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Water balance and its efficiency in rice field ecosystems of nothern China. Luo Liangguo, Xu
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Shenyang 116015) . -Chin. J. Appl. Ecol .

,1996,7(4):371~376.

The water balance and its elficiency in [ive rice [ield ecosystems were studied at the lower

reaches plain of Liache river {rom 1993 to 1995. The results show that there is a significant

difference of total water consumption among diflerent rice field patterns. Comparing with

conventional pattern, the improved irrigation and improved irrigation-{ertilization patterns can

save 15~ 23% of irrigation water and increase 30% of water efliciency. During the same

growing season. each patiern has a similar evapotranspiration, and [ield structure and control

management have no influence on it . During rice development period, the di{lerence between

field and potential evapotranspirations is less than 5% .
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A5 AFHEUL BIE) KD EE) FIEERX
Lysimeter # {7k ZBBME.

HHREARKBLH AR XHE, KOE
HREAHERESEVH, BEEMJRKE3I~S5
W mE—HRFBE1.5~3.0cm /KE; ZHiHh
BA R EI P, HEKE 3~5 cm HKE, BUE
XARFEL.5~3.0 em &; WIKET 15 d BB H. AR
SYEEREAN 3 WIBREHETT. R A H AR E MR R
REGPEHBEN R RE. B AR A AL R
ReEEE (X HMMEmEEL), BERA
BARKRNFR(EBEAKERZELHETEY
KEER EREBHEA URSREMERNHFH
A IS AR R Z AR AR, BB
MERHEE. TAKEARESETH ARBRBF
BRTS8XG ko EE £ RPEEE. AT
RGN KBREN Y EREEESNER
BG5S MK BEAERKE&MHIF
79, HEBIKRBREEEBREELEL R 40420410
cm Ah, HAEBEAYH 30~ 10 em, FFLL 693 kg
b 23 BSMEAT A 154.5 ke hm ™ 2R RAERAE, LA
252 kg-hm PR E (3 KIABE & &) 109.5 ke
hm 2GRS (2 B AR 1B AE.

FEE Lysimeter BE Ilm<1mEHXN1.2m
Frectl. MUK ImARM 1/4 o FH 21/ MLAK
IR R —H B KT, HTEEKFA 0.5 m <

0.5m<0.5mMBAH HWAHEREKRL, 4t
R EREMATIRE 40 cm 400, BERFER AR 14
$2EME UHEAGHENRR. AR ESR
R E KR, DAREE R A KA.

S B H 5] & Lysimeter H /K BHE(FAXRE
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3.1 FREKHEXMEAKE

3.1.1 KBAEKERKE BERITR,
1993~1995 FE KA K FHEKRHBR
[[,1993 FREKBTIEERDFER A
448.3 mm, 1994 ~ 1995 4E /& & 7K it & 4F
i, BE K &4 9% 753.3 1 901. 5 mm,
1995 E A K E KA R 1993 £/ 2 45,
&£ 1994 F5 0.3 fF, I BHRIEERGH
EKAFHHABEEEAKBHERLE
WRTEEW. 3 EFERKFREKAEH
FKBEH 20~24% .32~36% F1 40% .

F1 1993~1995 BN KFERFARARALAAR (mm)

Table 1 Water consumption of different rice field patterns during the whole growth stage from 1993 to 1995

o o= 1993 1994 1995
Pattern A B C A B C A B C

I 448.3 1780.5 2228 8 753.3 1603.1  2357.4 901.5 1503.5  2405.0
i 448.3 1584.9  2033.2 753.3 1537.7  2291.0 901.5 1436.3  2337.8
m 448.3 1636.1  2084.4 753.3 1486.0  2239.3 901.5 1399.9  2301.4
v 448.3 1370. 4 1818.7 753.3 1363.2 2116.5 901.5 1228.9 2130.4
\% 901.5 1218.5  2120.0

