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Comparison of Two Crop Evapotranspiration Calculating Approaches in
CSM — CERES — Wheat Model
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Ministry of Education, Northwest A&F University, Yangling, Shaanxi 712100, China
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Abstract; Crop water requirement is one of the most important factors in farmland water circulatory
system, its accurate estimates could help with crop irrigation management. The ability of simulating
evapotranspiration ( ET) for CSM — CERES — Wheat model is very important, which determines the
accuracy of model output parameters. The objective was to evaluate the capability of CSM — CERES —
Wheat model to simulate the cumulative evapotranspiration, daily evapotranspiration and soil water
content of winter wheat ( Triticum aestivum L. ) in 2011—2012 and 2012—2013 growing seasons under
semi-arid condition. The daily ET was measured by using weighing lysimeter that installed in the

experimental plot. The ability of CSM — CERES — Wheat model by using two different ET calculating

e ha B, 2016 -01 =21 &I H . 2016 -03 — 13

EEWHE: "+ I EERE S RIBE (2011BAD29B01) FlE K B 4B =34 00 H (51179162)

1EER AT 2 (1988—) , &, 1+, 328 S5 5 /K i I B8 5 F R 1 5F , E-mail ;. zhengzhenzzj@ 163. com

BRI HH A (1962—) | 50, 052, WLk S0, 3 AL A M K 5K DR B BRI 58 , E-mal: caibj@ mwsual. edu. n



180

Kok HLOB ¥ R

approaches, i.e., Priestley — Taylor (PT) and Penman — Monteith ( PM ), and the simulation results
were evaluated and compared. Data were obtained from two experiments with three irrigation levels that
were conducted under controlled condition in a rain-out shelter in Yanling, Shaanxi Province of China
during the 2011—2012 and 2012—2013 growing seasons. Results showed that the simulated cumulative
ET, daily ET and soil water content of CSM — CERES — Wheat model with both PT and PM approaches
had great agreement with measured values, and the simulated cumulative ET and daily ET were 5. 4%
and 3.4% less than those of observed values, respectively. The CSM — CERES — Wheat model simulated
cumulative ET for winter wheat in two growing seasons through PT approach was less than that through PM
approach, the relative difference between two approaches was ranged from -3.11% to —0.05% . The
model could simulate soil water content correctly as well, in the depth of 0 ~20 c¢m soil layer, the RUSEn
between simulated results based on two ET approaches and observed values was 39.38% , which was
relatively high and not good, but below the 20 ¢m soil depth, the RMSEn between simulation results that
based on two ET approaches and observed values was less than 23. 1% , and the simulation results in
depth of 40 ~60 cm soil layer got the best agreement with the observed values. The model with both PT
and PM approaches simulated the above-ground biomass and grain yield accurately as well. The RMSEn
of final above-ground biomass for two growing seasons were 13. 57% for PT approach and 22. 76% for PM
approach, and RMSEn of grain yield were 11. 80% for PT approach and 15. 42% for PM approach, both
of the simulated results had good agreement with observed values. The model using PT approach provided
smaller ET and higher soil water content than those derived from PM approach as compared with measured
data. Additionally, the model using PT approach provided higher final above-ground biomass and grain
yield than those derived from PM approach as compared with measured data. However, the model with
both two approaches could simulate the total above-ground biomass and grain yield with RMSEn within
25% of measured data. Overall, it can be concluded that the CSM — CERES — Wheat model using the two
different approaches, i.e., PT and PM, was able to accurately simulate winter wheat ET and soil water
content. The results also confirmed that the model could be applied in arid and semi-arid areas, and it
can be used as a tool for agricultural water management and supplying the decision support for winter
wheat growth in Guanzhong Plain.

