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Effects of supplemental irrigation on winter wheat yield and water
use efficiency by measured soil moisture with instruments

ZHANG Hong-bo, WANG Dong
( College of Agriculture, Shandong Agricultural University , Taian, Shandong 271018, China)

Abstract: In this experiment, the field capacity ( FC,) and soil volumetric moisture content ( WC,) were measured
by three kinds of soil moisture instruments as frequency domain reflection (FDR), time domain reflection (TDR) and
standing wave ratio (SWR) under field condition. The target relative soil moisture content was controlled as 80% , 70%
and 70% in before the winter, jointing stage and anthesis stage, respectively. The soil depths for measuring soil moisture
were set 20, 40 ecm and 60 c¢m in each supplemental irrigation stage. The accuracy and stability of different instruments
for soil moisture measuring during growing season of winter wheat has been researched to explore the effect and different
reasons measuring soil moisture by different instruments to calculate irrigation quota for supplemental irrigation. The re-
sults showed that: The relative error was 0.4% ~2.6% comparing the FC,_,, measured by FDR and SWR with the
FC,, measured by the traditional method. The relative error between the WC, _,, measured by TDR and the WC,, mea-
sured by drying method has shown a significant positive correlation with the related soil depth temperature. It was high in
sowing period, blossom stage and mature period, but was lower in before wintering and jointing stage. The relative error
of WC,_,, and WC,, measured by SWR with the soil moisture content was a significant negative correlation, the measured
accuracy was higher under the condition of higher soil moisture content. The measured accuracy and stability of FDR were

total higher, which less affected by soil temperature and soil moisture in the growing season of winter wheat. Direct using
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the FC, and WC, measured by FDR to calculate the irrigation quota for supplemental irrigation have obtained the coinci-

dence effect with the traditional drying method .

Keywords: soil moisture; determination method; supplemental irrigation; winter wheat; yield; water use efficiency
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Table 1~ Soil bulk density in each soil layer in

0~ 200 em of experimental land

+2 ER: €25 +2 T E
Soil layers Soil bulk density Soil layers Soil bulk density
/em /(g*em™3) /cem /(g em™3)
0~20 1.60 100 ~ 120 1.65
20 ~ 40 1.64 120 ~ 140 1.64
40 ~ 60 1.51 140 ~ 160 1.65
60 ~ 80 1.63 160 ~ 180 1.66
80 ~ 100 1.61 180 ~ 200 1.66

LB E 12 DAL FE (5K 2) , &AL FEYY T4 /)N
T RRACTT R R FE IR AT 0 0 . B K
TSGR — R VR 4 J2 A S S AR R 5 KR, 8k
Je AR AR E K B A S AN K i . J3 R R AR
WU (FDR) (B8R 43 (TDR) (3 9% 2R (SWR) 13
IR AT IRA B A G T 00 7 38 % /K o, B —#b
FEHY % 20 em 40 em 1 60 em =M + 2 IR FE
(7] — N EE FsF A, 2% Ak FRNEE 1 E AR 5 K — 3
/NG FRACHT AR T IR AE I ANEE A9 H bR AR A
K55I R 80% 70% FI 70% o HE B R FHIE K
TR 5 H K A R 2 5 3G, K e 3
IRFEFN ], o s il K . 45 A B AR IR
FNE KR ALEE K R I 20 REALTE 3 IRE S K



553

SR A AR SR T AN A /NZE P A K 0 R TSGR IR R i) 3

FLIXZHHES . /DX 4 mx 4 m=16 n?,

®2 TAELEHUESE B LERE BT EEN S KkEMINEKE

Table 2 Method of the soil moisture measuring, measuring soil depth, target soil relative water content

