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OB BN E () ARG E R DO R T R RS2 IR TN R A S AR R I R AR P 1 Z R GRS 1 )
B, ZTRETIRE S EARESEX 17 MU A 1981-2010 FERISEER, KR KBRS %S APSIM
(agricultural production systems simulator) {EYE RN 7k, 24T 1 B AL IR HA 78 7 FE R AN RS 7% 2% A1 178 B b 9
R AE S Z R, HNARUKFRIHBEAE T T 250 . RERY, TIRTEREBE SR WNAFRAT,
) 2E AT X AR P2 IR e Y AE AR 25 55, R R - VT IR (X p TR A 2 S I R a2 ) e 2 B B3 (P<0.05),
R R MR T, VR X BB AE SN 123.1~134.6 thm?, 2EIRIE X FIE 7R & 99.3~132.7 t/hm?,
BT PP BRE A 72.0 th?, {545 25.2%~ 45 4% HIHE 5307218 175 7.4%~ 111 % B 3 38 7238 11, UAJ% 25.5%~49.7%
FIREREE P28 1y BEIX AR SR K A B B AL AN R A R mi A g T A B M E R R R, EESSEL,
B XN R, MRS W IRE U IR 22, AT AN R BT B 257 RS R A W &, I 2K
FEZEHESY, SO RANTFHEONE, EEER RS, R X NS, RS N m e
FEEER, REMREUE IR G e ORI R, S AR A TR REREY T, VR S e R R SRS . 7R R AR A
b b, FHEBEABTYKEE T (360 D), KEFRED G 120 kg/hm?, JEIE X HEK 656 mm, FIE7E X HEK 970 mm),
AR T AR RE A2 & IR IA] (480 d) FIZK SR (% 240 kg/hm?, JRIE XK 964 mm, PEHEXHEK 1342 mm), {H
RSB RERE (122~133 thm?®), Kk, DIFRAEREANE R IR R LR e S v R X gl 2 %2,
SR BE AR R A A R . A2 RANHE L, BEE 05-51 PEERPIASH, A6 I E DN I I R X AT e 3
e Rl AN 05-136 BEARIUSEH, W AWRIE I X 1 SR . BF 9T 45 SRR A6 SRR DX H R =k T Rk R
KPR AR BT R B -
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KRRy, MEBH RN 6.15 75 hm?, 5 4 [ H
PR T AL 25%, BFERL S H 7E 18.46 75 hm?, 5 75%.
HERmAEYER C4 15, SKIMFRERL, =/
fRRE B v B i [X P 354 [ W FAE 700~2 200 mm, {H B 25
AN, ETE R X AR R A 1 100~2 200 mm,
VAR e T X PR AR R R A 700~1 100 mm; AN ig 2
TR RE DGR R X, RN RNEHET R, ERE
M, 5—10 HANZE, HEWELS2FEN 80%LL F, 11
HZEUE 4 ANFZE, HBENEICYEFR 20%5 4,
KFDOWT R, LIS KEMR, N2 KRS AR
W 5 RN SRR A R AR E SR R R R, U X S H R
AR HoAR R e,

AR, DUSEAESIE NI, 456K s B
PR SRR, AT FOAS [ AR A XA H R AR TR
TN HRET KPR =77 SO S HEAH B AR TR T %6
VRN H BE =k AT Rl R R AR I SO . (EWE
KA RN B 34T B ORE EARMIAE KR B B 51
L, T H A M RGP ED A KRS SRR
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(95 2P 78 H AR T, EBR 3 EH APSIM-Sugar.
DSSAT-CANEGRO. QCANE. AUSCANE &5 H i A= KA
R0 Forft AUSCANE 2 P KR 0B FRRL 22 e AT Il
BRI R SR I B 3 [ AR M 0 [ R 5 o - I FH 7 i
KA, Z AR AT R A2 T R e 2, H
HT A K QCANE 2 R FI B P56 e Ry SRt &
PIH AR AR, AR IALE T REBLHUH BE M RRIE 2R . JRE
KRR AR, (AR R, fERNH
[fi %4 DSSAT-CANEGRO 1 APSIM-Sugar f 1)z 1,
DSSAT-CANEGRO 72 HH 3 [E OV & 22 B K22 ik}
WAL A TF R AR MV AR S 8% TSR S R G R A AR
P H R AR KA A, T APSIM-Sugar 2 H 8 KA 3E BEFR
BlEp M B+ 22 K SR MR KRG R
FURE RS b ) H AR, X MBS H T KB 56
R HARER M H A A, Jorh DSSAT 8 LA 7
FEEAEIERHE R T 5% EF; 1 APSIM-Sugar
FEAY R 38 AE F JL RGBS RN iR Hefk %t
AT g pe O, E APSIM-Sugar #E7Y [{ 2 4k B
ML, BF%EXT APSIM-Sugar #AL7E 7 7 - 10 i 195
T JRE DX I B AT T PP, 6 DR R S AT T R
T REAURE VPN, 45 7R APSIM-Sugar B2 BERE ¢
YA PSR AS T3] R 5 et 7 280 9 B0 ) 7 A i
Ak iass, FrEAERM IR ZEE 15%L TP,
FEHREA = IS5 HL, T 0. ] ARBE RAE 20
40 80 90 AR 4R F £ 2B 20 5 B H i By 3R <
fiE A P UL, T 5 4 B 2000 4 UG A Rl 4L 1 1
% N S5 JR) 1 DX T i ik T i 2 A A A B R A 0

