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R 2 o VR R A58 RN 28 AR 25 SR T IR A
T o ARBEFELL 347K Fe it b CRil 28 2% 22 A 5200 73
TR HURS B A 7 ORI 2 52 A AL 4949) R 1A/
A2 i Bl (K82 9023) S i35 b L, 15 B RS 2 1) e
T BRI A A B 9% e 2 1 X A 22 T 2 )
BRAK KT 7 KSR R FHRCR 52, LU
- 22 S AR A K R AR R B 4 e S 8

1 MBS AEE

1.1 K= SR

KT 2021 — 2022 4F7E AL A s T AE rp gl
KA NI HH (114°29"E, 30°29 ' N) By By =R A P4 2
17, 156 b i B I (4 35 m . 95 25 m 55 5 m) TH 5
77 W 1 il SR FH 385 BH 2R & 0 TR B, 7R K R R/ INAE
A AR 2 6 T R T30 7 R 34 e R R DG AT . K -4k
i+ pH 6.31, AL 9.8 g/kg, B & 0.59 g/kg, &
#0.78 g/kg, 41 11.8 g/kg.

AR KRG 2k FH 3 AR A, 40 501 Al R
FURF B AR N ORI 2% A2 RS SR 73 ORIDRE 2% 22 5 A
4949, /NAZ ek IR 22 9023 4 ki it
1.2 AT 5HEEER

KRG R I 2R FH R IX BE3, UK R 1R (DS, +
Bk #-30 kPa 22 A7) A FLEEHE (CK) 2 Fp oK g R
D5 2N E X, 3AKFE b A R R X 4k A, dE 24
A/NX L BE/NX ALY m® 5 FE A K, I K
FESAE G 22 /N2 (DS) MUK R J5 22 /N2 (CK) 2
AR R AR MR A R, ZEARIITE R
Ab 3,

KRS, R 7 B 1K 43 3R 43 7 A B 5 /)N
DX I, 32 DX ) R TR E 1= 55 (98 20 cm TR 40 cm) [
T3 /N X Ja] JF 38 (98 50 em & 20 em) B& T, FH 20
SRR R A 25 T B I LB % DL 20 em.

IKABVEFEAL BT 5 H 30 H PR B R, B 25 d
TE 30 O AN TR AR, B AR % B 0 A7 R 30 em BR IR
13 em, 2 H/7C, KFEFAELEET 6 J1 4 HIF MR AT
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%4 % (irrigation water use efficiency, IWUE, 24 5
3R IR N Ewor) AR A4 7 71 ( partial factor pro-
ductivity of nitrogen, PFPN, AU H F R K Py, ) 6
e Fl HZCF (light energy use efficiency, LEUE, 23 3¢
HRIR N Epy) A 23 (accumulated temper-
ature use efficiency, ATUE, A RN E o I
22555435 (economic benefit, EB, A ERRANE) .

Eyue= Y/V, (1)
Py= Y/l (2)
Eip=Y/Grsx (3)
Eyvv=Y/Tis (4)
E=Y,—Y; (5)

KD~ ) Y oy B 1 BURF R ™ i (grain
yield per unit area) , kg/hm?; V; JJ ¥ 7K &t (irrigation
volume) , m*; Iy A & il 2 & (total nitrogen input) ,
kg/hm?; Grsp M A PH B4R 81 1 (total solar radiation) ,
MJ/m?; Tea A 8RR (effective accumulated tem-

A ockK
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il Variety

perature) ,’C; Y,, A 77 i (total output) , J76/hm*; Yy
b A% A (total investment) , 76/hm?,
1.6 HiELE