Key words; Priestley — Taylor; Penman — Monteith ; evapotranspiration; soil water content; above-ground

biomass; yield
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(0.6T,, +0.4T,. +29) (2)

X a— AR
Sp—— KA H B4, M)/ (m® - d)
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0 A+vy(1+0.34u,) (3)

Af R, ——EY RS, M)/ (m*-d)
G—— - EHGE R E M)/ (m® - d)
T——2 m @b -3, °C

2 m AL R, m/ s

uZ

e.— A I E  kPa

e,—— Bk IE, kPa

A—— R K 2R [ B4, kPa/C
y— L 3 5, kPa/C

5 PT Jr ARl BB e T PM 5 s AR %
JEAEY) ZBCK, I HAK S iAW 00 08 12 28 A 75 1
A A

VW) ¥ A 28 R 78 16 & o0 W e 1E W) 25 15
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Fig.1 Relationships of water stress factors SWFAC and
TURFAC used in CSM — CERES — Wheat model with ratio of

potential water uptake (EP,) to potential transpiration (EP,)
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DL, BEADL 0 SRR 7% e 25 i /N T 28 8 A SE
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28 R &R WIEFIS 188 d JTHAm T 28 B XU 52
W, 782 DMAEKZFEN PM BB R ET (H
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I HiE X iR 2 R E R EJE O PT ik 5 PM
A A A RS TR, PM
J5 ¥ v a3 K8 05 R S I 2 W R S e PT ik
NSCREERN T, B 888 ENAHE 5%
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Fig.2 Comparisons of cumulative evapotranspiration simulated by using Priestley — Taylor ( PT) and Penman — Monteith ( PM)

approaches with measured values by using weighing lysimeter for CK treatment in 2011—2012 and 2012—2013 growing seasons

A ZE  BBLIE T PT 1 PM Jy 3 %65 A [] 7K 73 ik 36 4k
B AT N R AR R, mk2
A LAE BT PT J5 i B ELME /T PM J7
BRI 45 5, H 2011—2012 4 1 2012—2013 4
A A R 22 AR AR e A - 2.63%  ~
-0.05% 1 -3.11% ~ -0.19% , KT 2 Fp 5k
AR UL B A 0F % 25 BOR A A0 B8 Oy T2 b B 2% Ak
ARG A AR B A 7K 23 19838 0N T X K 23 k38 AR
XFRSRAY AL JL, T3 (T7 f T8 kb3, BT 2 Fh Jy
LR A R ZE BN (£ 1.5% L) o 3 A
X 2 R 0 D DA AT BE O, R R T 2 R 2R Kk 2R i
R il B3 753 R I T 30 K Ak B R K R U 2
SR

F2 2011—2012 £ 57 2012—2013 £ 4 {<Z Priestley — Taylor

(PT) %1 Penman — Monteith (PM ) 5 £ &I A [E K5
BB RMAE L ZBERXT L
Tab.2 Comparisons of simulated cumulative evapotranspira-
tion using Priestley — Taylor (PT) and Penman — Monteith

(PM) approaches for different water deficit treatments in

2011—2012 and 2012—2013 growing seasons

2011—2012 4 2012—2013 4
PT PM PT PM
. - R I . AR
BIAE/ B, B/ B/
iR%E/ % RE/%
mm mm mm mm
T2 325.50 328.13 -2.63 327.30 330.41 -3.11
T3 298.65 300.07 -1.43 289.88 290.05 -0.17
T4 298.54 299.72 -1.18 316.03 317.91 -1.88
TS 311.50 313.27 -1.77 314.43 315.03 -0.61
T6 325.72 328.12 -2.40 313.94 315.36 -1.43
T7 283.75 283.80 -0.05 302.41 303.53 -1.13
T8 297.99 298.60 -0.61 302.86 303.05 -0.19
T9 310.83 311.98 —-1.15 299.21 300.49 -1.28
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K2, 2B ACTEME LA S PT FiL PM 7 6400 H
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1 PM i BADL 1Y 25 R 25 1 R W /N T 25 95 A0 2
B, H PT LB H ZZE R 2 I Sh W I 2 /b T
PM k1 78 AR B S 01 2 Fh o i A ADU(E 2 e
S B 75 A AR R i i D0 Y D BT RE 2
B F7E & /N2 A K JE W I A O i R
e — R, 3 B I [A] Oy A& N 22 A Bl A A Y IE %
T TR 0L B0 2 R B R T S B Y 2R K AR
i i
2.2 FEEKE

