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Table 1 Some physical and chemical properties of the soil in the studied field

s 2/
ARG CEIU S S 0 75 K B
e . . . 25 Bulk i1 5§ % Electric
- B Particle scize(g kg™ ) Organic carbon Saturated volumetric
Depth density conductivity
( Soil texture content S ] water content
cm) ~ (gem™) (pSem ™)
<2 um  2~50 pm  >50 pm (gkg_]) g W (em®em )
0~30  fHJEHE+ Sandy loam 137 407 456 7.4 1.55 118. 1 0.415
30 ~80 Frb i ZE £ Silt clay 359 558 84.0 14.3 1. 41 173.7 0. 475
80 ~170  HEJifb + Loam sand 103 824 73.0 3.6 1.47 186. 4 0. 452
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TE: P: WWZEFKS, S: K, X: 0%OfE, Y: 6D, a, b, ¢, dFRAFKIE Note:P stands for plant stem water, S for the water source, X
and Y for the values of 0'*0 and JD, respectively, and a, b, ¢, and d represents different water sources

Pl 1 K 5 B 2 K R 1 8D-8" 0 it £k 16/

Fig. 1 8D-8"%0 plot with two (A) and multi (B) water sources
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Fig. 2 Variation of groundwater table during the winter wheat growing period
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Fig. 3 Average soil volumetric water content at different depths of a soil profile at each growth stage of winter wheat
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WP, G, S1, S2, S3, SASRIHH/NEZEFKS HITFK. 20, 404 80\ 180 cmA3iuk; 4 BEMI REM W IA2R0KIE,
ZofEiA A FLAUHA MUK, B 54 A E R EER R Note: P, G, S1, S2, S3 and S4 stands for wheat stem water, ground-

water, and soil water at 20, 40, 80 and 180 cm in depth, respectively. Two water sources for the growth stages of tillering, regreening, and

jointing, and six sources for the growth stages of booting, flowering, and filling. All the data in the figure are presented as mean = stan-

dard
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Fig. 4 6D and §"™0 of stem water and waters of various sources at different growth stages of winter wheat
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8" 0 fir T4 Rk I =22 ] 5 + K 7F %6 )2 20 em &b
S A (RN L QAN R R/ R OF: BTN i
bR KB 6D F1 60 FE 454 B W IR/ .

TEA/NE LTI B 4 /N F A& FloK IR Y 6D
18" 0 UG K (R IEAT VI35 ) AT A,
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Table 2 5D-5"0 plot of groundwater, soil water and plant water at different growth stages of winter wheat

A HF W Growth stage

8D-6"0 i<k 6D-5" 0 plot

FH G 2% Correlation coefficient r

Sy BEW] Tillering 8D =4.7755"0 - 5. 628 0.944""
3R 7 1] Regreening 8D =2. 648580 -24.35 0.909 **
A5 Jointing 8D =5.4755"80 - 1. 685 0.982 "
Z5 i 4] Booting 5D =4.2495" 0 - 8. 746 0.962 "
46 # Flowering 8D =4. 66450 - 4. 386 0.963 **
FLEH Filling 8D =6.5718"0 + 7.546 0.969 **

T B NS £ AR UEIR; % KR p=0.01 JKFE E M IH A B3 % Note: All the data are presented as mean + standard deviation,

#% means the linear regression is significant at p =0. 01
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SD (K 2) ;L K Al R i it Jr #250(8) X (9) Mk
(10)iH5RE . P XS 5Nk 4 LS Prs.
W45 KU 80 S AL R (R 5S)MRA T
BE(11) , AT LA 2% A F I 60, #1870, 885
i 2RI A R (7 B (5) FJ7 R (6) ) 35 A F
P AP, (F6). T (12) 75745 2] 4 K I
XMENEZFEFHMTTER (R T) o WERT ATHH,
A ST S N I DN e SR St N R TS

