab 

29.37ab 

20.88ef 

18.82f 

19.32f 

23.55de 

152 5a 

153 7a 

1401abcd 

1311abcd 

129 4abcd 

137 4abcd 

1244abcd 

146 3abc 

137 7abcd 

137 2abcd 

1142cd 

149 5ab 

1091cd 

120 3abcd 

1161bcd 

698f 

638f 

717f 

826ef 

28.736defg 

24.046gh 

36.720ab 

2S.675defg 

31 .572 c d e 

29.074def 

37.325a 

29.117def 

32.414bcd 

26.479fgh 

34.155abc 

2S.366defg 

25.342fgh 

24.956fgh 

27.390efgh 

34.047abc 

24.544 fgh 

36.4S8ab 

23.276h 

76.79abc 141 .50b 

74.52bcde 129. S3efg 

72.1Sdef 129 .50efg 

72.55def 130 .67def 

73.S2cde 136 .33c 

74.23bcde 134 .33cd 

74.4Sbcde 12 7.17fg 

7S.15ab 130 .33efg 

7S.2Sab 135 .50c 

80.16a 131 .17de 

60.S7f 126 .67g 

70.92ef 13 1.33de 

74.30bcde 11S.17h 

72.1Sdef 10S .33j 

71.74def 112.17i 

77.62abc 14 5.67a 

75.14bcd 13 6.S3c 

72.24def 129.0 0efg 

71.92def 12S. 33efg 

Me a ns with the same letters are not significantly different according to Wal ler­
Duncan multiple range test (K ratio = 100). 
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Tabl e 29. Means of F2 hybrids and Parent s f or 
traits over two locat ions-1994 . 

Parents 

ICSV 107 X Pot.3-9 

ICSV 107 X R/Janpur 

ICSV 107 X Bagdar 

ICSV 107 X DS-75 

I CSV 112 X Pot.3-9 

ICSV 112 X R/Janpur 

ICSV 112 X Bagdar 

ICSV 112 X DS-75 

ICSV 219 X Pot.3-9 

ICSV 219 X R/Janpur 

ICSV 219 X Bagdar 

ICSV 219 X DS-75 

ICSV 107 

ICSV 112 

ICSV 219 

Pot. 3-9 

Red Janpur 

Bagdar 

DS - 75 

Plant Leaves per 
Height (cm) Plant 

237.47bc 

200.78de 

257.10ab 

218.23cd 

238.13bc 

232.53bc 

231.40bc 

179.98ef 

240.38bc 

244.12abc 

263.66a 

168.72f 

170.51f 

167.77f 

164.98f 

232.90bc 

249.48ab 

233.87bc 

155.72f 

12.95bcd 

12.50d 

14.08ab 

13.10bcd 

12.93bcd 

12.38de 

13.88abc 

12.85bcd 

12.25de 

12.05def 

13.95abc 

12.63de 

14.58a 

14.20ab 

14.05ab 

11.12ef 

10.96f 

13.35ab 

16.67cd 

maturity and stay-green 

L A U S L 
(cm2

) 

2865.00ef 

2833.50f 

3446.50a 

3331.83a 

2854.00ef 

2918.50def 

3119.50b 

3319.50a 

2964.67bcdef 

2901.50 ef 

3099.83bc 

3091.50bc 

3068.50bcd 

2941.50cdef 

3078.17bcd 

2362.50g 

2369.67g 

2884.00ef 

3018.50bcde 

%GLA 
50DAF 

77 . 39bcdef 

72 .74defg 

81 . 02abc 

71 .70efg 

74 . 35cdefg 

70 . 63g 

78 .04bcde 

73 . 19defg 

80 . 03abc 

69 . 27g 

82 . 22ab 

73 . 04defg 

76.28bcdefg 

73 . 56defg 

85 . 58a 

38.84i 

40.23i 

52 .43h 

49.38h 

Sugar% 

6.96de f 

6.72de f 

7.38cde 

5.43ghi 

8.37c 

5.86fghi 

7.43cde 

6.15efgh 

7.35cde 

5.95fghi 

7.82cd 

6.43efg 

13.38a 

11.95b 

12.38ab 

5.28ghij 

4.90hij 

4.70ij 

4.11j 

Means with the same letters are not significantly different according to Waller­
Duncan multiple range test (K ratio = 100). 
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GCA mean squares for females were highly significant for 

all the traits except yield per plant and seeds per head. Male GCA 

mean squares were non - significant for all the traits except head 

length. GCA for the maturity index was significant at 0.7 percent 

level. GCA mean squares for females were greater than for mal es for 

all traits except head length. SCA mean squares were significant 

for 1000-grain weight, threshing percentage, maturity index, plant 

height, LAUSL and sugar percentage. Estimates of GCA were larger in 

magnitude than SCA. 

Interaction of crosses x location was found significant 

for maturity and %GLA 5 0DAF . Estimates of GCA effects indicated 

that the male parent Pot.3-9 which has the highest GCA effects in 

Fl for yield per plant, number of seeds per head, 10 00 -grain 

weight, and maturity index, remained the best general combiner in 

F2 generation for 1000-grain weight,seeds per head and maturity 

index (Tables 30,31). 

The male parent Bagdar has shown 

significant GCA effects for yield per plant, 

the highest and 

head length, 1000 -

grain weight, leaves per plant, plant height, LAUSL, %GLA 50DAF and 

sugar percentage. Similarly female parent ICSV 107 has shown the 

highest and significant GCA effects for all the characters studied. 

Negative GCA estimates of Red Janpur, DS-75 and ICSV 112 for 

maj ori ty of the charac ters indica ted that these are the poor 

parents for combining the desired traits. 

Among female parents the highest estimates of GCA effects 

were shown by ICSV 107 for yield per plant, head length, seeds per 

head, threshing percentage and maturity index. It was observed that 

for maturity index, GCA effects were not consistent over the 

generation. Female parents ICSV 107 and ICSV 112 showed positive 

GCA effects for maturity index. ICSV 112 as a female parent had the 

lowest GCA effects for all the traits except 1000-grain weight and 

maturity index which was positive but non-significant. 
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Table 30. Estimates of general combining ability effects in 
F2 generation over two locations-1994. 

Parents. Yield per Length of Seeds p e r 1000 - grain Threshing Maturity 
plant (g) head (cm) head Weight (g) % Index 

Male 

Pot. 3-9 +0.72 +0.64 + 20.64 +2.101 +2.19 +5.75 

Red Janpur -0.90 -1.66 + 49.98 - 4.607 +0.89 - 0. 25 

Bagdar +0.69 +1.24 -115.52 +4.926 -3.57 - 4.2 5 

DS -75 -0.52 - 0.21 + 44.91 - 2.421 +0.46 - 1. 25 

Female 

ICSV 107 +0.41 +1.45 + 65.71 +0.155 +1.08 +0.8 5 

ICSV 112 - 0.62 -0.22 - 34.01 +0.633 -0 .24 +0.01 

ICSV 219 +0.20 -1.22 - 31. 69 - 0.787 -0.85 - 0.8 6 
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Table 31. Estimates of general comb ining ability effects in F2 
generation over two loca t ions-1994. 

Parents Plant Leav es per L A U S L %GLA Su gar% 
Height (cm) Plant ( cm2

) 50DAF 

Male 

Pot. 3-9 +12.62 - 0.25 - 67.68 +1 . 96 +0.7 4 

Red Janpur - 0.23 - 0.83 -211.07 -1 . 50 - 0. 66 

Bagdar +24.68 +0.84 +126.37 +2.20 +0.7 2 

DS-75 -37.06 - 0.27 +152.37 -2 . 66 - 0. 82 

Female 

ICSV 107 + 2.36 +0.03 + 23.89 -0.41 - 0. 20 

ICSV 112 - 5.53 - 0.12 - 42.69 -3.44 - 0. 1 4 

ICSV 219 + 3.18 +0.09 + 18.81 +3.03 +0. 32 
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Table 32. Estimates of specific combining ability effects for yield, maturity 
and stay-gre en t raits in F2 hybrids over two locations-199 4 . 

Parents. Yi eld per Length of Seeds per 1000-grain Threshing Matu rity 
plant (g) head (cm) head Wei ght (g) % Index 

ICSV 107 X Pot.3-9 -0.69 +1.3 5 +60.46 +2.340 +2 .02 +2.87 

ICSV 107 X R/Janpur -0.19 +0.2 5 +43.92 -2.642 -2 .86 - 2 .80 

ICSV 107 X Bagdar +1.52 -0 .3 0 +73.12 +0.499 -0 .74 +0.87 

ICSV 107 X DS-75 -0.62 -1. 30 -177.51 -0.199 +1 .60 -0.9 6 

ICSV 112 X Pot.3-9 - 0.0 3 -0.09 -70.32 -2.302 -3 .54 -1. 4 6 

ICSV 112 X R/Janpur +0.22 -0.58 - 19.46 +1.908 +0 .53 +2.54 

ICSV 112 X Bagdar - 0 .47 +0.76 +15.84 +0.626 +2 .88 -0.62 

ICSV 112 X DS - 75 +0.2 9 -0.09 +73.91 -0.235 +2 .52 - 0.4 6 

ICSV 219 X Pot.3-9 +0.73 -1. 28 + 7.86 -0.040 +1 .53 -1. 42 

ICSV 219 X R/Janpur -0.03 +0.31 -2 4.48 +0.733 +4.71 -1. 47 

ICSV 219 X Bagdar -1.05 - 0.46 -88. 98 -1.124 -2 .12 - 0 . 2 5 

ICSV 219 X DS -75 +0. 3 4 +1.41 +103.59 +0.434 -4 .10 +1.41 
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Table 33. Estimates of specific combining ability effects for yie l d, maturity 
and stay-green traits in F2 hybrids over two loca tions- 1994. 

Parents 

ICSV 107 X Pot.3-9 

ICSV 107 X R/Janpur 

ICSV 107 X Bagdar 

ICSV 107 X DS-75 

ICSV 112 X Pot.3-9 

I CSV 112 X R/Janpur 

ICSV 112 X Bagdar 

ICSV 112 X DS -7S 

ICSV 219 X Pot.3-9 

ICSV 219 X R/Janpur 

ICSV 219 X Bagdar 

ICSV 219 X DS - 75 

Plant 
Height (cm) 

- 3.55 

-27 . 85 

+ 4.02 

+2 6 .79 

+ 5 .00 

+1 2.25 

-13.79 

- 3.47 

- 1. 46 

+1 5 .13 

+ 9 .76 

-23 .44 

Leaves per 
Plant 

-0 .4 6 

+0.17 

+0.0 8 

+0.2 1 

-0 . 33 

+0.20 

+0.03 

+0.11 

+0.78 

-0 . 36 

-0.11 

-0.32 

L A U S L 
( cm2

) 

-186.78 

- 74.89 

+200.67 

+ 61.00 

-131.20 

+ 76.69 

- 59 .75 

+114.25 

+317.97 

1. 81 

-140.92 

-175.25 

%GLA 
50DAF 

-0.28 

-0. 47 

+3.11 

- 1. 35 

+0.53 

+0.27 

- 4.79 

+3.99 

-0 .26 

+1.21 

+1 .6 9 

-2 .6 3 

Sugar% 

- 0.40 

+0.76 

+0.04 

- 0.37 

-0.07 

-0.22 

+0.03 

+0.29 

+0.49 

-0.53 

-0.04 

+0.11 
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CORRELATION STUDIES 

There was a positive and significant correlation of early 

naturity with seeds per head (r= O.35 ), l OOO - grain weight (r=O.12 ) 

ind threshing percentage (r= O. 33 ) in Fl generation. The correlation 

)f early maturity with yield per plant was negative with yield per 

)lant (r=O.23), lOOO -grain weight (r= O.18 ) and threshing percentage 

(r= O.30) in F2 generation (Tables 34,35) but the correlation 

~ oef f icien ts were small in magni tude. Early ma turi ty was also 

legatively correlated with yield per plant, head length, leaves per 

)lant, LAUSL, and sugar percentage. 
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Table 34. Correlation coefficients for different characters in Fl generation-1993. 

Character Yield per Length of Seeds per 1000-grain Threshing Maturity Plant Leaves perLAUSL %GLA Sugar% 
plant (g) head (cm) head Weight (g) % Index Height Plant (em2

) 50DAF 

Yield per 1. 000 

Plant (g) 

0.812 * 

Length of head (em) 1.000 

Seeds per head 

1000- Grain weight (g) 

Threshing% 

Maturity Index , 
Plant hight (em) 

Leaves per plant 

L A U S L (em2
) 

%GLA 50DAF 

Sugar% 

0.742** 

0.643** 

1.000 

0.210* 

0.111 

0.139 

1.000 

0 . 053 

0.023 

0.255 

0 . 003 

1.000 

( em) 

-0.336** -0.032 

-0.332** -0.143 

0.102 

0.630* * 0.576 ** 0.813** 0.562 ** 

0.537** 0.445 ** 0.799** 0.572 ** 

0.497**0. 534* * 0.655** 0.181 * 0.354 

0 .12 4 

0 .333 

1.000 

0.411** 0.131 0.270** 0.057 0.020 

0.322 0.013 0.020 0.032 -0.082 

0 . 551** - 0.295*-0.239* * 0.249**-0.616** 

1.000 -0.065 -0.040 O. C 31 -0.166 

1.000 0.557* 0.622* * 0. 410** 

1.000 0.542* 0.339 ** 

1.000 0.642 ** 

1.000 
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Table 35. Correlation coef fic i e nts f or different characters in F2 generat ion - 199 4. 

Charac ter Yield per Le ngth of Seed s per l 000-grainThreshing Mat ur ity Plant Leaves perLAUSL %GLA Sugar% 
plant (g ) head (em ) head Weig ht (g ) % Index Height Plant ( e m! ) 50DAF 

Yield per 1.000 
plant (g) 

0.6146 ** 0.6356* * 0 .0404 x 0.0277 

Length of head(em) 1.000 0. 403 0 * 0. 0 413 -0 . 1263 

( em) 

0.22 64 0 . 0075 0 . 3398* * 0.5 2 92 **0.8199**0 .442 8** 

-0.418 7* * 0.614 5** 0 . 4331** 0. 4 562 * *0 . 63 74**0.575 1** 

Seeds per head 1. 000 0. 0143 0.1185 - 0.03318 -0 . 07 4 3 0 . 1011 0 .4146**0 .5803 **0 . 1203 

1000- Grain weight (g ) 1. 000 - 0.1073 0.18493* 0 . 4293** 0 . 0926 0.1376 0 .1419 - 0 . 1096 

Thresh ing% 1.000 0.30337** 0 . 1132 -0 . 3106**- 0.2 1 36 - 0.1470 - 0.12 72 

Maturity I ndex 1.000 0 . 467 1**- 0. 4933 ** - 0.361 5**-0 .4018* *- 0.69 73* * 

P lant Height (em ) 1 .000 -0.1284 - 0.165 2 - 0. 015 6 - 0.289 7* * 

Leaves per plant 1.000 0 . 4 567 ** 0 .496 1**0.4230** 

L A U S L ( em! ) 1 .00 0 0 . 62 42 **0.212 4* 

%GLA 50DAF 1. 000 0.5428** 

Suga""% 1.000 



DISCUSSION 

A . GENERATION MEANS ANALYSIS 

Cross 1 ( I CSV 1 07 X Pot . 3 - 9) 

Generation means analysis for 

nonsenescence associated traits in Sorghum 

early maturity and 

(Sorghum bicolor 1.1 
Moench., were computed for sixteen entries consisting of two sets, 

each of eight populations. The analysis showed that additive mean 

squares were significant for yield per plant, head l ength , seeds 

per head, threshing percentage, maturity index, %GLA 50DAF and 

sugar percentage (Tables 3,4). Dominance mean squares were also 

significant for yield per plant, 1000-grain weight, maturity index, 

%GLA 5 0DAF . Epistasis means squares were significant for head 

length, 1000-grain weight, maturity index and sugar percentage, 

which had significant additive x additive epistasis in this cross . 

Epistasis mean squares were also significant for yield per plant, 

1000-grain weight and %GLA 50DAF which had significant dominance x 

dominance epistasis in this cross. Additive x l o catio n interaction 

was significant f o r maturity i n dex a nd %GLA 5 0DAF. 

The dominance x location interaction was significant for 

h e ad length, seeds per head, %GLA 50 DAF and sugar p erc enta g e , 

indicating that genetic estimates for these traits are not 

consistent over locations. These results suggest that evaluation 

for these characters should be practised in diffe r ent e nvi r onme nts . 

Thornbre et al (1985) have also reported importance of additive 

effects and additive x additive interactions in most crosses and 

suggested that grain yield could be improved by selection. The 

results are also in agreement with Path and Thombre (1986) who have 

reported that additive effects, dominance effects and dominance x 

dominance and additive x additive interactions were important for 

all components. Additive effects and additive x additive 

interactions in the majority of crosses suggested the feasibility 
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of additive effects and additive x additive interaction in most of 

the crosses they tried, and suggested that grain yield could be 

improved by selection. 

Accordingly the results reported herein sugges t that 

selection for significant head length and seeds per head could be 

practised in early generations, but the presence of significant 

dominance effects suggest that selection for high yield and early 

ma turi ty should be practised in later generations. Significant 

additive x location interaction suggested that for early maturity 

this population should be evaluated in different environments. 

CROSS 2 (ICSV 219 X POT . 3 - 9) 

Generation means analysis in this cross indicated that 

additive mean squares were significant for all the traits. 

