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Effects of returning mixed green manure on dry matter
accumulation and yield of double cropping rice

ZHANG Xiaoyi'?, LIU Wenlu'?, XIANG Yanyun'?, XIAO Feng'?,
TIAN Wei'?, ZHANG Yusheng'?, AO Hejun'?"

(1.College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.South Regional
Collaborative Innovation Center for Grain and Oil in China, Changsha, Hunan 410128, China)

Abstract: In order to comprehensively evaluate the effects of incorporating into soil the mixture of leguminous and non-
leguminous green manure on the dry matter accumulation, the leaf photosynthetic characteristics, distribution rules and
yield of double cropping rice, from April 2018 to November 2019, six treatments were designed with early rice variety
Zhongzao 39 and late rice variety Yuzhenxiang as materials, including no green fertilizer(CK), milk vetch(T1), milk
vetch and ryegrass(T2), milk vetch and oil rape(T3), arrow tongue pea and ryegrass(T4), arrow tongue pea and rape(T5).
The results showed that compared with CK, returning green fertilizer to the field significantly reduced the net

photosynthetic rate of leaves and population dry matter accumulation in the early growth stage of early rice, and
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significantly promoted the dry matter accumulation in the late growth stage of early and late rice, and increased the net
photosynthetic rate of flag leaves. The average yield of two-year double cropping rice increased by 2.88%-14.74%.
Compared with T1, T3 and T5 treatments were conducive to the formation of high light efficiency population in early
and late rice, the dry matter accumulation in mature stage of early and late rice increased significantly, and the net
photosynthetic rate of flag leaf maintained at a high level. The effective panicles, seed setting rate and yield of double
cropping rice were significantly affected by the mixed return of leguminous and non-leguminous green fertilizers, and
there was a significant positive correlation between the effective panicles, seed setting rate and yield of double cropping
rice(P<0.05). Compared with CK, the yield of T3 treatment was the highest, which was 17.13 t/hm? and the yield of
two-year double cropping rice of T3 treatment increased by 14.74%. The mixed returning of milk vetch and rape could
effectively improve the chlorophyll content of leaves in the later growth stage of double cropping rice, delay the decline
of net photosynthetic rate of flag leaves, promote the dry matter accumulation and distribution of double cropping rice,
and significantly improve the dry matter accumulation and rice yield at maturity, which indicate the mixed returning of

milk vetch and rape is a more suitable green fertilizer mixed returning model.

Keywords: double cropping rice; leguminous green manure; returning to the field; photosynthetic characteristics; dry
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Table 1 Yield and its components of double cropping rice treated with legume and non-legume green incorporation

- R REH/ (< 104 hm ?) BRI LESR Y% T-hiffi/g PERAChm?) gy T %
R WA HEg o weRg RRE O ME BB B BB MR thmd) 5ok 5T
2018 CK  403.91d  531.95d 9532 6495 75.88d  73.18d 24.32b 29.20b  8.62d  631d 14.93d
Tl  41591c  543.59% 9474 6401 75954 744lc 24.74ab 29.61a 879  657c 1536c  2.88
T2  424.15b  553.64bc  92.62 6573 76.82bc 74.54bc 24.62ab 29.25b  9.48b  7.06b 16.54b 1078  7.68
T3  449.42a  581.92a 94.17 6450 78.60a  75.15a 24.54ab 29.64a  9.7la  7.42a 17.13a 1474 1152
T4  42653b  556.94b 92.94 6575 76.44cd 74.45c 24.66ab 29.33b  9.60ab 7.31a 1691a 1326  10.09
T5  429.44b  568.60a 92.83 6431 77.34b  7479b 24.94a 29.35b  9.63a  7.35a 1698a 1373  10.55
2019 CK  406.87d  538.34d 96.04 6505 67.99d 76.68d 2437 28.71b  7.99d  7.48d 15.47d
Tl 4340lc  544.44c 96.11 6482 68.05d 7823¢ 2457 29.67a 847c  8.10c 1657c  7.11
T2  437.95bc  547.22¢ 9537 6448 68.57c  7849c 2453 2938ab 852c  8.10bc 16.62bc 7.43 0.30
T3 447952 582.12a 9575 6452 71.18a 8029a 24.63 29.17ab 925a  850a 17.75a 1474  7.12
T4  43857bc  561.67b 95.19 6393 69.50b  78.53c 2451 29.52ab 8.58c  823b 16.81b  8.66 1.45
T5  444.0lab  580.56a 9581 6407 70.8la  79.20b 2492 29.09ab 8.80b  843a 17.23a 1138  3.98

