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ABSTRACT

Study of cytoplasmic-genic and genetic male sterility (CMS and GMS) for exploitation of heterosis
in cotton led to the identification of five suitable exotic Gossypium hirsutum: restorers of
cytoplasmic-genic male sterility. The 29 CMS hybrids obtained by using 6 male sterile lines
(A lines) and 5 restorer lines (R lines), as well as 172 GMS hybrids involving 9 genetic male sterile
lines were compared with several cotton genotypes for their seed cotton yield and economic
characters, The GMS hybrids were superior to CMS hybrids, significantly surpassing the yield of
the commercial Hybrid-4. The CMS hybrids did not show significant improvement in yield over
the commercial cotton hybrid. The genetic background, local adaptability, and diversity of parents
appeared to be responsible for the superiority of GMS hybrids over CMS hybrids. The presence
of strong sterile cytoplasm may also be a probable reason for the poor performance of CMS
hybrids, besides the limited number of hybrids based on cytoplasmic-genic male sterility system
in contrast with genetic male sterility system, where large number of hybrid combinations were
possible and thus produced and tested. The study also revealed that 4 out of 172 GMS hybridﬁ
with high economic heterosis for yield and also superior to Hybrid4 in four other economic
characters can be commercially exploited. Since the female parents of these hybrids are male
sterile, the cost of hybrid seed production can be substantially reduced. © -
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Although several varieties of cotton were developed and released for commercial
cultivation in India, the first hybrid, Hybrid-4, was released in 1970 in Gujarat, followed by
Varalaxmi in 1972 in Karnataka. Since then many cotton hybrids have been released for
commercial cultivation in the country. Hybrid cotton seed production by hand emasculation
and pollination made these hybrids a commercially successful and viable proposition in India,
primarily due to cheap labour in comparison to the advanced countries. However, the cost of
such hybrid cotton seed is 20-25 times higher than that of pure varicties.

Stable and dependable male sterility systems are now available in cotton also. Meyer [1]
developed stable cytoplasmic male sterile cotton with the cytoplasm of Gossypium harknessii
Brandagee and the genome of G. hirsutum. A single dominant gene Rf from G. harknessii is
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essential for fertility restoration and a gene, the Enhancer factor, from G. barbadense increases
fertility [1 —3]. Among various sources of genetic male sterility, the double recessive male sterile
type with mssmss msgmsg genes is most promising [4]. Genetic male sterility of Gregg source
having these double recessive genes has been transferred to promising Indian strains of
hirsutum cotton [5]. The performance of hybrids produced by utilizing both cytoplasmic-genic
sterile (CMS) and genetic male sterile (GMS) lines in crosses with several cotton genotypes
was studied in 1985 and 1986. In addition, stable restorer lines of CMS were also identified.

MATERIALS AND METHODS

Six CMS lines (A-lines), JCMSBN, JCMSK2, S278CMS, DESHAMS-16,
DESHAMS-277 and Laxmi CMS; and nine GMS lines, G-67 GMS, Laxmi GMS, IAN 579
GMS, B59-1684 GMS, B-1007 GMS, MCU-4 GMS, MCU-5 GMS, K34007 GMS and Gregg
GMS, were used as female parents in crosses, in which 12 genotypes were used as male parents
with both CMS and GMS lines for the 1985 hybrid trials (crosses made in 1984). For the 1986
hybrid trials, four restorers and another genotype, DES 146C, were used as male parents in
crosses with CMS lines (A-lines), and 29 genotypes ini the crosses with GMS lines made in 1985.

The 55 CMS-based F1 (47 F1 in replicated and 8 F1 in unreplicated trials) and 36 F1
using GMS (12 F; in replicated and 24 F; in unreplicated trials) were tested with Hybrid-4
(H-4) in 1985 for yield and other economic characters. In the replicated trial, hybrids were
grown in plots of 4.32 m? with 90 X 60 cm spacing, each hybricf having one row of 8 plants. The
CMS and GMS hybrids were grown in separate trials in randomised blocks design with three”
replications. The hybrids with limited seeds were compared in unreplicated trials.