Dominance was significant for yield per plant, maturity index , 

leaves per plant, LAUSL, %GLA 50DAF and sugar percentage (Tabl es 

7,8). Additive x additive type of epistasis was significant for 

head length, LAUSL and sugar percentage. These results showed that 

addi ti ve effec ts were impor"tant for the desirable trai ts. Thombre 

and Patel (1 985) have also reported similar results while Patii and 

Thombre (1985) have reported dominance x dominance interaction for 

grain yield. The estimates of additive effects were consistent over 

locations for all traits. For yield per plant, head length, 1000 -

grain weight, seeds per head and ma turi ty index none of the 

parameters showed interaction with location. 

After removing the nonsignificant parameters from the 

model the R2 was still high, indicating that the parameters 

removed, made little contribution for the variation. The results 

from the reduced model indicated that dominance effects were 

significant and higher in magnitude than additive effects for yield 

per plant and maturity index. Dominance effects were significant 

for yield, maturity index, leaves per plant, LAUSL, %GLA 50DAF and 
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sugar percentage in this cross. Additive x addi tive epistatic 

effects were significant for threshing percentage and leaves per 

plant (Tables 9,10). The same was true for threshing in the 

additive x dominance epistatic effect. Epistasis was negatively 

significant for all other traits. Signs of estimates for additive 

effects were a function of which parent was assigned as P1 or P2 • 

The negative sign of additive effects for the maturity index, 

indicated that P 2 (Pot.3-9) is the source of ear ly maturity in this 

cross, as was expected. The positive sign for yield per plant, head 

length, seeds per head, l eaves per plant, LAUSL and %G LA 50DAF 

indicated that ICSV 219 is contributing gene for higher yield and 

stay-green associated characters. 

The negative sign of the additive effects for maturity 

indicated that additive is in the direction of early maturity, 

while positive sign for yield per plant indicates that additive 

effect is in the direction of high yield. The dominance x dominance 

effect is also in the direction of early maturity. 

These results also indicated that additive effects were 

important for yield per plant, head length, 1000-grain weight and 

maturity index. Dominance x dominance effects were important only 

for maturity index but the magnitude of dominance effects was lower 

than additive effects. For head length, additive x additive 

epistasis was important indicating that transgressive segregant for 

head length could be selected from this population. 

These results indicated that selection for high yield, 

early maturity and stay-green traits is possible in this cross. It 

is suggested that selection for yield, head length and 1000-grain 

weight should be practised in F2 generation. For the maturity index 

nonadditive effects were also important suggesting selection for 

early maturity in later generations. 
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In s umma r y , result s from the generation means analysis 

i nd i c ate t hat additive effects are i mportant for yield per plant, 

head length, seeds p e r h e ad, matu rity index and 1 0 0 0 -grain weight 

in both the crosses . Domi nance ef fects we r e important for y ield in 

cross 1 (ICSV 107 X Pot.3-9) and for maturity index in both the 

crosses. Dominance was in the direction of high yield. Epistatic 

effects were also important for threshing percentage in cross 1 a nd 

head length in cross 2. For all other traits epistatic eff e cts were 

negligible, whereas Liang and Walter (19 68 ) have reported that 

additive gene effects made a minor contribution to the inheritance 

for grain yield, head weight and kernel weight. The addi ti ve x 

additive interaction effects, however, formed a major component. 

The dominance x dominance effects were a ls o of high magnitude. In 

cross ICSV 219 X Pot. 3-9 only additive x additive epistasis was 

significant for head length. These results are in partial agreement 

with Subba Rao et al (1977) who reported that gene s with both 

additive and nonadditive effects were influencing yield and y i e ld 

componants. However, for numb e r of d ays t o flowering, addi tive 

effects alone played a significant part. While for heigh t, additive 

effects alone were of g rea ter ma gni t ude than nona ddi t ive . F o r ear 

head weight and grain weight, nonadditiv e ef f e cts we re more 

important than additive. He has further reported that additive gene 

effects were predominant for days to flowering, while nonaddi t ive 

gene effects were of most i mportance f or plant height , head weight 

and 1000-grain weight. Patel et al (1 988 ) have suggested that day s 

to 50% flowering and lOa - grain weight, were in f luenced by p artial l y 

dominant gene effects and could be improved by breeding. Duncan 

(1980) has also reported that tiller production of a ratoon sorghum 

crop used as a measure of nonsenescence was quantitatively 

inherited with additive genetic effects with no indication of 

significant dominance genetic effects, suggesting that large 

estimates for additive genetic variation could be made in selecting 

for tillers in a ratoon sorghum crop. Thombre et al (1985) have 



106 

also reported importance of additive effects and additive x 

additive interations in most corsses and suggested that grain yield 

could be improved by selection. 

In conclusion, additive effects were more important for 

all the desired traits associated with yield and maturity in cross 

1 and all the desired traits associated with nonsenescence in cross 

2. Dominance effects were also important for some of the desired 

traits. Epistasis was negligible for all the desired traits such as 

yield, early maturi t y and nonsenescence associated traits in both 

the crosses. The pre s ence of significant and large additive effects 

indicate that improvement for yield and early maturity is possible 

in cross 1 and improvement for the stay-green character is possible 

in cross 2. Selection for lOOO-grain weight, threshing percentage, 

maturity, plant height, LAUSL and sugar percentage could be 

accomplished in F2 generation in both the crosses. These r esults 

also indicated that evaluation for early maturity and %GLA SODAF 

should be carried out in different environment because of the 

significant additive x location effects. 

HERITABILITY AND CORRELATION 

Cross 1 CICSV 107 X Pot.3-9) 

Narrowsense he:r; tability estimates were negative for 

threshing percentage and the maturity index which was because of 

negative estimates of additive variances. Heritability for these 

traits were zero. Yang (1989) has also reported that gene with 

negative dominance effects caused early maturity. As location 

effects were highly significant for head length, seeds per head and 

maturity index, narrowsense heritability estimates were also 

computed after excluding location effects. The estimates were 

similar for yield per plant, head length, seeds per head and 

maturity index, indicating that locations did not affect the 

variance estimates for these traits. For lOOO -grain weight, and 
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the es tima tes were hi g h er indicating the 

interaction with the genotypes of its 

segregating generations. These results suggest that selection for 

seeds per head, and 1000-grain weight may be carried out in early 

generations, however selection for yield would be effective in 

later generations. Thes e results further indicate that g enotype 

effects were more important than environmental effects for all the 

characters. These findings are in agreement with that of Patel g~ 

al (19 88 ) in whose opinion that genotype effects were mor e 

important than the e nvironmental effects. 

Phenotypic correlations of maturity with 1000-grain 

weight and threshing percentage were positive (Table 12) . Though 

these phenotypic correlations were significant, but none was high. 

Significant correlation between maturity index and 1000-grain 

weight indicated that selection for early maturing and h eavy seeded 

recombinant, are possible from these progenies. Yield per plant 

showed high positive correlations with head length, seeds per head, 

lOOO-grain weight, leaves per plant, LAUSL, %GLA 50DAF and sugar 

percentage. Correlations of leaves per plant were positive and 

highly significant for LAUSL, %GLA 50DAF and sugar percentage. 

These results suggested that phenotypic selection for more number 

of leaves per plant, LAUSL, %GLA 50DAF and sugar percentage could 

result in nonsenescence character and that selection based upon any 

of these traits could indirectly increase yield. 

Yield per plant has shown nega ti ve correlation wi th 

maturity index. Maturity index was significantly positively 

correlated with lOOO-grain weight, and threshing percentage, but it 

was negatively correlated with seeds per head, leaves per plant , 

LAUSL, %GLA, and sugar percentage. 
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CROSS 2 ( I CSV 219 X POT . 3 -9 ) 

In this cross the narrowsen se heri tabili ty estimates 

computed fr om the varianc e comp one nts were h i g he r tha n cross 1. Th e 

estimates ranged from zero to 73 p ercen t . He r i t ability e s tima t es i n 

this cross were 62 percent for LAUSL, 65 percent for %GLA 50DAF, 57 

percent for sugar percentage, 29 percent for head length, 13 

percent for 1000 - grain weight and only 7 percent for maturity 

index. The high heritability estimates indicated that e arly 

generation selection for more LAUSL, %GLA 50DAF and sugar 

percentage, with more 1 00 0-grain weight, would be ef f ective in this 

cross. For maturity index, heritability was considered zero due to 

a negative estimate of additive variance for this trait in this 

cross. Heritability estimates, after excluding location effects 

were not so different for yield per plant, seeds per head, 1000 -

grain weight and threshing percentage but there was much difference 

in stay-green traits LAUSL, %GLA 50DAF and sugar percentage, 

showing genotypic x location interaction for these traits. The se 

r esults indicate that s election for de s ira ble traits assoc i at e d 

with stay-green character, is possible in this cross. Naphade and 

Ai lawar (1976 - 77), they have also sugge s t e d improveme nt in y i e ld b y 

selecion f or panicle weight and more number of leaves p e r plant, 

while Patel et al (1983) have suggested improvement in yield by 

selection through panicle length and 1000-grain weight. Path and 

Thombre (1986) are also of the same opinion . 

Positive and highly significant correlations were 

obtained between yield per plant, head length, seeds per head, 

1000-grain weight, leaves per plant, LAUSL, %GLA 50DAF and sugar 

percentage (Table 13 ) . Correlation of yield per plant was negative 

with maturity index but it was not significant. These results 

support the findings of Sanchez (1969) who also observed a negative 

correlation between the silking date and yield; while Eastin 

(l972a) has reported a posi tive correlation between length of 

growth p e riod and grain yield. Howe v er the r e s ult s present e d h ere i n 
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suggested that phenotypic selection for longer head, heavier and 

more number of seeds per head and more number of leaves could 

result in higher yields. 

There were positive and highly significant correlations 

between maturity index, 1000-grain weight, (r=0.54 ) and maturity 

index and threshing percentage (r=0.34). Significant negative 

correlations of maturity index with leaves per plant, %GLA 50DAF, 

and sugar percentage indicate that selection of early maturing 

lines could reduce the number of seeds per h ead, leaves per plant, 

%GLA 50DAF and sugar percentage. The maturity index also showed a 

negative but non-significant correlation with seeds per head, which 

indicates that early maturing and high yielding recombinants can 

probably be selected in the segregating population of this cross. 

Rana (1984) has also reported that early flowering and few leaves 

were negatively correlated with grain yield while height and days 

to flowering were positively correlated with fodder yield. 

Positive and highly significant correlations were 

observed between head length, seeds per head, leaves per plant, 

LAUSL, %GLA 50DAF and sugar percentage. These results suggested 

that phenotypic selection for longer head and heavier seeds could 

result in higher grain yield. Similar results have been reported by 

Ramasamy et al (1986) who reported that grain yield was positively 

and significantly correlated with 1000-grain weight and the number 

of leaves was negatively correlated with plant height (r=0.3), 

indicating that selection for short plants with many leaves was 

possible. 

In conclusion it was found that narrowsense heritability 

estimates from variance components ranged from low to high in both 

the crosses. Selection in early generation would be effective for 

head length, seeds per head and seed weight in cross 1 and for head 

length, seeds per head, 1000-grain weight and threshing percentage 

in cross 2. Early generation selection for yield would not be 
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effective in cross 1. Low phenotypic corre lations of yield and 

maturity suggested that selection for favourable recombinant from 

among the progeny lines could be possible. 

B. COMBINING ABILITY ESTIMATES 

Evaluation of parental lines : 

The average performanc e over two locations of the 

parental lines for various characters alongwith their analysis of 

variance presented in Tables 14 and 17 reveal that the ICRISAT line 

ICSV 107 was the best among the female lines for being highest in 

yield, number of seeds per head, head length and threshing 

percentage, while ICSV 219 was the best line having more number of 

leaves, more leaf area of the upper six l eaves per plant and sugar 

content. ICSV 112 also showed significant performance with regard 

to yield and nonsenescence traits in comparison with the local pure 

lines. Among the local pure lines, Pot.3-9 was superior in plant 

height, 1000-grain weight, threshing percentage and earliest in 

maturity. Bagdar which was an intermediate 

though ranked first in 1000-grain weight 

grain yielding 

and second in 

height, was very low in threshing percentage. 

line, 

plant 

Referring to the analysis of variance 

lines over two locations (Tables 16,17) , 

significantly different for yield per plant, 

of the parental 

threshing percentage, rna turi ty 

plant, LAUSL and %GLA 50DAF. 

index, 

There 

plant 

were 

locations were 

1000-grain weight, 

height, leaves per 

highly significant 

differences in the lines for all the traits studied. The lines x 

location interaction was also significant for yield per plant, 

threshing percentage, plant height, LAUSL and %GLA 50DAF. Th e 

overall results show that the nonsenescing ( ICRISAT) types 

generally took 10 - 12 days longer to reach 50 % flowering and 

averaged 45-56 em shorter in height than the senescing types. The 

nonsenescing lines had significantly more number of leaves, LAUSL, 

%GLA 50DAF and sugar percentage from flowering through harvest. 
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As the nonsenescing lines maintained more green leaves 

and more green leaf area and fewer senesced leaves per plant 

throughout the reproductive phase of growth, this typ e expected1y 

produced a greater leaf area index which was maintained for a 

longer period of time and was reflected by the leaf area duration . 

Similar observations have been reported by Jaganath et al (1975) . 

They were of the opinion that yield in sorghum was more directly 

correlated with leaf area duration and grain leaf ratio, while 

Goldsworthy (1970 ) when compared a tall variety wi th a short 

variety of sorghum for leaf area duration and grain yield, found 

that the tall variety produced more dry weight after heading and 

had a larger leaf area duration than did the short variety, but its 

grain yie l d was not significant. The nonsenescing type maintained 

a higher chlorophyll content right from six leaf stage till 

harvesting . The senescence type showed decrease in chlorophyll 

content during its growth p eriod. Duncan et al (197 6 ) have also 

reported similar results from their study on characteristics of 

senescence and nonsenescence types of sorghum which are in 

agreement with the results reported here-in. 

combining Ability studies 

Fl Generation 

Combining ability of the selected ICRISAT and local type 

parents for early maturity, and stay green associated characters, 

was estimated for a set of twelve straight crosses in sorghum. The 

results indicated that for the majority of the characters studied, 

both general and specific combining ability effects contribut e d 

significantly; the GCA effects being more pronounced than the SCA 

effects. The results presented in Tables 18 and 19 reveal that 

there were considerable range of differences for yield, maturity 

and stay-green characters between parents and crosses as well as 

among crosses. Locations were also significantly different for 

yield per plant, 1000-grain weight, threshing percentage, maturity 

index, plant height, %GLA 50DAF and sugar percentage. The SCA mean 
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squares were much smaller than the GCA mean squares for all traits 

which indicate that additive genetic variances were more important 

than nonaddi tive genetic variances. Similar resul ts have been 

reported by Nichaus and Pickette (1966) who observed that general 

combining ability effects were larger than specific effects. Reddy 

(1963) from his studies on combining a bili ty involving exot i c 

female and Indian males, has also pointed towards the greater 

importance of general combining ability for yie ld and yield 

components while Kambal and Webster (19 65 ) have observed that both 

general and specific combining abilities were important in 

determining yield and relat e d characters but comparatively the GCA 

effects were more important and more stable over the years. Rao 

(19 70) found that specific combining ability was significant for 

grain yield, yield components, plant height, days to 50 % flowering, 

and leaves per plant, indicating the importance of nonaddi ti ve 

genetic variance for these traits . Spragu e and Tatum (1942 ) and 

Rojas and Sprague (1952 ) have also reported that specific combining 

ability variances were relatively greater than general combining 

ability variances. The lines used in the present study were all 

highly selected and represented adapted ecotypes of the regions in 

which these lines were developed and maintained. Therefore one 

might expect that specific combining a bili ty should have a mor e 

pronounced effect than the general combining ability on the 

expression of various characters. 

The data presented in this study reveal that for all the 

components of yield, maturity a nd stay - green character, the general 

combining ability effects are relatively more important than the 

specific combining ability except for head length, seeds per h ead, 

1000-grain weight, threshing percentage, LAUSL, %GLA 5 0DAF and 

plant height . This also indicates that contribution of these 

characters is very little to the overall yield and as such the 

specific combining ability e ffects are more pronounc ed in these 

c h aracters than others. These results are in agreement with thos e 
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repo r ted b y Kambal and We b s ter (1 9 65) a n d Ni c h a us a nd Pickette 

( 1 966). I n the pre sen t s t udy , the p u re lin es and t h e c rosses 

involving ICSV 107 and ICSV 219 produc e d longe r h e ads, h eavi er a nd 

more number of seeds per head, more numb e r of l e a ves a nd more 

LAUSL, %GLA 50DAF and sugar percentage in comparison with rest of 

the pure lines studied. Number of seeds per head, 1000 - grain 

weight, head length and threshing percentage showed relatively 

higher association with yield and LAUSL, %GLA 50DAF while sugar 

percentage, showed positive and significant association with 

nonsenescence. 

On the whole however, both general and specific combin ­

ing abilities contributed significantly to the total genetic 

variability for all the characters. The GCA resulted primarily from 

differences in the additive gene effects and the differences in SCA 

were due to differences in non-additive gene effects. The d a ta 

presented here, show that additive gene effects were more important 

in the expression of yield and characters related to nonsenescence. 

For c ertain c h a racters i . e head length, seeds per head , 1 0 0 0 -grain 

weight , LAUSL, %GLA 50DAF and plant height, the non - addi t i ve 

effects were rather more pronounced than additive gene effects. 

This fact would seem to suggest that testing of parental lines for 

GCA should also involve appraisal of individual cross combinations 

for SCA and heterotic effects. 