A. FEK B Rainfall, B. 87K B Irrigaion water, C. Ji7K & Water consumprion; I . 8 # X, Conventional pattern, T . & ¥
B Rice-Azolla pattern, [T . 2t EHEHE L Improved fertilization pattern, IV . 3 /KB R, Improved irrigation pattern, V . %5
K P HEE L Improved irrigation fertilization pattern. F [&] The same below.
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i, BB RDK & B BUR, [RE KT

AOGEREELERKRXE. BBEN
B, B —E R FFRZ. IR,
A T K EOR BT 8 A,
REETREEYE MHEE 3 FREA#ERK
HREEEKTF AREEHdTALET
JHBEK IR, AE A H A K B R B
TR, — R RE K ) 2 2l /b B K B T A
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Fig. 1 Irrigation water of different development period in
different rice field patterns in 1993.

I . 588 # B Transplanting and reviving stage; 1 . 4
BE¥) #i Early tillering stage; . 4> BE th #§ Mid-term
tillering stage; IV . 40 BEK #f Later tillering stage; V .28
5 1 Booting and heading stage; VI. 3L 34 8} Milking
stage; W. & B3 8 Ripe-harvest stage. 1. % & %
Conventional pattern, 2. B3 ¥ # &, Rice-Azolla pattern, 3.

W FEAEE K Improved fertilization pattern, 4. 35 KR

Improved irrigation pattern. F [§] The same below.
3.1.3 KHAKE HAEFTHMHHERKE
S5REpEKEZ M A izet B8 AKE
KEAFP IR RAKEEQE R ET
HWAKBEMKBELETHAAKE 2 AN
4% 2 1 AT, 1993 ~ 1995 4E K [RI4E 4y,
KEAFHAKEEYUERESRE,
4394 2228.3.2357.4 F12405.0 mm, T
AT K (SR K5 AE) s KB R, 20 5o
1818.7(1993).2116. 5(1994) 12130.4
mm( 8§ 2120.0 mm)(1995).1993.1994 4F
TKEE R LB AR BT 4 B A K
23% 1 15%, 1995 A5 KR FI KB
AW A B A MK 18.3%
#119%.
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B2 ARKHEEXARLEFTBINES RS R(1993)
Fig. 2 Evapotranspiration of different development period in
different rice field patterns in 1993.

R2 1993~1995 BOEKEREABEERANEEL
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Table 2 Evapotranspiration (ET) of different rice field
patterns during the whole growth stage from 1993 to 1995

ey X Pattern

Year I ! m it v
1993 575.7 572.8 575.7 560.2

1994 511.9 512.6 511.9 516.9

1995 518.7 517.0 518.7 499.7 499.7

%% 2 AR, ZEF—EH, RREH
BIELREBRBEAMIE. 1993 £KF/ALT
BAEKHEEH B ZE R EEE N 560.2
~575.7 mm, FHEAR1T 3%; 1994 &£ K
511.9~516.9 mm, MZ Rt 1%, £ 71k
B 251995 % 499.7~518. 7 mm, H &
At 4%, WHREFRAEAMKBEES
AEEGHW AT EE L ARKER, B
RMERFANKAHELERRE =4
B B 7R A5 7K (345 /K 349 18) B #Y
IKH, HER R KO R — IR
AKZHKEE Y EHREE KHNEL
KR FEZKFERFEAFTHHXR
SR M. 1993 4F 5 19941995 4E 7K
BB EREBEN TR ERENE,
OBEMKBAFTPEEREBER
1994 SEE 4 12%, 5% 1995 4E B 24 15%,
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ZHE  DAHEFER Penman AN RBAER

HE ED Y 1993 ~ 1995 E LA EY
HKFESZYR, T RITE R XK
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£3 19931995 FEABAFEATHREAREZABRBESSFTAERLEARBILER (mm)

Table 3 Comparison between real and potential evapotranspirations in different rice field patterns from 1993 to 1995

