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ABSTRAcr 

Wilb • .., to cIewIop 1IIMrt«aadl. ... yieIcIiaa, ... ......... varieties with superior 

quHty ftbre 110 dud Ii-8 ..... tile ........ plant popuIatJoR eoalII be KC8lllmocIated•• uaique 

procedure lavehllll aIIIIpGIIIite et"CIIIIIaa .... F. was followed.......,. alae F, ..... were 

cn.ed.............. Ia .......... CGIIIbiaatioas......ve seIectiua. vi plaids Ia tile 

......1........ with __ oIIIaIaed by C8IIIpIIIIite cnaiag <So ..........) haYlq 1...,3 lIDded 

IIIMrt SJIIIIIOtIIIa ... repeIted C8IIIpIIIite CI'GIIIiaI behreea diem rauIted .. tile ~ 

fII ......·brudII ........ wiIb _ *led ftawen,. ................. IUperior ftbre qaIIty. wIIidI 

formed Jit _ serfIs vi C8IfoII (G. MwfmD L.) .varieties•.S- vi ............. produced 

41.8 qIha seed C8IfoII ....... nIaIed condIdoas wiIb 36-47% ..... out-tunt (GOT). 15-33 

I11III2.5% spill ...... ftbre. fibre .............. felled Ia tile field ~ III meld .. 

tile .........,. pve 8.19 to 9.36 PSI -.- wiIb tile ftbre haYlq 3.7-4.4 microuIre -.-. 

TIle bn:edIIIc (Il'8a!dure .... method vi field ...... are disc....... 
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The low productivity of cotton in India is generaDy attributed to the' fact that 
more than 75% of the area israinfed in this country. However. even iQ ~. 
like Punjab and Haryana. where cotton is almost entirely grown under "Je 
irrigation, the yield levels are much lower than those reported from other ..... . 
growing countries, including neighbouring Pakistan. One of the main factorsjtt~ 
cotton yield adversely is low plant population (55,OOOIha). The present .cultivated 
varieties do not respond weD to increased plant population per unit area [1-5), 
giving only 10-15% higher yield than with. normal plant population. This is becaUSe 
the plant canopy of cotton varieties grown is pyramidal in shape, bearing I~ng 
extended lower branches. thus, requiring wider spacing between rows. In USA, 
USSR, China and the Middle East countries like Egypt' and Sudan, the. population 
level in cotton fields is maintained at 100,000-120,000 plantslba. While USSR has 
resorted to growing short-branch cotton varieties that enable machine harvesting for 
higher yields [6], better management of cotton crop in the USA has increased' 
average lint yield from 44-66 qIha. In the 19705, attempts were made . to develop 
"narrow-row cotton" in the USA [7-111. It has been shown thatincreasmg plant 
population to Z15,000Iha iQaeased lint yield of narrow-row cotton by 25%. Recently, 
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at Akola in the Maharashtra State,. variety 08} yielded 35% more seed cotton by 
raising plant population to 225.OOOIha. But this variety has a tendency to produce: 
long multinoded sympodial branches at wider. spaCings. The other method of increasing , 
lint yield is by increasing ginning out-turn (GOT). 

Singh and Santhanum [12] introduced cultivars from the USSR which produced 
4-6 flowers in a cluster. But thePRS (progeny of Ru~ian selections) strains, PRS 
72 and PRS 74 (G.hirsuttim L.) and SB289 E and SB(YF) 425 (G. barbadense 
L.) introductions exhibit drying up of flower buds and young bolls which-are retained 
on the plant till harvest,. giving ugly appearance and increased trash oontentin the 
produce: Moreover, these genotypes are highly susceptible to jassids (Empoasca 
bigutella' bigutella) and. therefore. do not give high yields. The nature of drying up 
of flower parts persistS even in the segregating generations of crosses in.volving the 
PRS types and the local, cotton varieties at CoimbatOl:e and resulting in the evolution 
of variety 1412. -

Therefore, a breeding method was developed so that the short branch habit 
is realised and drying up of flower parts eleminated. Plants having only 1-2 noded, 
short (10-12 em) sympodial branches. would make it possible to accommodate 6-8 
times plant population per unit area. Simultaneously, combi~ing high GOT would 
ensure high lint yield. in' different fibre length groups. Willi a view to develop 
varieties yielding up to 50 q/ha seed cotton under rainfed conditions and too q/ha 
under irrigated conditions breeding work was initiated in 1971, the progress of which
is reported here. 