An overall assessment of the data in Tables 20 and 21 

indicate that the cross ICSV 107 X Pot. 3-9 was found to be the 

best cross, as it exhibited superiority over the other crosses for 

plant height, yield per plant, seeds per head, head length, 

threshing percentage and maturity. The cross ICSV 219 X Pot.3-9 was 

the best one for having significantly more area of upper six leave s 

per plant, %GLA 50 DAF and sugar percentage. 
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Analysis of variance, presented in Table 18 reveals that 

variation due to locations for maturity index, lOOO-grain weight, 

seeds per head, %GLA 50DAF, s ugar percentage, and plant height was 

significant, but not so for head length, threshing percentage, 

LAUSL and leaves per plant. While the cross x loc interaction wa s 

found to be significant for majority of the characters, studied. 

Thus it appears that yield and its components were influenced by 

environmental fluctuations. Shinde and Jagadeshwar (1 986 ) have 

reported that both additive and nondditive gene effects were 

estimated to be important for the inheritance of grain yield and 

yield components but nonadditive effects were predominant for most 

of the characters. Genotype X invironment interaction was 

significant for all the characters. 

It is evident, from Table 18 that the mean squares for 

both general and specific combining abilities were significant in 

all cases. This suggests that the genetic variability among crosses 

for yield and its various components was significantly associated 

with both general and specific combining ability. The interactions 

of both general and specific combining abilities with locations 

were highly significant for majority of the characters except for 

yield per plant and seeds per head, suggesting thereby a 

differential influence of environmental fluctuations on the 

combining ability of the lines for the characters studied. 

Based on the overall resul ts, it indicates tha t the 

nonadditive variances are not statistically significant they are 

still important. These results are in agreement with Subba Rao et 

al (1976) who reported that variance due to general and specific 

combining ability effects, was significant for all characters and 

they found that additive gene effects were predominant for days to 

flowering, while nonadditive gene effects were of most importance 

for plant height, head weight and lOOO-grain weight. 
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An overall consideration of general combining abili ty 

effects for the various characters would indicate that among the 

female lines, ICSV 107 with the greatest relative combining ability 

effects for yield had also exhibited the highest combining ability 

for 1000-grain weight and fairly high combining ability for numb er 

of seeds per head, plant height and maturity, however it exhibited 

a relatively low combining ability for threshing percentage . The 

next high yielding line ICSV 219 showed highest general combining 

ability effects for leaves per plant, LAUSL, %GLA 50DAF and Sugar 

percentage. 

On the other hand the line ICSV 112 which had the lowest 

combining abili ty for yield, had lowest 

number of seeds per head, head length, 

combining abili ty for 

threshing percentage, 

maturity index, LAUSL, and %GLA 50DAF and high combining ability 

for lOOO - grain weight. This would suggest that high and low general 

combining ability for yield could be attributed mainly to high or 

low general combining ability for lOOO-grain weight. 

Referring to the general combining ability of the 

parental l ines involved in the crosses, it is evident that parental 

lines although had low general combining ability values for seeds 

per head, resulted in highest specific effects in hybrid 

combinations. The other cross combinations had either low or high 

negative values. 

An over all assessment of the specific combining ability 

effects for the characters presented in Tables 24 and 25 indicate 

that the highest specific effects for yield in the cross 

combination ICSV107 X Pot.3 - 9 was accompanied by the high specific 

effects for number of seeds per head, lOOO - grain weight and 

threshing percentage. The other cross comb ina tions which al so 

exhibited high specific effects for yield, had the highest specific 

effects for the number of seeds per h ead , lOOO -grain weight and 
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F2 Generation: 

SCA mean squares were significant for 1000-grain weight, 

threshing percentage, maturity index, plant height, LAUSL and sugar 

percentage. Estimates of GCA were larger in magnitude than SCA 

indicating that additive genetic variance (GCA) was more important 

than nonadditive genetic variance (SCA). Similar results were found 

for the F1 generation. These resul ts support the findings of 

Niehaus and Pickett (1966) who observed that general combining 

ability effects were larger than specific effects for seeds per 

head, while specific effects were larger for the seed weight. 

Interaction of crosses x location was found significant 

for maturity and %GLA 50DAF. Estimates of GCA effects indicated 

that the male parent Pot.3-9 which has the highest GCA effects in 

F1 for yield per plant, number of seeds per head, 1000-grain 

weight and maturity index, remained the best general combiner in 

F2 generation for 1000-grain weight, seeds per head and maturity 

index (Tables 30,31). 

The over all specific coniliining ability effects for the 

crosses studied (Tables 32,33), showed that cross combinations ICSV 

107 X Pot.3 -9 exhibited the highest specific combining ability 

effects for head length, seeds per head, 1000-grain weight, 

it exhibited poor 

leaves per plant, 

whereas the cross 

threshing percentage and maturity index while 

combining ability effects for plant height, 

LAUSL, %GLA 50DAF and sugar percentage, 

combinations ICSV 219 X Pot. 3 - 9 exhibi ted the maximum spec i f ic 

effects for leaves per plant, LAUSL and sugar percentage. GCA 

estimates were highly significant for all traits except seeds per 

head and yield per plant in F1 generation. 

The major objective of this study was to choose the best 

parents among the selected lines which can produce progenies with 

high yield, early maturity coupled with stay-green character, the 
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significance level for maturity index was used 10%. In F2 

generation SCA was significant for 1000-grain weight, threshing 

percentage, maturity index, plant height, LAUSL and sugar 

percentage . 

The magnitude of GCA was much greater for all the traits 

in both generations indicating that additive genetic effects were 

more important than non-additive genetic effects. These results 

suggested that effective selection for early maturity and high 

yield is possible in early generations. 1000-grain weight, 

threshing percentage, maturity index, plant height, LAUSL and sugar 

percentage exhibited significant nonadditive genetic variance in 

the F2, but the addi tive variance was many times greater in 

magnitude. High and significant GCA effects suggested that among 

the selected parental lines Pot.3-9 and ICSV 107 were the best 

parents for early maturity while ICSV 219 was the best parent for 

the stay-green character. 

Therefore, selection for early maturity and high yield 

should be practised among the progenies of ICSV 107 X Pot. 3 - 9 and 

selection for stay-green character with high yield be practised 

among the progenies of ICSV 219 X Pot.3-9 under the agroclimatic 

conditions in Pothwar region of Pakistan. The ICRISAT cultivar ICSV 

112 did not prove to be good combiner for early maturity, which may 

be due to its lack of adaptation. 

Correlation studies 

There was a positive and significant correlation of early 

maturity with seeds per head (r=0 .35 ) , 1000-grain weight (r= 0 .12 ) 

and threshing percentage (r=0.33) in FI generation. The correlation 

of early maturity with yield per plant was negative with yield per 

plant ( r=0.23), 1000 - grain weight (r=0.18 ) and threshing percentage 

(r= 0 .3 0) in F2 generation (Tables 34,35 ) but the correlation 

coefficients were small in magnitude. Early maturity was also 
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negatively correlated with yield per plant, head length, leaves per 

plant, LAUSL, and sugar percentage. The values being small 

indicating that improvement for early maturity, and high yield 

coupled with stay-green character is possible in F2 generation. 

These results are in agreement with Rana et al (1984) who has 

reported that early maturity was negatively correlated with grain 

yield whereas Dalton (1967) has reported a positive regression 

between yield and maturity. Saeed and Francis (1983) have found 

that differences in yield stability among genotype were largely a 

function of relative maturity. As the yield per plant and head 

length were highly correlated with 1000-grain weight and the 

correlation between yield and head length was low, these results 

indicate that improvement for yie ld could be possible by selection 

from the progenies having more 1000 -grain weight, while Liang 

(1967), who has obtained a low correlation of 1 00 -grain weight with 

grain yield both phenotypically and genotypically, was of the 

opinion that seed weight (100-grain weight) had little predictive 

value in relation to grain yield. 



CONCLUSIONS AND RECOMMENDATIONS 

Conclusions: 

The major objective of this study was to choose the best 

parents among the selected lines, which can produce progenies with 

early maturity and high yield coupled with stay-green c h aracter. 

Therefore for maturity index 10 % level of significance was us ed . 

Effec tive selection for early maturi ty, head length, 

seeds per head, IOOO - grain weight and yield, is possible in cross 

I and selection f or leaves per plant, LAUSL, %GLA 50DAF and sugar 

percentage is possible in cross 2. Selection for early maturity 

would be more effective in later generations. In cross 2 selection 

for yield could also be practised in early generations . 

Narrowsense heritability estimates from variance 

components ranged from low to high in both populations. Low 

heritability for yield suggested that selection in cross I should 

be practised in later generations. 

crosses 

Low correlation between yield and early maturity in both 

indicated that selection for early and favourabl e 

recombinants could be possible from these crosses. 

pe r head, 

LAUSL and 

SCA was significant for head length, seeds 

1000-grain weight, threshing percentage, plant height, 

%GLA 50DAF in Fl generation, while in F2 generation 

significant for 1000-grain weight, threshing percentage, 

index, plant height, LAUSL and sugar percentage. 

SCA was 

maturity 

The magnitude of GCA was much greater for all the traits 

in both generations, indicating that additive genetic effects were 

more important than nonadditive genetic effects. These re sults 

suggest that effective selection for early maturity and high yield 

120 
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is possible in early generation. 1000-grain weight, threshing 

percentage, maturity index, plant height, LAUSL and sugar 

percentage exhibited significant nonadditive genotypic variance in 

F2 but additive variance was many times greater in magnitude. 

High and significant GCA effects suggested that among the 

selected parental lines Pot.3 -9 and ICSV 107 were the best parents. 

Therefore selection for ear l y maturity and high y ield s h ou l d be 

practised among the progenies of ICSV 107 X Pot.3-9 and selection 

for stay-green character should be practised among the progenies of 

ICSV 219 X Pot.3-9 in the Pothwar region of Pakistan. The ICRISAT 

line ICSV 112 did not prove to be good combiner for early maturity 

in the Pothwar environment, which may be due to lack of adaptation 

of this line. F3 progenies of these crosses will be evaluated at 

NARC Islamabad to identify the best ones under the prevailing agro ­

climatic conditions. 

Recommendations: 

The following recommendations have been formulated on the 

basis of present investigations:-

1. Further studies on the nonsenescence (stay - green) character in 
sorghum breeding for the on-going and future programme is 
needed in view of the nature of inheritance of this trait on 
the basis of the present as well as the previous investigat ­
ions. Composition of segregating population involving many 
genes of small effect for inheritance of the nonsenescence not 
only depend on the number of such genes but also on the number 
of generations. Therefore selection of lines with better stay­
green character should be practised in advance g e nerations 
rather than early generation, because the frequency of 
homozygous genes increases wi th succeeding generations of 
selfing . 
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2. Crosses between nonsenescent parents should also be made to 
test gene complementation for obtaining better nonsenescent 
material. 

3. As there is no clear evidence of the mode of inheritance of 
nonsenescence in sorghum, there is need to pursue these 
studies to have more information. 

4. Large populations of F1, F2, BC1, BC2 and BC1 (S) BC2 (S) 
genera tions should be obtained to perform biome trical and 
statistical analysis to test l inkage and higher order 
interactions for further understanding of the genetics of non ­
senescence. 

5 . The genetic studies of maturity pioneere d by J.R. Quinby 
(1967) should be taken advantage of inheritance in association 
with nonsenescence in sorghum to have better selections with 
the desired traits. 
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APPENDIX-A 

SUPPLEMENTARY TABLES FOR 

GENERA,]~ION MEANS ANALYSIS 



Table A2. 

Generation 

P I ( IC8V 10 7 ) 

P2 (Pot . 3-9 ) 

F l 

F2 

BCl 

BC2 

BC1 (8} 

BC2 ( 8 ) 

P1 ( IC8V 219 ) 

P 2 (Pot . 3-9 ) 

F1 

F2 

BC1 

BC2 

BC1 (8 } 

BC2 (S } 

1 37 

Generation mean s fo r maturity and nonsenescence 
traits for cross 1 ( I C8V 107 X Pot . 3-9} - 1992. 

P l ant 
Height (c m) 

1 7 2.25d 

2 37 .2Sbc 

2 4 2 . 25ab 

2 4 0. 7 Sabc 

2 33.0 0bc 

2 S1. 7 Sa 

2 2 9. 7 5c 

2 4 4. 00 ab 

1 7 6.25e 

2 4 0 .7 5b c 

2 4 2 .7 5abc 

2 4 0. 2 Sbc 

2 3 6 .2 5c 

2 4 9 .0 0a 

2 28 .2 Sd 

24 6 .7 Sab 

Leaves p er 
Plant 

L A U 8 L 
( cm2

) 

NARC , I SLAMABAD 
14.25a 2963.S0a 

9.2Se 

13.75ab 

13.00bc d 

14.25a 

12.2Sd 

13.S0abc 

12.7Scd 

2315.75b 

31S1.7Sa 

3111.75a 

33S1.7Sa 

3279.2Sa 

3313.00a 

27 7 2.00ab 

MMR I , YOUSAFWALA 

14.2Sa 

10.25c 

13.50ab 

12.7Sab 

13.7Sab 

12.25b 

13.7Sab 

12.50ab 

3004.2Sc 

2384.S0d 

3222.25ab 

3130.75bc 

3299.2Sa 

3302.00a 

329S.00a 

3272.50a 

%GLA 
50 DAF 

84 . 37a 

41 . 2 0 d 

83 .9 2a 

7 9 . 30b 

86 .4 2a 

68 . 1Sc 

83 .8 5a 

67 .4 2c 

7 7. 67b 

42 . 90d 

8 0. 57b 

64. 87c 

85 . 62a 

65 . 35c 

78.37 b 

6 6. 2 7 c 

8ugar% 

12.62a 

4.10c 

7.62bc 

5.90d 

7.92b 

S.10d 

7.02c 

4.22e 

12.45a 

3.95d 

9.27b 

6.62c 

10.3Sb 

7.72c 

6.27c 

6.30c 

Means with t he same le tter s are no t s i gnificantly different according to Wal ler­
Duncan mul t iple rang e test (K ratio = 10 0 ). 



Table A3. 

Generat i on 

P1 (ICSV 1 07) 

P2 (Pot.3-9) 

F1 

F2 

BC 1 

BC2 

BC l (S) 

BC 2{S ) 

PI ( ICSV 219 ) 

P2 (Pot.3 - 9 ) 

F1 

F2 

BC1 

BC 2 

BCl{S) 

BC 2{S ) 

138 

Generation means for maturity a n d n o nsene sc e nce 
traits for cross 2 {ICSV 219 X Pot.3 - 9) - 1992. 

Yield per 
plant (g ) 

27. 95d 

1 4. 57e 

33.07b 

3 1. 27bc 

37. 37a 

30.82bcd 

33.4 7b 

2 9 .9 0cd 

27.62f 

15.10g 

32.2 7bc 

30.90d 

34.57a 

31.40cd 

32.60b 

29.17e 

Length of 
head (cm) 

Seeds per 
head 

NARC, ISLAMABAD 
31.22ab 177 5.50b 

19.15c 51 1 . 00c 

31.27ab 209 1 . 50ab 

28.42b 21 24 .0 0a 

32.22a 209 5 . 30ab 

28.65b 1964. 50ab 

32.85a 2027 . 80ab 

32.62a 197 2 . 80ab 

30.45a 

18.92b 

30.85a 

29.10a 

31.15a 

30.32a 

31.50a 

31.32a 

MMRI, YOUSAFWALA 

163 1 .0 0c 

494. 80d 

227 4 . 30ab 

207 1.30ab 

2324. 80a 

203 2.30ab 

1978.00abc 

1922.00bc 

1000 - grain 
Weight (g) 

27.325b 

31 .7 15ab 

35.14 4 a 

33.346a 

34.438a 

35.202a 

32 .2 83ab 

35.813a 

27.999c 

29. 4 48bc 

33 .8 10a 

32.909ab 

33.268ab 

32.821ab 

32.048ab 

35.153a 

Threshing Maturity 
% Index 

69.10b 

84.30a 

72.42b 

73.22b 

71.02b 

75.62b 

73.62b 

76.10b 

7l.05c 

81. 67 a 

73 . 95bc 

7 2 . 65bc 

73 . 97bc 

7 6 . 40b 

74 . 87bc 

73 . 07bc 

113c 

143a 

144a 

142a 

134b 

147a 

1 29b 

145a 

110d 

14la 

14la 

140a 

l31b 

145a 

126c 

143a 

Means with the same l e tters are not significantly different according to Waller­
Duncan multiple range test (K ratio = 100). 



Table A4 . 

Generation 

PI ( ICSV 10 7) 

P2 (Pot . 3-9 ) 

Fl 

F 2 

BC 1 

BC 2 

BC1 ( S ) 

BC2 (S ) 

P1 ( ICSV 21 9) 

P2 (Pot . 3-9 ) 

Fl 

F2 

BC1 

BC2 

BC1 (S ) 

BC2 (S ) 

1 3 9 

Genera t ion mean s fo r maturity and nonsenescence 
traits for cros s 2(ICSV 2 1 9 X Po t .3-9 ) -1992. 