In 1986, 55 CMS-based F1 (19 Fy in replicated and 36 F1 in unreplicated trials) and 195
F1using GMS (172 F1 replicated and 23 F1 in unrcphcatcd trials) were evaluated with Hybrid-4
.- with 90 X 60 cm spacmg, in 3-row plots of 16.2 m 2 with 10 plants per row for CMS hybrids and
_ 2-row plots of 10.8 m 2 for GMS hybrids. The CMS and GMS hybrids were grown in separate
trials in randomised block design with three replications. As in 1985, hybrids with limited seeds
were compared in unreplicated trials. Data for yield and other economic characters from
unreplicated trials are not reported, except their utilization for identification of restorers in
the CMS hybrids. Yield data from the replicated trials were statistically analysed. Economic
heterosis of seed cotton yield in hybrids over H-4 was worked out.
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RESULTS AND DISCUSSION
IDEN'I'IF[CA'HONOFRESI‘ORERS

Four cotton genotypes, namely, MEX 685-3, Dixie king ne restorer, Demeter II 1] and
Demeter III [2] from cotton germplasm of CICR were identified as stable restorers in 1985
based on the study of a large number of crosses made between A-lines and different cotton
genotypes. Based on the study of 1986, another genotype, DES 146 C, was also found to be a
restorer. All these five G. hirsutum genotypes restore fertility in CMS hybrids.

Patel and Mehta [6] found that none of the 1008 cotton genotypes (911 hirsutum and 97
barbadense) used for crossing with CMS nectariless line (A-line) carried the fertility restorer
gene. They also reported that the original line. 8-1029, possessing restorer gene(s), received
from Dr. Weaver, segregated into male sterile, weak male fertile, and strong male fertile, and

evolved a procedure to transfer restorer genes to another genotype by special backcrossing
method. '

Table 1. Performance of CMS hybrids for yield, economic heterosis for yield and other characters (1985)

Hybrid Seed Heterosis Boll wt. Bolt _Halo Ginning

cotton for yield ® No. length (%)

yield over H4 (mm)

(kg/ma) (%)
NICMSH-1 2227 +6.9 6.2 © 311 248 36.3
NICMSH-2 477 +18.9 54 36.0 264 356
NICMSH-3 1581 -4.1 45 29.6 25.3 364
NICMSH+4 1963 -5.8 52 322 276 382
NICMSH-S 1685 -19.1 48 30.3 25.0 344
NICMSH-6 1921 -78 55 381 26.7 36.6
NICMSH-7 1199 —424 36 . 451 29.7 339
NICMSH-8 840 -59.7 53 203 271 354
NICMSH-9 1025 -50.8 48 238 258 36.0
NICMSH-10 1933 -72 5.6 30.0 29.2 36.8
NICMSH-11 1741 -164 5.0 277 238 365
NICMSH-12 1940 -6.9 - 33 370 33.0 339
NICMSH-13 - 1910 -83 51 298 263 36.3
NICMSH-14 1498 - ~-28.1 5.6 317 26.8 349
NICMSH-15 1523 -26.9 53 311 28.6 371
HYBRID-14 2083 — 54 343 26.3 326
CD 5% 625

)

Shroff[7] reported that the G. barbadense restorers (eg. JPR-1 and JPR-6) were superior
for restoration of fertility as compared to other restorers. He reported three G. parbadense
restorers (JPR-1, JPR-6, and UCA1B-1), and three G. hirsutum restorers (JBW1g-221-36,
JBW1g-221-43 and JDESHAF-16/3, the last being a poor fertility restorer).
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EVALUATION OF HYBRIDS

CMS hybrids. 1n 1985, only 15 out of 47 CMS hybrids tested could be evaluated for seed
cotton yield and other economic characters, as the remaining 32 hybrids had problems in
fertility restoration. The performance of these 15 CMS hybrids from replicated trial for seed
cotton yield, economic heterosis and other important characters in 1985 is presented in Table 1.

The best CMS hybrid (NICMSH-2) registered 2477 kg/ha yie’lﬂof seed cotton. Although
two CMS hybrids (NICMSH-2 and 1) were numerically superior to H-4, none of the CMS

hybrids gave significantly higher seed cotton yield. These two CMS hybrids were at par with
H-4 for other economic characters.

In 1986, 12 out of 19 CMS hybrids in replicatcd trial produced fertile pollen, and hence
onlythese could be evaluated for yield and other economic characters (Table 2). None of these
hybrids was superior to H-4.