453 Year A I B |1} B m B v B v B
1993 562.2 575.7 0.024 572.8 0.017 575.7 0.024 560.2 0.004

1994 523.7 511.9 0.023 512.6 9.021 511.9 0.023 516.9 0.013

1995 496.0 S18.7 0.045 517.0 0.04z 518.7 0.045 499.7 0.007 499.7 0.007
AT REZE R M B Potential evapotranspiration, B. | 43 H;, Percentage.
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EBEEHL, HEEH<S% . XXRBAEK
FA Penman 243 Brit 35 #9 24 4 =] 3 AT e 2%
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1k, XX FARBEE ISR E K E
PR SL Bt RAR A B LY.
3.3 HEZREKRESKETE
HBROK R T8 IR 50, AL P RKAS

BA+HEKE-ZREBBR+BRE+ L
KR,

TRPEMETRKE HEKR.ER
EBEWMABTHIE WK E/E, B
MEFELTFHE AR KRB KENBRKE
(F4). hRITR ERKETFHEEE T,
i FARK R ER —EF AKX
s AHTE, 7 R 7R & XHE L, BT
K A B R H R K & 2 08
MERRET ARKBEXEHENRRKE
W2 5. 1993 ~ 1995 4F, LMK H B XK
H IR BRAKRE LS R A, KR
KPR B BRKRRKRA R
ik 1995 4N 1994 FHEZE RN, B4 5
B 1993 EBR/AK B A 22% F1 21% ;8
WK BB /ANE AT K (B RSB R
1995 1 1994 SEH A ME, HEZ T
OB FEHBRAKEHEL 0 ER B
®XEHTERALAKFIBEEREK
FFEC. 1994.1995 4F 11 & #9 RE K 25 7K B K
SN TR TR SRECK o, A Bt 2
EBI IR ESR, HRBRAKEBE
WL, ZANKENRB IR E, ATIES
WAEMK 3 FRAREY, ERELEK
= ZWXETHNBRERANKESR
RIKER 70% £4, RIRT B % AT
FREY K (BT K AR Kt 3 AR AT
FEEBRAKEL~23%, TAKEREBE.
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x4 19931995 ELRFARBEAAK R F & (mm)

Table 4 Water balance of different rice field patterns from 1993 to 1995

W B 1993 1994 1995

Items 1 1 m v 1 Il il I\ I 1 L N A%

A 1780.5 1584.9 1636.1 137G.4 1604.1 1537.7 1486.0 1363.2 1503.5 1436.3 1399.9 1228.9 1218.5
B 448.3 448.3 448.3 448.3 753.3 753.3 753.3 753.3 901.5 901.5 901.5 901.5 G01.S5
C 575.7 572.8 575.7 560.2 511.9 S512.6 511.9 S516.9 518.7 517.0 518.7 499.7 499.7
D 1483.2 1315.1 1405.4 1107.7 1789.0 1732.0 1688.0 1559.3 1813.3 1757.1 1723.6 1567.8 1542.6
E 169.9 145.3 103.3 150.8 56.5 46.4 39.4 40.3 73.0 63.7 59.1 62.9 77.7

A. BB K B Irrigation; B. BRI # Rainfall; C. 78 & 7& % B Evapotranspiration; D. B g B Leakage; E. Z5{, B Convertional.
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4 F 8 Development stage

B3 FAEKBEARFREGTHOLRR(1993)
Fig.3 Leakage of different development periods in different
rice field patterns in 1993.
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341 EYREEFFRE EKS5HET
NEAKFE R T 1993~1995 F UK &
FrERFER) i LAY =E(4
FrEEMBFTR). 1R S JRARIESR
REKEEXRZF =R NAY ] E
®, MU FRIRFMA R, £ 5 KM
A X FH—FHAREAN ]2 EE

F5 1993~1995 FEKAMAMKBEYTREZFRALL B (kg-hm™?)

