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Opinions on water-nitrogen relations and their synergic management
WANG Xiaobin'?, DAI Kuai', ZHAO Quansheng', WU Xueping'>, ZHANG Dingchen', FENG Zonghui', JIA

Shulong’, YANG Yunma®, CAI Dianxiong'**

1 Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences; Minisiry of Agriculture Key Laboratory of Plant
Nutrition and Nutrient Cycling

2 Ministry of Agriculture Key Laboratory of Dryland Farming, Beijing 100081, China

3 Agro-Resources and Environment Institute, Hebei Academy of Agriculture and Foresiry, Shijiazhuang 050011, China

Abstract; Crop response to nitrogen (N) fertilization and N use efficiency ( NUE) depend not only on N management, but
also on water resource management and local climate. To the increasing environmental pollution induced by over-use of N in
the irrigated areas, regulation of water-N management for achieving a win-win situation that will improve water use efficiency
(WUE) and NUE has been still very concerned. Through literature reviews concerning water-N relations and their synergic
management, as well as statistic data analysis with emphasis on an intensive wheat-maize cropping system in the North
China Plain, the relationships between grain yields, water and N, as well as their use efficiencies under the regional climate
conditions have been discussed.

In the last 20 years, the research on water-N management in China has been involved in rainfed farming areas, and
further in water-saving irrigated farming areas. The recent research focused mainly and continuously on the improvement of
crop yields and WUE in dryland farming, and also on N-related environmental problems associated with N over-use in the
irrigated areas. Currently, in the intensive double-crop ( wheat and maize) rotation systems in the North China Plain, a
large amount of N surplus in soils and low response of crop yields to N fertilization in the most crop fields have been

2

continuously exposed with annually over-N fertilizer inputs ( as reported above 500 —600 kg-hm *a™'). The low response
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of crop yields to irrigation water in some crop fields has been also observed due to over-irrigation. This implies that there is
still a big scope for improvement of WUE and NUE by using water-saving and N-reducing practices in the irrigated areas.
For instance, with recommended fertilization practices the NUE by wheat and maize could be up to 50% and 34% ,
respectively, as compared those with conventional practices (14% and 20% , respectively).

According to China statistics (1988 —2007) in the regions of North China Plain, the changes in grain yields per ha
showed significantly positive correlations with the mean air temperature annually, but little with the variations in rainfall.
With the trend of declining annual rainfall and increasing annual air temperature, the Precipitation use efficiency ( PUE)
increased but NUE decreased significantly.

Based on many previous studies on water-N relation, the synergic relations between water, nitrogen, and crop yields
were found in a given range. The WUE generally increased with decreasing irrigation water or increasing N fertilizer
amount, while NUE declined with increasing the amount of N fertilizer. The WUE and NUE can be improved by using
water-saving and N-reducing practices, respectively. Limited irrigation combined with the proper amount of N fertilizer will
be a viable alternative to the condition of climate warming, and drying. As reviewed on water-N research progress abroad,
some disparities between China and advanced counties exist, thus, further researches especially in the aspects of field or
regional simulations, predictions, real-time monitoring and plant diagnosis related to crop water-N synergic management are

still needed.

Key Words: nitrogen use efficiency; water-nitrogen management; water-nitrogen synergy; water use efficiency

T 20a 3, BEE H E ORI KRR B 75 R3S, IERRE 2% & B 2334, (L IEAE  EAR a3 h sl B U
XF T E A RIREEETCEEER TATTBRMER . bk 8452 B MR EBdET T, e
PRHE AT 3R m A B 7 50% , o EAE = oA 173 ok LIER SRk o SR, ¥ Ye FI Rozelle Ziit%EHHA
B, 20 40 80 AEAR AR, AR BB 386 K53 JF A 0 HE R A 7 BB K B, T L G ) 0 25 B R bl ™
1 2005 4E FAO YRS, vh EALHE B 7= B AL AR SR B2 51 5 15 22% 1 25% , Btk R g fr, P E K
TRRETH 2% M B ARk SE ETF, 4% TFIA ¥Rl 453, HRTE b @ BRILABTE 28 19 35% ) . Lin 2504745 H , 1L AE
BARATENEY A= BB A N EGR , BR85S AMBLA K 50% (R -+ IERHARZ AL
H RS , hE—Sh X HEET BN A A S B AR L KR TR RERESRER
TEIR R , N A W) e RSB IE B (BT SR B , I BB TR Bt IR B RTR 2% . AR 8%
(A 3R Y E B 22 SR E A 23 3 F ) PFP( Partial Factor Productivity ) BIAERMig A= 7 1 , 8 BAL 8 A R AL
RN REE P TR R B %) T4 S R AR AT R ORE 18 4T . TRAR B 0045 e, op A AR A R
(PFP) AR FHEE, R TXEE" , HRTHEEMA 1 kg fLIE RAEFHI4E 7 17.2 kg FRR A, T35 B A% E A
3522.4 f169.2 kg,