w7l 2014 EEH WS TS B RS RALE
A DX IEEAL ST R G AR R RS AR A R
77; 2018 fEFr ! 5 T APSIM-Sugar B AR, T /< 46k
B NI P A . e, BREITPIE
TFEE R APSIM-Sugar FEAU#E 75 5 HE X T J& H- 7 7 b
OB FI I R 200, (H B RRAE 1~2 vl e
PLGE B, B = 0N[R2 A E X 22 3l o5 HRE AR P2 0B 10 &R
i, Rk, AT APSIM-Sugar H A KAFE T
&, NS REX 17 MR S KBRS
BIE. BEN . IS S, O AR R 2 5
AR B L7, AU 7T 24 A 32 R T R A R AR R
PRS2 i8 Sy, DU 2 st
MV I FEE SRt e SRR MR

1 MREEE

1.1 MRBESHR

1) AR FEs S A% e . B = R X
L3 SN R DR SR R DX AR A 2R, MR I X
FrEE (W) &7 12 ATl . R REX e &
() BT 5 MRTESh i, Sl BRI KL 1,
HOFRAT B P 1o L St W A a7 s JEE At A it o 4 HR
A B ARG . AR FAE R, Ha R T
BB AZH CGESE AT 20 C, BN AT 1000 mm)
ATFHCOR CEBIR AT 20 'C, RN 1000 mm) S
i, [T I AL FE T2 vy S R X Al AR R SRR (%
CULME. SR, R, R RREAS S SRR
FH AR 32 6 it P O 2 B0 1o

x1 AREKRBRSEESFEM (1981—-2010)
Table 1 Basic information of research stations (1981-2010)

S 4415 9, L RE ]
%ﬁ?ﬁﬂ j'lj.‘ﬂg‘_‘ 245 % Longitude and latitude rﬁ?}i A?Zj;;: ;‘éﬂial *IEZL??V% B%Fﬁi D‘flei?cjfﬁf Evi?i‘ion
ype Stations Altitude/m temperature/°C humidity/% Precipitation/mm sunshine/h capacity/mm
/& 23.55° N, 99.40° E 1104.9 19.4 75 13155 22174 16745
R 23.77° N, 98.82° E 995.3 18.8 82 1623.7 1947.8 1501.5
oyl 24.07° N, 97.82° E 959.1 18.8 81 1618.0 22204 1497.2
Pvan 24.70° N, 97.95° E 826.7 19.7 79 15453 2249.2 1 860.9
Fifi T 24.00° N, 97.85° E 762.9 20.7 77 1450.2 22973 1695.3
P X pal 24.62° N, 98.68° E 15280 15.0 85 2112.6 21189 1490.5
Humid region g3y 2257° N, 99.93° E 1054.8 19.7 77 1586.5 21773 1521.0
SE 23.50° N, 100.70° E 913.2 20.5 77 1320.1 2002.2 1816.6
B 21.92° N, 100.42° E 1176.3 18.9 79 1318.5 2032.8 1897.8
Folliisg 21.48° N, 101.57° E 633.4 21.8 83 1513.0 1870.3 16514
] E 24.07° N, 105.07° E 1249.6 17.0 78 1 000.6 1561.0 1603.6
T 23.65° N, 105.63° E 685.8 19.8 78 1103.5 1641.8 16299
JGIL 23.63° N, 101.98° E 400.9 239 69 804.3 2264.1 2 541.0
S HF 24.07° N, 101.97° E 1497.5 17.5 74 951.5 2261.2 2 035.0
Semi-humid Fiz 23.72° N, 103.25° E 1051.8 20.1 71 770.6 20933 19713
region ARG 23.37° N, 102.43° E 974.5 20.6 74 832.0 1984.7 2105.6
55 26.92° N, 102.92° E 893.9 20.8 60 829.2 2113.7 24049

T BRI S A UG R

Note: Data source Yunnan Meteorological Archives.



3

TRERM S T APSIM AR R 46 8 J5RE X H A 7= i 125

A T 5035 FiResearch stations

=}l [X i1 #*Regional boundaries
0 50100 200 km
I —

B1 ARz E

Fig.1 Geographical location of research stations

2) WHRMRLE A SE 8 S MR R
Fh, AFEHGRE 22 (ROC22) . = 05-51 (YZ0551) .
FEA% 41 (FN41) HEBE 42 (GT42) FIEEN] 05-136 (GL0O5136),
43 ) A DX T 30 AR 2= YRV X RSz s T R T IR S R
4 FE 4 300478 o /K B2 B AR 6 VR K P 5 P ik
gUR0 PR ARG BT W B SCRR[12-13,19]. FE T 5
TR A0 32 O FH s B8 AR [R]H TR i b 7= . 5
MMEFT APSIM-Sugar FAUEHMEIAT X LGt b, IR
FRRERE AT B I0ALE, SSRGS H I AR By
RN 20 BT H R HR G0, S IR AR U, 2
TREX 5 ANk A AR R S50 32 R sl MR X
12 AN SRR S 000 1 Bk F BRI . B S HCR R
IEEE SRR W] APSIM-Sugar BEAITEAN[FIA A5 X 35 HA He
OB I, FEVEIE X ER AT, e B S S
K134 5 R mZ (root mean squared error, RMSE) /NT
1.1 thm?, bRAEfLIHARIEZ (normalized root mean squared
error, NRMSE) /NF 7.0%, @R R KT 093; 18
M X IFs> 2, R R 5 Sz RMSE /N T
1 thm?, NRMSE /M 11.0%, REZRE R KT 0.88.

