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Effects of different field patterns on water distribution and water use
efficiency in maize — soybean relay strip intercropping systems
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Abstract: This paper was about the changes in water distribution and water use efficiency in maize rows with 1.6 m
and 2.0 m width under the maize-soybean strip intercropping systems during the symbiotic period. It was shown that with
the increase of maize rows, spatial distribution of maize leaves on the ground was different. LAI of narrow rows was high-
er than that of wide rows, resulting in soil evaporation, throughfall, and soil moisture in the order of maize rows < maize-
soybean rows < soybean rows. Uneven distribution of throughfall and the differences in abilities of maize and soybean ab-
sorbing moisture were the main reasons for the uneven distribution of soil moisture during the symbiotic period. When dis-
tance between maize rows became large, the group yield and maize yield were first increased and then remained steadily,
reaching the highest with a maize rows distance at 50cm. When maize rows distance was 50 ¢m, the water use efficiencies

of the two width strips were the highest, 23.06 kg*hm™?*mm~' and 26.60 kg*hm~?+mm™'

, tespectively. Overall
speaking, water use efficiencies by the maize-soybean relay strip intercropping were 38.92% and 22.98% higher than
those by monoculture. The water equivalent ratios were 1.45~1.66 and 1.60 ~ 1.79 under cultivations with two kinds
of strip width. 2.0 m strip width could improve more of water use efficiency of farmland than 1.6 m strip width. When
maize rows were 40 cm to 50 ¢cm, maize — soybean relay strip intercropping could improve water use efficiency.

Keywords: maize-soybean relay strip intercropping; soil moisture; water use efficiency; water equivalent ratio

Y #m B3 :2014-05-25

E£TE FBHE 973 5 H (2011CB100400) ; 4 Ml FB K 577 Mk 45 AR 14 R %35 (CARS - 04 - PS19) 5 B 5 [ SRR 3= 564 75 4101 H (31301277)
EE®E A bk(1988—), I3 N, LB SE AR , AR & 7 RS SR IS o E-mail: leafye2525 @ sohu.. com,

BIS1EE W SCEE(1958—) , U KB T+ A: S0, 2 A FAED i Pk 5 B AR FEAFSY o E-mail : wenyu . yang @263 . net,



" TR A TS

:33%

TR G VG Sl ) 2Rl A= 7 R o T ) B A
7z 12 S R SR Aol i 5, i R P R 7
PRI RARAER K o0 2 72 2 g T B3 s A
R 1) 7K 9 050 B b % 1 0 R AR T 2 R R A0l 1Y
Bt T A R TR BRI B UR R v e
RINEL LM AR R A Z e i m
FH A 25 R GEMR 45 (9 AT i it >, 4 B A ) 5408 T LA
P A AR G0 0 A 7 AR K 43 T K 43 ) 3
ARI40-71 b 1] 2 4R 19 K 43 F 3 (WUE ) BF 5% 5
% %5 Walker'™ Fl Gaiser!® #F 5% & 30 75 [H] /¢
FRLZE T VEDI XK o (T SR A e, (H A B
REEY K> R 2 T Droppelmann ' BF 57 45
JLH - K oA R Fe g i, oK FNEL SR A
f) WUE #8755 T T K FNEL G B4 s 76 38K 404 &k
e AR, [ VR EL & WUE 55 T 3R EL &, H 6]
VETREME T o00E Bk, F IR X I oK
59 2[RIV X 77 s FK 43 ) A 0 5 e 2R A7 T B
T, AR R A B R T T DL i A A OK
MR, CAO P IEBI T & /N 55 TR EA
97K 43 I S B, 45 1 B AR K 40 R R 55 21, 72
kg*hm ™2 mm™ " M FLEAAE EORIEA T 23.0%, LA
YEANZHEINT 4.0% o 8 ARXF A1 EAE K 43 R (4 B
FLZ IR T (A1 1R 2 2 AR 7K 43 1) 2R B3
IR IEAR > o AHIEST DA T FEE T P i . 3828
FHOK AL AR B BOK A R RR B &, DKoy
M (WER) MPEH HR bR, AN £ G R E
PRFPA 1 80K 43 R 92 B Ak — 5 1) B8 4 AR AR
i
bR
1.1 REi%it

