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1 MBEFE
1.1 R =R

B T 2017 4F 10 A —2021 4F 10 A 7& # b
A ow X XCE K R (30°33756.85"N,
114°54'57.52"E ) #E 47 o 5 s AL T 5P R i VL
J, Ja T A M A 2 XU X, AR 2 16.8 °CL AR
PRk & 1 200 mm, AF X TE R 258 o 1 5 et
B KT o B £, 0~20 em B2 + B8 & A LR
11.10 g/kg . &= & 0.47 g/kg . 4= # 0.66 g/kg . 4 #f
11.16 g/kg . B f# % 67.4 mg/kg . 3 % B 15.35
mg/kg AT 63.65 mg/kg, pH 7.3, X5 Ay K A
T 7K A
1.2 R

Fe 0 R Z B T, DA 2 b 32 AR A A -
F K (oilseed rape-maize, O-M) | Jl1 =% -7K i (oilseed
rape-rice, O-R) .1 2 -5 /K T 57 F#i (oilseed rape-wa-

ter-saving and drought-resistant rice, O-WDR) /N 27 -
E K (wheat-maize, W-M) . /N4 -7K & (wheat-rice,
W-R) .4 N -XZEFG (fallow- double season rice, F-
DR)6 Ff & Fpisi =, 3 E &2, AL I ZH HES1 , /N X T
Mdm X 6m, /NX P F 40 em %20 em & 1 B
S /N B FF 40 em FE .30 em PRIV B 258 o
1.3 RIEH*E

SR LI Y 1 F e S R e ok SRR
T IR BT R e R 28 AR A, R R A R A
R L - G B RS W R vl W (= 7/ X T N N =
P 4 a g BAEY R RE RN R R ISR i ] DL 1
TSR0 % B O 32.5 75 #k/hm?, /22 4% 120 kg/hm?
T 554 . KRR B RS AR A A, XU LA A
FERE AR 2 R 37.5 178/ hm?, ARG A 7 RE 4% 3 A%, I
FE R 7R AR 4 A s T RE RS A% % 8ol 23 73 7/ hm?, B 7
24 W KPTRREHE 30 kg/hm” #& I E 8%, &
KA 8 T Bk /him® () iR 2 O HE -

F1 FREEMEER B B EER B #

Table I Sowing, transplanting and harvest dates of various crops

1E¥) Crop A Fi#4E Implementation H 1 Date
. . &b Sowing 2017.09.30 2018.10.05 2019.10.04 2020.10.06
3% Oilseed rape
3k Harvest 2018.05.04 2019.05.07 2020.05.03 2021.05.07
JNEE Wheat #EFh Sowing 2017.10.30 2018.10.30 2019.10.28 2020.10.27
I3k Harvest 2018.05.11 2019.05.15 2020.05.10 2021.05.10
EFh Sowi 2018.05.2¢ 2019.06.15 2020.06.2 2021.06.21
K Maize & Fh Sowing 018.05.29 019.06 020.06.26 021.06
i3k Harvest 2018.09.08 2019.09.10 2020.10.04 2021.10.03
KSR WDR #EFh Sowing 2018.05.29 2019.06.01 2020.05.30 2021.05.30
i3k Harvest 2018.09.15 2019.09.12 2020.09.13 2021.09.14
P Sowing 2018.03.22 2019.03.24 2020.03.27 2021.03.27
X RLF First season rice 4k Transplanting 2018.04.27 2019.05.1 2020.04.28 2021.04.29
i3k Harvest 2018.07.14 2019.07.15 2020.07.17 2021.07.19
b Sowing 2018.05.04 2019.05.10 2020.05.10 2021.05.10
HE Middle season rice F#k Transplanting 2018.05.28 2019.05.30 2020.06.03 2021.06.06
i3k Harvest 2018.09.12 2019.09.14 2020.09.08 2021.09.14
b Sowing 2018.07.02 2019.06.20 2020.06.21 2021.06.20
WA Second seasonrice  F3#k Transplanting 2018.07.28 2019.07.15 2020.07.25 2021.07.20
I3k Harvest 2018.10.27 2019.10.17 2020.11.03 2021.10.24

