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Effects of different soil water treatments on photosynthetic characteristics and
grain yield in rice
WANG Weixiao, LIU Xiaojun, TIAN Yongchao, YAO Xia, CAO Weixing, ZHU Yan"

National Engineering and Technology Center for Information Agriculture, Jiangsu Key Laboratory for Information Agriculture , Nanjing Agricultural University ,
Jiangsu 210095, China

Abstract: In order to ascertain the resistance mechanism of soil water stress on the growth of rice, explore the potential of
rice production fully and improve the water productivity, it is quite necessary to carry out the research about the effects of
different soil water treatments on photosynthetic characteristics and grain yield in rice. Thus a series of water gradient
experiments were carried out on the basis of two different rice cultivars, involving Wuxiangjingl4 ( Japonica Rice) and
Liangyoupeijiu ( Hybrid Rice). Four particular configured water supply levels, including continuous flooding irrigation
(CK), 20% soil water content (W1), 30% soil water content (W2) and 40% soil water content (W3) , were designed
to analysis and investigate the photosynthetic characteristics, grain yield and its components, water productivity in rice. The
research results showed that the two experimental cultivars had similar distributions of leaf stomatic conductance in the flag
leavesunder the four soil water treatments during the different ricecritical growth stages, which were W3>CK>W2>W1. In
addition, the photosynthetic rates in the upper four leaves were the highest under low-grade soil dry stress treatment for it
delayed aging of leaf, the distributions of photosynthetic rate under the four treatments were all represented as W3>CK/W2
>W1, but the variations of transpiration rate were not significant. Besides, at the early filling stage, the distributions of leaf
stomatic conductance, transpiration rate and photosynthetic rate at different leaf positions under four treatments were all

represented as flag leaf > upper second leaf > upper third leaf > upper fourth leaf. Moreover, the observations found that

E&H : EXK 863 1115 H (2012AA101906,2011AA100703 ) 5 % HARFF L4 (31201130) VL7544 A ARFL#: 54 (BK2012361 )
YRS HHA:2011-10-12; &1T B #1:2012-07-03
# WIRAER Corresponding author. E-mail ; yanzhu@ njau. edu. cn

http ://www. ecologica. cn



7054 A E = 324

the transpiration rates of flag leaf were significantly higher than the others. Furthermore, the difference values between
upper leaf and lower leaf in the cultivar of Liangyoupeijiu were greater than the difference values of Wuxiangjingl4. Further
comparing with the continuous flooding irrigation ( CK) , the grain yields of Wuxiangjingl4 under the treatments of W1, W2
and W3 were decreased by 61. 14% , 29. 13% , and increased by 0. 96% , while for the experimental cultivar of
Liangyoupeijiu, the grain yields were decreased by 64. 11% , 28. 76% , and increased by 2. 08% , respectively.
Continuous flooding irrigation increased the dry matter, spike number and spikelet number per panicle, but low-grade soil
dry stress treatment increased the seed setting rate and 1000-grain weight. In the other hand, the water productivities of
Wuxiangjingl4 and Liangyoupeijiu were also observed and measured under the different soil water treatments. The
experimental results indicated that the water productivities of both two cultivars had overall trends of W3> CK/ W2> W1,
where the highest values were appeared in the treatment of W3 with the values were 1. 58 kg/m’ and 1.49 kg/m’,
respectively. Further comparing with the continuous flooding irrigation ( CK), the water productivities of Wuxiangjingl4
under the treatments of W1, W2 and W3 were decreased by 10.69% , and increased by 1.53% , 20.61% , respectively;
while the water productivities of Liangyoupeijiu under the treatments of W1, W2 and W3 were decreased by 16.39% , and
increased by 2.46% , 22.13% , respectively. This research work would provide a technical support for precise irrigation

management and water-saving production in rice.
Key Words: rice; soil water; photosynthetic characteristic; yield; water productivity
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Table 1 Effects of different soil water treatments on stomatic conductance, transpiration and Photosynthetic rates of the first leaf on main stem

in rice

AL E e JRaiES
] st Stomatic conductance/ ( molH,0+ m2es7!) Transpiration rate/ (mmol-m™2+s™") Photosynthetic rate/( pmol CO,* m~es7h)
Variety Treatment
S1 S2 S3 St 2 S3 S1 S2 S3