IR T 2012—2013 478 PU I ARl K 22— 5 B
RACA M A= 77 J 1 (N30°47 167, E104°12'53") 3347, it
KSR NN 418, KEMFIFEE 12, KK
KRR ERMILX AT, EARKEFRREEL S
FPAERA 1.6 m A1 2.0 m 7 5e M A Bl &, K5 [E &
171 40 em, R AR B BRI, 6 1~ /KF, Al:
0.2 m,A2:0.3 m,A3:0.4 m,A4:0.5 m,A5:0.6 m,
A6:0.7 m, HAE ERFHAE KGR 70 em 17 HEFp
FEAE % IR, 3 8 b B, A b R AT 3 Uk, A A Ak
PE3H K 5 m, 1.6 m F1 2.0 m H# 95 FARAb2g
TR /N X AR A3 3 24 m® 1 30 m?, KN 25 i
k60 000 #f - hm ™2, K% % K 100 000 #k - hm =2, %
N—Fko 7E 1.6 m A1 2.0 m 45 55 R IR ENE oAbk
PR3 54 20.9 em F116.7 em, KEAREES> 314 12.5

em A1 10.0 em, BAAE T KR F1EAAE K SRR 4351 R
23.8 em A1 14.3 emo

2012 4F R 1.6 m A SEFAE, kT4 H 3 H
FKHE M ARME, K2 T 6 1 10 HiEF,7 A 28
HEKRWBGK, 11 7 4 H RGO ;2013 42K 2.0 m
HSLRPAE, kT 4 H 4 HRAE B, K=
T 6 H 17 H¥EF,7 H 25 H B KWk, 10 A 31 HK
SR, EKRIEAEEE 667m? B B iR 25K 40 $H.(40
ke 1, & N0.18%,P,050.12% ,K,0 0.08% ) , it
WERRES 40 kg(7 P05 12%) , E AL 10 kg($F K,0
60% ), HAth & HL R K W, (= HF 24 F R E N
17.9°C, 29 F- [ W o0 912.4 mm, HFEW £ 4E
HirE 6—8 H (I 2), 15 i ok V0 38 + 3Bk o, 3%
2579 12.3°,0 ~ 10,10 ~ 20,20 ~ 30 cm 13 25§ 43 )
H1.33.1.34,1.52 g=em ™3,

R AT AT
N?rrowrows Wide rows !
) ) 14
$ % ¥
N .S o [
¥ MM G MS P S5 ¥
N ® W 3 b F
160cm/200cm

TE - MM MS Fl SS 73 B FORAT ] | T AT 8] R A7 8] v ]
fiE. T,
Note: MM, MS and SS stand for the places of maize-maize rows, maize-

soybean rows and soybean — soybean rows. The same below.
1 EXRXEFRFERNK

Fig.1 Maize-soybean strip intercropping systems
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Fig.2 Rainfalls and temperatures during 2012 and 2013 growth seasons
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Table 1 Rainfalls at different maize-soybean intercropping places

T [ HPIREAE Relay strip intercropping FAAE Monoculture
Strip width Place Al A2 A3 A4 A5 A6 F K Maize K5 Soybean
MM 10.45b 16.30b 23.39b 26.14b 27.72¢ 34.21b 35.46 —
MS 16.42b 13.11b 40.04b 27.42b 51.55b 27.62b — —
SS 77.70a 85.59a 82.44a 89.55a 83.10a 95.62a — 75.87
AVG 34.86 38.33 48.62 47.70 50.79 52.58 35.46 75.87
20 MM 13.44b 17.05¢ 21.65b 25.98b 36.48b 36.38b 37.93 —
MS 15.84b 55.43b 29.94b 32.18b 62.30ab 18.81c — —
SS 88.82a 88.72a 69.72a 90.43a 82.80a 86.36a — 85.66
AVG 39.37 53.74 40.43 49.53 57.87 34.52 37.93 85.66
MM 0.08¢ 0.25¢ 0.41c 1.11c 1.05b 1.90a 1.14 —
MS 2.57h 3.88b 1.82b 2.46b 1.05b 1.96a — —
SS 4.63a 5.95a 5.62a 4.38a 2.47a 2.59 — 3.6
AVG 2.43 3.36 2.62 2.65 1.68 2.15 1.14 3.6
-6 MM 7.09¢ 12.39b 21.25b 26.30b 23.51b 29.31a 30.08 —
MS 17.62b 22.99b 24.80b 22.49b 16.17b 18.78a — —
SS 52.82a 54.94a 63.20a 42.07a 42.95a 34.34a — 44.91
AVG 25.84 30.11 36.42 30.29 27.54 27.47 30.08 44.91

I NG FERR 5% REKT, T,

Note: Different lowercase letters are significantly different at 0.05 probability levels. The same below.
23 FEFREERZEPLIEEEZSS FAEAHEE 7R 1.6 m F1 2.0 m A7 SE P, &P IR EAERY