F T FEM ] CSM — CERES — Wheat Bi % PT Fl
PM 2 B 75 J 75 J# 1 1k 43 Sl R 98 55 7K 3R i B UL
M, 1 2011—2012 4FE 1 2012—2013 4 CK b3 A
[F 4+ E % E (0 ~20 ¢m .20 ~40 ¢cm .40 ~ 60 cm .60 ~
80 cm 80 ~ 100 cm ) [ 4= 38 £ 7K A% 452 R 1) 455 40 25
RIATIUE, TR RS S RANE 4 fros. H
P 4 a] LU 4580 TP b 5 vk ) A ) - 2 3 1Y+
K SRR S A e 5 LI B — B, R ER 23 W
I AR AR A AR 2 -, 150 B X6 4 K 3 8 40 45 SR A
I, F PT 7 EEMilaY CK 4 FE 2011—2012 4F L &%
2012—2013 4 0 ~20cm + )21 Ry, A1 d 53 514
41.0% 0. 30 LI J% 36.4% .0.45, 1540 45 5 55 2%
SR, AN 20 em - JZ2 1 b, 15 Y RE 4L 14 K BE £2 5 , B
BN} CK 4bFE 2011—2012 4 F1 2012—2013 4F A4 K
%20 ~40 em -3 FKRBE S SLIE BT R e,
A3k 23.1% F115.8% ,d 4y 5 g 0.27 F10.76,
40 ~60 cm 35 K AU 5 T AE BT Ry, 73
Mk 10.2% Fi1 11.8% , d 4 51 g 0.61 F1 0.84,
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Fig.3 Comparisons of daily evapotranspiration simulated by using Priestley — Taylor (PT) and Penman — Monteith ( PM)

approaches with measured values by using weighing lysimeter for CK treatment in 2011—2012 and 2012—2013 growing seasons
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VE 185 e A 32 WK B AR 0 v] W i) 3K 3R .
2.3 RmEHEI EF Y RES

PT J5 3 %f 2011—2012 4F F1 2012—2013 4 4=
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(B, B 7R %6F F T2 ~ T9 4b B 452 0 {1 5 52 00 {8 1)
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20% X [a] Py, R IR 45 S By o 7E 2012—2013 4
AR B AR S I E Y 22 5 AR AR E LR
~16.15% ~19.48% ,H: 22 % Fl i i & F 2011—
2012 ARAE R Z, HLAE RGN [ A 38 A i 1 4SS 400 1R
A e A A AR B B, BERGT T T2 ~ TO Ab 3 AR
PE 5 SEIMAE G R gy A1 d 53530 K 12, 12% F11 0. 54,
B R — . BAOR UL, PT Jy ik Xt 2 A K2
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5B B 25 S A8 AR [ ol - 28.52% ~ -8.38% ,
HALPE /N T 52 00E, BRI X T T2 ~ T9 4b 2% #2
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Fig.4 Comparisons of soil water content simulated by using Priestley — Taylor (PT) and FAO56 Penman — Monteith

(PM) approaches with measured values for CK treatment in 2011—2012 and 2012—2013 growing seasons
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PE 5 S IAE Y R gy, A1 d 53 50 21.34% F1 0. 43,
R a1 F 20% ~30% [X Ji] P, 22 BAASE 400 45 51 — Mt .
FE 2012—2013 AFA: K 2 B RIBLHDLE 5 S52 DA 1) 25
AL E Y -32.36% ~ -2.61% ,5 PT JrikHf
[F], 22 S5 9 [l A s 4 K F 2011—2012 4F 4 K 2,

BEALLEL 33 /N T S E, BB X T2 ~ T9 4k 2 4 45
FUEL 5 MBI R 5, T d 73550 49 24.19% 1 0. 47,
BRI AR . 5 PT I AU As A0 S, PM J7 %
Xt 2 AMER A YRR, 2011—2012 4 K5
AR LIS 47 T 2012—2013 4FLE R F

&3 CSM-CERES - Wheat 8 E T 2 fizX A X BEiTE FEX 2011—2012 F£750 2012—2013 F£ 2 MEKS
AEASABEGTENEM EEMENERES ENE
Tab.3 Simulated above-ground biomass for different irrigation treatments based on two different ET approaches
of CSM — CERES — Wheat model and observed values in 2011—2012 and 2012—2013 growing seasons

