132 2017 4£ 4 A

33k F1M ok TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol.33 No.7
Apr. 2017

(1. PEABARMBHBCR KA S @30 TR B, Mz 7121005

A BEN TRARAIER R NEZEERENZ N

FAM, O E, F F
2. WEAGAH R ek [ IR B IER, B 712100
3. PIEERE BRI LTSN, B 712100)

i OE: NTHERERAE R SO AR R IR, 2013—2015 SR /N XARIVET R &N E-B £
KA B 3K TERE R LR AE A KA = B 2 A EAER S R, HIENRIG R ETLE S (CK). 25%i A
i (GM1). 50%BRAESE (GM2). 75%kA B (GM3) Al 100%Rf1 B (GM4) 5 MbFR, 458 EW. HAaEH
[ES K BRI IEAHDE, 100%0k0 5 35 A0 B IR K B i w1 R0 54 T8k 7 35 7% 8 g 3R AR K MR T
FETN 251 SRR A AR s A K B R . B R B W BN, 4 ARG A R
FERKT CK AbHE, GMA4 Ab B+ 358 7 138 B B K s A 78 i AL 3 mT DAY & — R SR R 5 0 30, BRI RIR (-5~
0 CHZMT GM4 ALFRIE CK AT 3R BE N 5 °C, BiR (40~45 CHZA T GM4 AbF%E CK b3 43985 5[44I 3.7°C
FEFEASAFERK D T B IR 4 MG E s A BEBGR RS 1 KT8 . bk, B T KM AR 6 o 5 A0 78 25 1
MR 100%55 A5 35 AL R 2 Z4/NEFE 1K T 77 B AL 4: B3I T 58.55%A1 22.50%. A UL, #fifi 7 5

BORT DA BT 3K 7 SN0 . (b E W E KA ™ &, T2 R X RO K 7 i A 2 1

SEEUARML7™ 1 AT R Az

KA ARE; LIEARS BAE;, FE; RN, K2 E EK

doi: 10.11975/j.issn.1002-6819.2017.07.017
hESHES: S152.75 WHEAFRESRD: A

SCEHES: 1002-6819(2017)-07-0132-08

ELZH, B E F R RAEENIRKAGERRENEERTENRMI]. R TIEFR, 2017, 33(7): 132—

139. doi: 10.11975/5.issn.1002-6819.2017.07.017

http://www.tcsae.org

Wang Donglin, Feng Hao, Li Yi. Effects of gravel mulch on soil hydro-thermal process and rain-fed wheat-maize yields[J].
Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2017, 33(7): 132—139. (in Chinese

with English abstract) doi: 10.11975/j.issn.1002-6819.2017.07.017

0 51

BRA 78 ma B AR E PG LT R T R X 40l K
AL PSR T ) — RO RS R E DT, AR
AR, WA R, REED RS T R A B
PERIM, Li SRR, W0 e AR i 3% +
e R XN A A KPR T B A A KRS, B TR
/NG K BBCR AT o (EWITEAE KRR R, 3
REAS A2 1M 3 ST Hb IRy AR AE KT T 0K 4, A F
FAEW i R R0 B 7 o AN TR AT 7 o SR
TR, K o A0 B FE A R 0h R IX ) T HeAth B
w7 U0 A H 2R T B AR Ao T 5 )2 18 49 3L R e K A REAE
Kooy AT R AR /) T80 78 76 A PR 9%, Ma 25U @ W
IR B R B, O A AR TR A 5 R O, R
TRk sy, B RASEE RGP H 10 cm 4
TER T IE S KR 1.28%~2.96%. K&K

W F . 2016-08-26 &I HHH: 2017-03-10

REWH: EREBATRREITR (863 1D (2013AA102904); %
SRR S TR (i D EBIE (B12007)

fEE T M, Lo, WREEN, WA, FEAFRIK S FERERL
FIRRSC . B PHALRMBHBCR KR 5@ TR, 712100,
Email: wangdonglin@nwsuaf.edu.cn

