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Research on the water consumption rule of winter wheat in middle
and late stage by drip irrigation with straw-mulching
in North China Plain

WANG Jian-dong', ZHAO Yue-fen?, ZHANG Yan-qun', GONG Shi-hong', SUI Juan', YAN Qing-hong'
(1. Irrigation and Drainage Department , China Institute of Water Resources and Hydropower Research, Beijing 100048, China ;
2. Beijing IWHR Corporation, China Institute of Water Resources and Hydropower Research, Beijing 100048, China)

Abstract: Based on the field experiments of two consecutive years (2013—2015) in North China Plain (NCP), us-
ing the Penman — Monteith Equation (P — M), FAO single crop coefficient method and water balance method, We re-
searched and analyzed the influences of straw mulching and without mulching to the soil evaporation, water consumption,
yield and water use efficiency( WUE) of winter wheat under full drip irrigation. The research results indicated that: The
straw mulching under drip irrigation could notably restrained the daily soil evaporation and its fluctuation range ( P <
0.05) compared with no mulching, the daily evaporation could be reduced more than 30% in middle and late period of
winter wheat. Based on the field measured stomatal resistance coefficient of winter wheat, using the P — M formula to di-
rectly calculate the daily water consumption of winter wheat has possessed good accuracy. It has a high correlation with
the calculated value by FAO single crop coefficient method (R? > 0.8) . Though the irrigation norm could be decreased
about 7% ~ 15% by straw mulching with drip irrigation, compared with no mulching and drip irrigation, the daily water
consumption and total water consumption during growth period did not existed significant difference. The daily water con-
sumption of winter wheat was between 4.0 mm*d ™" to 4.5 mm+d~" during April to June. The crop yield and WUE were
not significantly increased under full drip irrigation with straw mulching (P >0.05) .

Keywords: straw mulching; drip irrigation; winter wheat; water consumption; yield of winter wheat; WUE; North
China Plain
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Table 1  Average values of climatic factors in growing season of winter wheat during 2013 to 2015

KRAME/C KRS/ (MJ-m™2-d ") PR/ (mes™1) FAFS /mm
Ay Air temperature Solar net radiation Wind speed Precipitation
Month

2013—2014 2014—2015 2013—2014 2014—2015 2013—2014 2014—2015 2013—2014 2014—2015

10 Oct 12.25 12.86 3.71 3.22 0.66 0.53 9.40 12.95
11 Nov 4.69 5.10 0.90 1.03 1.06 0.66 0 0.76
12 Dec -1.81 -1.96 -0.61 -0.30 1.01 0.93 0 0.76
1 Jan -2.20 -1.88 -0.27 0.13 1.05 1.10 0 1.02
2 Feb -1.52 0.32 1.45 1.06 1.20 1.17 5.59 8.38
3 Mar 8.81 7.71 4.81 3.51 1.40 1.48 7.62 3.56
4 Apr 15.84 14.78 8.06 7.28 0.97 1.52 27.94 32.00
5 May 20.94 20.73 10.28 9.83 1.08 1.12 36.83 36.07
6 June 24.21 24.20 11.43 8.77 0.43 0.88 50.8 16.51
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Table 2 The irrigation time and irrigation amount for each treatment

[ERVN[ TS itk ZIRHEK PaUHE K TLUHEK
First irrigation Second irrigation Third irrigation Fourth irrigation Fifth irrigation AT K
] ok ok ok L/ S HEK A
s WOk K Ak MOk K ko ok ik  Total
Treatment H i Irrigation H 1t Irrigation H 14 Irrigation H 14 Irrigation EE:] Irrigation nrrigation
Irrigation  amount Irrigation  amount Irrigation  amount Irrigation  amount Irrigation  amount amount/mm
date /mm date /mm date /mm date /mm date /mm
2014 - T™ 04-03 40.75 04-23 42.26 05-05 42.21 05-21 50.25 0 175.47
2014 - TN 04-03 45.71 04-23 47.47 05-05 47.50 05-21 54.57 0 195.25
2015 -T™ 04 - 08 26.17 04-28 40.49 05 - 08 44.50 05-22 39.54 05-28 31.71 182.41
2015 - TN 04 - 08 29.28 04-28 64.44 05 - 08 51.43 05-22 42.74 05-28 38.84 226.73
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Fig.1 The change of precipitation, irrigation and daily soil evaporation under TM and TN treatments during April to June in 2014
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Fig.2 The change of precipitation, irrigation and daily soil evaporation under TM and TN treatments during April to June in 2015
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Table 3 The comparison of mean daily Es under mulch (TM) and no-mulch (TN) treatments from April to June in 2014 and 2015