2011—2012 4¢ 2012—2013 4F
b 7 AW/ (t-hm 7?) 5/ % AP/ (thm ™) 2=5/%
PT ML PMOBSHI(E SEdUfE PT RSSO PM RLHME  PTRCRI(E  PMOBEHME  SEOU{E PTRUOE PM LR
T2 14. 04 12.94 15.92 -11.78 -18.72 14. 48 12. 18 15. 64 -7.42 -22.16
T3 12.26 11.38 13.55 -9.52 -16.03 12.27 9.86 13.96 -12.11 -29.37
T4 12.27 11.32 13.95 -12.03 -18.91 13.74 11. 67 11.99 14.58 -2.61
T5 13.19 12.12 14.74 -10.52 -17.78 13.83 11.23 14. 47 -4.40 -22.37
T6 14.10 12.91 18. 06 -21.89 -28.52 13. 60 10. 97 16. 22 -16.15 -32.36
T7 11. 41 10. 51 13.82 -17.48 -23.97 13.08 10. 74 12.52 4. 49 -14.21
T8 12. 15 11.23 14. 88 -18.37 -24.50 12.99 10. 51 14.79 -12.17 -28.97
T9 13.13 12. 08 13.18 -0.42 -8.38 12.51 10. 15 10. 47 19. 48 -3.06
Ryyisgn /% 15.02 21.34 12.12 24.19
0.52 0.43 0.54 0. 47

2.4 FEHHY

FF PT Jy & 2011—2012 4 1 2012—2013
AR R T2 ~T9 PR LA RN 4 PR, 7
2011—2012 4F A= < Zx B8 UM AU 55 S 0 {EL 19 25
AL N - 8.24% ~10.22% , H A fELALAE T8
HIT9 7K 73 Wl 30 85 0y 7™ BB 2 A4k B AR i T SR
FLAR Ak PR DA 1 /0 T S0 AR5 A5 B X F T2 ~ T9
b BRAEADAE 5 SETAE Y R gy, A1 d 535310 6. 12% Fl

0.94, Ry fH/NT 10% , 32 WK 40 25 5 9E 3 4F .
FE 2012—2013 AFA: K 2 B RBLHDLE 5 52 DA 1) 25
SEH -2.97% ~46.7% , H 22 536 Bl Z K
T 2011—2012 4 A4E K BRI X T T2 ~ T9 Ab 345
B 5 S B4 R gy, T d 53 5K 17, 74% F11 0. 47 ,
Ryysp, VT 10% ~20% X [8] P, B 00KG B 48 i o L
ok Ui, B F PT ik xt 2 MK FEMH™
i B, 2011 —201 248 A K 2= i B UL 45 2R B B 4 F

%4 CSM - CERES - Wheat # B £ F 2 fh& £ Z B 81 & 7% 5 2011—2012 £51 2012—2013 £ 2 M EREFRF A S
NEEZHETZNEZFENEYUESINE
Tab.4 Simulated grain yield for different irrigation treatments based on two different ET approaches of
CSM - CERES — Wheat model and observed values in 2011—2012 and 2012—2013 growing seasons

2011—2012 4§ 2012—2013 4E
b3 Pt/ (tehm=2) K5/ % FEat/ (Lohm™2) K5/ %
PTHEPUE PMOBLRIE  SCi(E PTRCHD(E  PMOBCH(E  PTRECHI(E  PMBSRI(H  SC0{E  PTAIEUE  PM ELRUE

™ 6.97 5.98 7.02 -0.73 ~14.84 7.83 6.51 6. 44 21. 66 1. 10
T3 5.45 5.27 5.90 -7.58 -10.71 6.54 5.62 6.31 3.54 -10.98
T4 5.43 4.99 5.82 ~6.64 -14.22 6. 86 6.43 5.52 24.19 16. 49
T5 6.39 5.50 6. 65 -3.96 -17.30 7.23 5.75 6. 86 5.34 ~16. 11
T6 6. 90 5.93 7.27 -5.10 -18.51 7.22 5.49 7.31 -1.30 ~24.93
T7 4.84 4.44 5.27 -8.24 -15.76 7.01 5.82 5.69 23.25 2.27
T8 5.31 4.67 4.81 10. 22 -3.05 6.35 5.18 6.54 -2.97 -20.78
T9 6. 44 5.49 6.09 5.82 -9.90 6.32 4.95 4.30 46.70 14.99
Rpsen/ % 6.12 14. 63 17.74 16.21

