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Estimation of photosynthetic characteristics, leaf senescence and optimal
irrigation amount for spring maize by drip irrigation under
controlled soil moisture and supplementary irrigation

WANG Guo-dong'?, ZENG Sheng-he'>, CHEN Yun', LIANG Fei', ZHANG Lei!
(1. Institute of Farmland Water Conservancy and Soil — fertilizer, Xinjiang Academy of
Agricultural Reclamation Science , Shihezi, Xinjiang 832000, China;

2. Experimental Station for Crop Water Use of Ministry of Agriculture , Shihezi , Xinjiang 832000, China)

Abstract: A maize variety of the Zhengdan 958 was planted in Shihezi of Xinjiang, to carry out a field experiment
during 2014 to 2015 which set up five cultivated model with controlled soil moisture and supplementary irrigation. The in-
fluences of the lower limitation of controlled soil moisture to the photosynthetic characteristics, leaf senescence and water
use efficiency of spring maize by drip irrigation in oasis region were researched, and estimated the optimal irrigation
amount for high yield maize cultivation. The test results showed that: If the soil moisture too lower or too higher ( P <
0.05) in the flare opening, tassel and silking periods, the plant height, leaf area index (LAI) and dry matter accumula-
tion will be significantly reduced. The cultivated model of the soil moisture was kept 85% field capacity in filling stage,
the net photosynthetic rate ( Pn) of ear and leaf, actual photochemical efficiency( ®PS I ), photochemical quenching
(gP) and photosynthetic electron transport rate ( rETR) can be increased by 71.7% , 81.8% , 71.6% and 54.9% re-
spectively, compared with 70% field capacity. But the water use efficiency ( WUE,) of single leaf will be decreased.

Meanwhile, the photosynthetic yield and its contribution rate to grain in post-anthesis will be increased by 105.2% and
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20.3% , respectively, and the leaf senescence duration was delayed about 8.1 days. The fitting result by quadratic curve

showed that when the optimal irrigation amount was 539.9 mm, the high yield of 14.9 x 10° kg*hm ™2 can be obtained,

the maximal yield and irrigation benefit can be taken into account simultaneously .

Keywords: maize; controlled soil moisture and supplementary irrigation; drip irrigation; photosynthetic characteris-

tics; leaf senescence; yield; water use efficiency
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Fig.1 Changes of precipitation and temperature in growing season of spring maize by drip irrigation
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Table 1 Design of lower limitation controlled soil moisture under different treatments

Ak H B~ 3T ANBILET ~ Ryl filiie ~ it 22 I U ~ SERL
Treatment VE ~ V6 V6~ VI2 VT ~RI R2~R3 R5~R6

Wi 50 60 65 70 50

w2 55 65 70 75 55

w3 60 70 75 80 60

el 65 75 80 85 65

w5 70 80 85 90 70

Note: VE, emergence; V6, sixth leaf; V12, twelfth leaf; VT, tasseling; Rl, silking; R2, blister stage; R3, physiological maturity; RS, ; R6, physio-

logical maturity, the same as below.
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120 kg*hm™~2,K,0 60 kg*hm~2), EHEJRE (N:46% )
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Table 2 Change of plant height, dry matter accumulation and leaf area index in each growing period of maize

under controlled soil moisture irrigation (2014—2015)

B TR R TR AR

Qb P Plant height/cm Dry matter accumulation/( x 10° kg*hm~2) LAT

Treatment PNEE il 22 4 PNEE Eiiipi ] n 22 1 pNEE i - 22

Vi2 VT RI Vi2 VT Rl V12 VT R1

w1 180.2b 190.4¢ 197.5¢ 8.4c 11.8b 14.3¢ 4.87c 6.12¢ 7.05¢
w2 185.4b 197.0¢ 220.7b 9.8hc 12.4b 16.7b 5.24b 7.08be 7.84b
w3 201.8a 219.2ab 233.0a 10.4b 13.7b 17.4b 6.23ab 7.53b 8.10ab
W4 203.5a 224.7a 235.4a 12.9a 15.4ab 20.1a 7.42a 8.37a 8.92a
W5 197.6ab 213.0b 223.0ab 12.3ab 17.2a 21.9a 6.58ab 7.68b 8.04ab