HATHE 14 W1 0.28+0.02¢  0.3320.01d  0.34+0.0lc  4.43+0.13¢  5.11£0.23d  4.92+0.14c 17.81+0.42b 22.83+0.73c 17.79+0.37d
Wuxiangjingl4 W2 0.31£0.0lc  0.61+0.02¢c  0.51+0.02b 5.77+0.09b  7.77+0.24c  6.80+0.10b 19.75+0.31ab 25.75+0.92b  20.16+0.28¢c
W3 0.42+0.0la 0.7720.02a 0.66+0.02a 6.41+0.17a 8.27+0.19b  7.37+0.12a 21.32+0.56a 28.81+0.65a 23.66+0.49a
CK  0.36+0.01b 0.71£0.02b  0.54£0.01b  6.63+0.12a 9.01+0.32a  7.25+0.13a 19.17+0.33ab 27.13+1.0lab  22.61+0.41b
Pt L W1 0.3420.01d  0.4420.02¢  0.38+0.02c  7.44£0.06d 7.18+0.50c  6.42+0.22¢ 19.75+0.14b 21.58+0.72¢c 17.21+0.58d
Liangyoupeijiu. = W2 0.47£0.02¢  0.81£0.05b  0.44+0.03b  8.64+0.22¢  8.43+0.35b  8.10£0.18b 21.60+0.62a 24.14+1.39bc  19.89+0.37¢c
W3 0.64+0.0la 0.93+0.05a 0.75+0.04a 11.10+0.18a 11.74+£0.49a 9.69+0.50a 22.19+0.45a 27.95+1.41a 23.13+1.26a
CK  0.55+0.01b  0.91+0.04a  0.69+0.04a 10.03+0.14b 10.90+0.64a 9.89+0.37a 21.89+0.29a 26.70+0.96ab  21.04x1.07b
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SPARFVARR I SIS TH 2 H>T00 3 i T4 i) H O A S LS BB & TR &6 3 iy, T00 2 570 3 45
R T4 /N L) BEORE  BIEE L R R Z A RIL R EE S S TR 14,

2.2 N[ 3K A Ak B AR I e 2% I S5 A 5 )

XA Bt T A T 2B AT 1 SRR AR BRA R S (R 1) iR 14 FE480T R AR iy it 28

HORIBIFRIN . CKS>W3>W2>W1, o DRI 7815 e i K, 3551 9. 01 mmol -m ™ s™ 5 M ZEHES ], N[l b 2
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Fig.1 Effect of different soil water treatments on leaf stomatic conductance in initial filling stage of rice
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Fig.2 Effect of different soil water treatments on leaf transpiration in initial filling stageof rice
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Fig.3 Effect of different soil water treatments on leaf photosynthetic rate in initial filling stage of rice

2.4 RI[A] 39K S Kb B KR 7 A S

X A0 B s - AE A T AT nT (3R 2) , WA R 25 Ak B4 1) 1 A AR BIORT RO B0 2 S B 38, 45 50 R
DA B A B T SR A A R R TR U] DA B T S A R K 2 R AL B R DR A K a3 Ak B ] 7 e A
LRIMA W3>CK>W2>W1, H5/KZEHEM(CK) ML, ®EE 14 19 W3 ZbPEEE ™= 0.96% , W2 W1 438 7™
29.13% 61.14% ; AL EE JL W3 Kb BRIE ™ 2. 08% , W =y T~ % ) {H 22 5 o8 2 W2 W 43 51 8™ 28. 76 % |
64. 11% , X HEALFH B8 HA 30 () T A RCHBCR AR B8, (H 5 109 A 408 77 0 T B LA KOG A BB 0 1 3203,
SEGIALRAL  BURIGIN, Tff 25 52 AR AR, TR 8T B 1T AR5 B T S 3E T AR ™ A I KON, BT A 4
TP RIS U T B PR ET UT WP AR R AR TR S R

F2 AETEASSEIKFE=EMKDEFEHNHM
Table 2 Effect of different soil water treatments on grain yield, its components and water productivity of rice

ek IRy HE 7=

Al Abr %J%UF%?&Z . AL éé;:%; :‘:*\‘[ﬁ, FE% Water Water
Variety Treatment Spike ?umbzer Spikelet m'nnber Seed setting 1009—gra1n Grain y1621d consumption productivity
/(x10%*/hm”) per panicle rate/ % weight/g /(kg/hm*) J (/b /(kg/m?)

KR 14 W1 142.53¢ 118.13b 85.24b 23.74b 3315¢ 2832.63d 1.17¢

Wuxiangjingl4 w2 188.50b 155.70ab 87.15ab 24.52ab 6045b 4531.31c 1.33b

w3 223.37a 167.50a 89.64a 25.92a 8613a 5445.08b 1.58a

CK 229.02a 175.81a 85.33b 25.81a 8531a 6516.52a 1.31b

PR IL Wi 140. 08¢ 161.57h 73.43b 22.25b 3347c 3294.82d 1.02¢

Liangyoupeijiu w2 176.80b 185.90ab 85.07ab 23.03ab 6644b 5305.77c 1.25b

w3 221.14a 203.93a 89.65a 24.10a 9520a 6375.96b 1.49a

CK 217.33a 209.34a 86.49ab 24.44a 9325a 7660.97a 1.22b

2.5 N[ IR A3 Ak BERE KRG K 23 A R AR B R )

X P AR B - AME A T A AT, ARl R K A 3R KA AE 2R B N FE K i 25 = i 2 (3R
2) . SXFREALE(CK) AR, IRFRE 14 75 W3 W2 H1 W1 A3 F B9 FEK AU 24 T CK 1Y 83. 6% .69. 5% Fl
43.5% ; PIARKE TLI K 83.2% (69.3% Fl1 43% , AN[F] 487K 3 AbBEF i A 14 AP JLEY K 73 A 7= R 1
FHHR W3>CK/ W2> W1, ISR+ s A Bl 5, /0 58 3 1. 58kg/m® F11.49 kg/m’,

FRPEAN 7] - 8K 73 Ab 38T /KA A A W SCPRAFE K i () S7K A 7738 () BRI G R (K 4) , AT DL gt
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