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B ET3aH8ANE-TEREERERBARER T AquaCrop H A By & F 1, %%W%at’fﬂﬁéut
HEEREK FERMAMHGGH, 2 T BEFEFLELTMEREAZR, FREW . XPHE(URS . F
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MEAKFAT BEAEFEXNG THRBOE EATR AU ETEAGELAET, BBEAEKATURSE -
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Response of maize growth and water utilization under plastic
mulching in dryland to climate change
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Abstract; The applicability of AquaCrop model was calibrated and verified based on the experiment of winter
wheat-summer maize rotation under mulching from October 2013 to June 2016. The effects of climate change on the
growth, yield, and water utilization of summer maize were simulated, and the effects of mulching on impact of cli-
mate change were analyzed. The results showed that the average annual temperature in Guanzhong ( Wugong,
Baoji, and Xi’an) increased while the rainfall decreased during the growing seasons. The temperature distributed
from high in Baoji to low in Wugong and intermediate in Xi’ an, and the rate of temperature increase was 0.20,
0.12°C - 10a™", and 0.09°C - 10a™". The decreases of rainfall in Xi’ an, Baoji, and Wugong were 3.59, 3.23 mm,
and 2.64 mm 10a”". The AquaCrop model had good applicability in Guanzhong and simulated the yield, water utili-
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zation, and dynamics of crop growth of wheat and maize under mulching. The root mean square error (RMSE) be-
tween simulated and measured canopy coverage values ranged from 1.1% to 15.3%, the RMSE of biomass values
ranged from 0.626 t » hm™ t0 2.540 t - hm >, and the RMSE of soil water storage values ranged from 12.6 mm to
47.4 mm.The simulation results showed that temperature was rising since the 1960’ s.The growth of summer maize
during the growing seasons in Wugong, Baoji, and Xi’ an showed a decreasing trend with the reduction as high as
2.76,4.82 d - 10a™", and 5.94 d - 10a™', especially, since the 1980 s. The yield with mulching was higher than
that with control, and its coefficient of variation was small under different precipitation year types. Also, the mulching
helped obtaining the grain yield and it promoted yield compared with the control under drought climate. Additionally,
the mulching effectively reduced the evaporation of soil surface layer during maize seedling stage and conserved more
rainfall in soil, which is needed for maize growth in later stage (an average reduction of 7.6 mm). Although mulching
increased soil water consumption, it effectively improved water use efficiency of maize by conserving soil water and
stabilizing crop yield. The mulching on summer maize in Guanzhong can adapt to climate change effectively and deal
with drought climate to a certain extent, it has a good effect of increasing production and stabilizing production.
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1.1 XIS HhAgE

KT 2013 4F 10 H—2016 4F 6 H7EREU A
VAR MR KA BB TR XA K - TR H
SIS HE R S 0l (108°24E, 34°20' N, 4K 521
m) AT 2 X T I a7 2 0 1 R i 2 RS
(iAWt =5 o T = T W T
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AN KT 2 EAT
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TR0 1R A Ak B i BN 75 (CK) F1E
WIHbIREAT 55 (PM) . B0 HE 3 AN E K, 3L 6 /)
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B 0.5 m MR AT, B RhATSEHE 4T N T B 3%
HbRITAGEAE , T D b Sy 325 30 SR 2 0 9 R S
0.01 mm, A4 /N SR AR PR, W 5% TR By
5~6 cm, 178 30 cm, RF RIS —BJE 30 kg « N -
hm?(JRE) . B IR ARG, IR, WRE R S
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Table 1 Field experiment of winter wheat-summer maize