VEWita BRI B HAAE R FRA R T i A B (i A& AN H JER S 5%) , & 5K EEE
PRk & K] EK RS ) AR R EAR KR B b 32 3 K AR S (A K AR S R ) B IL %
mgto R KAy BIET e BT ISR AMEAL R AR A Sk, )T BB IR R Tk B S Bk, R IR
Fo MAKEEH, E B K RIRE B, R IR A PRI , RA3R i 7K 20 ) R AR 2 N8 1 2R i
5 , [F]Bf Hh [ BRI P ZRAR T AR K 3R] P AR 185 (R TR1 R, A AN AE SR b, DX T L 7 8 24 ALV R AR A X
FRBA N — IS4 B B BB AR A o T PP 28 R K K B YR K R B, SR IR R KR
P RSONE B AL , Tk FAE /K R O IR AR K, SR SEBUK AR R B8 5 7= B ] 74L& J& B AR i A
MG — , 2 E A K R TH s B EE R PR AR
1 GBS A XS A D

FEEMA FREFHERZHER, SHAERER /3, REEEHE S KE, RE 5] AR R %

hitp : //www. ecologica. cn



24 5 EMME FREKRER LHEDREH 7003

H, AT R 2 KR, R IR A, BARALRAJZ s BAW 1K TR , ik K R & , B sk
R E Sl s MBS B RS B A E AL RO B R bR, , S R A S RS B e, LRI K R 8 &
Flbo WG, PEE 532 &M ,82% ZE A RBERAGE o JERIK B ST, EREEA KL
EIHRE P, 20 BIH 92% F188% e H T4l , B A RAIER L 15 50% ) o BbAh, 3 1996 48 IPCC(Hz45",
i 5 A (AR AR R e R B A ) A0 2R b A PR R R R T, R
RS Y2 20% SN IE S Ko WAL IE B3t = EALBRHEB i TR 21% —25% , F B A HE R G TR
55%—60% , FE CFIZEAT ) i FF X 4B AL T2 RUHERR B BEBR TR 35 65% —80% ) o BRItk , 4l gk 20> ol A 72 %ok 4
FE e H R R B , DR SR IR BRT A A5 B B 17 TS, 2 4 SR RE Rl e BB 4 5 R K AR Bk
25| E T E RS EBUS AR S R SO G M UR B F MR 2 ekl w #ge %
JBEARFR, I MBI RN R e BRI L R,
2 FEFREYMRERIEEE

R b /NG ERFUK AR R B R EAEY) , 7E A ERERRE 28 b & 50% . ZErP [, F R/ R
E-TRAAE N T R B . TR P E G4 2008, /NG R R4 5 A B 1R M T AR B9 22% A0
27% , 5 MR AT 22% F1 30% P, AL IR B I A AL TE IR AR &N/ AR R X >
— B EIE G R R A S R —, EXEHR A E KA BN & B, S8 AR
% JKR TR BB RIE IR B E . 5 BRSO R LIS pri e, B AT R = K AR
B AC LT 500—600 kg+hm a2 g 4L ST 1985—2000 4E7E AL AT IIAT R (AT L2898
B REREFRD TR, K 806 RIR AR B R AT 2 1985 4EH) 1. 4% 77524748 7 2000
ERARLI49% P B REL NI R I, K H 80 cm F1 140—160 cm b+ 2K NO; -N B ERERE™; HHiR
B R, KX AR S RE Rk LR IE & (4 15% ) FUEIKEE (4 9% ) N 3, I 2 R 68 2k (4915
1% )™ ERIEIR AL SRR 25% (£ MR B 500—600 kg-hm > a5 , AL F & 125—150
keg/hm®) . A ER KRS TR R, &k RAES A/ MR 2 AR ME S 100—150
ke/hm’ R, THBAEHEF 150—250 ke/hm” 4, 4T R /NE LGB RS BT 369 kg/hm” , HIR LA
FEHE FFI B2: 250 kg hm 2 I3 BB, HEAGT BIAR 24015 5] 90% o A£G FORMEAER B M 150 kg/hm’
HOR, THBAEMEFT 150 ke/hm’ F4R, 486V B T R4 G it U8 B F- 39 244 ke/hm® o 405 DA EUIE 16 A &
250 keg/hm’ Jg3E B FA M AT B R P 29 53 60% , /NI K i BRI 2243 31 149% F1209% , BEYAE
YAk B 2514 ZNEFI 2R AT 3K 3] 50% F1 34% , 7] 43 1485 36 A1 14 ANE 40 M. AT, A RIK IR 44
T, R SRR KT, A [ A 2 0 SR A5 B AR R R SR ]
3 ERIMREKEEERR

