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W E ARG R AR B 327 X 2 B B UK b X, B VA4 & AR A AR & 26 7 K8, T AR 6 1R
RER K S BT 51 RS (K A BB FR B (WSD I K CARIE B T 138%™, TR BORVLAE M = BR S EY,
TR AR B VR R R T AR ) 51%, 72 Bt (52 R B2 B 50% LA b o SR 1T BB VT 4 T 3B 1 52 8 AR AT
SRR 54% , IR MR i R T DA AR i IR, PR R R AR IR A E R E B AR R A
o2 VR R B H b X RR A AR R K R AR R T R M R ) A A — PR R . AT T 3 all)
FH TAJAR 6 , 76 A0 [ 38 S5 F AAR B B AE R, 6P 1 [X B ¥ B T oK 2B 77 /K R 328 (R R M BEA T VR AN 7T
1 MR57E%E
1.1 #XHEE5R

TR TE R VLA R PR T 28 N EL KRR 22 0t 72 B gk AT, b A 43 45°17', AR 42 125°35'. & i iy KBl
PEZE AR, Z TR 4.6 C, Z4EF RN R 463 mm(6—8 H /KR HEET1%) . ZETFHEK
1733 mm, KT 10 ‘CHRAIE 2 845 C, LAEW 138 d, B o — IR . R LI NIRER £ 45 1, [ Fx
il R oA B E L, SR 22% D 3T% FIRP R 41% . TG 1 35 FH 18] T 2 RF K R 8 30.2% , 7K AR
EREN5.6%, FEIBBUR R 1.22 g/em’s 2P XGE 3.6 m/s, I KR Z KAETHE. HFEG—S5HOM

FEKEA RN 13%. 2014—2016 501 0~20 cm + )2 T IBFAL MR AR 1 TR
#1 2014—2016 53X 3 #. 0~20 cm £ & 1 3 39 {0 IR

FRAL P 2014 4F 2015 4F 20164
AP/ (g kg 28.2 27.8 27.7
1 5:%/(dS - m™) 2.0 23 2.5
A/ (g kgD 1.1 1.2 1.4

A 3 A/ (mg - kg™ 43.7 47.6 452
AR R (mg - kg™ 206.1 223.1 257.3
pH{E 7.1 7.1 7.1

1.2 I

BERFK SR 35, $ I 2 1 ST 18R FH R ZE XA T P, PR X 1 I 2 2 AT A B, 2898 130 em,
28 EATEE 50 om, PREE 20 em, W HET TR AN R K E 0o FOKIRFN 5 175 O) 17K 80 m*/hm?, 7] Jiti JEG HE JR
RN E:46%)2.9 g/bk, i BEERES (5 P.Os & : 16%)12.5 g/kk , BREREH (5 KO :54%)7.7 g/bk. E & W
KB Y 450 m/hm?, AR 24 47 [ 155 0 16 6 28 BT 9 el 0 e SRS RE /K (2014 4F 1 2015 AR 415 19 il
T3] R 35 JU0E 3 00, 2016 S J e 11 S FEE SR IVE 2 ) o BETRE KB MR R B REB N 101, WX K
13.6m, %52 m, 3 REL . FAVNXFTA ISR, R HH 55 2 > B X —3
1.3 #HEIKEL

I P L K 45 5 1 2% (TRIME-PICO) 3 WIMI B R B6 X 160 R
I m iR LR IR AKR . WA P L BRI T 140 m 1<
R R A R R I R S 120 |

BRI 3 0, 20145 1 H 20155 £ T
3HA2016 44 A 27 H#EF, 3545 T84 10 A EAJIER. = 80
PO TR R B 9 128 & W AR SRR g O

40 |
Jald. |
IS X 1981—2010 4 KA F W GS—9 AW .
N 403.1 mm. 2014.2015.2016 4F K K4 H WK &S 5 6 7 8 9
519 420.9.448.6.386.0 mm. KA B W P9 B I B4 A6 At
Kl 1 TR Bl RBFEAETNEAERHE

