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Effects of time of spring one irrigation on the grain filling characteristics and
water use efficiency of winter wheat

LIU Zhiliangl’z, LI Xiaoshuang3, CAO Caiyunz, ZHENG Chunlian®, MA Junyongz, LI Kejiangz,
.. . ok L
YANG Huiying®, LI Shuning'”", DANG Hongkai’
(1. College of Water Conservancy and Civil Engineering, Shandong Agricultural University, Tai’an 271018, China; 2. Dryland

Farming Institute of Hebei Academy of Agriculture and Forestry Sciences, Hengshui 053000, China; 3. Hengshui University,
Hengshui 053000, China; 4. Agricultural and Rural Bureau of Wugqiang County, Wuqiang 053300, China)

Abstract: There is a serious contradiction between water resources and grain production in the Hebei Plain; therefore, this
study aimed to investigate the optimal time of once irrigation in spring for winter wheat to provide a technical basis for
regional food security and groundwater overdraft control. A field positioning experiment was conducted from 2018 to 2020,
with the water-saving winter wheat cultivar ‘Heng 4399’ under five treatments of spring one irrigation time (0 d after jointing,
AJO; 5 d after jointing, AJ5; 10 d after jointing, AJ10; 15 d after jointing, AJ15; and 20 d after jointing, AJ20) and two control
treatments (no spring irrigation, CK1; and spring two irrigations, CK2). The effects of different treatments on the grain filling
characteristics, yield, and water use efficiency of winter wheat were analyzed. The results showed that the delay of one spring
irrigation time increased the duration of grain filling and the theoretical maximum 1000-grain weight, and decreased the
average grain filling rate. Compared with AJO, the duration of grain filling was prolonged by 3-7 d, the average grain filling
rate decreased by 2.40%—13.51%, and the theoretical maximum 1000-grain weight increased by 1.61%—18.62% in the other
spring one irrigation treatments. Under the spring one irrigation condition, the spike number per unit area, grain number per
spike, and grain yield of winter wheat first increased and then decreased with the delay of irrigation date, whereas the
1000-grain weight gradually increased. Grain yield in the AJ5 treatment was the highest, followed by AJ10, and there was no
significant difference between AJ5 and AJ10 (P>0.05), but both were significantly higher than those of AJO, AJ15, and AJ20
(P<0.05). The yields of AJ5 and AJ10 increased by 96.04% and 52.18% in 2018-2019, and 90.15% and 49.84% in 2019-2020,
respectively, compared to CK1. However, compared to CK2, the same treatments decreased by 0.80% and 16.75% in
2018-2019, and 3.79% and 18.03% in 2019-2020, respectively. In the two experimental years, the water use efficiency of
spring one irrigation treatments was higher in AJO, AJS5, and AJ10, and there was no significant difference among the
treatments (P>0.05). AJ15 and AJ20 significantly decreased the water use efficiency compared to the above-mentioned
treatments (P<0.05). Compared to CK1 and CK2, the water use efficiency of AJS increased by 20.78% and 18.47% (P<0.05) in
2018-2019, and by 41.07% (P<0.05) and 5.33% (P>0.05) in 2019-2020, respectively; AJ10 increased by 12.34% and 10.19%
(P>0.05) in 2018-2019, and by 37.50% (P<0.05) and 2.67% (P>0.05) in 2019-2020, respectively. In summary, under spring
one irrigation conditions of winter wheat in the experimental area, the optimal irrigation date is 5—10 days after jointing, which
resulting in a higher yield and water use efficiency.

Keywords: Winter wheat; Once irrigation in spring; Irrigation date; Grain filling characteristics; Grain yield; Water use effi-
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1.54 g'kg™, 127.24~134.68 mgkg ',
21.95-24.13 mgkg ", 113.68~128.42 mg'kg '
2018—2019  2019—2020