KIMEEE: 1D W, 5, B e A, TR, EEASIm, REMGK
BV SOR Y DA S KR R R L BRI A . B AR
2R KRB K AR 7T, 712100, Email: nercwsi@vip.sina.com

http://www.tcsae.org

B A A3 i -39 E L Fairbourn! i 7t K 1,
H R AR AT 78 55 AR L b 78 55 A e i H IR .
F 4 B2V S RIS BRZEL A& 1E T 1 43 28 R R AR AT
WREAL, EREY 4 om JEEWREE S KMENBERT
PIMGENEE 2~30 C. WA EmmE BA R MAESY
R, VPRSI DUESLE ] 17 a SERD I A AE TERD H N
WA 5, 4 F 3R 0H 3% SR F i mT 38 hnwd FH 38 5K &,
TS EAL LA 4~5 a 5L BB E . Gale U HEH!
WA 78 6 B T DA AR LR 4 A K R8T AR L 37 it 2
f—Fp B

[ Py 4056 Tk oA 7 o5 A 9T 2 78 = N 564 T 3T,
A B f R RS2 EIER A e 8, WH
TEAR H 88K E DA AEY = W 7 H T R
SRR, BRTH—PHIRAR T .. HELETR
Ao KERIEWT A, JResa K e hn . sebriaE =
E A o L EE T A PR Y. e SR I fe A
TOMHOEERE ST, O EE R B R A N AR R
VEW R B K o R R B AT 78, A R 78 5 BE TRk
DFERARIENS, BN IEHH 5 em IR IR,
REAEVT=ERK DRI R . HZRBKSZEILT
ST 1 XA R A IR FI R R, A SOl 2 a
FAEH AL, AN E-B TKRBRIERMG T, BRaE



57 31 EAMEE: B f R KGR R R /N 2 K R S 133
s IR R AR AR R R, 2 Hr X2 a BHOK RIS EE AT AT (FEAECN

K I3 R 2 AR R DL K S K 23 i
SRR AE RR B AR, PRS2 AR B 6 T 5
RN 7K FH 38 AR Nt AR S SR AL AL B BE 7T, B SRR IR A
18 g PRK IR UL R AR 3R AR R RO R, N R A
i A BOR A 578 3 05 78 g B AR AV A 7 T 1 £ 82
SR TP B FCE AT

1 NS

1.1 RIS iR I % 3t

2013 5 10 H —2015 4F 10 A {EBRFE# 7G AL R bR
FE R 2 R X KR U B R IR GG v (108°24'E.
34°20'N) HEATHESE 2 a M4/ NE-H BKEAE K HRE .
ISR 521 m, B A B K — BRSSO . %X
FeFIE L, FEHEBE 2 1638 h, ZHEFHAE
12.9 C; BRKFEEFE 7—10 H, ZETHIHRKERN
635.1 mm, K EN 9932 mm, J& T FiEiE T FHX .

RIGWE S MR E S E KT, FERREE R (CKD |
25%HEdE (GMI1) . 50%EHE (GM2) | 75%7 8 %
(GM3) F1100%7E %5 (GM4) 5 MR, FEHE 3 X,
15 AKX RE/DXRPEER, K5 m, FE3m, M
BN 15 m®, S/NXBENLHES A, FAEAGE 1 m 58RI
PAT o BRARLARN 2 em, HAER 7 RO IR 8 kg/m® 1)
T S KPR ARAT AT B 51 R 1, T REZRYGR )G
EH, 92 FEFMERG. RAOBEEENENSEE
FFF LR i 5

8 = Ay /Ay, x100% (D

K 6 NBRA T T, BIBRA 7RG /N X A B I TR Agm
RGN X TR Apio IELH, %o

PRI BB OR, BRER A T S AN F AN, HAR
(7 M A oy, 1 m LR E
FKEA 23%~25%, WHEFKEN 8.5%, THEFIHEE
oA 1.44 glem’s B/ LFON/ME 22 5, 2014 Fi%
FhEFE N 10 A 19 H, 2015 EFE R E N 10 A 17 H,
SHF 2014 4 6 A 7 HAI 2015 4E 6 A 5 HUgk. &/
F-HERELEEHAWNHREAEK, THRITE R RE
N33, it P B4 B EUIE 150 kg/hm? @A 100 kg/hm?.
Wy SO N T, BHETT SO %
1.2 MEMERFGE

