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Abstract: Planting CMS-based hybrid cotton is an important way to use cotton heterosis. Fertility of hybrid cotton pollens is in-
fluenced by cultivar, climatic conditions, management practices and pests. Among all the factors, temperature is the primary one
affecting cotton growth, the following is air humidity. Stability of pollen fertility under high and low temperature stresses, associ-
ated with the heterosis expression of CMS-based hybrids, is the main point to elucidate in this study. The fertility differences be-
tween hybrids and the maintainer were compared by testing the percentage of fertile pollens in the greenhouse experiment with
temperature controlled and the field experiment with natural temperature. In addition, percentage of setting bolls and percentage
of aborted seeds were tested in the field experiment. Pollen fertility was checked by benzidine-Naphthol fluorescence microscopic
method, while cross-pollination experiments were performed by dusting pollen obtained from corresponding restorers, then per-
centage of setting bolls and percentage of aborted seeds were determined by calculating the number of bolls or seeds, respectively.
The critical temperatures for upper limit and lower limit were searched from different given consistent temperatures, which each
temperature was kept for eight days in the greenhouse when cotton pollens turned from fertility to sterility. The results showed
that the response of CMS-based hybrids to the extreme temperature stress was more sensitive than that of the maintainer, while the
former usually had lower stability in pollen vitality under the stress. However, different CMS-based hybrids had various toler-
ances to temperature stress, for example, hybrids (F;) restored by Zheda strong restorer showed higher pollen viability, more set-
ting bolls and less aborted seeds under the stress than others. The response of pollen fertility to air temperature had a 5-day’s delay
in the field. Furthermore, the changes of maximum air temperature were more consistent with the curve of the percentage of pol-
len viability than those of average air temperature. It showed that the maximum air temperature for several days before anthesis
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affected the viability of pollen more salient. The Quadratic model [Y = a (T—Topt)2+b], applied to analysis the relationship between
pollen viability (Y) and temperature (T), was best described as the temperature response functions of pollen fertility. According to
actual observation, combined with the predicted value from the model above, the upper and lower critical temperatures for shift of
fertility were 38.0°C and 13.0°C for hybrids restored by Zheda strong restorer, 36.0°C and 14.0°C for hybrids restored by
DES-HMF277, and 38.5°C and 10.0°C for their maintainer. Compared with the low temperature stress, in the major cot-
ton-growing areas of China, high temperature stress was more widespread, with longer duration and greater impact on yield. Im-
proving the pollen fertility stability of CMS-based hybrid cotton under extreme temperature stress is an important goal in recent
breeding program.
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Tablel Maximum pollen viability percentage, equation constants, and cardinal temperatures in three materials

. Equation constants Cardinal temperatures (‘C)
. Maximum pollen
Material A
viability (%) Y =a (T-Tow)’+b R?

Tmin Top! Tmax

F, Strong male-fertility F, 88.54 Y = —0.45(T-T,y)*+88.54 88.30 39.2 25.2 11.2

F1 Weak male-fertility F, 42.93 Y = -0.30(T-Top)*+42.93 80.46 36.8 24.8 12.7
Maintainer (CK) 89.12 Y = —0.44(T-Top)*+89.12 88.81 39.1 25.0 10.8

LSD 227" — 0.45™ 0.54 N 0.49™
F, Ax ; Fi AxDES-HMF277; () B;™ 0.01 NS 0.05

Strong male-fertility F;: KangAxZheda strong restorer; Weak male-fertility F;: KangAXDES-HMF277; Maintainer (CK): Kang B;
" Indicate significant at 0.01 level; ™: no-significance (P > 0.05).