0.94 0.70 0.47 0.57
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RINE T2 ~ T9 4b B A 4DUE 5 SE D AEL (Y Ry, B d
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B ) B L (E S S 2 5 AR e
-24.93% ~16.49% ,5 PT Jy AR, H 2 R4k
0 A 38 78 K T 2011—2012 4 A4 K 2=, 42 B X F
T2 ~T9 fbH 7 it (BB 5 SEMEL ) R gy, T d 53
SR 16.21% F1 0. 57 B 45 R AL hf . PM J7 % 2
AR ZE 7 R BLIE BO 2011—2012 4F A4 K 2
MR 4T T 2012—2013 A K,

3 it
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TEESKERER M

CSM — CERES — Wheat #5 % £ T A [5] ff) 78 & 7%
it e 0 3, X AN A N 2 R 2 s R A R K
SrEN SR A5 R AR, A SCX CSM — CERES —
Wheat 5% Fj Pristley — Taylor f{l Penman — Monteith
2 PP Al B A /N FE 2 e ZE W R 1 O B i AT T R UL
AR R WINPT 7k 28 K8 /T PM Jf
o B, 7 2011—2012 4F f1 2012—2013 4 2 4>
A K ZE,PT J5 ik L PM Jy 400 1Y 78 & 26 115 4 73 S
ik 1.3% F15.0% , X5 ANOTHAI %' ] CSM —
CERES — Maize f5 5 182 $0] (1% 28 & 28 6 & 15 % SC Hb—
A S 1 A 2% 1 52 00 (8 6 B BT 9T 45 SRR L, R
PM J5 ik RS2 B L PT Jy i i WA PR, B AT PT
T3 ¥ B ZE R L ] PM 5 3 540 1Y) 78 i 25 1 /)N
3.8% ~8.5% . ifii DUGAS 2" e fdi jj 2 Fp Jy i ik
IRl JE &, B0l 45 R % 22 8 K, 7€ CERES 45 Y
H1 PT J7 36 F PM 5 P A 400 45 02 76 i3 S A= 7 0
WL PT J7 A48 B s & it L PM 5 ik 42%  ~
0% TE/NE AL BN, A # s # /D 60% ~81% ;
EEAREEFIN,AHE G E /N 35% ~46% . i
R 26 85 K4 5t DR AT R AR e DX A T RO 3 R Ay
(R 1L DX, 1T P 3 T A 2 RRE X 82 1 52 T, >4 A X
3£ TS 3N i A T A R R

B T CSM — CERES — Wheat 1 %1 % A< [7] 22 %
ZE M AN ST AT LU SN A AN D B S X
AR ZE BRI 1 ET, i+ 845 R k47 1 X5 Hear s

S /NIRRT B IR T B A ) B VR O 1k I8 2
BALSZ I B PE 4 T Penman — Monteith , Hargreaves —
Samnai , Priestley — Taylor L) J; Penman — van Bavel f&
RITEJL st X BT, oH 5 b A ME Al 1, 25 R R W4 A
SRR 2 BT, vH 5 B W) 05 1) 59 0 22 , b
FEH RJE |, Priestley — Taylor 45 B IR Ay, 171 2 Ath 2
TR U] 5 A T 2 B o AR SR R JEE AR 5 T 1Y
NLIME ] b, L3 HT T Hargreaves (FAO Penman —
Monteith F1 Pristley — Taylor Z& U= I %t 5 K 4 H 2%
Bl A BEADOR B2, 0 58 R WA ) R BOR T o B |
LI} Priestley — Taylor 23 AUBEfL45 R e . H 45 R
5 HAUMIE 5T 25 /A — B L ] R 2 BR AR HE RO AN
o ISR BN A ET, 35 05 3 % )1 o 7 B
XK ET, 247 5315, JF LA PM J7 3k 19 11 55 45 2R
ARE X FAB T 7 R RS BE AT BRI | 2
R, Hargreaves % 1F 3 Ml Priestley — Taylor 7% i1
FARZEHIN, m] LB PM kAR )1 o B 3t X<
RLYCRH Z K TR ET R J5 % o R RO A SE [
ZAH X /Y38 56 BF 98 )5, Penman — Monteith 2\ 2 8%
N 3 M d b, Rt B FAO SR FEAEAG I ET, 1)
PRt 1 £ ) Penman — Monteith 5 %1
R DA AR TR B 3 R e A2 9B S
B DA RS R 5 T
3.2 TE#RZBEAENZNZEEYERTE
B HL 2 i