PN ~ iR e ~ N X ~ W AHEWFR (4—6 )
b3 Stem ~ elongation Heading Grain ~ filling Average value from April to June
Treatment
2014 2015 2014 2015 2014 2015 2014 2015

™ 0.56a 0.62a 0.96a 1.00a 1.00a 0.93a 0.84a 0.85a

N 1.01b 0.96b 1.55b 1.44b 1.43b 1.32b 1.33b 1.24b
|75 K

M AR 44.55 35.42 38.06 30.56 30.07 29.55 36.84 31.45

Decreasing ratio/ %

R APES P RA AR PR BER 2E 55 B (P >0.05). TIA.

Note: The column with different letter means significant difference( P >0.05) . The same as below.
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Fig.3  The fitting comparison of ET, of winter wheat by single crop coefficient method
and P — M method under TM and TN treatments in 2014
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R4 P-MARMBEMRBERKETLEHETZ/NEFHBEREKE ET, LB (4—6 A)/(mm-d™")

Table 4 The comparison of mean daily ET, of winter wheat by P— M, single crop coefficient

and water balance methods from April to June

P- M/ P~ M equation

FAO HAEY) REOT

AR i3

Ab 3 FAO single coefficient method Water balance method
Treatment
2014 2015 2014 2015 2014 2015
™ 4.04ab 4.38a 3.81b 4.05ab 4.3la 4.28a
TN 4.16ab 4.41a 3.89b 4.08ab 4.42a 4.45a

I RIEA T L) AR Tk B
4—6 J HAIE] 7 4 /N2 FEOK o, I 3R AF 4—6 ] 1
[P35 HFE K R, B BE, PTIA 3T P - M 5 iE 0
IR T AR B A /N3 H R K B AR AR
ARBRNR K [X A /N 37 SE bR F- 35 HRE KGOl SR H
FAO HAEY R 07 AR5 10 H A K BRI T HE
PR 75, O AR AR AR AL RS IX A /N G AR
Wy Bt S 2 VR REUE ) W] Be 1, i85 2Lt — 25 i F
o

BT P - M KR AR A )
T/  w AL P TV R 35 AE BTN, 2014
12015 41 4—6 a4 /N HFEK & ET, 1
4.0~4.5 mm Z[a], NPAE & Bl H 5 07 2L 1 L8R
ZEHOR A, 2014 F1 2015 411 4—6 H 43 3 8] 25 55 Ab
R A F 2 B AR K R BB U N T AN 25 b3 (1
AAFAE B 35 22 5, DR AT AT, R 7 o I S AR
TRRIAZE K ARt B S 38 T T AR 25 0 Xt g2
e A w5 B TR K A EREESFT
FEFEH
2.3 ZNEKRSFIAYEMFTE

I T K & O i 7 1k 3k A8 2013—2014 4 A

2014—2015 A /N A2 X #E A B I N 1Y S FE K
ET,. W32 5 WH,2014 FFH 0P T™M AN 36 4k
FETN 8 W 22 &0 1) EE 082D 19 mm, U820 HE B R
7.3% ,2015 4 [R) FL U /b 45 mm, /0 HI R 15.3%
1M 2014 4FF1 2015 4F-78 mi A P LR S5 Ab B AR
WFEK = ET, W 1530 RA 2.3% 1 3.3%,
H 3% 6 AT 1, 2014 Al 2015 4F T™M il TN ZbBE R A9 &
INERLEF NN EAFEK S ET, AEAE R & 2
S XU T RS A S RN T R 25
HWEEE, R AR 0] e 3 55 5 A /N R
BERHE T OU% T AE—E B b 5| e AR 1 1Y
oA 3 T TR L. 249K, TR
Y K52 BN R PHAR ST A NV | 3K S 2
RIS, RS w2 P = T VR 25 1 = i N AE LB
T 25 B BT