P l ant 
He i g h t ( ern) 

1 7 0 .2 Sd 

2 34 . 7 Sc 

2 4 6 .0 0ab 

2 47.S0a 

2 4 1 .2 Sabc 

2 4 9 .00 a 

2 37.25b c 

2 4 S . 2Sab 

1 7 2.S 0d 

236. 7 Sc 

2 4 S. 7 Sab 

2 4 6. 7S a 

2 4 7.S 0a 

2 4 8 .00 a 

23 8. 2 Sb c 

2 44.50 abc 

Leav es per 
Plant 

L A U S L 
(cm2 

) 

NARC, ISLAMABAD 
1 4.0 0a 3044.25cd 

8 .00 d 

13 .2 Sab 

12 .2 Sbc 

14 .00 a 

13 . S0a 

13 .00 ab 

11. 2 Sc 

21S3.7Se 

3264.7Sab 

3170.7Sbc 

33 92.7Sa 

30 8 8.00c 

327 4 .75ab 

29 4 3.S0d 

MMRI, YOUSAFWALA 

13. 7 Sa 

9. S0 d 

11.5 0ab 

12 .2 Sa 

13. S0 a 

13 .2S a 

12. 2 5a 

11 .75 ab 

30S9.00c 

2234.S0d 

32 69.00a 

32 2 3 . S0ab 

33S2.2Sa 

30 7 4 . 2Sbc 

3233.2Sab 

2984 . S0c 

%GLA 
5 0 DAF 

8 6.0 2ab 

3 7. 8 7 e 

84. 17 b 

7 0 . S7c 

87. 87a 

6 8 . 92 c d 

8 3. 37 b 

6 6 . 72d 

83. 2 0a 

3 6. 97 d 

84. S5a 

66.20 c 

8 6. 6Sa 

6S . 3 0c 

7 7. S7b 

62.67c 

Su gar% 

13. 92a 

4. 00d 

1 0. 00b 

6.4 0cd 

1 3. 0Sa 

5. 67d 

8. S0bc 

6. 05cd 

14. SSa 

3 .80e 

10 .92b 

7 .87cd 

10. S2b 

6 .92d 

9. 0 0c 

7 . 00 d 

Means with t he same letters are n ot s ign if i cantly different a c c ord ing to Wall er ­
Duncan mult i ple r ang e test (K rat io = 100). 



Table A5. 

Source 

Replication 
Generat i on 

A 
D 
AA 
AD 
DD 

Error 

CV (%) 

Replication 
Generation 

A 
D 
AA 
AD 
DD 

Error 

CV (%) 

140 

Mean squares for maturi ty and nonsenescence traits 
in cross 1 ( ICSV 107 X Pot. 3-9)-1992. 

df 

3 
7 
1 
1 
1 
1 
1 

3 
7 
1 
1 
1 
1 
1 

Yield per Length of Seeds per 
plant (g ) head (em) head 

1. 72 
136.36 ** 
380.29 ** 

22.36* 
5.52 

12.89 
20.63* 

0. 8 8 

3.23 

0.96 
1 41. 9 7** 
3 45.86** 

19.55* 
7.49 
1. 58 

16.68* 

0.80 

3.11 

NARC, ISLAMABAD 

1. 36 
58.19 ** 

159.29** 
23.14 ** 

0.20 
12.16 * 
17.22 ** 

1. 27 

3.77 

15950.0 0 
1018177.7 8** 
2906837. 38** 

86130.4 5 
135984.64* 
532680.14** 

84418 .05 

777 1.36 

5.09 

MMRI, YOUSAFWALA 

10 .97** 
62.32 ** 

152 .75** 
2.03 

14.22 
1. 28 
3 .83 

1. 87 

4.48 

595172.03** 
1368106.21** 
3219666 .69 ** 

18849.11 
469128 .98 
252605.0 1 

23161 .05 

57944. 79 

12 .89 

1000 - gra in Threshing 
We ight (g) % 

31.61 
32.35 
72.42* 
49.50 
17.92 
16.54 
38.11 

15.08 

12.30 

1.16 
22.05* * 
20 . 73* 
65.49* * 
41.27** 

1. 25 
45 .8 5* * 

4.25 

6.59 

30 .0 8 
78 .50** 

388.00 ** 
13.22 

6.48 
403.56 ** 

10.91 

1 4.08 

5.11 

34.79 ** 
74.82** 

290.75* * 
13 . 39 

3.87 
370.48* * 

12 . 19 

5 . 50 

3 .15 

Significant a t 5% level . ** Signi ficant at 1 % level. 

Ma turity 
Index 

4 . 08 
515 . 93** 

1388 . 57** 
053 . 00 
124 . 77** 

36 . 57 
2 . 79 

11 . 70 

2 . 41 

7.58 
520 . 00** 

1525 . 50** 
0 . 02 

122 . 52** 
20.57 

0 . 17 

9 . 20 

2.17 
* 



Table A6. 

Source 

Replication 
Generation 

A 

Error 
CV (%) 

D 
AA 
AD 
DD 

Replication 
Generation 

A 
D 
AA 
AD 
DD 

Error 

CV (%) 

141 

Mean squares for maturity and nonsenescence traits 
in cross 1 (ICSV 107 X Pot.3-9)-1 992. 

df 

3 
7 
1 
1 
1 
1 
1 

3 
7 
1 
1 
1 
1 
1 

Plant 
Height (cm) 

42.87 
2472.77** 
8290.86** 

250.34 
230.82 
505 .75* 
285.03* 

68.33 
3.57 

9.78 
2231.24** 
8531.34** 

218.75* * 
169.92* 
745.72** 
245.67* * 

24.28 

2.12 

Leaves per L A U S L 
Plant (cm2

) 

NARC, ISLAMABAD 
1.08 137428.03 

10.57** 
4 6.67** 

0.09 
0.64 
1. 51 
0.02 

0.39 
4.87 

484765.21** 
1067717.50 ** 

419835.10 
30238.56 
41195.57 

419036.31 

128041.74 
17.61 

MMRI, YOUSAFWALA 

1. 92 
6.43** 

32.02** 
0.05 
0.55 
0.72 
0.11 

1. 27 

8.77 

3523.37 
390719.12** 
742917.09** 
427793.99 

82561.29* 
214462.51** 

71871.53 

7536.61 

4.11 

* Significant a t 5% level. ** Significan t at 1% level. 

%GLA 
50DAF 

14.29* 
936.03 ** 

3794.40** 
4.48 
9.56** 

32.57** 
0.15 

3.78 
2.62 

8.12 
731.91** 

2355.72** 
51. 41 

0.83 
1. 63 

15.71 

7.66 

3.94 

Sugar% 

1.56** 
30.60** 

14 7.59** 
0.32 
8.79** 
4.76** 
0.23 

0.31 
8.21 

2.0 9 
29.17** 

129.09** 
20.81** 
31. 68** 
11.96* 
10.09* 

0.98 

12.59 



Table A7. 

Source 

Replication 
Generation 

A 
D 
A 
AD 
DD 

Error 

CV (%) 

Replication 
Genera tion 

A 

Error 
CV (%) 

D 
AA 
AD 
DD 

142 

Mean squares for maturity and nonsenescence traits 
in cross 2 (ICSV 219 X Pot.3-9) -1992. 

df 

3 
7 
1 
1 
1 
1 
1 

3 
7 
1 
1 
1 
1 
1 

Yield per Length o f 
p l ant (g) head (cm) 

Seeds per 
head 

5.14 
182.89** 
343.81** 

49.90** 
7.91 
1. 77 

54.81** 

3.76 

6.50 

1.17 
1035.71** 

316.60** 
37.23** 

8.91* 
20.91** 
41.13** 

0. 48 
2.38 

NARC, ISLAMABAD 
2.14 16476.86 

82.01** 1168413.88** 
263.53 ** 30356 51.20** 

6.07 32031.44 
50.28 * 
24.89 

2.81 

3.69 

6.50 

3.48 
71.28* * 

250.92 ** 
0.15 

21.72 
59. 45** 

0.94 

5.9 0 
8.32 

384233.21* 
619097.58** 

56515.69 

43695.98 

11. 48 

MMRI, YOUSAFWALA 

40304 8.45** 
13675 03.03** 
23816 59.50** 

290645.13 
1025 27.36 
256131.57 
253264.87 

54475.25 
12.67 

1000-grain Threshing 
Weight (g) % 

5.89 
30.69* 
47.99* 

5 .27 
2.55 
1. 25 
4.75 

12.81 

10.79 

3.16 
22.05** 

8.52 
0.08 

17.06 
0.18 
0.00 

5.61 
7.36 

63.88* 
84.02** 

433.44** 
9.78 
0.88 

31.61 
5.53 

17.66 

5.64 

31.70** 
41.61** 

191.33** 
6 . 38 

21.02 
33.55 
4.55 

6 .02 
3 .28 

* Significant at 5% level. ** Significant at 1% level. 

Maturity 
Index 

13 . 08 
527 . 35** 

2938.30** 
35 . 52 
13 . 97 

3.57 
20 . 64 

11 . 65 

2.49 

8.58 
561 . 07 ** 

2074.28** 
37.24 
14.95 

1. 28 
24 . 53 

11 .06 
2.47 



Table A8. 

Source 

Replication 
Generation 

A 
D 
AA 
AD 
DD 

Error 

CV (%) 

Replication 
Generation 

A 

Error 
CV (%) 

D 
AA 
AD 
DD 
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Mean squares for maturi ty and nonsenescence traits 
in cross 2 ( ICSV 219 X Pot. 3-9 ) -1992. 

df 

3 
7 
1 
1 
1 
1 
1 

3 
7 
1 
1 
1 
1 
1 

Plant 
Height (cm) 

21.11 
2745.99 ** 
8128 . 29 ** 
183.24 * 
563.41 ** 

1365.01** 
255.88 * 

42.02 

2.44 

7.67 
2622.29 ** 
8159.43 ** 

367.88 ** 
293.94 ** 

2082.94 ** 
460.96 ** 

37.36 
2 . 60 

Leaves per L A U S L 
Plant (cm2

) 

NARC, ISLAMABAD 

0.95 
16.07** 
7 5.60* * 
11 .82* * 

3.79* 
10 .93* * 

9.51** 

0.4 9 

5.67 

14506.12 
596686.91** 

1634257.85** 
105326.91** 

30034.38 
40965.75* 
99539.25** 

7090.72 

4.12 

MMRI, YOUSAFWALA 

1.11 
7. 53* 

3 5 . 63** 
11. 65* 

5.35 
7. 51 

13.4 7* 

2.25 
12.2 9 

15373.28 
498790.88** 

1364719.24** 
59085.44* 
47314.43* 
45805.58* 
55041.25* 

10664.54 
5.03 

* Significant at 5% level. ** Significant at 1% level. 

%GLA 
50DAF 

5.64 
1096.44 ** 
4683.18 ** 

48.49 
7.29 

74.26 * 
15.00 

5.45 

3.19 

29.24 
1085.80 ** 
4220.16 ** 

93.51 
6 . 85 

26.03 
17.39 

12.93 
5.11 

Sugar% 

3.92 
52.00** 

178.38** 
11.49 
23.86* 

3.19 
3.95 

2.75 

19. 6 3 

0.02 
42.68** 

220.12** 
0.38 
3.77 
8.03** 
0.51 

0.71 
9.51 
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Table A9. Estimat es of genet ic effects on maturity and nonsen escence 
traits for two crosse s ove r two l ocat i ons-1992. 

Parameter Yield per 
plant (g) 

Length of 
head (cm) 

Seeds p er 
head 

1000-grain 
Wei g ht (g) 

M 

A 

D 

AA 

AD 

DD 

R2 (% ) 

CRO SS 1 (ICSV 107 X Pot. 3-9) 

26.34** 28 .5 1 ** 1908.82** 21.64** 
±1. 7 5 j-1.80 ±268.79 ±3.03 

6.57 ** 4.31** 603.68** -2.25* 
+0.43 ±0.45 ±67.0 2 +0 . 75 

18.24 ** 12.28* 848.4 9 29.80** 
+4.98 +5.13 +765.18 +8.63 

3.59 * -2 .37 - 752.7 1** 7.61* 
+1.81 +1.86 +277.51 +3.13 -

-3 .66 -3.49 - 931.64** 3.92 
+1.91 +1.97 +293.66 +3.31 - -

-12.43 ** 8.59* -622.88 -18.21 
±3.56 +3.67 +546.55 +6.17 

0.90 0.79 0.78 0.37 

Values in parentheses are R2 for full model. 
* Significant at 5% lev el. 

** Significant at 1% level. 

Threshing 
% 

78.02** 
.±3 .6 6 

-6 .3 3 ** 
+0.91 

-12 .67 
+10.42 

-2 .90 
+3.77 

29.73** 
+3 .9 9 

7 .2 2 
+7.44 

0.55 

Maturity 
Index 

191.73** 
.±58. 98 

120.01** 
+14.71 

8.67 
+167.92 

30.86 
+60.90 

- 161.14* 
+14.44 

34.51 
+119.94 

0.56 
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Table A10. Estimates of genetic effects on maturity a nd nons e nescence 
traits for two crosses ove r two locations - 1992. 

Parameter Plant 
Height (cm) 

Leaves per 
Plant 

L A U S L 
( cm2

) 

M 

A 

D 

AA 

AD 

DD 

R2 (% ) 

CROSS 1 (I CSV 107 X Pot. 

227.67 * * 13.17** 1773.92** 
+6.39 +0.93 +26 5 .76 

-31.64** 2.15 ** 326.95** 
+1.59 +0.23 +65.51 

60.29** 0.16 1683.72* 
18.21 +2.64 +748.02 -

- 10.16** 1.10 -81.03 
+6.61 +0 .95 +271.28 

37.64** -1. 57 -503.50 
6.99 +1 .01 +287.07 

-45.80 ** 0. 24 - 1287.91* 
±13 . 01 .±1.88 +534.29 

0.93 0.67 0.56 

Values in parentheses are R2 for full model. 
* Significant at 5% level. 

** Significant at 1 % lev el. 

3 - 9) 

%GLA 
50DAF 

52.18** 
+3.46 

9.72* 
+0.86 

24.37 * 
+9.85 

0.68 
+3.57 

-4.17 
+3.78 

-14.67* 
+7.04 

0 .7 9 

Sugar% 

4.37* * 
+1.61 

3.91* * 
+0 .4 0 

1. 83 
+4.58 

3. 4 8* 
+1.66 

-9 .22 
+1.76 

- 0.56 
+3.27 

0.67 
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Table All. Estimates of genetic effects on maturity and nonsenescence 
traits for two crosse s over two locations-1992. 

Parameter Yield per 
plant (g) 

Length of 
head (cm) 

Seeds per 
head 

1000 - grain 
Weight (g) 

CROSS 2 (ICSV 219 X Pot. 3 - 9) 

M 25.89* * 33.82* * 1646.92** 33.44** 
+1.99 +2.58 +302.50 +2.84 

A 6.22** 5.53** 566.81* -1. 69* 
+0.49 +0 . 64 +75.42 +0.71 

D 25.93* * -4 .07 1567.34 3.95 
+5 . 66 +7.56 +861. 16 +8.10 

AA 4.14* -8 . 39 ** 496.28 -4.09 
+2.05 +2 .6 7 +312.32 +2.93 

AD -4.46 -9 . 60** -977.35 1.17 
+2.17 +2.82 +330.49 +3.11 

DD - 19.43 ** 0. 98 -1063.11 -3.06 
+4.04 +5.26 ±615.10 +5.78 

R2 (% ) 0.90 0. 68 0 .73 0.38 

Values in parentheses are R2 for ful l model. 
* Significant at 5 % level . 

** Significant at 1% level. 

Threshing 
% 

74 .00** 
+3.91 

-5.97 * 
+0.97 

-1.18 
+11.14 

2.60 
+4.04 

8.75* 
+4.27 

0 .31 
+7.96 

0.44 

Maturity 
Index 

184.88** 
j-56.95 

158.76** 
+14.20 

148.40 
+1 62 .11 

63.38 
±58.80 

-71.92 
±62 .22 

-68.51 
.±115. 81 

0.73 
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Table A12. Estimates of genetic effects on maturity and nonsenescence 
traits for two crosses over two locations-1992. 

Parameter Plant 
Height (cm) 

Leaves per 
Plant 

L A U S L 
(cm2 

) 

M 

A 

D 

AA 

AD 

DD 

R2 (%) 

CROSS 2 (I CSV 219 X Pot. 3-9) 

233.59** 8. 33** 2188.72** 
±5.974 ±1.14 :1-116.94 

- 31. 14 2.52 ** 317.31* 
j-1.489 i"0. 28 ±29.15 

64.44** 3. 49** 605.32 
+17.006 +3.2 6 +332.91 

-29.20** 3 .04* -642.07** 
+6.168 +1.18 +120.73 

62.43** -4.57 ** -543.35** 
+6.526 +1.25 +127.76 

-52 .71** 9.50 -5 43.02* 
±12 . 147 ±.2.33 :+-237.38 

0.757 0.65 0.90 

Values in parentheses are R: for full model . 
* Significant at 5% level. 

** Significant at 1% level. 

%GLA 
50DAF 

.. 
44.86** 
+4.52 

12.59* 
±1 . 12 

45.57** 
+12.87 

6.38 
+4.66 

9.35* 
+4.94 

-25 .97* 
±9.19 

0.79 

Sugar% 

4.18** 
±1.40 

4.33** 
±0.34 

0.01 
+3.99 

3.92** 
±1.44 

-9.11** 
+1.53 

1. 30 
±.2.85 

0.78 
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Table A13. Estimates of genetic effects on maturity and nonsenescence traits based 
on three-parameter model in cross 1 (ICSV 107 X Pot.3-9)-1992. 