Fr A 1 58 B0 34 2k FH Excel #E47 45 B, ] IBM
SPSS Statistics 25 #4777 2047,

2 HRE5HMH

21 BEREENARERKBERKLETNIT

Dtk . B LR, 55 A L, 58 B
FERRACAS SRR oy BE RS TR AT AR I bk = . 7
Sy BERRI T 73 CHEAE 5 RN AT 4949 ARk B 4
KT 8.6%.13.2% . 12.4% . TEFMFEFFAEIA , 34~ d
I BIREAR T 10.3%.9.6%.6.8% - 7EH KL E 1 5
YEALBER , 500 73 4543 BERR IR bk 55 43500y 111.0 11
101.4 cm, $il BB FF 46 309 04 0k /&5 4300l 2 123.8 i1 109.2
e, $4 1 v T AR 5 IR AL 4949,
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HY73: 5473 Hanyou 73; HHZ : #4£ i Huanghuazhan; YY4949: f I 4949 Yongyou 4949, A[Rl/ING A /R AR Ab B2 7] 24
3 (P<0.05), I, Different letters indicate significant difference among treatments in the same item at 0.05 level. The same as below.
Bl EANEECKOEREDS TABHERHAFMBAELHEBH®RSILE
Fig.1 Comparison of plant height at the tillering(A) and heading(B) stages of rice under conventional
flooding(CK) and dry cultivation(DS)
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T 4949 (2L BERCAE RN I T AR R , AR R B/ o

600F B
ek
s00F mDS
£ a0of .
§E 300F 2 @ .
(5}
@2
100
0
HY73 HHZ Y Y4949

i A Variety

B2 EMNEECKEREDS TRBHERI AT (B ZEHILE
Fig.2 Comparison of the number of tillers at the tillering(A) and heading(B) stages
of rice under conventional flooding(CK) and dry cultivation(DS)



148 LRI I NI <3 4

944 %

)M A, WA 37, 5% KL HEAH L, A
J AN ) 7R st A 3 B2 B ST R it AR 6 400 1 - T AR
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E 11 B T AR A B, 3 A b i AR G i R AR T
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Fig.3 Comparison of leaf area at the tillering(A) and heading(B) stages of rice under conventional flooding(CK)
and dry cultivation(DS)
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TEAE S Hh 1350 4 0 B 3R R R R A 73> 1
e 4949> w48 5 . AR B0 73 B4R R AR
4949 {1 b 15T TR 3R 4 ) e SRR T 32.8%4 .
30.7%.31.5% , B4 i R B/ o AR R AS IRl KA
A5 BBAL BT 1 SRR, 2R T BT PR T 22.2 00~
25.9% s M T i AR T 35.4%~39.4 4 s BT Il i
ik T 37.5%~48.9% o T 73 FIH AL 4949 Ay 2T

ﬁ%@%ﬁwﬁWW§M5W$ T [ R A5 /)N
B 4949 AR5 i A R B/ | nnﬁ’x$ﬁ$f

%L%ﬁmw%mu%MTa&@qa&@@3¢m
Fofr g i I o SRR T Y o LR R B A SRR AR
T 6.8%~9.9% F19.9%~24.0% . A 73 A AL
4949 [ 251 o 4 B R LB AR S R B AR S Rt
T 5 R AR T R R LG R EE SR 73 A
4949 /1,

F1 EREECKEREDS) TAETHRREELR
Table I Comparison of rice dry matter accumulation under conventional flooding (CK)
and dry cultivation(DS) t/hm?
TR A6 HS B MS
vl osil — »
Variety Treatment = " ) = " )
Stem Leaf Spike Stem Leaf Spike
CK 8.21a 4.55a 3.51a 8.23a 3.09a 7.86a
HY73
DS 6.39bc 2.76d 1.79¢ 6.26¢d 2.49bc 2.62¢
CK 6.48bc 3.72bc 1.98¢ 6.77bc 2.12cd 5.93b
HHZ
DS 4.80d 2.41de 1.24d 5.11d 1.491 2.09¢
CK 7.44ab 4.07b 2.87b 7.72ab 3.23a 8.55a
YY4949
DS 5.78cd 2.53de 1.54cd 4.97d 2.02de 2.32¢

T R [RING Rk FR AL BRI 25 5 535 (P<<0.05)..
ent treatments at 0.05 probability. The same as follows.