N HE i P A s . st i
)y ) i i AL N At MR I
Y c Culti N application rate P application rate Sowing date Seedine densit Harvest time
ear rop ultivar /(ke - hm?) / (ke - hm?) (Y=m—d) Seeding density (Y-m—d)
KINFE /IME 22 -2
2013-2014 Winter-wheat Xiaoyan 22 120 100 2013-10-09  187.5 kg - hm 2014-06-05
> %A b - hm-2
2014 . . . 77372 14 225 90 2014-06-16 52000 £ - hm _, 2014-10-10
Summer-maize Qinlong 14 52000 plant + hm™2
L INFE 7IME 22 -2
2014-2015 Winter-wheat Xiaoyan 22 120 100 2014-10-15  187.5 kg - hm 2015-06-06
N N b L -2
2015 LK . %iﬁ > 225 90 2015-06-12 52000 £ - hm _, 2015-10-07
Summer-maize Qinlong 11 52000 plant + hm™
LN 7IME 22 -2
2015-2016 Winter-wheat Xiaoyan 22 120 100 2015-10-13  187.5 kg * hm 2016-06-05
N N 2
2016 LR . %i}ﬁ i 225 90 2016-06-10 52000 £k - hm _, 2016-09-23
Summer-maize Qinlong 11 52000 plant + hm™
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IMKO 2 H)) 7€ , 2 /N2 55 10 d Mg — 3, B E oK
7 d ME—K, TRIME & 3 A 7E/NX b AL
5 TRIE 53514 0,10 ,20,30,40,50 .60 ,70 80,90
100 ¢cm #1120 c¢m,
KR (SWC, mm) HAEATF .

SWC =10 X p;, X @, X h; (4)
Ko, AL IZHERE(g-em™), o, HFIJEZL
HEEIKE (%) sh, N i R LRI (em) . 1EWE
BFWAR HFE/KE(ET,mm) AR5 F AR (WUE,

kg - hm™ - mm™") BT,
ET=(W, -W,) +P (5)

Y
WUE:E’ (6)

A, W, AIERTO ~ 120 cm + 2 H3EF/KE (mm) |
W, RBGKRES 0 ~ 120 cm £+ 2 HIEF K E (mm) ;P
FVEIET Y = 5 mm ARFENE (mm) ;Y AEY
PRI =8 (kg « hm™)
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CCpy =1.005[1 - exp( - 0.6LAI)]"* (10)
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P[] R 00 5 Al 8 7 A AU BSCHI P72 e PML Ak P 3 K
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PEBBIEA TR UE , B FH 2013—2014 4EH12015—2016
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I SHL B CK AL B b J5E 7 55 FE 1R 0, NN 4E—
CK 4bFH 5 PM AbBE S %, X CK AL ST
Ul A 2014—2015 4F CK Ab 350 45 48 % B A 2
Bk A7 B e, A 2013—2014 4F 1 2015—2016 4F
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B, TEBAI i AR BORE MR 2 50R H 8] 8 3
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Table 2  Initial soil parameters

) ; TRIFK R
1 A E=N

T2 HH [R5 7K fj %%\ﬁi f@f”?’ ZJ( E.l Saturated

Soil layer Field capacity crmanent - aturated sot hydraulic

wilting point  water content ..
/em  /(em® -+ em™3 B B conductivit
( )/(cm3 cem™)/(em® - em™) Y

/(mm - d")
0~20 31.0 21.4 41.5 353.0
20~40 32.5 21.8 41.5 256.8
40~ 60 34.5 22.0 42.3 300.6
60~ 80 335 20.0 46.8 305.0
80~ 120 30.7 14.1 44.8 292.0
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Table 3 Crop parameters in AquaCrop model