KR 38K 735 X TRIME-IPH TDR (£ [ IMKO
Ad], KEEE3.0%) 43 258 AN [F) AR E I b8 T A AR
BKE, A KRR A N X AL E, R
3% 8:00. 10:00. 12:00. 14:00. 16:00. 18:00 5} 5. 10, 15.
20 25 cm LEMEEREHEE, WIS 741 IR,

LT AR IER AR (RE. B 1
HARTEHO FMAEYE (TR o e REKHBERA
s R ; MR FE %L (leaf area index) F ¥ [E Delta
T B A T 4771 Sunscan 2000 562 20 H A & 5 1R X+
VIR FH K GRS T2 5 o G TR /N FE N T BT B
JBREI =, v A TR = 5

105) , £ Li PR HCITE LR, A LB IS
BOKHIFIZ | m 000K BT I A2 K fii -4
ki, WA )

Aw=A-6+B-T
2
nzl,o_ﬂ
W

A MR B )Z ORKAETT, FUEIBCR,  PROKAE 7
s Aw N 2 PR Z (A IR B R, mm; w, Nt
YRR R, mm; T8 2 DN RGBT 1], d; 4 A1
B AN R
B B 2 A P K B R LA R O, B A 3R
J2 S 7 B P ) ) 2D SR 1 3 - S ) o R A
71, WA (3
Aw=a-6-b-P+c-I+d-T,
4‘=1.0—M 3
W,
A & MR 7 i = AR K BT R, LR,
L K RE /TR p NERIE—IREIBE N &, mm; T, 8
I B P R A B IR, ds s by o d BRTHER
A
N SR RS0 i, 4 v R 3 U X 3 K R
MIma Rz 2 AT 7350 3R AR A
Foy b 3R A R N S5 -5 385 K R K
TSR 22 R AE 7T, W () 1S (5) .
T-T

g=tl )
T,

=Ll (5)
100-6

[ B, O RS T AR TSR T, 3R R 77, FE
K, IR B SR A B R BUR B, N EHERIE T, AH
XA T, MK B EE ), Cl%, FLEBKR,
- 358 T R AR AR AR AR 6 35K 43 F i S R ARUES; 0 R
TG KE, %,
1.3 BERGIHSSH

FIFH Microsoft Excel V2010 #E47 ¥4 2047, EH
SPSS22.0 A1) Duncan ¥ &M 2 VLT B E MR
(P<0.01 5% 0.05) , Origin9.0 #1244 K%,
2 HBRESH
2.1 AESCES TIEK DB
2.1.1  EEARSTAME

2 FEANE-H FKAEF LK B AT
PEASAGREA, H RO I R OK BRI, TR
PG 52 [ R 39 I s - e K R AR, B 2013 —
2014 NI, A/NE-H BKAE KRS A 5K A b
WK 1 iR, SACEE 1 m 3K B 2 7RI
WA [)  HH OEE TR DA R DR/ NFRAN ], 35 B R AL
FEmEANE R, B 1 gk B SR A E T
IR IMTIIE R, 4 PPk os A EE A R 1 m 3K E
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PR T IR T8 s AP, 4R 78 25N 100% 0, Bl GM4
AR BRI 1 A, SARERZER K
R HEA BE KT (P<0.05) , FEARREEM, GM4 4t
) I K B, X HRAEE 3 K R R

a.2013—2014 & /N5
a. Winter wheat of 2013 —2014

b.2014 B K
b. Summer maize of 2014

A1 APE-EERBELFT Im BERKEFT R
Fig.1 Seasonal variation of soil water storage in 1 m depth in
winter wheat and summer maize rotation system

