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HEEEZ AL 0~80 cm £ & B HAEAIE G A T 3 LB AW HAELA, ZAUHHELETHANLERT
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Effects of soil moisture monitoring based supplemental irrigation on the yield,
quality and water consumption characteristics of Xinmai 26

LI Xiaohangl’2 , JIANG Zhikai'

(1. Xinxiang Academy of Agricultural Sciences, Xinxiang, Henan 453000, China;
2. Ministry of Agriculture Key Laboratory of Crop Water Use and Its regulation, Xinxiang, Henan 453002, China)

Abstract ; In this study, a high-quality wheat variety, Xinmai 26, was used for field trials in 2015-2016 sea-
son. The targeted relative water contents were set as 70% (W70), 75% (W75), and 80% (W80) of field capaci-
ty at the jointing and flowering stages. The W70, W75, W80, and a traditional irrigation ( Wck) were applied by
three kinds of sputum irrigation at different growth stages and the total growth period ( WO) was used as a control to
study the yield and quality of winter wheat. The results showed that the supplementary irrigation amount on winter
wheat at jointing and flowering stages ranged in the order of Wck>W80>W75>W70. The soil water consumption of
winter wheat under four irrigation treatments was mainly distributed in 0~80 cm soil layer and the supplemental irri-
gation based on the soil moisture monitoring data increased the consumption of the proportion of soil water. The wet
gluten content of winter wheat under three mulching irrigation treatments was significantly higher than that under
Wck. The water use efficiency was ranked as W75>W70>W80>Wck>WO. The difference among W70, W75, and
W80 was not significant while the grain yield under W75 treatment was significantly higher than that of W70. Con-
sidering the different treatments of irrigation amount, grain yield, and water use efficiency, it is concluded that
W75 at growth critical stages, jointing and flowering, was the optimum water content for high yield and water saving
in winter wheat growth season.

Keywords: winter wheat; supplemental soil moisture measurement based irrigation ; yield ; quality ; water con-

sumption characteristics
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i Jo SR K AR P 1) 52 i) 95

ORI P o A R R 75% Y
b DX AT 38 /N2 3% o 1 AR 24 O 4 TR A TR 629
M IRE K R A 0] LLE 12 XK 5% I
AL & A KRR B 7.7% , N3 A AL
S EPEEIKE Y 20% Bk b X R R AR R 2
G AR A 72 T IR 65% T LUK IR TR
S R Y 70% DL EFE R TE 7—9 Ay (HIEA
INFE A ORI R AR Al 2D, TC Ik R A /N A
A B AR T K i, T 38 3 b 7o I AR RN L e
G300 ANFETE I T LG % X BN 3 A R T Rk
R IB B A IR, R T HE T AT AR B B T
DLSEaiAt & &0 ARSI EE

P AN K o R BSCR F P 1, A4k
TR B ATT AR 200 5% 22 4 Th 7 K & HE R
W3 K HE TR B B 6 A% 7Nz 77 ik B K 4y R AR
ST K B K R K AN
AHBIEFEK R ORI, B K R,
FEAKH TH i, R OK S AR i 5 K & & A
ST B INFE T IR S Ry AN FE AR ~ B,
UL oK AT e R e e S AR A/
2 WA BT A AR B K T SR &
TErEERUK AR R RCRN S 56 TR 4 /N 22
JO P T T AT 5 2R B < /D i 22 U TR T S A
YT KRR SRR I H AR, Shao 281 A5
FeW /A I BE K 90 mm T S IR B R R
AR K G 22 W) 25 b 2 5 R 7 a FK 43 R FH AR
RIGRFAR, TR BORFFE 45 5215 | KA R
o R A& /N I i JOT R B 1 R T A
S VE KRR B R T AR AE AR R A
WFFE IR I, 7R A< /N2 AN R A 3 IR 3 382 AN ) K
IYFERI TR ARYE 0~40 em #F)2 H 3Rk &
EAT AN FEHEE LA fE 4% /N3 XF oK 43 1R 75 3K, WF 55 45
AU R AL BT A% /N R KRR B S L B
S, LA Sy S B0 000 405 R s S K B AR K T
e Rt S %

