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7 E: [Ba] WATRRERT XA EKEHATE ERERKGZ A AquaCrop EA G E g M. [FE] XE 44K
WAL FHAE 10mm (N1). FHEE 20 mm (N2). B FAE 10 mm (M1) FBETFE#E 20 mm (M2), 5%
TE B XA ERZ AN E EAE KGR, FLAT 2 a 69X HIEN AquaCrop A BT HRZ ., ThiE, FAET,
RO AN FRFRRERTETHEERTS, UFERANARFERKGBRSTE, [HR] N2 &2
Ty 0~40 cm L EIHEARE (SWC) ¥HET N1 AZf M2 &5, SO AELTFHERZEEAN: M2 &
F>M1 A SESN2 AL IESNT 432, & 4L32 SWCAERME L EM{EE R*. EF #= RMSE 5 %17 0.645~0.907. 0.461~0.779 4=
0.021~0.034, BEZ LA IUEL TMMEH RP. EF = RMSE % #1#4 0.942~0.992, 0.964~0.990 #= 0.463~0.781, %
WERIME L S MER R*. EF 4= RMSE % #1# 0.959~0.984. 0.969~0.986 #= 0.507~0.614 t/hm®, = %4 sM i 5 520
{549 RMSE % 0.180~0.890 t/hm?, K2 #) A 2 FAL A 5 FMAE 49 RMSE % 0.001~0.003 t/ (hm*mm). [£5i] %
LA E T B KA AR K AL BT 4R % 0~40 cm £ & SWC, #K 20 mm & 4TF, #HHELEE 0~40 cm L &6 SWC
BTHETRELN; BREERSEREHNRRSLEIRGENEF T2, AquaCrop BAEBIFHEM X ETEL

KgAKt B EAREEB T LA G HHE 20 mm. AR A 21K 10 mm.
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ROz T A [F) R AT 85 7 38R 1 oK e 2 78 i
B A WORTE B K R 2R AT TR,
SR B SAR BRI AT, AquaCrop B REH
AACHb T 2 M X R B s . DL BRI R
B AquaCrop 15 78 B X AN [F) b [X 1) K AR K SE B 4
ALl LI ALY 2810, KT AquaCrop AU R
AT A [R]HEWE 7 ORI RE K 8 200 T 1) 2 B oK AR AR A
IR FEATI AR AR IE . CILAR DR I DG B IR R ] 25T,
AHFFE LA R B BRI TN R, 3 i AS [ERE L
77 sOFFEKGE B0 B SRR PR L5 KE . Y&
KPR, 2019 4FEF 2020 A 50 HdE xf
AquaCrop MR FHATRGHERIIGAE, DAV AR AE K
FERE RN, FERIF AquaCrop A5 78 AN [RIEE 7
FINME K E, D=8 & KN H i bR
VEWE T2, NREET B TOK /™= 218 FH A RE R v sk 2
HE2%,

1 MR57E

1.1 X AR

K HH B8 78 R T A X 9 B X AT
Z X AR A 116°42'—117°12/30” E £ 38°35'—
39°4'45” N, AL TS Mg, PR 5 m,
R KA HIR A 1.5 m, HIERAOAM 4, SRR
R T Rt 12 28 RS, AP35 E RIS R] 9 2 699
h, SEFHEAN 920 C, FVFHIHEKEN 566.7
mm, FFIZEKEN 1800 mm.
1.2 R

BER K SRR EE 619, JLHEAT 2 a W56,
20194EF 6 H 15 H¥EFR, 9 HJKIGK, 202047 6 H
20 HIEFE, 10 AIEE, A 8.3 Jitk/hm’.
FEWE 7 ORI R E AN R R, T R EECA 60
cm, JESLIEEEA 30 cm, ESkIEN 1.38 L/h, HUE
BRWERN 1B 27 REE. R RE 4 M,
A EIHUOEEE 10 mm (N1, FHUHE#E 20 mm
(N2). JERHEEE 10 mm (M1) FE NEZE 20 mm
(M2), BAGEEE 3 AMES, SHEEH. K
AR R AT R, BRI T LR 1.
BRI 46%IR R 16%d MRS A 50%hR R
BRUE RS BEAERAE, . B AR e A 24
W)y 168 84. 60 kg/hm®, B VCHE TR I 38 3 7K B i
HIHTERBAL, J5HIT0EAE; % Ab B s R B
Fs HUFE 7 v B B — 2
1.3 WMIEFR KI5 35
1.3.1 £3EAKE

FIF PR2 B E E F KRR 0~60 cm + )21+
gk (SO, TRKATH PR2 L5,

Sy MAESR TR FREHA . ESR A BT E 0~204
20~40 cm £ 40~60 cm L2 SWC, FHFIFH BT
X Szl SWC HEATRHE .

