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UDC: 631.527:633.511 Original research paper
OpurutasieH HayueH Tpyil

MALFE STERILITY IN COTTON AND POSSIBILITIES FOR ITS
UTILIZATION

Ana Stoilova*, Vladimir Rusev*, Dragica Spasova**

Abstract ‘

Five male sterile lines were crossed to the G. Airsutum male parents under
the natural field conditions to produce hybrid plants. At the flowering time in
different days and hours, observations were made on pollen sterility. The tri-
als were carried in 2005 and 2006. Results obtained showed that the-available
sterile lines were not completely sterile, there was no pollen in the early hours
(from 9 a.m. to 2 p.m.) ot in case of presence it was highly sterile. The absence
of pollen in the early hours of day during the flowering will permit to solve the
problem with the hand emasculation by its reduction in the hvbrid cotton seed
production. At these lines some viable pollen was developed in the later hours
or at the end of flowering and normal seeds were produced by self-pollination.
and it is not necessary to restore fertility or to maintain sterility by ‘the use of
maintainer lines. The hybrid plants based on male sterility produced under the
free cross pollination were insufficient for commercial seed production. The
highest percent was found to be 67.8 at the line 4-27 in 2006. As the very early
Ao 433 (brown cotton) was used as a pollinator high percent of hybrid plants
was also realized.

Key words: G. hirsutum, pollen sterility, hybrid planis. out-crossing
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TTPHPOAHII TTONCKY YCIOBH 32 jia ce A06ijar Xubpuanu pacrennja. Bo rpemero
Ha usctame Oewe nHabmyayBaHa noneHoBaTa CTCPUIHOCT BO PaA3IUYHK
Hacosn o acnoBi. Onutute 6ea npasenu so 2005 u 2006 roguna. Jlobuenute
PE3YITATH NoKakaa Nexa A0OHEHUTE NHHUY e UeNOCHO CTepUTHY, bumejku
HCMAA NOJIeH BO paHiTe YTPUHCKH YacoBH (o1 9 no 14 wacor). OTeyersoro
Ha [IOJICHOT BO PAHNTE YacoBH O AEHOT BO TEKOT HA LBETAIETO fe JI03BOITH
Ad C€ petlin NPOdIEMOT €O pavHO KacTpHpalbe, TpeKy HErosa peAykuHja BO
HPON3BOACTBOTO Ha XHOPIHO ceMe 011 namyK. Kaj Tne nunun Gewe passren
HECTEPIACH MONEH BO JOUHUTE YACOBH UM KOH KPajoT 01 LBETAILETO MpH
LTO €& pasBit HOPMATTHO CeMe ipeKy CaMoonpaLlyBakbe 1 He e NOTPeOHO 1a ce
Bpaka epTiHocTa wiK ga ce OAPKH CTEPIITHOCTA CO KOPHCTEHE HA OAPHITUBH
M. Xudpruanute pactennja co mauwka CTECPUITHOCT MPOMIBEACHH OPH
CnodoANO camoonpatysatse Hea HCAOBOJTHH 32 KOMEPLM|ANHO TPOUIBOJICTBO
Ha ceme. Hajshcox MPOUCHT ce n1obu o aunujata A-27 (67.8%) BO 2006
roanna. Kako nonmnarop dewe kopuctena paua copta namyk Mo 433 og koj
beule A0B1CH BHCOK MpoyenT XuOpHAHN pacteHuja,

Kayunsdoposu: G. hirsutum, noaenosa cmepunocm, Xubpudnu pacmenja,
HADBOPCUINO GRPCNYGttbe

I Introduction

The heterosis in cotton is of great importance for increasing the yields.
There are some practical difficulties in its exploiting concerning hybrid seed
production. In India only hybrid cottons are planted on farge acreages. Chaudry
(1997) indicated that almost all of India’s hybrids are produced by hand emas-
culation and pollination. Different male sterility systems have been studied and
used to explait heterasis in the USA, China, India and other countries. Meridith
(1999) reported the obvious disadvantage of using cytoplasmic male sterility
(CMS) until now there is no efficient practical pollination system available to
use heterosis. Pollination is the major unsolved problem, which prevents the
development of hybrid cotton on a large scale. Many of the CMSs are tempera-
ture and environmentally sensitive (Sarvella, 1966: Meyer, 1970).