IR i

1.1 RIS HhAE

RIETF 2015—2016 4F7E 8 & T AP B #E Bk
B33 M (36°9'N, 113°7'E) # 47, /NEZ #EFh AT 0~ 20
em FEHIESANT 1414 g - kg 2R 1.08 g -
kg™ HALBE 11.39 mg + kg™ AL 111.2 mg -
kg™ \pH 8.16, /NEZFEFIATEA HEAT I /K HEE , ok
] PR FH B 0 0 FH (B R K i MR KA 78 S
m LT, 356+ 3% 0~ 140 em 45 )2 H A K &

M IEAE IR 1, N ER AT WRFEKE W
%2,
1.2 gt

LT & 7= i Al /N2 B A 26, IRIRIKE S
AEIE WO Sh/NAE A WA B KA, Wek 24
b 25 VA TR ALk PR D SR Y T ) e (3 1 o AR
JK RIS HEIE 52 ) , W70 W75 F1 W80 Jy k5l 475
AL RIAR AR L T 1 0 i A /N2 ZE 3R T R
B0 ~40 em 2 WM I E Kk 70% .
75% 80% 114 H A5 AH X 7 7K it 22 [] 14 22 (A H R
IR AN AR A Ak B P 000 39 R RN R 3 B b
FER) B ARFIT S K BN 3 Fis . AiRKGis B AL
XAIRE T, /DX AR 2.6 m x9 m, M0 HH 3 7k
AR /N Z A5 R X, B X OREE K, Hofh 4
PRI G R AR, a0 H e U i 38 8 AR X,
PRI X RIBERHE K, /N FE )R HES 2 BRI 1
P T 00 R A R R K i — R D AN R e
BRI, ATy B I 7 1), N T4 3l i K A
E MR | /K F T S PR K i, A /INKHE I, 5
IR REFEIK
1.3 MEEHREHE
1.3.1  R3EAKE  RAMTEIE HIESKE,
A4 ZE L A 20 om N—J2 B SR 7 RIS A
RN o S e R DN 7 1 & N v = e B
fif 8 ) S RS B T 105CHE T 12 h B
THE PRI T EARGE, U T AR L5
it S K AR X F oK, RIS KR = (-
et - I E) /IR TEX100%, TR
K = 4 FK Y H R K =X 100%
Fz1 2015—2016 FHEME T EHEFKEMLTIESS

Table 1  Field capacity and soil bulk density of each soil layer

in experimental field before swing in 2015-2016

)2/ em WA/ % TR/ (g om™)
Soil layer Field capacity Soil bulk density

0~20 37.85 1.27

20~40 27.17 1.53

40~60 27.76 1.50

60~80 32.59 1.39

80~ 100 37.57 1.32
100~ 120 31.95 1.39
120~ 140 30.62 1.43

®2 MEBSIMEFRBHERE/mn

Table 2  Precipitation at different growing stages of wheat

R BRSO RO~ TR PR~ L
Growing Sowing to Jointing to Antesis to ,[lf\i
season jointing anthesis maturity o
2015-2016 120.3 22.1 34.1 174.5
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Table 3 Parameters of soil depth, irrigation time and target water content
Qb3 MR/ em FMHERTY Trrigation time
Treatment Depth JEFIY Seeding stage A Winter stage A7 Elongation stage T4 Flowing stage
WO — AHEIK No irrigation NHEIK No irrigation ARHEIK No irrigation AHEIK No irrigation
w o i s s s
Traditional irrigation Traditional irrigation Traditional irrigation Traditional irrigation
W70 0~40 75% 70% 70% 70%
W75 0~40 75% 70% 75% 75%
W80 0~40 75% 70% 80% 80%
P IX ReIX A X
Protection zone Protection zone Protection zone
wo W80 W80
i X i
Isolation area Isolation area Isolation area
Wek W75 W75
. ] ?‘% X lﬁ% X ) Iﬁ%‘ X |
Protection Isolation area FR s X Isolation area P X Isolation area AP X
W70 Isolation W70 Isolation W70 Protection
rone o g IX area [E g X area s X zone
Isolation area Isolation area Isolation area
W75 Wek Wek
I 5 X FRE X FRE X
Isolation area Isolation area Isolation area
W80 w0 W0
SIAES PRAPIX RiFIX
Protection zone Protection zone Protection zone
1 HEMEE
Fig.1 Field planting plan
132 R EREMANEZNE  WEANERR B RIERL R, R 2200 B9 T A KR A T

