55 40 B4 5 FEREMBEXRLHFR Vol.40 No.5
2022 49 H Agricultural Research in the Arid Areas Sept. 2022

X E %S :1000-7601(2022)05-0116-10 doi; 10.7606/].issn.1000-7601.2022.05.13

HZEMBERKINEMNEEKRE
Ko FAMERFM~ER
£ OBLE OB LHESEAT, REH
L O AT, ETR, BT

(LR BT A BT B, Hle DEBH 74500052, H 7 4l Rz 2 5%, Bl 2291 730070,
3T RA Y F E R E AR, HIR 220 730070 ;4. H i & VEW 38 A4 0 157 5 A5
AR A HIR 2200 73007055, Hf 4 v g X B 45 BL 2, 1l BRBH 745000)

B . N F RN A W 3 (Brassica rape) % /N ( Triticum aestivum) %438 & ( Pisum sativum) 8 & & K
BB Rt R A T, T 2019—2020 45 Fn 2020—2021 £ A K E A H A EE B DM EE £ A E M O 2
BRTISHAENHKBEZE BABREREERLADFARNREMFENZR, AN THRAEDRAKES LY ER
HEBFENEXE, FREW . ABEMAAXNAR ANZEDELHNRA W ERAB LR EH I 15.6% 4
130.5%(P<0.05) , A ¥ A NZ E A E Wk B = E, 2050 7 89.2% 71 84.4% , A 3 A /NE ABEWAEK
B0 B B A T % A B M dn 50.4% F1 18.6% 150.2% F1 97.4% 41.6% 40 11.7% ; Xl £ AL NEHRKESENE
By A X R K 0.923 1 0.966, E B FEA X (P<0.01) , SHEXFEEMABFEF LAHERKEGHXAE
FERARMEAEY, AT EEKE LAMERLHLHEKEL I REHRKND 6.7 mm F1 7.5 mm, B A R AL,
ANEMAHEREMEREEAEGNAFRTE, FBAKTF25] % 2583.3 kg - hm™ 71 2 550.4 kg - hm™ , &/ %
FHERIWARF AR EEE 2a N TEHME A 83 kg - hm™> -mm™', SN EELE HEAE LEASE,
RKEFHFEERNR,EARBDAST AME AHRIETHERRAZREA S LB K RIFNA IS B, £
INERKEMBENRSED,

KPR AN FEREEERABSL A F R =&

FE 43S . S34;5565.1 XERFR RS : A
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Abstract; The purpose of this study was to explore the effects of overwintering crops mulching on soil water
conservation and water use efficiency and yield of subsequent soybean. The experiment was conducted in 2019 -
2020 and 2020-2021. The diversity of land coverage, biomass, water consumption and soybean yield underwinter
rape ( Brassica pape) ,winter wheat ( Triticum aestivum) , winter pea ( Pisum sativum) , plastic film mulching, and

open field were compared. The results showed that the biomass of winter wheat increased by 15.6% and 130.5%

I Fm B .2021-12-25 &5 B #1:2022-06-06

EEH R Hl Al T FAE B Y 3 5 9286 % BT 34 (GSCS-2020-71) ; F R IRAO b 45 AR R (CARS-12) IR 22 ik € 5L
Ay BHE ST (GSLK-2021-12)

BB N 205 (1986-) , B, Hl KB, B 200, FEMNFEYBRE TR, E-mail ; wslf0707@ 163.com

BEEE T E(1957-) 5B, RS T A #8382, EENFEYBEF MR, E-mail: 18293121851@ 163.com



555 3 7 R B AR B S IR BN B R I R LK 70 ] FH AR R e Y 5 ) 117

compared with winter rape and winter pea from seedling to cutting. The land coverage of winter rape and winter
wheat were 89.2% and 84.4% respectively, which were significantly (P<0.05) higher than other treatments. The
water consumption of winter rape, winter wheat and winter pea in 0~ 100 cm soil layer increased by 50.4% and
18.6%, 150.2% and 97.4% , 41.6% and 11.7% compared with plastic film mulching and open field, respectively.
The correlation coefficients between water consumption and biomass of winter rape and winter wheat were 0.923 and
0.966, showing a significant positive correlation (P<0.01), which had no significant correlation with land surface
coverage, but the correlation between water consumption of winter rape and surface coverage was negative. During
the dry growing season, winter rape and winter pea reduced water consumption by 6.7 mm and 7.5 mm compared
with open field, respectively. Winter wheat and winter pea had higher grain yield of soybean, which reached
2 583.3 kg - hm™ and 2 550.4 kg - hm™, respectively, and soybean after winter wheat had the highest WUE by
8.3 kg - hm™ - mm™'. Based on the experiment, winter rape and winter pea were effective measure for soil water
conservation and sustainable development of agriculture in northwest China, and winter wheat was a suitable plant-
ing stubble for soybean planting in arid area.