Our investigation is on development of cotton hybrids based on cytoplas-
mic male sterility:

a) Pollen sterility/viability of five cytoplasmic male sterile lines:

b) Percentage of hybrid plants produced through cross pollination of

cytoplasmic male sterile lines under the natural field conditions.

2. Material and methods
‘Five sytoplasmic male sterile lines 107, 108. A-I, A-21 and A-65 were
included in this study. At the mass flowering (the second half of July and the
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beginning of August), in different days and hours, observations on pollen ste-
rility/viability were made for all male sterile lines as well for the check variety
Chirpan-539 on squash slices using acetocarmin under a light microscope.

In a field trial three of male sterile lines in 2005 and all five in 2006 were
sown in three rows long 25 m. The G. hirsutum varieties used as pollinators
were sown at the two sides of each male sterility line also in three rows, to
produce hybrid plants on CMS base, under the condition of natural pollination.
One hundred bolls were harvested from each MS line, separately from the
neighbouring rows — 1#-3 and from the middle —2™ row. The seeds were sown
the next year when the hybrid plants were counted.

3. Results and discussion

At the time of mass flowering there was no pollen until 2 p. m. in most
cases, single pollen grains only were observed (tables 1 and 2). There was
sterife and viable pollen at the line A-21 as in early as well in later hours of
the day. At the end of the flowering pollen was recorded at the lines 107, 108
and A-63 in the later hours. There was a limited quantity of viable pollen in the
flowers isolated on the previous day, with the exception of line A-21 having a
larger quantity of viable pollen (table 2). At the check variety Chirpan-539 in
the days with normal temperatures the pollen was ready to pollinate at about
9-10 a. m. and kept its viability to the next day. Under binocular the anthers
of this variety were strewed with pollen after 9-10 a. m., while at the lines the
anthers did not open to 1-2 p. m. and they seemed very smooth. The time most
favorable to pollinate is 9-11 a.m. and the behavior of male sterile-lines will
permit to solve the problem with the hand emasculation by its reduction in the
hybrid cotton seed production.

All these lines were not completely sterile, some viable pollen was de-
veloped in the later hours or at the end of flowering, and some normal seeds
were produced by self-pollination. At these lines it is not necessary to restore
fertility or to maintain sterility by the use of maintainer lines.

In the G. hirsutum, expression of male sterility is high at 32 °C and com-
plete at 38°C (Meyer and Meyer, 1965). All environmental factors are etfective

- during 3 weeks before anthesis, as they primarily impair anther differentiation

and development. The maximum temperatures in this period were not above
33-35 °C and probably affected the male sterility of lines.

Detailed studies on the MS lines showed, that some 3-3 % of plants were
completely fertile, probably due to physical or genetic contamination as result
of natural pollination by bees. The plants not typical for the sterile lines were
also observed, but their flowers had high percentage of sterile pollen and their
leaves were of lancet type shape, probably naturally pollinated with the pollen
of Turkish variety Adana-98.
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Cotton is self-pollinated but often it is cross-pollinated. The data for the
hybrid plants, produced by cross pollination of male sterile lines under the nat-
ural field conditions, are presented in table 3. The results obtained showed that
the percentage of hybrid plants was low — average 18.3 % in 2005 and 45.7 %
in 2006 and was insufficient for hybrid seed production. This percentage was
lower when G. barbadense L. was used —average 15 %. The line A-1 was worse
receptive to the foreign pollen and the hybrid plants at this line were 10.5 % in
the first year and 35.9 % in the second vear. The line A-21 seems to be the most
receptive to the foreign pollen. The hybrid plants at that line were accounted
to be 67.8 %. The range for the individual pollinators was from 54.8 to 78.3 %
(average from 14342 rows). The remaining lines did not differ significantly in
their receptiveness to the foreign pollen, the hybrid plants at these lines were
20.0-21.9 % in 2005 and 35.9-42.0 % in 2006. The rows near the male sterile
lines (1*" and 3") and the middle row (2" did not differ significantly in the
percentage of hybrid plants. The percentage of produced hybrid plants was
two-three times higher in the second year. There were bee-hives with bees near
trial and probably they assisted natural cross pollination.