MATERIALS AND METIIODS 

!:our strains of cotton (G. hirsutum L.), undergoing yield triais, viz., JK 97, 
.JK 44, JK 79 and JK 125, were developed by the author by intermating selected 
F2 .plants of the cross CL 20 x Acala 5675 in accordance with a plan suggested by 
Dr. A. B. Joshi. The four varieties were used as agronomic base. Each of these 
was crossed with PRS 72 and PRS 74. A cross was also made between Stoneville 
213 of USA and MCU 5 of Tamil Nadu (India). These nine Fl' were grown at 
Agricultural Research Station, Dharwad Farm in 1972 and composite crossed among 
themselves in all possible combinations. The· flowers on PI plants were hand 
emasculated by thumb nail method so that emasculated anthers could also be 
collected. The anthers were thoroughly mixed and stored in Petri dishes overnight 
at -lOOID temperature. ,The next morning hand pollination was dOne using the pollen 
mixture on all the emasculated flowers. This procedure was repeated daily for 3 
. weeks: Seed cotton harvested from crossed bolls was bulked and ginned to obtain 
an 8-parent composite crossed seeds (CCSo)... . 

, The fiist- composite crossed seeds (I-CCSo) were sown at normal spacing of 
60x 30 em in July 1973 on an area of 0;4. ba accommodating a little more than 
22,000 plants. The plants reached flowering. stage at 60-68 days after sowing and 
observations were recorded betp'een' 80-90 days. A total of ~ plants having shorter 
than normal sympodial branches, i.e., plants with 3-4 noded sympodia and not more 
than 4 dried flowerslplant were selected and again composite Crossed among themselves 
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as described above. Thus, the selection II-CCSo seeds were produced. The cycle of 
selecting plants with 1-3 noded sympodial branches and less than 3 dried flowers/plant 
and intermating them again was continued till IV-CCSo seeds were obtained. 

Since I-CCSo and II-CCSo plant populations were susceptible to -jassids. a 
hig"ly resistant and hairy strain D-33 (JARI. New Delhi) and variety Laxmi 
(Kamataka) were also included in the II-CCSo q'cle of crossing. Ja~sidiolerance 
was an additional ciiterion for selection of plants· in III-CCSo and IV -CCSo cycles.. 

. From 1976 onwards, selection' and intermating of plants within each selected 
plant-to-progeny row were continued. For this purpose intermating sister plants, 
withill the same progeny was continued until compact cotton strains having 1-2 
nodeslsympodium, no dried up flowers on the plant. jassid resistant, more than 50 
g seed cotton producing, and possessing GOT above 40% and fibres longer than 
24 mm were obtained. 

RESULTS ANO DISCUSSION 

Evolution of short-branch. high yielding and high ginning cotton strains was 
the main objective of this breeding programme. Therefore. use of eight genetically 
diverse cotton strains in the'first and second cycles of composite crossing and addition 
of two jaSsid tolerant donor genotypes in the third cycle. generated a wide range 
of recombinants in IV-CCSo population. This method o(conlposite crossing differs 
from the other methods followed to create variability in cotton [9, 13, 14]. 

. Secondly, the large population of more than 22,000 segreeants in each generation 
offered adequate opportunity for selection of plants with the desired characters. The 
uncrossed bolls of selected plants were used to assess· GOT and fibre length (halo 
length) of the mother plants. It was also possible to select for higlt GOT and 
different fibre length. Fibres of seed cotton picked from each' plant were hand, tested 
to eliminate low ginning, nonuniform and low-fibre~strength types in the fiel~ itself. 
Mixed pollination of selected plants enabled accumulation and adding up of polygenes 
and gene complexes determining short-branch habit, high GOT and superior fibre 
quality. 

