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Effects of Irrigation and Drainage Modes on Crop Water Footprint
in Rice Production

WU Mengyang CAO Xinchun REN Jie
(College of Agricultural Science and Engineering, Hohai University, Nanjing 210098, China)

Abstract.: Water footprint quantifies water resource consumption and nitrogen emission simultaneously
during crop growth and provides a new method for irrigation and drainage modes evaluation in paddy rice
field. Experiments were conducted during two consecutive years (2017 and 2018). Paddy rice was grown
under four irrigation and drainage modes in microplots at the same location in each year. These treatments
were frequent and shallow irrigation ( FSI) , wet-shallow irrigation ( WSI) , controlled irrigation ( CI) and
rain-catching and controlled irrigation ( RC — CI). The general objectives were to calculate and analyze
crop water footprint indicators, evaluate effect of modes on these indicators and choose efficient mode.
The effect of the treatments on blue water footprint, green water footprint, grey water footprint, crop water
footprint (W, ) and its composition, and water footprint of production ( W,,) was evaluated. These
indicators were apparently different. W, of all treatments was within 846.3 ~1132. 3 mm. W, of RC —CI
treatment was the smallest while annual W, of FSI treatment was the largest. The average annual W,, were
1.26 m*/kg (FSI), 1.18 m’/kg (WSI), 1.08 m’/kg (RC —CI) and 1. 06 m’/kg(CI), respectively.
The percentage of blue, green and grey W, were 10.9% ~22.3% , 28.8% ~44.1% and 39.4% ~
55.0% , respectively. The percentage of blue W, was the largest for FSI treatment and that of green W,
was superior for RC — CI treatment. RC — CI treatment reduced W, and opportunity cost. Besides, W, of
CI treatment and RC — CI treatment was close and relatively small. On the whole, RC — CI should be
adopted to save water and reduce pollution caused by nitrogen emission. The research result can provide
references for the selection of efficient rice irrigation and drainage mode and the formulation of agricultural
water-saving strategies.

Key words: crop water footprint; paddy rice; irrigation and drainage mode; water saving and pollution

reduction
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1.1 RABRREREESAREIT

T 2017—2018 4 75 Jif 5 R 27 VL7 35 K [
X (31°57'N,118°50'E) W #EAT o A A il L3 A
TKERX KN, EHETAER 131 g/em’, + AT
KRN 38.2% KRN FE L, 20 A
A B RCE AL 43 B 33.0,10.37,62.9
47. 4 mg/ke , B HLR w4340k 2. 40% ,pH {H 8. 10,

U 2 4 i HE AR X TR K B (Frequent
and shallow irrigation, FST) | ¥ ¥ € % ( Wet-shallow
irrigation, WSI) | 4% #fil| £ % ( Controlled irrigation, CI)
FE /K- (Rain-catching and controlled irrigation,
RC — CI) , FEHEE I 4545 2 Bk [ 23 - 25,8 ], ALK
BEHEPRMEIL R 1, XK 4 DAL PE,3 AE A, &
/N DT AR — B, AR BN AR B HEAR v S
HARAREAE AR ], 454> 1056 I L Ah e R 7y
ok /> 28 8] F1 A/ 530 58 169 AH B2 W) () 25 WL 2% 4k 2
IKFEAE AR A 5 RGEKIr SF 46 bR . 2017 4E7KFi 6
J121 HEEHk,10 [ 24 HUYLH], 2018 £4£/KFH 6 ] 26

K1 TREHRXTHEHRE

Tab.1 Differential standards of different irrigation and drainage modes

Pis: ] THE L4 1 46 b &5 ST BEH PR AR TT AL FLE B
HEAK R 30mm 30mm 50mm 40mm 40mm Omm
FSI HEK T IR 10mm 10mm ~60% 6, 10mm 10mm 10mm (60% ~70% )6,
R 40mm 100mm 150mm 200mm 200mm Omm
HEK EBR 30mm 20mm 20mm 30mm 30mm Omm
WSI WK TFBR 20mm (70% ~90% )6, 90% 6, 100% 6, 80% 6, (70% ~80% )6,
W F R 40mm 60mm 100mm 100mm 80mm Omm
K FBR 30mm Omm Omm Omm Omm 80% 6,
Cl HEK TR 10mm (60% ~70% )60, (70% ~80% )4, 80% 6, 70% 6, B R7E T
! 40mm 60mm 80mm 80mm 80mm Omm
K R 30mm Omm Omm Omm Omm 80% 6,
RC-CI KT RR 10mm (60% ~70% )0, (70% ~80% )4, 80% 0, 70% 0, q %K% T
W LR 80mm 150mm 200mm 200mm 200mm Omm

TE:“mm” FEoR WK HEHAL, “ % " FR 322 30 em LIERY SRR G LR ARG KR 6, BT .



