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Comparative study on resource utilization efficiency and economic benefits of winter crop—double cropping
rice rotation system in Hunan Province

ZHANG Fan

(Hunan Soil and Fertilizer Institute, Changsha 410125, China)

Abstract: Hunan is the main double cropping rice production area in the middle reaches of the Yangtze River. A long—term experiment of a
winter crop—double cropping rice rotation system began in 2004 on a red paddy soil in Hunan Province. The experiment consisted of five
treatments, including fallow—double cropping rice, potato—double cropping rice, ryegrass—double cropping rice, milk vetch—double
cropping rice, and rape—double cropping rice, with three replicates of all the treatments. In order to optimize winter crop—double cropping
rice rotation pattern, promote efficient use of resources, and increase farmers ' income, the efficiencies of solar radiation and heat resource,
and the economic benefit of the five rotation systems were analyzed and compared in 2017. The annual solar radiation use efficiency of

potato—double cropping rice rotation system was significantly higher than other models. Compared with ryegrass—double cropping rice, milk
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vetch—double cropping rice, and rape—double cropping rice, solar radiation productive efficiency of potato—double cropping rice rotation
system was significantly increased by 0.16, 0.18 g+ MJ™, and 0.21 g+ MJ ™, respectively. The accumulated heat productive efficiency of the
potato—double cropping rice rotation system was significantly increased by 1.24, 1.36 kg - hm™+°C™" + d™', and 1.52 kg - hm™-C™" - d”',
respectively. There were no significant differences in phosphorus nutrient biomass production efficiency of the five rotation systems. The
order of nitrogen nutrient biomass production efficiency was potato—double cropping rice (73.23) >fallow—double cropping rice (69.84) >
rape—double cropping rice (68.30) >ryegrass—double cropping rice (65.47) >milk vetch—double cropping rice (60.99). The order of
potassium nutrient biomass production efficiency was milk vetch—double cropping rice (70.63)>fallow—double cropping rice (66.10)>rape—
double cropping rice (57.58) >ryegrass—double cropping rice (56.37) >potato—double cropping rice (47.91). There was no significant
differences in the NPK partial factor productivity of early rice and late rice in the five rotation systems (P>0.05), and there was a significant
difference in the NPK harvest index of late rice (P<0.05). The order of the economic benefits was potato—double cropping rice>rape—
double cropping rice>ryegrass—double cropping rice>milk vetch—double cropping rice>fallow—double cropping rice. The potato—double
cropping rice was high input and high output type, ryegrass—double cropping rice and rape—double cropping rice were low input and middle

output type, and milk vetch—double cropping rice was low input and low output type. The results indicate that the potato—double cropping

rice rotation system is suitable for popularization and application in Hunan double cropping rice area.

Keywords: winter crop; double cropping rice; rotation; resource utilization efficiency; economic benefit
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kg hm™, A AbF R IS RS AR HT 4t SEAE , JL 4l N
Jiti JF1 4 43 591 4 103.5.138.0 kg - hm™, P,0s Fl KO Jiti JTI
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B A /N AT BRSO L Sk i . AR MR IR
], B /NX BEHLE 3 MK FERERE (43 R K R AR
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Table 1 Growth period of different winter crop and double cropping rice systems

LN (RN

Rotation system

KA

Winter crop season

LiER=

Early rice season

i AFENF TRWE WRE

Late rice season

K H A F W] Growth period/d

Sl AR
Winter crop Early rice Late rice  Rotation cycle(autumn
2016—winter 2017)

season season  season
AN - WA — 2017/5/4—2017/7/20  2017/7/24—2017/11/3 — 77 102 179
LA BESUAERE 2016/12/20—2017/4/24  2017/5/4—2017/7/20  2017/7/24—2017/11/3 125 77 102 304
ML -IUFERE 2016/9/21—2017/4/18  2017/5/4—2017/7/20  2017/7/24—2017/11/3 209 77 102 388
LRP-TUERG 2016/9/21—2017/4/18  2017/5/4—2017/7/20  2017/7/24—2017/11/3 209 77 102 388
ME-XERE 2016/9/21—2017/4/30  2017/5/4—2017/7/20  2017/7/24—2017/11/3 221 77 102 400

x2 2FEY-WERERIERXZEYM EFHRIBFKPAES

Table 2 Accumulated temperature and solar radiation of different winter crop and double cropping rice systems in the growth period

FH Accumulated temperature (=10 °C)/(°C+d)

K BHEE 5 Solar radiation/(MJ-m™)

RIEELL  ap:fepr AEE Wi % . AFENE RS UEES Kol

Rotation system  Winter crop Early rice Late rice . Winter crop Early rice Late rice .