Pt /NA S A T U A T KRR L, B SR A
WY H AR AT Bk AR R B bR Ak
SRS A A E K, R A SO E R ZER
KR

HMEE KR (m® - 666.7m™*) = 20aH(B,-B,) /3
Ko MK+ 2 R E (g - om™) H N
DR+ 2L (em) |, B, A B AR 38 55 KR (|
47K =3 LA H An - A 5 K &) 5 B,
TR A K,
133 BARHBHEALEZIOAE TAH LR
FH T JFAEIE AR SRR
134 HFEZFEAMRBEE K1 mx] mFEHH
() /INAZ A ERSCAR AL, R RERL AR XU 2 5 KRR
12.5% B FRiE . BEAh, 553 NS BER 50 em FEER,
N TR RO TR o
1.3.5 EAFE&AMNE RS diLL R
Bt/ INAZ i IO S 06 %5 4 b, FHE KUBS (Foss 24 A, 5

JERGE (erten 24 H), Hi ), % GB/T 5506.2—2008
7100 R SR ATl & & H Perten Centdfuge 2015 5.0
AIL A T A5 7 00 T A e A, R TR A 0L BR A T TET
#5153 0 B A B4 D A3+ P TR ) X 100,
1.3.6 ZWHHEKE

ZHFEKE (mm) = /N 24T I AR K &
(mm) +/NEEAEFYAREKE (mm) +/NEEA
B LK IHFEE (mm)

TG, 0/ N AR WA K = R K, /)
FaEE BT OKIEFEE R 0~200 cm )2 4
WK FE s, T

F I K FE R (mm) = 10x(0~200 cm + )2
TV 7R ) x 200 x (A AR KT 0~ 200 cm,
TRV B K - N 0~200 em )23 F
i K )

1.3.7 Ry H) A 2 5 For i BRAK 235 09 31 5
IR R AR AR 22 TR IHAE 1 mm 7K AR 72 (17N
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ZRIRIAE DA AN XL B 22 26 77k |l 5T SFE K R 1) 5 0 97

KPR i RoR KRR B I I

KA FIFHRL R (kg - hm™ « mm™") = ¥phi = it =
i D]*%ﬂ(%;

TR KA TR IWUE (kg » hm ™ -
7 K i

HEWERLZE 1B (kg - hm ™ mm™") = FEE 5 B8 i
FPRL =+ HE K 2

2 SR

2.1 AEAMEHFTE 26 £EBHBETHAZM

TR K B 25 B a0 &) 2 FTAS RS RI A H R B
B 26 HEARBCR AR — 0, 7EHOT TR ARSI
RE I E, AR A TR IR I B, WO Wk
W70 W75 W80 i~ Ah HH 7F ik 4 Wi # (R B = 35
1 000/7 ~1 10077 BE - hm ™, A [E) AL 38 2 [a] 3% £ L 3H
WS JFWARYE I B0y B s eb o i b B
IARTR], 4 /N2 e B 32 31 38 3 K B K A TR 4
TR 225 LR TF A Wo kb B il T o8 e
AWK ZNEERK KT ZEK G 8, BER R
WERT HE KL, H2 Wek A1 W80 J& T
“TKTARPE PIE 2 AN B, WT0 AT W75 AT LA
SR NE AR TR E, AL B 4 /N IR R
PR B B 250900 | 3 e S o™, H T A
B/ NEFERT FEAEIK 53 A 3R 1 R BRAE 70% ~
75% 538 I
2.2 AREMFEESBEHINESLE

I 4 00 500 T a0 ARG 4 /N 32 T UK K A
I 0~40 em B85 /K & RS BCE 1Y H AR &K
I AN FERE K A TR, B TR
55 A g TR A% 2R B8 7Kl 4 /N A D R R 4 1
7Ky 2, H AR E K IR 8] T H AR & K & i A&
HEAT IV 30 AR A E K . Wek , W70, W75, W80 Y
AN KA FRAE PR R UE K B LR K R 2 (R 25 53 0 3