/N T RAR KR R BFF LA T 20 HE4E 80 4RAAR, B RAT X H [ R Hu X K ¥E IR 5 B Rita A
RS AR R RR T3t , T AR R A AR IR K, UK AR, 8 5 Wk A28 027 20 k42 90 4E4R,
2 T BRI VEMIK IR 36 R 9 2tk DA% rp SRR b X K WU I 2 ok, TR /R 0y A 7 3 SRUMEAR i
LIRS, 2 HL X K AR R B & B B SR, KRB & HOR © 2B R4k X VR4 4 7= i — T
BEEAABENE T i T E R R R AR I 2 S, R R 3 X AE K IR BRI R R Rk R AR, K
PR 45 PR B R SR ), A 20a 30 , K AR R B PR EAE B 6 7 2 T 5 R 2408 3 iy 2 ) R ) 2
RFBR ) ZRIF N LB B K R E AR B IE R AR, 3 A B 2 M SRR KK
IS5 8 2 J ) 5 7K HE R AR P R B8 T, ARV 7= B K 43 (BRI ) R FIRR — B R B S, B8
ERIEHAR KR LB, 512 3S (RS GIS GPS) i ARTEAR Y AR 7w 4 07 T, 0 ) b 499 5 38 328 SR8 fly 0 o 4
B b SR 2 ) 7K REAR B T S 6 W A R4 8T, Sy S B FE K RN Y 5 TR e S SR AL B , 2 B A 2
FHEEDY o U0 T L ANUIR (O RE TR R R R WA MR K 4, B B R K AR AL B R &N E R S KRS
TRREFAELETRL R B FFE xR FE KRR T A& /NE 24 ROG 6 12 54

hitp : //www. ecologica. cn



7004 = R S 30 &

W7, SV EA K R T A B R A B ARIE DS o eoh , 7E K HR IR BF S0 S50 b | 7 ST K RS & By 7]
DA IR F K RS BRI o R BB, ERA #E D AR RS T ANERZ & B
REF BRI EERBIS, RI/NERAZ S BMAZM AR BEEERRKARE PR % L
—FEs

e E B A AR X AL TR 5 Y (A0 F 25 B 5%, /N oK BE IR P /K BB 6 R T 5 g i o6 T B AUIE
W AR EIEF R R AL, BFFe R, KRR S R B — i T R R IR AR 56, R B 7K R R 2808 5
SR, K AT B & SBUEY ™= B R N I R B B 5K Ak % . vk sEIT 4 F 1998—2000 4E7EL
UK SR E A /N R KK RS R0 Yok 2 B, IRk 25 1 B 4% 5 4R H K R B0 B VIR 55, 7R IR G
A% FEZK AR, A 7] B e L R BT A B 7 R R A R 119 5 SR E A3 — A B T /K B g P T 3R o RS R iR
WS PE T, 38R K B B8 7 I B R T4 P A B 5 A T A K A B (A 3 IR GRF IR FIMESR ) 5 4 R
(R KT AR K) RBOKKE T (I 1 W (B 582 (R FIRESR ) 7K ) , BB B 75K 45 He
BB B RUIE STk R A B e E B A T R ke B, 2k 240N F 2002—2004 AEFEJL R AR JLIEXT &
INFE K R TS ISY X R AL 5 e M ALk FEA B R85 A P ., T 7K 2R3 L8R B B8 8.
% ERWIEANE R, I A TR E KR AR R 2R, Rt 32 B K s R A 5. E4E
St b mUH X A /NE R B oK SR 2 YOR B L S U AR 4 31 309,256 ke/hm” , EUIEFI I R
H 16% —22% KT 30% —41% H)2x E K 5 Horp 4 H SRR 7= B HE R B R A &, h TEAESA
KERIE, TR R TR ER, B RA R B ARRE R 2RI, 3 £+ NO,-N kK& &
PR X 30 F /KI5 Qe gl o ply L BFSEIE R , b A b IX 4 24 (LM A P 4 /N 22/ T R R A 7 R 2R
TSR A RARZE . A XL RN, P E BRTREEY =B R S, SR BURET
F I 50% Zo 4 R EY P B RARE R BRI EE R . KA RPIIE LB, K AR K
K A IR (R) Wl S1E Y= RIS AE S22y &0 o FUIEFI 3B K B T 3R &, kA
R B R B B TR R o SR, RUNE R 23 it 2 o 04 A AR AR 2> 5 TR , A 40 R R A R
B 7K/ RE K B TR 7754 o AT I, SRUIE ) FE 2 07K 231 2803 SURR [ 6 JE P 00 786 7 A R R 3P 35
4 BRREA FER, A R — R R K R P FIRO R AL, SRS R PR 57 B T gk B AR
ARG

