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Washed root samples Separating roots from dead and other
debris and measuring the root length
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*870 mm Eh.

Seasons 00/01 01/02 02/03 03/04 04/05 Mean
Winter 461.8 479.2 401.2 459.7 463.0 453.0
wheat

Summer 434.2 448.9 396.4 431.8 406.0 423.5
maize

2000—2005F FH 5 R




Average monthly

ET (mm/day)

—*—95-96
—+—97-98
—+—99-00

Winter wheat — B +—97 R
%90 =00

—=—96-97
—>—98-99

e~ (@)} (@)
T ]

— [\)
T T

Average monthly ET
%mmégav)

Maize

Dec. Jan. Feb. Mar. Apr. May June June July
Month Month

Average monthly ET rate (mm/day)
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Kc=ET/ET, Kc is crop coefficient, ET is evapotranspirtion and
ET, Is reference evapotranspiration calculated by Penmen

equation
Wheat
10 11 12 1 2 3 4 5 6(1-10) Whole
Month period
ET,(mm/d) | 2.0 | 1.1 | 0.7 | 07 | 1.3 | 21 | 3.1 | 3.8 | 4.6 | 487 (mm)
ET (mm/d) | 1.2 | 09 | 0.6 | 03 | 05 | 1.2 | 3.8 | 54 | 3.3 | 453 (mm)
Kc 0.6 | 082|086 | 043 | 0.38 | 0.57 | 1.23 | 1.42 0.72 0.93
Maize
Month 6(11-30) 7 8 9(1-20) Whole period
ET,(mm/day) 5.1 3.8 3.4 3.0 386 (mm)
ET (mm/day) 3.0 4.7 4.7 3.5 422 (mm)
Kc 0.59 1.24 1.38 1.17 1.1
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Wheat
Month Oct. Nov Dec. Jan. Feb. Mar. Apr. May June Total
ET (mm) 59.2 36.9 19.5 8.2 8.1 28.3 104.8 163.5 33.3 461.8
E/ET (%) 51.2 63.6 41.7 3.1 35.2 69.0 73.1 82.5 81.7 70.3
T/ET (%) 48.8 36.4 58.3 96.9 64.8 31.0 26.9 17.5 18.3 29.7
Maize 138mm
Month | June(11-30) | July | August | Sept.(1-20) | Total
ET (mm) 56.2 159.7 165.0 53.3 434.2
T/ET (%) 35.1 71.8 77.9 75.2 69.8
E/ET (%) 64.9 28.2 22.1 24.8 30.2 130mm
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E/ET (%)
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Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June 0 ) A0 60 80
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The change of E/ET and LAI over the growing season of winter
wheat and maize
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Soil volumetric water contents

The relation of E/ET with surface soil moisture
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Liu Changming, Zhang Xiying, Zhang Yonggiang. 2002. Determinationg of daily

evaporation and evapotranspiration of winte wheat field by large-sacl weighing
lysimeter and micro-lysismeter. Agro. Forest. Meteorology

Zhang Yonggiang, Qiang Yu, Jie Jiang, Yanjun Shen, Changming Liu. 2005, Simulating
daily evapotranspiration from instantaneous latent heat flux measurements.
Agricultural Water Management

Zhang Yonggiang, Yu Qiang, Liu Changming, Jiang Jie, Zhang Xiying, 2004. Estimation
of winter wheat evapotranspiration under water stress with two semi-empirical
approaches, Agronomy Journal 96: 159-168.

Zhang Yonggiang, Liu Changming, Yu Qiang, Shen Yanjun, A. Kondoh, Tang
Changyuan, Sun Hongyong, 2004. Surface energy flux and Priestley-Taylor
parameter above winter wheat and maize in the North China Plain. Hydrological
Processes.

Eloise Kendy, Zhang Yonggiang, Liu Changming, and Tammo Steenhuis, 2004. Ground-

water recharge from irrigated cropland in the North China Plain: Case study of
Luancheng County, Hebei Province, 1949-2000. Hydrological Processes.

