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Abstract: Water footprint provides a new index system for evaluating agricultural water use during crop growth period in major
soybean producing areas. In order to quantitatively evaluate the impact of water footprint composition and rainfall year types on
soybean production, water footprint of soybeans in Harbin city (1986 —2011) has been calculated using the CROPWAT model
provided by FAO,through which the regulations changes of its composition distributed in different rainfall year type and the re-
lationship between the footprint with soybean planting area/yields were investigated. The results showed that the components of
soybean water footprint varied from 1986 to 2011. From the whole view, green water footprint took a large proportion in the to-

tal water footprint content, which ranged from 0.12 to 0.29 m’ -kg ™'

; the agglomeration effect was found in water-deficient
year type for blue water: The five years for containing the blue water were all belonging to the water-deficient year, and normal
and rich years basically need no irrigation. The changes of water footprint from 1986 to 2011 showed the decreasing trend, the
blue water ranged from 0. 017 4 to 0. 048 2 m’ -kg ™", which accounted for 9. 52% 1o 28.73% of water footprint. The index
R? of quadratic equations showed that the relationship between effective rainfall and soybean yield per unit in wet- and dry-year
could be described with quadratic function. The results of this study can provide a basis for the overall management of water
and fertilizer in the major soybean producing areas of Heilongjiang province.
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Table 1 Crop Parameters of CROPWAT
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YR IE S B A HE B A A BT 2 0 R F R, BRI SR R
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MAIAEENER — A& H I 26 H B (R1-
FL-SH 7 . B Photothermal day
R3) , RIE i B L ADG IR 89 el
WAL BB B s 2 el H &, W7 il B I
FL-SD 15 . Photothermal day
JEFE B A AF N Y e
AEIHL ) A AT 5 B A6 R H A, BT i
SD-PM 34 . B Photothermal day
ECIRRE AL BT B e i AR
A — oAt B F I AR AR B TR R O TR
FL-LF 26 Photothermal day
H %
A RFFIESHL . TEMIRDEK Y 5ol IR BE 21 T ok oot & a
LFMAX 1.03 mgem " -s
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XFRT 1
(0~1)
WTPSD 0.19 KR (TEHE BN Z IR 2R ) g
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Table 2 Water consumption and consumption of soybean
2 zdn:% Eﬁdﬁ in Harbin during 1986 —2011 (mm)
2.1 M/RIE 1986 —2011 £ XSk BilRAKSHT AELY Year  fEMIFE /KA CWR A7 20T it ER RS K2 IR
2.1.1 %%F%ﬂ(j%éy\?m’ ﬁnﬁz E?ﬁ?,1986 ~-2011 2011 306.9 368. 7 -61.9
AR R L XK A R T A 211.6 ~ 422.4 2010 3089 w7 8
mm 26 4 [ AT WE T S50A1 5 9L, 43494 AW 2005 7.1 3153 S8
T 357.6 ~422.4 mm (1 KA, 47 R0 H R A o ol 0 e
307.2 ~357. 6 mm 2K AR, A R0 MR i W 211, 6 ~ 2007 310-4 73 ~36-9
208. 6 mm B 5K 4E. o5 A K K 2006 296.7 322.8 -26.1
294 ~ 422 mm, JE T K U 5 4F (19891993, 2009 288 A4 e
1997 ,2000 A1 2001 4F) Hy iEAE , ARG Ry i, o e e o
2003 280.0 307.2 -27.3
L) 26 4F[FIM/RIE LA 5 AF T FTRESM R 2 o 02 oo o
SR T A I K K T Bt 00 oo o s s
BIEA T - 2000 330.0 298.6 31.4
2.1.2 RaAFKRAREREDRESESHT N 1999 316.5 357.1 -40.6
F3ALIE W, WBIUK A R, 1986 — 2011 4K 1998 296.3 399.2 ~102.9
TREPIK SR 3.53 x10° ~38.23 x10° m’-4E 7", 1997 324.3 288. 1 36. 1
A 26 A5 KA 5 4R I 75 /K & D IE(E, Bl iX 1996 311.8 357.6 _45.8
5 AR SRR B, HAR AR ¥ 2, SRk Bl ol 1995 137.1 283.3 37.8
211.6 ~422.4 mm, P/KAIMEE R 31.4 ~85.3 mm, 1994 01.4 409. 1 _87.7
MR ER GAE 258 5.9 x10* ~115. 8 x 10* ¢, ff 1993 296.9 211.6 85.3
Hi T B 1986 4F iy 54 676 hm®> Z 2011 4F () 1992 307.3 381.9 ~74.6
283 557 th ,iKT 418% ,ﬁﬁﬁ{ﬁﬁ*ﬂ?%gﬂ 1.44 1991 316.5 422. 4 -105.9
thm? B K 2 2. 55 t-hm® B T 30. 5% , S Hi AR 1990 309.4 387.9 ~78.5
PSR B IR K S IE A DG OE R . 1986 4R LU 1989 3163 263.4 529
e MR A WK AR AR 2 95, L 1994 1058 0 N0 10
Jo/ LR 1998 F11 2007 44 B Es s T % 2007 4F 1987 298.9 386.6 -87.7
1986 298.7 349.6 -50.9
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Table 3 Water consumption and virtual water content of soybean production in Harbin during 1986 —2011