TM 1 TN Ab 3 4F (1) F- 35 4 /N2 77 i 43 5ol o
5 744 kg-hm2F 5 847 kg hm ™2, RAFAE B H 2 5%,
XA Y B KRB P= SAE2K 3 2015 4R TN 02,
H/NEY P RAE SR A 2014 4R TM AR R, 2014 4F T™M
ALHL Y R b TN AR B/ 1. 49, 2015 4R )b T
2.2% . TM FI TN b3 4% (1) - 35 4 N3z 7K 45 R



8 TR XAV BT

o535 &

ROBIN 1.53 kg*m™3F1 1.52 kg m ™3, NFEAE B F
255, Hoh i K9 WUE B B 2015 4E 1 T™ AL,
I/ WUE {EK B 2014 4E (% TN b #H
SRS, SRR T A LA 25 b 3,
RUETEFTE 5 6E WD 7% ~ 15% HITHE IR & 50, 1o
R INE T MREK R ET, , 325 1 K50 R &
WUE ,{HAR A A 5 8 K (P>0.05), 5 2,
FrOTIEHE T RS S 0T OR SR HEY B R
IR R . X —45185 Chen and Zhang'® 41 %
A LY DX A%/ N7 i T RE R T A5 2 1R 25 e A
W6 SRR R TR ZE A BRI T AR

I ZE 8 T B 3 U R R K B . XA
R UE, WAL ML X A /NS SR RS AT o + T4
TERORTE T AT , T 2k — A5 2R FI AR 78 7015 T 1 10k
iR, AR BIRS A8 2t 5 T dre DL A 2 A A, (HIX
Wil Z A — PRI TR UL BEAh, A P A
(¥ FE Tl i 2 WA, e 0 i T 1 R AP i A
AR T 7 R ROK o AR (R ] 34
S DR AR T IRAE ) B s B R A
TEI - BRI &R, X L 24 Ja 7 20— 25 B A
I

£S5 2013—2015F TMF1 TN b IBZNEEFTHTIEKDTURERKE

Table 5 Change of soil moisture and total water consumption in growing season

of winter wheat under TM and TN treatments during 2013—2015

[%&FH P/mm

Precipitation

THETE 2 2/ mm

Irrigation norm

AbFH Treatment

FHOKZAEA S/mm

Soil moisture change

4 HFIEFEKE ET,/mm

KB URHE D/mm :
Total water consumption
Seepage water R .

in growing season

2013 - 10—2014 - 06
™ 243 104
TN 262 104
2014 - 10—2015 - 06
™ 249 111
TN 294 111

- 61 33 375
-51 33 384
-51 34 371
-23 38 390

6 2014 F0 2015 £ TM #1 TN A IBZ/NEK S F R FF 2L E

Table 6 Comparison of water-use efficiency and yield of winter wheat under TM and TN treatments in 2014 and 2015

s ET,/mm 4t Yield/(kgehm™2) AKAY RIS WUE/ (kg m™?)
. i 7. AT 7. i} M7 A
Treatment 2014 2015 Bl 2014 2015 Bl 2014 2015 T
Average Average Average
™ 375a 377a 376a 5589a 5899a 5744a 1.50a 1.56a 1.53a
TN 384a 390a 387a 5667a 6027a 5847a 1.48a 1.55a 1.52a
3 4 B PHIANY) 4 /N Z H #E K B A ETE 2 35 25 57, 2014 F11
s !

T 2013—2015 H[A] 4 /N2 3% 22 P A7 1 ik 3
W T REFFE S5 S AE T T 70X A& /INZ A3
R AEIK R KSR AR AN S R, 24
WU .

(1) THE S NS FT2E 55 0 35 40 T H R 2%
Ko M H AL I S (P < 0.05) , fEL /N A
B H G AR R S E AL R N 55 T s AR ]
FERIE 30% VLo

(2) BT WA & /N2 B9 S ALBH 7 Z B,
FHP-M AL EETRA/ N HF KR B AR
A BE R AT SE BE | 55 FAO BAEY) R BT V6 T 3148
BAB MM (R > 0.8) ; 7 55 AU B 35 1 #E 40

2015 4 4—6 A By 2 /N2 P ¥ H A B K R 7E 4.0
~4.5 mm-d~'2Z 8],

(3) FROTTHHESAE T A LI E A 55 RS AT
SN T 7% ~ 15% WITE R E B, k202 /)N
FEFRFEKRE, 15 T /KR HRCR B H
RENGIE X LB EKFE(P>0.05),
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