R1 TEGFABELE 1 m TIREIKETL

Table 1 Soil water storage in 1 m soil profile of different gravel
mulch treatments
mm
R R BT W R

Crops  Treatments Jointing Heading Filling Maturity
CK 144.44b 178.10c 153.04b 144 81c
KNG GM1 151.26b 177.01bc 160.69b 148.83b
Winter GM2 148.28ab 184.84b 177.42ab 147.43b
wheat GM3 153.91a 192.16ab  176.28ab 151.36a
GM4 158.80a 194.57a 184.31a 158.93a
CK 146.26¢ 163.63b 274.06¢ 250.91b

Tk GM1 162.53b 190.83a 291.75b 259.44bc
Summer GM2 168.49b 167.49b 294.37b 267.64b
maize GM3 173.93ab 170.61b 295.90b 272.28b
GM4 197.21a 219.82a 309.33a 292.32a

7E: CK. GMI1. GM2. GM3 #1 GM4 43N E . 25%H . 50%H

FE L T5%E E LA 100%8 25 AL B S R T BER R A B ) 22 5 B 2
(P<0.05) ; R

Note: CK, GM1, GM2, GM3 and GM4 indicate control with no mulch, 25% of

surface gravel mulch, 50% of surface gravel mulch, 75% of surface gravel mulch

and 100% of surface gravel mulch, respectively; Different letters indicate

significant differences among different treatments (P<0.05); the same below.

ol A 7 s P R 2 I K BT A SR i R
B, BRAEGEEAE 1| =4/ NEHG 41, 67, 75, 221d
K2 IR ERAE S R 558 0.715 0.75. 0.78 0.77
(P<0.01) . BRAESEEME 2 T4/ /)G 89, 221 d

FZLIBKERFHK R E5 08 0.57. 0.60 (P<0.05) .
BB 1 FEKHEE 59, 70 d RZ LK E
FIA S Z BN 0.55 F110.56 (P<0.05) o WA 7 25 BRI 5 2
FZEAKEE 80 d KELIEEKEMMKAZE N 055
(P<0.05) . ZiaYEllicddE, TR AEGRHES A
INFZRRACH L IR WA BRI OK R AR MR
FHR (P<0.01) , BRAEGEESE FORKT . R+
ARG IR R 2 REIEMHL (P<0.05) .

ZikEE 2 FANFME B AEE TN LR,
2013 —2014 FL/NE R BT (5 10~150 d) H
WES:70d (FE)5 40~110d) JLFLREN (K 1a), A
RNZAEB WM B (35 40~110d) 23— EREE K7
Jopid, JEEUGWE 4 YR K IE R AN T R
ST K 22 A8 Ak s 2014 —2015 SEA/N AR 2 I (3%
Ja 150~230 d) WMiZK7 L, EHUHE 4 Jo &R T84
AN R EIER KD, B 2 AHZTEL N
# 0~1m HIEHI AL, NE 2 TUEH, 2+
BEOKFRMLT 1 m L2 SRR, SR E R R E
# (P<0.05) , FhA7E bk IS KRR, GM4
AbFR P34 KRR R

B2 Ak ERINE KT

Fig.2 Variation of soil moisture along profile for winter wheat

2.1.2 AR EERKEN BT TR

3% T 5 A AN = 7K 0 & A B 358K AR A A i
ITHEE. 2013—2014 FFF IR IE RECRH R = 1 15%
B K SR B R] AR 3R IR AR K BE . MRPEER (2)
THE T R 2618 & A0 HE 3R 0R KB 1t 3a Bt
N, RO, TEERRKEE TR T
IS BEIS RIS /L, 8% A0 PR AR 7K BE J7 5 R B4 35, 100%
TR0 78 55 AL ER R K BE 0 IR/ N F A AL FE 1%

b Y R AR, AR A 7 55 2 10 AR R AR R A R 5
JEAT R E AT, TORR A 15 )2 AR H Y B TR TR
ok E TR 3 i F Y & DN, SUN ) R UV S B 9 =X =
MK SRR SR 4%, ASCHBEM fERZ LEEKE
i T () sl R R LI PR A E R/ (R (3D D,
WP 3b Fan. BE A 100%05 405 o5 FE AR &S /K AE /1K
T HA AN, HIR/NEAELE. WA ke, 2 il
B IR KB, IR E WK TR .
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B3 B EFRAKEAFERBE RS
Fig.3 Soil water maintaining capacity and ability of rainfall
interception under different treatments