1.4 KBEFEHITE
ST WIS A KR AT I H SR B R R TOKAE B AR B K BT B B AR AR
H TR A B WK W FR AR ™ 8, THE R A P I R P K R . f i B % /K A T B 72 7k DL R
ko AR /K P4 SRR, SRR H K AT 6, B
ET=1+AW+P_ +K-D-R, (D
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A ET N BN ZE 80K (mm) 5 1A B K & (mm) s AW R BE N 1 m IR FE N LI g K 28L&
(mm) ; P NI BE A 24005 FY & (mm) 5 K A B P LR /K AN B (mm) 5 D NI BE V2T (mm) 5 R I B
AR E (mm) o KRS X PR N KA HEAR R O T 8 m) HAMHEE K & /N, KD AT UHE. HT
A B 114 155 T ARS8 ) S8 T DA R B R K O X AR AR A = A o AR SR, R AE THE R E N 0.
BN R PoAREE R SR A ES, B
Py=nP > 2
EP=10P,, , (3)
A : Pow N H BN & (mm) 5 7 A B REL(Poa<5 mm I HL0.56, 5 mm<P.=<10 mm [ B 0.76 , P>
10 mm AP EX 0.82) o 545 25 B4 R B Pon(mm) 352550 1% A 25 B4 R B EP(m*/hm?) .
A K B oK ZE 5K ET(mm) 3 5 5 B K FEZK & CWU(m /hm»™, B«

CWU=10ET . (4)
D WA, 336 KA R KBS T HKE. TR TR KRBT E AN
WF,, = % : (5

O Whae N TR A B IS 7K R 728 (m?/kg) s TU 93 8 S b e 7K 2 (R4 C0E T RE H R VS GB-T-50485—
2009, Ji5% T T ¥ IRV LL R 65% , HEE KR R AR 0.95) 3 Y F K= & (kg/hm™) .
D ERIK R , ARG /KT FOKAE & WIFE KR LB K . KR I BT A R

_GWU _CWU-1U
WE, ., ==y (6)

K W e NEKAE B WISK LI (m/kg) s GWU R ERKHEFER (m¥/hm?)

—IEOL N KRS TR AE B A AN E. EIER BB & T, AW R AT
RETCVET A K S TEFE, B0 A K a5 e RIS X 4T 5, FOKAE B AN L35 K 70 A Re 4 4714
5 WA R A T R AN RS R KR L, B EP<GWU R, 387K 53 947, P2 A5 7K o0 5 e, DR b 75 e K

FERXFE LT, K> BT R APy

MD=GWU-EP , 7
o MD A F KA FIAK S 77 & (m'/kg) -
3V IR AK BT 5 AR I 7K T8 ) “ R A R B 5 5 ST 75 i R 7K B s R RV G N 9 K 7K R 28 ) SRV
TR BT T K AR B SRR T, DR R K R 28 H A 2 H FEF K228 . AR Hoekstra 5 ™FTIA ,
TS H A 2B N 10%  H T30 X 3giHh 35130 H OB IR ¢, #h T oK 5 %2 F LR IR &= 175
oo DREA D EE S DA 2 3R /K S SR b i P 7 AR EUIE K B . AR o B MR /K 5T 2 AR #E (GB/T
14848- 93) HH L & Hh R /K bR E , R /K R & B EA RIS 20 mg/L.  H T80 = A7 8080 , i e &7 3 28K
PR ERE N0, R KKK BT HE AKX
i e c) .
FHA : W oy N K IKIK LT (/) 5 00 N B PIIRE 2 5 AR NEAEINO) A FH & (kg/hm?) 5 ¢ AT 7K FH
AR T SR E (kg/m?) 5 o A BAE B SR KR A 1) 5T 2R (kg/m®)
4) TARAF KR, TOKAEF KRR RN N EFE KRR, SR T (W o) WK A2
T LR KR R K R 8 2 A2, B

WE, = WF, +WF . +WF_ . (9

total

2 HBRESH
2.1 RTHEEERKSHFE

T T TOK AR K &R B W E P BT, T ARRKE e R FEK R (&1 2) o R KA, TR MR
PRI, FEREAR . ST —h 30, 280 S bt o v i AR (R i ma s n - 2015 SR FORFE/K BAE 6 H Rk 31U
{8, AR5 1B AR . 2015 SEFERTEON 3 a h s 8R40, [ WO IR 18] 20 A1 th A8 20, FEK BN 3 a rh iy, K AE
KIS (6—8 HDAE/K & AR B A FEKE 77%. 2016 FEFEM RAR H M A S, ToRA I aFEKE
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N3 a FERAR T I RE KR 5 A AR KR 61%, [ 1400