M 2 T DUA 78 2 m A s PR RS R R R F R T A RS (HAE 2.0 m 5
AP R EAT Z 85 TORATZ M H iz i 2 i iREARAL BEAY 3 28 i 28 R T AR 0K,
B, MAE 1.6 m W9 Al ~ A4 PR B, Lem it MEAREHE, X EZRAHT 2.0 m 9%
A5 A6 REPEREATZ 8] ORI Z M ez ki RO R, FORX MR /N, 1.6 m 47 58 F 584748
ZEFALE . PSR, REATZEI R/, TR A, B AR SRR R Y
KRB EARTTATREAR RN, T E AT Z AR ORI EREUN, SREERERARE .
TR R B ORISR T R RS
®2 EEHREGFEFRMELERLE (un-d)

Table 2 Soil evaporation capacities at different places in maize-soybean strip intercropping systems

H 55 /m s HAREAE Relay strip intercropping i Monoculture
Strip width Place Al A2 A3 Ad AS A6 FK Maize K Soybean
sS 2.877a  2.845a  2.497a  2.542a  2.354a  2.213a — 3.036
NS 27394  2.3499b  2.075b  2.187ab  2.468a  2.24a — —
20 MM 2.036b  2.02b  2.171b  2.09bL  2.192b  2.101b 2.057 —
AVG 2.50b  2.402be  2.248¢ed  2.276¢cd  2.338cd  2.180 de 2.057 ¢ 3.036 a
ss 2.393a  2.505a  2.16la  2.046a  1.98a  1.947a — 2.917
MS 2.008b  1.964b  2.06lab  1.940ab  2.093a  1.858b — —
16 MM 1.749¢  1.733c¢  1.837b  1.846L  2.087a  1.94la 1.982 —
AVG 2.050b  2.067b  2.019b  1.94b  1.999b  1.992b 1.982 b 2.917a
2.4 EEGFREERZEPFLEKRGSH APRI R SATZ M) 13K E R ERT EARITZ

M3 R A PR E N A TRt A AL T 1.6 m Al SE AL ~ A3 ARBEAY R BAT Z 1] A 4
B A-3K 3,2 mAF S T I AR R I A1 ~ A5 SOKEWRER T EKRITZE . MR 58T K17
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Table 3 Soil water contents at different places in maize — soybean strip intercropping systems

W REAE Relay strip intercropping

HifE Monoculture

W FE/m A=
Strip width Place Al A2 A3 A4 AS A6 Tk Maize K Soybean
sS 14.10a 15.64a 14.46a 13.40a 14.87a 13.59a — 12.37
S 13.38h 15.35a 13.63b 12.63b  12.78b 12.73b — —
MM 12.18¢ 13.23b 12..66¢ 12.47b 12.65h 13.56a 13.06 —
AVG 13.22ed  14.74a 13.58h 12.84¢ 13.44be  13.29cd 13.06de 12.371
20 sS 19.29a 21.03a 19.84a 21.24a 21.00a 19.73a — 18.12
S 18.76b 19.42b 18.98h 20.54b 20.11b 19.80a — —
MM 17.97c 19.57h 18.90b 19.78¢ 18.62c 18.28h 20.30 —
AVG 18.67d 20.01b 19.24c 20.52a 19.91h 19.27c 20.30ab 18.12¢
ss 22.74a 22.984 22.77a 22.79h 22.63a 22.17h — 21.28
S 21.35h 22.31a 22.454 23.33a 22.40a 23.05a — —
MM 20.80b 20.87h 21.46b 21.52¢ 21.36h 21.82h 21.4 —
AVG 21.63bed  22.05abed  22.23ab  22.55a 2.13abe  22.35ab 21.4cd 21.284
6 ss 25.00a 24.96a 24.80a 24.48b 24.25a 24.30a — 22.95
uS 23.39 24.05b 24.42b 24.85a 23.09b 23.86a — —
MM 23.31b 23.95h 23.49h 24.05b 24.03a 24.08a 23.31 —
AVG 23.90sbe  24.32a 24.23abe  24.46ab  23.79abc  24.08abe 23.31be 22.95¢

2.5 EARKEBHGEFEMLHLELE (LER)

NG A N CI = I IR I 5 SN N %=1
Al FE 4 HATLIE 1, AL ~ A4 JbHAY T K 7= i
RN, H A4 AbFRAE R S8 IR E MR R
WK AR A, A IR K ARG TR
VET K P B, W RR AT B ) A4 A0 BEAR e 2R 5K %
KT 7.59% 1 5.39% . 16 FE 98 T 5 REAEF
R R 5= Bl KA T I 3 S s/ N 3, HLE /N T
BVER T it PR 98 N A IR E AR R 7

