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ABSTRACT : Cleistogamy in Gossypium barbadense L. is controlled by digenic inheritance. Chasmogamous
flower is dominant over cleistogamous flowers in cotton.  However, full cleistogamy expression depends on the
environment in many plants. However, an accession of CCB12 showed full cleistogamy over the season and
environment. Its inheritance was studied by crossing cleistogamy line with chasmogamous line. Cross between
chasmogmaocus (Suvin] and cleistogamous (CCB12) produced chasmogamous flowers only and same the case
with the reciprocal crosses. However, the F, showed a segregation of 15:1 for chasmogamous to cleistogamous
ratio indicates, involve of double recessive genes. Back cross (BC,) from P, (BC,F)) (BC, (Suvin * CCB 12) * Suvin)
showed complete chasmogamous lines; however, Back cross (BC,F,) from P, (BC, [CCB 12 x Suvin) x CCB 12)
expressed 3:1 ratio for chasmogamons to cleistogamy lines. In future, these cleistogamous lines can be
transferred to non-cleistogamous genotypes for maintaining the genetic structure and useful in mainténance,

this would reduce the hectic labor-intensive selfing.
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Cleistogamy is a form of reproductive
mechanism, which promotes self~pollinaton. It
is a condition in which the fower remains closed
even after anthesis, such a closed Qower ensures
there is no pollen outerossing from outside.
Cleistogamy the term Grst used by Kuhn in 1867 to
denote the bud-like flower in plants, cleistogamy
literally means closed marriage, while
chasmogamy is open marriage in which the Qower
part is open and which facilitates outcrossing,
Darwin [1877) obscrved cleistogamy in Viola,
Oxalis, and mpatiens species. This phenomenon
iz noticed in 59 familics of 228 genera in 693
gpecies of angiosperm. Lord (1981) reported the
occurrence of cleistogamy in 56 families of 287
species. Investigations indicated that the evolution
of cleistogamy in taxa may be influenced by the
presence of heterogeneous environments,
inbreeding depression, geitonogamy and
differential sced dispersal, as well as by various
ecological factors and plant size (Zhang et al,
2017). Cotton belongs Lo the genus Gossypium of
Malvacecae family characteristics of producing

chasmogamous Dower. Bees and winds are the
responsible for chances of out crossing which
accounts up to 0.53 to 15.36 per cent of cross-
pollination, which makes cotton as oficn cross-
pollination category. Out crossing is a major problem
n germplasm and varietal maintenance. Sinee every
time genetic purity of a ine get contaminated with
outcross pollens as a results condition af
homozygosity of alleles get converted into
heterozygosity resulting in heterogeneous
population. In few germplasm in G. barbadenselines
possess the cleistopamy nature of Oowers
{Mukhiddinov and Abzalov, 1995; Mukhiddino,
2010). Sclfpollination is [Evored in many plant
specics where oul crossing is hindered by the
shortage of pollination mechanismes like pollinators
and harsh environment for free pollen Bow. In such
cascs, plants possess plasticity to produce
cleistopamous lowers as a backup mechanism to
survive the reproduction. Cleistogamous Qowers
produces sell fertilized sceds by preventing
oulcross and generally aid in lxing locally
adapted gene complexes of any species. Genes can



194

be preserved and fixed inan elfective mechanism, It
would be eflective to transfer the cleistogamous trait
into non deistogamous lines to maintain the genelic
composition. Scgregating generation of F, derived
from a cross between G. hirsutum and G
barbadense revealed that two recessive genes (cgl
eg?) were responsible for cleistogamous inheritanes
(Hau et al, 1980). In licu of the above background,
Khattab et al,
responsible for cleistogamous lowering in a BC2
population from a cross of G. hrsufum and G.
barbadense. Zhang (1992 and 2002) identified
stable cleistosamous lines from varous segregating
populationis. The purpose of this study was to
mmvestigate the mheritance of cleistogamy in G,
barbadense and would be used (o transfer the trait of

cleistogamy into non cleistogamy lines.