Zhang Yonggiang, Eloise Kendy, Yu Qiang, Liu Changming, Shen Yanjun, Sun
Hongyong, 2004. Effect of soil water deficit on evapotranspiration, crop yield, and
water use efficiency in the North China Plain. Agricultural Water Management
64(2): 107-122.
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Soil evaporation (mm/dav)
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Monthly E without milching (m)
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ANFATEE A /N2 387K 73 A FH R

HFLEKD BKE EHME BRHE PR KRB
Aib 3
mm mm mm mm kg/hm2 kg/m3
7.5cm 29.2 116.9 175 321.1 6870.5 2.1
15cm 46.0 116.9 175 337.9 5272.6 1.6
22.5cm 54.8 116.9 175 346.7 5236.8 1.5

30cm 62.2 116.9 175 354.1 5052.9 1.4
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The amount of irrigation (mm)

KEESRBEZRIFIRAR



W 57K

O SFEKE:

= i

=
==l

Sk — 4 FAE

INE-B
FEk = 5K

a

— " Ny
-~

SN

AR 15k 1983—-2004 £F

SHTR



maximum

Grain yield
8000 - ’ ’

6000 - /& [

4000 I

Yield (kg ha ')

2000

16 1 N
12

WUE (kg mm ' ha ')
0

"LWUE
20 V_

ABCD

EFG ABCDEFG ABCDEFG ABCDEFG ABCDETFG

1999/2000 2000/2001 2001/2002 2002/2003 2003/2004

Seasonal rainfall

55 mm 85mm 129 mm 171mm 210mm

A-TO: without irrigation; B-T1N: one irrigation at jointing; C-T2: as T1N plus pre-
wintering; D-T2N: two irrigations at jointing and flowering; E-T3: as T2N plus the
pre-wintering irrigation; F-T3N: three irrigations at jointing, heading and early milk;
G-T4: as T3N plus irrigation at pre-wintering. (KXHZR)



ARK AT FI4/NEFRIWUED, WUEetFfIWUE

Table 6 — Irrigation water-use efficiency (WUEI), net water-use efficiency (WUEet) and water-use efficiency (WUE) of

different treatments during three crop seasons®

Year Treatment  Irrigation (mm) Grainyield (kgha™®  WUE (kgm ™) WUEet(kgm®) WUE (kgm %)
1959522000 A 2845 5467 + 179 a 0.67 ab 0,50 b 1.43 be
B 3239 5487 + 252 a 0.60 b 0.54 ab 131 ¢
C 2479 5584 4+ 151 a 0.82 a 0.49 ¢ 150 b
D 4048 5306 + 64 a 043¢c 0.59 a 114 d
E 80.0 3552+ 172 b - - 183 a
2000-2001 A 272.7 4893+ 172 a 0.57 ab 0.42 ns 1.19 ab
B 234.0 4965 + 142 a 0.54 ab 0.35 ns 1.33 ab
C 230.0 5177 + 276 a 0.80 a 0.37 ns 1.34 ab
D 308.7 4972 + 96 a 0530 0.46 ns 112 b
E 80.0 3328 + B0 b - - 138 a
2001-2002 A 249.3 4200+ 174 a 0.31 ab 0.35 ns 1.08 b
B 2475 4431 £ 79 a 037 a 0.36 ns 1.09 b
C 250.7 4417 + 165 a 036 a 0.40 ns 103 b
D 3541 4333 + 137 a 0.23b 0.42 ns 0.97 be
E 80.0 35264+ 52 b - - 136 a
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A R T R RANP B8 o B--- R AN X E B

R B HEATHEBE-

Ty Z K (mm) B/NEEBEREBE R (mm) | AR R (mm)
N oK INZZ oK INZZ /S
1997-98 | 113 192 90 120 240 240
1998-99 | 60 290 135 135 300 180
1999-00 |50 348 120 135 300 180
2000-01 | 127 217 120 120 300 300
2001-02 | 110 288 120 120 300 240
2002-03 | 156 312 90 90 300 180
2003-04 | 210 427 90 90 180 120
2004-05 | 104 322 90 120 240 180

116

270
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4000

2000

Winter wheat OMI

BrI
1997-98 1998-99 1999-00 2000-01 2001-02 2002—-03 2003—04 2004—-05
Seasons
vaize  /NEPEEPEK14%F0 E K== FE{R13% =