Keywords: overwintering crop; subsequent soybean; water conservation effect of mulching; water use effi-

ciency; yield
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Table 1  Variety and source of test materials
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Note ; Different lowercase letters indicate significant differences different treatments in the same growing period ( P<0.05) , the same

below.
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Fig.2 Biomass of different crops in the overwintering and cutting period
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Fig.3 Coverage of different treatments in overwintering and reviving period in different growing season
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Note: A1, Bl and C1 were the surface coverage of T1, T2 and T3 at the early freezing stage, A2, B2 and C2 were the surface coverage of T1,
T2 and T3 at the overwintering stage, A3, B 3 and C3 were the surface coverage of T1, T2 and T3 at the cutting stage, respectively.
4 FAEMEMEHFVEA ELSH XS ARESER

Fig.4 Land coverage in the early freezing period, the overwintering period, and the cutting period
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PR R AR K B 8 B I, 4300028 277.2 mm Al
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AN A JZ2 K 28 A R B A A S 22 5 (3R
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16.8%, MK 2 T2 #£ 0~ 100 em + )2 1Y 4
KA R, XA 2 a AN[F 427
K & AR A A T 23R, 7E 0~20 em +)2, P+
B K AR AR IR 2 T2>T1>T3>CK2>CK1, T1 T2
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Table 2 Water consumption of different

treatments in 0~ 100 cm soil layer

+EAK G
HERKZ FEF L/ mm A8/ mm FE7KH/mm
. JLEL] A P .
Growing Treatment Precipitation  Soil moisture Water consumption
season (P)) change amount (ET,)
(ASW,)
Tl 253.2 47.5+1.09b 300.7+1.09b
T2 253.2 93.4+0.36a 346.6+0.36a
2019—2020 T3 253.2 42.5+6.20b 295.2+6.20b
CK1 253.2 24.0+0.71c 277.2+0.71c
CK2 253.2 24.5+0.33¢ 277.7+0.33¢
Tl 217.0 58.54+1.15¢ 275.5+1.15¢
T2 217.0 83.54+0.62a 300.5+0.62a
2020—2021 T3 217.0 57.72+3.14¢ 274.7+3.14¢c
CK1 217.0 46.74+3.62d 263.7+3.62d
CK2 217.0 65.19+1.74b 282.2+1.74b

T : RS [l /NE SR 3R A — A 4 22 4 B H] 22 7 12 35 (P<
0.05), FIAl,

Note ; Different lowercase letters in the same column indicate signifi-
cant differences among treatments in the same growing season (P<0.05) ,

similarly for the following tables.

CK1, 2019—2020 44 K 45 b Hi [A] B B 22
5 (H7E 2020—2021 FAEKFE T2 5 CK2 [BI%A B
FE2ESR T2 A CK2 W3 & F T1.T3 Ml CK1;40 ~
60 cm 1 )2,2019—2020 4FA= K 28 T2 1 35 = F HoAh
AR T1 RT3 3 & T CK1 Ml CK2,T1 Fl T3 284k,
ZRAREFE 2020—2021 4EA4 K 2= T2 oK a4k
P THABALFE  T1 T3 .CK1 1 CK2 8] JC @ 351k 2%
5%;60~80 cm + )2, V3 KA AR IS T2>
T3>CK2>T1>CK1,T1 T2 1 T3 43 i 25 T CK1
2.6.9.4 4.1 mm,2019—2020 4= K2 CK1 5 CK2 &
BEMEZS,2020—2021 FFAKE CK2 BEF ST
CK1;80~100 cm +J2 , V34 K &8 28 LR IR 2
T2>T1>T3>CK2>CK1,T1 T2 F1 T3 B#E & T CK1
2.9.10.0.2.8 mm,2019—2020 4E4: K Z= T1 . T2 #i
T3 & # & T CK2,2020—2021 4E4: K 5 CK2 [H]
TREMER
25 HEEYMIERKESHERBEEERM A