Table 5 Comparison between binlogical and economical yields in different rice field patterns from 1993 to 1995

W H 1993

1995

Items ] |l 11 N 1 1

T i 1 1 il N N

A 8787.0 8563.5 8940.0 9106.5 6754.5 6330.0 7452.0 7021.5 8374.5 8382.0 8470.5 8586.0 8514.0
B 6942.0 6765.0 7062.0 7194.0 5538.0 5190.0 6111.0 5757.0 6864.0 6867.0 6943.5 7038.0 6975.0
C 15729.015328.516002. 0 16300.5 12292.511520.013563.0 12778. 5 15238.515249.015414.015624.0 15492.0

A. ZH 7’ Dry seed yield; B. E5#F= & Dry straw yield; C. #8 I 594 7 & Biological yield.

SARK, (Hal T KRG BT K KT
FESBOATEREE I L M A ™ |
HETR R, HEMEL ] R

3.4.2 KOFAERESETKRE UL
hm? 7K B 5 B 7 8 49 247 /K B (mm) B 42
PEHT YR (REA) (kg ) ¥ AE MK 4
FERRAR, T LA ZE R FE I U FE K & (mm) AR
AR TP RGBS (ke) $U/E J /K B HIK
SRR B b, R A R SRR
5 B 2 2 T HE 7K R AN AT 3k 4 B AR () 26 4 #E
IK KRR K o A P R R TE i
KB IR A B 7 T () R R AR T 2, T A AR

BT b BOK B R ROR RS O

RIEE 1.2.5 MITEED TRENR
FKHEX K B RER(FEK6). LR
F oK S ) R TN K oA PR R AT A,
MTARKHEXEAEHMMERERE
#, BfEr= B2 W ER R, HifEgK
SMABETHEL. AEERKERSR
REL, KL ERBHEER . RBUK
JEA BIRE R K UK 4 7 R A
WS 4R, R K (KW AE) X
BRI RS AT IR K S AR = 8 AR 3k 30%
L
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Table 6 Water use efficiency in different rice field
patterns from 1993 to 1995

mA 1993 1994 1995

Items A B A B A B
1 1.02 0.33 0.88 0.28 1.08 0.37
| 1.00 0.36 0.82 0.27 1.08 0.39
m 1.04 0.36 0.97 0.33 1.09 0.40
I\ 1.08 0.44 0.91 0.35 1.15 0.47
\ 1.14 0.47

A 7K F B #E Water use efficiency, B. K94 R E

Water production efficiency.
4 &

4.1 ERFARXEIFEKEREGT, 81
KEEAE A KEBREKRESE 2200 ~
2400 mm , F Y 20 ~40% & d1 PR K %b
o, HAMKREERES . REKBRENH
K2 IR L.

4.2 REMNKBASRGRRAKIEH
EMEEEEARR, BER —FHHEN
AEHA, AR AREEEANKHAS
REMBREZZBEILLAHR, HBUEY
Sk EAKER 1/4. et KB EBEERE
BB 5 K Penman AR FTiTE %
X - R BEN R LA EBREE T
VI, ZHEHMERT S%. Al LKA
Penman AT H M AT e R & HE XK
wWXKHELRZEREBBENMERE AW
i B XK K B FE R K A L.
4.3 KHMKSTBREKHEKHIFE
FE, BMEER AR EREN B RN
BENBFEERGT, BENKEEFTHEA
WHEAZRREK AP KHEKERZN
70% DA L. 3K B ORERA R T KRB, SE TR
FREHEAKEHBRKIAEL. Rl 6

BAKHHEKZEE B#HEET
SHBRERLBRKRANERER.
HELMBX R, TEXENYD
KM B, RTECE BTk # s AK
(KRB HABRKE)LS~23%.

4.4 IEERMKEHREERE BHIFKEHH

KB, BHRRKBREAERY™E,
R 4R B K B K 4 F) R 8 2 Rl 7E 20 P
WX EHFERFEOLT, KHEREEBK
SR FMERA 1 kg mm ™ L, HBEK
BIK ¥4 0.3 kgemm ™A B, K
UE7K (5 AR B B A SR BT K T i
AR KA, B e K F AR RA
PR, 1550 BE MUK K E PR H
Y BIRE, EHEAE30%.
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