Coloured cotton was used as an indicator for identification of hybrid
plants. Using brown cotton the hybrid plants achieved 90.0 % at the line A-2
pollinated by Ne 433 (2 row). High levelof hybrid plants were also accounted
at the lines 108 - 61.1 9% (2 row) and A-1—63.6 % (1* row). Using the Ne 433
as a pollinator, the hybrid plants were three to four times higher compared with
the Koyu Deve. These two brown cottons differed strongly in their earliness,
the Ne 433 was very early, whereas the Koyu Deve was very late.

Hybrid plants were accounted on the basis of morphological traits of
flowers. The male sterile lines were characterized by significant reduction in
flower characters. The hybrids had intermediate flowers. The number and size
of anthers were inherited also intermediately. The flowers of hybrid plants were
more similar to those of male sterile lines and they were accounted with dif-
ficulty. In 2005 in hybridization with the male sterile lines the Turkish variety
Adana-98 with lancet type [eaf shape was included. This type shape of leaves
is inherited dominantly and could serve as a marker character.

10
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4. Conclusion

— The studied male sterility lines were not completely sterile and itis not neces-
sary to restore their fertility or to maintain their sterility by the use of main-
tainer lines. v

— There was no pollen in the early hours (from 9 a.m. to 2 p.m.) or in case of
presence it was highly sterile which is of great importance for producing hy-
brid cotton seeds without hand emasculation.

~ The hybrid plants based on outcrossing of the male sterile lines under the
natural field conditions were insufficient for commercial cotton seed produc-
tion.

— The highest percent of hybrid plants was found to be 67.8 at the line A-21, but
it needs to be confirmed in future work. '

— Of the pollinators high percent of hybrid plants was realized with the very
early brown cotton Ne 433. '
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Tab. |
Tao. |

Pollen sterility in the male sterile lines in 2005

TTonenosa CTEPUTHOCT Kaj MAIUKKTE CTEPUnHK AU Bo 2005 rof.

: Hour A-21 A—-65
: : : s* v s v )
_9-t0am. 100 070100
: C DBeldpm. 1 0jo:o0l o
_9-10am.; 186 00011 2
12307, 11-12am.. 361 01010 0
CL-l4pm. 628 0:070:0
9-10am.} 360 1 42187101 0
24.07. 11-12am.| 630 | 406301 0
P 40:38, 010
o 9-l0am. 658 2 | 001070,
130.07. 11-12am. 645 0 010 00
o MHpmosed 00 ¢ 3814210 O
3107 9-10am. 450 5 0 | 84167101 0
' S H-12am. 986 - 11 ¢ 56 128184 0 1 0
i 3-l4am. 756 0 3 T3 818100 0
0L08. 9-l0am. 2 0 0 [ 0.0/ 00
f Al-12am. 871 0 0 245 0 10 78 63
J3-ldam 43200 1385 8611201 0 1 0 ]

v* - viable-number; s* - sterile-number; Ch. — Chirpan — check variety

v*- heprracn 6poj; s*-ctepuien 6poj; Ch — vupnan
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Tab. 2
Tab. 2

Pollen sterility/viability in the male sterile lines and check variety in 2006
[ToneHoBa ¢TEpUIHOCT/GEPTHAHOCT Kaj MALLKUTE CTEPUIHU JIHHWH 1
KoHTponHara coprta Bo 2006 rox.

Date |

hour

20.07.

9-10 am. | 4
11-12 am.

L <
o

5 o ?

21.07. ¢

‘ : 1‘3-"14‘ p.m.
2-l0am,

9 lOam._

24.07.

oo oo
o

\C
L'J
\C

LA
V.
7
0

e
0
0
0
0
0

9-10 a.m.