Rotation cycle Rotation cycle
season season season season season season
LSy E=y — 1954.0 2529.9 44839 — 1 253.66 1455.35 2709.01
T ZE AR 989.8 1954.0 2529.9 5473.7 1041.52 1 253.66 1455.35 3750.53
Py Ry 2096.3 1954.0 2529.9 6580.2 1 638.48 1 253.66 1455.35 4 347.49
BRI R 2096.3 1954.0 2529.9 6580.2 1 638.48 1 253.66 1455.35 4 347.49
TSR - 23234 1954.0 25299 6807.3 1 839.69 1253.66 1455.35 454870
http://www.aed.org.cn — 89 —
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®3 FMESEVNEF BRTENEFTYRE (kg-hm™)

Table 3 Economic target yield and straw biomass of crops in each season (kg+hm™)

A-ZEY) Winter crop

FLFE Early rice i Late rice

LN (RN

Rotation system

W T ERSFT T4

AR RS FT 4

20 HAR 7 FeRT R REAT TR APk R BRI B R

Winter crop straw incorporated Unreturned winter crop straw Economic yield — Yield Straw biomass Yield Straw biomass
EE RN &S — — — 4337.06a 2918.79a  6721.89a  5727.27a
E R B 1345.54 — 22760.61  422937a 3987.88a  6756.45a  6889.70a
PP R 3100.96 — 32584.85 4673.19a 264727a  655847a  3656.97h
P B 3700.03 888.01 — 4399.07a 2621.82a  7513.8la  4717.58ab
- WA 3614.99 — 1110.00  4405.60a 3343.03a  6838.16a  4250.91b
T RS R R R R TE 5% K P E2F B, TR,
Note: Different letters in a column indicate significant difference at 5% level. The same below.
(kJ-kg™) , A0 & AR - TR Fe B A &4 FRor R B =X B b 1A A T ) B
Wy e AR R 7 it (4 1 Jo A DL 3 41 & AALFE o T

T 507 g (M - m™) =557 18 R A 9 Jo2 ™ i
+ A
1.3.2 JEREA P2 RICRRIAR B4R SR %0

SR AR R LU A (] 735 By A AR 7
PR TR R,

FEREAE PR (g MIT) =T W Jo A 7 d /AT 1T X
F14) A B S

AR EIEREF R (%) = T 9 5 7™ Re /57 1 ALY
SAE R PR %100
1.3.3 B A PR R AR AT R AR A R

RO A= 77 30 SR 48 A B W) H ¥ >10 CH AL
FRUEL AR = 1 A7 T AR i

FRIRAE 77 B0% (kg hm - °C7' - d ™) =BA AL T AL T4
Jo A 7 A A SRR

AEAT SRR A 2R (%) =B A 75 118 11 AT 4R
T/ 2 AT RO X 100
1.3.4 FR45r R

x4 EFEY-WEBRIERLASEYECLTHRAE
Table 4 Heat of per unit dry matter of crops of the winter crop and

double cropping rice rotation systems

e i AT

Crop Heat of per unit dry matter/(kJ-kg™)
T4 Rice 15 480.80
AL Straw 14 177.27
HSEHF Rapeseed 26 359.20
THZEFT Rape straw 14 346.10
L4 () Potato(fresh ) 4303.66
LR (T ) Dried potato straw 13 498.63
48 YL Chinese milk vetch 2127.56
PRI Ryegrass 4675.83

oy T L P00 (kg - kg ™) = U LA 1T L
TR /3R oy AR R

e WORTE B (% ) =¥FRL 57 73 BB /3R 40 TR
AEX100

Feor A 01 (kg kg™ ) =HFRL™ it /3% 03 it
1.3.5 &5 IR

L0584 (I8 - hm™) =B (JC - hm™) = J§iA (I -
hm™)

FEE (I -hm ™)== (kg-hm ) x5 (OG- kg ™)

