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Effects of tillage mode on water use efficiency and yield of summer maize under different
simulated rainfalls. CHEN Yu, WEN Xiao-xia, LIAO Yun-cheng ( College of Agronomy, Norih-
west A&F University, Yangling 712100, Shaanxi, China).-Chin. J. Appl. Ecol. ,2013,24 (8):
2211-2221.

Abstract ; Based on the tillage practices of summer maize and the rainfall pattern in Northwest Chi-
na, and by using self-made simulated rainfall device, a field experiment was conducted on the
effects of plowing, no-tillage, and no-tillage plus mulching on the water use efficiency (WUE) and
yield of summer maize under rainfalls 250, 350 and 450 mm from June to September, 2010. Com-
pared with plowing, no-tillage increased the WUE and yield under rainfall 250 mm by 26% and
16.5% and under rainfall 350 mm by 17.6% and 6. 1% , respectively. Under rainfall 450 mm,
the water storage was smaller in treatment no-tillage than in treatment plowing, and the WUE and
yield in treatment no-tillage were 1. 1% and 0.6% lower than those in treatment plowing, respec-
tively. No-tillage plus mulching overcame the disadvantage of no-tillage in lesser water-storing under
sufficient rainfall than plowing. Under the three rainfalls, no-tillage plus mulching could effectively
inhibit the soil evaporation between plants, decrease the invalid water consumption of bare soil, and
increase the soil water storage and the rate of evapotranspiration to water consumption. Compared
with plowing, no-tillage plus mulching increased the WUE and yield under rainfall 250 mm by
48.6% and 32.9% , under rainfall 350 mm by 51.6% and 27.1% , and under 450 mm rainfall by
23.7% and 13.1% , respectively. In sum, relative to plowing, no-tillage showed its superiority in
increasing WUE and yield under rainfalls 250 and 350 mm, whereas no-tillage plus mulching in-
creased the WUE and yield significantly under rainfalls 250 and 450 mm.

Key words: simulated rainfall ; conservation tillage ; summer maize; water use efficiency; yield.
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Table 1 Meterological data during maize growth stage in
2010
Ay Rk T SRR PR
Month Precipitation Average Average wind
(mm) temperature speed
(C) (m-s™h)
6 30.8 23.8 1.2
7 78.8 26.5 1.2
8 245.3 24.2 0.7
9 147.7 20.0 0.8

®2 3MARKRMRERERNEIRE
Table 2 Timing and amount of the three simulated precip-
itation

Month Date Simulated precipitation ( mm)
250 350 450
6 06-20 15 20 25
06-26 15 20 25
S Sum 30 40 50
7 07-02 15 20 30
07-07 15 20 25
07-12 15 20 25
07-17 15 20 25
07-23 15 20 25
07-28 10 20 25
JEHT Sum 85 120 155
8 08-03 15 20 25
08-08 15 20 30
08-13 15 20 25
08-18 15 20 25
08-23 15 20 25
08-28 15 20 25
ST Sum 90 120 155
9 09-02 15 20 25
09-08 10 20 25
09-13 10 15 20
09-18 10 15 20
S Sum 45 70 90
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Fig.1 Average soil temperature in different layers at different growth stages of summer maize.

a) &R Seeding stage; b) AT Jointing stage; ¢) b LN Flar(; opening stage; d) 122 1Y Silking stage; e) HEA Filling stage; f) T Ma-
ture stage. PT.:E#F Plowing tillage; NT:G#k No-tillage; NTS. %#k# 5 No-tillage with mulching. T[] The same below.
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Fig.2 Dynamics of soil daily evaporation under plowing till-
age, no-tillage, no-tillage with mulching under three simulated

precipitation.
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Fig.3 Rate of soil evaporation to evapotranspiration under plowing tillage, no-tillage and no-tillage with mulching in three simulated

precipitation.