FRVEYEE (% 2)—8, Hrp ML S
B (N-P,O5-K,0=15-15-15) , &8 AL FH R 2, B0 e
BB A A
14 MNEMBESFE

DVEWA ™ 1 o AR 45 ZAE YIRS T I /N X
AT HIRE, WSCER A 4 I 2 % 7 R AR ) o
P,

2VEWN AR . 2 AR AT 1 d 74
/DX USRI R R 10 B , R B3R PE R BT
B HTH HLSO I8 65 R L 8h 23 AT A (AA3,
T8I SEAL) I 5E R0 & &, A4l b3 A= W2 7 i
PEGE N TIE

)Ty FTRR I E YR A, 1%
MRS RORFEE RIS/ N X 0~20 em BFZE 14, B
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Table 2 Annual fertilizer application rates in the

two cropping seasons kg/hm*
N - LFEEY) IR
o T AETE =X o !
Fertilizer . First season  Subsequent
Application form
type crop season crop
LN Base fertilizer 112.5 112.5
N
iBJIE Topdressing fertilizer 79.5 112.5
P,0; LN Base fertilizer 112.5 112.5
KO HLNE Base fertilizer 112.5 112.5
2
B Topdressing fertilizer 0.0 37.5

0~2 cm K2+ KA+, BT B Gl Wk 3 R8T,
WP, 3 FLA%2 1 mm 0 , SR ¥ HLSO, 1846 -3 81 20
S0 5 e B AR B A ARYE A A
RS EITEE T AR,
1.5 HERFITSHHE

JFERR A R =R AR G e i/ R A
RO 1 (AR W2 R SR AIINA 0 °C, KA
FERE M 10 CHIRE R 12 °C) 5

JAAE H BRI B A 7 3R = R AR e % 77 i /R
Zx H IR AL

s PRl 35 01 7 = VB 4 b L 38 3% o0 Wi i i/ 4

FE3 i
35 R =R A & —A1EY IR
B

T TR PR R =1 e IR B —

AT IR S
Fr o3 4R i =37 73 WVl B — 5RO S B L

A

I SPSS 24.0 G it 844 % i 56 Fo s 8 47 5 A
ZE) 24501, % Duncan’ s 22 5 HE 3546 56 A [) &b 2
(] 225 B 5 ME . B R A S AR R RN

2 FHRE5HMH

ARAEMEXF~EREZEFHH

D5 i, 2R 3nAL A E R 257
FPREE R E S, 2017—2018 12018—20194F JH
AT A 4 a P L W-R RS, B3 5
FHAA L 5 2019— 2020 F1 2020 — 2021 4F J& 4F 7=
MPLORHE, B WRMFDREZRARE . 4a
SRR L O-M R, Hk o O-WDR A, —
AR T AR, R A R =Y
s E T RBEY . KFEY AL R
F-DR B2, 35 8 T =oAL &2 Fps =X, iy O-
WDR B Sk AEY) - it e A 5 BEY 4 a 73
FEE L O-R A W-RB iy, 38 o T A,
1M O-WDR F1 O-M B0 J5 Ve = i i fil . 763k
ARV AR B A5 N  JG RV KRS A S 2 05
8 T ORI KB R R AR S AR A [ Y
FAFT S =AY /N EE AR 2 U 7 o 3 T
H(F3).
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Table 3 Economic yield of various cropping patterns t/hm?
S Fh 2017—2018 2018—2019 2019—2020 2020— 2021 1
B az Rz oeRr XF 0 OREOERF X3 ORE HET %3 RE ape BT
Cropping  First  Second  Annual  First  Second  Annual ~ First  Second  Annual  First  Second  Annual AAverage
pattemn geason  season yield season  season yield season  season yield season  season yield annual
O-M 2.71c 5.70bc 8.41c 2.89¢c 4.57¢ 7.46d 3.25¢ 4.47c 7.72b 3.30b 7.27b 10.57b 8.54e
O-R 2.68¢ 7.01a 9.69b 3.55b 7.59a 11.14b  3.41bc 9.07a 12.48a 3.36b 8.64a 12.00a  11.32b
O-WDR 2.69¢ 5.29cd 7.98d 3.28b 5.96b 9.25¢ 3.56b 5.08¢ 8.64b 3.14b 5.70d 8.84c 8.68e
W-M 3.99a 6.00b 9.99b 4.50a 4.93c 9.44c 3.29bc 5.05¢ 8.34b 3.35b 7.37b 10.72b 9.62d
W-R 3.92a 7.48a 11.40a 4.62a 7.51a 12.12a 3.42bc 8.98a 12.40a 3.41b 8.44a 11.85a 11.94a
F-WDR 3.62b 4.81d 8.43¢ 4.63a 6.24b 10.86b 5.15a 6.90b 11.97a 5.35a 6.42¢c 11.70a 10.76¢
Fr 22534 R ANOVA results
r 119.417  34.062 111.178  73.251 29.523 79.118 72.833 12.758 43.171 96.790 66.317 70.027  181.898
(P) (<20.001) (<£0.001) (<20.001) (<<0.001) (<<0.001) (<<0.001) (<<0.001) (<20.001) (<20.001) (<20.001) (<<0.001) (<<0.001) (<<0.001)