2.2 AREEHIEEERFMm
2.2.1 EERBE T

2 BEANE—H ERTIRRE RN E TR
KFR, EREFAK, PL2014—2015 FELXNE—H T
KECVESAF T HIEH PR A (F 4,
MEIHET DU W, B 7 o B e 3 H P YR
4 FhilfA 7 o5 AL ER AR R I 35 H TR B v T
100%H5 4 7 5, B GM4 AL 3% H P 2R i . i
R O2 ATHD, AL ERE ZE R OKER 4 B R A K CF
(P<0.05) , TEA/NEFIE TR BESR A 2%
REE, BN ZEFAHE,

a.2014—2015 fE& /N
a. Winter wheat of 2014—2015

b. 2015 fFE oK
b. Summer maize of 2015
B4 A Z-EEARGELHT LR PR
Fig.4 Variation of daily average of soil temperature in winter
wheat and summer maize rotation system

%2 TEFABELETZEAFIEETL
Table 2 Change of daily average soil temperature under different
gravel mulch treatments
C
1E%) Qb &t T i 4 S
Crops Treatments Jointing Heading Filling Maturity
CK 9.33d 16.17¢ 14.67c 19.50b

KNE GMI 10.31cd 16.67¢ 15.00c 20.11b
Winter GM2 10.67bc 17.33b 16.00b 20.33b
wheat GM3 11.33b 18.50a 17.67a 21.17b

GM4 12.50a 18.67a 17.67a 23.83a

CK 13.98bc 1531a 27.35b 21.52a

RS S GMl1 14.27b 16.74a 27.10b 24.65a
Summer GM2 16.78ab 16.99a 28.51ab 24.15a
maize GM3 17.60a 16.20a 28.81ab 26.93a

GM4 17.82a 18.38a 29.76a 27.00a

N TR FURR A E 55 RO SRR IVE R, L a il
B EERMIEE (12 A 3 H 8:000 REEAMIRE,
Bl (8 A 2 H 14:000 MERERBRE, 2k
AR ZEETIsE, WE 5 s HREE, 1K
BT (HIERE-5~0C) GM4 4FH CK 4+
MR RN 5 °C, HAGAFRE ST RALTE, mIRS&IE
(IR 40~45 'C) GM4 AbFREE CK Ab B 415835 1
FRAK 3.7 °C, HARALFEIE T fRACEE . MRk n] DLE
4 MR A 7 T AR R E R R S AN CK
AbEE, GM4 AbFEIR ARG RN, ULERR A A A
PRIRRE ST, W] LA b R X S A AR

B 5 MopAMRAM T LREERE T
Fig.5 Variation of soil temperature at different soil depths in
extreme weather conditions

2.2.2  E3EIRE AT AR F KA 0 BRR M HT

Bl 6 XL 7 AR A 78 6 B 25 A1 3 i 6 ) %ot
IRFK A R (2 (4) AR (5) ) . HiIE 6a B,
MR T 20 CHE, B4 7 55 25 AR IR 8 /139K T CK
AEEE, GM4 AEEMIHGIR AL TR 4R T 20 CHY,
T Ak B R B B SR T T G i, CK AREE Y+
UL P S AR T v OG5 A R DGR A 22 F AN
K, HERAERAENIERRE A RKES. HEebF
o, SR FIE KRACT 22%0, BRfA 7 o5 o5 A B IR 68
TR T CK 4bFE, GM4 AR RE IR iR
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BKEFET 22%0,, #ACHEEIREE N ERA K. LA
SURANIK > 5 BRI TGOS A B RIR B T 2 R BOR, 4 A
B 78 s AL P AR e 2K T I, GM4 AR BRI 1S T e
Ak o