Table 1. Meaa, ...... aad aIIiIIdeat of Y8riabIIity tor 6 cUr8ders .. IV-CCSo population 
of cumpKt coaea geII8Iype& 

Charicter Mean Range CV (%) 

lassidtolerance (grade) 2 1.3-2.8 16.8 

NodesIsympodium 2.1 1.6-3.8 12.5 

Dried fIowersiplant 3.1 2.2~.7 31.6 

Yield/plailt (g) 56 37-'». 2M 

. GOT(%) 39.7 39.3-46.1 18.1 

Halo length (pun) 27.2 24.6-33.1 20.2 
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In 1976. 328 IV~CSo plants with jassid resistance, short sympodi~l branches 
with 1-2 nodes,. not more than 3 dried. flowers, 50 g cotton yield and more tban 
40% GOT and' 24mm halo length were assessed. The range, mean and coefficient 
of variability (CV) for six characters are presented in Table 1. 

None of the IV.,cCS I plants was completely free from dried up flowers. although 
variability for this character was maximum. Since short-branch character was one of 
the main selection criteria, plants with fewer nodeslsympodium but not more than 
'three dried flowers were also selected. Yield per plant was as high as 92 g (average 
56 g) seed . cotton/plant. Accumulation of polygenes determining GOT was evident 
from the fact that plants exhibiting as high as 46.1 % GOT were available for 
selt~ction and many of them had fibre length of about 30 mm. The CV for 
nodeslsympodium and GOT was rather low, indicating that these two characters 
would almost breed tf!1e in subsequent generations. The character values of the 10 
top selections out of total 328 are listed in Table 2. 

TaIJIt 2. CIIaraden of fell best seIedioas ia IV -CCS. generation 

'"' Selection Nodes pet No. of Seed cotton GOT.~ Halo Jassid 
No. sympodium dried yieldlplant (%) length grade 

Oowers (g) (mm) (0-4) 

tt2 2 3 92 43.4 28.4 1 
146 2 2 81 44.1 29.3 I 
210 2 3 76 42.5 33.1 I 
214 1 1 63 43.9 28.6 I 
239 2 2 73 40.3 32.2 2 
285 1 2 58 46.1 30.5 I 
330 2 3 76 44.3 29.7 I 
353 2 2 59 45.8 28.7 2 
391 1 I 64 43.0 31.6 1 
,410 1 1 70 45.4 30.5 I 

Single plant progeny rows in the second selfed genera~on after fourth cycle 
of composite crossin& (Sz) of the above 10 and 76 other plants were grown witli 
the normal spacing of 60 x 30 cm in 1979, each family comprising 4 rows of 20 
hillslfow. The selection norms were revised ,depending on the combination of characters 
exhibited by different plants. Not a single plant totally, £'tee of dried flowers was 
detected. Therefore, plants progenies within each selected. family were intermated 

, 	 to eliminate this undesirable character. Variability for yield, GOT and halo length' 
waS conspicuous. Therefore, the intermated population of each family was raised· in 

.. the ·next year and individual plants with high GOT but low halo length were crossed 
again within . family, a procedure repeated for five more generations. The tendency 
of flower drying' was completely eliminated only after intensive selection and 
accumulation of desirable genes by intermating plants of the same family. Thus, 80 
plants of family No .. 10 were divided into two groups with differentiating plant .' 
~characters as listed below. 
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Group I,. having yield 80 g GOT 39'~;', halo length 30 mm, and two dried 
flowers/plant. 

Group II, having 60 g yield. 46% GOT. 24 mm halo length. and one dried 
flower/plant. 

The plants belonging to the two groups were intermated in the next year· in 
all possible combinations following the pollen mixture techniques described above. 

Ultimately, 40 outstanding plants were .isolated in 1983 and numbered as JK 
400 series. The short·branch and high yielding strains. JK 400 to JK 41S and JK 
441, were· tested in trials along with commercial check· varieties Laxmi and Sharada, 
maintaining 333,OOOIha plant population in the new strains and both 333,000 and 
55,OOOIha(normal) population in the checks. The spacing for planting seeds was 
30 x 10 em or 60 x 30 em (normal). The trial was conducted with~four-row plots and 
three replications .. The yield and fibre quality estimates of a few outstanding selections 
are presented in Table 3. 

