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Photosynthetic characteristics of cotton under crop rotation conditions
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Abstract: To study the growth and development rules of cotton under crop rotation, field experiments were
carried out in the main cotton production areas of the northern slope of Tianshan Mountains for two consecutive years
in 2017 and 2018. The cotton fields for four consecutive years were selected to rotate spring wheat + reseeded feed
rape, and the feed rape was turned over in autumn as green manure to plant cotton in the following years. The cot-
ton fields for more than five consecutive years were used as control to study the effects of rotation on gas exchange
parameters, fluorescence parameters, rapid light curves, yield and quality of cotton in the following years. The re-
sults showed that: (1) After rotation, net photosynthetic rate of cotton was significantly increased, especially at
late growth stage, this trend was more obvious, and the net photosynthetic rate increased by 44.88% ~50.37%. The
light energy use efficiency (LUE) and water use efficiency ( WUE) were increased by 18.82% ~59.17% and
28.01% ~68.35% in cotton at late flowering period by rotational cropping. (2) Under the condition of inversion ro-
tation, the photochemical activity of photosystem IT ( PSIT) increased by 8.31% ~25.59% at middle and late flower-
ing period. The actual photochemical quantum yield of PS Il increased by 3.42% ~23.39% in the whole growth peri-
od. The electron transfer rate increased by 47.78% and 73.28% at early and late flowering period respectively.
(3) The yield of cotton increased by 6.70% ~16.11% and the quality of cotton had no significant difference under
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the rotation mode. These experimental results indicate that after continuous cropping of cotton for a long time, using

wheat + replanting fodder rapeseed as a high-intensity land use method for crop rotation and reverse cropping could

still improve the photosynthetic efficiency of cotton, so as to achieve the effect of increasing yield, but it had no sig-

nificant effect on cotton quality.
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Fig.1 Gas exchange parameters of cotton at different days after flowering in 2017-2018
R1 2017 — 2018 FRARASUZ RSB EERTES F A
Table 1  F value of MANOVA of the gas exchange parameters in 2017-2018
I Sources Pn Cond Ci Tr WUE WUEQ Ls LUE
EIER Modified model — 13.825 % * 1.544 16.968 * * 9.941%* 14.919**  18.256*  15.957** 2.023"
FREE Intercept 2656.886 " * 179.525* * 4005.124* * 2790.848* *  2437.608**  791.988* * 1372.231"* 511.346 "~
F) Year(A) 48.774™ ¢ 0.138 172.836" * 0.113 43.854* " 3.636 5.728" 0.049
AL 3&7;& 19.453 " * 1.532 14.779* * 21.887" " 17.425" 23.465" " 23.075* " 2.026
Days after flowering ( B)
AbEE Treatments (C) 15777 * 0.940 0.052 0.020 12.086 * * 0.069 0.060 1.646
AXB 8.178 " * 1.560 2.720" 12.227** 11.443** 17.985* * 11.525* " 3.038"
AxC 0.579 0.007 0.000 0.640 0.108 0.374 0.165 0.976
BxC 2.824* 0.441 0.444 1.310 1.310 0.219 0.232 0.211
AXBXC 4.456" " 0.696 0.741 0.267 3.928" " 0.493 0.524 1.340

. FREREE(P<0.05) ; « * FRZERWEFEME(P<0.01), TR,

Note: * indicates significant difference (P<0.05); * * indicates extremely significant difference ( P<0.01)

. The same below.
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Note: F /F, : Maximum photochemical quantum yield of PSII; Y(II) : Actual photochemical quantum yield of PSII;¢L: Coefficient of pho-

tochemical fluorescence quenching assuming an interconnected PSII antennae ; NPQ: Stern-volmer type non-photochemical fluorescence quench-

ing. The same below.

B2 2017—2018 FIE/E AR E AT HI R AL IBIR LR S ST
Fig.2  Chlorophyll fluorescence parameter of cotton at different days after flowering in 2017-2018
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Table 3 F value of MANOVA of the chlorophyll

fluorescence parameters in 2017-2018

F /F
Sources v ¥{n gl NPQ
B IR . . . .
Modified model 14.072 8.185 3.790 3.839
i 209700.772" * 2290.061 * *  962.420* * 1147572 *
Intercept
Year (A) 20.731 44.284 3.283 30.139
FRAEIE KA
Days after 26.736* * 22.380"*  10.767" " 5.550" *
flowering (B)
sl . .
Treatments (C) 3.251 14.432 10.775 2.101
AxB 15.426* ¢ 0.941 1.324 3.529"
AxC 3.979 1.328 1.119 0.543
BxC 5.800" " 1.101 1.678 0.338
AXBXxC 11.132"* 1.550 1.741 0.582
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Table 3 Maximum electron transfer rate ( ETR ), the initial slope of the fast light curve () and the minimum

max

saturating irradiance (k) of cotton at different days after flowering in 2017-2018