1 [ RN F R IR « = 0.05K°F B 225 B3 . T . Note: Different small letters mean significant difference for data in the

same column at «=0.05 level. The same as follows.

2) GV AR . AR RS A R, R A A
FE AR MBI AR L O-R B B i, W-M R
I A DL ORBEA e, F-DR AR,

O-R#F-DR & 196 %4 ; fi sy AR5 A DL O-M AR i
ELHCH ORKBER, WREI R RAL(F4) . kT
VeV M A 0 4544 F 5 ZR AR ol /K R 1) 52 R st s 4R
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Table 4 Annual economic benefit of various multiple cropping patterns Yuan/hm®
SRH AR _BlA FHi i
) Gross income Net income AN
Cropping Annual Max annual
pattemn cost 2018 2019 2020 2021 2018 2019 2020 2021 ¥ net income
Average
O-M 20 722 23942 22970 25611 34 786 3219 2247 4 889 14 064 6 105 14 064
O-R 27603 30424 35 880 39135 37 985 2821 8277 11 532 10 382 8253 11 532
O-WDR 23789 26 143 30517 29 704 29 406 2 354 6728 5916 5617 5154 6728
W-M 18176 21 050 20418 19 959 27 287 2 874 2242 1783 9110 4002 9110
W-R 25057 28 088 29539 30676 29575 3030 4482 5618 4518 4412 5618
F-DR 24 320 21194 27 313 30190 29 751 -3 126 2993 5870 5431 2792 5870

e JRAE ARG R ARAE R 2 T AL S B A AR , T A VR 26 T 77 i R 224 A4 [ R A AR ) 10 46 214 b T 35 M A A A 3
B AR B S JAE A 22 . 2018— 2021 4F 45 2SR M -S4 B 4.76 4,72 4,72 F14.72 T8/ kg3 /NG 41 2.36 ,2.30.2.30
H12.34 76/kg; T A 54 1.94.2.04 . 2.30 1 2.64 JC/kg ; FRIFE 43591 4 2.40,2.40, 2.42 Fil 2.44 76/ kg ; 15 K G F A5 A Al &g 4390 R 2,52,
2.52.2.54 F1 2.56 J6/kg ; M A R 53 5k 2.60.2.60,2.60 F11 2.60 JG/kg. Note: Annual cost included the investments of seed, fertilizer, chemi-

cals, labor and machines.Gross income was calculated from the economic yield and the state protected price or local average elling price of crops

in the year.Net income was the difference between gross income and annual cost. Annual selling price was 4.76,4.72,4.72 and 4.72 yuan/kg for
rapeseed; 2.36,2.30,2.30 and 2.34 yuan/kg for wheat; 1.94,2.04,2.30 and 2.64 yuan/kg for maize; 2.40,2.40,2.42 and 2.44 yuan/kg for ear-
ly season indica rice; 2.52,2.52,2.54 and 2.56 yuan/kg for WDR and middle season indica rice; 2.60,2.60,2.60 and 2.60 yuan/kg for late sea-

son japonica rice, respectively ,in 2018 —2021.
22 AEEMEXBATERHRE

AN TR) A2 ol 2 A 3R ' W RR P 2k R A A B 22
S (R 5) . FETA E A, JE AR R AE 7R
H FEIE 2R P2 SR 4 L F-DR 5 , O-M il O-WDR
B 1 O-RAL T A5 Ko 78k AW AR 551