JAALTE 57 8 ) A AR AR A S SAS . A
FEHOBZERGI5 2 1 A (L5 B KR Ak A S
s R By v SCHI DA S AR 57 21 1 3 ) AR
JRAR (A2 RAERE T IR R 45 ) 4 2017 4F-A=
7L BR S I 22 K AT, 4300 2 6 000.00 TG -
hm?F110 600.00 I+ hm . A& =AY RT3 it 45
NG AS AN A5 TR A A A 2= A
558 S A

AT A 2017 46 1) B 48 AR X 52 PR ik g 2
% ALIE N P05, K:0 T 37 1 73 51 4 3.80.5.20.,5.30
JC kg HE R YLK 20.00 TC - kg5 HR A REFD
T A% 10.00 I - kg™ 5 i SREAR T4 4% 2 100.00 G -
ke!s THAS RPN AR A 5.00 TC ke FESI T TR
150.00 Jt-d™'s

2017 B ZFEY AT HAR™ G B - D%
BEE N 1.50 TG - ke '3 FRAC FEEE R 0.15 T - kg5 T3
¥4 5.00 TC-kg s BRI 3 318 2.40.2.52 TG kg s
1.4 #iE4biE

BUHE K F Excel 04522 41 DPS 7.05(Data process-
ing system for practical statistics ) ¥ {F#EAT /0 Fr 4L B,
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H Duncan 87 &2 #% 22 7 K 56 B0 i 22 5 09 &8 3% PR K F
(P<0.05) .

2 HRE5HMH

2.1 ZFEY-WNEERIEENAAZTIER ARE

AN [F) A& ZE AR 4 - U ZE A e VR R = Ol T A= 7 4K
REFFEMARENRS, DB E-NERB 4R
JEREFI FH 3 2 i T A A VR, H R4 RE
A PR T R B R RG ER s - R LT -
ZERRAT 4255 7 0.16,0.18.,0.21 g- MJ™", 345 43 5]
} 28.1% .32.7% . 40.4% , 2% 5+ ik 1. 3 /K F- (P<0.05) .
MACAE A AR DR I RE A = 3URRR & B 1E
WA ZE e BE A AR A B - AR B
T - XU R AN 3 - X R A X RS Rk 2
FEREAE P ROR T - N TR AR S T s -
XZEREAE ;oA I AR 22 G B A 7 AR T S - W
T X I 2 v T DR S - U e A I 3 - XU
L S WA (SPTRETENE SV =Y Y B W Y RS i e ey
R TR AR A AR SRR AR 7 08 5 4 TR - R R AR X
22 RN

T 5% — U2 A A AR AT R TR AR R At
B, B AR (97.63%) , BB 32 B A B Rk =
82 PE- WA AR A SRR R R d A, 38
M1 94%,, ThEE - ZERARL S 1R R AR A R AR
R E A TR Ry I SR BV ey I B
ZAE 0 B E R T 1.24.1.36.1.52 kg-hm™>-C" -
A, B0 23 5 K 33.2% . 37.6% . 43.9% , 2= T3k i #FH K
F(P<0.05) o ERAE R AR & AR WA 220 OB AE
PR KT A BV E PRI A SRR A P RCR
WA D 2 T AR R R ZE A AL

FURA = HOR D - WA B S TR B -
KU ZERE A R IR 2 ASORR TR AR = OR T % -
X ZE AL A 2 i T I 22 R - WU A R 52 - 3
TR 25 PR, MGG IR R IR I # Rk
A, DR E- R U T AR
22 BEEY-NEBBIEEANPKFLRAE