TR0 8 T 7 1 A UL )RS A 32 B e DR T AR
BUXSAE Yy b A= Wy ik i 4R AR S5 AR 25 2R T
X TR 4 15 P LA R 8 A3 B SR 20 B B AR S35 4 7 A
B o A TR A K AR R EUR A
Y 3 K R, I i R RS DL 1Y A ) i R AR
Loy o AWFGEH Priestley — Taylor J7 343157
2 IR 78 K 75 15 g (K T Penman — Monteith J5
L B T IX 2 FhZE S 2R s R E B O vk B X
JICA M b A A R A R G SR AR SR I
T PT Jr B E Y m T PM Jr . il 4, 78
2011—2012 4FF1 2012—2013 ) 2 4~ 4 K 2, PT
T3 R A /N U b A g R B L PM
T ET.75% ~9.27% 1 17.65% ~24.44% ,
PT J5 3 X & /N 22 77 B W B 4UL{E L T PM. 7 3% 23 3l
5 3.51% ~17.44% 1 6.61% ~31.47% , 7 4p, A
WFFEAE R W] PT J5 35 OB 25 % [ Py 15 452 41
ZERMG L, X ATRE S BRI ALE S BOA K, S
BRI 5 AR TR AR DL Y AR 1 7 2 AR T S
{EL, T T AT PT J7 i BB 7= it s T PMJ7 i 19
RO, DRI 5 S B 4t , S BB 45 SR W &
HES G . ANOTHAL %8 46 T3 2 FpJy il CSM —
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CERES — Maize 155 X% K i 248 4 £ Fl ™ 1 i 17 52
P, F B R PM 7 ik iy B A5 Rt PT J7 i 47
UTSET 25" 3 S0 vp g K45 16 & 2 Fhzig & 2%
Jits e TH A 5 VR N KK 3 R A L, 4 SR R
T PT ik S 2 S B AE W B & & LT
PM J5 i AHJ2 I 2 F 5 i A 400 A oK oK 43 1) K
IS ACRAT AR B GE T 43 B (e, I HL S B Aok
FOTHTEE 2 Fp Oy PR S5 R B AR R 4. DARTX 2
i 22 35 A X4 AT DL FAE MR B3 2 B A ) 25 1
LI H SRR TR R, 58 m LUA PT Jr AR
B PM kit B S Y.

CERES — Wheat £5 7 Xf A [/] 7K 43 4b 317 130 1 b
AR BLRLEE RIAS A, B OPT J5 AL
WA EIEE N 11.4 1 ~14.10 t/hm® (2011—
2012 4E), 12.51 ~ 14.48 t/hm® (2012—2013 4F ),
FI PM 5 A5t 2R B I R 10,51 ~ 12,94 t/hm”
(2011—2012 4£),9.86 ~ 12. 18 t/hm” (2012—2013
) o MRS K 22 0k B A ) B DUE 35 /N T 5
DA o 3% AT A8 2 PR A 23k 36 Jhy 388 W A T 1) 70N X
B, WA BT A A B R AR AL AR K A
LB A AR, SR B TEY R S
B R T SO A B AL /N . 2R LY, SINGH
4000 58 5k % AN TR K &AL R B9 CSM — CERES —
Wheat LI M CropSyst #5 AU 1y #fF 55, 45 4 CSM —
CERES — Wheat £ 71 5% A= 4 o (1 15 48 25 L O R 28
AR XS A AN [a] K B AL BT /4 A ) R AU
PR FLME . 2F PT A1 PM ik it 2 a4 &
AR ADLTR B, 158 25 B R I I 00 480t I AE AL B T6
0L, W T v 0 B AU (B 34 S T S, R A
AT REA T6 Ak FEAE A= 7 11 0 Hir 01 v B 3 5 R 19 K
Sy Iia T AR A KR & /N e e AR KT
CERRES — Wheat W REHERIEIELL . UL, XA T
Bk