1982 observed recessive genes

MATERIALS AND METHODS

One chasmogamous line (Suvin) and
another cleistogamous line (CCB 12 which is a
mutant from the Gossypium barbadense intra cross
S55-2 (Suvin x Giza-45)) were taken as a parent for
production ol hybrid crosses to study the inheritance
pattern of deistogamy in bopical G barbadense
penotypes. The [ollowing crosses were produced
from 2017-2018 at ICAR-Central Institute for Cotton
Research, Regional Station, Coimbatore.

(1) F, and F, paired reciprocal hybrids: Fy: (a) P, =
P,and (b) P, x P,.

(2} Backcross hybrids: BC: [P, = P,) = P, and BC,:
(P, =P)=P..
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P,: SBuvin is a chasmogamous [lower, P,: CCB 12
15 a cleistogamous line

The crop was raised in normal agronomic
conditions with spacing of 90 x 60 cm. All the
plants in the parental and segregaling
generations were observed for lowering behavior
from anthesis to boll lormation. The results were
tested for goodness of [t to postulated ratios
using the chi-square test.

RESULTS AND DISCUSSION

In cotton plant, once it begins 1o bloom it
is called as *llowering.” Gossypium barbadense
cotton typically Qowers for about 67 weeks,
Onece blooms are onset, the stage of colton
development is discussed in terms of weeks of
bloom. Cotton square is actually a Aower bud;
three bracts surround the Qower bud in a pyramid-
like shape. G. barbadense cotton plant produces
perlect Qowers, meaning the Qower contains both
male and female organs. The first square is
typically visible on node 5 Lo 6 about 37-39 days
after planting. Anthesis or a flower bloom occurs
approximately 24 days after the first sguare
appears. Flowering is important to cotton
production because pollinated Jowers produce
colton bolls. The bloom process takes several days
and bloom age can be estimated by the bloom
characteristics. On the day a flower opens, it is
yellow in color. Pollination of that fower usually
occurs within a few hours afier the yvellow fower

opens. However, in case of cleistogamous type, the

Fip.1 Cloistopamous bime OCB12isa muiant from the Gossypaom barbadense intra cross 55-2 (Suvin x Giza-4.5)



Digenie inheritance of cleistogamous lowering

Nower bud remains closed and it never opens at all,
Onee the anthesis over, the flower color tums into
pink and is dried. This dried corolla remains intact
until the boll develops, often we can see the cap like
scaron the Hp ol the boll (Fig 1).

The cross between P, [chasmogamous)
suvin wvaricty crossed with P, (cleistogamous)
(CCB 12} and F, hybrid was produced which showed
complete chasmogamous lower iypesonly (Table 1).
Reciprocal ¢ross bebween both parents also showed
chasmogamous type, which evident that
cleistogamy was completely recessive when
compared with chasmogamous line, Subsequent F,
sepregation gave the segregating ratio of 15:1 for
cach contrasting character (260 chasmogamous
and 17 cleistogamous) from P,xP, and 250
chasmogamousand 18 cleistogamous rom P, = P IL
evinced the double recessive nature of cleistogamy
inheritance. Back cross from P, (BC1 (Suvin x CCB
12} = Suvin) showed complete chasmogamous
lines; however back cross from P2 (BC2 (CCB 12 =
Suvin) = CCB 12) cxpressed 3:1 ratio for
chasmogamous to cleistogamy lines. Cleistopamy
iz an adaptation lo ensure seed production under
adverse conditions. The cleistogamous plant
appears to sacrifice long-lerm penetic filness in
proventing out crossing, inorder to ensure seed set.