and supplemental irrigation volume for different treatments

VS R IR FUbR A 2k it/ % ANHE AR/ mm BN /mm
=) Sgllljl hi Zii;{i'e YRJE /em Target soil relative water content Supplemental irrigation volume Total amount of
Trestment " ving method  MesSUring AT WM PR BAN B Ry supplemenl
code soil depth Before winter  Jointing ~ Anthesis  Before winter  Jointing ~ Anthesis  Lrrigation volume
W, 20 80 70 70 13.9f 17.9h 39.2¢ 71.0f
W, Drying 40 80 70 70 20.2d 38.3de 33.5d 92.0e
W, 60 80 70 70 15.8ef 30.3f 54.1b 100.2d
W, 20 80 70 70 13.7f 24.7g 33.9d 72.3f
Ws FDR 40 80 70 70 23.8d 39.8d 27 .4e 91.0e
Wq 60 80 70 70 19.8de 45.5¢ 31.8de 97.1d
W, 20 80 70 70 10.4¢ 24.7g 2.1f 57.2¢
We TDR 40 80 70 70 15.3¢f 40.5d 32.2de 88.0e
W, 60 80 70 70 10.7g 34.9ef 4.0g 49.6h
W 20 80 70 70 36.6¢ 37.4de 35.0cd 109.0c
W, SWR 40 80 70 70 58.5h 65.9h 52.7b 177.1b
Wi 60 80 70 70 80.7a 76.6a 66.2a 223.5a
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H5 we, EHMAHXTRZE SHN 2 EEKER
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Table 3 Field capacity measured by different methods

FC,_ 5 FC, ZIMPAXRZ/ %

Soﬁ:l)?yers 1/7 Cy Fe./% FCon/% Relative error between FC,_,, and FC,
/em * FDR TDR SWR FDR TDR SWR FDR TDR SWR
0~20 24.6 38.5b 42.0a 39.2b 24.1b 26.3a 24.5b 2.0b 6.9a 0.4c
20 ~ 40 22.8 37.9b 39.0a 36.8¢ 23.0b 23.7a 22 .4c 1.0b 3.9a 1.8b
40 ~ 60 27.2 40.0b 42.3a 40.1b 26.5b 28.0a 26.6b 2.6ab 2.9a 2.2b

I H R LR AR/ NS TR B 2253 8% (P <0.05); FC,_,, 5 FC,, ZIBIMAIXRZE (%) = (FC,_,, - FC,)/FC, x 100,

Note: Different small letters in the same item and soil layer indicate significant difference at 0.05 level; Relative error between FC,_,, and FC, (%) =

(FC,_, - FC,)/FC, x 100.
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Fig.1 Correlation analysis of WC, _,, and WC,, in whole growing season of winter wheat
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£4 RELBHES WC,_,5WC, ZANESR

Table 4 Difference between WC,

v—m

and WC,, in different growing stage

=g W3 12 i BA%R  FHE Zu Pz BRRE 5 WC, MR
; o HH . . e 22 ) .
Growing Soil moisture I Sample Mean Difference R Standard Coefficient Relative error
stage measuring method ems number / % range ange deviation of variance for WC,,/ %
wce,_ ., 9 16.8b" 14.9~18.6 3.7 1.8 11.0 2.4¢”
FDR
wce,, 9 16.4b 15.8~17.4 1.7 0.9 5.4 —
R wce,_, 9 21.2a 18.7~22.5 3.8 2.1 10.1 29.3ab
. TDR
Sowing wce,, 9 16.4b 15.8~17.4 1.7 0.9 5.4 —
we,_ ., 9 11.8¢c 10.4~14.4 4.0 2.2 18.9 28.0ab
SWR
wc,, 9 16.4b 15.8~17.4 1.7 0.9 5.4 —
we,_ .. 18 20.1c 15.0~23.6 8.6 2.6 12.9 2.4e
FDR
W, 18 20.6bc 15.9~24.5 8.6 2.7 13.0 —
AT We,_, 18 24.4a 16.7~28.9 12.2 3.8 15.5 15.1d
Before TDR
winter wc, 18 21.2be 15.9~22.1 6.2 2.8 13.1 —
we,_, 18 17.8d 8.2~20.1 11.9 3.7 21.8 17.6cd
SWR
wC,, 18 21.6b 15.9~24.6 8.7 2.8 12.9 —
we,_ . 18 15.2b 8.6~23.0 14.4 4.3 28.4 3.2e
FDR
wC,, 18 15.7b 9.6~22.3 12.8 3.9 24.5 —
WA DR WC, _., 18 17.3a 10.3~26.2 16.0 5.2 30.2 18.5cd
Jointing WC,, 18 14.6b 10.6~21.2 10.7 3.5 24.0 —
WG, _,, 18 11.6¢ 5.5~22.7 17.2 5.4 46.9 26.6b
SWR
wC, 18 15.8b 11.0~22.9 11.8 3.9 24.8 —
WwC,_ .. 18 14.4b 9.4~18.0 8.6 2.3 15.8 4.0e
FDR
wce,, 18 15.0b 9.4~16.5 7.0 2.2 15.0 —
TFAE 18] we,_ . 18 16.7a 11.2~22.0 10.8 3.7 22.3 31.5a
! TDR
Anthesis wce,, 18 12.7¢ 8.7~14.1 5.4 2.2 17.5 —
wC,_ . 18 11.1d 6.2~16.6 10.4 3.4 30.7 27.9ab
SWR
wce,, 18 15.4b 11.4~20.8 9.4 3.2 20.7 —
we,_ ., 9 18.3b 16.2~20.4 4.1 1.7 9.0 0.5e
FDR
W, 9 18.4b 16.4~21.1 4.7 2.1 11.3 —
Y DR we,_ ., 9 24 .8a 23.2~26.5 3.3 1.2 4.7 30.5a
Maturity wC,, 9 19.0b 18.4~21.9 3.5 2.1 10.9 —
we,_ ., 9 14.9¢ 11.4~18.3 6.8 2.1 13.9 21.2¢
SWR
W, 9 18.9b 14.3~21.4 7.1 2.5 13.7 —