Table 2, Performance of CMS hybrids for yield, economic heterosis for yield and other characters (1986)

Hybrid* Seed Heterosis Bollwt.  Boll Halo Ginning

cotton - for yield ® No. length (%)

yield over H4 (mm)

(kg/ha) (%)
NICMSH-5-206 1086 =255 38 273 236 373
NICMSH-6-205 1188 -185 41 250 243 343
NICMSH-9-222 458 -68.6 5.0 15.1 26.0 385
NICMSH-13-211 1346 . ~1.6 43 29.7 264 k%
NICMSH-14-213 594 -59.2 44 20.8 26.3 358
NICMSH-15-214 755 -48.2 44 237 23.7 372
NICMSH-0-207 1117 -233 - 40 28.0 24.6 . 350
NICMSH-UR-208 1085 =255 42 26.0 24.6 34.0
NICMSH-UR-215 704 . 517 38 24.8 258 372
NICMSH-0-216 512 -64.9 38 21.7 26.0 35.0
NICMSH-0-218 804 ~44.8 4.1 258 251 36.4
NICMSH-UR-223 388 -734 45 14.1 26.0 3438
HYBRID+4 _ 1457 - 44 288 2711 33
CD 5% 310

* First numeral X code No. of 1985; second numeral & code No. of 1986; 0 — not tested in 1985 , UR—
unreplicated triaf of 1985. '

In contrast to the present findings, Shroff et al. [8] and Shroff [7] reported better.
performance of the CMS hybrids. Shroff et al. [8] evaluated a few inter- and intraspecific
hybrids developed by utilization of the CMS restorer system and found that JCMSRB-50 (the
CMS line), in general, performed well in combination with the Egyptian restorer parent,
particularly in the hybrid JCMSRB-50 x JPR-6. Shroff [7] also reported that a single-cross
interspecific hybrid, JCHB-12, 'dcvcloped on CMS background gave very encouraging results
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on cultivators fields also. He also found that single-cross hybrids outyiéldcd 3-way hybrids,
while the latter were more stable in performance over environments.

GMS hybrids. The 12 GMS hybrids evaluated in replicated trial in 1985 for seed cotton
yield, economic heterosis and other economic characters differed significantly for seed cotton,
yield (Table 3). The best GMS hybrid, NIGMSH-11, recorded seed cotton yield of 3512 kg/ha.
Eight GMS hybrids were nonsignificantly and six were significantly superior to H-4 for seed
cotton yield. The range of economic heterosis for yield in 8 superior GMS hybrids over H-4
was 23.1%~ 68.6%. NIGMSH-11 and NIGMSH-6 were highly promising with their economic
heterosis over H-4 68.6% and 66.7%, respectively.

Table 3. Performance of GMS hybrids for yield, economic heterosis for yield and other chmten (1985)

Hybrid Seed Heterosis Bollwt. . Boll Halo Ginning

cotton - foryield - (@® No. length (%)
yield . over H4 (mm) .
(kg/ha) (%) '
NIGMSH-1 3044 +46.1 45 536 301 350
* NIGMSH-2 1486 —287 4.3 333 237 M2
NIGMSH-3 1852 -11.1 . 46 334 333 36.3
NIGMSH-4 2669 +28.1 4.6 460 29.2 A1
NIGMSH-5 2836 +36.1 6.0 331 276 374
NIGMSH-6 3472 +66.7 44 472 - 268 348
NIGMSH-7 2840 +36.3 53 379 294 353
NIGMSH-8 1789 —141 44 30.1 : 29.3 364
NIGMSH-9 2565 +23.1 53 428 322 358
NIGMSH-10 2789 +33.9 5.6 43.1 © 314 348
NIGMSH-11 3512 .. +68.6 59 534 304 375
NIGMSH-12 1602 -231 4.7 30.1 26.7 354
HYBRID 4 2083 — 54 343 26.3 326

CD 5% 6%4

In 1986, 172 GMS hybrids were evaluated in two sets: 81 hybrids in replicated hybrid
trial and 91 hybrids in replicated trial in line X tester mating design. Out of 172 GMS hybrids,
109 were superior to H-4 and 38 hybrids among them had more than 50% economic heterosis
over H-4. Table 4 shows the performance of some very promising GMS hybrids, some of which

also performed better in 1985. Economic heterosis exceeding 100% over H-4 was exhibited by

five GMS hybrids (NIGMSH-0-13, 0-159, 0-65, 0-26 and 0-91), the maximum being 133.8% in
NIGMSH-0-13. Out of the 109 high yielding GMS hybrids identified, 26 had higher boll weight,
62 higher boll number, 36 longer fibres, and 56 higher ginning percentage as compared to H-4.
Out of these 109 hybrids, 17 were superior in three economic characters over H-4 and four in
all the four economic characters studied besides yield.