The mechanism of cleistogamy and
elfects of ecological [aclors on cleistogamous
expression studies are being carried out widely in
different plant species. A considerable range (1 to
81 %) for natural out-crossing in cotton has been
reported, with most reports citing more than 10
per cent (Meredith and Bridge, 1973). This not
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only leads to rapid genetic deterioration of
released cultivars and genetic stocks, but it also
influences the efficicncy of crop-breeding
procedures since sclfing of carly peneration
selections is expensive and difficult. Cotton with
cleisotgamous lowers would reduce the natural
out-crossing to an extent that the problem of
genetic conlamination could be solved. Because
of the ability of the cleisolgamy character to
maintain the genelic purity of genolypes, the trait
appears to be extremely useful. Once the pattern
ol cleistogamy inheritance in G. barbadense
studiced well; it can be transferred to other
Gossypium species (Manivannan, 2020).
Cleistogamous lowers help in reproduction
wilth minimal energy and resource expenditure, [t
also maximizes the chance of reproduction, which
is an important factor where the agents of
pollination are scarce. Cleistogamy iz a model
system which used to study the evolution of diverse
floral morphologies and reproduction strategies
and breeding systems, which illustrate the
importance of floral biology in applicd breeding
(Stebbin, 1974; Lord, 1981). Cleistogamous plants
could also be important for better control of
genetically modiflied lines of agriculturally
mportant crops (Daniell, 2002). For these reasons,
a beiter understanding of the genetic control of
cleistogamy is necessary. In case of controlling of
spread of foreign pollens cspecially in case of
genetically modified crops, where cotton is
leading in world acreage in terms of transgene,
cleistogamy is an ideal system o control the
pollen spread. Further molecular studies would

Table 1. Inheritance of cleistogamous flowering in G, barbodense

Type Mumber of plant= Phenobypic class Ratin 2value  Pyvalue
Chesmogamous  Cleistogamous
Suvin 55 55 - 1:0 0o oo
cee12 55 : 55 1:0 0.0 0.0
F1 [ Suvin x CCH 12 440 40 - 1-0 0.0 0.
F1 (CCB 12 x Suvin) 45 45 - 1-0 0.0 0.
F2 | Suvin x CCH 12 277 260 17 15:1 021 .65
F2{CCR 12 x Suvin) 268 250 18 15:1 037 0.51
BCI{Buwvinx CCB 12)x Suwvm 145 145 - 1:0 .o oo
BC2 (Suwinx CCB 1%x CCB12 126 96 o a1 010 075
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enhance the understanding of clesitlogamous
mechanism [(Kumar et al,, 2021). Thercfore, in
view ol above cited all these reasons, cleistogamy
in cotton has to be studied well for further
utilization of this phenomenon.
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Cotton, the best options for ramnfed regions would be
eatrly-matoring short duration straight varieties, resistant
to zucking pests, dwarf statured, zero-monepodial. which
are amenzble for high-density planting at populations of
100,000 per acre or more. High density planting system
has been suzgested as an alternative strategy instead of
conventional one to tncrease yield as reported by Darawsheh
st al (2009} Higher produoctivity i Brazil was achieved
throngh development of compact sympodial varieties
zuited for high density planting (Kranthn 2012). Machine
picking vltimately warrants high denszity planting system
with compact genotypes for its suitability. Compact plant
and HDPS are need of the hours for Indian =itnation
{(Venugopalan efal 2013) hence; there is a need to develep
proper indice: to measure compactness in plant and to
zcreen available genotypes. A more compact plant structore
{Reddy er al. 1990) improves light penetration 1n the canopy.
Compact plant type with zero monopodia and short sympodia
13 spitable for high denszity planting.

In cotton, main ztem has an erect, indeterminate
monopodial growth habit Sympodial branches bear fruit
directly, so thev are called fruiting branches (Oosterhuis
2001). Under high density planting system (HDPS)
encourages formation of sympodial branches. The length
of sympodial branch iz maximum at basze of the plant
and decreaszed proportionately towards top of the plant.
Sympodial branches on the mam stem are located in a
zpiral order. angled along the main stem. Proportionate
decrezsing and spiral order of sympodia could make conical
morphoframe for cotton plant above the ground. Cotton 13
planted in rectangular geometry by higher row to row spacing
with leaz plant to plant spacing for need of eazy intercultural
operation and other management Thus mfluences the
sympodial length, higher length by perpendicular to row
direction and short branches are formed adjacent to row

Prezent Address: ICAR-Central Institute for Cotton
Besearch, Coimbatore, India. *Corresponding author e-mail:
manivannandf @ email com.