Parameter Yield per 
plant (g) 

M 

A 

D 

R2 (%) 

M 

A 

D 

R2(%) 

25.07** 
±0.54 

6.11** 
+0.56 

10 . 28** 
t 1 . 12 

0.76 

25.06** 
+0.71 

5.71** 
+0.74 

11 . 85** 
+1.48 

0.66 

Length of 
head (cm) 

Seeds per 
head 

1000 - grain 
Wei g ht (g) 

CROSS 1 (ICSV 107 X Pot. 3 - 9 

27.94** 
± 0.4 6 

3.87** 
t o. 4 7 

6.59** 
+0.95 

0. 65 

27.41* * 
t o. 65 

4.33** 
±0 . 68 

5.24** 
+1. 36 

0.4 7 

1417.28** 
±72.94 

487.23** 
t 75 . 33 

1017.25** 
j-150.66 

0.58 

29.49** 
±0.64 

- 1.76* 
±0.67 

5.11** 
t 1 . 34 

0.26 

CROSS 2 ( ICSV 219 X Pot. 3 - 9 

1414.9 2** 
t 75 . 74 

444.64** 
±78.22 

1108.62** 
+156.45 

0.57 

30.73** 
±0.61 

-1.55* 
±0.63 

5.16** 
±1.26 

0.27 

Values in parentheses are R2 for full model. 
* Significant at 5 % level. ** Significant at 1 % level. 

Threshing 
% 

74.81** 
..±0 .9 8 

-2.62 * 
±1 .0 1 

-2.18 
±2.03 

0. 1 1 

75.92** 
±0.80 

-4.88 ** 
..±0.83 

-3 .5 0* 
i 1 . 6 7 

0.38 

Maturi ty 
Index 

134.46** 
±0.91 

- 14.16** 
t o .94 

16.91** 
t 1 . 88 

0.83 

129.62** 
t o . 8 3 

-15.16** 
±0.85 

16.66** 
±1.71 

0.87 



Tabl e A14. 

Parameter 

M 

A 

D 

R2 (%) 

M 

A 

D 

R2(%) 

Va lues 
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Estimates of genetic ef fe cts on maturity and nonsenescence traits b ased 
on three-parameter mode l in cross 1 (I CSV 107 X Pot.3-9)-1992. 

Plant 
Height (cm) 

217.91 * * 
+2.38 

-26.9 4** 
i2.46 

37.52** 
±4.92 

0.74 

217.87** 
±.3.01 

-23 .33** 
.±3.11 

44.23** 
.i.6.21 

0.64 

Leaves pe r 
Plant 

L A U S L 
(cm2 

) 

CROSS 1 ( ICSV 107 X Pot. 3-9 

12.31** 1864.07** 
±0.19 ±61. 81 

1.9·6 * * 264.02** 
±0.19 ±63.84 

1.50 ** 557.35** 
±0.39 ±127.69 

0.64 0.37 

CROSS 2 ( ICSV 219 X Pot. 3-9 

11.73 ** 1795.80** 
±0.28 ±34.98 

1.95 ** 382.72** 
±0.29 ±26.13 

1.54 * 671.64** 
±0.58 ±72.26 

0 .4 6 0.76 

in parentheses are R2 fo r full model. 

%GLA 
50DAF 

64.83** 
±1.01 

18.58** 
±1. 05 

19.82** 
±2.09 

0 . 86 

63.46** 
j:1.02 

21. 72** 
+1.05 

22.21** 
±2.10 

0.89 

Su gar% 

7 . 18 * * 
±0. 33 

3 . 52 ** 
±0. 34 

0. 41 
±0. 69 

0. 63 

8. 15 * * 
±0. 35 

4. 76 * * 
± 0. 36 

1. 3 4 
±0. 73 

0. 7 4 

* Significant at 5% level. ** Significant at 1% level. 



150 

Table A15. Estimates of genetic effects on maturity and nonsenescence traits 
for cross 1 (ICSV 107 X Po t . 3-9 ) -1992 . 

Parameter Yield per 
plant (g) 

M 26.31** 
±2.60 

A 6.72** 
+0.65 

D 18.63* 
+7.41 

AA -3.35 
+2.68 

AD -5.42 
+2.84 

DD 12.78* 
+5.29 -

R2 (% ) 0.90 

Length of 
head (cm) 

25 .2 7* * 
±2 .0 3 

4.35** 
+0 . 50 

18 . 94 ** 
+5 .7 8 

0.64 
+2 .0 9 

-5.27* 
+2.21 

-11.67 ** 
+4.13 

0.87 

Seeds per 
head 

1000-grain 
Weight (g) 

NARC, ISLAMABAD. 

1686.28** 22.96** 
±216 . 87 ±5.67 

588.26** -2.93* 
+54.07 +1.41 

1156 .13 27.71 
+617.3 9 +16.16 

- 526.8 5 * 6.04 
+223 . 91 +5.86 

-1103.42** 6.14 
+236.94 +6.20 

- 817.54 -17.37 
+440.98 +11.54 

0.91 0.31 

Values in parentheses are R2 for full model. 
* Significant at 5% level . 

** Significant at 1% lev el. 

Threshing 
% 

77 . 99* * 
±5.43 

-6 . 79 * 
+1. 35 

-1 4.32 
+15 . 47 

-3 . 63 
+5.61 

30 . 37** 
±5 . 94 

9 . 29 
+11.05 

0 . 57 

Maturity 
Index 

148.08** 
.±4.42 

-12.85** 
+1.10 

- 2.86 
+12.58 

- 15.95** 
±4.56 

- 9.14* 
±4.83 

4.70 
t 8 .99 

0.93 
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Table A16. Estimates of genetic ef fe cts on maturity and nonsenescence 
for cross 1 (ICSV 107 X Pot.3 - 9 } -1992 . 

Parameter Plant Leaves pe r L A U S L 

M 

A 

D 

AA 

AD 

DD 

R2 (% ) 

Height (cm ) Plant (cm2) 

NARC, ISLAMABAD. 

227.34** 12.96* * 1408.88** 
±11.42+ l. 08 ±497.56 

-31 .42** 2.35 * 35 6.52 ** 
+2.85 +0.27 +124.0 5 

-

62.33 l.19 2552. 52 
+32.56 +3.09 +1416.44 

-21.7 1 -1.14 248.44 
+11.81 +1.12 +513.70 

34.00* -1 .85 -306 .8 5 
+12.49 +1.19 +543.60 -. 
- 47.51* - 0.45 -1 821.46 
±23.26 ±2.21 +101 1 .72 

0.90 0.81 0.48 

Values in parentheses are R2 fo r full model . 
* Significant at 5% l evel. 

** Significant at 1% level. 

%GLA 
50DAF 

76.55** 
:t 3 . 31 

21.25** 
+0.82 

8.34 
+9.42 

-13 .59 
+3.41 

-8 .62* 
+3.61 

-1. 08 
+6.73 

0.97 

traits 

Su gar% 

4 . 07 ** 
±0. 97 

4. 19 * * 
+0. 24 

2 .23 
+2. 77 

4. 23 ** 
j- 1. 00 

-3 . 30 ** 
+1. 06 

l. 35 
+1 . 98 

0. 94 
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Table A17. Estimates of genetic effects on maturity and nonsenescence traits 
for cross 2 (ICSV 219 X Pot.3-9) -1992. 

Parameter Yield per 
plant (g) 

M 26.45** 
+2.56 

A 6.41** 
+0.63 

D - 17.42 ** 
±7.29 

AA -3.91 
+2.64 

AD -1 .90 
±2.80 

DD - 11 . 49** 
+5.21 

R2 (% ) 0.91 

Length of 
head (em) 

31.74 ** 
±2.92 

4.26** 
+0.72 

5.61 
+8 . 31 

-5.38 
+3.01 

- 1.71 
+3.19 

-5.5 0 
+5.94 

0.77 

Seeds per 
head 

1000-grain 
Weight (g) 

MMRI, YOUSAFWALA 

2131 . 35** 20.32** 
±489 . 20 ±2.78 

619 . 10** -1. 57* 
+121.97 +0.69 

540.84 31.88** 
-1 392 . 65 +7.92 

- 978.57* 9.17 ** 
±505.08 +2.87 

- 759.9 5 1. 68 
±534.47 +3.04 

-428.22 -19.05* * 
+994.73 +5.65 

0.74 0.57 

Values in parentheses are R2 for full model. 
* Significant at 5% lev el. 

** Significant at 1% level. 

Threshing 
% 

78.70** 
±4 .54 

- 5.88** 
+1.13 

-14. 4 1 
+12.94 -

-2.81 
+4.69 

29.10** 
.±4.96 

9.82 
+9.24 

0.62 

Maturi ty 
Index 

145.37** 
±3.99 

- 13.47** 
±0.99 

-0.56 
+11.37 

-15.81** 
±4.12 

-6.85 
.±4.36 

1.15 
±8.12 

0.94 
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Table A18. Estimates of genetic effects on maturity and nonsenescence traits 
for cross 2 (ICSV 219 X Pot.3 -9 } -1992 . 

Parameter Plant Leaves per L A U S L 

M 

A 

D 

AA 

AD 

DD 

R2 (% ) 

Height (cm ) Plant (cm2 ) 

MMRI, YOUSAFWALA 

26.45* * 13.37 ** 2138.95** 
.±2.56 ±1.58 ±190.96 

6.42** 1.95 ** 297.39* 
±0.64 +0.39 +47.61 

17.42* -0.86 814.93 
+7.29 +4.50 ±543.63 

-3.91 -1. 06 -410.52* 
±2.64 ±1.63 ±197 . 16 

-1.90 -1. 28 - 700.14** 
+2.80 +1.72 +208.63 

-11.49 0.94 -754.35 
+5.21 +3.21 +388.30 

0.91 0.56 0.83 

Values in parentheses are R2 for full model. 
* Significant at 5% level. 

** Significant at 1% level. 

%GLA 
50DAF 

62.57** 
±7.33 

16.74** 
+1.82 

28.24 
+20.87 

-0 .9 3 
±7.57 

1. 92 
+8.00 

-11.15 
+14.90 

0.86 

Sugar% 

0.20** 
±1. 83 

3.92** 
+0.45 

17.97** 
+2.22 

8.04** 
±1.89 

- 5.22* 
+2.02 

- 8. 94 * 
+3 .7 3 
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Table A19. Estimates of genetic effects on maturity and nonsenescence traits based 
on three-parameter model for cross 1 (ICSV 107 X Pot.3-9)-19 92. 

Parameter Yield per 
plant (g) 

M 

A 

D 

R2 (%) 

M 

A 

D 

R2(%) 

25.28** 
±0.80 

6.05** 
+0.86 

10.00** 
+1.65 

0.75 

24.91** 
+0.78 

6.17** 
+0.81 

10.35** 
+1.61 

0.77 

Length of 
head (cm) 

27.12** 
+0.55 

3.69** 
+0.56 

7.35** 
+1.13 

0.74 

28.35** 
+0.75 

4.05** 
+0.77 

5.83 ** 
+1.55 

0.58 

Seeds per 
head 

1000 - grain 
Weight (g) 

NARC, Islamabad. 

1386.95** 
t 80 . 1 5 

450.33** 
±82.77 

916.54** 
+165.55 

0.67 

29.53** 
+1.15 

-2.16 
±1.19 

5.38* 
±.2.38 

0.22 

MMRI, YOUSAFWALA. 

1447.61** 
+122.09 

524.12** 
+126.09 

1117.95** 
+252.18 

0.56 

29.44** 
±0.64 

-1.36* 
+0.66 

4.84** 
+1.33 

0.37 

Values in parentheses are R2 for full model. 
* Significant at 5% lev el. ** Significant at 1% level. 

Threshing 
% 

74.54** 
±lo 55 

-3.00 
+1.61 

-3.59 
+3.21 

0.14 

75.44** 
±1.34 

-2.24** 
+1.38 

-2.39 
+2.76 

0.10 

Maturity 
Index 

223.35** 
+18.87 

98.50** 
+19.49 

-40.87 
±38.98 

0.47 

198.32** 
t 1 5.65 

99.75** 
+16.16 

61.21 
+32.33 

0.58 



Table A20. 

Parameter 

M 

A 

D 

R2 (%) 

M 

A 

D 

R2(%) 

Values 
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Estimates of genetic effects on maturity and nonsenescence traits based 
on three- parameter model for cross 1 (ICSV 107 X Pot .3 -9 )-1992. 

Plant 
Height (cm) 

216.62** 
+3.72 

-27.17** 
+3.85 

39.50 
+7.69 

0.72 

219.20** 
+3.15 

-2 6.71** 
+3.25 

35.54** 
+6.50 

0.77 

in parentheses 

Leaves per 
Plant 

L A U S L 
( cm2

) 

CROSS 1 (ICSV 107 X Pot. 3 - 9 

12.15 ** 1808.67** 
+0.23 tl06.52 

2.12 ** 318.16** 
+0.24 +110.02 

1.91** 596.45** 
+0.48 +220.04 

0.76 0.35 

CROSS 2 (ICSV 219 X Pot. 3-9 

12.46* * 1919.46** 
+0.31 +65.02 

1.79* * 209.87** 
+0.32 +67.15 

1. 08 518.25** 
+0.63 +134.31 

0.54 0.46 

are R2 for full mode l. 

%GLA 
50DAF 

55.29** 
±0.96 

10.36** 
+0.99 

10.05** 
+1.99 

0.82 

53.55** 
+1.02 

8.04** 
+1.06 

8.80** 
+2.12 

0.72 

Sugar% 

6.81** 
+0 . 31 

3 . 70** 
+0 . 32 

- 2.66** 
+0 . 64 

0.83 

7.28** 
±0 . 72 

1 . 81* 
+0 . 74 

-1. 69 
+1.48 

0.20 

* Significant at 5% level. ** Significa nt at 1% level. 
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Table A21. Estimates of genetic effects on maturity and nonsenescence trait s 
for cross 2 (ICSV 219 X Po t . 3-9 ) -1992 . 

Pa rameter Yield per 
plant (g) 

M 25.76** 
+3 . 51 

A 6.39** 
+0.87 

D 27.82** 
+10.00 

AA - 4.01 
+3.62 

AD -2.01 
+3.84 -

DD 20.83** 
±7.14 

R2 (%) 0.87 

Length of 
head (em) 

35.88** 
+3.83 

5.60* 
+0.95 

-9.70 
+10.91 

-10.13 ** 
+3.95 

- 7.54 
+4.18 

4.71 
t 7 . 79 

0.69 

Seeds per 
head 

1000-grain 
We ight (g ) 

NARC, ISLAMABAD. 

2044.77** 32.05** 
±296.66 ±4.77 

601.15** -2.39* 
+73.96 +1.19 

705.08 9.05 
+844.54 +13.60 

-885.61** -2.28 
+306.29 +4.93 

-1189.57** -1. 69 
+324.11 +5.22 

-668.92 6.13 
:±"603. 23 t 9 . 71 

0. 87 0.38 

Values in parentheses are R2 for full model. 
* Significant at 5 % lev el. 

** Significant at 1% lev el. 

Threshing 
% 

78.09* * 
±6.60 

-7 .18** 
+1 .64 

-12. 32 
t18.80 

-1. 34 
+6.82 

8.50 
+7 .21 

6.61 
±13.43 

0.48 

Maturity 
Index 

113.31** 
±4.62 

-15.19** 
±1.15 

23.47 
+13.16 

-5.34 
+4.77 

2.85 
+5.05 

-12.78 
±9.40 

0.92 
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Table A22. Estimates of genetic effects on maturity and nonsenescence traits 
for cross 2 (ICSV 219 X Pot.3-9) -1992. 

Parameter Plant Leaves per L A U S L 

M 

A 

D 

AA 

AD 

DD 

R2 (% ) 

Height (em) Plant ( cm2) 

NARC, ISLAMABAD. 

237.17** 8.31 ** 1863.04** 
+8.97 +1.08 +193.77 

-3 1.10** 3.00** 441.08** 
±.2.23 +0.27 +34.85 

53 .32* 13.54** 1278.49** 
+25 . 53 +3.07 +397.90 

-33 .91** 2.78* -247.60 
+9.26 +1. 11 +144.31 

55.86** -5 .00** -306.00* 
+9.80 +1 .18 +152.71 

-45.01* -8.68 -887.75** 
+18.24 +2 .19 +284.21 

0.9 4 0.87 0.94 

Values in parentheses are R2 for full model. 
* Significant at 5% level . 

** Significant at 1% lev el. 

%GLA 
50DAF 

66.90 ** 
±5.95 

23.61 * 
±1.48 

27.43 
+16.92 

-3 .8 5 
+6.13 

- 13.02* 
+6.49 

-10.89 
±12.08 

0.93 

Sugar% 

2.13** 
±2.66 

4. 60** 
±0.66 

13.35 
+7 .59 

6.98* 
+2.7 5 

2.70 
±2.91 

5.59 
±5.42 

0.77 
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Table A23. Estimates of genetic effects on maturity and nonsenescence traits 
for cross 2 (ICSV 219 X Pot.3-9)-1992. 

Parame ter Yield per 
plant (g) 

Length of 
head (cm) 

M 26.02** 31.75 ** 
±1.99 +3.77 

A 6.13** 5.46 * 
+0.49 +0.94 

D 24.03* * 1. 55 
±5.68 +10.77 

AA -4.26 * -6 .65 
+2.06 +3.89 

P.D -6.91* -11 .65** 
±2.18 +4.12 

DD 18.04** -2 .74 
+4.06 +7.67 

R2 (% ) 0.95 0.69 

Values in parentheses are R2 
* Significant at 5% lev el. 

** Significant at 1% lev el. 

Seeds per 
head 

1000-grain 
Weight (g) 

MMRI, YOUSAFWALA 

1548.05** 34.82* * 
+451.28 +3.33 

532.47** - 1.00 
+112.52 +0.83 

2123.79 - 1.15 
+1284 .70 +9.50 

-457 . 47 5.90 
+465.92 +3.34 

-765.14 0.64 
+493.04 +3.64 

-1416.06 -0.00 
+917.62 +6.78 

0.77 0.46 

for full model. 