R ZARY KA S AR Ji AR BRI A R
I RIS RO 8RR K 2 o T VR O KIS
KBTI 1R AR B A1 T SR A
o/ 1R 52 TS A AR BRI AR 7 GRS
AP R e TS A SR (32 5)

x5 AREMRKBFAFRIRA LR

Table 5 Annual temperature and sunshine production efficiencies of grain or seed in various multiple cropping patterns

JE AR A 7 850% / (kg/ (hm*-°0))

JEIAT: H IR E0E: 7= 30% / (kg/ (hm? b))

S
Cropping Annual accumulated temperature production efficiency Annual sunshine hours production efficiency

pattern 2018 2019 2020 2021 F#4 Average 2018 2019 2020 2021 K4 Average
O-M 1.94e 1.87f 1.87d 2.28e 1.99¢ 5.3% 5.63¢ 4.83¢ 7.46¢ 5.83e¢
O-R 2.32d 2.71c 3.05b 2.73c 2.70c 6.12d 7.57¢c 7.59b 9.15¢ 7.61c
O-WDR 1.89%¢ 2.28e 2.08cd 1.97f 2.06e 4.98f 6.41d 5.17¢ 6.46f 5.76e
W-M 2.53¢ 2.52d 2.18¢ 2.60d 2.46d 6.75¢ 7.60c 5.45¢ 7.93d 6.93d
W-R 3.01b 3.15b 3.27b 3.06b 3.12b 7.58b 8.75b 7.86b 9.52b 8.43b
F-DR 3.52a 4.24a 5.00a 4.53a 4.32a 8.60a 9.43a 13.96a 12.51a 11.12a

J7 25 WA R ANOVA results

F 340.484 321.118 175.589 605.039 1037.125 244.429 115.480 241.093  367.666 750.783
(P) (<£0.001)  (<£0.001)  (<£0.001)  (<<0.001) (<£0.001) (<£0.001)  (<€0.001)  (<<0.001) (<<0.001) (<£0.001)

2.3 AEEMERHRBERI
D AR R, 1SRN, VR B AE T A %
W DL O-R AT W-RBLA ey, —F 22 A B3, (HYY

2 (P<<0.05) g T HAB AR X 5 F-DR 45 2 W i i
2 (P<<0.05) Ik FHABA X . 76k B/EY A TR 1)
ZMNER )5 AR R KRS B B b A AR 4 A B



o541

ST A SRACH DR I 2R A2 7 L IR IEUR TR R B R 20 A L A

197

3 (P<<0.05) i T Ja ZRVEW) S B KA1 Kbt -7
MRS 76 Ja AR AR 0 2544, Sk ZBEY AR R Y
PR AR S E I 22 AR B3 . TEWAE B
Wt LA O-M fiz i, F-DR A%, 5 H A X ) 22 5
FH(P<<0.05) . TELFEWAHFNZEMT , JGREY
SR K B Ao A AR 2 B Wl 35 (P<<0.05) /&
T I VR A KRG RN T K BT R R 1A 76 J5 FRAE
YRR B 20T, Sk ZRVE Y R i = (0 Ao A2 X4 1
B W A 3 (P<20.05) 1 T3k AR R /N2 i A

K (K1),
_ O O-M

350 H O-R
o 300f W O-WDR
= b a u“ wW-M
e 250 C B W-R
= . N F-DR
~ 200
£ 80
=
2 e0f
¥ 40+
=
X 20

(=

A W35 N and P nutrients
Bl AESE#MENXTHEFH EARBEREE

Fig.1 Annual aboveground nitrogen (N) and

phosphorus (P) uptakes on average in various
multiple cropping patterns

2) F BRI T F20 Ffi. O-RFW-RAEAHA
e 1) JE A E U B 7 2 A, O-MUF O-R B U
A e B TR AE B O DX 3 4 A, S R X 25
2 (P<<0.05) s F-DRABE ) A AF A WO X1 7243
- 1 4k 2 (P<<0.05) IR THABR X (1 2) . 76k
VEWIAH TR 251, I 2R A R 7K e v Aol A 2 8L