18001

mm ") = ¥

hm °)
hm )

. 14001

(=3

(=3

[}
T

B4R 2> B/ (T
Group tillers/(10

wo Wck w70 W75 w80
AN[F) §# 7K 4b 3 Dierent irrigation treatments

B % 4 ] Winter stage
O A% 34 ) Mature stage

B2 A[E) I A i A B R BN B B R

Fig.2 Effect of different sputum irrigation treatments on

B 117 /] Seeding stage
W 15 1] Elongation stage

winter wheat population

Bl Wek>W80>W75>W70, Wek Ab B ()78 /K A i U]
YR I /N DX PN 2 A AR K 25 bR R K
s — B 60mm 25 A7, 3 P TR A R A FH [R] F K
R AR R ANB K, KR IEIR 9™ E, W70,
W75 W80 AR - 18 5 b i 5 A i 19 B AR 7%
AR AT X = A HE R A5 A T I K
e 3i AT AEHATE K 2, B A% /N 22 A iU 0 3 b
R FEF A ANE T K B B 2, X
TIAESE O6A VR B o, SR T = 1 78 0 45
o VEMI K R, fH 2 T PRIE IE & AR KK
RT3 0 3sk 22 () T 25 6 25 sl K e i . 78
2/ NAE T KOG (4 I TR AR ~ HESIH ) St ik
TG YK, AL /NEERKEF KR
HE, SCBUK S mcR e
2.3 AEMFEELIET 0~200 cm 1B EEIK

HEEMEMm

M 3 AT LIE H, Wek AAFETE 0~40 em & 12
B OKIE AR R B m T KL, B
HI7K 43 b BRI F /N 22 D ) AR TROOER )2
K EERER R KB I, 2 1 K R
W2 ; A Ab 3 F 0~80 em )2 oy I K 14 #&
W Z,80~200 cm )2 HIER K HFER D, X
UL 0~80 ecm L EHF K BE/NELEKEE I
TR FEERE, 1 H 5 MBI R AE 0~
60 cm 2 i I K I AR 5 B A 2 RN B
K9 hn,60~200 em 2 W Bt 5 4 22 8 BE A 15 i - 4%
K HFER IR /D, W80 A HH 0~60 em 1 21 1%
KIS FER E S T W70 W75, 76 140~ 180 cm +
JZE ) 30K T FE 0 /N T W70 W75, Wek
5 W80 4 FEFE 0~200 em 454>+ 2 i H I K i #E
A ETEE S Wek 1 W80 Y “ /K7 Ab BN
T2 /NFE XF IR 2 K A3 B R, AR T4/
EWARMmEK,

®4 AELELNEFRREETHMIER
ReEEHEEKE mm

Table 4  Supplemental irrigation at different growth stages and

total irrigation amount during the whole growth period

4K HATK FIRIVIN ISV
Jb 3 O

Water at Water at Water at ~ Total irrigation

Treatment . = . - .
wintering stage jointing stage anthesis stage amount

W0 0 0.0 0.0 0.0
Wcek 0 60.0a 60.0a 120.0a
W70 0 20.4d 31.1d 51.4d
W75 0 26.3¢ 40.5¢ 66.8¢
W80 0 31.2b 51.3b 82.5b

TE : MBI/ NG FBE R R AN R b 322 5+ 1. 3 (P<0.05) .
Note; Different lowercase letters within the same column meant sig-

nificant difference among different treatments at 0.05 level.
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24 ARMFIELELNERKERELEHE

KE LB

W 5 N, 18 2015—2016 & /NF K2
BRI FE T & /N B B B K B B
KT WO AT ALEE, 4 K R K & R FEK & 1Y
P Ak, Hob 3 AN U0 45 #h i b B (W70, W75,
W80 it &K ) T H 051 it 38 /K 1) He 49108 e T 1%
SEREWRAL T | U T R K () P L) 2 s T AR
SR K TAEGEHE K AL B | 45 4b B X [ K B A1 HE
R/ MRS WO>WT70>W75>W80>Wek , A~ [ Zb B
A2 5 50 2 KO AR W A RN A A 1 I
Tilt, KW 22 B AR T AE - 3K b 25 5 i 4 3 rp
A ZSEREE I HE A A B Rt 2 K A T PR A
TN T X 4K T FE , PR I 2 0 658 B (1) 7K 4345
il B, R R R R A AR KR B R R AN
IWHHOKAEE K53 5 AR E 48 /N2 X [ K 1 A
MU EFEMERES., L EZREN, W0,
W75 W80 #HE 0~40 cm 12+ AN &K 8 HEAT
ISR AN E | AN E B 5 Wek A B0 AR EE BN R
HE T A& /INFE X S K RN R K R WR L, A R T
T K
2.5 AR A E 4D IR X & /N AT L AR SR B B2 M