Threshing 
% 

69.92** 
+4.49 

-4.77** 
+1.12 

9. 9 5 
±-12.78 

6.55 
+4.63 

9.01 
+4. 90 

6.00 
+9.13 

0.47 

Maturi ty 
Index 

130.94** 
±4.4 3 

-15.71** 
±1.10 

24.04 
±12.6 3 

-5.52 
±4 .58 

1. 71 
+4. 84 

-13.9 3 
±9.02 

0.94 
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Table A24. Estimates of genetic effects on maturity and nonsenescence traits 
for cross 2 (ICSV 219 X Pot.3 -9 ) -1992 . 

Parameter Plant Leaves per L A U S L %GLA Sugar% 
Height (cm) Plant (cm2 ) 50DAF 

MMRI, YOUSAFWALA 

M 230.01 ** 8.35** 1965.95** 57. 4 5 ** 6.4 5 * * 
+8.46 +1.95 +149.29 +7.46 +1. 39 

A -31.17 ** 2.05 * 403.07** 22. 4 1* * 5 .12 ** 
±2.11 +0.48 +37.22 +1.86 +0.34 

D 75.56** 13.44* 957.57* 38.09 2.4 3 
+24.0B +5.56 ±424.99 ±21.25 ±3 .98 

AA -24.49** 3.30 -310.774* 3.73 2.76* 
+B.73 +2.01 +154.13 ±7.71 ±1.44 

AD 69.00 ** -4.14 -323.57* -7.71 - 4.2 8** 
+9.24 +2.13 +163.10 +8.15 +1.52 

DD -60.41 ** -10.33 * -660.14* -11. 73 2.0 0 
+17.20 +3.97 +303.56 +15 .1 8 ±2.B4 

R2 (% ) 0.95 0.50 0.92 0 .9 0 0.9 1 

Values in parentheses are R2 for full model. 
* Significant at 5% level. ** Significant at 1% level. 
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Table A25. Estimates of genetic effects on maturity and nonsenescence traits based 
on three-parameter model for cross 2 (ICSV 219 X Pot.3-9)-19 92. 

Parameter Yield per 
plant (g) 

M 

A 

D 

R2 (%) 

M 

A 

D 

R2(%) 

25.18** 
+1.12 

6.14** 
+1 . 15 

12.31** 
±2.31 

0.66 

24 . 93* * 
+0.93 

5.27** 
+0.96 

11. 38** 
+1.93 

0.69 

Length of 
head (cm) 

27.73** 
+0.93 

4.65** 
+0.97 

4. 84 * 
+1.94 

0.50 

27.08** 
+0.96 

4.00** 
+0.99 

5.64 ** 
+1.99 

0.45 

Seeds per 
head 

1000-grain 
Weight (g) 

NARC, Islamabad. 

1427.70** 
+104.70 

452.45** 
+108.13 

880.21** 
±916.27 

0.54 

31.06** 
+0.97 

-2.17* 
±1.00 

5.58** 
±2.00 

0.30 

MMRI, Yous afwa1a. 

1370.89** 
+115.13 

436.83** 
+118.91 

1253.70** 
+237.81 

0.58 

30.40** 
+0.74 

-0.92 
+0.76 

4.75** 
+1.53 

0.27 

Values in parentheses are R2 for full model. 
* Significant at 5 % level. * * Signi ficant at 1% level . 

Threshing 
% 

76 . 31 ** 
+1 . 30 

- 6.12 
+1.3 4 

- 4.78 
±2 .69 

0.45 

75.5 4** 
±0.95 

-3 . 64* 
±0.98 

-2 .22 
+1.97 

0.34 

Maturity 
Index 

245.96** 
+17.43 

141.01** 
+18.00 

17.75 
+36.01 

0.68 

234.93** 
±15.56 

158.50** 
+16.07 

23.83 
+32.14 

0.77 



161 

Table A26. Estimates of genetic ef fe cts on maturity and nonsenescence traits b ased 
on three-parameter mode l for cross 2 (ICSV 219 X Pot.3-9) -1992. 

Parameter Plant Leaves pe r L A U S L %GLA Su gar% 
Height (cm) Plant ( cm2) 50DAF 

NARC, Islamabad. 

M 217.02** 11.42 ** 1756.37** 54.04** 6. 40 * * 
+4.30 +0.31 +68.81 +1.26 +0. 47 

A -24.13** 2.37 ** 269.50** 11.98** 3. 16 * * 
+4.44 +0.32 +71.06 +1.30 + 0. 48 

D 45.04** 2.62 ** 760.50** 16.07** - 3. 58 * * 
+8.89 +0 . 65 +142.13 +2.61 ±0. 97 

R2 (%) 0.65 0.70 0.59 0.81 0. 65 

MMRI, Yousafwala. 

M 218.72** 12.04 ** 1785.23** 51.35** 7. 53 * * 
±4 . 41 +0.44 +66.68 +1.39 + 0. 55 

A -22.54** 1.54 ** 229.29** 10.87** 3. 22 * * 
+4.55 +0.46 +68.87 +1.44 -t o . 56 

D 43.42** 0.45 716.12 13.60** - 1. 80 * * 
+9.11 +0.92 +137.74 +2.88 +1. 13 

R2 (%) 0.62 0 . 28 0.56 0.73 0. 5 4 

Values in parentheses are R2 for full model. 
* Significant at 5% level. ** S ignificant at 1% level. 
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APPENDIX-B 

SUPPLEMENTARY TABLES FOR 

COMBINING ABILITY ESTIMATES 



Table B1: 

Pure Lines 

ICSV 107 

ICSV 112 

ICSV 219 

Pot. 3-9 

Red Janpur 

Bagdar 

DS-75 

163 

Means values of seven pure lines for yi e ld, maturity 
and stay-green traits at two locations - 1990. 

Yield per 
plant (g) 

36 . 13a 

32 .4 5d 

35.BOa 

1B .7 5d 

21.30c 

22 .B Oc 

22 .8 3c 

Length of 
head (cm) 

32.33a 

29.73a 

29.60a 

21.10b 

20.52b 

1B.13b 

22.75b 

Seeds per 
h ead 

NARC Islamabad . 

1220a 

10BOb 

1209a 

691d 

635d 

724d 

B21c 

1000 - grain 
Weight (g) 

26.69b 

25.1Bb 

26.65b 

33.B3a 

26.9 Bb 

36 .7 5a 

24.25b 

Threshing 
% 

79.32a 

73.52b 

75 . 06b 

76 . 51ab 

75 .B9 ab 

72 . 84b 

72.27b 

Maturity 
Index 

119.0d 

110.3e 

114.0e 

150.5a 

13B.8b 

131.5c 

128.3c 

Means with the same letters are not significantly different acco rding to Waller-
Duncan mUltiple range test (K ratio = 100) . 



Table B2: 

Pure Lines 

ICSV 107 

ICSV 112 

ICSV 219 

Pot. 3-9 

Red Janpur 

Bagdar 

DS-75 

164 

Means values of seven pure lines for yield, maturity 
and stay-green traits at two locations - 1990. 

Plant 
Height (cm) 

169.5c 

167.6c 

167.1c 

233 . 4d 

251.8a 

237.1b 

156.6d 

Leaves per 
Plant 

L A U S L 
( ( cm2

) 

NARC Islamabad. 

14.93a 3215a 

14.38a 3055b 

15.30a 3094b 

11. 72b 2418c 

11. 57b 2472c 

14.10a 2978b 

12.65b 3076b 

%GLA 
50DAF 

75.96b 

76.10b 

82.28a 

36.07e 

43.37d 

53.29c 

49.92c 

Sugar% 

12.16b 

12.07b 

14.23a 

6.13c 

5.85c 

5.03c 

4.93c 

Means with the same letters are no t significantly different according to Walle r-
Duncan multiple range test (K ratio = 100) . 
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Table B3 Means v alues of seven pure lines for yield, maturity 
and stay-green traits at two locations - 1990. 

Pure Lawes Yield per Length of Seeds pe r 1000-grain Threshing Maturi ty 
plant ( g) head (cm) head Weight (g) % I ndex 

MMRI Yous afwala. 

ICSV 107 30.62a 29.35a 1283.0a 27.17d 72.50bc 128.0d 

ICSV 112 25.39b 26.42a 1172.0 a 26.61d 68 . 75c 120.3e 

ICSV 219 27.32ab 27.25a 1114.0a 29.02cd 68.7Sc 120.5e 

Pot. 3-9 17.33c 18.42c 676.3c 35.19b 79.75a 158.3a 

Red Janpur 19.03c 15.65c 674.8c 32.07bc 74.7 5b 151.0b 

Bagdar 24.7Sb lS.02c 699.3c 38.70a 69.00c 141.S c 

DS-75 24.80b 22.30b 969.3b 27.17d 70.S0bc 140.0 c 

Means with the same letters are not significantly different according to Wal ler­
Duncan mUltiple range test (K ratio = 100). 



Table B4 

Pure Lines 

aw 

ICSV 107 

ICSV 1 12 

ICSV 219 

Pot. 3-9 

Red Janpur 

Bagdar 

DS - 75 

166 

Means values of seven pure lines for yield, maturity 
and stay-green tra its at two locations - 1990. 

Plant 
Height (cm) 

178 . 0d 

157.0e 

189.3d 

220.5c 

299.0a 

280.8b 

157 . 0e 

Leaves per 
Plant 

L A U S L 
( (cm2

) 

MMRI Yousa fwala . 

14.50a 343 1a 

14.00a 3465a 

15.50a 3613a 

10.00b 2521c 

10.75b 2645c 

13.50a 3 02 9b 

13.25a 2928b 

%GLA 
50DAF 

75.50b 

71. 7 5c 

82.00a 

39.25f 

42.00ef 

47.50d 

45.00de 

Sugar% 

13.73ab 

12.23b 

15.23a 

4.18c 

4.63c 

5.05c 

4.18c 

Means with the same letters are not signifi c antly d ifferent according to Waller ­
Duncan multiple range test (K ratio = 100). 
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Table B5 Analysis of variance of pure lines (Parents ) 
at two locations-199 0. 

Source of 
v ariation: 

Replicati ons 

Lines 

Error 

Df 

3 

6 

18 

Non-additivity 1 

Residual 17 

Replications 3 

Lines 6 

Error 18 

Non-additivity 1 

Residual 17 

Yield p er 
Plant (g) 

5.00 

217.25** 

2.51 

12 .26* 

1. 93 

25.23* 

84.55** 

6.06 

0.09* 

6.41 

Length of 
head (cm) 

Seeds per 
head 

NARC Islamabad. 

16 . 55 30344.8 9 

123 .07** 246 396.70** 

8.46 14093.2 3 

3.32 3626.5 9 

8.77 14708.9 1 

MM:RI Yousafwala. 

1. 30 2136.61 

135.32** 288608.0 8 ** 

2.68 3637.16 

0.54 6151.5 5 

2.80 3489.26 

* Significant at 5% level . 
** Significant at 1% level . 

1000-grain Threshing 
Weight (g) % 

10.13 4.21 

89.58** 24.04* 

7.87 6. 93 

9.33 4.70 

7.78 7.06 

2.91 1. 71 

86.89** 66.83 ** 

2.73 4.21 

0.81 0.15 

2.84 4.45 

Matu rity 
Index 

17.8 5 

816.12** 

7.93 

8.04 

7.92 

5. 1 0 

873.73** 

6.23 

0.55 

5.57 
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Table B6 Analysis of variance of pure lines (Pa rents ) 
at two locations - 1990 . 

Source of 
v ariation: 

NARC Islamabad. 

Replications 

Lines 

Error 

Non-additivity 

Residual 

Replications 

Lines 

Error 

Non - additivity 

Residual 

Df 

3 

6 

18 

1 

17 

3 

6 

18 

1 

17 

Plant 
Height (cm) 

70 . 14 

6723.53** 

32.06 

18.29 

32 .87 

102.91 

13393 .66** 

53 .88 

0.37 

5 7.02 

* Significant at 5% leve l. 
** Significant at 1% level . 

Leaves per 
Plant 

1. 31 

9.32** 

0.58 

1. 7 5 

0.5 1 

MMR I Yousafwala. 

2.91 

15.89** 

1. 21 

1. 64 

1.1 9 

L A U S L 
(cm2 

) 

13992.29 

408750.42** 

6684.59 

723.76 

7035.23 

53240.89 

721110.54 ** 

18528.17 

32239.99 

17721.59 

%GLA 
50DAF 

4.43 

1336. 53** 

6.30 

6.67 

1. 71 

1304.56 ** 

3.35 

1. 32 

3.47 

Sugar% 

0.77 

64.19** 

0.91 

0.18 

0.95 

0.47 

100.4 8** 

0.58 

0.18 

0.60 
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Tabl e B7 Means squares of combining ability analysis of F1 hybrids at NARC 1993 . 

Source df 

Reps 2 

Etries 18 

Males vs Females 1 

Parents vs Cross 1 

Among Male s 3 

Among Females 2 

Among Crosses 11 

Males 3 

Females 2 

Males X Females 6 

Error 72 

Yield per 
plant (g) 

8.73 

112.69* * 

30.09* 

77.99 

4.07 

9.65 

28.95* 

35.99** 

0.61* 

4. 72 

5.98 

Length of 
head (cm) 

1. 20 

73 .13** 

318.2 9* 

84.73 

12 .43 

55.9 4** 

78 .68 

32.39** 

15.87 

6. 52 

3.62 

* Significant at 5% lev el . 
** Significant at 1% level . 

Seeds p er 1000 -grain Threshing 
head Weight (g) % 

1 9738.51 4.65 9 .13 

472314. 20** 51.39** 61 . 90** 

212727. 79** 134.23 191 .81 

2751359.11 1.7 4 1145 . 51 

60962.91 83.73** 64 . 36* 

62112. 58 24.71 0 . 74 

165509.40 116.22 89 .1 3 

216180.47** 160.06** 262 .8 1 ** 

263777. 69 ** 8.31 67 .79* 

47281.47* 3.82 7 .56 

10618.66 4.46 12.46 

Maturity 
Index 

8.96 

353.4 3* * 

1970.02 

562.00 

1 5 9. 14* * 

5.02 

19 7 . 41** 

468.44 ** 

42. 52* 

27.86* 

10.26 
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Table B8 Me ans squares of combining ability analysis of Fl hybrids at NARC 1993 . 

Source df 

Reps 2 

Entries 18 

Males vs Females 1 

Parents vs Cross 1 

Among Mal es 3 

Among Females 2 

Among Crosses 11 

Males 3 

Females 2 

Males X Females 6 

Error 72 

aw 
Plant 
Height (cm) 

34.46 

4546.63* * 

2913.11 

3943.23 

!..1212.70** 

1144.83 

16062.92* 

12607.80** 

117.86 

1545.88** 

87.61 

* Significant at 5% level . 
** Significant at 1% level . 

Leaves per 
Plant 

2 .25* 

6. 70** 

9 .31 

7. 36 

6. 51 * 

1. 14 

8. 63 

3. 46* 

4. 31* 

2.70* 

0.72 

L A U S L 
( cm2

) 

50126.74 

349557.19** 

993256.23 

181710.59 

427818.25** 

5315.11 

501402.80 

330634.02** 

338947.19** 

145135.41 * 

49294.79 

%GLA 
50DAF 

0.06 

501.25** 

1473.59 

279.13 

465.28** 

39.61* 

560.18** 

149.12** 

56.07 ** 

1 7.30* 

7.75 

Sugar% 

0.7 5 

26.88** 

84.65 

14.19 

4. 26 ** 

0.4 5 

10.09* 

4.4 8 * 

16.67** 

0. 84 

0.80 
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Table B9 Means squares of comb ining abi l ity analysis of F1 hybrids 
at MMRI, Yousafwala 1993. 

Source 

Reps 

Entries 

Males vs Females 

Parents vs Cross 

Among Males 

Among Females 

Among Crosses 

Males 

Females 

Males X Females 

Error 

df 

2 

18 

1 

1 

3 

2 

11 

3 

2 

6 

72 

Yield per 
plant (g ) 

1. 79 

124.89* * 

32.92 

71. 00 

17.41 

0.43 

19.87 

6.89 

8.28 

4.01 

4.2 4 

Le ngth of 
he a d (cm ) 

3.27 

5 8.26** 

146.38 

91.00 

25.52** 

1 0.19 

41. 42 

8.73 

2 0.24* 

1 1.02* 

3.53 

* Significant -at 5% lev el . 
** Significant at 1% lev e l. 

Seeds per 
head 

45911.39 

683956.09** 

765780.80 

3153210.50 

62900.25 

39627.02 

267553.85 

147601.66 

62320.75 

137534.41* 

37942.33 

1000-grain 
Weight (g) 

5.82 

86.88** 

900.62 

13.37 

240.46** 

9.99 

265.58 

251.70 

1.01* 

27.63 * 

9.17 

Thresh ing 
% 

23. 81 

89. 77** 

275. 42 

1077. 00 

25. 64* 

23. 01 * 

114 .38** 

88 . 7 9** 

46.7 7* 

101. 90** 

8 .99 

Ma t ur ity 
I ndex 

9.6 0 

294.7 8 ** 

154 3 .3 7 

694.8 1 

162.4 7 ** 

14.3 3 

18 5 .9 1 

86.2 5 ** 

68.6 9 ** 

26.4 7 * 

11.63 
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Table B10. Means squares of comb ining ability analysis of F1 hybrids 
at MMRI, Yousafwa1a 1993. 

Source df 

Reps 2 

Entries 18 

Males vs Females 1 

Parents vs Cross 1 

Among Males 3 

Among Females 2 

Among Crosses 11 

Males 3 

Females 2 

Males X Females 6 

Error 72 

Plant 
Height (cm) 

21.36 

4941.17** 

473 1 .77 

3832.50 

3279.58** 

980.78* * 

7270.13** 

13875.98 ** 

1500.60** 

831.24** 

24.21 

* Signif icant at 5% level. 
** Signif icant at 1% level. 