[17-18] 133.7mm 124.1 mm
1.2
- (Zea mays)
, , < 4399’
, 2018—2020 2018 10 15
2019 10 15 225 kg-hmﬁz, 15 cm,
, 2019 6 5 2020 6 7
525 kg-hm™
. 150 kg-hm 2, 375 kg-hm 2, N
1 MRSHE P,0; K,0 267 kghm?  241.5 kg-hm 2
1.1 90 kg-hm > ,
2018—2020 © 25 ) 75 mm
(115°72'E, 37°91'N) , G—4 ) 5
, , 0 d (AJO) 5d
R 21.0 m, (AJS) 10 d (AJ10) 15 d (AJ15)
, 2509.4 h 188 d 20 d (AJ20); 2 ,
1785 mm 510 mm 12.8 (CK1) (CK2)
, >5 m, 1 , 3 5
0~200 cm 1.46 g-em™, 0~20 cm 40 m* (5 mx8 m), 0.5m
15.68~17.42 gkg™', 1.48~
x1 FRLBZNEEFTEFHEEKER
Table 1 Description of irrigation treatments during spring growing period of winter wheat
Treatment Irrigation frequency Irrigation time (d) / irri/gation volume (mm)
AJO 1 0/75 0 day after jointing / 75
AlS 1 5/75 5 days after jointing / 75
AJ10 1 10/75 10 days after jointing / 75
AJ15 1 15/75 15 days after jointing / 75
AJ20 1 20/75 20 days after jointing / 75
CK1 0 No irrigation
cK2 2 5 days afterjointings//ZSS;; 5 days afstgrsanthesis /75
1.3 5, )
1.3.1 105 15 min 80 s
0~200 cm , 0~100 cm 10 cm 1.3.3
, 100~200 cm 20 cm s , 3 1 m
i , ; 10
; 3m*
1.3.2 )
) ) 1.3.4
3d R 3d 1, ET =W +P+I+G—R-F-W, (D

http://www.ecoagri.ac.cn



1299

8
: ETC > Wl WZ s d, Tmax > d; Rmax
0~200 cm , P I , 2(1000-grain) "*d"'; Rpean ,
, G g-(1000-grain) '-d™'
, R , F 1.4
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[13] L ..
, Logistic Logistic
b (t) 2 b
s (y) s (Rmean) (Rmax)
B | ’ (Tmax) b
y=K(1+4e™) 4) T (K) AJO
1y & K & , 2018—2019  2019—2020
t 44 B AJ5 AJ10 AJI5 AJ20 Runean 5.60%
’ 9.46% 2.40% 8.78% 3.20% 10.81% 4.00%
3 Ba 13.51%, T 3.14d 3.13d 435d 3.60d
R=KABe "(1+de 7 ) 5004 495d 619d 659d K 5.71%
‘R, s g-(lOOO—grain)’l-df1 ’ ’ ’ ’ ’ e
1.61% 13.51% 3.75% 15.32% 6.70% 18.62%
8.58% Rmean Rmax K
f=—In[(2+3"2)/4]/B (6) CK1 , , 2018—2019
t=—In[(2—3"?)/4]/B (7) 8.26%~14.68% 7.53%~21.76% 4.72%~24.21%;
T=-In(1/99/4)/B ®)  2019—2020 6.67%~23.33%
Tnax=(InA4)/B ) 0 0 0 0
R.. —KB/A (10) 2.73%~34.77% 2.19%~10.96% CK2 R
Roean=K/T (11) 2018—2019 T (AJO
: tl t2 5 d; T AJS ), Rmean Rmax (AJO )s
99% R 2019—2020 Riean (AJ20
2(5): = AJ0 4 AJ5 x AJI0 eAJl5 eAJ20 a CKl o CK2
g wl 2018-2019 PR | 2019-2020 _e--©
3 35| g - ;
Z 30+ , T ox--&--4 L $
gﬂ 25 ’ %2 o f o
S A0=33.3/(1+112.6¢ ), R*=0.992 fk Vai=37.3/(1+109.8¢057), R*=0.995
S 20F Ys=33.2/(1+76.4¢ ™), R'=0.996 75 3 0s=37.9/(1464 3¢9, R*=0.997
15 yM“,=37.8/(1+5941ej(;;'), R=0998 L Yano=38.7/(1+55.8¢ %), Rj=o.997
= Vans=38.4/(1+52.9¢°%"), R*=0.995 Vans=39.8/(1+45.8¢02¥), R*=0.998
= 1or Yani=39.5/(1451 3¢, R=0.996 [ Vano=40.5/(1+38.5¢02%) R*=0.991
sk Yo =31.8/(1+61.5¢ %), R=0.997 | Yexi=36.5/(1+50.3¢0%), R*=0.998
0 Yeg=42.6/(1439.5¢ °7), R*=0.995 | Yerg=43.6/(1432.9¢ 02, R*=0.996
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Fig. 1  Grain dry weight accumulation curves of winter wheat under different irrigation treatments in 2018-2020
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Table 2 Grain filling model parameters of winter wheat under different irrigation treatments in 2018—2020