258 1 R | = SR

2021 4

HEFk .10 A 20 H U o KA 1 2 B v 4R 48 4R
BIAMENE , Horp B A I8 (NP0, K, 0 Fbfil
15% :15% :15% ) ,Jiti i 2 300 kg/hm’ | 3% 75 A 43 BE
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Kb W—RAEY K T, mm
W, — /K 2, mm
Wy &K, mm
Wy, ——HOK 2L, mm

BT BT ——1 {12 % 2 s
H,mm
C\)\C\ ——Hb3 T HEK 0 R R
#  me/L
R R —— 33 b F K mm
Co— HEEAEVF IR TR WKL, mg/LL
C..—— BARIEWKE , mg/L
JR KR T 4% 1 2 A T HEK b A /R S A
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Tab.2 Water balance parameters of each treatment

in 2017 and 2018
WA MR M RHE MR HE SRR

) WK e
Oy b - K/ HK KR/ KR/ R
(X
mm R mm mm g /mm
FSI 13 410.7* 3 113.3" 385.7% 562.3°
14 374.3> 4 131.9* 316.8" 567.7°
2017
CI 7 227.7° 4 86.2° 282.5° 496.6"
RC-CI 7  225.9° 2 71.5° 305.4" 483.6"
FSI 11 412.9* 2 72.9" 334.8" 566.3"
WSl 9  391.9" 3 146.0" 296.4" 526.3"
2018
CI 7 297.2° 3 147.6" 256.5° 475.7¢
RC-CI 5 2143 0 0°  293.9" 499.0°

TE : RS ATR] /NG 7 B 378 b PR ) 22 57 .25 (p <0.05) 6

RC — CI, FST Hl WS 7R K i 8] 9 7 2 A K= 28
S < I B B T i 2 B TE T T K B IR R
RC - CT B AT BRI & 0 1 R, RE 96 B 4y 3t A& W
7K, PRI T A Y ORI B T K AR /N o R T AR
HEK L, RC — CL dRe/, FST LW, CT 5 WST A A
Xt F s HE K i RC - CLfR/h, JRUA [ A2 RC — CI
HABKRMEW LR, JCHIE 2018 4F 5 A 7 1 H
T /K2 BA B 2 B RR o R HEoK &y R E MK
W h FSI,WSI RC — CI.CI,#R¥&3 1,CI Ab B R [R A4
B WIRE K B KR FRANEE T B R, P
T 7K JZ B s B KR I HKJZ 5 B I 1) 5 Dok

250r a 250
b a a
200 200
g g b
g c g
= 150 c % 150
il a2 c
% 100 % 100
= e
50 50
0 0
FSI  WSIL CI RC-CI FSI  WSI CI RC-UI
pistl Ab3
(a) 20174, Bk R (b) 20184, i AK E I

A 1
Fig. 1
EARel DS s e ST N i 5 2 I W ) R
KO A B W) A5 A B K 9 R R B MEK IR A
FSI WSI CI.RC — CI, FSI F1 WSI % 7K & 3 45 K 1)
Jir DAL 2 8 R ] K o A 2R R 75 I R A K. RC -
CT 4b B HEWE FH K it Je /D, 73 SRR R 2.1 45 19 43 b7,
AL PR ZE R R I N, W KR I R RN . %
F oK il RC — CT Zb BRI K, BB Z b R HK 1
AL
& 2 2k 2017—2018 4F 7K F 25 &k 3 K K J2 il I
HBEEDHEE R KR IR L5 335. 8 ~