Weaver [4]/ found that genetic male sterility in Gregg genotype was governcd/ by two
pairs of homozygous recessive alleles, mss and msg, Srinivasan et al. [9] studied the inheritance .
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of genetic male sterility of some Indian hirsutum cotton genotypes by crossing with Gregg and
found that some genotypes carried homozygous dominant alleles at two loci while others had
homozygous dominant alleles at one locus. They also demonstrated maintenance of genetic
male sterility by sib-mating among the sterile and fertile sibs. Srinivasan and Gururajan 10, 11]
outlined the procedure of producing hybrid cotton utilizing genetic male sterility and
concluded that the cost of hybrid seed so produced was substantially reduced in comparison
with the conventional method. Evaluation of several hybrids involving GMS cotton strains
[12-15] confirmed yield superiority of some of the hybrids over the best varieties under
cultivation and suitability of two hybrids, viz., CPH-2 and CPH-4, for commercial cultivation.

Table 4. Performance of promising GMS hybrids for yield, economic heterosis for yield and

other characters (1986)
Hybrid* Seed Heterosis Boll wt. © Boll Halo Ginning

cotton for yicld ® No. length (%)

yield over H4 (mm)

(kgha) (%)
Line x tester expt. : .
NIGMSH-1-84 1554 +74.8 38 227 272 36.8
NIGMSH+4-32 1117 +25.7 38 4.8 289 36.1
NIGMSH-6-19 1603 +80.3 45 4.0 26.6 358
NIGMSH-7-71 1337 +50.4 38 286 269 359
NIGMSH-10-45 1636 +84.0 44 219 29.7 371
NIGMSH-UR-6 1766 +98.7 - 36 24.0 283 39.1
NIGMSH-0-13 2078 +1338 4.8 30.8 278 393
NIGMSH-0-23 1564 +75.9 4.7 21.1 253 373
NIGMSH-0-26 1886 +112.2 50 255 28.7 36.8
NIGMSH-0-36 1586 +784 46 24.7 258 38.0
NIGMSH-0-39 1706 +91.9 - 43 208 283 49
NIGMSH-UR-58 1604 +80.4 33 252 28.1 39.1
NIGMSH-0-65 1906 +1144 - 4.7 213 251 38.0
NIGMSH-0-91 1811 - +103.7 45 210 27.2 38.0
HYBRID-4 889 —_ 36 219 258 34.6
CD 5% 407
Regular hybrid trial :
NIGMSH-0-120 1512 +87.6 37 235 258 369
NIGMSH-0-140 1421 +763 32 239 . 26.2 364
NIGMSH-0-155 1510 +873 4.6 214 256 399
NIGMSH-0-159 1788 +1218 5.2 24.9 256 40.2
NIGMSH-0-163 1434 +779 48 29.8 25.6 39.2
NIGMSH-0-172 1526 +89.3 45 317 24.6 418

' HYBRID4 806 — 33 18.3 26.8 36.0

CD5% ~ 578

* First numeral —code No. of 1985; second numeral —code No. of 1986; 0—not tested in 1985; UR~—
unreplicated trial of 1985.

In 1986, as in the previous year, GMS hybrids performed better than CMS hybrids. The
GMS system has an advantage over CMS in that a large number of males can be tested in
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crosses with the GMS male sterile lines, since almost all the hirsutum genotypes of cotton
germplasm when used as males give fertile Fy in case of GMS, whereas only a limited number
of crosses can be made in CMS due to very few restorers available at present. Further,
conversion of male genotypes is not required in the GMS system, whereas for CMS the male
genotypes must be converted into restorers, which is a tedious process. The genetic

- background, local adaptability, and genetic diversity of both the parents in a cross may also be
responsible for the superiority of GMS hybrids over the CMS ones. The presence of strong
sterile cytoplasm in CMS may be an additional reason for the poor performance of CMS
hybrids. Strong sterile cytoplasms have a tendency to reduce heterosis, since in such cases
restorers can only restore fertility but cannot neutralise completely the adverse effect of strong
sterile cytoplasm on heterosis.
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