
·Indian J. Genet., 48(1): 13-17 (1988) 

-_. 


A STUDY OF COMBINING ABILITY FOR GRAIN YIELD AND 

SMUT SEVERITY IN PEARL MILLET 


OM PRAKASH, S. SINGH AND I. S. KHArRWAL 

Department of Plant Breeding,. 
Haryana Agricultural University, Hissar 125004 

(Receiftd: JIUUIIU")' '. 1987; 1IUepted: July 4, 1987) 

ABSTRACT 

Com...... aIJiIity e&ds were estimated for grain yield aod __ severity in a line X tester 
\ 

c:nJIIiIIinc ~ comprising 7t bybrIcIs produced by crossbIg 10 IIaes (S male sterile aod 
daeir S maintaiiIer 1Iaes) willi 7 ~ of dI_ orhdD. The material was I'lIIa!J Ja.two. 
etI....---ts (dates Gf sowing) at !lissai'. Parents and bybrids differoed signilkanOy for gal 

aod . sea dfects, respectively. 10 A aod II 8 ...... IIaes and H 833-2 IUIIOIIg testers showed 
COIIIlisteDdy hiP gal effects for grain yield Qd smut severity. ~ additive aod lIOIIlIdditive 
geoe effects seemed to. be importaDt in tbe coo"';" of the t_ characters. No cytoplasmic 
effect was observed in tbe development of smut disease. AmOJig hybrids, the best performance 

was giveo by CI1lI!IS 10 AX77/181 ......... J..l-S. The results indicated ~. the performance ,of 
bybrids for smut severity can be predicted with greater reliability b8sed on gal atone than 
for grain yield. 
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Pearl millet [Pennisetum typhoides(Burm ) Stapf and Hubb:] is a dual .rpose 
crop and its utility in providing high quality grain both for human and animal 
consumption will continue to play an important role in the Indian economy. Although 
there was a significant increase in the productiVity and production of pearJ millet 
after the rel~ase of hybrid HB 1 .in 1965, its yield' has remained stagnant during 
the past decade. Most of the hybrids released so far are susceptible to disease~ like 
downy.-mUdew, smut and ergot. Their effect in terms of losses in quantity of grain 
is eriormous. While downy mildew is of wide spread oCcurrence, the severity of· 
~-.mut and ergot is often linked with specific' geographic areas of cultivation. Haryana 
state is highly vulnerable to smut and is considered as hot spot of this disease. In 
India, thf:' disease causes up to 30% redu~ion in bajra productilln [IJ. Obviously, 
the evolution of smut resistant male sterile lines, restorer lines, hybrids and varieties 
is the need of the hour. With the availability of an efficient- and reliable screening, 
technique (2) the identification of some of the resistant sources has already been 
achieved. However, the knowledge about the combining ability of lines, testers. and 
bybrids for smut. resistance shall be of immense help in accelerating the pace of 
breeding programmes. The present investigation has ~~n undertaken· to make use 
of tipe X tester analysis for estimating combining ability effects of the parents and 
hybrids, predictability ratio and identification of desirable genotypes for grain yield 
and smut re~stance in pearl milleL' ' 

MATERIALS AND METHODS 

The material for the present study consisted of 91 entries, included 5 male 
• 
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sterile Jines (sterile cytoplasm), their 5 maintainerJines (fertile cytoplasm), 7 restorer 
lines (fertile cytoplasm), selected on the basis of smut severity, their 70 FI hybrids, 
and 4 checks. All these entries were raised in two environments at Hissar: normal 
sowing (July 5, 1985) and late ~wing (July 25. 1985). In both environments, the 
experimental material was sown in randomized block design with 3 replications. 

An aqueous sporidial suspension (-1()6 sporidia per ml), prepared from smutted 
pearl millet inflorescences collected in 1984, was used to inject-inoculate at least 10 
ear heads of each of the 91 entries at boot stage so that the suspension filled the 
spaces between the leaf sheath and inflorescence. The boots were bagged immediately 
after inoculation. High relative humidity was maintained by providing light irrigati9ns 
at intervals of 7~ days during the period of inoculation, flowering and grain 
de~elopment. Smut severity (infection index) was estimated on five plants in each 
plot and in each replication as per cent florets transformed into smut sori 20-25 
days after inoculation with the aid of a standard key similar to the one used for 
estimating ergot severity [3]. Grain yield per plant was recorded on five uninoculated 
plants. All the ear heads of a plant were han~ threshed after sun drying and total 
grain yield recerded. The linextester analysis was carried out according to 
Kempthome 14]. The general predictability ratio was calculated as suggested by 
Baker [5]. 