ko e BEW R T IR T ,20 em 4b - HEK R
KNEWEEKE, T3 MEFHLANERA
FESMAERE, TBUZ L HOKR £, i b5
F 28 BB 0T R AR 3L B 0 R AR A (BN T
5% ) ;40 cm fb 4 HEK AN I B BKIR, BR TR
F(13.4% ) FIFAEW (14.9% ) FEH R AT B0
DTHR S T 22.8% , FL AV H & 5 ik 47.5%
80 cm + 4bHE /K 7E K 15 1 AR A /b, B A 22 Bl
) ol A 300, HL BT o 4 0 KR Y B B 2 7R 33.0% LA
5180 em 4b 4 38 K 7E 2 1l 0 AT A6 R HH 8% £
(43300 17.2% F1 31.3% ), {H 16 FL AW R AN £
(7.7% ) s b F K FETF A6 1 35 2 16. 4% |, 78 2 R A
FLA R B

£3 BNEREFHMEFKS "0 RAESA

Table 3 50 of stem water at different growth stages of winter wheat and grouping of water sources

HH W Growth stages

SrBEW Tillering 12 % ] Regreening

AT Jointing

Z I Booting F AW Flowering FLEY Filling

5" 0y -5.8 -5.7 -7.2 -8.2 -8.3 -7.4
S1( -3.8) S1( -3.8) S1(4.1)
T3 Top S1( -4.4) S1( -5.2) SI(-6.1) $2( -7.7) $2( -7.0) $2( -7.2)
ordl S3(=7.8) S3(-7.7) S3(-7.5)
Group
$2(-7.5) $2( -7.0) $2( -8.1) S4( -9.4) S4( -9.4) S4( -8.3)
K i End
S3(-7.7) S3( -7.5) S3( -10.3) G( -10.6) G( -10.5) G(-9.7)

11880 FR/NE25FF 680,51 .52 .53 .54 Fl G 43 5113 7% 20 .40 80,180 em +HE/K FIML K . 355 7 1% K B 19 8" 0 {H , ¥ %o Note;

5]80“ stands for 880 of winter wheat stem, S1, 52, S3, S4 and G for soil water at 20, 40, 80, 180 cm in depth and groundwater, respectively. The

values in parentheses are §' O of that source, in the unit of %o
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Table 4 Parameters used in estimating relative contribution of each water source to winter wheat at various growth stages

24 HFH W Growth stage

Parameters Iy BEW Tillering 3R] Regreening K7 Jointing Z 3 Booting FFAEM Flowering ZL#IH Filling
Xy ~5.773 £0.530 ~5.668 +0.375 ~7.209 +0. 400 -8.173 £0.012 -8.270 £0.239 ~7.353 +£0.252
Xg, ~4.378 £0.501 -5.201 £0. 108 -6.128 0. 842 -3.838 £0.948 -3.771 £0.245 4,112 £1.391
Xe ~17.506 £0.283 ~7.000 £0.370 -8.091 +0.270 -7.668 £0. 655 -6.953 £0. 447 -7.202 £0.978
Xg ~7.696 +0.206 ~7.463 £0.177 ~10.29 £1.189 ~7.836 £0. 157 -7.674 £0.256 ~7.530 £0.433
X, — — — ~9.417 £0. 828 ~9.443 £0.412 -8.265 £0. 568
X, — — — -10.56 -10. 50 -9.651
Yy -33.19 +1.892 -39.362 +0. 994 ~41.15 £2. 191 -43.49 £0.051 -42.96 +1.115 -40.77 £1. 659
Yy -26.539+1.836  -38.128 +0.286 -35.23 +4.611 -25.07 £4.026 -21.98 +1. 141 ~19.47 9. 140
Yo —41.47 £2.139 -42.890 +0. 893 -45.98 £1.479 —41.34 £2.785 -36.82 +2.084 -39.78 +6.426
Y -42.37 £0.913 —44.116 +0. 468 -58.01 6. 508 -42.06 +0. 667 -40.18 +1.194 -41.93 £2. 848
Y, — — — -48.78 £3.519 -48.43 £1.923 -46.76 +3.731
Y, — — — -53.62 -53.37 -55.87
Ly 6.805 +2. 446 1.319 +0. 306 6.019 +4. 687 18.92 +4. 136 21.46 +1.167 21.54 +£9.245
L 8.456 +1.380 3.772 +0. 955 4.909 +1.503 2.205 +2. 861 6.283 +2.132 1.004 +1.419
Lg 9.383 +1.007 5.082 +0. 500 17.139 6. 615 1.469 0. 685 2.843 +1.221 1.177 + 1. 664
Loy — — — 5.431 +3.615 5.593 +1.967 6.062 +3.774
Lo — — — 10. 40 10. 65 15.28