I K 37 43P A 583 (P<<0.05) i TG EAEY b £
KA R BTRE AR, W5 2R o FOK R
o w8 i PR 1~ 3% 201 Al f 25 (P<<0.05) % T Ja Z=A4F
Yy 0 KR AT KPR R e S AR AR [ Y
FAET AR Sk AR Py A AR AR 2R U0 A1 57 20
i 2 S AN S5 T Sk 21 90 ik S A Ao A A 8 fiv
R F 75 43 P45 i 2 (P<<0.05) T3k 1Y /2

R (E 2)
o0-M N W-M
0.8 BO-R 8 W-R

mO-WDR ®#F-DR
0.7+
a a

b
0.6F ] C

0.5k

d
7

¥

f}; ? 0.4} g

S oak ;

& /

Es oz ;
E 01t g

0.0

#3743 N and P nutrients
B2 AREMEXNNFHEAER BRETFHSTE
Fig.2 Annual nitrogen (N) and phosphorus (P) partial
factor nutrient balances on average in various multiple
cropping patterns
24 FAEEMEXHTERBTUSTEE
DIt Ja A EYIBIUT LA E 45258 W

N AR S AR A A 2 o S AR B i B
MAEAE PR EFEA T m g (3 A 4) o 78 4 521K
B, ORBEF LR A& e, 55 W-RHFIF-
DR 22 50K il 3% 5 O-WDR R 2 1) 4 18 B & i
A% AR5 O-MFTW-M B 22 57 A8 i 35 (1 3) .

2019-2020 2020-2021

Gy BB The year and average

1.0f
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g osf
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g&) a
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E
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f:" 0.4
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& 3

TEEMEXNTEIRSETH

Fig.3 Changes in total nitrogen content in the soil of various multiple cropping patterns
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= =V
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4
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Fig.4 Changes in total phosphorus content in the soils of various multiple cropping patterns

2) IR0 VA . Zead A5 0 e A A U R
B EIAARBREN R (RE) . HHAFRMT
i it DA F-DR e K, O-R e/ bR A i L O-R %
K,O-WDR &/l A 33 0P 72 L F-DR 5
KAELLO-M /)y PR A7 DL W-M e kK, W-R i

/N, ORAETF AR o ANRIE MBI 4 a Z AR
2L O-WDR K O-R e/ s BB S 5 DL W-R fit
K, HK A F-DR,O-M /N, ORI O-WDR 4k FH
K (F6).

K6 AREMERNHFE T ERBTE (2018—2021)

Table 6 N and P balances in the surface soil of various multiple cropping patterns(2018—2021)  kg/hm’
N P
oo BTG SRRA WEA MM RWTH  SREA  RBUKR
< . 3 S PR IR X B IS8 A 2 XL SRR B
Cropping  BE A Mdh o JEEES . o o
. Apparent Actual Total Total Apparent Actual Total
pattern Total input  Total output Total loss .
balance surplus input output balance surplus loss
O-M 1672 1018 654 344 310 393 245 148 103 45
O-R 1677 1056 620 537 83 394 239 154 75 79
O-WDR 1669 964 706 276 430 393 235 158 79 79
W-M 1680 995 685 332 352 395 224 171 105 66
W-R 1684 1042 642 489 153 395 197 198 23 175
F-DR 1714 889 825 494 331 398 177 221 62 159

T B AR AR P AR A B FE0, BE AR R L % B9 3743 . Note: Total input included the nutrient inputs

by fertilizer, seeds and seedlings; the total output included the nutrient output from the harvested abovegrounds of crops only.