Le aves per 
Plant 

1. 35 

4.60** 

13.9 6 

7.6 8 

4.74** 

0.2 3 

6.1 3 

1. 66 

4.1 1 * 

0.5 5 

0.8 2 

L A U S L 
(cm2

) 

37694.44 

344335 . 17** 

1008732 . 20 

194290 . 13 

309661 . 96** 

89028.00* 

444091.25 

467849.66** 

209113.00* 

92405.66 

54049.99 

%GLA 
50DAF 

8.78 

50 7.76** 

1718. 73 

32 0.52 

14 2.81** 

12.00 

19 1.23* 

142.15** 

624.36 ** 

5 8.51 

5.08 

Sugar% 

0.26 

25.18** 

119.29 

12.19 

5.91** 

0.53 

6.73 

18.03** 

0.18 

1. 76* 

0.78 
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Table B11. Estimates of genera l combining ability effects in 
F1 generation at two locations-1993 . 

Parentage Yield per Length of Seeds per 1000-grain Threshing Maturity 
plant ( g ) head (cm) h ead Weight ( g) % Index 

NARCl ISALAMABAD 
Male 
Po t. 3-9 +0 .69 - 0.23 + 76.18 +1.587 +4.85 +7.78 
Red Janpur -2.41 -2.32 + 78.58 - 4. 580 +3.47 +4.4 5 
Bagdar +1.76 +2.21 -2 42.42 +4.890 -4.69 -5.33 
DS -75 -0.09 +0.35 + 87.58 -1 .900 -3 .63 -6.88 

Female 

ICSV 107 +0.17 +1.40 +176.08 +0.918 +0.04 +1.78 
ICSV 112 -0.57 - 0.25 - 54.92 +0 . 751 - 1. 7 8 -1.97 
ICSV 219 +0.38 -1.14 -121.22 -1 . 669 +1.73 -0.20 

MMRIl YOUSAFWALA 
Male 

Po t. 3-9 -0 . 38 +1.39 +116.16 +2 . 280 +1.97 +4.37 
Red Janpur -1.11 -1.12 + 48.50 -5 . 434 +1.62 +0.7 6 
Bagdar +1.0 9 +0.18 -228.50 +6.314 - 4.08 -2.24 
DS-75 +0. 39 -0.45 -394.67 -3 .1 58 +0.49 -2.90 

Female 

ICSV 107 +0.8 5 +1.17 +104.33 +1 . 114 -1 .44 +3.0 6 
ICSV 112 -0.17 - 1.44 + 7.08 -0 .261 +2.61 -1.73 
I CSV 219 -0.69 +0.28 -111.42 -0.851 +1. 19 -1.32 
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Table B12. Estimates of general combining ability effects 
in F1 generation at t wo l ocations - 1993. 

Parentage Plant Leaves pe r L A U S L %GLA Sugar% 
Height (cm) Plant (cm2 

) 50DAF 

NARCl ISALAMABAD 
Male 

Pot. 3-9 +44.08 - 0.92 -26.75 +6.68 +0.48 
Red Janpur - 2 . 24 +0.16 -38.75 -4.13 - 0.63 
Bagdar + 5.22 +0.25 +31.25 -0.73 +0.45 
DS-75 -47.09 +0.50 +34.25 -1.83 -0.29 

Female 

ICSV 107 + 1. 57 - 0.55 +24.33 +0. 33 -1.17 
ICSV 112 - 3.67 -0.21 -230.92 -2 .47 +0.41 
I CSV 219 + 2.08 - 0.75 +206.58 +2.14 +0.78 

MMRIl YOUSAFWALA 
Male 

Pot. 3-9 +3 9. 43 +0.91 -19.83 -4.34 +1.44 
Red Janpu r +1 3.32 +0.36 -230.83 +0.2 6 -0.93 
Bagdar - 0.54 +0.20 +99.17 +1.88 +0.94 
DS-75 -52.2 4 +0.36 +151.17 +2.22 -1. 46 

Female 

I CSV 107 +1 3.1 2 +0.34 + 4.17 -2. 23 - 0.05 
I CSV 112 - 7.57 - 0.24 +243.83 -4.73 -0.30 
I CSV 219 - 5 .57 - 0.09 +240.17 +6.97 +0.35 
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Table B13. Means squares of comb ining ability analysis of 
F2 generation at NARC Isl amabad-1994. 

Source df Yield per Length of 
plant (g ) head (em) 

Reps 2 1. 59 2.56 

Entries 18 95.63** 35.85** 

Males vs Females 1 1208.93 324.79 

Parents v s Cross 1 62.86 1. 71 

Among Mal es 3 4.41 418.22 

Among Females 2 7.66 3.09 

Among Crosses 11 18.44 82.81 

Males 3 4.07 12.43 

F emales 2 9.65 55.94** 

Males X Females 6 15.23* 10.31 

Error 72 4.99 6.14 

* Signifi c ant at 5% level. 
** Significant at 1% level. 

Seeds per 
h ead 

67049. 26 

26 7207.56 ** 

508.07 

32211.00 

93545.14 

8432.35 

58551.58 

60962. 91 

62112.58 

42433. 91 

19175.91 

1000 - grain 
We ight (g) 

1. 07 

44.24** 

12.7 4 

4.83 

2443.88 

1. 40 

91. 28 

24.72 

83.73 ** 

77.83 

8.68 

Threshing Maturi ty 
% Index 

29.11 1. 07 

25. 22* 257.8 2 ** 

17.68 2312.4 5 

110.08 424.36 

110. 08 424.36 

0.12 1. 30 

41.88 139.21 

0.74 5.03 

64 .36* 159.14** 

24.03 33.2 5 ** 

11.75 6.97 
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Table B14. Means squares of combining ability analysis of 
F2 generation at NARC Is1amabad-1994. 

Source Df Plant Leaves per L A U S L %GLA Sugar% 
Height (em) Plant (cm2

) 50DAF 

Reps 2 107.12 0.89 3714.68 25.57 2.66 

Entries 18 4444.79** 3.82** 246386.23** 582.32** 23.31** 

Males vs Females 1 3862.53 7.94 1048388.63 1757.56 54 . 35 

Parents vs Cross 1 4994.52 6.13 173140.55 347.01 11 . 85 

Among Mal es 3 9637.13 78.68 102452 02.71 801.82 4.90 

Among Females 2 508.95 0.04 252.5 5 91.00 1. 53 

Among Crosses 11 25028.47 11.20 566887.17 452.14 5.63 

Ma les 3 
1144.82 1.15 5315 . 11 39.61* 0.4 5 

Females 2 11212.70** 6.51* 427818.25** 465.28** 7.26** 

Males X Females 6 1555.40** 0.98 68269.44* 55.29** 2.38* 

Error 72 294.20 1. 24 17370.15 9.08 0. 75 

* Significant at 5% level. 
** Significant at 1% level. 
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Table B15. Means squares of combining ability analysis of F2 hybrid 
at MMRI Yousafwa1a-1994 . 

Source df Yield per Length of 
plant ( g) head (cm) 

Reps 2 6.28 5 .79 

Entries 18 97.56** 51 .29** 

Males vs Females 1 1291.33 149 .12 

Parents vs Cross 1 88.09 0.93 

Among Males 3 3.11 5.10 

Among Females 2 9.91 2.14 

Among Crosses 11 14.47 52.56 

Males 2 0.43* 10.19** 

Females 3 17.41* 25.52** 

Males X Females 6 2.03* 5.71 

Error 72 11.87 7.29 

* Significant at 5% level . 
** Significant at 1% level . 

Seeds per 1000 - grain Threshing 
head '\\Teight (g) % 

84012.17 1. 31 3.76 

281275.35** 36.37 ** 35.71 * 

1828.96 85.59 24.86 

36915.60 31.42 51 .87 

66982.84 838.56 143.8'5 

17533.39 0.89 0.64 

117102.00 98.26 87.64 

36627.03 9.99 * 23.01* 

62900.25 240.46** 25.64* 

165026.58 15.13 25.73 ** 

101955.30 11.56 6.48 

Ma turity 
Index 

11. 42 

243.05** 

1811.23 

1248.19 

1348.10 

0.88 

189.19 

14.3 3** 

162.47** 

9.11 

4.79 
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Table B16. Means squares of combining ability analysis of F2 hybrid 
at MMRI Yousafwala- 1994. 

Source Df Plant 
Heigh t (em) 

Reps 2 29.25 

Entries 18 4 384.03* * 

Males vs Females 1 6068.56 

Parents vs Cross 1 44 65.17 

Among Males 3 5.04 

Among Fema les 2 0.71 

Among Crosses 11 113.19 

Males 3 
980.78** 

Females 2 3279 . 58 ** 

Males X Females 6 3009.77** 

Error 72 16 . 44 

* Significant at 5% level. 
** Signi ficant at 1% level . 

Leaves per L A U S L %GLA 
Plant (cm2 

) 50DAF 

1. 67 10489.81 22.22 

3.43** 21679 5 .12** 642.86 ** 

11.47 1064723.66 2035.24 

6.17 185127.27 398.00 

91 . 01 1 3314530.22 1013.15 

2.35 535 . 37 111. 3 8 

9.39 15371 . 11 739.99 

0.24 89028.00* 12.00* 

4.75** 309661.96** 142 . 81 ** 

1.16 45401.29 36.42 

0.85 17564.95 11. 49 

Sugar% 

1. 87 

18 .64** 

35.17 

1 0.15 

8.72 

4.13 

2.78 

0. 54 

5.91** 

0.29 

0.83 
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Table B17. Estimates of general combining ability e ff e cts in F2 generation 
at two locations-1994 . 

Parentage Yield per Length of Seeds per 1000 - gra i n Th res hing Maturi ty 
plant (g ) head ( em) head Weight (g ) % I ndex 

NARC ( ISALAMABAD 
Male 
Pot. 3 - 9 +0.79 - 0.13 + 31.91 +0.007 +2.11 +6 . 06 
Red Janpur +0.06 - 1.62 + 12.24 -3.321 +1.85 - 0.61 
Bagdar - 0.01 +0.98 - 117.42 +4.044 -3 .6 5 -3 . 61 
DS - 75 - 0.86 +0.74 + 73.24 -0.734 -0 . 34 -1 . 72 

Female 

I CSV 107 +0.70 +1.92 + 74. 58 - 1.488 +0.01 +0 . 56 
I CSV 112 - 1.01 +0.41 - 69.17 +1.377 -0.28 +0 . 22 
ICSV 219 +0 .30 - 2.34 5.42 +0.108 +0.16 - 0. 69 

MMRI( YOUSAFWALA 
Male 

Pot. 3-9 +0.65 +1. 39 + 8. 58 +0.604 +1 .24 +5 . 47 
Red Janpur -1 .8 5 - 1.72 + 87.92 -4.726 +1.62 +0 . 14 
Bagdar +1. 38 +1.50 - 11. 34 +6 . 980 -1 . 81 - 4.86 
DS - 75 -0 .18 -1.17 + 16.92 - 2.941 -1.06 -0 . 75 

Female 

ICSV 107 +0.12 +0.97 + 57.25 - 0.537 -1 .27 +1 . 17 
ICSV 112 - 0.22 - 0.86 + 1. 25 +1.054 +1.48 - 0. 16 
I CSV 219 +0.09 - 0.11 - 58.75 -0.515 -0.21 -1 . 00 
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Table B18. Estimates of general combining ability effects in F2 generat ion 
at two locations-199 4. 

Parentage Plant Leaves per L A U S L %GLA Sugar% 
Height (em) Plant (cm2 

) 50DAF 

NARC, ISALAMABAD 
Ma le 

Pot. 3-9 +13.71 +0.21 -149.83 +7. 0 6 +0.63 
Red Janpur - 2.98 - 0.94 -224.17 -5.68 - 0.68 
Bagdar +36.37 +1.06 +18 9.17 +5 . 30 +0.89 
DS-7 5 -47.09 - 0.35 +184.83 -6.70 - 0. 87 

Femal e 

ICSV 107 - 6.13 +0.27 + 19.17 -0.32 - 0.22 
ICSV 112 - 5.14 +0.06 + 3.42 -1. 65 +0.03 
ICSV 219 +51.26 - 0.34 - 22.58 +1.95 +0.17 

MMR I , YOUSAFWALA 
Male 

Pot. 3-9 +11.04 - 0.71 -185.58 -3. 2 5 +0.85 
Red Janpur + 2.03 - 0.38 -131.58 -3 .2 7 - 0.61 
Bagdar +14.47 +0.95 +130.42 +4.85 +0.54 
DS -75 -27 . 53 +0.15 +186.42 +1. 68 - 0.77 

Female 

ICSV 107 +10.34 +0.12 + 95.17 +1 .0 4 - 0. 18 
ICSV 112 - 6.42 +0.04 - 22.08 -0 .9 6 - 0.02 
ICSV 219 - 3.92 - 0.15 - 73.08 +2.01 +0.21 
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Table B19. Means of F1 and paren ts fo r maturity and nonsenescence 
traits at NARC Is1amabad-1993. 

Cross/Parents. 

ICSV 107 X Pot.3-9 

ICSV 107 X R/Janpur 

ICSV 107 X Bagdar 

ICSV 107 X DS-75 

ICSV 112 X Pot.3-9 

ICSV 112 X R/Janpur 

ICSV 112 X Bagdar 

ICSV 112 X DS-75 

ICSV 219 X Pot. 3-9 

ICSV 219 X R/ Janpur 

ICSV 219 X Bagdar 

ICSV 219 X DS-75 

ICSV 107 

ICSV 112 

ICSV 219 

Pot. 3-9 

Red Janpur 

Bagdar 

DS -75 

Yield per 
plant (g) 

36.63ab 

32.07d 

35.50bc 

34.93bc 

35.67bc 

31 . 57dc 

36.03ab 

32.90cd 

33.60cd 

33.03cd 

37.60a 

35.73bc 

37 .3 6a 

33 .20 cd 

33.00cd 

17.60d 

18 .7 3d 

12.53e 

20.57d 

Length of 
head (em) 

31.60a 

30.61ab 

33.25a 

29.53abcd 

29.08abcd 

25.55d 

31.80a 

31.81a 

28.15abcde 

26.29bcde 

31.10ab 

29.24de 

31.00ab 

30.90ab 

29.60abc 

21.00ef 

15.40f 

17.00f 

21.90ef 

Seeds per 
head 

1867a 

1942a 

1636a 

1785a 

1550ab 

1522ab 

1410abc 

1724a 

1631ab 

1619ab 

1046bc 

1573ab 

1235abcd 

1139abcd 

1124abcd 

552d 

528d 

650cd 

875bc 

1000-grain 
Weight (g) 

36.571abc 

28.164efgh 

37.000ab 

29.900efgh 

32.168cdef 

29.066efgh 

37.810a 

31.922cdef 

31.922cdef 

25.000gh 

35.837abcd 

28.457efgh 

28.151efgh 

25.585gh 

26.861fgh 

34.331bcde 

25.889gh 

36.428abcd 

26.399fqh 

Threshing 
% 

80.33a 

75.24bcd 

66.69f 

66.91f 

74 . 31cde 

74.93cde 

64.37f 

68.2gef 

76.67bcd 

77.00abc 

71.62def 

70.65ef 

69 .4 8ef 

72.17ef 

70.46ef 

77.63ab 

71.84def 

70.27ef 

72.17ef 

Maturi ty 
Index 

147.00c 

143.67cd 

132.67h 

128.67i 

137.67efg 

140.33 e 

130.33h 

128.67i 

147.33c 

138.00efg 

129.67i 

130.67h 

120.00j 

110.33k 

114.67k 

152.20a 

144.33 cd 

134.00 cd 

1 32.00 h 
Means with the same letters are not significantly different according to Wall er­

Duncan multiple range test (K ratio = 1 00). 
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Table B20. Means of F1 and paren t s f or maturity and nonsenesc ence 
traits at NARC Isalamabad -1993. 

Cross / Parents 

ICSV 107 X Pot.3-9 

ICSV 107 X R/Janpur 

ICSV 107 X Bagdar 

ICSV 107 X DS-75 

ICSV 112 X Pot.3-9 

ICSV 112 X Red Janpur 

ICSV 112 X Bagdar 

ICSV 112 X DS-75 

ICSV 219 X Pot.3 - 9 

ICSV 219 X R/Janpur 

ICSV 219 X Bagdar 

ICSV 219 X DS-75 

ICSV 107 

ICSV 112 

ICSV 219 

Pot. 3-9 

Red Janpur 

Bagdar 

DS-75 

Plant 
Height (cm ) 

263 . 76ab 

184.90d 

248.57abc 

177.26d 

272 . 13a 

220.66c 

200.31c 

160.43d 

247.51ab c 

238.87abc 

217.94c 

172 . 20d 

172.46d 

166.66d 

171.17d 

244.77abc 

232 . 76bc 

240 . 37abc 

147 . S8d 

Leav es per L A U S L 
Plant (cm2

) 

11 . 63def 3281bc 

1 3 . 77bcdef 313Scde 

14 . 44abcd 3114bcde 

1 4 . 08abcdef 3293bc 

1 2 . 79def 2891ef 

1 4 . 69abcde 2906def 

1 3 . 31bcdef 3011cde 

14. S0abcd 2994def 

1 4 . 90a 3292bc 

14 . 10abcdef 3387ab 

l S . lOa 3S13a 

l S . OOa 3360ab 

1 1 . 63def 2880ef 

1 3.77bcdef 2941ef 

1 4 . 26abcdef 3349ab 

2316g 

2412g 

3169bcde 

%GLA 
50DAF 

81.78b 

70.79cd 

76.80bc 

7 1 .11cd 

74.33cd 

68.63de 

72.39cd 

73.91cd 

88.31a 

72.SScd 

73.00cd 

73.87cd 

7 4 .15cd 

69.21de 

80.00ab 

40.71h 

41.39h 

47.80g 

1 0. OSf 

1 3 . 07cdef 

1 3 . 31bcdef 

11. 03f 2626fq 4 7 .31q 

Sugar% 

5 .6 0cde 

5 .0 0c d e 

5 .7 0c d 

4.54 d e 

7.8 3b 

5 .3 9cd e 

7.S 2b 

6 . 4 0b c 

7.1 5b 

6.87 b c 

7.2 8b 

7.33b 

1 2.27 a 

11 .BO a 

13 .4 3a 

3 .73 c 

7.27b 

4.00 d 

3 .20 e 
Means with the same letter s ar e not significantly different acco r d ing to Wa ll er­

Duncan multiple range test (K r atio = 100 ). 
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Table B21. Means of F1 h y bri d a nd parent s for maturity and nonsenescenc e 
traits at MMRI Yous a fwala-19 93 . 