A0y AL RE/ d i ETR,,, a Ik
Year Days after flowering Treatment /(pmol +m™2 +s7h) / (electrons -+ photon™") /(pmol +m™2 -1
5 wW-C 229.07+59.81 0.24+0.04 943.57+161.46
CK 220.27+93.04 0.21£0.03 1019.90+319.56
s WwW-C 348.97+89.83 0.29+0.01 1192.40+285.25
CK 202.70+66.08 0.25+0.04 800.50+£197.89
W-C 215.77+41.67 0.31+£0.02 695.57+101.88
2017 2 CK 260.20+32.46 0.29+0.01 885.73+£131.50
wW-C 270.20+59.31 0.29+0.01 942.53+227.13
35 CK 244.67+72.55 0.29+0.03 860.73+£293.51
45 wW-C 351.70+152.71 0.25+0.02 1428.00+684.64
CK 140.07+15.14 0.31+0.03 458.63+85.00
s WwW-C 477.57+241.81 0.24+0.01 1976.37+1003.68
CK 352.37+168.01 0.22+0.05 1575.90+453.55
15 wW-C 385.33+176.59 0.26+0.05 1488.27+359.08
CK 294.67+43.88 0.22+0.03 1337.63+£60.63
2018 25 wW-C 157.33+19.04 0.25+0.00 636.73+90.17
CK 61.88+10.91 0.23+0.01 270.20+57.27
wW-C 408.60+88.81 0.26+0.01 1587.15+£304.41
33 CK 319.45+13.36 0.27+0.00 1174.30+32.67
WwW-C 278.80+39.60 0.26+0.01 1063.45+185.62
45 CK 223.60+74.87 0.28+0.06 790.57+93.76

R4 20172018 FREM MM BEUESHEERARFEST FE
Table 4 F value of MANOVA of the rapid light curves fitting parameters of cotton leaf in 2017-2018

- B IE AR Y " . FFIESE REL
v Z AEAIN h
fiitr Modified R ) Days after AL . AXB AxC BxC AXBxC
Ttem Intercept Year(A) . Treatment (C)
model flowering (B)
e 2.805" " 4066.915 " * 9.248" " 5.140" ¢ 0.780 2.046 0.047 2.632 0.339
ETR ., 2.448* 381.861" * 2.920 3.921° 8.320* * 3.722°¢ 0.150 0.512 1.010
IK 3.729" " 472.608 * * 7.564* 7.269* ¢ 8.182" 4.260" * 0.193 0.879 1.527
£S5 2017—2018 FEARIEFEHER
Table 5  Yield traits of cotton in 2017-2018
¥ SHREL (108K - hm™? ¥t =it/ (kg + km™
e fb R EL R EL (10 4% « hm™) T g il it/ (kg + km )
Boll number Number of plants harvested . R Estimated yield
Year Treatment " 5 Single boll weight/g )
per plant /(10" plants + hm™) of seed cotton
2017 CK 6.83a 14.7833a 5.03a 5058a
w-C 7.62a 13.7387a 5.16a 5397h
2018 CK 5.21a 19.1893a 5.52a 5368a
w-C 5.07a 21.9721a 5.61a 6233h

1 AFING FHE R R RAE O Ab B R 25 57 8 25 (P<0.05) . R,

Note: Different lowercase letters indicate significant difference between treatments in the same year ( P<0.05). The same below.



g 3R A AR AR IR AR AL G A PERE RO R 45
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Table 6 Cotton quality traits in 2017-2018

A Year AbFH Treatment UHML/mm Ul/ % Mic St/ (g - tex™") Elg/ % SFI/ %
2017 CK 28.42a 85.30a 4.38a 30.40a 6.90a 7.23a
w-C 28.02a 86.73a 4.15a 30.27a 6.87a 6.73a

2018 CK 29.17a 85.10a 4.6la 31.20a 6.95a 7.10a
w-C 29.65a 85.55a 4.47a 32.25a 6.95a 6.90a

. UHML . L A 4K ¥ Mic.

LhSuRE(E ; Sor: TR LB ; Elg . VKR SFIL SO EL; UL 857 I%

Note: UHML: Upper-half mean length ; Mic: Micronaire reading;Str: Specific breaking strength ; Elg : Elongation percentage ; SFI; Short fiber index;

UI'; Uniformity index.
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