27.07.

SEuT o

11-12am,

9.0 a.m,

.W? 14 P mj 862 H : :
“Flowers isolated on 9. 08. (on the ple\ ious day) / I/Isonnpami uBewBu ) 08

o o'u.;o';c:;w
oo o’o;o"o;oﬂ'o‘o_cfcjo_o\o v

coocoooc oo

I\J;'

(mpeTxomeH neH)

10.08.

S-i0am. | 87170 80 4 [0707 0980 0 2

v* - viable-number; s* - sterile-number; Ch. — Chirpan — check variety
v*- peprunet 6poj; s*-cTepuiet 6poj; Ch — upnan
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Tab. 3 Hybrid plants produced on male sterile base under free cross pollination
Ta6. 3 XuGpuauu pacrenuja npou3BeneHH O MatiKa crepuisa 6aza Bo
YCI0BI Ha ClIOBOAHO ONpally Bame

L 2005 TS GG o Average
: ¢ Hybrid plants . Hybrid plants © 1 Hybrid plants
A S Xubpuznm g ﬁ':“ Xubpuzim é g% XuOpuany
Crosses [ 5. pacrendja [E g E pacreHnja G 2 § pacrennja |
eTURA g 3 S IR S 25 9 . vt
Brperyeaiea BNos | % SEENos | % SEE Nes | %
e o 34 0340 40 118 450 140 1 53 AT
Chirpan 539 2 - - 36 515 417 - -
z ) i 36.1 36 1265
: I{):T - ](. _{61 A R . . e - N
I 461 38,
107 x L5 bt do A0 AN T AT b s it - ,

519 87 177
645 81 - 20
400 = 125 : 35
385 126 | 3]
273 88

400 110 30 L

107X LT3

L1075 73

U077 x Milleniym e on

L107x Giza 77

G. barbadense - - - - -
107 x KovuDeve | :

 Brown cotton
107 x v 433
L Brovwn cotton

3/SST6 T 00
453 = 456 | 128 | 281
42.0 1032 {300 ; 29.1

107
Average: : "
08 ”
Chirpan- 539

108x L 361

08X s

108x 1. 713

108 x 723
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osx 130 | I3 2171 30 T8 267 TS0 Al 03
Millonium T2 001 a0 s a8 s
LI08xGiza77 L 143 50 s 00 - - -
i G. barbadense 2 50 8 1160 - -
J08x KoyuDeve | 143 © S0 10 200 ¢ -
 Brown coflon 2 50 R L -
(A08xNe 433 | 143 R b 2 T L
g Brown cotton : 5 - - - 8 1
.}470 CRETE = o

108 L5700 14 200 0 178 79
- Average: 1040 208 | 20.0 . 329 136
A-lx SO 2 40 T8 12
 Chirpan - 539+ 2 80 2 A0 :
: 1+ - - -
sA-Ix L3361 . 7'3 o
i 5 S0 - :
(x5 2 so
; ' 1+3 50 3060 ¢ 30 5
A SN AN N S T

1+3 50 | 2.0 32 12

M T8 B (A BT N I W E
(Al x F1+3 80 I 20 0 2 9
PMillepam 2 S0 360 L4
A-l x Koyubeve i+3 100 27 270 - -
Browncoton 2 1 100 - i
AL x Nz 433 +3 A
ﬁ"{{}“fﬂ cotton 2 12

‘Al ' 68

Average: 18

421 x ; 26
Chirpan — 339 | 31

‘ Brown cotton

22
A-21x L. 361 -
12
R | e
A-21x L. 713 e
20
e : - - 5
4-21xT-3 - - - 5
+3 - - ‘
A-21 x Millenivum ! ,)) -
4-20xM 33 - .
2 - -
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A-2l e
Average: | 2
RN e o7 3

A6y : :
Chirpan — 339

cA-65x1. 367

FA-6Sx LTI

A5 x 723

—p‘:m_

A-65 x .\l]l//enium:S G

65 % A 433
= Brown cotton

A-65
Average:

Average:
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