B 6 &M LIRS
Fig.6  Sensibility analysis on soil warming ability of different
treatments

2.3 AECEFIEME KR =2
2.3.1 A KIBAFG T

2013—2014 FXNE-H FREKFEZRD A%
PR B s AR T AR AR E AR A ] 7

B7 ADER-EEREAEFHETHREGR
vt & AR REAE 5 RS0 AL
Fig.7 Variations of plant height and leaf area index with days
after sowing in winter wheat and summer maize rotation system

K7 RW], SAEEA/N R E A, AR
TEMBE A R 7 o I N 2 g N = ROKR R BN RR

AR, AR AT R R SRR . % A T A
FERAE & /N2 KA B WA AR A Bk LS T
Ja BEAR IS, X TR e N HESK IR 2 R e A
Ak, HHEBIESOTE, HEEERVERRAME; X
Wz JEm R IR, e EE 2 P .

2013—2015 FA/NFE-H T KAFELEE B _EEH5
TR R A WK 3. R 3 v, CK A& A E
Hh B TR R E S K, GM4 MR E s, Xn RS
RO 78 A F AT R K . A IR RN AL,
W TYIRRENAR. R 3 ErTUEH, &/NER
AR AR TR TR AN N, B
Wk B e m, AR GG RL, X 4R E%
NFZ TR O A — B

=3 FNE-BEKRBERGTH LRSI TYRE

Table 3 Above-ground biomass of winter wheat and summer maize

kg-hm?
1 Ak B WA A TSI R
Crops Treatments Jointing  Heading Filling Maturity

CK 4997.92¢ 10393.75¢c 13984.37c 12784.23c

202_2914 GMI  4650.00c 1043125 1428438bc 13 415.4b
KNG
Winter wheat GM2  5628.12bc 11025.00b 15853.12b 13 838.83b
mn ;8;2_ GM3  6918.75ab 11891.05b 16718752 14484.26a
GM4 8418752 12925.00a 16134382 14699.47a
CK 486281 784875c 12672.71d 12715.62d
201472015 iy 584504 9 144.01bc  13461.87c 13 383.03¢
Py
Winter wheat GM2  6305.00c 10647.13ab 15643.02b 14 015.62b
mn ;8;‘5‘_ GM3  7137.81b 11821.87ab 17056.67a 14 392.85b
GM4 7925942 1207057a 1721583 1497321a
CK 413575 630552 7500.58c 8 649.08¢
A GMI  4221.1c  6487.8c 9847.94bc  9893.94b
2014 K ¢ ¢ ¢
Maizein ~ GM2  6370.2ab 7520.76bc 10344.15bc 10517.21b
2014
GM3  67082a 8225.1b 1117626b 11494.94a
GM4 677192 1035294a 13181.17a 11617.73a
CK 406254 6078.00d 9566.1d  9607.76¢
A GMI  490625c 872400c 110313c 10160.11b
2015 Tk ¢ ¢ ¢ ¢
Maizein ~ GM2  6300.00b 9147.99bc 11477.1c  11036.15b
2015
GM3  650825b 10734.00b 12498.1b 11853.67b
GM4 7181252 12567.99a 14678.1a 1244694a

2.3.2 FeeTiib

RNFE-H RKIES: 2 MEKSRFF R a0 E
8 Fw, EL:2 a BhAE o IS, B2 5
KZNEE AR BB 1 A, thafs
GM2. GM3. GM4 Kb 2 ZRA /NP3 P2 e ion) HR A 3
SRl T 23.02% 41.51%H11 58.55% (P<0.05) . Bifr
B GM3. GM4 AbBE 2 =5 TR o0 fe ab 2
SR T 18.20%F1 22.50% (P<0.05) o 2 Mrikfs 7 o
ERMANE-BERRZENKER, RI_&EARE
FMIME (P<0.01) , BRAOERESH 1. 2 FENE
FEELER 1.2 ZEE B E A R 5108 0.734.0.80-
0.68. 0.75 (P<0.01) .
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B8 RIS 2013 -2015 & EAE K= B0
Fig.8 Effects of different treatments on yield of winter wheat and
summer maize in 2013-2015