AN A 4 ZRVE D) - B R e AR A NPK 33243 T
YA R LR 6, AU RIAE PSR T i
He PR R T B 2 5 (P>0.05) . SR AS/ER4EN
I 53 T W ot A= 77 08 R/ IMIRIR Ry By 4% 8 - XL =
(73.23) >4 - X ZERE (69.84) >3- W ZEHE (68.30)>
T B ZERT (65.47) > %8 = e - W ZEF5 (60.99) , H
rh B SRR R B AR A N 3240 T A 734
R B WU R R 2 - U A 40 1) 2 4 v
T 11.9% F120.1%(P<0.05) , i 48 2= e - A Z= Rt X 5
PEJEAE N 200 T A 7= 3% A TR - R A X
HEREART 12.7%. 55 EB 4R K =0 T Y A
FERCR IR IMR IR N 28 25 - WA (70.63) >4 TR - XL
ZEF (66.10) > 5 - M ZEF (57.58) > B 2 F- AR F
(56.37)> Ty 5 2 W F5 (47.91) , Hoh 44 2 - W &
TR FCAVE A K 200 T A RO L 28 5 -
TR I S - AR R AR A ) B R IR T 32.29%
16.8% (P<0.05) , th44 25 - W 2B Fg 5 M 37 B - XU TR e
SACAE A K 35250 T 03 A 77 8508 40 3] A TR - L2
T B B FRAI T 27.5% F114.7% (P<0.05) o 2R - W 2=
o1 5 7 3 - W R R A AR AR FA A NPK SR 43 T i 2k
PR IC B EE R . M NPK F2 T 1 5 A 77 R0 A
FERE , 44 - RUZ A8 A =5 - A A A A0 HoAth
B,

A FEAS R A& AR - W R A A 13 4R )5

®5 TREFEY-VNEBRERAWBEFTHEZERENAE

Table 5 Production efficiency and annual use efficiency of solar radiation and effective accumulated temperature of

different winter crop and double cropping rice rotation systems

i o Rl FEL A PR R AR RO

el ok AR AR ot
. — R M) AE A ERER Production efficiency of effective accumulated

Production efficiency of solar radiation/(g-MJ™) e JEHE ) (ke hm2-C - d) Use efficienc

AR Use efficiency of temperature/{g-hm =+ L "=¢ ofann’ual y
Rotation system s fpey WA Wi fefpRa amwlslreempy REE MBS REES ective

Winter crop  Early rice Late rice Rotation radiation/% Winter crop  Early rice Late rice Rotation  gecumulated

season season season cycle season season season cycle  temperature/%
BRI ES — 0.58+0.07ab 0.86+0.09ab 0.73+0.08a  0.63+0.07c — 3.71+0.43ab 4.92+0.53ab 4.39+0.49ab 64.31
- WZERE 0.5240.16a 0.66+0.05a  0.94+0.03a 0.73+0.05a  0.95+0.08a  5.47+1.74a 4.21+0.34a 5.39+0.20a 4.98+0.36a 78.50
TAE B IZERT 0.43+0.07ab 0.58+0.02ab  0.70+0.08¢ 0.57+0.05b  0.64+0.04c  3.38+0.52b 3.74=0.11ab 4.04+0.46¢ 3.74+0.31bc 94.37
ARG 0.28+0.06b 0.56+0.04b  0.84+0.04ab 0.55+0.04b  0.64+0.03¢  2.19+0.46b 3.59+0.22b 4.83+0.23ab 3.62+0.26¢ 94.37
- ZERE  0.26+0.08b 0.62+0.05ab 0.76+0.07bc 0.52+0.06b  0.78+0.10b  2.03+0.61b 3.97+0.29ab 4.38+0.39bhc 3.46+0.42¢ 97.63
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RN WA (53) AU R
M 0 S, A B B B L RS NPK i
R GRT) . ABSURR N PUCIH EOE R R
B IR TR KPR T -

eI R = T

®6 FEEFEY-WEERAERM NPK T BRAE=ZE (kg-kg™)

Table 6 N,P and K efficiency for biomass production of different winter crop and double cropping rice rotation systems (kg-kg™)

ZRami R T 45.6%(P<0.05) 5 £ B 20 5 K
7 B - W ZE R B ARG PK IRk
TR R T HAb A R (P<0.05) . MOWZEFE AR 7™ Al
MZEFE NPK 3743 FI FH 3 M R, B3 B - W R R