I AMRAE 20 H20 60 4EARERIT LATE T 54 IX, St X 7 90 it I % 7K 23 1 ARG 28 0 A0 T 42 i 7K 2856 R
R BEE (S BHR KPR R R 3S FARGER A RN, RIXEZR T 20 #4280 AR AT 4R
R TR RS, TR T R ZUIR S B R BT E , LHAE S GIS 71 GPS 454 /5 , T LASCBLAR HI /K 0K
B ER , BB IR UE AR 7 BN 0 5, 3 T DA 9 %R U8, MM RS , 4 IR K 0 FIRCR , B0 X RS 14 75
Yl 3 20a K, BEE BRI K FEIRAT B AR B Sk K A R BB TS e A TR A H 25 R K AR
TR TF 9 M R A FE 7K U300 L RO 2k B ZEUIE R 2% DA R K 8 B TR LB 45 0 TR R T B AR S i AR AL L
Norwood ™" i 3% [ 3V JE A KRME W AN A 45140 T 1 T KK 431 B = RS B, 7E b 7K H s b
TR R A B X 386 3o T 35 2 A 80 A T A 2 B2 T 40 g — T K 58 b 2 Sy 22 i ) 6 K 7 R A 0 T A
Mo Nangia 25" % 2% [ (b B Bk M T 3R 450 T VR4 BN BL I B0 S ST 45t , S Ak 7 o (VR 7K 23 1R 2
R TG BOFR B, KA ) (BMEAE R 2 4 1F T ) Bk 20 R R (FEAEW R T B4 ) 3
AEE B A A MAZIE RN E . % Kima 25 Bl B9, K A BRI 56 R %k 2R FIARER s b2
TETF (1) RIS 7K SR S IR A 52 22 Fy 5 (2) ZRURE AT 488 7K 230 R R85 (3) 7K 20 AT 42 5 6 SR I i SR A
FERHRIIRE ST o TEKAYTER AT N R FIACRE R X S8 T M i A K AZE R, B3 T & bak 4
WRBEBAE K, FTLER , KRXRTIFR, 55 215 Fl T -1EY 2R Gk BRI AT 4R o X 4 R B VR4
TR R BRI BRI AIEAL , SO Rk BRI R (3R) & 07 T 2400 E PR EBF R f s (R 1) B

hitp : //www. ecologica. cn



24 4§

EMME FREKRER LHEDREH

7005

®1 FEEPAEEEERTAREENKAXBRUAR

Table 1 Recent studies on crop water and nitrogen management models and simulation

BB TH

Simulation models

BRI IR

Model description

RN P/ e
Application/validation

VSM 5 ( A very simple model)

CERES-/NZZ 85 A | CERES-/K 7%
7 ( Crop Estimation through
Resource and Environment
Synthesis, CERES)

CERES- T K FAY

DSSAT #%: %4 ( Decision Support
System for Agro-technology
Transfer)

RZWQM £ %Y ( Root Zone Water
Quality Model)

WNMM #5% ( Water and Nitrogen
Management Model )

APSIM fAY
( Agriculture Production Systems
SIMulator)

EU-Rotate _ N # #I/Hydrus- 2D
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DANUBIA /R4 AR
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1994 Hi IRRI ( the International Rice Research
Institute) #1 IFDC ( the International Fertilizer
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FAKRE AR B 5]
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SR BRI
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1993 ) i IBSNAT ( International Benchmark
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m:zvi[%-%]

