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Regulation of Under-Mulch-Drip Irrigation on Production and
Distribution of Photosynthetic Assimilate and Cotton Yield under
Different Soil Moisture Contents During Cotton Flowering and
Boll-Setting Stage

LUO Hong-hai, LI Jun-hua, GOU Ling, ZHANG Wang-feng, HE Zai-ju, YANG Xin-jun

(College of Agriculture, Shihezi University /Key Laboratory of Oasis Ecology Agriculture of Xinjiang Production and Construction
Groups, Shihezi 832003, Xinjiang)

Abstract: [Objective] In order to provide the basis used in developing the highly productive and effective water-saving
agriculture in arid area, the regulation of under-mulch-drip irrigation on production and distribution of photosynthetic assimilate and
cotton yield under different soil moisture contents were studied in this paper. [Method] Using water-sensitivity different cultivars
Xinluzao 10 and Xinluzao 13, an irrigation experiment was conducted in field. Lower limit of soil relative moisture content in layer
of 0-60 cm was controlled at 55%, 70% and 85% of the field capacity. Upper limit was set as field capacity. Leaf gas exchange and

isotopic tracer techniques were used to investigate the change of photosynthesis, production and distribution of photosynthetic
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assimilate and yield during flowering and boll-setting stage under different soil moisture contents. [Result] When the lower limit of
soil relative moisture content was 55%, leaf photosynthetic rate and photosynthesis products accumulation of aerial part decreased,
the speed of export percentage '“C-assimilates accelerated and distribution percentage '*C-assimilates in bud and boll increased.
When the lower limit was 70% and 85%, leaf photosynthetic rate and photosynthesis products accumulation of aerial part were
enhanced, but the distribution percentage of "*C-assimilates in stem and leaf significantly increased in 85% treatment. So the seed
cotton yield in 70% treatment was the highest, 85% treatment was inferior to 70% treatment, 55% treatment was the lowest, however
seed cotton yield water use efficiency was 55%>70%>>85%. The different responses to drip irrigation among varieties were great,
the seed cotton yield and water use efficiency of Xinluzao 10 were significantly lower than Xinluzao 13 in 55% and 70% treatments,
but that of Xinluzao 10 were higher than Xinluzao 13 in 85% treatment. [ Conclusion] These results suggest that different soil
moisture contents had significant influence on production and distribution of photosynthetic assimilate and seed cotton yield. Lower
limit of soil relative moisture content of 70%-85% during flowering and boll-setting stage would work better in achieving high yield.
If the lower limit of soil relative moisture content ranges between 55% and 70%, cotton plant could develop the ability of adaptation
to improve water use efficiency. It will be of great importance to institute the optimum irrigation schedule according to different

responses to soil moisture content among varieties to obtain high yield and high water use efficiency under-mulch-drip irrigation.

Key words: Gossypium hirsutum L.; Under-mulch-drip irrigation; Soil moisture content; Photosynthetic rate; Distribution of

photosynthetic assimilate; Yield
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Table 1  Effect of different soil moisture contents on photosynthesis of cotton leaves at different growth stages (umol-m>s™")

A A R 7K A Growth stages
Varieties Soil relative moisture content (%) RETEH Full flowering R4 Full bolling 1% Boll opening
BBERL 10 5 55 258+13¢ 202415 16.3£0.7 f
Xinluzao 10 70 32.940.7a 265421 b 2.1412¢

85 312+¢1.4b 252+1.7 ¢ 23.7+1.8b
Bk 13 5 55 27.0£0.9 d 225+13¢ 20.5+1.2d
Xinluzao 13 70 334212 27.9+0.8 2 24.0£0.7 a

85 29.5+1.5¢ 23.6+1.6d 17.9+1.4¢

FREa. by ¢ BRIl P=0.05 /K F 2% . R a, b, c represent statistic significance at level of 0.05. The same as below
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Table 2  Effect of different soil moisture contents on single plant dry matter accumulation at different growth stages (g/plant)

LB Y Growth stages

AL Full flowering

) Full bolling 24 Boll opening

ah i IR K R
Varieties Soil relative moisture content (%) )75 1] Early flowering
Bl 10 = 55 17.66.6d
Xinluzao 10 70 24.6+4.1 ¢

85 30.1+4.0 b
Hti 13 5 55 244463 ¢
Xinluzao 13 70 27.9+7.5b

85 333+4.1a

28.9£7.0d 4224411 58.5£8.9 f
37.346.0 ¢ 67.4+8.8 d 86.9+7.6 d
48.1£3.8b 88.2+8.4b 121.749.1 b
342446 ¢ 53.1£9.2 ¢ 72.2+75e
37.8£5.6 ¢ 69.5+6.9 ¢ 97.1£9.3 ¢
49.9+6.1 a 93.8+7.4a 140.4+10.0 a
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Table 3  Effect of different soil moisture contents on export and distribution of '“C-assimitilates from labeled axial leaf at full