B20144F

N3 ahiRdR. 2014 4 m IR K & 52 E LE KRR 1200 020154

W20164F

90%, N3 at .
2.2 PRSI R OKIEIK BT FALRIK B 1F

T KT i RE B KR A HEWE FH K, BT H At P K R UE
RERIK o EIRIAEG Ab BE CRLFE SEAG 37 3 B 1A AL  RE b 07 3%
AT EH A) A B #R — BRI L {H 3 a TR 8 T AR A A
[F A FTAS Ao DR] I T K 1) 3 7K 2 28 RN K R I8 B AR [A] , 4
) SR K R IE 2 R (R 2) o RN TR TE R oK W K 2 T AE
0.031~0.039 m’/kg Z [a] , % /K & 328 ££ 0.220~0.306 m’/kg Z
] AR, 2015 210 R K SR /K AL 328 B i, 177 2014 E ) |
KagK LI A

FOKFERE/ (m*-hm2)
(=N
=]

5 6 7
At

8

9

B2 EREFHEALKE

%2 20142016 4 2 K £ F #69 T K R IT Fo K R

A CWU/(m’*-hm™) IU/(m’ - hm™) GWU/(m’*-hm™) Y/(kg-hm?) WF,./(m*-kg") W (0’ - kg™
2014 3618 450 3168 14 367 0.031 0.220
2015 3944 450 3494 11412 0.039 0.306
2016 3582 450 3132 13252 0.034 0.236
o N 3 a lf KM A T Y CREIL T2 TR BB K R ) 41 2
1200 f kAT MR L TR EFECEI3) o DRI T ¥ HE oK 4K
1o | SEREE 2 i A R R S Bk
2 500 P13 04 25 2 3 T, 2014 45 % ] [ R 6 AS A 2 K
= o IR (IAE 5 i 6 BT (S0 mY/hm® BEZEAR 6 11K 535 Bk
§w0- (28 m*/hm®) , T ARA B LA R M E 4 3 291 m/hm®s 2015
® 200 | HE,5 5 3 8 B R (26 mYhm®) A B T 2@ 6 A KK 55 6t
0 (71 m*/hm® , £AREH YA &N 3 551 m/hm’. 2016
200 L 56789 56789 56789 4,7 TEKEIKS T, 6 IR FER (59 m/hm® 5
R e THIKI T B 297 et AR S BOK £ 2016 4 KA 701
B3 FA A KGR R L HRAPFEWNE N3 112 m/hm’.
A3 KBEEANERERF KD T Ak E m*/hm’
. 5H 6H 7H 8 H 9H
EP MD U EP MD U EP MD U EP MD U EP MD U
2014 368 0 0 948 28 150 1200 0 150 621 0 150 154 0 0
2015 522 0 0 850 71 150 859 0 150 902 0 150 417
2016 752 0 0 811 0 0 451 297 225 324 0 225 774 0 0
2.3 BRTEEERRIRK BT
FART HOK BRI R AR Rk gy 050 [ IR mRUKEE S IOk
B B O 240 kg/hm?s RIS 10% (9 A AT RN R 0 |
B R K BB, B AE VA 50N 24 kg/hm's WIBBAFAEIBAN 4
MO R ORI BRI T W (0 R RUR R LR S T IR 030 ¢
ﬂ«uA%%%%@E%Wﬁ&%%@%%%*ﬁ%%ﬁ%mm.g
BT AR RO BB 47 10 B SRR BT A K . s 30 |
@ THEATH 2014—2016 1 TR #E L REFWAOKEZTS o0 |
H°40.084.0.105.0.091 m'/kg. — M1 & » BERHME A Bk 2 K K 2
IR ’ 2014 I 2015 2016
2.4 BETREEERKRDKET iy