% 1 K3t

Table 1 Experimental design

HEAKEBmm

Ab3 FEWEE BUmm
i 1) HiAdy)
N1 10 10 10 30
N2 20 20 20 60
M1 10 10 10 30
M2 20 20 20 60
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WUE= T (3
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Fig.1 Meteorological changes of summer maize growth period from 2019 and 2020
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Table 2 Parameters of soil hydraulic characteristics in the test site

+JZ WA R RATZE R WEFKER WREKER
JEFE/cm (g em™) (cm® em?®) (cm® em™®) (cm® em™®)
0~20 1.182 0.058 0.250 0.517
20~40 1.427 0.118 0.300 0.442
40~60 1.214 0.036 0.241 0.465
60~80 1.212 0.012 0.238 0.483
80~100 1.645 0.076 0.329 0.340

1.4.3 Ve 3 ¥%
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% 3 AquaCrop 2 Ak /& A 3

Table 3 Partial calibration parameters of AquaCrop model

TR 24 A LA

Wk 2% 55 CCo 0.41 %

IR K /2 7 w5 CCx 89~92 %

ORI Zi 1 m

SHWERIEH H 48 %

FEJR I Thase 8.0 C

BRI Tupper 30.0 C

jib J2= K R % CGC 0.012~0.013 -

7t )= TE IR Z ¥ CDC 0.010 -

{EWDTE 2 58 B R FE I BOVEP) R 3L Kby 1.03 -
EToFl CO, AFRHERITEAL II7K 7342 7= 5 WP 33.7(2 000) g/m?

K73 B e 2 AR A _E R Pexpupper 0.14 -

IR G3 iiE %o 5k B AR K S TR Pexpiower 0.72 -

1.5 #EIFMNIERR

PR E R (RD) . HEAIVEREIE R (EF) Aty
TR Z (RMSE) Xt BEAUKE & 947 W), R® A0
EF BT 1, RMSE BEET 0, FERURS Bk 5 .
1.6 NEFERS R T B~

W REETT 1954—2019 £ FRKBEAT A 5047
AT ENFR KBTI 25% 50% T5%F1 95%5% B[] f&
KES AN 646.8. 537, 456.2 mm Al 332.7 mm, %
K BN 550.56 mm, ATERE (O A
027, & RE (Cs) M 0.65; MTFKELEZA
KRR iR B MR, @I X 1954—2019 1%
KEAREE 2015 4E9°FKAE, HREE 2015 FHAS
B (E 2). BB RAEK RN R E T B AR,
EEFTKRAEFTIRE 6 MEBM TR, 2 FEKER,
BHAREBL T R IR 45 FIHS BRI A [F) 3
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c " - - - HF M1 ACBRAEESRIAN SWC T N2 AbHEA M2
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G o : 10 ) TR AL BE B 20~40 em 2 SWC, A
c: 2 10 10 40 LRI AR AN ER TR, 2K,
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Fig.3 Changes of soil water content in different soil layers under different conditions
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222 RRAHEMNE 2R FZHHE

£ 5 NAFMGE T ME TR~ 8RR EER.
VEZK 10 mm B 75 65 35 2 Ak L2050 AL T Ak 3L PP G
AIRERIBOE N T 10.14%F0 23.81%, #E/K 20 mm I
T G537 Ak 3 A L R A B ) e AN BB AR
T 6.17%H1 4.49%; R HE T R 7K AL BRI AK Ab B
FRRE KRR R N T 17.39%0 21.77%, JE R G HE
R K A B AR K Ak (AR R AR R 0 n T
13.16%1 2.77%. & FUEHE N iy 7K AL BRI /K Ak 3
RIS T 36.59%, M NEE T Kb EEHK K
A ERFEAHIE N T 8.70%. 5 K HE T =1 K A BEHAIG

IKALFRRISKEAR T 73.08%, 5 TG0 T w7k b3
BRI A TRRKPEE T 66.67%. HE/K 10 mm 7
B 37 Ak FER 2 O A L ) RO R R P R
T 3.82%M1 11.66%; #E/K 20 mm 75 530 FE AL PR 4%
R A E R E AR 0 AR R T 2.82%
H7.40%; 5 HUTHE T K A B ASAIC K AL 3 A 7
Pem T 11.43%, JBERREEE T Sk A ERER K AR 2 1)
PR T 7.17%. K E R E FOKFEE
TR MR, EAREAEE, FRRPEERE K
RALK, BEFMERESE KK, R, |
or JoR B B

A5 FARARETHEEKZEAMAEF

Table 5 Yield and index of summer maize under different irrigation conditions

Ab3 R fem FiAtl/om FRERER0 R A0 RIAKfem FRLE R g PR/ (thm™)
N1 13.80c 4.10c 362.00c 2.60a 42.78b 8.49¢c
N2 16.20ab 5.60a 440.80b 0.70c 43.27ab 9.46b
M1 15.20b 4.60bc 448.20b 2.40a 44.41a 9.48b
M2 17.20a 5.00b 460.60a 0.80bc 44.49a 10.16a