SE : B[R] & & 17 Soil evaporation between plants; T: 7€M Transpiration; ET ;7% % &5 Evaportranspiration.
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Fig.4 Vertical distribution of soil moisture in 0-100 cm layer at different growth stages of summer maize.
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Fig.5 Water storage of 0—100 cm soil layer and evaporation at

different growth stages of summer maize.
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5L E W EAR TR PR . 7F 6—9 H 250 i1 350
mm [T R e S R T Y R B T
BE3450 mm W T AR ERAE AR G B 2
5P BEN TR s A . 5 250 mm WET
FHLL, BHBE S BF A O BF 2 25 1 OK L 1 35 14) e
450 mm W T 503800 34. 5% 24. 4% F121.5%.
£ 250 F1 350 mm ML T, St B oK Hb b 38 14 ot
W E = TR 450 mm B R bF Bk EIT
[T 55 BPEOC 1 35 25 S, S E A i b b T ) B AR X
R AR R
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Table 3 Dry matter and its proportion of each organ of summer maize at mature stage
HREADL e o FHERC kY= TY i FEK & PR
Simulated Tillage Biomass Dry matter (g) Water Jie/ FE/K
precipitation pattern per plant I ZEFF Hinf SR consumption Rate of dry
(mm) (g) Leaf Stem Bract Ear (mm) bio.mass per
unit area to
water consumption
(kg - hm™? « mm™)
250 PT 213.4h 26. 41 91.6h 6.2e¢ 89.2f 270.3g 52.6e
NT 230.7¢g 28.2e 96.3g 6.6¢ 99. 6e 249.6h 61.6¢
NTS 256.8e 29.8¢c 105.2e 7.2d 114.6d 24211 70.7a
- Average 233.6 28.1 97.7 6.7 101.1 254.0 61.6
350 PT 252.8f 28.0e 102. 8f 6.5e 115.5d 352.2d 47.9f
NT 263.8d 29.1d 106. 1d 7.4cd 121.2¢ 317.8e 55.3d
NTS 293.2b 33.2a 112.0b 7.9bc 140. 1b 295. 6f 66. 1b
-4 Average 269.9 30. 1 107.0 7.3 125.6 318.5 56.1
450 PT 287. 1c¢ 31.1b 107.2¢ 8.3ab 140.5b 408.3b 46.9g
NT 287.0c¢ 31.3b 107.5¢ 7.7cd 140. 5b 411.0a 46.6g
NTS 312.0a 33.7a 114.1a 8.5a 155.7a 373.5¢ 55.7d
SEF Average 295.4 32.0 109.6 8.2 145.6 397.6 49.7
F i [ # Precipitation 11753.0" " 163.4" 1442.1°* 513°* 8892.7" " 90924.8 " * 1074.1°*
F value HHE Tillage 4316.6"* 159.7 "~ 963.1** 17 2301.3** 7036.7 " * 1751.6**
B xBHE 123.1** 9.7 " 39.2%" 42 64.0° " 781.0% * 91.9%*

Precipitationxtillage

PT. F0#F Plowing tillage; NT. bk No-tillage; NTS. e No-tillage with mulching. [ 1) A~ [ /J\E?ﬂ%%ﬂ?ﬂ*iﬂlﬂ%ﬁi%( P<0.05) Different

small letters in the same column meant significant difference among treatments at 0. 05 level. * P<0.05; * * P<0.01. T[6] The same below.

FEAK A3 A7 T W) o B 380% 53 501 2 52,6 .61.6.70. 7
kg - hm™2 - mm’l;350 mm [ = 29N 48. 9.
56.0.66.1 kg - hm™ + mm™" ;450 mm R & 4> %1H
46.9 46.5 .55.7 kg - hm™ « mm™". 7E 250 mm &
T, BN B 25 T W 5 25 I AR 0 i) B
17. 1% 1 34. 4% ;350 mm T & F 43 51 b BB =
15. 4% F1 38. 0% ;450 mm © & F % #F b 881K
0.6% , b 55 LU EIPE 18, 8% , Ui FH 45 AL UL T 12
THRHEE A A T O Tk R T R A, 450
mm W T 3 FBHER IR R85 kT
R HEIES T 250 mm B &R, S B o5 Ao Bk
FEAR A= T AR HE 250 mm WY & 3 MR I
%, S BFE FOKRAE I 7T 1 I AR K 2 A 7= 1
SRR T B
2.5 N[RIELALLR AR VR RS it T B O K
o3 FIHRCR

M AG R 2R 3B (% 4) , BT EKRAT R R
ELAE , N R A B = g 2 5 11 = B DR R R R 4, AT
T S B i AR AR A e, B R B R e pE R
KARE A 3 = T RS 2 R AN . 5 R
FHEG, Sk A e B 55 2 FOK P AE 6—9 J 250
mm FifE R0 16.4% F133. 1% ,350 mm FiH# F
A3 RIN 6. 1% F127.2% ,450 mm Fi & N b5 57

T EIBERE N 13. 2% |, Sk i L BIERE D 0. 5%
Vot BH I TR 2 39 R (R A M B A EL TR 10 394 7 I U
2% e B AE 450 mm R & R AR T BHE 250 mm
W T, AR E 5 2 FOKRAEY ™ &t Bk
SN 8. 1% F1 20. 3% ;350 mm FR & F 20 5134
0. 1% F1 13. 6% ;450 mm TR N S iF 7 55 L BHF 1S
7= 8. 7% AH 5k b B ™ 0. 04 % .