E*ﬁiiﬁ:ﬁﬂ7k/%ﬁm§1{tg%1ﬁ%1¢%}w*ﬁééo @ 4 y‘j @4 2014_2016‘?71(/%5@*@5&‘15[3%’(
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2014—2016 4F T K4 B WK E 0 &, B 5 5 2014—2016 45 £ KA B AR K B AR A K. HE 4 A
SAJH1, 2014 FEFE R AT IEH , BOKRAEE BB KRN 0.335 m'/kg, HHE 2% K2 72555 51 5 9.3% -
65.8%F124.9% . 2015 4 [’ &5 my (EL I 8] 73 A AN P4, FOKAE & BLEK 2284 0.451 m'/kg, B4 8.7% 1) #5
IR 5 67.9% [ 43 (7K 2 28 AN 23.3% [ IR (7K 2 328 o 2016 4 [ Y B AN AR ELIRH 8] 20 A A2 1T, oK AR & 3
EIKRIEHN 0361 mi/kg, Fort 9.4% N 7K 1L, 65.5% A ZRK LT, 25.1% KA R o SRR 8 & 5N T
FORAEE BRI 1 EZE A GBI 65%) , HLROR KR 75, 78 TR AR = i 5 B L (249 1/4)

m— 10 H A R m— 10 H A 2B m— 10 H A 2 E T

90 r —— 10 TSR 74 90 r ——10AFHRE 1 &€ 60 r —a—10HFHRE 130
425 . { 25 . 425
gso- 1200 560 {20 540 20
| < O g i} g
i 1 lsfé E {15 = LE 15 2
&
=30 F 110 &30 1107 E20 10"
< 1R 111111 11T INIE
0 ln AAAAAR nln nAAN -I 0 0 =8, 8.8.88.8, l ....... 0 0 a0.0.8.8.5.0.0.0.0.0.0.8, 0
5) 6 7 8 9 &) 6 7 8 9 5} 6 7 8 9
A A A
(a) 2014 4F (b) 2015 4F (c) 2016 4F
Bs5 RIFEALEFTIOERER BRI A
3% g

ARARIG 5 RS A VR R P () A it e S R e A A A [ DR LS 5 4 A 1) 2 S R /KIS
[F1) 5 R0 52 ) R A K K R T8 ) 32 R TR 36, T 8B W A S ) K AR B WK R e ) i R R . g5 LR
BH, 2276 2B T B AR BT SR B P B AR 7o BT AR 25 B R AT R I ) 5 R 4L A e oK A K
T OB, T AEBR AKX — H A AR TR AR KIS = A 22 57 . SR B I 8 TR %A
A, FRFEK = W T RN 275 A B T A I 2 3G 77 AR, ELRE A AR A T oK A 77 /K R 5 78 B /K A b
[ R, TR S R 2 8 QK B — ) B KB 30T 2 PR IE oK 7= &, IR B PR ok A
FEIK BT o

2014 4F , S IE A R4 I A A R TF TR A K, 7 A 8] GROTT I —3hE 0D A1 8 H o f) Gl 30—
T s T4 B W 5 B N R =R, R T RORAR A AN B . 2014 £ (1K A HIfE 6 H R A7 H A
A8 A ), HEKE AR 15 mm, 3E— 5 L A TR A KSR T 7R AR5 I 2014 4 7% S f i, 7K
SR HAC. 2015 FEFHHAA MPENEN3 af i, (510 B BN L. 75 T KK REIET AR
R B 75K, SRR KB RAC. BT 24 FHIRA RE N 10 B %W &, H KK E K
UCHUCFIRE K S AR 2014 4FAH R], ASREAE AR KR B I R I B FOR AR R 47 17K 23 261, BT A 2015 4F 77 i i
%, KRB 2016 4845 R4 T B 0 3 a fe %, 1M H 6—8 I 3B 1 il , W 4L m iR M BT (4L & AR T 5
KiAEK . HETF 2016495 H FAIA KRN L, (RIE T 4 A KRS 5 R K SR S AERE
WENT A AR 8 A LA 2 k(5% 22.5 mm) , N B KAEK KR B S L T RN R KK . Fk2016
SRR T 2014 M = T 2015 55 R111 2016 4 (1925 B HIFEK &N 3 a i fik, 15K 2 1 3 a ffik