MEXBKEST

T A [l b B A A i R RN FE K i
IR FIE A 7B (32 4) , T1 A1 T2 FEoK B
AW B TEARDC  AHOC RS 51 0.923 F10.966,
FEAK 5 e 7 15 A AN B 38 (0 T1 A b 3R 7
WS KB EA RGBS, mfEKES
WFEPRI BB R BT LA T A T2 A9 it
XFEREZK St A 5 e KT 55 R TN T3 M
MR A Y, mAFEKES R 8 bs i ) #2258 12
RETLLE I, T A Yy 1 MR 55 5 Y Re A B3
Wi, [E)4228/N K 43T R 5 T2 10 A= 40 et IV 55 P8 2 i
AHELSZR , (4223 07K 53T AR ; T3 A=y B, 52 1
B T BEYG R ] 38 7K 43 TH € {0 M 28 7 55 B 1Y
BN RS [R1HE I NK ST TEFE

3 AE4AE0~100 cm TETETKRET L

Table 3  Changes of soil water storage in 0~ 100 cm

soil layer under different treatments

L7 ASW,/
’EIEJL(.% b 1/ mm
Growing
Treatment
season 0~20 20~40 40~60 60~80 80~100
Tl 11.1£1.15b 14.3+£1.06b 103+0.50b 7.7+095bc 4.3+0.04b
01— T2 20.8+0.37a 21.4+0.16a 18.3+0.28a 15.5+0.37a 17.4+0.15a
2000 T3 6.6+£2.15¢  10.6+0.59¢ 11.0+1.57b 9.2+1.26b 5.0+0.43b
CK1 0.8£0.03d 74+024d 7.0+021c 57x0.17d 3.1+0.10c
CK2 1.3£0.12d  6.1£020e 8.1+0.34c 6.8+0.35cd 2.3 +0.12¢
T1 17.0+£0.88b 9.2+0.84b 8.8+1.54bc 11.4+0.61c 12.2+1.66a
T2 22.8+0.71a 14.8+0.88a 15.5+0.71a 17.2+0.73a 13.2+040a
01 T3 15.5£029bc 9.8+1.01b 8.3+0.63¢c 12.9+0.89bc¢ 11.2+1.10a

CKl  134+1.15d 9.5+1.70b 8.1+2.05¢ 82+0.80d 7.5+1.34b
CK2  149+0.53cd 14.0+12la 11.6+1.14c 133+1.11b 11.2+0.70a
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Table 4  Correlation coefficient and path coefficient of
water consumption, total biomass and coverage

of different overwintering crops

; EIEPSTIFRES
s N HiE :
b 1;‘11 . gﬁ%ﬁ#{ BREE Indlre%*l. path
Treatment orre a.lon Direct path coefficient
X,—Y, coefficient .
coefficient X, X,

1 XY 0.923** 0938  -0015

X,—Y, -0.503 0270 -0.773
™ X,—Y, 0.966* * 0.951 0.015

X,—Y, 0.246 0.114 0.132

X, —Y, 0.254 -0.105 0.359
T3

X,—Y, 0.390 0.470 -0.080

e o# x FIRTE P<0.01 K b A G X, A1 X, 40 3Rom vk
P AT IE Y, Y, Yy IR T1.T2 T3 (-3 FE K i

Note: * * indicate significant correlation at P<0.01 level. X, and
X, indicate total biomass and coverage, and Y, .Y, Y, indicate the

average water consumption of T1,T2,T3, respectively.

2.6 REFERKSFHANE

ANl B S5 R 5 e KoK 4 L EOR B
HEEZW(ES), BEFERAFAEZES, 2020 F,
CK1 AYBARESE S | BA MR PR R T 1 B 3 T
HAANEE, 43551 4 35.8 4~JE.101.6 H7.25.7g, T2 11
FRRIEEL  FRARRLER R E R EY B E R T
T1.T3 F1 CK2, T1 F1 CK2 Ay ARRIER BRI A0
WEE2E S, CKIL kAR ™ B, A 4 232.4 kg -
hm™ T2 B FFRL ™ & 0 3% & T CK2, 37 15.6%,
2021 4F, T2 Y BAR JE 50 | SR B0, o E 1
F T CK2 (B H AR IO AR R E S CK1 T i
R KA E R E 2 RN T E, T2, T3
CK1 HFFR™ 8 ¥ 3% T CK2,3 MbH 2z | o
WEME2E R, T BFER ™ J A, i 1 781.0 kg -
hm™ o RGZHK 53 F I RCRTE A =R R A — 3,
2020 47 T2 F1 CK1 BY7K 53 R HIRCE s, 53900 9.1

Table 5 Yield index and water use efficiency of soybean

kg « hm™ -

mm ' f19.4 kg « hm™ -

RS KREFERXERREKSFIAKE

mm ' ,ﬁ%%ﬂ:

N BBR IR B R AL AL [EpaAin KPR B K FIHRE

E oham 7 SRR . e
Year Treatment Pods number Grain number Grain weight 100—grain Grain yield Water use efficiency
per plant per plant per plant weight/g /(kg+hm™?) (kg+hm™?-mm")

T1 22.8+0.42¢ 64.9+0.55¢ 16.0+0.25d 24.5+0.20¢ 2635.3+37.18d 6.1+0.07b

T2 30.0+0.46b 84.1+0.59b 22.0+0.70b 25.6+£0.27b 3632.4+32.38b 9.1+0.10a

2020 T3 19.1+0.41d 52.7+0.93d 13.0+0.44e 24.5+0.52¢ 2150.9+24.24e 4.7+0.08¢

CK1 35.8+0.64a 101.6+2.03a 25.7+0.31a 26.3+0.13ab 4232.4+71.72a 9.4+0.28a

CK2 24.6+0.37¢ 64.6+£2.33¢ 18.5+0.08¢ 27.1+0.16a 3140.9+64.90¢ 6.5+0.14b

T1 19.4+0.48b 34.2+0.30d 9.1+0.15¢ 29.1+0.17a 1781.0+22.24¢ 5.6+0.03b

T2 23.5+0.39a 45.9+0.53a 13.1+0.35a 30.2+0.53a 2583.3+£92.40a 7.4+0.60a

2021 T3 20.7+1.08b 42.1£1.11b 13.2+0.42a 29.7+0.44a 2550.4+71.56a 7.7+£0.26a

CK1 25.3+0.49a 41.3+0.63b 13.2+0.40a 29.0x1.11a 2677.8+78.12a 7.8+0.41a

CK2 20.4+0.30b 37.1+0.13¢ 10.3+0.49b 30.4+0.42a 2155.8+29.75b 6.5+0.10b

HAbALFE  T1 FI CK2 Z [0] TG 4 3 1k 22 5, (0 38 d) 3
BT 73,2021 4 T2 T3 Hl CK1 Z 8]0 i 1 25 7
AR ZEETF T M CK2,T1 KR PSR B,
$}56kg+hm? - mm’,

3 W ®

3.1 MEEMSLiEKS

AR 9 7 26 T LA BV 9 & 3k i AR R
il - e ERIK A 1) A0 2% K, o R A S5 sl T
225 25 SO I R K A T %, BE i R IR - AR UK
L, RS KR HAEAR ST, T T2 A
T3 FEWAERZES CK1 A FL B I AS [R) R B2 M 34 in
T 0~100 cm 45 1 )JZFEK &, HIFoKAS b 2 kA
TE 0~40cm +)2, VA& Z=EY) 5 55 5 Ho 58T 55 A

Fo, HPRK BRSSO A 55 5 5 CK2 #H LR %
AP0y KR T BN ] I A 25 57 ,2019—2020 4R AR K
3R T W R S AT FE I, T1 T2 A1 T3 FEaK 8
T CK2, HA 23598 AN RFE R H i, 2020—2021
R FRI N Z R CK2 FE/KEIE B, Horh 20~
40 em T ZKAR R R, SAEK R T1 A1 T3
439 6.7 mm A1 7.5 mm, BB T2 5 CK2 M L4y
Bahn Y HHERE KR H T1 R T3 754 ARG BE A5 5
A BOKATERE, W K &, B — e R
IKAETT, Beah R 52 o ) O T S AR IN TR B 4k 55 1Y)
WA RAH T2 AR50 4 3 I FEK L3 R de
VLA R X 3K A I AR R 3, A A B AR K
YEAT, BV /K AR AL 2k A 7F 40~ 80 em + )2, 1T fiE
SRR P . —J& 0T e 5 VE Y i AR 3R A R I
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e 25 . A A i DR K IO BRI R 7 43 AR FH AR R = Y S ) 123

OIAAT I R TR VIR B A K o i % oA 3
IR FEAE 25, S L2 KB AL 2 RK K,
TR S AT H RS I R e IR
XA Z 0+ 2R ATE 50~ 80 em, TIEZ AL K
REHE A, TG $ A8 4 | 51 & - HEK & A
B, B R K B B