*2 SHHERMMRESHY

Table 2 Model parameters of studied sugarcane cultivars

S AT faff Cultivar
Parameter names ROC22 YZ0551 FN41 GT42 GL05136
. ﬂﬂﬁ‘&ﬂl?%iﬁ R 0.008 7 0.008 7 0.008 7 0.008 7 0.008 7
Transpiration efficiency coefficient/ (kg-kPa™ kg™ )
7| b A
. R RE AR . 1500 1 500 1500 1 800 1800
Thermaltime from emergence to stem stage/ ('C-d)
" =, ¥
. ﬁéﬁi#@iﬁlﬂﬂ%ﬁ B 0.68 0.7 0.69 0.69 0.69
Cane stem biomass partitioning fraction/ (g-g™)
NN %
. ﬁé*ﬁﬁ’ﬁﬂﬂ%@l . R 0.55 0.58 0.59 0.6 0.61
Stem sucrose biomass partitioning fraction/ (g-g™)
Wi AR R d /N R AR
Minimum stem biomass bef;)re sucrose commences/ 900 800 800 700 600
(gm™)
e KZEH 4 Maximum green leaves number 13 13 13 12 12
oy 1 1 000 1 000 1 000 1 000 1 000
I 2 6t o (% i |
Maxi +ﬁ‘ﬁ%ml/]ﬂ?j($ HHTRA i 15 17 000 18 000 15 000 12 000 15 000
axumum Stmlg ef ea y ar/ea copresponding 25 52000 60 000 70 000 50 000 55000
0 ‘eal order/ mm 35 42000 55000 42000 50 000 55000
X ) 43 B TR R %L 20 13 15 1.8 12 12
Expansion coefficient of tiller leaf area 30 2.0 2.5 2.0 2.6 2.5
corresponding to leaf order 35 0.5 0.3 0.5 0.5 0.6

FE: RBAP A EEIEMBERNER S RSO, mR 2 AR E AR PSR S, 2904 1.804 1.65 ¢ MI m?,

Note: The table just list the basic parameters and the specific parameters; Model parameter include the radiation utilization efficiency (RUE) of new and perennial

planting modes, which are 1.80 and 1.65 g-MJ"-m?, respectively.

1.2 RERHMSHES ST E
1.2.1 APSIM-Sugar AZA! A & AW F 5 s
KT

KWK APSIM-Sugar v7.10 BT AR5 FHY
HRE AR I U AT, BN R G HE SO B R B
AT, Remi . B BEWNES. AR IRKEE
FERLS SR AR MM = 05-51 7EARR S 5 (FFiz.
HEE) MR 4 NSRRI AT R AR, Bk
SRR 2 H 20 HEME, 5 H 20 HE A, 10 H
20 HAKHE, 1 H 20 HAME: #EBEEN 200~1 500 mm;
i N 0~480 kg/hm®, H AL 77 i 3B AL B
19812010 4, THIAh € B FE P (B 1981 4F 2

H 20 H, ¥ 5 ANHBESFITE 17 AN 50 A3 T %
o, MERL T a B (360 d) AT 1 afEtR (360 d) NEHA
HATRCAR B, AT IRTS 2 48 2 s 1 R 7= s AUE 20 2
. HA@EZXm8E (hm®) , BEZERS (%) , 25
FOKE (m’) NEBRE AR, 2L R G R
SSRER R (Yhm®) , KRR (kg/m’) Wi
A E K EE.
1.2.2 FE#Hh5 22X BMEH Tk

FEEWE S, WIS E (Y,) , REWE R
PIAERARDET, 2K FAE PR DA Ao d 5 (1 i
FRAE B S FRE R, MRE (V) B
B E XORAR B2 Br e B S5 ui - e 2200, R
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R [RD 7K SF B 9 22 7 B 5 7 B T 49 ) 5 0 1 7 i
200, SRR (Y,) A AN IR R P SRR R
PRI, T MM TR R R DL R
S BRR B B S  F OA I . X T R T,
KA R IR ZEBAE I (R , e 5 ¥, i,
RIS E T IR K SR 4 BT IR, 5% K
R, R R L R, T ke X,
I % 1 1.2 5 5 2 5 P 11 2 2 R S 20
RN RO RIRERER, AT ST ) APSIM-Sugar 4
RATE 76 OB R 92 2 R HEAT 2404 A HSebnl, 2RI
T8 DR AR e 1 B B M, i 550
HRIC T 7 5B P B HEAT 2T BB R A 2 1 16 6
TR X BOMEE R 72 P9 R 2 . X R DR,
FEE R R I IR MR R R,
e B S R R T R R IRR R, ABFSET Y,
RAN Y, i8R 3 AMACPRIP 2 R S i 2kt
RIS Y, (YR , FFsB = 5k
PR Y, (R-Y,) » BB B R P R Y
(Y,—Y,) o P LIS AT B i 220 A0 (1 5 i K 2
PRI A, BB R 1 T A HA SR R LU
Pk, BRSO R 2t 2 2R A P
Y, WIEBIEP S R PRI 2 Yoo FONEN
AR 5 P P AR T B2 Y s MR 7 A A
KRR R ORI 7, R R

Fi7%Rainfed  wm i lfIrrigation

Cane yield/(t-hm?)