T B M HEK R e . X TR R R
ZE M it FST R WST by b b 21 57, S 2 + 3R 1w
20 A K )Z B A H R .
2.2 {EYIIE R (IRK BT

PURIIEAE TSN E DO 0P & ) L8 1 Je AR
[l 846.3 ~1132.3 m, 1 (B FNG F R
7N AR B[] 22 5 8.5 (p < 0.05) , T [A]) 2y 2017—2018
AR AL TR A K L koK R i K L 3E P ) B 4
JKFEE L &% K 2 38 43 0y 98.9 ~ 227.5 mm
325.5 ~400. 1 mm, & la 0] %1,2017 4F 38 HERE
X 7K R 45 Ak B R KR R 5 e Sk 3 45 A0 3 K2 0
B K F| /MK R FSIL WSI L, CI RC — CI,RC — CI.CI,
WSI 5 7K J2 3 43 5 b FSI 8 2> 43.6% . 39. 8% .
12.9% , & 1b [ 51,2018 4F i HE 4 2 % K R %%
A 3R K R B e 2 A% Ak PR KR I R R B/
YK A FSI,WSI CI . RC — CI,RC — CI.CI,WSI i 7k
JEE 4y B H FSI Bk 2> 52.2% .29.1% .3.0% ,
Le AT, 2017 A HE HE AT 200 7K i 25 b 2 2 K 2
B 5 W 3 A% A B R KO 3 H R B/ MR Sl WST
CI.RC — CI,FSI,FSI . RC — CI,CI 47K J& il 43 5 I
WSIJ# 7> 9.4% 3.8% .2.7% ., 18 1d #] 41,2018
A TR HEA R K R 45 A B 2K R 0 52 ) I 5, A% Ak
FREg K R R B /MR IR A RC — CTLUFST, CI WSI,
WSI,CI FST ZgoK i 43 5]t RC — CI /> 18. 6% |
17.8% 10.2% ,

500 500
C
400 b . c 400t
- a - b b
E £
%300 300
) i)
200 2 200
100 100
0 0
FSI WSl CI  RC-CI FSI  WSI €I RC—CI
Ak fby

(c) 20174F 2k ik (d) 20184, 27K L3k

2017—2018 4F 4% kb BRAE W W5 4 /K 2 ik

Blue and green water footprints of each treatment in 2017 and 2018

605.9 mm, Hi & 2a A] F1,2017 4P HEA 20 K
FRIK 2 700 5% 1) 4 35, 25 Ab B 7K 308 Bl K 31 /MR
} FSI WSI RC — CI.CI,CI . RC — CI,WSI J&K 7K & il
R FSTIE D 22.7% 21.2% 19.9% . % T #i %
HEAK R A 305, Fe il KB MR K Sy FST, WSIL CI
RC — CI,RC — CI,CI WS b & HE 7K JK 7K 2 35 43 51 kb
FSI /> 61.7% 56.2% 21.3% , % T HuF Hesk K
KR, i KB /MEIKR Ry FSILRC — CI,CI, WSI,
WSI,CI RC — CI # I HEZK B K 2 8 4351 bE FST />
19.3% 6. 1% \1.2% . 25 Kb FHK /K J& 305 119 32 22 41 g
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F 43 A HEAK KK 23, Hy 1] 2b AT 1, 2018 4R
TR IR AR O 7K R K K IR 38 52 i) S 5, A% Ak 3K 2
6 B /MK R R WSILCILFSI RC — CI, RC — CI,
FSI CI JK 7K J& 388 43 5] bt WS 3 2> 32. 8% . 14. 6% |
4.2% o T b FRHK KA R, H B KRB NMEIR
WSI,CI FSI .RC — CI,RC — CI . FSI,CI }bEHE7K K 7K
JEE 4 5 B WST 2 100% .21.9% 0. 8% , % F
N HE K R K R, Hof KB MMEIK O RC - CI
FSI  WSI.CI,CI WSI FSI #1 F HE K I 7K 2 35 43 51 b
RC — CI J# /> 81.2% .76.0% ,70.4% , FSI ,WSI CI
JRIK R 08 1 32 S 20 TR 43 Ry M 3R R K R K R
RC —CI b 3HA= F I K )Z WA B & W LR, &)™
A FRHEK , B R T HE KR OK 2 3

700 700

T HEK a b T HEK
600 S 600 mi Ak
g 500 .
5 400
g 300
Koo
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0 0
FSI WSl CI RC-CI FSI WSl Cl RC-CI
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(a) 20174F (b) 20184
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Fig.2  Grey water footprint of each treatment in

2017 and 2018
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FSI WSI CIL ,RC — CL 4E ¥ /E W A= 77 7K A2 38 43 5]
J1.26.1.18 .1.06.1.08 m’/kg, & 3 H 2017—
2018 4745 b BEAE ) AE 77 K R I I 25 S B M
SIATEE R . BB 3a W], 2017 A E HE R 206 K R
A5 Ab BRAE Y A= 7 K 2 308 52 e 2, HE R R B/ R IR
k7 FSI WSI .RC — CI.CI, CI RC — CI,WSI fE ¥ 4 7=
IR 43 3 EE FST 2> 22.3% 17.4% 10.7% .
Bl 3b Al 11,2018 45V HE AR 206 K R 45 Ab BEAE 4 2E
PR R 5 S 2, H e R B NI Sy FST, WST
CI.RC — CI,RC — CI.CI,WSI 4 4 7= /K J& 75 43 3
Fb FST 2 11.5% 10.7% 2.3% o %54 VL F 4 HF
AT A (7] 98 HEAS 20T K R A 4 A 77 7K 38 5 ) i
FLOTHE EEAEY A R K R A N 0.94 ~
1.31 m*/kg, FSI b B A= 7= 7K L 55 £ K, 156 9 322 4k B K
FE K GE DR A I ROR 5 (I o FST AR BRAE P A 77 7K R 00 55
e PR I 2R R 2 B R K AR,