3
AR AR W, 78 6 Fh 2 A O-R 1 W-
R 2 B #5710 7= R R i = 1, T 7 4 48R
5 O-M Iy AR08 = i 4 B T O-R, W-M i
JFUAEA T B ER T WR, FU] E K20 O-M
MW-MAER A= )RR R, ARG,
T 2018 4F 4 Hi i B0 2 i il T 5 K<, 2019 F
2020 4F B 2 A 7 dE g 0K T ORI X ET K

%

BB T 46285 S AR TR g T, DR T 3 Bl A 7™ B ik
PR AN, Y AL G2 i F-DR R L 7E 2018 4R H B
75 e Yl T R 0 (H AR AR AR A R AR i
HORMAZF AR E. WK RRBREAE YA
LI 2 B S 1 — 2 B R A A AR FE ARSI T
i, O-WDR BT AR 455 7= | i K T O-RAX
0, & WDRZE KA B i i 0 I8 738 38 rh A
H L BTSRRI RS T AR O-RBECBR
THEPE KR AME A PR AL R B B BRI
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s M W-M AT E-DRAECIN iy T £ K= I sh K.
KR 7 SO A A R AR, PR AR 7 28 s AR, U
2018 4% F-DR A 3 Rl 7™ g 2 45 i 28 5 Wi 25 oy 71
fHo O-MAEA L BA B2 T ss , HALES i
LI EI AR Z 5T O-REER, (H O-M =
AR B AR B R K. LR L, O-
M A W-M AR E SR A E R R G 18
AHEFE P F-DR A2 1Y 8 4 BRI H BRI AR 7 2L
S TRy SR S S R A - S
AR AT G . O-RBE B B AT B i & 0% ™
e H R A AR, L SR AR R A R ElA
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Comparing the productivity , utilization of temperature and light
resources and balance of nitrogen and phosphorus of the paddy field
with double-cropping system in Eastern Hubei

WENG Yulin', WANG Gaojie', XIA Fangzhao', XIONG Xingjun®, LI Xinghua’,
LI Chengli*, HU Ronggui’, YANG Tewu'

1.College of Plant Sciences and Technology /Key Laboratory of Crop Ecophysiology and Farming
System in the Middle Reaches of the Yangtze River ,Ministry of Agriculture and Rural Affairs,
Huazhong Agricultural University, Wuhan 430070, China; 2.Research Center for Rural Revitalization,
Power China Kunming Engineering Co.,Ltd. ,Kunming 650051, China;
3.Huanggang Academy of Agricultural Sciences , Hubei Province , Huanggang 438000, China;
4. Hubei Seed Group Co. ,Litd., Wuhan 430206 , China; 5.College of Resources and Environment,
Huazhong Agricultural University, Wuhan 430070, China

Abstract Four consecutive years of fixed field experiment were conducted to compare the differences
in annual productivity, economic benefits, resources of temperature and light, utilization of nitrogen and
phosphorus, and content changes of nitrogen and phosphorus in soil among six patterns of double-cropping
including oilseed rape-maize (O-M) , oilseed rape-rice (O-R) , oilseed rape-water-saving and drought-resis-
tant rice (O-WDR) , wheat-maize (W-M) , wheat-rice (W-R) , and fallow-double season rice (F-DR) to
optimize the farming system, promote the annual production potential of crops, and improve efficiency of
crop production and resource utilization in paddy field of Eastern Hubei. The results showed that the annual
economic yield of W-R pattern was the highest, followed by O-R pattern. The average annual production
benefit of O-R pattern was the highest. The highest uptake rate of N was found in O-R and W-R patterns.
The uptake rate of P was found in O-M pattern. The highest utilization efficiencies of light and temperature
resources were found in F-DR pattern. After 4-round of double-cropping, the nitrogen surplus was the high-
est and the nitrogen loss was the lowest in the soil of O-R pattern. The P surplus was the highest and P loss
was the lowest in the soil of O-M pattern. The oilseed rape- rice plantation pattern had higher and stable pro-
ductivity, good production benefit, and better maintenance of soil N fertility and lower N loss risk from
farmland. The oilseed rape- rice plantation pattern has the application prospect of replacing the conventional
F-DR pattern in Eastern Hubei.

Keywords multiple cropping ; crop productivity ; resource utilization ; soil fertility ; paddy field farming

system ; nitrogen and phosphorus nutrients ; multiple cropping of oilseed rape-rice
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