T A= AR PR R 25 B3 (P <0.05) T,

Note: In the same column with different letters are expressed significant difference (P <0.05). The same as below.
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T R B iy A7 0 T 1) iR 24 24 o - 4
WIS T G B, ¥4 R W4 e, W I 3K T
BAH(P <0.05), KU IR E LA S 116
FIAEAERR 8 () T4 iz, (H RV s [ T e 4 )
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Fig.2  Changes of ear and leaf photosynthesis and chlorophyll fluorescence parameters of spring maize in filling stage by drip irrigation
R3 EHIETHEEEXRTYREZE KEERENOREL X FRSTHETL
Table 3 The changes of dry matter translocation, transport rate and the contribution rate of storage assimilation

before anthesis to spring maize grain by drip irrigation under controlled soil moisture irrigation

N e e . iz % A=A i [ g
R R e AR N fe/= R il
Jase DMTTA/ (ke hn-2) DMTRA/% TR TTIRE A TR TR TR
T grhm CDMTAATG/ % DMAAA/ (kg*hm™2) CDMAAATG/ %
reatment
2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
Wi 2665.1a  2677.1a 35.5a 37.5a 28.9a 30.6a 6548.6d  6066.8d 71.1¢ 69.4c¢
w2 2589.4a  2513.3b 27.4bh 31.4b 20.5h 21.6b 10053 . 4c 9129. 8¢ 79.5h 78.4b
w3 2553.8ab  2470.9hc 24.5he 25.1¢ 17.6¢ 18.2¢ 11974.1b  11136.8b 82.4a 81.8a
W4 2372.6b  2382.4c 18.0d 21.5¢ 15.2¢ 16.9¢ 13237.5a  12651.0a 84.8a 84.2a
& 2439.8b  2331.0c 21.4¢ 23.2¢ 16.2¢ 17.0¢ 12652.5h  11405.3b 83.8a 83.0a
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Fig.3 Dynamic changes of relative green leaf area of maize under different treatments
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Table 4 Leaf senescence feature of spring maize by drip irrigation under different treatments
AR XS - A TR KA
b3 RGLAM/ % Vo % T,./d
Treatment
2014 2015 2014 2015 2014 2015
W1 43.5d 40.7d 2.66a 2.71a 40.7d 41.1d
w2 49.2¢ 48.9¢ 2.47bc 2.59b 43.9¢ 44 .5¢
W3 52.9bc 54.5ab 2.43¢ 2.51b 46.8b 46.8b
W4 56.3ba 56.5a 2.44c¢ 2.35¢ 49.2ab 48.9a
W5 65.4a 57.3a 2.52b 2.46bc 50.8a 49.2a

Note: RGLAM: Relative green leaf area at maturity; V,,: The maximum reduction rate of RGLA; T,.: The day of V.

RS TANEX ER TR 2 GEBREE KD F AR

Table 5 Effects of controlled soil moisture irrigation to grain yield of maize, irrigation benefit and water use efficiency

Ay Lb B TR Yield BER 1A HEESL2E 1B FeKIE ET, KA FIFRE WUE
Year Treatment /(t*hm~?) /mm /(kg*hm=2+mm~") /mm /(kg*hm=2+mm~")
Wi 9.2d 403.1e 22.8b 462 .9e 19.3b
w2 12.6¢ 445.1d 28.4a 505.2d 25.0a
2014 w3 14.5b 505.2¢ 28.6a 565.4c 25.6a
W4 15.6a 583.2b 26.7a 643.8b 24 .2a
W5 15.0ab 684.1a 21.9b 744 . 9a 20.1b
w1 8.7d 406. le 20.7b 465.7¢ 18.1b
w2 11.6¢ 447 .2d 26.0a 507.1d 22.9a
2015 w3 13.6b 497 . 1c 27.4a 557 .4¢ 24 .4a
W4 15.0a 577.3b 26.0a 637.5b 23.5a
W5 13.7b 663.2a 21.4b 723 .8a 19.0b
FeE HEEAL RS | 7kﬁ%ﬂﬁﬁiﬁ$ﬁ%ﬂ5?%?%i\ Yy = - 61.6160 + 0.3395x — 0.0003x>
FOKERE—IC TR y = a® + by + ¢ BHY) (2 0.7968 > 0.403,n = 40,P < 0.01)  (13)
LK R(E 4) 8 2014—2015 FHFEAE T A Yoy = — 61.2300 + 0.2347x — 0.0002x>
p
AN NN (r=0.991 > 0.403,n = 40,P < 0.01)  (14)
2
YCY = —45.5920 + 0.2056x — 0.0002x YWUE = 85.3430 + 0.3699x — 00003962

(r=0.9253 > 0.403,n = 40, P < 0.00)  (12)  (, _0.8044 > 0.403,n = 40,P < 0.01)  (I5)
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Fig.4 Relationships between yield, irrigation benefit, WUE and irrigation amount, ET of maize under different treatments
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