WHUETE R A T R R R R
A PG 4949 548 73> Hi AR N L AR 73
WA EMAMLOON T RS ED EFRMIKT
40.8% \41% .52.2% , 54 73 FNEEAE i () R IR/ N T
4949, ARG AR T A KRS 25 A T 0T 45 1

T, Note: The different lowercase letters show significant difference between differ-

WA, 25T B i AR T 23.9%6~35.6 % 5 1 o £ [
ﬁ?w&%&m&%%ﬁi%ﬁTmm%
72.9% ., ARG RAL 73 MEAE B8 T R R
i 429 HE A OIE 4949 7 o 34 i b B 25 oo A i
T bR o LA S B, 2R T A L T
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28.5%~34.9%; M T Ji & & B T 19.7%~
35.9% BAE T i f 5 e B PR AR T 39.9%~43.9% .
FAEIE R0 73 25T it o 3G W fe /)N s AR N
TR o R R R T BRI R RN

5)/ ik, N2 PR, ARG KRS L bR 3
FBRAR, Hrh B 73 BUAR R I 4949 23 B T
27.6%0.30.8%0.29.4% . FAEfE AR 73 0y L FR 7 i
TREIE R RN . AR B R 73 B R
Y B R, O 4949 W TG LB ARk, B4R

T 16.6%, L7340 T 8.1% o RAEJG K FEREDRL
BN G52 Ay B G R, o B 73 B AR
FUE A 4949 By B0 £ 43 A BEAIR T 35.626.20.6 %% .
16.5%0 5 45 523 BIFEAL T 20.2%6.26.2% .21.2% .,
AR5 G 4949 (YRR T BEIR B S/ s AR 73 1
IR T BRI N RS S0 73 R 4949
{8 T E 250 1 Rk 2 AT, e o DDA I R Ak
W T 2 AR IS SR A B 2R B
Y J5 A IR 4949 B WS 3R 48 B0 3 e T 51.4% .

R2 BREECK) SREDS) TAEFERTEMHEZILER

Table 2 Comparison of rice yield and yield components under conventional flooding (CK) and dry cultivation(DS)

HREE/ TR . ThiE/ LNV ¥ SEBRy i/ "
Sl Ab s ’ e G/ % e o B W3k B
. (J7/hm?*) Spikelets per . . 1000-grain (t/hm?) (t/hm*) .
Variety  Treatment . . Filled grains . = . . . Harvest index
Panicles panicle weight Theoretical yield Grain yield
CK 274+32.4d 240.3+21.4b 58.240.05ab 27.14+0.53a 10.34+1.08a 7.0£0.46a 0.33+0.09b
HY73
DS 296+29.9¢ 155+21.5d 46.4+0.05¢ 25.84+1.0b 5.440.63b 5.0%+0.32¢ 0.43+0.07ab
HHZ CK 324+25.0b 185+14.5¢ 52.6+0.06bc 19.6+0.38d 6.240.92b 6.0£0.23b 0.40£0.04ab
DS 377+9.6a 147+6.5d 38.84+0.05d 20.04+0.67d 4.3+0.65¢ 4.240.26d 0.4240.06ab
YY CK 263+21.3d 278+24.0a 64.4+0.03a 20.6+0.25¢ 9.7+1.45a 7.340.30a 0.357+0.10b
4949 DS 263+12.0d  2324+187b  50.840.05bc  19.8-40.39d 6.20.94b 5.140.17¢ 0.53-0.03a

22 WBERENBEFNZEKEZETHNEM
DARZEMER . e 3Fs , ARG Z M HE 10 5 22/
2 R IR R 2 A 0 IR B /N 22 A 2R AE AN TR
A B B AR BN TR] . I bk s 78 43 BE B A ik A
W E BN T 6.6% A1 3.7% . ZEBERUTE 4y BERIY |
PRTT IR SR 0 43 0l S 2N T 22.2%6 .17.2% i

14.3%0 o A8 iy R T G AR B0 RN R SR 00 0 3 1
5.6% . fB b e R 4 A I W E R, 45 s
Ay R 10.7% .5.7% 4.8% 4.8 % . M-I FRAE Sy BE
JE T | I R R SR 43 0 W R T 27.2% .
4.9%.9.4%0 o /N R A8 SR 0 1 I S R
Ay G 14.5% F19.3% o

®3 BERECKEBZEEMEDSMEENERZ R M

Table 3 Effects of flooding in the rice season(CK) and dry cultivation in the rice season(DS) on agronomic

traits of the subsequent wheat crop

Bzt szl Sy EEREI P IR TN
Indicators Treatment Full tiller stage Jointing stage Early ear stage Grouting stage