3 i
3.1 BRABEENTIEAATIENF I

R E A E T HMR B SRR, H KR
TIE B 43 A B oA BT R [ 297200 ok T 36 TG O B 7 5
2, AT DL AR AR, BOE KR, A UK S
N5, A B AT 78 5 )2 il 75 398 2 RO BH 48 4 F0 RE Fo 3
o, [FARERETIEEEE SR, AT ARENESE.
A RN 2 a e AE S5 1 T A B - 387K 43 R0 AR fk 3k
ITIESEWI, 2 X /NEME TR TIE K EL
RIA RS TIRAR, BT 2 A2 W
80 ) s e R K R BN . AL B A YK B
P22 RRIA, BRAEREBE, TREKERK,
Hrf GM4 KA T IR OK BB K, CK b B
No B ERZE T IEE KB BNE T RE, SRR
AEGEESEMEKCBE TN EESKREEE
M, HTRWEEME T GM4 L HE 43 {5 K i bt
BN 251 GM4 Ab PR 340 R S K /I BE 158 K, i B
100%78 75 F5 Bk A 78 o5 A B A R F L3RRk B K. ik
AEGMHUYT LN REE, & 08 m LR EE R E
&, BAESELHE TR, H oM4 b TR
FE et o BT LR R IR FE AR, BR A 55 A AR IR
VB E A3 - 38 3% 2 R IR 2 10 38 38 R A Ak 22 4 /N T 50
HE K R, R A 7 5 P 395 0 8 7 AT LS 7 b 6 7K 43 il e
MR . 5 DR TSI AS R R IUAE , BF A 7 55 1T LA
WON R — Pl 2 B B 7 20, X A& /N A 4R
A f a3 B R A, R RO & AR WA S
il R T TR bR, X 9% 5 Lamb P78 fr 4h
BB R A B s B AN ZE T FER B ORI S iR A
ERMER, X% RIMEWRIEKZEER M. DL
IINTIER I, BRAE G A A RER A, R
S D s A B S = T R W i 1 =
A =F & P ORI E BRI AR A T R R R B, X
— BB 5 B o S PR VR ) 7 R 2 4 I RS A A
Az b, &7k — B A

3.2 WRABESEMEMEKRTENEI

W FE R A B s AHE AR K = s e, LI A
AKEE (HEBRRBED  EERERER (RE. A9
BRKR) DA EREW 3 ANTIAFERL. aa
ARY, BRAEGENRIEDI LB SR, wmiE, BEAR
KRR G I, AW TC R & A BEA R A & Mk
e R P TH] AR i HROK /N R I A B A R 7 s 8 i i 4
e ARAEA/NEfRmZE R AR E, B R Kk ZE
SRR MR R B AN - H ORI E B R L
AR RIS G BRI H s A/ R -
EER TR AN N, EHERER AR R,
PR IE A PR, X 5 A& et s b SR —30.
AN - R FE B Btk TR Fe R
o R SR MR R AT BEESN, thEE
PEEICEEMIE (P>0.05) , K/NE5rEEHIRIE SR it
ARAEECS = & A R 505 718 0.70 (P<0.01) 1 0.62
(P<0.05) , B FRBTIARRAIAM AR S S =2 M
KEZB AN 0.77 (P<0.01) F10.57 (P<0.05) ; &/
FSEFWAEYE S EMREZEMX (P<0.01) , BE KK
TR AR M S PR B B A (P<0.05) . %L,
Pha B E, EMAEKETES (Fkm rHmfsE
. AR K, 100%0kAE G EIES: 2 a ik
B 2 FEXNEME TR BHETHE | B,
Bhof 7 i A ER A R FAED A K = B, 100%65 A
TP ORI, X 5 i DR A R