K(top) 6.805 =2. 446 1.319 0. 306 6.019 +4. 687 0.842 =0.429 1.794 0. 669 0.959 =0. 631

K(end) 4.448 £0.156 2.165 +0. 381 3.816 = 1.237 3.568 +1.602 3.667 0. 852 0.926 +0.975

T BRI AR PR IR . R BRI« AR . X WA KRR A 8150 SEI A 5 Y S ARAE J7 R (4) TR B 8D ;L K /N #E
HRKWAE $D-8"0 Mk I AIBE B K AR STRRIN T 5 F AR W .G S1.S2 .S3 . S$4 top end 435I /N 25 FFAK 43 bR 7K 20,40 80 180 em + 3
7K T v 20 F R 3 240 Note; Means that the water source wasn’ t includded in calculation. All the data are presented as mean * standard deviation. X
stands for average value of 5'® O for each source; Y for 6D value calculated through Eq. (4) ; L for distance between a certain water source lo wheat in D-
5"80 curve; K for relative contribution factor; and the subscript W, G, S1, S2, S3,54, top and end for wheat stem water, groundwater, soil water at 20,

40, 80 and 180 cm at depth, top group and end group, respectively

xS ZMEFRREFPEMKIREEHBHRE ST

Table 5 Relative contribution of each water source to its group at various growth stages of winter wheat

il ZH H B W Growth stages
Group Parameters 43 B% ] Tillering X % ¥ Regreening 4877} Jointing 2 Booting FAEW Flowering LA Filling
Tot o 26 Ry, 1 1 1 0.045 £0.018 0.083 +£0. 027 0.0435 £0. 112
Top group Ry, — — — 0.382 £0.512 0.286 £0.011 0.955 +0.112
Ry — — — 0.543 £0. 494 0.631 £0. 038
Ry _ _ _ _ _ _
R, - — — _ _ _
KAl Ry ~ — - - . _
End group Rg, 0.526 £0. 067 0.574 £0. 029 0.777 £0.015 — — —
R, 0.474 £0. 067 0.426 +0. 029 0.223 £0.015 — — 0.787 £0.092
Ry, — — — 0.657 £0. 154 0. 656 +0. 080 0.153 £0.028
R — — — 0.343 £0. 154 0. 344 +£0. 080 0.061 +0. 064

TE RN TR AR ZOR W E0ZOK IR R T . R B P « SRAEIR . R & K UxE HE BT 76 4 9 AR 4 STk s T 45 S1.,52.83 |
S4 .G 43548 20 .40 .80 180 cm + HE/K FilH 7K Note: Means that the water source was not included in calculation or in that group. All the data are
presented as mean * standard deviation. R stands for relative contribution of the source to its group; and the subscript S1, S2, S3, S4 and G for soil water