S [ A Ml A LV A 52 i 45 JR) (USDA-ARS)
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CH WA A 1 T oK R A Ak ROBF S
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B APSRU ( Agricultural Production Systems
Research Unit) f & i W 57 R A4 R Kl
WAEYIK R R BT
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) PG BIEA 1
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Fig. 1 [Effects of climate conditions and N rates on food grain yields (GY), Precipitation use efficiency ( PUE), irrigation water use
efficiency (IUE) and N use efficiency (NUE) in North China Plain ( Hebei, China) [''?]

a: SRR SR b FRK/ KR SRR B e i N B SR d: A/N FIIRERSRE ')

4.2 I REIEFE SRE™ 8B KK R FMER(R)
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P, RHABEFLE N N 4.56 kg-hm *a™") (L 95 kg-hm >a ™' L7121 180 kg-hm *a™") (& 1c) , A3
FEAERZIH 63.5 kghm >a ' (ML 3037 kg-hm *a ™' 743 4360 kg-hm >a ") ; ZUIEF| A% (NUE) £ T
FE22 N 0.44 kg-kg a™') (A 32 TR#5]26 kg-kga™") . 1988—2007 4EHiA], 4L R AL FI B HO3E K H B (4
1.9 %) 5T T AR A R (4 1.5 4%) IR A= B N2 UL NUE fB 8 F e (i (18 1d) , IR s
BT MATNIE S . A 2 WATE B, 1988—2007 4E3 ], NUE B0 A BN 2 B2 T s,
B V4 7= £ [R] s RUNE 0 2 B S5k , T AR 7K A P23 ( PUE ) 038 185 7K A6 7= 303 (TUE ) BB W 25
SER PS5, PUE BEEMERBIIME EFHEE (& Lo f11d) 4434254 0. 21 kgomm ~“hm >a ™’
(M 6.2 kg:mm “hm *a~' EF}+F]10.7 kg-mm “hm *a ") ; 7E—E M A BT FE (40 1996 4ELIRT, RHE 160
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E ) F%Tﬁ%&ﬁ%%;@/]\%?ﬁ%ﬁﬁ%% 26% )/ J( ﬁﬂg%@%% Precipitation use efficiency ( PUE) , irrigation water use efficiency
3K 340 mm , WGE T VEBORARYL, H BRI /NE (IUE) and N use efficiency ( NUE) in North China Plain
A HERKEXRREA K. (Hebei, China)

2 38 7R, 1988—2007 AE MM AL T IRAE MR Bliokvi b IBEI 4R, 1989200801
BrEEEANRHAERKMEABEKER (r=
0.90"") ,{E NUE 5EMBEEHRBZEAMIK(r=-0.927") , HHEFEFFEURAA (_LTHEEY) FERKE
A (TR FY) ,PUE I NUE 735 2 B AT B3, PUE il NUE 23] 5 4R 3R AR A 2% B3 IEAR R
(r=0.72"" ) MIBERAMHK(r=-0.60") ;i H PUE fil NUE 5HREF=E KX R WA FIRIAIEMRL(r =
0.45" ) FitRk BEFARK (r= -0.67"") . AT UL, 1988—2007 4F 3 (] 4L T J5AF RALHE P 5 4P ¥ <R AZ
A HIEA B, TS EREK BB G, B S5 EYERK BB RS (R2).

£2 £LFROTLE) EABRFENERAE GARERER KBRS SRETEMATH AERMNEXES R
Table 2 Correlation coefficients (r) for climate conditions ( mean temperature and annual rainfall) , N rates, irrigation rates, food grain yields,

Precipitation use efficiency, irrigation water use efficiency and N use efficiency in North China Plain (Hebei, China)

REFE FHR FRKE WK AR [/ HEBK gt

Grain Mean air Annual Irrigation N HE PR HEFERER FI R
yield temperature rainfall rate rate PUE IUE NUE