direction; which make elliptical in shape by area cccupied
by the plant

Biometric obzervation on 100 plants were made in three
compact genotypes (CICR. CSH 19-2. PAU 1 and CICR
ES5 2013) planted at 73 cm * 30 em at Central Institute for
Cotton Research, Commbatore durmng 2018 i summer cotton
at 90 DAS revealed that the sympodia with highest mean
length was observed in 3/4™ node then sympodial length
waz proportionately decreased towards top of'the plant. The
results confirmed that propertionate decreasing and spiral
order of sympodia could make conical morphoframe for
cotton plants. Genotypes were planted at 73 cm row to row
distance with 30 cm of plant to plant spacing. The sympodial
length iz varying with direction especially opposite and
adjacent to row direction. The results observed highest
length of 179 and 16.3 cm with both side opposite to row
drection. The adjacent to row direction observed the length
of 13.8 and 13.7 cm in both side of the plants. Spiral order
of sympodia could make conical morphoframe for cotton
plants. However. Cotton iz planted in rectangular geometry
commonly by higher row to row spacing (73 cm) with less
plant to plant spacing {30 cm) for want of easy intercultural
operation and other management. Which influenced the
growth behavicr resulted in varation i leagth of sympeodia;
thuz ulttmately resulted as elliptical cone morphoframe for
cotton plants with elliptical baze.

Compactness meazured by different approaches includes
sympodial length {cm), plant height {cm), syvmpodial length
per plant height plant height per sympodial length area
occupied by individual plant (cm?) and total volume of
the plant (cm®). Measurement on sympodial length (cm) or
plant height {cm) alone does not provide correct picture of
land area cccupied by the plant or total volume of the plant,
which i3 essential for measuring compactness. The ratio of
sympodial leagth {cm) per plant height {cm ) did not provide
correct pietures of compactness n all situations. Compact
plant may not be productive always. Hence necessity anses
to-work out efficacy of compactness. The two indexes are
proposed here. The compactness efficiency index CEI 1
{area) (mg/em?®) was measured by kapas vield (mg) of plant
divided by area occupied by plant (cm®). The compactness
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efficiency index CEI 2 (volume) (mg/em®) was measured
by kapaz vield (mg) of plant divided by total velome of
the plant (cm?).

Index CEI 1 (area)

Compacinesz Efficiency_
Index CEI 2 (Volame)

__apes yiehd (g of gl
Total volume of the plant (em)
The area occupied by plant iz calculated by using
formulae of elliptical baze
AreaA=gq *R %I

The volume of the mdividual plant was calculated by
paing elliptical cone formulae

COMPACTNESS MEASUREMENT INDICES IN COTTON

Table | Compactnes: mdex and vield of different genctipes

491

Viem™) = (71 x Bx=r = h)3

where B mean of highest symipodial length (cm) measured
in both zide of the plant opposite to row direction; 1, mean
of highest sympodial leagth (cm) measured in both side of
the plant adjacent to row direction: h. height of the plant.

The data of Bt varietal evaluation trisl (23 genotypes)
conducted at Central Imstitute for Cotton Research.
Counbatore duning 2017 was uzed to calcuvlate land area
cccupted by wndividual plant to identify compact genctype
{Table 1). The genotype NSBT 108 (101.3). OUAT
Bt 2 (123.6), PAU 1 (129:5), CICR-K 34007 (14200,
CICR-F1861 {154.2) and NSBT (134.6) were identified
sz compact genotvpes. which needs less land area (cm?)
for cultivation.