at 20, 40, 80 and 180 c¢m in depth, and groundwater, respectively



662 + e

B 49 &

®6 AT&HERGEIETHNSH

Table 6 Parameters used in the two-tip linear mixing model

S8 HEFH W Growth stages
Parameters 4y BEH Filling % # H Regreening HATH Jointing 2 Fl Y Booting JF 4 Flowering FLAW Filling
5]80“‘p -4.378 £0. 501 -5.202 £0. 108 -6.128 +0. 842 —7.594 £0. 295 -7.142 £0.421 -7.064 £0. 868
8180%.1 -7.596 +0. 064 -7.197 0. 269 —-8.580 +0. 445 -9.807 £0.734 -9.807 0. 357 -7.770 £0. 580
P, 0.567 £0. 009 0.767 £0. 028 0.559 £0. 081 0.739 £0. 074 0.577 £0. 149 0.591 +£0. 404
P 0.433 +£0. 009 0.233 £0.028 0.441 +£0. 081 0.261 £0.074 0.423 +0. 149 0.409 +0. 404

TR PBE Y NI  FRUEIR . P XN TR T bR top Fll end 43 1) & 7 T01 i 2 Fll K ¥ 4 Note: All data were presented as mean

standard deviation. P stands for contribution to wheat; and the subscripts “top” and “end” for the top group and the end group, respectively
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Table 7 Relative contribution of each water source to winter wheat at various growth stage( % )

H:F ] Growth stages

B2 Tillering %7 ] Regreening

WA Jointing

Z FE I Booting FF AW Flowering LA Filling

Py, 56.7 +0.8 76.7 +2.8 55.9 +8. 1 3.3:1.2 4.4 £0.1 2.2+2.8
Py, 22.8+0.3 13.4+2.1 34.3 +5.6 28.2 %6.3 14.9 3.6 47.5 +6.8
Py 20.5+0.3 9.9+0.6 9.8+2.4 42.3 +4.8 33.0+7.4 39.5+8.2
Py, — — — 17.2 2.9 31.3 £13.5 7.7+0.5
P — — — 9.0+3.6 16.4+1.2 3.1+3.6

I RN B A @R ZOK IR . R R M+ AR . P Oy XN B STRK ;T AR S1.S2.S3 .84 F1 G 434 20,40 .80 ,180 em £

K A1 R 7K Note: Means that the water source wasn’ t included in the calculation. All the data are presented as mean * standard deviation. P stands

contribution to wheat; and the subsecript S1, S2, S3, S4 and G for soil water at 20, 40, 80 and 180 c¢m at depth, and groundwater, respectively
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CONTRIBUTION OF SOIL WATER AT DIFFERENT DEPTHS IN PROFILE TO
WINTER WHEAT IN FENGQIU IN HUANG-HUAI-HAI PLAIN OF CHINA

Zhang Congzhi'

Zhang Jiabao'’

Zhang Hui’

(1 State Experimental Station of Agro-Ecosystem in Fengqiu, State Key Laboratory of Soil and Sustainable Agriculiure,

Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

(2 Institute of Agricultural Resources and Environmental Sciences, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Crop water source is an important aspect in the study on water cycling in SPAC ( Soil Plant Atmosphere

Continuum ) and water-saving agriculture. Traditional approaches are not adequate to determine contributions of different

water sources to the crop. Based on the winter wheat field experiment in Fengqiu, using the stable hydrogen and oxygen

isotope techniques, a new model coupling a linear mixing model with §D-8"0 curves was established and used to calculate

contributions of different water sources to the winter wheat at various growth stages in the Huang-Huai-Hai Plain of China.

Results show that contributions of the sources to winter wheat varied with the growth stage. Soil water in the top soil layer

(0 ~20 cm) was the main water source to winter wheat at the tillering, regreening, and jointing stages; At the booting

stage, the crop got its water mainly from the soil at 80cm in depth; At the flowering stage, it turned to the soil at 80 and

180 cm in depth for water supply; To wheat at the milk stage, soil water at 40 and 80 c¢m in depth contributed 47. 5% and

39.5% , respectively, of the total the crop needed; And at the booting and flowering stages, the crop took 9.0% and

16. 4% , respectively, of the water it used up from groundwater.
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Water source; Wheat; Stable hydrogen isotope; Stable oxygen isotope; Coupled model