RN 55 5 15 50 B 7 55 R M A HL A
IKATIEFERR T 26 & R Ah, 3B B4 T #4257 R
T R K E S5 EM WA R BV LR, [
B SN T b A 55 R, R4S B S A i 4 K 2K
K AT KON B R 3 A
D7 TSR . — SRR &3k AR 22 4 ] 1= 3 Py 3 K
Gy MR K, R AT SO A T M 3R 5 R B
K378 R EHE , — 278 55 VW 38 2 el /D b A2 Ui
T R G R 4 W 4 A g, 1k 2R K Y
CVE R 5 S A S B Uil i Z S
S finA HH b e 7 i B A IS b 23 XU N XLl
RO (35 Kk 11.8% , I T /N Bk
R, X8 vk 26200 e B 55 VR W mT W b AR i
i MR TR 3.4% ~ 71.7% , HoSUR B T 56 b 157,
7o P RIVROR R 2R S TR 3R, SO | o o ol Y
5T & IR 7 55 FIBE 35 P8 2 X0 A T B 358 5% 1) (1) B
BHE , AU EAAEY 1) BFEKE S AEY
R R 55 B A AR B B, T A T2 AR
HSFEKEZ AR R EMH KRR, H T AY
S K RS I Ml 2 7 25 R (] B/ NFE K i 3T
Al b FPREAR R AR B B AR KRR A G,
T1 A1 T2 7E3R T 5 A K Re AR R, T2 3F AR
Ja A EAE KR, AR A, A R K
T RRRE DO /N, BN ER I AR AR T A G S
B2 (B 35, A7 2008 15 AR, L3 357 R I AR K
SN/, T BOK A RSN, M T AR K 2
18 i R AEECR , H 22 W M A 007 55, RE A8 80/
IKATIEHE, BT LA A 1R A MR A LA B i 3
PRAKEEONE s T1 T2 A T3 7 55 5 - HERE K A e
ANEE R T HA A &, Ui T1 o] DL
i b B AT 5 R R Ty R AR AR OK B T iR B K
R AR A Py i R M 2 7 5 3 45 T T T L

— R,
32 BEEMEREXRETE
TR P A A R R AR AR Y

oL B T3 46,2020 RGBT #2021 4R,
XA g K G A B W N R RN = R Rl AT %, 2020 4,

KGN B SR R 432.0 mm, GEAZ 1 2
KGIFAL GEFEFX K AT 2K (0 2021 4F, B RN
{04 226.0 mm, PR T K G AETEIE WL, R PR
SIERL R B LR FE X AR AR, 2F T R e R
iU R RS R U EER R, WA
AR TR T2 FPR = R B T CK2, H.2021 425
CK1 R EMEZES, U T2 7 DX kA= g
WA R M, R S L B O, X A5 R
5Oy iR AP0 KT K EAE DT 25 R —5,

R AAEY I FE K BB, S BOR SRR AT 1 K
SITEFERE, R TR R A (B T2 4h) , B
AT T R ) O RE K i 25 S R R SR FEVE )
PR SN R XIS 5 EE R X TRHEL
INERITRSE A 25 5, X AT e 5 N WS HAE A G,
W B LR IRUESE . T3 A RL ™ i 7 A 4 2R ]
AR BE K, 2020 AF 7 i KA 2 150.9 kg -
hm™ fIXF CK2,{H 2021 4F4 2 550.4 kg « hm™, H.
BESET T1 A CK2, &AL LA REA PR
I, —RIET ARy, T3 AR KRN A2 2F T K &=
WP, —J2 T3 5 KGR T SZRHEY, 7E M K
Sy g AR ZE B AR ON, I T SR RE A e L
S PR A R AR ek A MR R AT, LA
Ji PR A 5 i — BRI IE S
3.3 HEEMEREXZ KSR ANE

TR VEY HFE K AR, REUGH K G
T K B 22 5, B R K 43 R A
R, ARFF P 3 A E SAEY, T2 1 K
W T T T3, J5 25K 50K 5 AR TR
FELL T2 doermy , U B 2E 7 5 1R 0 I FE /K o 8 s, 3%
T A K A S5 A R R A 7K 43 R P 80 e
15, IOEL A 7K 43 R FH 2808 5 1 2E A W FE K & 1E A
K, G K B U O, XA R B
SN ST N WML SR K R e, O
(K R FHRCR AR, BB /NG5 ST s
T AL BRI ERS FF 7 55 K /b {HK 4 F)
FHRCRI i S 25 A — B, B2 CK1 F T2 17K 43
FIRRCRAE AR ZR R JC B k2 5 L 2R A
TR 55 b X - 48 1 TR B A5 A K

4 % ik

1) MAAE YT RENS AT O NI 4 7 3 R 265 58
KM VL AN S AR B B N 90.8% 3 AR
AP LA /INA B S ROR B B i RN 85.2%
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)2, H 0~100 em +JZFE/K S 3Z R K,
FEAC/ TR 2T KM G T ARy, & BRAVE ) F i 5 Hh
7 5 VR LA EL A, B A () B b 3 fin 1 4 e
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