T ANFELER)NG FRRIRTE P<0.05 KFTFTEAREER.
2.3 {RBYIE

ANFEAEE FRIRFR 0~60 cm -2 SWC. CC
A& R BAESIESS R WK 5. 7“8 & WUE
IGUELE R IORZE G WK 6. KA SWC BAME
SS2IME R R* N 0.645~0.907, EF N 0.461~0.779,
RMSE 4 0.021~0.034; &4t CC HBAME S SMME
1] R* ¥ 0.942~0.992, EF )y 0.964~0.990, RMSE }y
0.463~0.781; % Ab ALY BARIME 55 R,

R?=0.716, EF=0.685,
R?=0.773, EF=0.633, 06

o
o

RMSE=0.031
- RMSE=0.021 -~
: ; -
mE0.4 Y °. : 04 F
s s |k
Y R Q0> o S
< —— B ? ——
0.0 L L 0.0 L L L ,
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) 8] /d i 1) /d
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100 100
L] ° 3 (] o
80 80
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Fig.5 Simulation of SWC of 0~60 cm soil layer in rhizosphere, CC and biomass of summer maize under different treatments

K6 TRRLT Z Ao 41 A #E DRI AT 5 252 6 o 8 A0 3 1 ) 9 7 TR AR T A
BRANZE R RARINIR E R [ VEE M 7K 1 R T R B KA KRS i O SR E R
Table 6 Simulation results and error statistics of yield and KrE i i KR FE IR K S, TG I Bk v B W AN = B
water use efficiency under different conditions BRI B sl
) WUEI ) R B AR 5, (LI 5 R PR

U oW saui RWSE BB SN RMSE e S B T A ME RS . DL, A
N1 9.104 8.49 0.614 0.030 0.028 0.002 N _
N2 9640 946 0180 o028  oozs ooor  AquaCrop FREEIBLILL ;AN [E I HE AL FE T B TOKAR b
ML 10370 948 0890 0034 0031 0003  SWC. EKFNE. PAEAKDFHBERKTER,
V21081016 06 002 0030 002 g o iREHERBUMMETIK, 4REIIE TR
24 REIRT R TR~ RAMER HibR SWC. TIZEHIE . AR, PR Rk

RIARFBITR P HBINEE SITHTI g i s et SWC BN 5 S AL
PRRIN: Co TRCTFC IR TR, gk gy, R R AVEMERG R
JFCJi5 U BB B LTI 0 04 ) |, pragin 1, SBHIRERN RMSE KRS,
Cor CoITR PIOPRLET CoTM Co I R s a0 1 e 0 08 45 1 M X KPP B 4T
15 82 T8 WAt AR K BB RO SE AR A (BT gy s 5 B 5 ST 1 R 0.78,

B Corse R Rim, MUSOLMEBETSRNEN  pr g 074, tiAscst sl s s R s

BT ARRERTRTHANSE SR, SR D A K 3 0 AL 5 5

Table 7 Yield forecast under different irrigation scheme AR A A — 3, 5 T 2 R R 5 s M

— — PR ) () R & T 0.96 EF 9 0.92~0.99, RMSE /T 9.78%,

1 .

C, 10 8.543 FEEARME S SEME ) RMSE N 3.13%~9.18%; #%

Cs 10 8.488 2SI AquaCrop A5 S AN ] JEE L A it UK T R

c 30 9.136 — e et o s

o 0 0,056 (0 KA R AP B ATARA, A B R A
Cs 40 9.253 PME 5 R EF A1 RMSE 435124 0.860.

N 0.694 A1 0.977 t/hm” & 0.919. 0.915 A1 0.249 t/hm’.
3% g PR RERSARBEREAYS, £W

ARFFEH, H R R m KB KA BRI S AquaCrop AR 7R At YA M ASADL R T R R AL EE R AR
SWC, BETFMEEME KAy EREE TR EWE  FREK. REWREFBEX, KD, ZKE
A= TR R LR R AL BN, SWC msgm K, KERIEAE, B, KA S B RORE T =0
ANEE, ST FEK AT S R R 7 K Ay o R KK 2 A R R AT LK R B AR,
JECN AL B RE T LB N R Ky AR, RIS AR SCH A S EU B A TN AN [ WL 77 % R ) R
PG BEANRE K, BRAKI R AEAS 2] 58 MM REAFE S DU KA B AR iE s 7 &2, ATl Y
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Research of the Effects of Different Drip Irrigation Treatments on the

Growth of Summer Maize and the Adaptability of AquaCrop Model
CHANG Mei, ZHOU Qingyun, YIN Linping
(Tianjin Agricultural University, Tianjin 300392, China)