/NFZ Wheat FE K Maize
SHIR P stric: descripti

BAiiR Parametric description CK PM CK M
FHLJKTESE Base temperature/ °C 0 0 8 8
FFRIGEE Upper temperature/ °C 26 26 30 30
BRI D) i Fe AR 45 SR Minimum air temperature at beining of pollination failure/°C 5 5 5 5
B M T R A 9 i 8 25 SR E Maximum air temperature at begining of pollination failure/°C 35 35 35 35
2P FFRBI{E Upper threshold for canopy expansion/ (% of TAW) 0.25 0.25 0.25 0.25
)2 T FRE{H Lower threshold for canopy expansion/ (% of TAW) 0.6 0.6 0.68 0.68
- EP G R BRI IZETE AR Leaf expansion stress coefficient curve shape 2 2 3 3
SFLKM EFRBIE Upper threshold for stomatal closure/ (% of TAW) 0.68 0.68 0.72 0.72
b JZ Ml 2L Canopy senescence stress coefficient/ (% of TAW) 0.7 0.7 0.68 0.68
HRIX Y R IIEARF F Shape factor describing root zone expansion 1.5 1.5 1.5 1.5
FEAEWIK 43 a8 9 1 BR BB Upper threshold for water stress during flowering/ ( % of TAW) 0.85 0.85 0.85 0.85
A ~ YA BB Effective accumulated temperature from sowing to emergence/ (C + d) 150 103 130 110
2 o= oF L7 2 AR % FH v
e R . 1720 1500 830 825
Effective accumulated temperature from sowing to maximum canopy cover/ ( C « d)
FER ~ F ARG AT BRI
Effective accumulated temperature form sowing to maximum rooting depth/(°C - d) 1501 1444 1452 1440

Bl ~ L 256 1 KB
SRR : 1900 1950 1524 1500
Effective accumulated temperature from sowing to start senescence/ (°C + d)
T ~ B AR Effective accumulated temperature from sowing to maturity/ (C « d) 2190 2190 1750 1750
T ~ FFAERY A AR Effective accumulated temperature from sowing to flowering/ (°C - d) 1406 1349 1044 1020
B ARR ] 9 2R Effective accumulated temperature of pollination/ (°C + d) 722 779 672 670
SR P EL 3:213 I 3 75 R:lﬁl
EEEE RS AR . 646 304 180 180
Effective accumulated temperature of building up harvest index/( °C - d)
KRR Maximum effective rooting depth/m 1.7 1.7 1.7 1.7
F/IMBER Minimum effective rooting depth/m 0.3 0.3 0.3 0.3
IKAA 7= F1 Water productivity, WP * /(g + em™) 21 21 36 36
SHIFFEEL Reference harvest index/% 39 39 46 46
i BURBBEE B ARLR
A 35257 Type of surface mulches Non- Plastic Non- Plastic
mulching ~ mulches  mulching  mulches
TE : CK—HL b AL 3 ; PM—7 36 A0 TAW— B IAR X + A R0K
Note; CK—non-mulching treatments ; PM—mulching treatments; TAW—total available soil water content in the root zone.
SEHPHC A 47 B B 5 S0 B3 s "
— - . = X
FIRFLE , RPWCERAR BRI 7 2 JE 01 45 TR 3% 52 i 7 2 m

WATALIE , /278 55 B A= ) Fn - BRI K S PP
SH5 207 MR 25 (RMSE) | bR ¥ 07 A iR 22
( NRMSE) FlP 52 ZEC(R?) |, 7= DL S FE K S R
TR AR ZE (RE)

(11)

(12)

[ (= m) (s, -]
R ="

g (m, —;l)zg (s, -s)?

(13)

K (1) ~ (14) T s, HEAUE , m, FRDIE s
PUE A 2B s m A S A M 5 n RS2 S
NEIE A58 RMSE R385 iR iR 25 8% T 0 3R
RSO 5 S (AR AR T ; NRMSE AR 5 iR iR
| BUNFR BRI AT 5E  NRMSE < 10% U510
HARYF,10% < NRMSE < 20% 3¢ IR R R4F
20% < NRMSE < 30% FRPABIISCR AP, NRMSE
> 30% FWIBHURCR 2P R o 250, i
T 1 R IBAE S SOMME — SR s RE AN R
% RWFIELL 15% NhRiE BN RIS
1.7 LR

PEOCCHH X ) XY PEE (R 4)3 MHLIX
A g R0 52 0 7 O ORISR X, R Tt 25 50 a
i s A G A2 B EREIE Y AquaCrop £5
RS 77 7 K B oK 1% A K 7 K st i) e 371 A< f
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FAF T BAR LR B9 7 I oK P R K
A 1.2 m )2 I K R XA A Ak A o) o7 B
AquaCrop R % E BRI R B 6 H 10
H Wk H 6 2 2 oK A SR a0, o &1
S HE RIS UE— 2, Fri R R 1 R4 88
TR