I

a. i X
a. Humid region

E: FRENTE PRSI, R BREHE.

Note: The character after years of “P” means new plant cane, “R” means ratoon cane.

2023 4
Y, —Ya
mF—LL—— (1
max(¥y, Ry)
, RVl
Y (2
max (¥, Ry)
Y, —Ya
mp—ﬁ——— 3
max(¥, Rr)

1.3 HEGIt AR

TS H Excel 2016 X R aa £ da 31T R A A BB I 42
— Rk IORAAL, AR5 SN SAS IMP 13 #EATH#EIAPESE
THAIER.

2 GR55H

2.1 ARESERMHEES=BLOSF2E

EMEAE (360 d) F 1a HiHd la fEARFHERS &= T,
T 17 AN 5 AN R 30 a (1981—2010) 14 52 28
A H R B AT RN AL G, AN A2 X
VAN 226 N BT AN 1 AR H I AR UE (2D .
HHE 2 wlHL, EREREX, WHEETS~8R8 104.5~
113.9 thm®, @& T1EHE T8/~ & 97.9~107.1 thm®, H#E
A RN RN R R ) 7 38 72 B 2 R/ (<10 thm®)
HAERABMA K. 75X, FEE =gk
802 ~ 119.8 thm*, [+ & T 15 R B~ & 61.6 ~
110.7 t/hm*, ¥ B B 30 A0 R 97 45 5 A) ) 7 B 22 K
(>40 thm®) , HAFERL K,

2008PRS
2 0 O 9 R

2000 P
2 007 RS

2004 P
2 O O SRS

2 003 RS

<

a4y SRR SR Year and planting type
b. =il X
b. Semi-humid region

B2 RRALSERGH RSN E

Fig.2 Simulated yields in different ecological regions of sugarcane

SCHR[241300E H 10 2 7 K 26 v J5RE DR A H 7 34
FPEORAE T 72 thm?, SPRIEEREIE 15.1%, RIS
SERL I X HEE R 7R A N H P e 2 R AN
20 t/hm*, “FEIPESS 22324004 0.2%, HH A S EE S5 1
NROREZE R REZEME O AR R 3 MR AR R AR
FUSEBRPE R AN 82 thm? 15.0%. A1 12.3 thm?; /i 5%
KA TR 62 hm? 15.2%. 9.4 thm?; 3T Bk
SR e G TR - R A A R T R P R AAE, 4l DA
FEZEP R, R 2R A R RE = O VPN P A o6t X 3K
AR P F R B AT b, SR R 3.

3 3 AL EMEREX, B8 1N 1231~
134.6 t/hm®, FEZERENE SN 16.9%~17.1%, HERE &

W4 20.3~21.9 thm?s WY FREME T R E 2577 B F R
PR R, HEEESRES (171%) . TR
ZETTIM, VI R DX R 2577 R R 0 7 o ) R A R
FrE R = A E RN, 739008 8.5% 1 7.3%; FEZE
PR R N IR AR PR ZE SN 61.1 Al
10.9 t/hm?, 359K TF 06 B f FE R AR ok o 7 22, YR i
X TR H RIS P20 RO, PR R AR XA IS 45.4%.

FEIRIEREX, HE2EP B /N 99.3~132.7 t/hn’,
FEZERE T SIN 16.2%~16.4%, FEREF= BB/ H 155~
20.8 t/hm?; IR N M REZE P BRI REAE = B AR T
VRAE X, (HEE AR NI R R R S A
ZEWEIE ) SR X AR A Y PR ETT, R
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FEF APSIM #5814 (RAIR46 o Ji B X H T A 7= 1 127

T DX 2 7 A R AR 7 P R A R T 7 A 5 [ 7
ZARME TIE 25.2%81 25.5%; 1 2577 B F0 B = 2 1)
FREARR PR HIN 373 A1 6.1 thm?, B/NFXFRE
HOEBEA 2R P P i 22, ] UL YR T R X EE AR 2
FEI =18 IR, FER AR EIA 38.2%.

®3 XERELHEEE~ED
Table 3 Sugarcane yield potential at different region scale
R R REZERE Y REBE =

Cane yield Sugar content Sucrose yield
AeHE AHXHME OO XA AENME ARXHE
Absolute Relative Absolute Relative Absolute Relative
value/  value/ value/ value/  value/ value/
(thm?) % % %  (thm? %
Y, 134.6 100.0 16.9 98.8 21.9 100.0
Ry 1231 91.5 17.1 100.0 20.3 92.7

EBX PR
Ecological Evaluated
region index

W X y 7205 5355 ISIF 883F 109+  498:

Humid ¢ 100 74 0.1 0.6 1.5 638

region  y-R, 115 85 0.2 12 16 73
R~Y, 6L1 454 19 IL1 109 497
Y,~Y, 526 391 19 1Ll 96 438

Y, 1327 100.0 16.2 98.8 20.8 100.0
Ry 993 74.8 16.4 100.0 15.5 74.5

X p o 7205 543 ISIF 921F 109+ 524x
Humid © 10075 0.1 0.6 1.5 72
region  y-R, 334 252 12 74 53 255

R~Y, 373 281 12 74 61 292
Y,~Y, 505 382 19  1l1 85 409

TE: LRI A, BT, AR P SeBRiE 27 8 Y (thm )= {E (72.0)+
REIEAE(10.0), A& SEBRIEZENE 73 (%6)=FEHE(E(15.1%)-FRIEAE(0.1%); FIF#AE
AT, RPAEEPE Y (ehm)=IEHEA(72.0)- K 1E(H(10.0), & LR
(%)=FEHEME (15.1%)HE IEAE(0.1%) 0 Yo Ry Yo 2 BN H BEREBEE L B
Y TR A 7 A PR