1998 1999 2000 2001 2002 2003 2004 2005

Seasons

B/ DEEE(MD R R NEZ R B =5 78 0 B (FD Y ELER
INEZEL107mm INE270mm
EXK116mm £ K203mm



£ Bt /DN L (MO R 78 23 HETE T (F1D) B AR FH 7K 99 F- 17
= B 7K 725 HL(ET) VE I S
Mi FI Mi FI
mm

1997-98 306 590 761 284 455
1998-99 350 661 909 310 559
1999-00 399 608 894 209 495
2000-01 344 558 852 214 508
2001-02 399 678 843 279 444
2002-03 469 606 126 137 257
2003-04 638 3818 903 180 265
2004-05 427 713 914 287 487
SMETA 417 850 434
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S NEAERNIERMI) . REIANK (CORIFE A BB (F) T 0
AEDM~E KR 2 UE3%)
Ml Cl FI

B ET(mm) | Yield (kg/ha)| ET(mm)| Yield (kg/ha) | ET(mm)| Yield (kg/ha)
1997/98 | 299 5414 334 6088 390 6066
1998/99 | 323 5326 366 7024 479 6938
1999/00 | 283 5104 325 6181 488 6938
2000/01 | 314 5063 359 5391 441 6300
2001/02 | 303 4938 313 6185 421 6145
2002/03 | 317 5539 272 5258 354 5233
2003/04 | 460 6859 462 7074 507 7143
2004/05 | 378 6165 383 7058 496 7094

S 335 5551 352 6282 4477 6482
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RIEZEMRGEREBIIEL/NEZIRAERSE
Units: mm
ZFBE/K (mm) BEMEREL | REBME | REHNE VEE BT v 1A
£ >130 mm 1 60-70 60-70 ]
1IE% 90-130 mm 2 60-70 120-140 WY, #EE-FF e
/BTi<80 mm 3 60-70 180-210 RS, HiRE, BERELHA

SRR 1 52 EE AR BRI ) R 11 B il D 2/ 22 A4 i IE I o8 -208, 7
EHEE10%, Ko PR SER110-15%, /KR ]2
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Zhang, X.Y., D. Pei, and C.S. Hu. 2003. Conserving

groundwater for |rr|gat|on In the North China Plain. Irri.
Sci. 21: 159-166.

Zhang XY et al. Performance of double-cropping winter
wheat and maize under minimum irrigation in NCP,
Agronomy Journal, 2006.

Hu, C.S., J.A. Delgado, X.Y. Zhang and L. Ma. 2005.
Assessment of groundwater use by wheat in the
Luancheng Xian Region and potential im[lications for
water conservation in the Northwestern North China Plain.
J. Soil & Water Conserv. 60:80-88

Zhang Xiying et al. Effects of deficit irrigation on yield, yield
components and water use efficiency of winter wheat,
2004, Journal of Experimental Botany,(supplemental)

Zhang Y. Q, Yu Q., Liu C. M., Jiang J., Zhang X. Y.
Estimation of winter wheat evapotransplratlon under

water stress with two semi-empirical approaches.
Agronomy Journal, 2004, 96: 159-168.
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The diurnal change of leaf water potential of maize for three days and
the difference of leaf water potential at different locations of the stem

(16 Aug. to 18 Aug. 2000)
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Canopy temperature (°C)
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The daily change of canopy temperature for different
iIrrigation treatment in 2000/2001 winter wheat season at four
days ( To to TS5 represent irrigation treatments from rain-fed
treatment to five number irrigation application treatment)
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(3)
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(4) Crop water stress index (CWSI)
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Non-water-stressed baseline for winter wheat determined by linear
regression technique from measurement taken for the 5 applications of
irrigation treatment during booting to milky filling period
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The threshold values for irrigation scheduling of winter

wheat at different growing stages using different indicators

Indicators Seedlin | Revival | Elongation Booting to Grain- Maturin
g heading filling g
Sensitivity index | 0.0712 | -0.1213 0.3145 0.2721 0.1016 -0.087
Soil water® 60 S5 65 60 60 55
Tc-Tair*/°C 0 0.1~0.2 -0.1~-0.2 0 0 0.2~0.3
CWSI* 0.3 0.4 0.15-0.20 0.3 0.3 0.4
LWPI- 0.3~0.45 | 0.5~0.6 0.2~0.3 0.3~0.4 0.3~0.45 | 0.5~0.65
LWPm*/MPa

*. Soil water is the percentage of soil moisture over field capacity; Tc-Tair is
the temperature difference of canopy with ambient air temperature from
meteorological station at midday; CWSI is calculated using equations (5-1
and 5-2); LWPf-LWPm is the leaf water potential difference of well watered
leaf water potential with the deficit-treated leaf water potential before sun

rising.
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