HRFE % 6 45 Hh i g0 B nl 0, A& /N AE KPR 4
HAE WO ALFEF i 35 I T Al /K A 3 )™ 5 Y 7K

50

7K W ¥E /mm

T g

Soil water consumption

G375 R MU/ N JE TR R IE SR IR | 1 R RE
FEREAR, B H AR X S K 3, A7 kL
HREINE Z R, 2R LA W80 > W75 >
W70,W75 5 W80 4hHlZ Ml =R AR, W70 5
W80 = [H) 2= 7 b & , W75 W80 5 Wck A LL I & A
HH IR, 25 o 0 2 BRI, =4 00 09 e o A 3 0] A%
/INZE S AE R A I U K 4 PR A O A X
PRI = A2, 4 H A AR &K ik e
TE 75% ~80% Z [A1 B}, BE AT LAs A R K A,
AP RS T A [V 7K Ak B A 18 1T
RS T 5, W70 W75 W80 =/MAb B 5 Wk A
Bl S S B T A/ INZE B T A B TR AR AR
EHEKAL B (Wek W70 W75, W80) #B K T K /K
AEF(WO) , H W70, W75, W80 Ab ¥ N ) 1 ffi 45 44
=T Wek, X 5 HTARFFRAS A/ AR IS B 1K
FE K AN EL R A R T RERL S R g ie—80
2.6 AEMEFHELSIET LK NEFER XS FH

ME KM

Wek 4b BN W87k 5= /B e s, 0 7 515 kg -
hm™, BE 5T W0 W70 W80 Zb3 {H 5 W75 hb3g
ERARRE, 1EWI0 W75 W80 Wk ZbF T ffi %
THE IR 3 T, KA 7 AN T 8 I, 388 T s 8 A /)N
DU I Ak BT 9 7K 43 ) R 0% | B B 7K R &%
R EWR R A TR AR SR AL P DU HE R

0~20 20~40 40~60 60~80 80~100
|2 JZ R ¥ Soil depth/em
—— W70

—6— W0 —8—Wck

100~120 120~140 140~160 160~180 180~200

—¥— W75 —— W80

B3 AENEELENE LR TETKERE
Fig.3  Soil water consumption in each soil layer by different irrigation treatments

x5 FRLEFREARERE S SFEKER LS

Table 5 Sources of water consumption under different treatments and their proportion of total water consumption

s WK Irigation [%7K Precipitation FHEK Soil water ek I/ mm
Treatment i/ mm et/ % $i/mm et/ % it/ mm et/ % Total water
Amount Percentage Amount Percentage Amount Percentage consumption
W0 0.00 0.00 174.5 57.9a 127.4a 42.1a 301.9d
Wek 120.0a 27.0a 174.5 39.4e 150.2a 33.5b 444.7a
W70 51.4d 14.7d 174.5 50.0b 123.4a 35.3b 349.3¢
W75 66.8¢ 17.5¢ 174.5 45.8¢ 139.6a 36.6ab 380.9bc
W80 82.5b 20.1b 174.5 42.5d 154.3a 37.4ab 411.3ab




56

ZRIRIAE DA AN XL B 22 26 77k |l 5T SFE K R 1) 5 0 99

IR AR TN % 35 35 W 3 R v, 7 =k 4r
P T IR A AP AR 0T, e Ak L 1 3 S K
FHRCRHANE BEBRAL, K50 R FH AR AN AL 15
() d RAE HBLAE W75 AbERR | HEE /K ) 350 1 i