Note: Take the humid area as an example, under irrigation condition, the farmer
actual cane yield Y, (t-hm™) = base value (72) + correction value (10), and the
farmer actual sugar content (%) = base value (15.1%) -correction value (0.1%).
Under rainfed condition, the farmer actual cane yield Y, (t-hm™) = base value (72)
- correction value (10), the farmer actual sugar content (%) = base value (15.1%)
+correction value (0.1%). Y, Ry, Y, are the potential yield of irrigation sugarcane,
the potential yield of rainfed sugarcane and the farm actual yield respectively.

2.2 FRESERRRESHNER-MATEESKS
FIRE

A R o VR T RN I 7% 7 R 22 R K 23 R FH AR 3t
1703, S5RAEE 4 . fERIEX 12 AN b,
FEEWNFEISEREAKR, BEEFEMNREE 03~
18.9 thm?; BRJp &AM L Ah o s O REBE 72 B, /NIRRT
0.5~2.9 thm®; BREGITAIIERG 2 ANk g oh, oAtk s (it
ZEHE S INIEBRAR 0.1%~0.9%;  JEME AR X A 1R 77 458 2008
M T K EART R, N 102.1~203.9 mm; B T K
DFHRCEREAR, N 0.1~28 kg/m®. 7EFEIHAEX, 5
AN RS BN IR B KRR, SRR
B 17.6~61.1 thm’, BEREFE4E5 2.6~9.1 thm®, [FIRY
JEZEE P20 0.1%~1.6%; FEMEAR =0 I R A 38 i
K EANER, A 235.1~613.7 mm; FEBAL R K>
R RS, N 2.2~3.7 kg/m’,
2.3 EMEEEFBHIMEEENER
2.3.1 bEMELEEHRMEER

CLEEBE = 8o H A I8 1 a5 G 48 hs, T 0 oeul
MIMALE . . B BRWESRERER, 2H7E

VEBE (B 3a) IR (B 3b) 2604 FAEE S E =k A
Y b R 3 A % s Ve R 7 B ) OB IA IR IR - . S5 IRER A,
TEVEBLAN I SR 454 N ) 2B i 8 7= b i R B AR A
25°N ARG, 101.9°E DA BV P8 me i i X, AFE 28T
Bl BeON. BEE. BKD. BIG. SAAEhME, phKub
FRHGEF (700~1200m) , SAEEBEIEHEEZ/DN (8
FE 75%~83%, IRJE 18.8~22 C) , HWMEL&IELF (1800~
2300 h) , FEMEFL (1300~1700 mm) , J&F &~
PSRRI I X o 12 DX ShnfE — () 0 (I oA R R,
HEEPFEIFARKM (570 thm®) , BHFEEIK
(>1500m) . ki (15.0 °C) AFEPER (>2 100 mm)
FEEFZW TOCEERANE SRR, SRRSO
11.1%. FIRIEEXE 5 Nl mEFRSATE 101.9°E =
104°E 2 J8], g F. JeiL. Z03. FREf7 T 259N 2%
LR, T9ZALT 25°N Bhdb. sl i 2 $0 4 ik
(<1100m) , FAEMED (<1000 mm) . ST %
BEKXK GBE 60%~74%, HE 17.5~24 C) . %
fEIF (1900~2300h) , MFF~EIR(%, #EB &%,
RIBTOKEB RIS h K. TTHMET 2 Dl saf T
25°N LARd,  104°E DAZRIRIVELZR BRI R X, b 28 mii e
FIE S (1000~1 100 mm) « "SGR IEE FE 2N (R
JE 78%, TG 17.0~19.8 'C) . MR8 (<1 700 h) ,
R 77 7= B AL P B A, VAR xRN Y AR ) e
ZEAN RIEATIKBEBLIIE 1A K
Fx4 MRRELRER-MFETEERIKSFIARE
Table 4 Yield gap between irrigated and rainfed condition and
its water use efficiency at different stations scale

S T JHERE i K53 FIH
AKX e PRE OBSE PRE . TOCT MR
Ecological - ¢ “"  Caneyield Sugar  Sucrose Water use
B ation . demand .
region gap/ content yield gap/ ap/mm efficiency/
(thm? gap/% (thm?) P (kg-m™)
Bk 10.2 -0.1 1.5 180.1 1.7
FE 7.4 -0.1 1.0 154.9 1.4
ALl 10.8 -0.2 1.5 181.0 1.8
BT 18.9 -0.1 2.9 203.9 2.8
Fiti TR 8.7 0.0 1.3 170.9 1.5
WX e 0.3 0.0 0.0 102.1 0.1
Humid
ragion =5 12.2 -0.2 1.7 203.5 1.8
e 8.1 0.1 12 174.1 14
B 8.0 -0.1 1.2 160.7 1.5
i 6.9 -0.1 0.9 119.6 1.7
I 5.7 -0.4 0.5 114.9 1.5
BT 14.4 -0.9 1.4 162.8 2.7
Tz 56.0 1.4 9.0 457.0 3.7
. AR
EIRHX EARC) 377 0.2 5.6 314.2 3.6
Semi-humid JTIL 61.1 1.6 9.1 613.7 3.0
reglon s 17.6 0.1 2.6 235.1 22
IG5 494 1.0 7.7 491.5 3.0