Year teamen. @ 5@ roogmintay @ gaooogantah 7D 1000 gmin)
2018—2019 AJO 9.73 17.26 2.91 13.50 1.25 26.63 333
AJ5 10.06 18.84 2.64 14.45 1.18 29.77 35.2
AJ10 9.87 19.27 2.65 14.57 1.22 30.98 37.8
AJ15 9.82 19.58 2.59 14.70 1.21 31.72 38.4
AJ20 10.08 20.21 2.57 15.14 1.20 32.82 39.5
CK1 9.34 18.12 2.39 13.73 1.09 29.05 31.8
CK2 8.74 18.49 2.88 13.62 1.39 30.63 42.6
2019—2020 AJO 9.14 16.26 3.45 12.70 1.48 25.12 37.3
AJ5 9.18 17.68 2.94 13.43 1.34 28.25 37.9
AJ10 9.02 17.80 2.90 13.41 1.35 28.72 38.7
AJ15 8.95 18.36 2.79 13.66 1.32 30.07 39.8
AJ20 8.98 19.11 2.63 14.04 1.28 31.71 40.5
CK1 9.29 18.70 2.56 13.99 1.20 30.40 36.5
CK2 9.07 20.04 2.62 14.56 1.29 33.70 43.6
I o o > Rmax » Tmax » Rmean , T
, K The description of each treatment is shown in the table 1. 7, and #, are the appear times of two inflection points,

Rimax 1s the maximum grain filling rate, Thayx is the appear time of the maximum grain filling rate, Ryean is the average grain filling rate, 7 is the grain
filling duration, K is the theoretical maximum 1000-grain weight.

) Ruax , T 2018—2019 AJ5 , AJS
CK2 K , ,AJ10 AJ15 AJ20 3.80% 4.21%
7.85%~27.93% 7.65%~16.89% 4.28%, (P<0.05) 2019—2020
2.2 AJI0, AJI0 , AJ5

0.26%, (P>0.05); AJ0  AJ15 AJ20

2018—2020 12.63% 17.67% 17.76%(P<0.05) 2

3 , AJS, , AJO

, AJ10 AJ15 AJ20
F3 20182020 EAREEKUETLZNEFTEMTEMHEE

Table 3  Yield and yield components of winter wheat under different irrigation treatments in 2018—2020

Year Treatment (Xslpz)izl‘(:ls)irll(l;r;l;?rz) Grair&:;zl:;irk;?{)spike IOOO—gr(agl weight C(?lr(agi.rllu}l;i;czl)d

2018—2019 AJO 702.42+53.84a 31.44£1.06b 33.22+0.13¢ 6529.34+203.24b
AJS 709.71+£51.88a 35.64+0.76a 34.82+0.14¢ 7688.45+113.47a
AJ10 682.74+57.46b 35.13+0.97a 36.84+0.15bc 7457.23+210.62a
AJlS 679.81+£55.37b 27.68+0.54¢ 38.06+0.09b 6352.56+141.31b
AJ20 679.35+£40.62b 26.47+1.14c 38.47+0.19b 6056.04+224.71b
CK1 582.56+47.81d 22.72+1.13d 31.49+0.11d 3921.78+223.42¢
CK2 620.53+53.62¢ 35.53+1.19a 41.12+0.15a 7750.64+201.73a

20192020 AJO 595.42+43.72¢ 25.29+0.97b 37.15%0.10c 4866.91+103.27¢
AJS 679.76+58.46a 26.60+1.08b 37.61+£0.07¢ 5943.63+£97.84b
AJ10 681.53+41.75a 25.67+0.95b 38.54+0.14bc 5852.51+£182.00b
AJl15 561.08+38.64d 25.16+£0.87b 39.17+£0.10b 4672.46+98.75¢
AJ20 560.52+50.23d 24.11+1.14be 39.71£0.13ab 4722.46+103.62c
CK1 629.57+£52.71b 20.31+1.24d 34.83+0.16d 3905.75+211.70d
CK2 660.05+£58.43a 30.70+1.21a 40.22+0.14a 7139.43+233.21a

1 P<5% The description of each treatment is shown

in the table 1. In the same growing season, different lowercase letters after data in the same column mean significant differences among treatments at
P<5% level.
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11.78% 4.92% 1.43% 3.50% 22.33% 5.41% , AJ10 s ,
25.73% 9.36% , AJO  AJ15 AJ20 (P<0.05)
AJO  AJ20, AJO , CKl1, CK2 2018—2019
AJ5 AJI10 AJI5 AJ20 2019—2020 , CKl1 ,AJ5 AJ10
4.82% 1.24% 10.90% 3.74% 14.57% 5.44% 96.04% 52.18% 90.15% 49.84%,
15.80% 6.89% (P<0.05); CK2 , AI5S AJ10
2018—2019 0.80% 16.75% 3.79% 18.03%,
CKl CK2, CK1 16.61%~21.83%, 2019—2020 (P<0.05)
CK2 9.48%~14.37%, 2.3
(P<0.05); 2019—2020 AJ5 AJ10
CK1 CK2, CK1 7.97% 8.25%, 2018—2020
CK2 2.99% 3.25%, 4 4 ,
, ; (ET)
CKl1, CK2 ( 2018—2019 AJ5 , AJO ,AlJ5 AJ10 AJl15
) CK1 , AJ20 ET 19.5~68.4 mm 38.2~72.8 mm
16.51%~56.87%  5.49%~22.17%; 49.1~75.0 mm 57.4~84.7 mm ,2018—2019
CK2 , 1.13%~25.50% AJO AJ20 CK1 138.6 mm 196.0 mm,
1.27%~19.21% CK2 101.0 mm 43.6 mm; 2019—2020 AJO
, CK1 CK2 41.8 mm 167.6 mm, AJ20
, AJS CK1 429 mm, CK2 82.9 mm