IZIREE 1 e AR 4 T 548 2L ( drought index, DI)
B 50 a H ERAEFTHNREK(6 H 10 HE9 H
30 H) X4 FKEE(DI=0.35) FIK4E(-0.35<DI

<0.35) FIF54E (DI<-0.35) , it A T,
DI=(P-M)/o (15)
Kb, P AE FORAEFTIINFEK R (mm) ;M Rk 50
a B T KRAEFMNFEHREKE (mm) ;o NI 50 a &
FORAFH BN B K PRI
AFFEHH EXCEL2010 XF4CHE R T AL 38 F
SPSS 20.0 X ¥4l #4175 &K J7 22 93 #7, R A LSD
BT B E YT (P<0.05) , JH SigmaPlot 12.5
YER

F4 XHPHXERELER

Table 4 Basic information for precipitation in Guanzhong area

AR

INZZHEF W Wheat growth season

FAKAFB W] Maize growth season

IR

L S G average \nual average  AEHEER AR ARSI AR
Site Latitude/° Longitude/° ratinfall /mmg temperature Average annual Average annual Average annual Average annual
/C rainfall/mm temperature/ “C rainfall/mm temperature/ C
R Wugong  34.28 108.22 304.47 16.25 246.18 9.04 362.76 23.45
FIY Baoji  34.38 107.15 329.37 16.09 254.80 9.16 403.94 23.03
V% Xi’an  34.27 108.95 276.06 16.32 236.35 8.92 315.77 23.71

A ARRMESS T s RSB , 3Tk 1956—2012 4, T3 1956—2007 4F, P54 K 1956—2007 4F

Note : The average annual values were the average values of historical meteorological data from 1956 to 2012 for Wugong, from 1956 to 2007 for Baoji,

and from 1956 to 2007 for Xi’ an.

2 R0

2.1 EREBIEBEFREET AquaCrop B AL F0

EA/NE RE ERE KSR, )28 5%
(CC) 2R Ak Bbit oK A/ NZ A 0 ke i 22 B
W& AR (K 1) . CC ZEAEY T I g i, 7
HESRINIR B EAE 22 J5 Bl A W R 19 5 2 22 /DN
AquaCrop AR ffE 8 72, CC YA HIE 5 S NE
AR HEA B (E 1), H R*E 0.25~0.97 ZH],
RMSE 53 A5 7€ 1.1% ~ 15.3% 2 [8] , NRMSE 43 4ii 1€
1.6% ~22.6% 2 [d], H. 50.8% I 76 /2 78 5 JE B AU 78
SN B2 A 2630 L N I 2l 0 B AR 2 22 LA 3
WA HELS SR . 7E AquaCrop B2 BUBGUE 3 FE H , CC
W RIS T B AL 5 5 B UL N S0 {2 (]
) RMESY AR TE 0.22~0.92 Z [i] , RMSE 73 4 15 7.8%
~11.4%Z 8] , NRMSE 3 fi 1E 12.5% ~24.9% Z [d] ,
FLE R B, ARG I o RN IR IE 22 S5 A L8R 5 4
TP MRS AL

o EERAE W) AR AquaCrop 5 7 rh 2 H EVEY)
PPN EFEESHZ —, K2 TLE N, b B Y
SO S I 1 A8 Akt A — 3K, AquaCrop £
RIM eSS AR v b - 8 A= 4 e A AU R S5 DU A =2 [
) R* 3 TE 0.89 ~0.98 Z [a] , RMSE 43 A 7E 0.626 ~