T RN 22 N RN T R R T PR ZERE IR T R R AR R
Note: The negative indicates that the sugar content under the irrigation condition
of the site is lower than that under the rainfed condition.
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Note: The triangle symbol represents station, the size of the triangle represents the amount of precipitation; the colors of site represent sucrose yield, red for high yield
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Fig.3 Effects of geographic location and climatic characteristics of site on sucrose yield under irrigated and rainfed conditions

2.3.2 KAFZHEHEFTHHH

FIH  APSIM-Sugar #5784 [f) [ 2 #E W A1 5@ &2 it i 2
e, 7E /KA Wi 45 1F RS R 5 Rt 0K T o,
60, 120, 240, 480 kg/hm®) (K HEE =&, BE 1 2047
JEX (] 4a) FAEREEEX (B 4b) H e s @ &
IR ENAE A . B da w50, W E DX AN ) it 20K ~F
IREZE P B BR RN B (45~208 thm?) >FHHH
(41~142 thm®) > (39~139 thm®) >EH (34~
82 t/hm*) . AHEE (N=0) 21 fr 75 i 3 i & & >
(185~795 mm) , HEZEP~E AL, X 34~50 thm®; i
& 60 kg/hm?®, T 229~910 mm #EBLE, 7I3K4F 52~
116 t/hm” FEZE/7 8 Mi%( 120 kg/hm?, HOKREBLE N
F 1 072 mm, HKATUEE 176 t/hm? [ 25775 i % 240~
480 kg/hm®, i KHETE B AN B K TR G 25 7 B 2 R R
AN, B 1181~1 195 mm, 206~208 t/hm’. ME 4b
AL, 2RV R XA [F) b KT B 257 B R R B«
FKHE (43~203 t/hm®) >FAE (42~157 t/hm®) >4A4H (40~
150 t/hm?*) >E A (28~96 thm>) . A% (N=0) %fF
BT i FRER R X £ (318~918 mm) , JHEZE/7w i
1%, 1% 28~49 t/hm?; % 60 kg/hm?, 75 % 424~1 146 mm
VEE R, I3RS 52~ 121 t/hm® BE 2577 B A 120 kg/hm?,
BOHEM B INE] 1 419 mm, fKA[YEE 176 t/hm? FE 25
P % 240~480 kg/hm?,  H K HE I B A B oK m Wi gR
MR 2 AR, 508 1523~1 541 mm, 202~
203 t/hm’.

MERMERL A T REIR R v B B, BE A i EUKT
MIFR R, 3D R R AR 1 R A b AR,
60 kg/hm® FIHEEUKE R, KRR R (R %
i, ¥EIEXA 0.015~0.023, 2RI X A 0.011~0.050,
MR A 120~240 kg/hm® I, 8338 30 H 7 198 /K R FH 2%
KA (R MR R (>0.051) , #@7H X i H=ik 0.077,
R X e IA 0.065; iR 240~480 kg/hm’ i,
Y 77 7 A KR AR R 8 (R SR BT T %,
BT BB FNEE .. AT E R A RESERX

W R m A K B R A H A W

PR IR IERE X, FRAE 2R B W0 360 d, 7 120 kg/hm’
(it AT 970 mm FOREREE T, W3K1S 133 thm® [
R, FHEAEFN 270 d, 7E 60 keg/hm? Kt & &
H1 598 mm FIBEREE T, RI3E15 73 thm® FIREZE & F
L REAE 7 14 480 d, 7E 240 kg/hm? ()it 2 &A1 1 342 mm
PREWE &R, W43 188 thm? MIREZE 7 &, XM AET
18 360 d, £ 120 kg/hm?® FEZEA 1015 mm F#ERE
BN, WK1 128 thm® 7 8.

TEMRIEIE X, FFHEA F WA 360 d, 7E 120 kg/hm®
[t A 656 mm FOBEREE T, W3KS 122 thm® [
PR, FREAEFN 270 d, 7E 60 keg/hm® Kt & &
H1 347 mm MIBEREE T, AI3E15 66 thm (REZE &5 F
WEEE W N 480 d, 7F 240 kg/hm? it &A1 964 mm
FOMEL R R, R34S 188 thm’ (IREZE 7B, XML ST
WIN 360 d, 7F 120 kg/hm® FftE %0 A 694mm (1 #E 8L &
T, ATER1E 117 vhm?® P E (R 2P &,

2.3.3 At £ FHE S S HA

st P 25 R 2 222 S s 2 St R 7 R RORE 40 7 AR RS
TEIRIERE X (R 5), S S Al 1 22 7= = 45(E N 93.8~
104.5 thm’, 225 RFEIEHEX K, N 24.3%~25.9%;
FEZERET N 13.6%~15.8%, 5 RZEBIRHEX AN, A
5.9%~8.4%; EEFSE AN 14.2~15.9 t/hm?, 285 REE
WX K, N 5.9%~84%. HIEHE 05-51 IEXE &
W v T I ROC22,  H0 A0 e R 7 B S35 000 T 0k R A
ROC22, HAFS: REE/NN, BT 0 I XA 32 HE b
Fho EAR 41 BEZEF B SR Y, BE IR 20
TR, (AR S REOH XK. FERE 42 FIEEND 05-136
FIREZE = BAK T ROC22, {ELRE S FIERE = 240 T4 R,
AR5 RBUHAT RN

