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Effects of ridge width and planting density on photosynthetic

characteristics and yield in a double-cropped rice system

YUAN Ziyi, DAI Jinging, LONG Pan, ZHENG Huabin, FU Zhigiang, CHEN Yang, YU Juan, ZHANG Qiuping”

(College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: To investigate the effects of ridge-furrow planting system and planting density on photosynthetic
characteristics and yield in a double-cropping rice system, a field experiment was conducted using the early-season
cultivar ‘Zhuliangyou 819’and the late-season cultivar‘Taiyou 390°. A randomized block experimental design was
employed with six treatments: CP(conventional density, flat cropping), ZP(density increased by 20%, flat cropping), C1
(conventional density, 1-m ridge width), Z1(density increased by 20%, 1-m ridge width), C2(conventional density, 2-m
ridge width), and Z2(density increased by 20%, 2-m ridge width). Photosynthetic characteristics, leaf area index and yield
were compared and analyzed across all treatments. The results showed that treatment Z1 maintained significantly higher
relative chlorophyll content(SPAD value) than those of other treatments across all growth stages in both early and late
rice. Increased planting density and ridge-furrow planting system independently contributed to a higher leaf area index.
The early rice yield showed a significant positive correlation with the intercellular CO:z concentration(Ci) and
transpiration rate(7r) of the second-top leaf during the booting stage, as well as with the net photosynthetic rate(Pn), Ci,
and stomatal conductance(Gs) of the flag leaf during the milky stage, while it exhibited a highly significant positive
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correlation with T: during the milky stage. The late rice yield was significantly positively correlated with the Pn of the

flag leaf at the heading stage and with the Pn and Ci of the flag leaf during the milky stage, while demonstrating a highly

significant positive correlation with 7; during the milky stage. Compared to CP treatment, Z1 treatment increased SPAD

value, P, Ci, Gs, Tr and leaf area index. Z1 treatment was beneficial to increase the effective panicle number and seed

setting rate, thereby increasing rice yield. Compared to CP treatment, the yield of early rice increased by 14.67% and the

yield of late rice increased by 11.92%. Comprehensive analysis showed that, for ridge-furrow planting, implementing a

1-m ridge width coupled with a 20% density increase could effectively improve the photosynthetic characteristics of rice

and rice yield.

Keywords: double cropping rice; ridge width; planting density; photosynthetic characteristics; yield
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Table 1 SPAD values of rice under different treatments across

3.1.1

different growth stages in early and late seasons

Zh ab3 Z Eiligz vt AL
FFE €2 40784126 (41.74+1.22)ab  (35.73+031)b
72 41.58+0.83  (42.66£0.33)ab  (36.30+0.82)ab
Cl  41.99+048  (4237+0.09)ab (37.27+1.31)ab
Z1  42.19+095  (42.9340.56)a  (37.83%0.55)a
CP 40734245  (41.06£0.51)b  (35.60£1.41)b
ZP 41614148  (42.24+0.44)ab  (35.70+0.98)b
MfE  C2  (40.54+0.93)ab (42.65+0.44)ab  (34.70+0.90)ab
72 (40.56+0.55)ab (42.68+0.94)ab (35.88+1.77)ab
Cl  (41.26£0.63)ab (43.21+£0.75)ab  (36.68+0.66)ab
Z1  (42.1240.54)a (43.934059)a  (37.76£1.69)a
CP  (40.38+0.50)b (41.99+0.42)b  (34.26+0.40)b

ZP  (40.65£0.15)ab (42.08+1.61)b  (35.51+1.54)ab

T AR NG TR AR R 2 R ) A T A TR A B £ 22 5 4
2 L (P<0.05).
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Fig. 1 Net photosynthetic rates of early season rice and late season rice at different growth stages under different treatments
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Fig.2 Intercellular CO; concentrations in early season rice and late season rice at different growth stages under different treatments
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Fig.3 Stomatal conductance of early season rice and late season rice at different growth stages under different treatments
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Fig. 4 Transpiration rates of early season rice and late season rice at different growth stages under different treatments
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Fig.5 Leaf area index of early season rice and late season rice at different growth stages under different treatments
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Table 2 The yield and yield components of early and late season rice under different treatments

=3 e A REEE/(10% hm™) TEREARIEL 55 % TR /g 7 /(thm)