EE: Hotype 'ﬁfﬁr& J S}Iﬂpﬂélzflﬁﬂgfh Sy mpoé?aﬁenﬁ Area EEI@E II!E Elhuﬂéﬁ m:'_' miu.:!- 3
(P)oppositeto (7)) adjacent torow  (cm) (em™) fa'ha)
Tow direction {cm) direction {cm)
PAUL 128 a7 46 1225 18478 434 30 15
Pahur | 428 129 3.1 1949 27804 416 A 10.8
OUAT Bt 2 478 83 43 1256 20013 E0.0 30 13.4
OUAT Bt 1 498 120 47 1739 2009.0 584 33 133
CICR-Bura 6.7 16.1 4.7 2327 4384 8 314 ) 160
CICR-Rajat 7 144 432 1839 32555 64.0 37 16.]
CICR-3R1-3 484 24 52 1987 32403 415 13 110
CICR-CEH 19-1 533 11.3 47 1702 30223 397 22 a0
CICR-CEH 19-2 438 4 45 1321 13233 382 16 81
CICR-R=S 2013 526 122 47 1758 3081.7 457 14 10,9
CICE-F 1861 23 113 44 13432 26903 JEE 34 12.1
CICRE-K 34007 23 10,9 42 1420 24926 486 23 a2
CICR-3RI 1 543 157 43 1325 43211 430 24 13:6
CICR-GH 3 487 154 48 2281 36097 408 23 12
CICR-GH & 420 10.1 31 1387 2391.7 344 33 11:3
CICR-PEV (81 45.8 157 30 2437 39641 394 24 12
Shakt 61.1 10.8 43 1615 32913 66,2 33 144
CICRCPT 1 55.9 16.0 3.1 2514 4681.0 33 23 143
CICR-CFT 2 538 134 L8 2027 36340 G833 33 171
CICR-CPT 3 62.9 33 30 2074 434562 453 22 12
NEBT 145 378 112 45 1346 29681 723 38 149
NIBT 306 3.7 163 47 2356 31613 376 14 18.1
NSBT 207 474 126 46 1803 28810 640 i | 156
NIBT 108 513 7.0 47 1013 17305 674 30 a1
B I check 315 122 30 1823 19803 2432 23 6.1
Mean 514 125 47 183.7 3168.0 310 30 12
SED 36 1.8 02 215 644.6 64 04 17
CD (5%) 72 38 0.4 334 12960 123 0.8 3
Y 84 181 51 182 241 12.1 320 20
ENG 5 g NS 3 b1 b1 3 8
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The reznlts on total volome of individnal plant to
identifiy compact genotype found that the genotype CICR-
CSH 19-1 (3021.3) NSBT 145 (2958.1). OUAT Bt 1
{2909.0), NSBT 207 (2881.0). Rahuri 1 (2780.4), CICR-F
1861(2690 3), CICR- GH & (25301.7), CICR-K34007
{2492:8), CICE-CS19-2{2323.3), OUAT Bt 2(2001:3).
PATT 1{1847.8). and NSBT 108 (1730.5) were identified
as compact genotypes, which zhowed less plant volome
{Table 1).

The compactness efficiency index CEI 1 [area) (mg/
cm?®) psed to identify compact and efficient genctype. The
genotype OUAT Bt 2 (8000, NSBT145 {723} and NSBT 108
(67 4) were identified as compact efficient zenotvpes, which
needs less land with high performance. The compactness
efficiency index CEI 2 (volume) (mg'cm™) vsed to identify
compact and efficient genotvpe with respect to voluome
of the plant. The genotype OUAT Bt 2 (5.0), N8BT 207
{4.1) and NSBT 108 (304} were identified as compaect
efficient genotypes with respect to voluome of the plant In
agriculture land is limited resource and there 13 no limitation
to nse vertical space for utilization of plants to inereaze
produectivity of cfop. Henee better indices for compactness
iz area occupied by plant is calenlated by nsing formnlae of
elliptical base A (em?) =7 = R = r. The correlation matrix
observed that high significant correlation is observed ((Bx
£}y % h) with area (r=0.934 ) cccupied and volume { r=
0079 ) of the plant and thiz may be the better indicator
for compactness.

SUMMARY

High density planting with compact genotypes proved,
as high potential system of cotton cultivation There iz a
need to develop proper indicez to measure compactness
in plant, iz necessitated for screening of genotypes.
Compactness meazured nsing ((Bx ) » + h) was identified
23 an efficient method, bazed on that genotypes NSBT 108 |
PAUIL . OUAT Bt 2 | CICE- K 34007 and CICE-CSH 19-2
were ideatified az compact genotvpes. Compact Efficiency
Index (CEIL 1) was suitable for measvring efficiency of
compaciness.
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