1) [F—FF— A4 E WA F/NG PR3N %A B N Y B 22 7 3 (P <0.05)32) [Al—FARRI/ING FRERIR & A B I 7 4b B ] 22

BEFE(P<0.05), FF,

Note: 1) Different small letters in the same growing stage within a column indicate significant difference at 0.05 level among different treatments in this grow-

ing stage; 2) Different small letters in the same column indicate significant difference at 0.05 level among different treatments in all growing stage. The same as

below.
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Fig.2  Correlation analysis of RWC,, RWC,_,, and RWC,, in whole growing season of winter wheat
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Table 5 Difference between RWC,, RWC,_,, and RWC,, in different growing stage
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Table 6  Effects of different treatments on yield and water use efficiency of winter wheat.
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%Iﬁtﬁ‘i S{J\Jlfﬁﬁff Measuring soil Number of (j M*‘TL?& 1000-grain Grain Water use
g /cm /(10*hm~2) P /g /(kg'hm'z) /(kg'hm'z'mm'l)
\2 20 713hc? 31.1c 40.3a 9037.7d 25.4a
W, 40 756a 33.4a 40.2a 9479 .4a 24.5b
Dryi
ng
W 60 721b 31.7he 40.3a 9255.3bc 24.4b
THE Mean 730b 32.1b 40.2a 9257.5a 24.3a
W, 20 728b 31.1c 40.1a 9102.0cd 25.2a
Ws 40 756a 33.2a 40.3a 9496.4a 24.3b
FDR
W, 60 724b 32.3ab 40.3a 9211.8bed 24.2b
F-HJME Mean 736b 32.2b 40.2a 9270. 1a 24.6a
W, 20 712be 31.7he 40.4a 9078. lcd 25.2a
Wy 40 732b 32.4ab 40.1a 9145 5bed 23.5¢
TDR
W, 60 692¢ 31.6be 38.7b 8543.6¢ 24.2b
SEHAME Mean 712b 31.9b 39.7ab 8922.4b 24.3a
Wio 20 776a 33.3a 40.4a 9589.7a 23.7c
Wiy - 40 764a 32.9a 38.9b 9315.9b 20.4d
Wi 60 768a 32.9a 38.7b 9212.4bed 18.6e
F-H{H Mean 769a 33.0a 39.3b 9372.7a 20.9b

1) [ —SIA /NG PR 7R A R 4k B 0] 22 7

F(P <0.05);2) [A—3A[R/ING R R A IR T i R 22 5+ 235 (P < 0.05)

Note: 1) Different small letters in the same column indicate significant difference at 0.05 level among different treatments; 2) Different small letters in the

same column indicate significant difference at 0.05 level among the mean of different soil moisture measuring method.
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