B /em CK 27.4b 48.5a 64.3b 78.4a

Plant height DS 29.2a 47 4a 66.7a 77.8a
S£HEL /(07 /hm?) CK 118.0b 950.5b 950.5a 688.3b
Number of tillers DS 144.2a 1114.4a 983.3a 786.6a

{8 K /em CK 20.5a 20.5a 17.9b 17.9b
Top second leaf length DS 20.8a 20.4a 18.9a 18.9a
{8 5 /om CK 0.75b 1.41b 1.88b 1.88b
Top second leaf width DS 0.83a 1.49a 1.97a 1.97a
TR/ 10° em?/hm?) CK 492.3h 893.1a 725.3b 458.9b
Leaf area DS 626.3a 925.3a 760.7a 502.1a
JINEUBC CK 19.3b
Number of spikelets DS 22.1a
FE/em CK 10.8b

Spike length DS 11.8a
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) TYR RS0, NE 4R, FEEPEN
J ZE/INZZ WA T T TR B 40T 43 B 45 0T
WSR2 5 2/ N AR T R A A
PR 22 5 (F 7 il A0 R R O B 2 G K 27,206
13.1% . TETIARN A BE , R 2 AR 0 )5 22 /N 22 ) b
T S R A E 0 5 2R/ INEE A L R R K
T5L.1% M93.1% . FiZEFAER IS /N E T

PRSI W AR AR A R AR A (A S R
WAIH B ER K T 11.2% M 12.0%. EedFM,
FEEREN G R/NE AT R SEREREN S
INZERA LI T i 25 25 5 o TEAE 0] B ) R i A
WL R ERAENE AN RS K T
15.1%.20.4%.11.9% .

F4 BERECKEBZEEMEDSMEENETYRENZ M

Table 4 Effects of flooding in the rice season(CK) and dry cultivation in the rice season(DS)

on the dry matter content of the subsequent wheat crop t/hm?
LB AbE Lisd it E T
Fertility period Treatment Root Leaf Stem Spike
o CK 0.046a 0.147b

Seedling stage DS 0.056a 0.223a

S EE CK 0.790a 1.560b
Tillering stage DS 0.842a 3.012a

e CK 0.751a 3.677a 4.897a
Jointing stage DS 0.865a 3.740a 5.395a

S CK 0.482b 2.983a 10.751a 1.626b
Heading stage DS 0.613a 3.707a 11.694a 1.872a

W CK 0.849b 2.088b 11.363a 8.371b
Grouting stage DS 0.960a 2.321a 12.166a 10.075a

e CK 0.892a 1.967b 11.832a 14.625b
Mature stage DS 0.908a 2.203a 12.334a 16.365a

3) 7, NS R, WA AR IR B/ N A R
FREC ORI TORCEE | B ™ i A S B i ) B
RTREFWRER G F/N . Hoh A RO R R

x5 BEBECK)SBEREEDS)MESNEFERFTEMWRET

TR BT 7.5% .8.4% . 4.4% , LRy~
A RIBE N 21,59 .7.7% , REZ W E NS 2= A E X S 2
INE IR BN A B EME AR
SEA !

Table 5 Effects of flooding in the rice season(CK) and dry cultivation in the rice season(DS)

on yield and yield components of the subsequent wheat crop

4k 3 A AEE (7 /hm?) FURLEL THIE/g HEFHE/(t/hm?) SEBRP R/ (t/hm?) IGRIE R
Treatment Panicles Spikelets per panicle  1000-grain weight Theoretical yield Grain yield Harvest index
CK 235b 49.8b 42.1b 4.94b 4.17b 0.48a
DS 253a 54.0a 43.9a 6.00a 4.49a 0.48a

23 WBERENBZREZGEREANAREN
Al
1) FE 2 AR RE 22 54 R GG IR AR &R
VRS o UNER 6 T/, 58 HLE E A B L, K R R
VEJG A~ dh A G RG22 | 22 25 T JRAR B 7K 43 HE 77 0%
Yol R, R A 73 E AR R R A 4949 FE S
KOGy AR Ay B 4 R T 114.3%6. 106.7%
111.1%; % ZERK S RUFRCR IS T 4.1%  Fi %
B AE R AR K o R R0 o AR = T 156.1% .