2.184 t » hm > Z [d] , NRMSE 43 A3 7E 10.8% ~29.5%
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Fig.1 Simulated and measured canopy covervalues under plastic mulching and non-mulching treatments from 2013 to 2016
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Fig.2 Simulated and measured biomassunder plastic mulching and non-mulching treatments from 2013 to 2016
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Fig.3 Simulated and measured soil water content in 1.2 m depth under plastic mulching

and non-mulching treatments from 2013 to 2016
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Table 5 Evaluation results for simulated soil water content

in 1.2 m depth from 2013 to 2016

JoE BRI
Iy b ¥ o . .
?Ee{a)i 1(;'?::% Trﬁttm%‘nt A iz fRiR%
i P ament g2 RMSE/mm NRMSE/%
KN PM 0.86 20.4 6.3
2013-2014 .~
Winter-wheat CK 0.79 22.2 6.8
FEZ S PM 0.73 23.7 23.7
2014 Summer-maize CK 0.90 20.5 6.6
KN PM 0.63 22.7 7.0
2014-2015 .
Winter-wheat CK 0.55 12.6 3.7
BEKX PM 0.10 28.9 9.6
2015 Summer-maize CK 0.05 36.6 11.6
KN PM 0.94 14.3 4.5
2015-2016 .~
Winter-wheat CK 0.89 14.2 4.3
FES S PM 0.80 14.9 5.5
2016 Summer-maize CK 0.79 47.4 17.7

e RAE Ry FAGR VG X PM Ah =
S RO 16.3% 19.3% K1 25.4% ,CK AbFH =
AR RZET N 79.2% (101.4% F1 78.5% ., 1EF
KA, BRI EXGFIPG L HB X PM AR B = 547 5 R4
TN 9.5% 35.5% 11 19.7% , CK b BHF= 575 S5 &
Bl 48.4% 58.5% 1 52.1% . 1EFKAE, R

FAGFN VG 22 3 X PM A B 7 A8 S 2R 8000 i

H 5z
10.3% 26.9%F1 7.9% , CK Ak 3 7= & 48 S Z 5504 7
4 50.3% 58.1%F1 18.5% , PM Ab B =575 5 225

/NT CK AR PR 2 PR g 75 5 Ak 208 o TR AT 3]
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Table 6 Measured and simulated values for winter wheat-summer maize rotation
system yield and water consumption from 2013-2016
e Yield K E
ARGy ey fb 3 /( kg - hm™2 ) Water consumption/mm
Year Crop Treatment S B RE S Wemlfi RE
Measured value Simulated value /% Measured value Simulated value /%
LN = CK 5458.7+1113.4a 4626 -15.2 - 325.3 B
2013-2014 .
Winter-wheat PM 6921.9+648.9b 6931 0.1 - 351.6 -
2014 HEX CK 3715.2+896.8a 3987 7.3 328.2a 342.3 4.3
Summer-maize PM 4551.2+2062.2b 3851 -15.4 308.2a 316.2 2.6
KNG CK 5195.5+1219.2a 4569 -12.1 275.2a 305.8 11.1
2014-2015 .
Winter-wheat PM 7400.9+511.6b 6767 -8.5 286.9a 332.5 15.9
2015 HEX CK 5054.1+1743.8a 4532 -10.3 294.3a 221.5 -24.7
Summer-maize PM 6673.5£790.4 b 6337 -5.0 276.1a 232.2 -15.9
LN CK 2752.0+1425.3a 2340 -14.9 248.6a 224.7 -9.6
2015-2016 .
Winter-wheat PM 5619.1+691.4b 5559 -1.6 226.3a 262.5 15.9
2016 HEX CK 4986.8+1883.9a 4665 -6.4 236.8a 261.8 10.6
Summer-maize PM 6153.3+2451.2b 6748 9.6 241.9a 239.5 -1.0

TE : [F)— B HUE G AN R] 5B 2o Ab B 8] 22 57 % (P<0.05) o

Note: Different letters in same column indicate significant difference among treatments at the 0.05 level.
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Fig.4 Tendency of historical precipitation and temperature, and response of growth cycle to

climate change during summer maize growth seasons
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Fig.5 Response of summer maize grain yield,soil water consumption, water use efficiency,

and soil water content at 1.2 m depth to climate change
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