MR XG N [R] 7K 4 A BER 1) 7 B AU 4 SRt R R
M), BETF PT )5 40 B Ol 4. 84 ~6.97 t/hm’
(2011—2012 4£) 1 6. 32 ~7.83 t/hm* (2012—2013
), FET PM 7 B R Y 4. 44 ~5.98 t/hm’
(2011—2012 4£) H1 4.95 ~6.51 t/hm* (2012—2013
). BT PT R PM J5 ik 94 /N2 19 7= it i B 40U
EFSZMAE ) R pysp, 535018 11.80% 1 15. 42% , 45 8
g r o JT 270 58 51 /% IE S5 19 CSM — CERES —
Wheat #5571 (1) 1E 1) 2 85, % 56 o b X4 /N 22 77 5 A
ARSI S S E Y Ryyse, 5. 71%
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Wheat 5 8 2 501 1E X o [ 34 A #b X /N %2

(114 DAERKZE) PLJ 107 A H XA & /N 22 (321 4>
ARKE) R AL B BE S S E ) R, A
22. 8% ,BEHME 5K P B R Ryysp, N 27% , FEHU
gEHR g Ll BT W, CSM — CERES — Wheat
BRI A 6] (1 A f 34 SR T Y SRR 47, Al
g FAE P ok T H O PSR E R AL E A L S i TR
Ao

AW FRAL AR B — 0 SRR TR T 2
Fh78 R 28 W A 7 i 45 R4 T T e, i g
FH B VE D i A 20— B[] P 300 A, %ok 1 JH A b X DA
N A AE P B B 5T AR an el , A R B 22 i 0 R
SFTEAE . T PT F PM 2 Fh oy i %/ 22 % Hifih
Y B BEA0L B FE 1 L A 0 7 22 3 — 2B i 9T, DA
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4 it

(1)CSM — CERES — Wheat 7 3£ F PM J5 3 fil
PT 7B & /N2 HZR R AR B AR 2L T
W R R R B A5 R 5 R AR B A SE
SRV R, T~ AR 2 Ry, 7E 19%
DL, B3 2 Fif 22 45 20 =03 ml DAL T 7R P 4 L 3
ATEREETREMRAEYMEREBE. 2 My
0y X B AT K o e a0 b B R AT R L, B F PT
TR &N R H N B 7R R 7R B AR T A&
F PM J5 ik I 4D E

(2)CSM — CERES — Wheat {87 3 F 2 il 5 32
P aT DX AS 5] % B 4 48 K R AT B, AR
JZ (0 ~20 em) + 3 5 7K SRR B 3 22 (R, >
30% ), 1fi %t F )2 (40 ~ 100 em) + 38 5 7K B
JE AR B 5 S B ) Ry, /DT 16% o HAS
[7) = )23 1 7K 3 A S B R B I T ik /)

(3) 5 R RUZE B AR 520 45 A0 b, B AU 3L
PM J5 ik & /N H 28 R 78I R DL e 2B R
WP i) RBE L 25 I 45 Rl T3T PT kW)
B ZE R o BRI, 24 HAE X B2 A AU (1) <52 9% R
Fo R I, U AT P Jy gk T TR A vh i 25 R 75 T
A

(4) B XF 4% /INFZ () i b A= W 4 R0 7 ) A 4L
SEREL G PT J5 ikt 2 AN AR R b AR Wy it Fl
7 AU AN SEIAE F-24 Ry, 2390 R 13,57 %
11.80% ; F§ PM J5 ik Xt 2 AR 2 b AR Y i F ™
S A AULAEL R S AR 1 O 2 R e, 53 0 R 22.76%
15.42% . BERIG7= 5 1 B 45 B 47 T %5 #h b A=
AL 2 SR LR R X A K G o 3 Ak B G A AU 2
B2 BT — ik,
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