154.1% . 151.9% . 5% FLWEVE AL BRAH LL , K A8 SR 1E
Je £ A b Bl EIE R A ™ T O RE R RS0 DL R
A SR TER AR AR AL, R W e .
o L 73 AR I D 4949 A8 2 il AU A 7 T
I3 MIBEAR T 27.6%.30.8% .29.4% ; 48 73 F1 fA A
4949 1Y 6 B A 28 3 A0 BUIR R H R R B AR T
33.3%0 5 34 AR A R A FH AR 43 BIBEAIR T 29.4 %6
28.6%0.29.4% o T FAE AR A BACAw Az 7 7 I AIK
T 14.4%~15.8%; G Re Al H &R BE AL T 13.8%0~
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16.7 % ; BUR A AR REAR T 14.1%0~15.8%, HZ,
3 A RN 2 1 AU A A 7= Ty B R 7.7 90 L RE A
BRI R 6.5 %0 ; BURFI FHACRI I 7.7% . A
X R VA B KR SR IS 0 R 2 AR R SR AR K

3 R A 73 9 5 I B2 A oK, O 4949 Hw

ZIN s TR AE B IR T 73 AR A 22 e A T A UIE B A
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Table 6 Comparison of resource use efficiency for rice season, wheat season, and rice-wheat annual under rice season

flood irrigation(CK) and rice season dry cultivation(DS)

BHEAHRCR CK DS
Resource efficiency HY73 HHZ YY4949 HY73 HHZ YY4949
2= Rice season 0.35¢ 0.30c 0.36¢ 0.75a 0.62b 0.76a
KAy R s/ (kg/m?) _ _
. 778 Wheat season 5.38b 5.38b 5.38b 5.60a 5.60a 5.60a
Water use efficiency
JE4E Annual 0.55 0.50 0.56 1.41 1.28 1.42
U AR 91/ (kg/kg) F57 Rice season 29.9ab 25.9bc 31.0a 21.6cd 17.9de 21.9cd
Partial productivity of nitrogen A2 Wheat season 33.61b 33.61b 33.61b 36.21a 36.21a 36.21a
fertilizer JH4 Annual 31.16 28.56 31.91 26.67 24.25 26.85
JEREFITIRR/ (g/MT) 7 Rice season 0.30ab 0.20bc 0.30a 0.20cd 0.20d 0.20cd
Utilization efficiency of light # 7% Wheat season 0.31b 0.31b 0.31b 0.33a 0.33a 0.33a
energy JH4E Annual 0.29 0.26 0.30 0.25 0.22 0.25
FUR AR/ (kg/ (hm?+°C)) {2 Rice season 1.7ab 1.4bc 1.7a 1.2cd 1.0d 1.2cd
Utilization efficiency of accumu- A 7% Wheat season 2.35b 2.35b 2.35b 2.53a 2.53a 2.53a
lated temperature JE4F Annual 1.85 1.70 1.90 1.59 1.44 1.60

ZURAL RS . AR T PR, R R VE A 3 AH
L, KRR 5 A S R R 2 2 2 R AR R 48 0%
s Y4, Horp AL 73 B AR R A 4949 FE B (1)
YRR I B T 19.7% . 41.6% .3.3% s Z Z Y

/|

ZPR R aR I 25.7 %0 s R 2 e VR R AR I & D35 4
B E T 21.5% .34.8% 8.7 % o AHXF T B E AL
B KRS AR S 00 22 B0 1R TR A 28 U sk 25 B AR 5 1
BT mg B K

el

R7T BERECKEBERMEDS) THEE EFTNE-ZAENEFUELLER

Table 7 Comparison of economic benefits for rice season, wheat season, and rice-wheat annual under rice

season flood irrigation(CK) and rice season dry cultivation(DS) J6/hm?*
Zayie cK bs