BT KRG TR A K K TR F R 2 A A R Bl X K A2 IR AE 22 S AR A H . SR, SR i R
SIS SAE S T A — A X3 P 16 2 ) 22 3 5 5 LSl 22 A/ 400 ke APURI R 2 P s s Bl . TR, R 17—
R AL, S HEAT F ARG, SREUE Y b 38 300 IR 2, 7K 2 R0 RN 7 i , M s e /A 2E
Koo HH IS T CAERZRAE P70 AH R) 0398 2% A1 R0 F [ A B AR K2 AR R K 4 R R K784k . itk 4b , L TRJAREE 7T LA
R FINTAEP K 53 R R SRR B FERE IR B (R 52 o BT DL, 7E4RF 58 1A X Aaldh A7 — 2 B0 8 1) R RS0 A 26 T X
R AR A KK R TR A8, T g ik — 25 1 A B sl 4 [ Y 16 P9 1R 7K R SR E A4 o P T8 7 i 1 7K
R AT, K S b 6 A i T E AR SR K R R R A T e A, BRI (1 B R N 2 R X 3 5T
Mo BRI SR b X 1) 23 2R B S e DX IR €0 R0 22 52, 0X AT B T MR X SR e ko OIS R R4 1 VR B 3
VEPI7K 2 3128 22 5 K1) 53 Y IX 35k, s WAE 9 DX g b FH 7K R
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4 & P

TR FUIX A 5 T 7 VR S 7K OB FH 7K S KON IEE /R AN AR B AR R . RORZAE B IR K

JEIE R, K S 1 65.5%~67.9% , T K AL 15 8.7%~9.4% , KK LI 15 23.3%~25.1%. 5 R B& R & 15 4K
1 98.6%~103.2%, EP 5 GWU 43 514 103.2% (2014 55) . 101.0% (2015 5F) . 98.6% (2016 4F) , £ /K /™ 521
T KA P AT FEARTE T, — o 2 K R TS XA 1 AE A R B A 7 AR T AN [ ) 3K
ST RSL . RT T B X RO = ROR R AR 8 7K SO Y o A LR HERE T 56

SE -
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Study on the Water Footprint of Maize under Mulched
Drip Irrigation in a Semiarid Region of Northeast China

TAN Zhixiang"?, ZHANG Zhongxue'’, NIE Tangzhe'
(1.College of Water Conservancy and Architecture, Northeast Agricultural University, Harbin 150030, China;
2.Key Laboratory of High Efficiency Utilization of Agriculture Water Resources Ministry of Agriculture, Harbin 150030, China )

Abstract: [Objective] Water footprint of crop growing at field scale plays an important role in developing sus-
tainable agricultural water use strategy, and this paper aimed to investigate the changes in the water footprint of
maize production in a semi-arid area of Northeast China. [Method] We conducted a three-year field experiment.
During the experiment, the composition of blue, green and grey water during the whole growth season of maize
under mulched drip irrigation was determined. We also analyzed soil water balance and the water footprint under
different temperatures, precipitation and irrigation timing. [Result] (DIn the water footprint for the maize produc-
tion, the green water footprint accounted for 65.5%~67.9%, blue water footprint for 8.7%~9.4%, and gray water
for 23.3%~25.1%. (2 When temporal rainfall distribution can meet the water demand of the maize, the effective
precipitation accounted for 103.2% of the green water. High temperature and sufficient effective precipitation at
the peak of water consumption by the maize could significantly increase the yield, thus effectively reducing the
water footprint. @)In years with large water deficit, under the same total amount of irrigation, reducing irrigation
frequency during peaking water consumption period could effectively increase yield and thereby reduce water
footprint. @An even rainfall distribution in the growth season of the maize reduced its yield and increased the wa-
ter footprint.[Conclusion] According to our experimental results, the green water resources in the maize produc-
tion can be effectively protected by plastic film mulching. It is necessary to formulate a reasonable irrigation
schedule for different hydrological years to enhance the yield and reduce the water footprint.

Key words: mulched drip irrigation; maize; water footprint; semi-arid area of Northeast China
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