JKIH#E & Water consumption - . ) . . FE UK A H Virtual water
PN per year/ ( x 10° m?) KEA =5 A j:ﬂﬁ%ﬁmﬂ kﬂi{ﬁf’:% consumption(m kg1
Yeur oK Blue SK Groon i Toral Annual soybean yield Soybean planting area  Soybean yield oK Bloe SK Groen £ Toral

) /( x10* 1) /( x10° hm*) /(t-hm~?) )

water water consumption water water consumption
2011 0 10. 45 38.23 72.35 2.83 2.55 0 0.14 0.14
2010 0 13.29 34.20 98. 67 3.87 2.55 0 0.13 0.13
2009 0 12.73 29.93 92. 61 4.04 2.29 0 0.14 0. 14
2008 0 14.71 28.35 98.52 4.20 2.34 0 0.14 0.14
2007 0 15. 62 27.10 64. 50 4.50 1.43 0 0.24 0.24
2006 0 15.22 24.51 91.10 4.71 1.93 0 0.17 0.17
2005 0 15.03 18. 40 113. 60 5.11 2.22 0 0.13 0.13
2004 0 20. 84 24.30 115. 80 5.17 2.24 0 0.18 0.18
2003 0 11.49 15.57 79. 60 3.74 2.13 0 0.14 0.14
2002 0 9.03 16.72 64.90 2.90 2.24 0 0.14 0. 14
2001 1.97 8.03 17. 84 52.70 3.02 1.74 0.03 0.15 0.18
2000 1.05 10.03 16.22 60. 70 3.36 1. 81 0.02 0.17 0.19
1999 0 8.44 23.77 50. 40 2.36 2.13 0 0.17 0.17




23 & BR% JET CROPWAT BRI R /RIEHIX 26 4k T APk ALl A BF 5 255
&R3
JK G #ER Water consumption \ eIk & Virtual water
" e (10 R S S
Yeur oK Blue SK Groon it Toral Annual soybean yield Soybean planting area  Soybean yield oK Bloe BK Groon £ Toral
/(x10% 1) /( x10° hm?) /(t-hm™%)
water water  consumption water water  consumption
1998 0 10. 61 25.90 50.70 2.65 1.91 0 0.21 0.21
1997 0.92 7.29 21. 06 53.70 2.53 2.12 0.02 0. 14 0.16
1996 0 4.03 9.89 24.50 1.13 2.17 0 0.16 0.16
1995 0 3.71 7.44 25.00 1.31 1.91 0 0.15 0.15
1994 0 6.61 9.08 30. 50 1. 62 1.89 0 0.22 0.22
1993 1.65 4. 08 5.57 33.90 1.93 1.76 0.05 0.12 0.17
1992 0 5.21 8.50 25.30 1.36 1.85 0 0.21 0.21
1991 0 5.34 9. 66 20. 60 1.26 1.63 0 0.26 0.26
1990 0 1.86 5.07 8.90 0.48 1. 86 0 0.21 0.21
1989 0.28 1. 42 3.54 5.90 0.54 1.10 0.05 0.24 0.29
1988 0 2.33 4.40 7.80 0.56 1.40 0 0.29 0.29
1987 0 1.91 4.84 7.70 0.49 1.56 0 0.25 0.25
1986 0 1.91 3.80 7. 86 0.55 1. 44 0 0.24 0.24
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LA S NP RS A RINAE TR, X 5 ME
Uy B4 59 A T8 IR ATy HL | W IR e ROK AR R G AR K
FHKLAZRIK Ry 2, 8K LU E 1% ~ 90% 35 Bl Y
KN 9. 5% ~28.7% , HorhiE /K 540K L
HYE 2R 4:1(2001) (10:1(2000) .8:1(1997) .
5:2(1993) ,5:1(1989) , % 7] fig 5 K & 1y B K FE A
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Linear regression model of different effective rainfall years and soybean yield

P T B AN SR A T K

M3 LA BT A 340 48 (2004 4)
KOG A T LN 1986 4F 2 2011 4F B A 5L 2 P 4
K, MR BEHL TN y = —17 913x +496 584,
R* =0.787 9, Wi &% /K I #E i M 1986 4F JF 4 th HE A
BB AR TR y = —0.597 4x +
16.574,R* =0. 748 2, %4k i 5 KKk S
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JKIH#E R Water consumption/( x 10°m?)

JKIH#E R Water consumption/( x 10%m? )
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Fig. 2 Pie chart of water footprint in water deficit year
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Fig. 3 Regression model of green waterfoot print and soybean planting area during 1986 —2011
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Fig. 4 Trend of green water footprint and soybean yield during 1986 —2011
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MEL 4 TT LU, KB A ™ 5 A 1986 4
22011 4EBH R pa 3, F71. 10 ~2.55 t-hm 2,
1986 — 1995 4FFAHIZE 1. 91 t-hm 2 LA, Tij 1998 —
2011 4ENIAE 2.30 t-hm L) |, 26 AR EALT P R T
LK R R, N 0.24 m’ kg I
B2 0. 14 m’ -kg ™', I\ 1986 4EFFREEAS 5 A F-Hy4k
KAEH 0.24,0.19,0. 16,0. 14 ,0. 16,2006 4EFE{E 5
0. 14 J5 X THA 2011 4Ef4 0. 16,3587 0. 16 m’ -kg ™'
()ALLK & R B R R 1Y 1L

3 i

A R i SR K R R 2206/ T 0 1
TN ZHEMOR AN ST, A SRR K © A RE
RV TR s A W R - AR F ki >0
I, AN AN EAT HE R, FAR R ME T YK B2 A
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