TIIbIe 3 ...........IIIt! fill sIIart·bnadllIIId CUlllplid cuUea seIecdoas 01 IK _ aeries (1984) 


Strain Seed 
cotton 

GOT 
(%) 

2.S% 
span 

Maturity.... ... 
coeffi-

Micronaire 
value 

PSI 
'0' 

yield length dent gauge 
(qIba) (mm) 

JK400 37.8 4O.S 30.8 0.74 3.9 8.6S 
1 
1 

JK40S 33.2 4O.S 31.4 0.73 4.1 8.43 

1 JK406 39.6 43:8 27.4 0.7S 4.0 8.66 

1 JK408 41.8 405 31.0 0.71 3.8 8.32 
JK410 40.2 47.4 25.6 0.7S 4.2 8.592 
JK411 31.'7 42.4 26.8 0.70 3.7 8.731 

.JK413 36.2 39.6 ·30.1 0.74 3.9 8.44
1 
JK41S 30.3 39.0 30.4 0.71 3.9 8.192 
JK416 39.5 39.7 32.7 0.74 3.9 8.601 
JK417 30.0 39.3 30.2 0.71 4.0 8.101 
JK418 28.5 41.0 28.4 0.75 4.0 8.57 
JK440 40.5 .38.0 26.7 0.71 4.4 9.36 
JK441 38.9 3910 31.8 0.72 3.9 9.34 
Sbarada- a) 18.5 ••6 24.1 0.73 4.5 8.06 

b) 23.1 j9.8 23.2 0.74 4.4 8.OS 
LaXIIIi- a) 15.3 35.5 25.4 0.65 3.6 8.21 

b) 20.8 34.5 :is.1 0.68 3.7 8.10 
CD(",l 6.3 2.4 

-Spac:iDg 30 x 10 an <a) 1IDd.t.o x30 aD (b). 

It is evident that the short-branch compact cotton strains developed by the 
method of composite crossing in FI and intermating among selected plant· progenies 
described, have. given us as high as 41.S qlba yield of seed cotton under ample 
rainfall conditions (539 mm during crop period). The commercial check varieties 
appeared to have been advers:ely affected because of high population density, since 
their yield with normal crop density (55,000 plantslha) was S-5.S q/ha· higher than 
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under high density (333,000 plarits/ha). Varieties with normal branching habit. such 
as, Laxmi and Shaiadq generany do not respond to higher population [9, 15] and 
their yield may even decline under higher crop density [8]. The breeding method 
followed by us has resulted in varieties with outstanding yield as well as fibre quality. 
The manual testing of fibre strength in the field is quite reliable to the extent that 
fibres that can be broken will have less than 8.25 PSI value and such plants could 
be rejected in the field itself. This was confirmed by PSI tested values of 8.10-:-9.36 
by the Fibre Quality Evaluation Unit. Dharwad. The GOT of strain JK 410 (47.4%) 
is the highest ever reported. Further selections in these strains resulted in improvement 
of yield to 43.6 q/ha, (JK 440-:-2-1) GOT 47.8%(JK 410-10). and PSI value 10.15 
(JK 4i>-13) [IS}.. 

Another advantage of the short:'branch compact· cotton selections was their 
earliness. The' total crop duration of these cotton strains in summer season (15th 
January-30th May) was 135 days as against 155 days in Sharada and 185 days in 

. Laxmi. Although no special selection pressure was applied for earliness. the 
short-branch habit itself appears to have greatly reduced the period required for 
building, up sufficient crop canopy. Fowler and Ray l1O] also reported earliness in 
the narrow-row cotton crop under high population densitY.:. 

The' selected strains also exhibited variation for flower petal colour as well as 
leaf size. Selection was further applied to make th~m uniform morphologically. These 
selections are presently being tested in the All India Coordinated Cotton Improvement 
Project. 

The technique of composite crossing of Fa followed here for cottOll improvement 
is different from. the composites of Zea mays L. The method has helped in nearly 
achieving the objective of developing cotton strains that produce very high yields 
per unit area, high ginning and superior fibre quality in a directed manner within 
a period of 11-12 years (1972-1984). The factors contributing to this are: utilization 
of wide genetic base, intensive composite crossing among Fa plants through four 
successive generations.. intensive selection of plants for furtherintermating between 
plants of a family for five generations to accumulate polygenic complexes determining 
plant habit, jassid tolerance, short branch, high GOT and better fibre quality. 
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