Economic benefit HY73 HHZ — YY4949  HY73 HHZ — YY4949
FEZ Al A = 3 Agricultural production expenditure in rice season 8354 7701 8124 7917 7 242 7617
héd@ﬁﬂ]kii& .. . 13 574 13574 13 574 4 355 4355 4355
Rice seasonal water charges and electricity and labor costs expenditure
FAZ7= i Economic output in rice season 29 540 25601 31973 21381 17 724 22 587
FAZ2: 552445 Economic benefit of rice season 7612 4326 10 276 9109 6127 10615

< H h

z§ﬁﬂki}tiil . . . 6374 6 374 6 374 6 374 6 374 6 374
Agricultural production expenditure in wheat season
ﬁ@ﬂ(Fﬁ%‘D}\.Ifi’dj .. . 1137 1137 1137 1137 1137 1137
Water charges in wheat season and electricity and labor costs expenditure
#7257 i Wheat season economy outputs 10 755 10 755 10 755 11587 11587 11587
F B FFR4E Economic benefit of wheat season 3244 3244 3244 4076 4076 4076
JAAE 255425 Annual economic benefit 10 856 7570 13 520 13185 10 203 14 691
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Effects of drought farming during rice season on annual yield and
resource utilization efficiency of rice-wheat rotation system

MA Yunjing',ZHANG Zhijuan', SONG Guoging',ZHAO Ningjie',
PENG Xiao', CAO Cougui', XIE Hengxing®, LI Ping'

1.College of Plant Science and Technology, Huazhong Agricultural University, Wuhan 430070, China;
2.College of Environment and Life Sciences, Weinan Normal University, Weinan 714099, China

Abstract Rice-wheat rotation is one of the major rice farming systems in the middle and lower reach-
es of the Yangtze River. With the increase of water resource shortages and frequent droughts, the advantag-
es of drought farmed rice have become increasingly prominent. 3 rice varieties including indica hybrid rice
Hanyou 73 (HY73) , indica conventional rice Huanghuazhan (HHZ) , and indica-japonica hybrid rice
Yongyou 4949 (YY4949) and 1 wheat variety Zhengmai 9023 (ZM9023) were used to optimize the mode
of rice-wheat rotation and improve the resource utilization efficiency. The conventional flooding irrigation
(as control) and drought farming treatments were set up during the rice season to systematically study the
effects of drought farming on the plant growth, yield, and resource use efficiency in both rice and wheat
seasons. The results showed that the plant height, number of tillers, and leaf area of different rice varieties
under drought farming during the rice season was significantly reduced, with a decrease of 6.8%-13.2%,
8.2%-35.7%, and 26.6%-44.7% , except for the number of tillers in YY73 at the stage of heading and
flowering. Among them, HY73 had a higher leaf area and the smallest decrease, HHZ had the lowest leaf
area and the largest decrease, and YY4949 had the smallest variation in number of tillers after drought
farming. The actual yield of HY73, HHZ, and YY4949 decreased from 7.46 t/hm® to 5.32 t/hm’, from
6.23 t/hm” to 4.46 t/hm’, and from 7.60 t/hm” to 5.27 t/hm*, respectively. The plant height, number of
tillers, leaf area, second-top leaf length, leafl width, spikelet number, and spike length of subsequent
wheat after drought-farmed rice was significantly higher than that of the control during some key stages of
growth and development. The accumulation of dry matter and yield of subsequent wheat after drought-
farmed rice was significantly increased, with a yield of 4.49 t/hm®, 7.7% higher than that of the control.
The water use efficiency (WUE) and economic benefits of the rice season, wheat season, and annual peri-
od were significantly improved after drought farming during the rice season. The WUE of rice and wheat in-
creased by 151.9% to 156.1%, and the annual economic benefits of rice and wheat increased by 8.7% to
34.8%. However, the nitrogen partial factor productivity, light energy utilization efficiency, and accumulat-
ed temperature utilization efficiency of rice-wheat rotation decreased by 14.4%-15.8%, 13.8%-16.7%,
and 14.1%-15.8%, respectively. It is indicated that drought farming of rice (especially HY73) can achieve
high economic benefits under the annual rice-wheat rotation system in Hubei Province. It will provide a the-
oretical basis for drought-cultivated rice in rice-wheat rotation systems.

Keywords rice-wheat rotation ; rice ; drought farming ; growth and development; yield ; resource utili-

zation efficiency

TR K ELR)