FEE L BAE K AR 26.39% F1 8.00% . HAREVERE
=, AP T8 T AR 2 B0 A4 b PR i 5, (R AR
FETEXRMBIERE, 1.6 m M 2.0 m 4 % F
LER 43 3I4E A4 Fl A3 Kb PR, 43 A% T 1.62 Al
1.81 (HFA T 56 N A3 Fl A4 Zb P2 1] Y 1 M 24
IER K ZEFABE, 1.6 m 2.0 m 4% F K&
B BN AR 62.3% ~T73.6% F1 72.1% ~
92.0% , W] 1.6 m 7 T8 Xt K 5= H AR K,
2.0 m R EARFREAK,

F4 FERBERAKEFERLMHELL (LER)/ (kg hm?)

Table 4  Yields and land equivalent ratios (LER) of maize and soybean with different treatments

1.6 m % 1.6 m strip width

2 mHFTE 2 m strip width

Qb3

Treatment FK Maize K Soybean  FE{K Total LER FEK Maize KE Soybean  REA Total LER

Al 4906.75 ¢  1319.10b  6225.85¢ 1.41 D 9037.2 e 1850.9 b 10888.1 e 1.73 b

A2 5956.39d  1272.65bh  7229.04 b 1.52 ab 9484 .8 d 1896.0 b 11380.8 c 1.79 a

A3 6389.06 ¢ 1249.43 b 7638.48 ab 1.57 ab 9983.1 c 1840.9 b 11824.0 b 1.81 a

A4 6826.74h  1238.73bh  8065.46 a 1.62 a 10282.4 b 1733.4 ¢ 12015.8 a 1.79 a

A5 6609.99 be  1167.08 b 7777.06 ab 1.55 ab 10183.9 be 1565.8 d 11749.7 b 1.70 b

A6 6600.98 be  1117.53 b 7718.51 ab 1.52 ab 9677.5 d 1485.7 d 11163.2 d 1.61 ¢
EoK Maize 7387.58 a — 7387.58 b — 10868.6 a — 10868.6 e —
5. Soybean — 1791.99 a 1791.99 d — — 2061.0 a 2061.0 f —
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PP HE T A IR VE R WUE #BJ2 A4 Ab P
B A B T 23,06 kg hm ™2 - mm~ ! A1 26. 20
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Table 5 Water use efficiency and water equivalent ratio (WER) of maize, soybean and total with different treatments

1.6 mH% 1.6 m strip width

2.0mHP 2.0 m strip width

. Bkt KSR Pkt KIPRHIE
Treatment ET/mm WUE/(kg*hm™2+mm™") ET/mm WUE/(kg*hm ™2 mm™!)
reatmen - — - — - W-ER - — - — - WER
N RE Ex PR N EN KRE Exk pNGA LN
Maize Soybean Maize  Soybean Total Maize Soybean Maize Soybean Total
Al 290.51a 274.59a 16.89d  4.80b 17.80d 1.45¢ 316.3a 301.5a 28.58f 6.14b 23.74f 1.70b
A2 287.25a 273.82a  20.74c 4.65b  20.67c 1.47¢ 313.7a 301.6a 30.23e 6.29b 24.82d  1.77a
A3 286.98a 273.87a  22.26¢ 4.56b  21.84c 1.59ab 315.0a 300.5a 31.70c 6.13b 25.78¢c  1.79a
A4 286.50a 273.54a  23.83b  4.53b  23.06b 1.66a 314.5a 300.0a 32.69b 5.78¢c 26.20b  1.76a
A5 284 .48a 271.88a 23.24be  4.29¢  22.23bc  1.51bc 312.4a 298.7a 32.60b 5.24d 25.62¢  1.69b
A6 284.67a 271.68a 23.19bc  4.1lc  22.06bc  1.54ab 311.5a 299.0a 31.07d 4.97d 24.34e  1.60c
FoK Maize 283.55a — 26.05a — 26.05a — 309.4a — 35.12a — 35.12a —
K5 Soybean — 269.47a — 6.65a 6.65¢ — — 297.5a — 6.93a 6.93¢g —
= L . s
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3.1 AEZEEEX TEKS