AR (R 6) , ZRMA TR 8 A
101.9~116.5 thm®, 255 REEIBIE XD (16.2%~
19.1%) ; FEZEMES AN 14.3%~16.1%, 285 2B
XK (9.0%~13.8%) ; HEHE“E N 15.9~18.9 thm®, 2%
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x5 FEEXmMEETX 2R SRR
Table 5 Effect of cultivar genotype on yield and sugar content in
semi-humid region

FEEE HE N B
;5':7?'1" Cane yield Sugar content Sucrose yield
Cultivar ( tl'\gr\lll{Z) CVM MV CVI% tl_\gg) CVI%

ROC22 103.0a 25.9 13.6¢ 8.4 142 ¢ 29.8
FN41 102.6 a 25.5 149b 7.2 154 a 28.6
GT42 93.8b 243 15.7a 6.9 14.9 be 27.9
GL05136 9590 253 158 a 59 15.2 ab 26.7
YZ0551 104.5a 252 15.1b 6.7 159 a 27.8

A FAIARNG FRERR SRR 25 8% (P<0.05) « MV AAEIME: CV
RELERZH. TH.

Note: Different lowercase letters in the same column indicate significant
difference between varieties (P<0.05). MV represents mean value; CV represents
coefficient of variation. The same below.

xo6 IRHXAMEREBXEEHE SR
Table 6 Effect of cultivar genotype on yield and sugar content in
humid region

LrE Cane yield Sugar content Sucrose yield
Cultivar ~ MV/ 0 0 o MV/ 0
ey OV MV OV (B CVI%
ROC22 112.7b 17.6 143 ¢ 11.2 16.4 be 252
FN41 102.2 ¢ 19.1 145¢ 124 159¢ 26.4
GT42 101.9 ¢ 18.8 154b 13.8 16.0 ¢ 254
GL05136 112.8b 17.3 152b 12.5 16.7b 244
YZ0551 116.5b 16.2 16.1a 9.0 189 a 22.0
3 i R’

2021 4F Ji — WA 203 1 G i+ o dl A ST 700,
REREX R P R (EEZEPA D N 62.0 thm?, H
BTSN 1472 thm?, U548 57.9%077 &% Jial &k
1. AWEREET APSIM BEARUEUAE 5Ny, MR %
PR, =S RS X ' N 1231~
134.6 t/hm*, P33 X 7= 8% J1h 99.3~132.7 t/hm?,
RELRR PRl E s 2¢vhm®, HHE
25.2%~49.6% I P 25 ] . %5 4 AR KA I —
IS SRR G T 485 AW AIG, 32 R R AL HE DL AN J7 T -
— 77 T2 BT A 2R IR A 4R R AR K B 58 A T BR /K A
T8 A HUE R R T, MR S B B X
RUE 25 5c4 2 B BUE A% CBrit 1.8, TEM 1.65) , 451
J& APSIM-Sugar AU R FE B AL — BRI A, i
Rrokdks 73— 7 15 H TR) S BRAREROA 56 28 FAOHE S R
IRKIKFR, oo Lt A 5 brrs & AL T
(BRI TE 77 B RGUME AR, X2 2 BT (E P A Y
T AT AE ) — AN . AR PRI B AR S TR
TR ZE SRAE 22 B e R 50 26 1F 2 e T
5 AR AE S PP S PR HAE RS VAL T T, (EHRSANE BE
[ R 7 TR FH 7 A2 A . DL RIS e B R
XS2brNGl, 2018 4F, Z=E 05-51 fERIFFEIET, 7EHK
O B ROE AR, SEEUEE 137,55 thm?0, R
P ZHE 05-51 fEBK D BB KB 0 137 thm?, 552
Bbrrr A L. 2022 5, Frinfh s g 08-1609 fEH %
FAk, fEE T B AR E R R, SRS 146.2 thm™7,

R o H R AR R 2 BE 08-1609 [t/ 248, 15 K
SRR, WA SXE. SR RAKEEERRL, =
R X [ H S IR E BRI T 2. ks =
AR X A A X R A b o R T i, R K B 2 AR Ak
AR AR R, R P A o S i s p, fE R
HIEB AR MAL N R HE T EEEH, RERGFEES
i 2 A 1 )RR . FH R PR, LR SR K S s 34 AN B FH i
ST

MWENEAREE R R E, =L & IR X AR SRR
TERH, s H B & 3 NSRBI T H L
R A Stk o R %Y. JE 76 g i B X 8 T 5
RAAFEX, ZH X ASARIB I IREE, PR, LR %
U, WFRALRIEWE R H R S v SRS B R e s
WYL E (>1500m) , FFEWLEE (32 100 mm) HATEE
SEBURAE, HEGL, &SRR EEER
T VR I [X B RN R ARG H IR 2 (<1 700 h) 2 oK)
PR HE A B o TR R B X AR 2 T D
. HEEFEE, BERAL (<1500m) AR AR &R
IR 7, R4 HET5™E, HiZHhX ER-W7E7 &
TR, BRIRZER, B FITH RS 7K BN = A
R PALLY EER