®2 RESENEBAEBTEMRAIEENENTL
Table 2 Changes of the percentages of viable pollens of three materials under the high or low temperature stress conditions in the
greenhouse (%)

High temperature treatment

Material 33C 35C 355C 36C 36.5C 37°C 38°C 40°C
F; Strong male-fertility F; 71.36 64.43 52.91 39.63 30.20 8.03 2.65 0
F1 Weak male-fertility F, 43.50 30.74 9.01 2.03 0.56 0 0 0
Maintainer (CK) 77.32 70.40 61.80 53.72 39.50 18.87 6.02 1.12
Low temperature treatment
Material 10°C 12°C 13C 13.5C 14°C 14.5C 15°C 16°C
F; Strong male-fertility F; 0 0 6.72 21.80 38.58 45.36 53.13 61.50
F; Weak male-fertility F; 0 0 0 2.34 12.30 27.00 32.60 41.20
Maintainer (CK) 1.03 18.17 26.2 36.23 48.37 60.54 66.02 73.65

1 The annotations are the same as given in Table 1.
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Fig. 2 Changes of the average and maximum temperatures, and traits associated with fertility of three materials
1 The annotations are the same as given in Fig 1.

2-A , 3 [12]
[13-14]

223 ABHFREHFHXEZ 2-D .

Fi< Fi , 6 )
8 E )

3 it



2090

35

) 6 9
1 (6
) o )
1 7~
8 35.0C
: , 7~8
) , 7~8
[15]
4 iR
References
[1] Reddy K R, Reddy V R, Hodges H F. Temperature effects on
early season cotton growth and development. Agron J, 1992, 84:
229-237
[2] Yu X-L( ), Yi X-D( ). Observation of high-tem-

perature effects on cotton anther cracking. Hubei Agric Sci

31

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

( ), 2004, 43(2): 39 (in Chinese)
Hong J-R(
gan development and growth of bolls in cotton. China Cotton (
), 1982, 9(5): 36-37 (in Chinese)
Zhang X-Q( ), Wang X-D(
Zhu W( ), Jiang P-D(
sterile line in G. barbadense and microsporogenesis cytological
), 2007, 40(1): 34-40

). The effect of high temperature on floral or-

), Zhu Y-G( )
). Breeding of cytoplasmic male

observation. Sci Agric Sin (
(in Chinese with English abstract)
Wang X-D( ), Li Y-Y(
restorer of cytoplasmic male sterility in upland cotton. Sci Agric

). Development of transgenic

Sin ( ), 2002, 35(2): 137-141 (in Chinese with
English abstract)
Zhang Z-L( ). The Instruction of Experiment about Plant

Physiology (2nd edn)( -2
Higher Education Press, 1990 (in Chinese)
Yan W K, Wallace D H. Simulation and prediction of plant

). Beijing:

phenology for five crops based on photoperiod by temperature
interaction. Anal Bot, 1998, 81: 705-716

Tollenaar M, Daynard T B, Hunter R B. Effect of temperature on
rate of leaf appearance and flowering date in maize. Crop Sci,
1979, 19: 363-366

Omanga P A, Summerfield R J, Qi A. Flowering of pigeonpea
(Cajanus cajan L.) in Kenya: Responses of early maturing geno-
types to location and date of sowing. Field Crops Res, 1995, 41:
25-34
Li Z-B(
Male Sterility in Rice and Its Utilization in Breeding (

). Studies on the Photoperiod Sensitive Genic

). Wuhan: Hubei Science
and Technology Press, 1995 (in Chinese)
Kakani V G, Reddy K R, Koti S, Wallace T P, Prasad P V V,
Reddy V R, Zhao D. Differences in in vitro pollen germination
and pollen tube growth of cotton cultivars in response to high
temperature. Ann Bot, 2005, 96: 59-67
Marshall D R, Thomson N J, Nicholls G H, Patrick C M. Effects
of temperature and day length on cytoplasmic male sterility in
cotton (Gossypium). Aust J Agric Res, 1974, 25: 443-447
Sawan Z M, Hannaw L |, Gad-El-Karim Gh A, McCuistion W L.
Relationships between climatic factors and flower and boll pro-
duction in Egyptian cotton (Gossypium barbadense). J Arid En-
viron, 2002, 52: 499-516
Sarvella P. Environmental influences on sterility in cytoplasmic
male-sterile cottons. Crop Sci, 1966, 6: 361-364
Zhao L-F( ), Li Z-S( ), Sui S-X( ), Zhao
G-Z( ), Li A-G( ). Selection and utilization of cotton
germplasms resources introduced from Pakistan. J Hebei Agric
Sci ( ), 2008, 12(2): 88-89 (in Chinese with Eng-
lish abstract)