RESULTS AND DISCUSSION 

The mean squares obtained from the line x tester analysis and the values of 
general predictability ratio for grain yield and smut severity are presented in Table 1. 

Table 1. Mean lIICJWII'!S obtained f'roIu line X lester aaaIysis orvariance for grain yield and smnt severity 
in pearl millet grown in two enviroDJnepts 

Source d.f. Grain x.!eld Smut severity 
nonnal 
sowing 

late 
sowing 

nonnal 
sowing 

late 
sowing 

Replications 2 14.0 15.3 32.6 263.3 

Hybrids 69 139.0" 186.4'" 376.6'" 638.3** 

Lines (sterile and 
fertile cytoplasm) 9 273.2** 328.3" 690.7** 1092.2** 

Sterile cytoplasm 4 219.0" 146.1*,* n9.8" 1563.9·* 

Fertile cytoplasm 4 348.5''* 592.3** n3.2** 887.9" 

Sterile YS fertile 
cytoplasm 188.9*· 0.5 4.4 23.0 

Testers (fertile 
cytoplasm) 6 88.7** 27.2** 1069.9-** 2286.6*­, 
Lines X testers 54 122.2­ lSO.5" 247.3*­ 379.6'" 

Error 138 5.5 5.8 14.0 17.2 

General predictability ratio 0.3 0.2 0.5 0.5 

**Significant at 1% level. 
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This table reveals presence of enough genetic variability among the hybrids. Partitioning 
of the hybrids indicated that mean squar-es due to lines, testers and lines x testers 
were highly significant for grain field as weU as smut severity, indicating that lines 
and testers differed for their general combining ability (gca) effects and crosses for 

,I 	 their specific combining ability (sea) effects and for both these characters in both 
environments. However. further partitioning of the item lines revealed that though f, IQaflsquares 	dUe to both sterile (A lines) and fertile (B lines) cytoplasm were 

! 	 highly significant in aU four cases, the item sterile vs. fertile cytoplasm was
I 

"nonsignifjcant for gr8in yield under late sowing and for smut severity in both 
I 	 .e,nvironments. This indicates that cytoplasm (sterile or fertile) had no effect on the '­

~X:~pment-{)f smut disease,but it may have an effect on grain yield. I 
.The relative importance of gca and sea determining progeny peformance should 

be assessed by estimating general predictability ratio [5]. High values of general 
predictability ratio for smut severity indicate that performance of hybrids for this 
character can be predicted with greater reliability based on gca alone than for grain yield. 

Table 2 shows that among female lines, 10 A and to B emerged to be the 
best general combiners for the two characters studied. Therefore, these lines are 
ideal for any breeding programme, particulady when the breeding objective is to 
obtain high grain yield with substantial degree of resistance against smut disease. 
Among testers.. H 833--2 showed consistently high combining ability effects. 

Table 2.. E&fhutes ., paenI ........... IIIIiIity for crain yield and SIIlIIt severity in pearl D1iUet 
! 
Parent Grain vieldh>lant Smut severi!! 

D9fIDlIl late Donnal late 
sowiDt ~ IOWioa sowing 

..... Significant at 5% and 1%, respectively. 