F 6 2015—2016 FERE#EKLETZ/NZHFFHEE
Table 6  Grain characteristics of winter wheat under

different irrigation treatments in 2015-2016

Ab B K#E/(g- LY BEHTE % IR £ %

j({ﬁ)ﬂ'] ICH }%E W70 4bER T . Gl %:2 Eﬁ g /J\ i %ﬂ(jé Treatment Bulk weight Wet gluten content  Gluten index
RIS T REIE 10% < TS0t B & S0 e mow s
id, BEZ RIS TR /N AR F WK OGS, 35 2 Y Wek 76083 32.64b 5736
N N ENE o W70 751.67b 34.96 61.79
Y732 STEICT B2 1200 7 R ST DRE S & S ) 7 51 : ‘
A, S \ 5 S 1o s W75 757.33ab 34.23a 61.75a
2 M TRPRLIE R A J L R DU D A 4 T4 Wso 260,00 i S
. s \ s L b I Y .00a 12a 17a
fe TR T8 TR P 0 P2 R R 5k, 0D K BRI B
RT AEEKLELZNEZIFHTE K FIRARE
Table 7  Grain yield, water use efficiency, irrigation water use efficiency, and irrigation
benefit of winter wheat under different treatments
AR KGRI HRCR HEWEACR IR MR R
AbHE Treatment Grain yield Water use efficiency Irrigation water use efficiency Irrigation benefit
/(kg - hm™2) /(kg - hm™ « mm™) /(kg - hm™ « mm™) /(kg - hm™ « mm™)
WO 5284d 17.56b — —
Wek 7515a 17.13b 63.27d 19.23¢
W70 6711c 18.83ab 130.47a 27.73b
W75 7355ab 19.33a 110.13b 31.00a
W80 7370h 17.93ab 89.43¢ 25.83b

3 g se

SRy SRR T R L BB A /N ZZ 77 Ml S %) BIR o 5T
PE KA R AR A4 = e A e R ot JoT A 20
B SEREBE T 2, TR & /INAE G B 5 KOG i
LA R B A v K 2 B AIOH 2R T B RE K i
PERK I FIFRCR I £ B8R, S BE0 HH,
A 0~40 em 2 MG AMNEANUAEA ™ 1 5 528K,
T ELA 1 Tk 2 b o s, 2 4 0 R 2 4 K B TH
FEo HTABFFTINA A K ORIHR Y 7K 2 5 il /N 2 5
IR BRI, R F25K AL SEHE K BT I K Ak B
100 em 2V EHOKFI SR RG THEAT
WO K ) AR IS e AT AR 78 A 6 R I 8 8 7
2/ NAZ TG K S (BT I AR i E 0
~40 em R PEATASEIK 53T B ARG 1A EE
AWFZE LS H, W70 W75 W80 =>4k B3k 5 11
AN T IR AR B A D A, R YOK
THFETE | 1 K R FH SR TR )2 4 7K R R o ik
o WIRA LA A S 1 A T R AT R R T A
FZ PR 185 X - S K R R K K R R R X
HEWE K SRR

B RN, &/ NEFRL SR TAF G
TR AR, Fphr b 8 1 0T 5 2 B A T /K & A 35
BEFWA T ERHED RGN, K
V7K R BN 3 R R 45 R IR 3 AR

W70 W75 W80 AbFH I 4 IF Ay 2 tat 1 1H 4377 i £
T Wek AbFE ) B AS 1, — @ BREE T B K 437 ik
HHTF S B, FEREKE R 174.5 mm FIIET,
W75 AbFEF B S K B 66.79 mm, AR N
7 355 kg + hm™* | HARGEVE WEAMEE 08070 44% | AT
W T D K 3 I AR TR K R 8
TR AL 25 B AR R . 2R 5 SRR i R
JET K o R RG4S B FE AR 451 B 1) W75
AP AR AL B A0 AR 4l - G A4 N
A G T KR EARSS Gk 0 e HE K i, o0 R FERE K
F SR B VE R, e T SEIAC /INAZ 1 77 v AR Y
AR AT ARG N 2 8 AR T R
BASEAAE Al A 7= e R S e R T
FEWERHT X A S R B T R G A
S iz L X SR il /N A T A 26 BT S M E B
WA AHE) AU 75 22— 2P s i 5, D) 52
TRAN [F) b sl A M R [ R

& % 3 k.
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