RC — CTAH L, FST A0 BR A1 A= 7 7K R B 550 14 D PR
AT K IR o WST Ak B9 A 7 7K 2 308 35 1w
(1 J P 3 R 2 2 I R R I B

151 1.5¢

a
L = b
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VeI A 7= K R (mP < kg )
¢ < < h
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Fig.3 W,, of each treatment in 2017 and 2018

& 4 S 2017—2018 454 4b 3K JE 706 21 A% LE 3]
Sy BT AR B TGS K L s e R R . SR K IR TR
K AN T B TR A TR TR AR, B 2K ML 23 LA 85
JIN R K EE A1 TN IR A K B R 2R R TR R R
WK RN ER K GEFR Ry T8 A1 T K, K ) g 7 Bk
7K, T AEE T K B 5] f 385 i AR 2 T 5 22 1 K B IR A
VEMAEE MR TR, AR TARREAEK, HE 4a
AL, 2017 484 Kb B K L ) 35 88 3 39. 4% , Jkok
L A5 R 2 K B ) S A2 0, WK EL i e/ o | B 4b
AT, 45 A0 B K B 28230 50% , CTAh BB 2 5K
$)55.0% . 4 P K R 30 4K A B T2 R KK
ST, R R SRR T, e Ja R WK R . K R i
LRI 5, W5 KO I B B dR N, R TE 10.9% ~
22.3% Z[8], LR 7K JE 0 L W 7E 28. 8% ~44.1% 2
], FEAMEM T B M FAEWARMWREERE, K
IR IE HEITE 39. 4% ~55.0% Z[W],2018 4 JKK L
i35 3 K F 2017 4R 53X 5 R AR AT 4
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Fig.4 Water footprint composition of each treatment in

2017 and 2018
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KR T, e 7K S8 TR 3 T T S S 9 S P K
FI25 B0, 2% AEAE I K 2 B T+ 58K 346
FE ¥ i AR T TR T AR L A R K
Rk R RIS e, K I T B TR B T
Fe HAM A #0 3 R AT 43, 2017 4R R T #E 2018 4R 8
PR W B, 5 7K 42 0 1 0 34 R D 4% Ak B K
SR I2E SRR/ Hb R ML R HE K 7 A A 20
Y ZHEK BRI R W AL . 2017 4E 2 K
i S K T R (R R K 3
25 5, — 7 T & 7K 15 E A K A R o A ok R R
RSALVE R AR R R e . 55— Iy i, i T Ik 48
v T A A R K PR B IR, R HE
TR B, X L 2 2017 AR R R K RN T
2018 4F 1 2 B H . 2018 4F & K #5112
WETR L U6 T vk 3 R K R K B k. Rk
B b T I A TR K2 X T R,
FEL W)/ i A T R 3 S, L[] I 4 3 B AR
FREE SHE I RO o A SE BIF T S 7 2 o R S 1 R
KR B 0 K R A L VR K B s T 5 R
RGP (5 %) 7K L 50 10 A% 0 5 S AR — 3505 SR AT
S4BV IR G S B, 2 R SR R B KA A A K
WA BEER W GATIEE BANY & SR X s
TR0 B A 3 ik L 7K 9 U A ok D, 0 35 DA 7K i 0 A
FiE S % JE W HE /K S BREE (9 5400 . A SCHE T K R B
WA, A 08 K I X 4y, TT L2 D A s ok
W/ B D PR L T KR T A R AR, R A

25 B3R SR, KRG A R R R K b ] 4 5
39. 4% ,2018 4P 4 3 HE W0 1142 ) 88 J0E Ab B K K 191
BRAE S0% L b o 3% U6 WK K I i 7 T A K
PR FEFE AR T 2900 A o 25 0 5 R i HE K
BRI U L7 BE K A AR P AR T A
WEHERISR . SRS b1 25 R R, 4% 95 7 7 0 45 SO
AR — B, B LA — R[] — 5 b, S B A %
BN E S A T PR I B e R (2]
K UERE A 22 v, g T HE S X A 0 3k 4 i
I T BT 4 T 9 3 44

4 LERiIF

T RAEW KRB %, 558 T 2017—
2018 4724 HEHE L T K R A ¥ 19 7K 2 3 458 AR J2 4
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