4 4 R

D BhAEGEARKE KNG aEGEES
HoK oy R IEAC, A E SO LI oK &
TR AN . BR A R, TR & T
PRI B GF , B TR 251 1 438 A R W K A R 770K, 100%
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Effects of gravel mulch on soil hydro-thermal process and rain-fed
wheat-maize yields

Wang Donglin'?, Feng Hao%***, Li Yi*?
(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China;
2. Institute of Water Saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling 712100, China;
3. Institute of Water and Soil Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China)

Abstract: Rain-fed farming in semi-arid areas of the Loess Plateau in China is constrained by low temperatures and water
limitations at the early crop growth stage, and the gravel mulch technology as an effective strategy has been used for centuries
to conserve soil water and increase soil temperature. To reveal the effects of gravel mulch on soil moisture, soil temperature,
rain-fed crop growth as well as yield, a field study of consecutive wheat-maize rotation was conducted in Shannxi Province in
the year of 2013-2015. The field experiment was arranged under natural rain-fed conditions with 5 gravel mulching levels,
including control with no mulch (CK), surface gravel mulch of 25% (GM1), surface gravel mulch of 50% (GM2), surface
gravel mulch of 75% (GM3) and surface gravel mulch of 100% (GM4). The results showed that soil moisture was significantly
and positively correlated with gravel mulch degree (GMD), and soil moisture increased with the increase of GMD; compared
with the other 4 gravel mulch treatments, GM4 treatment obtained the maximum soil water storage. Gravel mulch acted as a
layer with water holding capacity, which not only reduced water loss in the drought period, but also intercepted rainfall in the
wet period. Along with the increase of GMD, the water maintaining capacity in the dry period and the ability of rainfall
interception in the rainy period were both enhanced. Gravel mulch had an effective effect on soil temperature conservation; the
daily average soil temperatures in the different depths of the 4 gravel mulch treatments were all higher than the control, and
100% gravel mulch was the maximum. In order to investigate how gravel mulch affected soil temperature in the hot and cold
period, we tested the soil temperature in the extreme coldest (from -5 to 0 “C) and hottest (40-45 C) weather conditions during
the winter wheat and summer maize growing season. Gravel mulch acted as a regulator of soil temperature, and thus soil
temperature could actively respond to extremely cold or hot weather. In the extremely cold period, air temperature was around
from -5 to 0 °C, soil temperature of GM4 was 5 ‘C higher than CK, and soil temperatures of the other 3 gravel mulch
treatments were all higher than CK; in the extremely hot period, air temperature was around 40-45 ‘C, soil temperature of

GM4 was 3.7 C less than CK, and soil temperature of the other 3 gravel mulch treatments was all less than CK. Soil warming
ability responding to air temperature and soil moisture was greatly different; the 4 gravel mulch treatments were all higher than
the control treatment, and 100% gravel mulch was the maximum. So gravel mulch could effectively stabilize soil temperature.
As for the effects of gravel mulch on crop growth and yield, plant height and leaf area index were not significantly different in
the winter wheat growing season, while in summer maize growing season, plant height and leaf area index of the 4 gravel
mulch treatments were all significantly higher than the control, and the 100% gravel mulch was the maximum. Study also
showed that wheat and maize yields increased with the increase of GMD, and the average yield of 2 growing seasons for
winter wheat and summer maize under 100% gravel mulch treatment was 58.55% and 22.50% higher than the control,
respectively. These results demonstrated that the gravel mulch technology could effectively increase soil moisture and
maintain soil temperature and was beneficial to promote crop growth and ultimately affect the crop production. Overall, we
conclude that gravel mulch technology provides a new idea to positively cope with water limitation and climate change and
promote agricultural production in arid and semi-arid area of Northwest China.

Keywords: gravels; soil moisture; temperature; yield; response mechanism; winter wheat; maize