AR Grain yield 1

AR R Mean air temperature 0.726** 1

AEWE sk & Annual rainfall -0.031 -0.491* 1

YK & Trrigation rate -0.749 —-0.090 0.002 1

AFAE N rate 0.900 ** 0.707 ** 0.053 -0.805* 1

FE7K 4 %% PUE 0.453% 0.721**  -0.824**  -0.306 0.382 1

TEWE K A 73R IUE 0.983 ** 0.617 -0.397 -0.785 0.964 ** 0.700 1

FUEF] FIA % NUE -0.672**  -0.595*  -0.062 -0.679 -0.923**  -0.289 0.934* 1

1 : PUE = Precipitation use efficiency 7K =208 ( BAA7 /K B A 7= B B 72 & kg mm ~1-hm ~2) ; IUE = Irrigation water use efficiency ¥
KA PR (BRI K A 7= (R 7™ B kg mm ~"+hm =2 ) ;NUE = N use efficiency ZUIEAI FIALR (AL EIEA - R A7 & ke-kg ™) 5 * =
r(0.01) =0.606; =r(0.05) =0.482; 3 r(0.10) =0.412

H13 2 & i, PUE Fl IUE — i B4 297 K B el A RS P B3 i3 i o by AT 00, 7E 4R [k A
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Wang 2 58 53 0 56 E JU 7 SR FI SR04 B 15a KIIKIE H , T3 &0 T AEM /K 20 F F 2R (WUE) B
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T AEM 7K 43 A2 7 S BK 43 PR Ak 3R 2T 3 i e P RN T 5 B4R 5 Bk 3 5 Kima 261 D545 L k4
AR R EORR I H IR AE R ARG T, K TR AT N MR RRER
5 Zit5EN
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KB L HERE A H /K A KA RS, 5EASMVK R R FAE L, J E AR B st X SEY K & U
[) A FEAR AL T T4 L S B W T A2 W 4 5 T SR I B 55 o UL X R 2 BR AR AR BE K B IR S
Bt AN A B S5 R BIIRR R, 4R 7K RO 5% S H A8 3 58 7 T o B Br B0 58 3 s

KERRVIF R, KR SIEY =B — & Vo BRI K E P FIRO s KR PRI D R X K B AR
BH—ERMW . KA RN, FEHEEEY S = R R L 2 B a T E, 23X +EAEY
Z R A FEZKBGEIR T EDK Z RS B R & H A B AR R AR B IR -E K R EMERI R R
HIR ZPEFHI 2 o

SR BN ,1988—2007 AFHA[E4EIE T R R B = SRR RER B E EAER, 5 FERKEME
KA S, PUE M NUE FE4FK(FRE-EE) #( EFaE) Bhail2 B E LA MBE TRE&ESE, PUE Al
NUE 5 E=B MR R 55 BT A SRR B & fAHE . PUE Fl IUE — & BE4E 357 K 22 K /AR
B ImiERE . EE KA S HIA B) PUE(SL IUE) f1 NUE fess, AR ER ETH&AGT,E
B B S K R FH AR I SRS 3R

H A EEELALERMEX, B TFEFRAERASE, DIRARBRE , KF s HREY =2 X
RERNAHE ; [, B TFERAGHE, F BRI NEYERR G AHE ., Rz ERRBHL/NE/
FORFIEA PR R T KB SO AEAR K2 (] BT B, & Bt AR F0 B A 3 IX 7K 43 (SR ) 4514 i
P& CRIKIRE) |, B R B ST AR £ BB AR B A5 7= & (GRBURAE = &) FEERE b (— M2 7K R R 8CR
K)o BEAT, 35 0 MEARHA I 2R AT LA 5k ke e A 28 () R R AR 70 TR 30 1200 i S 3
FIAE) SR TCRA TS (AN 1 7 AR A P15 AR B ) R AR S AR (i
SPAD I-4%2 \NDVI A8 Bl 45 %, & 2 063 248 W50 ) | 0k it AR . 52 4t o o7 =Xt A 45 2 ( Response
nutrient management , {14 MR ) K A BB Z0 T HE A 45 PR (40 DSSAT K%  APSIM 5% WNMM #
T Sk R R EEAR . R, KIEEERES 4B SR — N EH B 008, £ 5% Bt
X 35k ] (R T 58 A AL A7 , R (S48 . 4 MBS ) T BT A9 . BRI, @ AR f e K A s
AN EY W ASEARIE N T MED 7= & 5K AR R () R R, B A FVEBRE T M L8 -1E
KA RIS HEEE , 85 LURTR IR M= B R kB b B s Rk R A B BARR, &R HEY K R SLE
WA IE 2 W SR 5L BT BIEOR , SR FIVER /K R U3 R) 4 BEAR B A LTI T Bt , & ¥ sl 42 ¥R VE M0 /K A W IR 380 ht
T 1 DA BOK BRI RRCR (R) AR 2 2410 H [ 358 ARk B K 8 P 5 4035 T s X ATLA8 ABk R
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