FHOK LR E Y PSR — R IE T
KAREAK THEREAK LA S B B A4S T T T 7K Fn B
Ko HHOKPIRDLSZ B A HOTE B 43555
W Z R FIZE G R, JZARAEY K SR i) 32 2ok
P FRATRE AR R, S ECE KM A AT s
(] 3 A AN ], DA T BOR AURE R FH (] 0 BRI
FRAT < EFAT < REAT, #IAE R — REME R
B, SEATZ A B K R IR R T AT, BEE
FORATEERIG I, B RAT Z 18] ) 3 75 % i 5 s 3
R AT IR 325 R i S N e R — 4k
i, R EEZE R B R AT < EEAT < KEAT, A
FORATREM TR EAT, X G REEAFAE -
S KR o A LA R o AR v B B 9 & BRI
EAEEDIL e B C B IX K . ZEBE R A A
PRI R K 0 4K A3 A AR T B R — P
IS KRR ERAT < EEAT < KEATWEENR
o MR SIS L B K Y A AN
b TR IR A3 AR R SOK S BRI E O A b T
T IR 77 AR ABA, JH M S AL S, 1
AEEARE D B FEIOCAE I ETE T, 3 2 i b
YEYI I ZEIBFEK , B2 R ED K 43 R 3R £

3.2 AR EERE X K4 F R E0E

T GHPREAE I A R R S Y AR K
PR A Ab HH Y T K K 357K 4 R SR A LA
fiK, E2Eh Froa . 8 LREEED
WUE FFE R 78, A 202048 1 ] 224 7k 43 1)
PR A I e o B TP IR E VR (AOK
YRR BT A ok, S FHA T R
PEEARK, K R 2w TR K, BRI K 53
I8 A BRAIG, A IR EAE R AR 73 1 H %
EBERHTHERG, TEEH T2 5 K08 .
FIFPHE 55T FRATEE R 50 em B AR FEAE K 43 F]
R WUE f K, 7390 23.06 kg*hm ™2+ mm ™' 26. 60
kgrhm ™2+ mm ™", A T BAE FOKR D T 11.48% Fi
25.39% fH L FRAE R 88 T 246.77% F1278.07%
HFHPREMES AR ERENE N FIRKEAR
A, LR FOKR 5 e R GAEHCAR R AR K, B
I AR SRR K = 2 TR E AR, B BURE R
K43 RIS 314 16.60 kg hm ™2 mm~ 'l 21.30
kg hm =2 mm ™, HAREAE L AAE KR R S T
38.92% Ml 22.98% ; 1M ML 8 -1 BL 120 PR AR S A B«
FORK G RIE B EFEAL T RE M WUE, KK &[0
VEAHRT T 24E WUE 387 12.20% ~22.98% , 3% 332



3 FER A B

:33%

Bl FHEERG R IR MERG=EEY
17.30% ~ 23.50% , T+ IR EAE K G 7= 5 R HAE K
TR 62.3% ~ 92.0% . BAVE R G R
EERKGAH B2 3, X e £ 2R ErEK
SRR WUE & F 5B 25 R 98

T AREEFE R K53 S5t WER 7305100 1.45
~1.66 1 1.60 ~1.79, BLEAH IR EMEREE 12 m A& H
BIZK SRR, B 2.0 m #5551 1.6 m 4 55 55
AR TR AR K FHACGE . fE 1.6 m F1 2.0
m i PE N EKATHE A 50 em A1 40 em BFFEAAIK 4924
i WER 80K, HATIE F 25 A B3, BIHE K
TTHETE 40 ~ 50 cm I RE A4 i 1A 114 7K 43 1) 2%

4 4 g

1) ERATHE AR S B0T ERM R e |2
[B] 43 A5 AST], HTE F 358 LAT 5200 B /E Y 2 8] 28 1755
W K HOK 78R, B AT AKRIT < EEIT < K
GAT 3 G PR 0 A AR 2 T K K ) 4 3K A 1
WS K A3 3 A AN RN &, K55
RPN TKAT < EHAT < KEAT,

2) BEASIREEYRE KR, A B2 Al i & nT
DASE SRR K R AR 76 ERATHE N 50 em By
TR A3 R 85K, 43900 23.06 kg hm ™2+ mm ™!
f126.60 kg*hm™2-mm ™", BB T BAAE Tk, (H i
ERTHAERG, BIR E R SR B AR
TRER A R TBCR 20% LA E 5 HIREAE K 2024
AR 1.45~1.66 F1 1.60 ~1.79,2.0 m 45 5%
B R F 2 mAEY K o R FSOR , ERATHEE 40
~ 50 cm I BEA S8R = BEAR B 7K 20 R RICR
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