AR N
Rotation system A ZEEY) Winter crop FLF Early rice 4 Late rice Fe A B 4E Rotation cycle
PR - R — 62.56+5.17a 75.17+7.25ab 69.84+5.32ah
R i 62.41+4.55a 68.59+7.76a 82.69+5.10a 73.23+2.98a
PRI WA 66.15+5.74a 65.35+2.97a 65.38+7.67h 65.47+3.15bc
f P e 45.54+8.11b 63.04+5.23a 68.70+3.82b 60.99+1.70¢
- 66.98+4.60a 64.25+0.36a 72.61+5.50ab 68.30+2.18ab
AR P
Rotation system K Z=AEY) Winter crop LA Early rice Wi F5 Late rice K54 JEI4E Rotation cycle
2 PR - AU A — 387.89+11.03a 497.97+51.51a 450.28+31.40a
ThE SR 431.50+83.54ab 336.07+84.11a 510.78+21.50a 422.54+58.83a
b RV E = ] 342.26+53.48h 371.51+17.30a 472.84+53.93a 395.07+32.07a
P B e 549.87+76.89a 401.70+18.96a 443.23+20.75a 446.47+24.37a
hEE- TR 399.38+34.45h 379.47+12.68a 448.06+40.10a 412.74+18.77a
AR K
Rotation system K ZEAEY) Winter crop B Early rice i F Late rice FeAF JH 4 Rotation cycle
S RN & — 69.74+7.67ab 64.27+5.39ab 66.10+5.49ab
SR 27.69+2.28b 63.05+5.92b 55.20+1.82b 47.91+1.92d
I WA 34.79+2.38h 75.87+5.64a 75.03+9.76a 56.37+2.97cd
BRI 66.86231.26a 74.38+2.94a 72.29+2.06a 70.63+8.36a
TSR - 36.60+1.15h 69.04+4.59ab 66.23+5.76a 57.58+1.85hc

KT FRAZFEY-VWEBRIERKXE BRNPKF AR

Table 7 N, P and K use efficiency of early and late rice in different winter crop and double cropping rice rotation systems

L Early rice

FARRE

3R FE %0 Harvest index/%

Rotation system

M2y 7 Partial factor pr()ductivity/( kg kg™ )

N p K N p K
A -2 R 25.14+4.88a 220.72+42.78a 77.43+15.01a 57.9+3.7a 72.5+7.8a 12.84+2.5ab
BT SLES 24.52+3.80a 215.24+33.34a 75.51211.70a 53.6%5.6a 71.8%12.1a 10.32.7b
MR- 27.09+1.23a 237.82+10.83a 83.43+3.80a 62.7+7.3a 75.2+4.4a 14.522.4ab
E SR B E T 25.50+2.54a 223.87+22.30a 78.54+7.82a 61.7+1.0a 76.624.5a 15.0+1.3a
T AERS 25.54+3.30a 224.20+28.91a 78.66+10.14a 56.0+3.7a 75.7+5.0a 13.0+2.2ab
o i F Late rice
Roib\li{/)'zn%yisttem D 4 77 77 Partial factor productivity/(kg-kg™) R FE AL Harvest index/%
N p K N p K
A PR - RS 29.82+5.95a 342.08+68.25a 120.01+23.94a 55.8+0.8¢ 72.5+0.4¢ 11.5+0.4d
A% - R 29.97+2.30a 343.84+26.39a 120.63+9.26a 41.8+1.4d 68.4+0.3d 9.040.1e
R BV e i 29.10+5.11a 333.76258.62a 117.09+20.56a 65.2+0.3a 77.8+0.3a 17.1£0.6a
BRI 33.34+2.54a 382.38+29.08a 134.15+10.20a 60.8+0.9b 77.120.2b 15.740.3b
lESE= 30.34+4.35a 348.00+49.87a 122.09+17.49a 63.5+1.8a 77.0+0.3b 14.740.2¢
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AP FH A
23 ZEFEY-NEBRIEEREFUED M

W 2 BANE AN B BZERG B R I BE TN
BN ZETT B I RAR A LR, AR R4 221
Y- ARG FE AR R B A 25 L2 80 AR
AR 2t L DR - W R e, 4
- AR A . 54 - AR L, 5
B - R A T ss Y N T 155.0% , =2 -3
Z e AN T 46.4% , BAIE - XU RE AL G i T
42.5% , 55 = - ARG T 9.6%

PRI AS B 55 AN (] 4 ZR AR W) - S 2R e 48 AR b R A8 =X
K MR, AR AR - R
TERRIRE R 2 T3 25 57 BB R A BEY Fh i 2
A A R (B A . h 4% 2 - WU B R A U 1
SV AR S i 1, A e AR B, R B R
Z e A 2 v 3 - S R A AR O IR A b ™ i
B RPN ORI AR A, TR
LR, A - R AR T H AR