Cross / Parents. Yie l d per 
p lant (g ) 

ICSV 107 X Pot.3 - 9 3S.52a 

ICSV 107 X R/ Janpur 34 .4 3bc 

ICSV 107 X Bagdar 3S .2 3a 

ICSV 107 X DS - 75 3 6 .4 0ab 

ICSV 112 X Pot.3-9 33 .70abc 

I CSV 112 X R/ Janpur 35 .7 3abc 

ICSV 11 2 X Bagdar 3 7 .S 3ab 

ICSV 112 X DS-75 3 6 .2 3abc 

ICSV 219 X Pot.3-9 3 4.7 6abc 

ICSV 219 X R/ Janpur 34. 6 3abc 

I CSV 219 X Bagdar 3 5 . 3 3 abc 

ICSV 219 X DS-75 36 .66 ab 

ICSV 107 

ICSV 112 

ICSV 219 

Pot . 3-9 

Red Janpur 

Bagdar 

DS-75 

35 .2 0abc 

3 6 . 96ab 

34 . 33bc 

19 .17 d 

lS .2 5d 

2 2 .1 3d 

24.7 Scd 

Length of 
h e ad (em) 

32.64a 

31.60ab 

31.00ab 

29.10ab 

31.30ab 

26.50cde 

26.60cde 

29.50abc 

30.00ab 

2S.30ab 

32.70a 

29.S0ab 

30.50ab 

30.90ab 

30.S0ab 

21.S0ef 

lS.10f 

17.70f 

24 . 40de 

Seeds per 
h ead 

20 37a 

lS 74ab 

17 3Sab 

lS4 9ab 

18 00ab 

172 1ab 

167 4abc 

19 14a 

lS 22ab 

lS 61ab 

12 13bc 

173 9ab 

124 7bc 

1 1 7 6bc 

11 62bc 

6 93d 

5 55ef 

615d 

9 00d 

1000 - gra in Th reshing 
Weight (g) % 

40.073ab 7 S . 35cde 

29.532fgh 7 9 . 24bcd 

43.720 a 66. 80f 

30 . 015 efgh 6 6 . 9 2 f 

34.138cd ef 7 4 . 32e f 

30.117e f gh 74.9 5def 

4 3.1S6a 7 3 .0S e f 

30.401efgh 8 5 . 15a 

36.794bc de 7 9 . 57bc 

2S.212fgh 7 7 .00 c de 

36.196bcde 7 4 . 2 0 e f 

34.273de fgh 7 5 .7 3def 

31.443cdefgh 6 5 . 6 0 f 

2S.3S6fg h 70. 80f 

26 . 819h 

34 . 751cdef 

25.6 4 2h 

36.3S4bc de 

26.363h 

70.47 f 

74.62 d ef 

69. 13 f 

66. 5 0g 

72 .1 Sf 

Maturi t y 
Index 

137.83b 

134.33 cd 

131.67 de 

130.67 def 

137.00 e 

12S.67 efg 

123.00gh 

126.67 fgh 

130.00def 

131.00de 

130.33def 

125.67 gh 

115.67h 

107.67hj 

107.67hj 

147.67 a 

13S.67b 

125.67gh 

127.33 fqh 
Means with t he same l e tters are no t signific a ntly differen t ac c o rding to Wal ler ­

Duncan multiple range t e s t (K ratio = 1 00). 
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Tabl e B22. Means of F1 hybrid and parents for maturity and nonsenescence 
traits at MMRI Yousafwala -1993. 

Cros s /Parents 

ICSV 107 X Pot .3 -9 

ICSV 107 X R/Janpur 

ICSV 107 X Bagdar 

I CSV 107 X DS - 75 

ICSV 112 X Pot.3- 9 

ICSV 112 X R/Janpur 

ICSV 112 X Bagdar 

ICSV 112 X DS-75 

ICSV 219 X Pot.3-9 

ICSV 219 X R/Janpur 

ICSV 219 X Bagdar 

I CSV 219 X DS-75 

ICSV 107 

ICSV 112 

ICSV 219 

Pot. 3-9 

Red Janpur 

Bagdar 

DS - 75 

Plant 
Height (em) 

281 .0 0a 

237.00cd 

256.77b 

185.33f 

269.00a 

235.67de 

215.00e 

157.87h 

249.00c 

248.00c 

207.33ef 

181 . 00g 

174 . 00gh 

167 . 67g 

171.69g 

243 . 33cd 

227 . 67de 

238.83de 

151.51h 

Leaves per 
Plant 

14.00abc 

15.00a 

14.66a 

14.66a 

13.66abc 

13.66abc 

14.33ab 

14.33ab 

12.33cd 

15.14a 

14.33ab 

14.80a 

14.80a 

13.80abc 

13.33abc 

10.33de 

12.00cd 

13.33abc 

11.33de 

L A U S L 
( cm2

) 

3681a 

3092bc 

3589a 

3 4 65b 

2855c 

2980c 

3369bc 

3630a 

3763a 

3593b 

3699a 

3718a 

3397bc 

2950c 

3061bc 

2373e 

3443e 

3067bc 

2831c 

%GLA 
50DAF 

63.33ef 

64.00e 

65.00e 

65.00e 

60.00f 

62.00e 

61.33f 

64.00e 

63.33ef 

74 .4 5abcd 

79.00a 

77 . 33ab 

75 .00 abcd 

70.67de 

70 .00de 

3 9.66g 

41.66g 

48.06f 

48 .00f 

Sugar% 

9.31c 

7.10efg 

7.80de f 

6.10fg 

9 .80 c 

6.80fg 

8 .90 cde 

5 . 60gh 

8 . 10d 

6 .20 fg 

9.10c 

6 .8 0fg 

13 . 60b 

11 .7 0b 

14 .6 0a 

3.10h 

3.60h 

4.40gh 

3.70h 
Me a ns with the same letters are not signifi cantly different according to Wal ler­

Dunc a n mUltiple range test (K ratio = 100) . 
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Tabl e B23. Means of crosses in F2 generation and parents for maturity 
and nonsenescence traits at NARC Islamabad-1994. 

Cross/Parents. Yield per 
plant (g) 

ICSV 107 X Pot.3-9 33.73abc 

ICSV 107 X R/Janpur 32.80bc 

ICSV 107 X Bagdar 37.66a 

ICSV 107 X DS-75 32.00bc 

ICSV 112 X Pot.3-9 32.56bc 

ICSV 112 X R/Janpur 33.97abc 

ICSV 112 X Bagdar 30.47c 

ICSV 112 X DS-75 

ICSV 219 X Pot.3-9 

32.33bc 

36.10ab 

ICSV 219 X R/Janpur 33.43bc 

ICSV 219 X Bagdar 31.90bc 

ICSV 219 X DS-75 33.13bc 

I CSV 107 31.43c 

I CSV 112 32.24bc 

ICSV 219 34.56abc 

Pot. 3-9 19.73d 

Red Janpur 21.73d 

Bagdar 19.71d 

DS -75 20.20d 

Length of 
head (cm) 

Seeds per 1000-grain 
head Weight (g) 

Threshing 
% 

Matur ity 
Index 

29.10ab 1523ab 26.031bc def 77.34abc 143.33ab 

75.69abcde 129.00de 

73.17abcde 132.66d 

73.01abcde 131.6 6d 

74.32abcde 137.3 3c 

74.95abcde 137.66c 

24.30bcde 1429abcd 22.984f 

28.67ab 1460abcd 32.852a 

26.73abc 1532ab 28.543abcde 

25.20abcde 1490abc 31.184ab 

24.30bcde 1348bcde 28.798abcd 

27.76ab 1222def 33.551a 70.34de 128.6 6cd 

25.50abcde 1309bcdef 28.331abcdef 78.09abc 131.6 6d 

138.3 3c 21.17de f 1317bcdef 30.076abc 78.89ab 

22.40cdef 

22.36cde f 

25.83abcd 

29.17a 

28.13ab 

28.73ab 

19.10f 

18.70f 

20.77f 

22.77cdef 

1494abc 25.527bcdef 79.03a 132.3 3d 

1200def 32.996a 69.66e 128.6 6de 

1613a 28.195abcdef 71.99cde 132.3 3d 

1060fg 23.515def 75.89abcde 118.6 6f 

12 56cdef 23.218def 72.19bcde 110.0 0g 

1150ef 25.537bcdef 71.54cde 112.6 6g 

687h 32.207a 77.63abc 145.3 5e 

651h 25.031cdef 76.94abcde 139.3 3bc 

756h 33.690a 72.19cde 129.3 3de 

869q 22.712f 73 .60abcde 125.6 6c 
Means with the same letters are not significantly different according to Waller­

Duncan mUltiple range t e st (K ratio = 100). 
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Table 24. Means of crosses in F2 generation and parents for maturity 
and nonsenescence traits at NARC Islamabad-1994. 

Cros s/Parents 

ICSV 107 X Pot.3-9 

ICSV 107 X R/Janpur 

ICSV 107 X Bagdar 

ICSV 107 X DS-75 

ICSV 112 X Pot.3-9 

ICSV 112 X R/Janpur 

ICSV 112 X Badgar 

ICSV 112 X DS--75 

ICSV 219 X Pot.3-9 

ICSV 219 X R/Janpur 

ICSV 219 X Bagdar 

ICSV 219 X DS-75 

ICSV 107 

ICSV 112 

ICSV 219 

Pot. 3-9 

Red Janpur 

Bagdar 

DS-75 

Plant Leaves per 
Height (cm) Plant 

233.57bc 13.57abcd 

171.90d 12.33bcdef 

266.87a 14.50ab 

165.13d 12.20cdef 

219.93c 13.53abcde 

224.40c 11.77def 

224.80c 14.10abc 

172.30d 12.36bcdef 

234.10bc 12.17cdef 

241.23abc 11.73def 

263.93ab 13.23abcdef 

167.77d 13.03abcdef 

168.23d 14.80a 

165.70d 14.73 a 

162.33d 14.10abc 

229.57c 11.23f 

250.67abc 11.37f 

226.43c 13.37 abcdef 

154.80d 12.66abcdef 

L A U S L 
(cm2 

) 

2841.70ef 

2707.00f 

3445.00a 

3322.00ab 

2858.00def 

2957.00cde 

3133.00bc 

3305.00ab 

3030.30cde 

2843.00ef 

3168.70bc 

3107.00bcd 

3091.00bcde 

2940.00cdef 

3173.00bc 

2369.00g 

2342.30g 

2936.00def 

3012.00cde 

%GLA 
50DAF 

73.82cd 

69.31de 

77.28bc 

56.88ef 

76.34bc 

66.5gef 

75.30bc 

63.76f 

87.45a 

63.49f 

79.74b 

55.68ef 

76.27bc 

7';(.30cd 

85.78a 

38.18h 

40.10h 

52.55g 

4 8.37q 

Sugar% 

6.00cd 

6.73bc 

6.96bc 

4.70de 

7.93b 

4.80de 

7.00bc 

5.63cde 

6.90bc 

5.36cde 

7.66b 

6.00cd 

13.16a 

12.20a 

12.83a 

4.80de 

4.30c 

4.76de 

4.63de 
Me ans with the same let ters are not significantly different according to Waller­

Duncan multiple range test (K ratio = 100). 
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Table B25. Means of crosses in F2 generation and parents for maturity 
and nonsenescence traits at MMRI Yous a fwala-1994. 

Cross/Parents. 

ICSV 107 X Pot.3 - 9 

ICSV 107 X R/Janpur 

ICSV 107 X Bagdar 

ICSV 107 X DS - 75 

ICSV 112 X Pot.3-9 

ICSV 112 X R/Janpur 

ICSV 112 X Bagdar 

ICSV 112 X DS - 75 

ICSV 219 X Pot.3-9 

ICSV 219 X R/Janpur 

ICSV 219 X Bagdar 

ICSV 219 X DS - 75 

ICSV 107 

ICSV 112 

ICSV 219 

Pot. 3-9 

Red Janpur 

Bagdar 

DS - 75 

Yield per 
plant (g) 

34.10a 

32.80a 

34.53a 

33.50a 

34.53a 

30.41a 

35.70a 

32.93a 

34.16a 

32.06a 

34.73a 

33.86a 

32.40a 

31.56a 

36.13a 

19.36b 

20.43b 

19.96b 

21.76b 

Length of 
head (cm) 

31.67a 

29.67 abc 

30.00ab 

27.00abcd 

29.33abce 

24.67cde 

29.67abcd 

27.33abcd 

29.00abce 

26.33bcde 

30.67ab 

28.00abce 

32.27a 

31.33ab 

30.00ab 

21.67ef 

19.43f 

17.67f 

24.33d-e 

Seeds per 1000 - grain 
head Weight (g) 

Threshing Maturity 
% Index 

1526a 31.441cdefg 76.06bcd 

1646a 25.108gh 73.36cde 

1342ab 40.588ab 71.19def 

1090abcd 28.806efgh 72.08def 

1098abcd 31.959cdef 73.32cde 

1400ab 29.350defgh 73.52cde 

1266abc 41.099a 78.62ab 

1616a 29.903cdefgh 78 .21ab 

1436a 34.752bcde 77.67ab 

1249abc 27.430fgh 81.29a 

1083abcd 35.313abcd 68.09f 

1376ab 28.537efgh 69.85ef 

1123abcd 27.168fgh 72.71def 

1150abcd 26.693fgh 72.18def 

1171abcd 29.243defgh 71.94def 

708cd 

624d 

678cd 

783bc 

35.887 a bc 

24.056h 

39.286ab 

23.839h 

77.62abc 

73.35cde 

72.29def 

70.24ef 

139.6 6b 

130.66de 

126.3 3fgh 

129.66efg 

135.33c 

131. OOde 

125.66gh 

129.00efg 

132.66cde 

130.00e 

124.66h 

130.33def 

117.66i 

106.66k 

111.66j 

146.00a 

134.33 cd 

128.66efg 

131.00de 
Means with the same letters are not significantly different according to Wal ler­

Duncan multiple range test (K ratio = 100). 
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Table B26. Means of crosses in F2 generat ion and parents for maturity 
and nonsenescence traits at MMR I Yousafwala-1994. 

Cros s /Parents 

ICSV 107 X Pot.3-9 

ICSV 107 X R/Janpur 

ICSV 107 X Bagdar 

ICSV 107 X DS-75 

ICSV 112 X Pot.3-9 

I CSV 112 X R/Janpur 

I CSV 112 X Bagdar 

ICSV 112 X DS-75 

ICSV 219 X Pot.3-9 

ICSV 219 X R/Janpur 

ICSV 219 X Bagdar 

I CSV 219 X DS-75 

ICSV 107 

ICSV 112 

I CSV 219 

Po t. 3-9 

Red Janpur 

Bagdar 

DS-75 

Plant Leaves per 
Height (cm ) Plant 

241.3 6cd 12.33cd 

229.66e 12.66bcd 

247.33c 13.66abc 

271 .33 a 14.20abc 

256.3 3b 12.33cd 

240.6 6cd 13.00abc 

238.00d 13.66abc 

187.6 6f 13.33abc 

246.66c 12.33cd 

247.00c 12.33cd 

269.33a 14.66 a 

169.6 6g 13.23 cd 

172.7 7g 14.33ab 

169.83g 13.66abc 

167.63g 14.00abc 

236.23de 11.00de 

248.30c 15.56e 

241.30cd 13.33abc 

156.63h 12 .6 6bcd 

L A U S L 
( cm2

) 

2888.30bc 

2960.00bc 

3448.00a 

3342.70a 

2850.00bc 

2980.00bc 

3106.00b 

3345.00a 

2899.00bc 

2960.00bc 

3031.00bc 

3076.00bc 

3046.00bc 

2943.00bc 

2983.30bc 

2356.00d 

2397.00d 

2832.00c 

3025.00bc 

%GLA 
50DAF 

80.97abcd 

76.18cde 

84.76a 

76.53bcde 

72.36e 

74.67de 

80.79abcd 

82 .63ab 

72 .62e 

7 5. 05de 

84.70a 

81.60abc 

76.30cde 

74 .83de 

85.37a 

39.50g 

40.36g 

52.31f 

50.39f 

Sugar% 

7.93cde 

6.70de f 

7.80cde 

6.16efg 

8.80c 

6.93 def 

7.86 cde 

6.66def 

7.80cde 

6.53def 

7.96 cd 

6.86 def 

13 . 60a 

11 .7 0b 

11 .9 3b 

5.76fg 

5. 50fg 

4. 63gh 

3.6 0h 
Means with the s ame letters are not significantly different according to Wa ller­

Duncan multiple range test (K ratio = 100). 