250 mm Wi T SRR 55 K 0 R R
BB I 3.8 A1 7.1 kg - hm™ « mm™" | i1
W 43391 K 26. 0% Fi1 48. 6% 3350 mm Fi K 43 71
WM 3.4 8.2 kg « hm™ - mm™" | B HIbE E 43 51 Ky
17.6% Fl1 51. 6% ;450 mm TN T S #F K 20 F] AL
RELEIBEE D 0.2 kg + hm™ « mm™, Jl/D R EE R
1.1% s 5 L BBHE N 4.2 kg - hm™ » mm™,
BT A 23. 7% . W] LA 1, 5 EIEE E, 78 250
mm R S 14 7K 23 ) FH R0 3 3k 3
WS, S Bk S B 2 1 R 22 450 mm WY &
B KK o R HRCR L EAE T R, 3 A
PR N B 55 K 20 A BCR Y & T B, 2
SIHTAE R R T R SR Y BRSO
Ky m A - A B 2 5, o i ] e A
A T S B R TR () ) 2 S
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Table 4 Components of yield, biomass yield, harvest index and WUE of summer maize under different treatments

RBYRERE BHERA TR £ AR FohE GEL7 T WA £ IKAIFIIZCR
Simulated Tillage Kernel numbers 100-kernel Yield Biomass Harvest index WUE
precipitation  pattern per spike mass (t+hm™?) (t+hm™?) (%) (kg - hm™ -
(mm) (g) mm™")
250 PT 213.0c 27.79a 3.95¢ 14.23¢ 27.7b 14.6¢

NT 247.4b 27.85a 4.60b 15.38b 29.9a 18.4b

NTS 282.2a 27.92a 5.25a 17.12a 30.7a 21.7a

-5 Average 247.5 27.85 4.60 15.58 29.4 18.2
350 PT 301.3c 27.88a 5.60¢ 17.21b 33.2b 15.9¢

NT 319.4b 27.90a 5.94b 17.23b 33.8b 18.7b

NTS 380.6a 28.08a 7.12a 19.55a 36.5a 24.1a

-85 Average 333.8 27.95 6.22 18.00 34.5 19.6
450 PT 387.3b 27.99a 7.23b 19. 14¢ 37.8b 17.7b

NT 385.2b 28.0la 7.19b 19.13¢ 37.6b 17.5b

NTS 436.2a 28.13a 8.18a 20.80a 39.3a 21.9a

S Average 402.9 28.04 7.53 19.69 38.2 19.0
F {4 M Precipitation 19726.7 "~ 1.8 67684.3" " 5.47 7843.27 ¢ 31.6""
F value HEVE Tillage 3805.3" " 1.4 13392.4 " 0.6 704.6 " 770.8 " "

W xHHE 135.9 " * 0.06 477.5%* 0.3 74.3% " 37.9%*

Precipitationxtillage
3 W Hi 95,250 A1 350 mm Wi T B FORBOREGE T 8

: HE,450 mm T AL BB TR BORLEGR T4 B X &

3.1 R[FBER & T R R E B oK R WITERT R R R R R AT R B X B T AR
A0 PREC—E I, TR SOE 38 1™ 18 25 57 ) 2 22

298 5 E K BARR A 7 0 02 AR A5 R ™ 1 I R
Y TRV RS T T K Bk A R i BB A 5 5
D ARWFFE R, AE 6—9 A 250 mm W N BEE
FoRAY W E S T BIFE, 350 F1450 mm FEE R
G bFE EORAEY 7 i 5 R C B 25 553 R
N AR R T R

W AR E X oK = 8 A B, A
TN E B E$AE 0. 38 ~0.60 . AR5
HF1,6—9 H 250 mm W& T & K WK 48 BUI%;
250 ~450 mmPy & N A w SO R B E T
BEAIBE, 250 ~ 350 mm W& F b3 48 B0 &
TRk, 450 mm W R BRIORTE CS BIEETC
F25. VLI A 2 v s MR TR 5, BB £ ok
WSS 5 i 48 A T 398 T 19 5 v e T A
G #F. 5 250 mm WA H, BIAFAL L 450 mm FN &
R v T S N e R e A 1 B
PR B 1 R P 3 R R . 6—9 H 250 mm TR
N SRR R A GBI LU BRI R ,450 mm RN
iR B LB RG  OR AR, e R OK
ST BHHE.