bolling stage
mi A T HEAR K e AL R e FMLIE RS B h /IR Distribution of '*C-assimitilates (%)
Varieties Soil relative moisture contents Export of “C-assimitilates
%) %) R Root 2K Stem and leaf 4 Bud and boll
BB 10 5 55 51.6+3.3 a 1.6+0.2 be 3.8+0.8d 46.1£1.6 b
Xinluzao 10 70 50.7+1.4 a 2.320.7 ab 5.4+0.7 ¢ 431423 ¢
85 48.5+2.8 a 3.0+0.4 a 6.7£0.5 b 38.7£2.7d
B 13 5 55 57.5+2.6a 0.9+0.2 ¢ 49+1.0¢c 51.8432a
2NINZA0NS 70 54.043.1 a 1340.1 ¢ 6.8+0.8 b 46.0£2.7b
85 474447 a 2.1+0.4 b 12.6£0.4 a 32714 e

F 4 TR IR EI R “C R R S BT

Table 4 Effect of different soil moisture contents on export and distribution of “C-assimitilates from labeled sympodial leaf at full

bolling stage
b AR K = C [ R 4C AL ITE R B IR Distribution of '*C-assimitilates (%)
Varieties Soil relative moisture contents Export of *C-assimitilates 12 Root 21 Stem and leaf #5465 Bud and boll
(%) (%)
Hikt i 10 5 55 64.843.5b 1.6£0.1 b 3.3+0.6 ¢ 59.9+2.5 ab
Xinluzao 10 70 66.842.7b 1.4+0.2 be 37404 61.7+1.7 ab
85 58.6+3.1 ¢ 24404 a 45042 51.7+4.2 be
Bk 13 5 55 77.842.3 a 1.0£03 ¢ 23+0.3d 745+3.1a
Xinluzao 13 70 64.343.6b 1.3+0.4 be 3.640.6b 59.341.2 ab
85 51.9+3.9d 2.1x02a 484022 449+24¢
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Table 5 Effect of different soil moisture contents on yield component of cotton

A R A K TR BR L BRI P HE
Varieties Soil relative moisture contents (%) Plant No. of 10* plants-ha™ No. of bolls per plant Boll weight (g)
HBG 10 5 55 21.5£0.3 a 4.4+0.3d 4.1£0.2d
Xinluzao 10 70 21.2+0.6a 6.120.2 ¢ 5.1£0.4 ab
85 21.1+0.2 a 7.9+0.4 a 4.8+0.3 be
Wikl 13 5 55 21.8+0.4 a 4.6£0.4d 5.340.1a
Xinluzao 13 70 21.0£0.7 a 6.940.5 ¢ 5403 a
85 21.1£0.5 a 7.140.3 b 4.6+0.3 ¢
*6 LTIFKDIRE=RBRAKD T AHEHFID
Table 6 Effect of different soil moisture contents on yield and water use efficiency of cotton
Al AR K Feok it Mo b R KPR 4k WUE;, WUE,
Varieties Soil relative moisture Total water Total biological yield Seed cotton yield (kgha™) (kgha™)
contents (%) consumed (mm)  of aerial part (104kg-ha'l) (kg-ha")
Bk 10 5 55 292.3+3.1 f 0.98+0.03 f 2659.3£132.2¢ 42.6+1.1d 0.91+0.02 d
Xinluzao 10 70 438.0+8.6 ¢ 1.41£0.03 d 4681.0+125.4 b 41.7£0.7d 1.07+0.03 ¢
85 562.0+7.2 a 1.99+0.06 b 5238.0+146.3 a 46.1+1.0 ¢ 0.93+0.02 d
HBG 13 5 55 311.6£2.5 ¢ 1.17£0.02 ¢ 4176.0+108.7 d 49.9+1.0b 1.35£0.01 a
Xinluzao 13 70 4257463 d 1.57£0.03 ¢ 5476.5+106.6 a 49.7+09b 1.28+0.02 b
85 546.7+6.8 b 2.33+0.03 a 4515.0£114.2 ¢ 55.240.9 a 0.83+0.01 e

WUE, Fil WUE, 735338 75 L 768 e AR 4927 7 457K 3 A3 ROF A H 2R

WUE;, is calculated as total biological yield of aerial part per total water use and WUE; is calculated as seed cotton yield per total water use
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KRR KRR A 70%>55%>85%. Hifers
S ST A E R, P AR AR KR A
ARKIIRR, EREL TR RBERM -, #as
GFRBRUK R0, IR m = ik

ANTR] S FORE 3K 43 (e AN ], Bl L 10 57
TR TEEAT T, A E R BRE. EF
JE AR O R 1 R R 2 I L B 2 2
Eth B3RS AR R R T RRIEE R, KA

FERAR MOBRE 13 S LK LA R, H b
A RIRE R, NG =P 2R 4 e LG )
w1 I TORE Y AR s . Rk, R g E
A L AE 8 30 - 3EAE 5 K R BRAE 70%~85% 1 F) T
SEHR s AR B KR BRTE 55%~T70% 6, il
R 3K, AR TR K R R .
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