3 g

T 42 S LR A AL A 45 A8 1 B R AR AR
ARG T R - U A A B AR 5 A ) A
FHA 56 IR S 4% 4 HL S 8 SO I SRS #0041
PEE T A H R AR B S G IR o 44 TR
TR R TR B - W R X e 1 SR 4 K
TR T W I AL PR ORI B 2 T A - U A A
25 AT AT A 00 22 7 3 06 45 SR M e ] - T 4% -
W R U DAL E A A 2 K B AR M 255.21 kg K+
hm™? N 434 26.01 kg N-hm™, 136 W 76 {7 3iF AU F5 4
PR A T T BT J A DR RS H R 5 4% 25 () AL
Pt NPK IS 28 M5 ABGR 5, oA L T =
RFMAEY AR ZR 1 THES SRR 5 WO 2 LR

(3% 57, 25 5 1 B NPK IERHA 2 B | P15 XU 33
I BRI, AT R ] B - XU AR A A6k
BREA AR FZ T EALT HABR R (H S bR A
Hp L2 T A SRR A R T, A e B R ARG, R
IS A (57, 2 #8571 T 5 ) )

et FH 2 i R 22 RN RE 7 A R O B e, o
A PA 35 A P b 8 AR SRR R - I e i B A
FE R a0 4 SR B R AR R
Tk A - R e MR AT R S i R . R R
L3 T — U2 R A S Rt ) b 2 A b (X %
Jei 300 b DX ) 8 Ml Rl & JRAR DL , LR g 7
BACER /3 Dol A m Tkt . F2 Wl R K AT BE 23
Wep AT A R R 22 e 4 i 37 XU L PR B A AR A £

BRINENE TG R NEVEY) , A L1 R0k
VE PR AT s K A 2B 7 v i Ak 2 NIE$ A SCRE PRAIE
IKRERR™ 8 7™, P ZE R DXVl Ik 245 s v s R F
R ENAR 2058 3R WA H AT 58 2 e m] /b
AKFEA P B AIE BT ORI KRR ™, 2 T AR L
R - RE R  Te i AR R 3 A
WRATAG AER o - R I R m U
Ko AR ER P BEREA P, 5= PR 4%
AT A NAEF PAE, B R RS0 7oK B ik |
VEER LAY 5 2= S fif B 5 A%t H (F% Hh TH Y 5 5 e fif
2017 5 8 868.18 kg - hm™, #1124 F £ i H 24.28 kg
N+hm™?,2.05 kg P-hm™,14.45 kg K+hm™) , 1 i 2% it
AR TR B o HEIUHE 28 25 g - U AR AR 2
/8 7 A 25 A Ak 2 RS A A R RS AR iR
B n gt R RO, 3800 R 2R 2 S i A Wy [ /AR
FHANA PR O EA G IR P UE L2 At A = i 7 AR
WS A2 MR A AR Iz e N sl 4k . g
SR SE B < e AR 2R 25 SN U I T A A PR
R 2 SR CHL AT NLO 1 B HE i, 58 2 B Bl T ik

xS ARAEFEY-NEBREMEEXEFAHLBOC-hm™)

Table 8 Comparison of economic benefit of different winter crop—double cropping rice rotation systems (yuan+hm™)

778 Total income JAS Cost 235545 Net income

BB xm:py WG BRI AR WERE RGeSy WERE AR

Rotation system  Winter crop  Early rice  Late rice  Rotation ~ Winter crop Double cropping Rotation ~ Winter crop Double cropping Rotation

season season season (:y(:le season rice season (3ycle season I'i()(‘) season (By(‘/l(‘)

LB E — 10408.95 16939.15 27 348.10 — 16 600.00 16 600.00 — 10748.10 10 748.10
A WAERG 3414091 1015049 1702626 61317.66 17 273.10 16 600.00  33873.10 16 867.81 10576.75 27 444.56
MWLM _WER 488773 1121566 16527.35 3263074  716.20 16600.00 1731620 4171.53 11143.02  15314.55
f P e — 10557.76 1893479 2949255 1115.10 16 600.00 17 715.10 -1115.10 12892.55 1177745
MBE-WERT 555000 10573.43 17232.16 3335559  1018.56 16 600.00 17 618.56 4531.44 11205.59  15737.03
http://www.aed.org.cn —93 —
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