N CSE S oA P S R N
Sk RE R oK 7R R R A i, H RO R R
BB ORI |3 R RN A T 0RO K

B B ORI AR R it N T SR AR v
BBV, LIS BEE EOKFE 6—9 H 250 ~350 mm
M N M A 25 7E 250 ~ 450 mm W& T 5 Bk
FH L ELA B = 3 58 500 10 4F 6—9 H R,
A 1 4AEKT 250 mm, 3 4E7E 250 ~ 350 mm 22 [A]
31,2 4EAE 350 ~ 450 mm Z 0] Y% 3, 4 4E & T 450
mm. 7] L, 6—9 H 250 350 450 mm F fa %5 4 o A
LT A TR) A T A

3.2 RRIBLABIRT T PR AP PR X R K K 4 A
R )52 ]

Gk o A R AR K B KVEAT, H 100 em
TR KA 3 FhE N R . 250 mm Wi R R
BEE K AR A & T R 350 mm MY N B
e K e R WU T4 = T B 5450 mm F T
B HEE U 0 ~40 em 21K E & T EB#E, 40 ~
100 em £ 2K AL T #BE. BT UL, 78 250 1 350
mm Fi i R LR PR KL, 450 mm R R
GRS KA T EIPE X458 5 i AT 3 —2, B
o BHE R RN 22 A AE O RO R4 ZERR R D 1Y)
AR PRI AT, T BB A B2 TR 20 I A4 il 1 7K
GyZEJZ , TR T AT LA E - S K A3 A7 20

TE B T KT K S5 (k22351 128250 i1 350
mm [ R RSB 35 100 em )2 K S
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T8, B VE RO B8k, K RIS & T
TP, A AT s 4 3K o 45 0 G in 7= 45 450
mm & F B 100 em + 2K KT B8, bk
B i 0 I K G I OE AR AN 40 250 mm FR &
TR Sk AR A R FHRCRAR T B, 25
AIRER AR E R A F BB K R B0 T K5
Je R oK AR A 18 S PN, e R Y
VS8 i R TR B s 7 <19 S S 1<K ¢ = B N o
KR N T KB IR T R, B T R R
KK IEREE A R T FRSF KA AT, DT 4
T B ARAIZR ORI RRCER. SR oK A B Wk
F| 450 mm B, K43 L B A SRR I T oK A K Y
I EBEHER, SE YRS~ i T £k
OyFEIZ  BIRRAEERIN K B O 2 5 S MR FEAR XY , B
FRAIK A FIFROR 2 5 T bt i 50
FEART RPN HE AL B T A RE B 5 KK AR50,
F B E P A g £E 250 ~ 350 mm W T, B
T T R ORI RE K =, 0 T A e L
Ja WIFE/K &, 7F 450 mm RN T, 080/ T H5ERR ] 2
KRR ZR B R L), Y T AR ZE I 2R R
FEIE R L), AR AR A P ERE K A BGRE K, A AT
P B KK AR AR,

ARG 24 F R 3 Bl AR AR PR
35 Hb A5 1980—2010 4F 5 KA & WIRE N &= 1 A2 , fE
% I L2 i A 7 SRR (ER A [ e 2 F R IR
JE AL LA AN [ b ) 254 T 3R 2 Tk A
(), PRI, DL AR AS [ B2 R DX AN [] A A5 2 8 X i
FFARSE R ARG | LA IE 2B 0 3 06 A v T 47

4 & i

SRR LE , S BB 5 KK 2 I SSCR A i
Z W R I SE IR A K, 250 ~ 350 mm T R fBF A
S bH A e 5 AR LLAm i T KRR e T
FHE K, BE T ORI T R K
S FIHRCR 78 450 mm W& T R#k =2 E KK 5 F
FRCR S BPEC B35 22 57 i E 20T B 2
S EIHAE b, Bk w5 0] RN oK R R
7K s FK 3 R ISR, LR I 2 38 i, 3 oK 7=
N (RN XK FHRCR G A /. 25
GARIG 25 3 BOR F Bk  E EOK AR TR
8 {2 350 mm , Bk 55 2 T OKAE 250 ~450 mm T
ORI A R B PR UK R FHSOR  HE7E50
o7 BA 5 10 B HE RV AT Sl B i O
HHEE .
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