Ly C2 (379.49+£29.88)ab (111.00£3.29)ab (66.46+2.21)ab (26.45+0.21)ab (7.60£0.64)ab
Z2 (393.94+32.88)a (106.00+2.10)ab (69.72+2.13)a (26.00+0.17)b (8.26+0.52)ab
Cl1 (365.39+21.42)ab (108.50+4.60)ab (66.23+3.26)ab (25.95+0.58)b (7.66+0.40)ab
Z1 (395.45£12.03)a (111.37+£6.09)a (69.09+2.27)a (26.07+0.30)ab (8.52+0.53)a
CP (339.74+15.54)b (106.50+4.59)ab (62.80+1.32)b (26.23+0.05)ab (7.43£0.43)b
zp (393.94+22.42)a (98.80£12.02)b (68.80+4.43)a (26.59+0.16)a (7.86+0.28)ab

A C2 (365.48£19.67)ab 168.20+£6.08 68.2243.40 23.93+0.41 (7.71£0.26)ab
Z2 (380.56+32.37)a 168.91£2.00 69.24+1.80 22.96+0.72 (8.09+0.42)a
Cl1 (338.10+£25.84)b 169.09+2.20 68.79+5.64 23.41+1.59 (7.76+0.51)ab
Z1 (372.22+21.38)ab 167.60+6.33 71.38+2.32 23.90+0.34 (8.17£0.07)a
CP (335.71£3.58)b 173.05+9.55 66.91+3.44 23.39+1.40 (7.30+0.38)b
zp (366.67£12.50)ab 171.76+1.14 67.90+1.33 22.58+1.18 (7.86+0.08)ab

T FSVEE R AR NG PRI BN 22 AT G178 L (P<0.05),

3.4 WEH~ESAREBHNAHLIEIRNE
KT
KRR 1 5 34 A B AN [RD SRR
BIAHSCHE AT A R AN PIs . R, ik 240
MG, TR EFIEMK, SHEASPAD(EE

W B IEASE, S G LRGP, G\
G E A, SR T 2 E ARG
MR ZS, Pea SRR P LA R FLU I SPADAH
Po. CEEREFIEARSG, SRLAIMN TR 2 TE ARG

®3 KEFESIMEFHTREHIEERNEXRY

Table 3 Correlation coefficient between yield and photosynthetic characteristics at different growth stages

ZE5 sy 4 SPADfH P./(umol'm2-s7") Ci/(umol-mol™) GJ/(mol-m>s™) T,/(mmol-m~2-s7")
LA ZuTEH 0.36 0.40 0.53" 0.39 0.47"
il A 0.72™ 0.45 0.51" 0.33 0.09
FLAG 0.37 0.52" 0.58" 0.49" 0.63"
W 2R 0.35 0.40 0.24 0.21 -0.28
iRy 0.32 0.50" 0.38 0.28 0.34
LA 0.48" 0.53" 0.51" 0.37 0.61"

T FORHRYE B (P<0.05); **FRMIRMAR B (P<0.01).
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ARSI, RS SPADE 2 Fliff e
WK TR . P HRSENI SR R, RITEFR
% BE o R AR R BN oy BERICRTAG AR
B, REEE R SRR P.. GHRUKSF
FR LA E S5, dhmiddm a0
W R, SIEGEIEMIEL, ZBYERRE: r=Cab B
TRl T A — R A B3 ) S AR T 7.8 8 % AT
7.00% , FEXRIAP,  Tr . CRIGH 3 B E 381 179.33% .
14.81%. 11.46%F127.09%. ABFFEH, H . BfEs
AR SPADIETE AR B i sy, B MR 2E
B WIZ L SPAD(E Y = T HA AN HE Y, 5 CPAL
FAHLL, FAHSPADIEFER 1 3.58%~6.26%, HEFH

SPAD{E i T4.31%~1022%; H.. MRE&IMET
W R PR Z VA B P B, B Z1 4k
FERBEE R AR O AR . AR, KA
SESAN R B A RE TR R R ) SRR R R 2,
IKFER = I L90%0K F 5 OB A =4, X
LS AT R ZE M A AR AR R, AR
FEAERERH, R 5 5 ) SPAD(H S R P
FIEAE, SR P B IEAHDG; MAE -
SRR P LA S LA SPADAE . Pt il 2 1EAH
K, UG PR A SR 2 B A R
B AR AR ™ Y B3

A PEHBIE AR B R TR R, R
TS 7 (1) I BAE T i A R . 2550 D ROk
BrRR ) BRYEFEHA S, A A . LR ]
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SZIDINEAE N
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