ISR AN ) N B [ — 4R A B ] 2% 57 1. 3% (P<0.05).
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Table 2 Dry matter accumulation of double cropping rice population

treated with legume and non-legume green incorporation in

2019
S 4 FEAT PR R 42/ (kg-hm )
SYEE ZRREn Fr A
BR CK 94072 2340.06c  8163.19¢ 13 919.36¢
Tl 91879 2389.53b  8403.42d 14 711.85d
T2 919.63 2398.98b  8521.59cd  15334.10c
T3 93630 2453.17a  9033.0la 16 441.03a
T4 92713 2410.09ab  8645.04bc 15 592.20bc
T5 93130 2450952  8724.08b 15 783.20b
Mef% CK  93547c  4571.53d  8085.19d  13711.93d
T1  980.04b  471878c  8490.52c 14 152.45¢
T2  987.63bc  5104.65b  8785.74c 14 490.28bc
T3 1046.66a  5470.43a  9491.14a 15275.02a
T4 1010.96bc  5252.28b  9036.09b 14 757.90b
T5 1018.6lab  5348.40ab  9225.54b 14 948.16b

[ B0 B AN [ /NS - B 3R 7R W] — 22 1) 45 b B 1) 25 5 b 3
(P<0.05),

3.3 ENS5FENFEREATHMNERME
SPAD {ERIZ

2 3 ns, BRELAFKREHH SPAD {H

TEZEFRUR RN S5 R0 v TR RS 1Y), e ST AR R B

W BERH CK M SPAD HEF & T

T1. T2 AbFE, [t T1. T2 ARSI 7.68% .

7.51%; LAY, T3 AbPRAYM A SPAD &,

#=3 2019 FERSEERNFEATHLENE

&M B SPAD &

Table 3 Leaf SPAD value of double cropping rice treated with

legume and non-legume green incorporation in 2019

4 SPAD fi A
Sy EETT Ry v Fr

Bf CcK 40.94a 41.06b 45.40
T1 38.02b 42.12ab 4539

T2 38.08b 41.27ab 45.50

T3 39.74ab 42.73a 46.21

T4 39.17ab 42.44ab 46.19

T5 39.37ab 41.67ab 46.23

Wifd  CK 38.34b 38.82¢ 41.10b
T1 38.73b 40.57b 41.44ab

T2 39.13b 39.46¢ 41.73ab

T3 40.18a 42.66a 41.98a

T4 38.89b 39.26¢ 41.46ab

T5 38.99b 40.58b 41.93a

[FIFVEAEA /NG 1R R — 225 25 b R ) 25 57 1 3
(P<0.05),

WEET CK, 8 CK ¥ 4.07%; FrHi&-AbHE
[a]n-F- SPAD {EE R AR E . MAEEEP I
SPAD {H T3 4bFE R & T CK. T14F, Lk CK.
T1 ABRAFHIHEIN 4.80% ., 3.74%; Z#AEIRI T3 Ab
PHI - SPAD fH 1o 3w THARAS AL, T1. TS5 4
PR FEET CK. T2 Al T4 4b¥; FFREE T3,
T5. T2, T4. T1, CK AbF/KFEM /- SPAD {HH#K
KEEAR, Hob T3, T5 AP E T CK i, 7
WL CK MG 2.14%. 2.02%. /KFEMF SPAD {H
HitpmtgR S EEREIEMX, TRSIETR
SRS AN T3, TS5 7R R AT
BHI g R o i LRI B3

34 ERS5EERFERESTHMNINERITRHE
FEREHFT
HiZ 4 ATH, 7ERREAETY, BB e
IR RO S R R, A AR AR TR
SrBETRH], CK MAEDLEEREERT T1. T4
AbFE, T2, T3 Ml TS AIZMEFARE,; 752
FEI . SRR, T3, TS KRB LS
HORWERT CK. T1ARBE; T3, T5 AL
ML A R ER AR, B CK 25l
10.27%. 9.68%, # T1 AFFHIRF 4.34%.
3.78%. Wi, 5 CK. T1 ALBEAAML, T3, TS5
AbPRRE AR E A AR B R oA R 1R
F4 2019 FERSESRFREESTALIENEF
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Table 4 Leaf net photosynthesis of double cropping rice treated

with legume and non-legume green incorporation in
2019

RO % (umol-m s ™)
SyEERIY ZRER SRR iy
B CK  2497a 18.72d 20.63¢ 13.53d
Tl 24.10b 19.33cd  21.15bc  14.30c
T2 2422ab  19.65bc  22.3la 14.46bc
T3  24.62ab  21.02a 22.49a 14.92a

Z5) bR

T4 24.17b 20.18abc  21.80ab 14.74ab
T5 24.63ab 20.41ab 22.38a 14.84a
Mg  CK 24.41c 17.70d 17.83d 7.90b
T1 24.68c 18.18¢ 19.65¢ 8.03b
T2 25.27b 18.31¢ 20.08bc 8.10b
T3 25.73a 21.24a 21.29a 8.89a
T4 25.30b 18.10cd 20.18bc 8.69a
T5 25.41ab 19.98b 20.38b 8.84a

[RIZ B AN TR /INE 7 B2 R — 20 45 A R ) 1) 25 57 . 2
(P<0.05),
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