___ -.L ------------ -------.-----~-----..., 

sowing 

263.3 


638.3** 


1092.2** 

1563.9** 

887.9** f 

23.0 

I 

379.6·· 

17.2 

0.5 

I..iDes (feuIes) 
UIA • 
IllB 

81A 

81B 

841A 

84IB 

S141A 
S141B 

lOA 

lOB 


Testers (males) 
SRIICMPS-101-1 
SRIICMPs-904-3 
SRIICMPS-I600-3 
77/181--4-4-3-1-S 
771245-7-1-1-S 
H9OI4-5 
H833-2 

SE tines (gj-gj') 
SE Teste" (gj-sj') 

-3.24** 
-S.89" 

0.76 
-3.61** 

0.36 
I.S4" 
4.S5" 

-1.09* 
3.n** 
4.39** 

1.12** 
2.04** 

-0.65 
-2.22** 
-2.21** 

1.02' 
0.88 

0.72 
0.61 

-3.92** -3.38 "':0.86 
-7.01" 1.08 S.OS" 

0.22 3.19 4.9S** 
-3.16" -3.50 -0.58 

0.87 4.62 2.29' 
3.84" 6.14 2.1S* 
3.27" S.14 S.28" 
0.41 S.74 6.85** 
0.99 -3.95 -IS.41·' 
6.22" -7.9S -9.72" 

0.74 -1.39' -2.70** 
-0.09 -2.11" -0.22 
-0.23 -3.14" -10.11" 
-0.16 13.08** 14.08" 
-1.73" -0.31 2.61" 

0.14 -LI2 6.41'" 
1.34" -S.02'O' 10.06" 

0.74 1.16 1.28· 
0.62 0.97 1.{}7 
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The performance of top 20 crosses for these two characters (Table 3) indicated 
that the number of highxlow and lowxlow combinations was higher than ~at of 
highxhigh combinations. Thus, both additive and nonadditive gene effect~' were 
responsible for the control of these characters. However, for grain yield tWo qrosses 
involved both parents as good general combiners" indicating preponderance of' additive 
. gene effects. Chand and Ahmed [6] also reported importance of both additive and 
nonadditive gene effects in the control of smut severity. 

Table 3. The sea per[onnaoce of 2 top bybrids for grain yield and smut severity in peart millet 

Item Grain yield Smut severity 

No. of crosses 
showing significant sea effects 20 20 

High x high 2 0 

High x low 9 12 

Low x low 9 8 

Some desirable Jines, testers and hybrids identified on the basis of gca. and 
sca effects for smut severity and grain yield are given in Table 4. The hybrids 81 

Table 4. Promising lines, tester aad bybrids icleDtified on the '-Is of desirable gat and sea effects for­
smut resistance and grain yield in peart millet 

lines Testers Hybrids 

normal 
sowing 

late 
sowing 

normal 
sowing 

late 
sowing 

normal 
sowing 

hite 
sowing 

10A* lOA H833--2* H833--2 

10B* lOB H9OI4;-5* H9OI4-5 

841B 5141B SRlICMPS- SRlICMPS­
101-1 1600-4 

SRlICMPCS­

904-3 

·Promising in both the environments. 

L111Ax17t245-7-1-1-5 

LIllA x H833--2 

ICI81A xSRlICMPS­
101-1* 

ICI81B xSRlICMPS-904-3 

IC181BxH9OI4-5 

841Bx77/ 
245-7-1-1-5 

5141Bx SRI 
ICMPS-I01-1* 

5141B xSRlICMPS-904-3* 

5141BxH833--2 

lOA x 771181-4-4-3--1-5· 

Lll1BxH9OI4-5 

ICI81 A x SRlICMPS­
101-1 

• . 
ICI81 A x 17t245-7-1-1-5 

ICI81Bx77/x245-7-1-1-5 

841BxH833--2 

841Bx771 
181-4-4-3--1-5 

514BxSRI 
ICMPS-101-1 

5141BxSRlICMPS-904-3 

10Ax77/181-4-4-3--1-5 

10BxSRlICMPS-101-1 
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AxSRlICMPS 101-1, 5141 BxSRlICMPS 101-1, 5141 BxSRlICMPS 904-3, and 10 
Ax~771181-4-4-3-1-5 performed better in both environments. The hybrid 10 Ax771 
181-4-4-3-1-5 was best among these four combinations. The performance of crosses 
involves A lines as female parent may be further evaluated in large plot size unQer 
envitonments differing both in time and space. The hybrids confirming superiority 
over the existing varieties can be recommended for general cultivation. Hybrids 
involving maintainer lines as female parent may be exploited in population improvement 
programmes and good inbreds can be derived from the progenies of maintainer 
combin~tions. 
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