T4 20182020 FAREGEKIETZ/NEFEKERIBERKSFABE

Table 4 Water consumption sources and water use efficiency of winter wheat under different irrigation treatments in 2018-2020

Year Treatment Irrigation volume Precipitation Soil water supply Wat;r consump- Water use effl}—
(mm) (mm) (mm) tion (mm) ciency (kg'm ™)
2018—2019 AJO 75 133.7 185.2+14.32¢ 393.9+14.32¢ 1.66+0.13ab
AJ5 75 133.7 204.7+15.62bc 413.4+15.62¢ 1.86+0.05a
AJ10 75 133.7 223.4+13.78ab 432.1+13.78b 1.73+£0.07ab
AJ15 75 133.7 234.3+16.54a 443.0+16.54b 1.43+0.10bc
AJ20 75 133.7 242.6+18.18a 451.3+18.18b 1.34+0.12¢
CK1 0 133.7 121.6+20.31d 255.3+£20.31d 1.54+0.14b
CK2 150 133.7 211.2+18.21b 494.9+18.21a 1.57+0.09b
2019—2020 AJO 75 124.1 109.2+15.64¢ 308.3+15.64d 1.58+0.14a
AJ5 75 124.1 177.6+12.43d 376.7+12.43b 1.58+0.09a
AJ10 75 124.1 182.0+18.33c¢ 381.1+18.33b 1.54+0.09a
AJ15 75 124.1 184.2+16.41c 383.3+16.41b 1.2240.12b
AJ20 75 124.1 193.9+13.26bc 393.0+13.26b 1.20+0.11b
CK1 0 124.1 226.0+17.51a 350.1+17.51c¢ 1.12+0.07b
CK2 150 124.1 201.8+18.33b 475.9+18.33a 1.50+0.06a
1 P<5% The description of each treatment is shown

in the table 1. In the same growing season, different lowercase letters after data in the same column mean significant differences among treatments at
P<5% level.

(WUE), 2018—2019 , AJ5 WUE CKl1 CK2
AJO AJ5 AJ10 , 3 20.78% 18.47%(P<0.05), AJ10 CK1l CK2
(P>0.05), AJ15 AJ5(P<0.05), 12.34% 10.19%; 2019—2020 , AJ5
AJ20 AJO AJ5 AJ10 (P<0.05) AJ10 WUE  CKl1 41.07%
AJO AJ5 AJIO WUE CK1 CK2 , 37.50%(P<0.05), CK2 5.33%
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2.67%, (P>0.05) ,
2.4 : ET
5 , WUE : WUE
b 3 b
ET WUE , WUE

E E

£S5 20182020 FX/NEFFE. FEMRREE. FXRKEMKSFIAYEREXE

Table 5 Correlation among yield, yield components, water consumption and water use efficiency of winter wheat in 2018-2020

Grains number per

Parameter Spikes number spike 1000-grain weight Yield Water consumption Water use efficiency
. 1.000
Spikes number
Grains number per 0.532 1.000
spike
o -0.156 0.173 1.000
1000-grain weight
, 0.678™ 0.949™ 0.312 1.000
Yield
_ 0.428 0.658" 0.647" 0.7917 1.000
Water consumption
. 0.590 0.748™ -0.281 0.6817 0.093 1.000
Water use efficiency
* kX P<5% P<1% ( ) * and ** indicate significant correlation at P<5% and P<1% levels (bilateral), re-
spectively.
3 it , ,
3.1 ’
CK2 ,
, b
[19-20] ,
Logistic 3.2
2 2
b b ’
[23-24]
N 2
[21]
2
[22] , , 510 d
: 25
, : Li :
) 9
[26]
b b
) b >
, , . Al5 AJl0
b s b
b b 2
AJ20 5~10 d, s
AJ15 s , s
b
, CK1 ,
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CKl,
CK2
,2018—2019 AJ5 AJ10

, 2019—2020 16.75%~18.03%,

>

, 2019—2020

33

[11]

[9]

A5 , AJ10 ,

[27]

AJS ,CKl CK2
, CK1

; CK2 s

, 3~7 d,
2.40%~13.51%,
1.61%~18.62%
2) ,

, 0d

3)

0~10 d , 3 ;
, 5d 10d

> 5~10d
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