Abstract: [Objective] Bioavailable water in soil controls root growth and root water uptake, but it depends on
how water is irrigated. The objective of this paper is to investigate the effect of different drip irrigation methods and

amounts on growth of summer maize. [Method] A two-year field experiment was conducted in Tianjin, China. It

consisted of two irrigation methods: conventional drip irrigation (M1) and mulched drip irrigation (M2), each having

two irrigation amounts: 10 mm (N1) and 20 mm (N2). Crop growth in each treatment was measured, and the
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measured data was used to calibrate the AquaCrop model. The calibrated model was then used to evaluate how the

yield responded to irrigation methods and amounts in normal year, from which we obtained the optimal irrigation
scheduling to maximize the yield. [Result] Soil water content in the top 0~40 c¢m soil layer under M1+N2 was
higher than that under M1+N1 and M2+N2. The biomass and yield under different treatments were ranked in the
order of M2+N2 > M2+N1 >M1+N2 >MI1+ N1. The RZ, EF and RMSE between the simulated and measured soil
water contents for all treatments were in the range of 0.645~0.907, 0.461~0.779, and 0.021~0.034, respectively. The
R, EF and RMSE between the simulated and measured canopy coverage were 0.942~0.992, 0.964~0.990, and
0.463~0.781, respectively. The Rz, EF and RMSE between the simulated and measured biomass were 0.959~0.984,
0.969~0.986, and 0.507~0.614 t/hm®, respectively. The RMSE between the simulated and measured yield and water
use efficiency were 0.180~0.890 t/hm’ and 0.001~0.003 t/(hm*-mm), respectively. [Conclusion] Under
conventional drip irrigation, increasing irrigation amount can improve water content in the 0~40 cm soil layer; water
content in the 0~40 cm soil layer under conventional irrigation was higher than the mulched treatment when
irrigation amount was 20 mm. Mulching or increasing irrigation amount can improve biomass and yield of the
summer maize. The AquaCrop model can reproduce the growth of summer maize. The optimal irrigation scheduling
to maximize maize yield in the studied region is to irrigate 20 mm of water at seedling stage, 10 mm at heading
stage, and 10 mm at filling stage.

Key words: AquaCrop model; summer maize; soil water content; canopy coverage; biomass and yield; WUE
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Effect of Prolonged Drought on Chlorophyll Fluorescence,

Yield and Water Use Efficiency of Summer Maize
LI Yanbin, LU Zhengguang’, LI Daoxi, ZHOU Tingquan, HOU Haosen, LIU Huan, YANG Peiwen
(North China University of Water Resources and Electric Power, Zhengzhou 450046, China)

Abstract: [Objective] Drought is a common stress faced by crops during their growth. Its impact on crop growth
and ultimate yield depends on when droughts occur as well as their duration and severity. This paper is to investigate
the impact of prolonged droughts on chlorophyll fluorescence, yield and water use efficiency (WUE) of summer
maize, and provide a guidance for enhancing drought resistance and ensuring stable yield of summer maize.
[ Method] Pot experiment was conducted at a site with mobile rain shed covering. Maize variety DHA757 was
used as the model plant; the drought was artificially imposed at jointing-stage (B), tasseling stage (C), and filling
stage (G), respectively, at normal (CK), light (1), medium (2), or heavy (3) level. There were nine treatments: two
drought treatments with different severity occurring only at jointing-stage, three consecutive droughts occurring
continuously across jointing and tasseling stages, three consecutive droughts occurring continuously across jointing,
tasseling and filling stage, and one control (without drought). In each treatment, we measured water consumption,
F,/Fn, F\/F,, yield, and water use efficiency (WUE) of the crop. [Result] Continuous drought significantly reduced
water consumption, SPAD, F,/Fy,, and F\/F, of the maize, compared to the control. The decrease in these parameters
increased with drought severity. All drought treatments reduced the crop yield. For the single drought treatment at
the jointing-stage, the yield reduction of B3 was most significant, followed by B2. For droughts lasting two stages
and three stages, light droughts did not result in a significant reduction in yield, but other droughts reduced the yield
significantly. Compared to CK, B2, B1+C1 and B2+C2 increased WUE by 5.1%, 2.8% and 6.3%, respectively,
indicating that a light drought was beneficial to improving WUE. [ Conclusion] Considering both yield and WUE, a
medium drought at the jointing stage (with soil water content dropping to 50%~60% of the field capacity), and a
prolonged drought lasting two stages with the soil water content in the range of 60%~70% of the field capacity are
suitable for reducing water evaporation without considerably compromising the yield. Our results provide guidance
to help sustain summer maize production in regions susceptible to drought.
Key words: continuous drought; summer maize; chlorophyll fluorescence characteristics; yield; water use efficiency
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