MIKEARAEFER, IR I X K 5 R R e
V- IR B 2R, I L B 17.6~
61.1 thm?, FERE/MRE 0.06%~1.60%, && K ETiKEE
W PR A S TR R X, -SRI R
FEN, I REBLRE S B 0.31~18.9 thm?, {HEEZX
BEI U D 0.01%~0.90%, &G KRB 4 I 72 AL AR =
A E AR . IR S5 AR K A S TR 2 BE
x| F PRI E X OFa) , RS T 3 A
AN [EHE R 6] 7 AR R 2 I sE ), 4 SRR I ERE 150
75+ 45 m¥/hm® =R AR A H S B E S m TR
VE 78 AN VER AT IR 2 A0 FE, HEWEE: 150 m/hm?
FOH P B RS TR 75 m¥/hm®, W2 T
45 m’/hm?; FRF PR, $27 0~40 cm 2R
HetoKE, wEEREH SRR RREDE
FRE X JCILIT R 8 N Fh 2 AN (CFRWFREMIE
WHREWED ISR AR, 2 B RE B 0 R R 2 3 R
NIEH W T TRl IR, T e 202 B 1 B X B
fEELIELR 3 MERINSGEIE I 4 AN HRE 38R 5 Pl b
SEARATHM K T ERER, BNE. HEES
HRE R BT G, VR X BT S B R
TEWE S T B

TEmFEE A E R B, fEREEX, B s
FEE 05-51 FERE = 5 R 201 0 2 240 T HEL R ROC22,
HAR 5 R EAERT RN, AR A 210 T R DX 2 HE
TEVRAEE X AEAD 05-136+ = 8 05-51 HIkE 8 1 B &8 T
TR SRR ROC22, HAZR R RECHX BN, ATAE IR I
X EHES R, AR 41 5. HHE 42 S22 /0
15X SR ROC22 S, MEHEERARE,
F17N e BTG R 2 PR U0t b [ 3 R H R R AR
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SRR O — 2L B 05-51 AR EKE R, HE
T& IR, A 05-136 16 HiR e BAT S0 U 1 S T AR 2 b
PRANTEAR S i J5RE X 25 & S 2 AR AR R A X, AT UK
FIRHES o AR S v S E X SR 1) Bl ) 92 P T
E, 2022 4F, =IE 05-51 #E HIF LA 33 460 hm?, £
& H T X R X, AR 05-136 4T AR
32666 hm®, FEEES TEMEGEHEREX . $E52 o
05-51, FBLADLRE 257 BRI A P e 8 JB e s /K SF, 1 b
AR PR A B RONLEI AT 7, RS R PR
Tl 326 R 7 P AR PR A AR A

4 % i

BT ERSG R EASREX 17 MRS 1981—
2010 FRIR %%k, SR A ARG S A 45 & H e
BB AT 732, fRAT H AR =iy fi =& 2, 152
DA 4518

1) A M 2 v B AN ) A 25008 IXC P H o A 7= 3 A fn e
BEMEREER, HERERRK, WX 085
AP M 134.6 thm?, W FRAEFAE 10N 123.1 vhm?,
- 77 P2 258 11.5 thm®s 23R BE X AOREREZE P2 18
N 132.7 thm?, MFRAEFE TN 99.3 tthm?, #EBE-FN 977
BN 33.4 thm®e DUSRTAR P SRR & 62 t/hm” Al
SCPRI IR R 82 t/hm? AFEAEREAT A5 54, Y RE (X () WY 75
KPP REZEREZEN 611 thm, EH-K/7EEN
52.6 tthm?, 7208 7 39.1%~45.4%; PV R X (W
F-RPEREZEN 373 thm®, EW-KPTEEN
50.5 thm®, 3773 118 28.1%~38.2%.

2) TESh KK A IR b, 200 5 X
PR IR BRI R (17.6~61.1 thm®) , EIREER
FAREER, HASFBAMER, HK (22~
3.7kgm’) , BEREER AR 0.1%~1.6%. @i
DX R S N IR AR TR EE R/ (0.3~18.9 thm®)
BARFEE TR K ER D, (HK SRR, Wiz (0.1~
28 kg/m’) , I HATAEIE K 0.1%~0.9% K12 45k .

3) BEXAERSME. KA AT R P 2
SN FNSE T H AR P I BB R . AR E L,
TR X PR AL, FEE- T IRV P R 22/, MEIR SR A 3
FERCRANI &, IR AT REFEEHE 7, (& AR AN IR N E,
FEE SR MR IR X PN AL, -
IR TE = 2R, A TR, &6
K KEERE N T, E S v A P SR . E R AN
KEMA b, FREBEAEIKEES 360d) , KAFER
W R 120 kg/hm?, I3 X HE/K 656 mm, -3 [X
7K 970 mm) , AT ARKRERE 194 F BT R (480 d) AK
AR %R 240 kg/hm?®, TR [X HEK 964 mm, 5 X
HEIK 1342 mm) , EAREGE &R (122~133
kg/hm?) , DRI DAFRHERE N 5 A% A K B AR AL R A 2
FEARE: o S 0 XM T2 352, ARt H R P LA o 1 28 1)
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Simulating sugarcane yield potential in the low latitude plateau of China
based on APSIM

ZHANG Yuebin®?, MAO Jun®>**, LI Rudan?, DAO Jingmei?, YU Lingxiang®, WANG Jing®
(1. College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China; 2. Sugarcane Research Institute, Yunnan
Academy of Agricultural Sciences, Kaiyuan, 661699, China; 3. College of Resources and Environmental Sciences, China Agricultural
University, Beijing 100193, China; 4. Yunnan Climate Center, Kunming, 650034, China)

Abstract: Sugarcane is one of the major sugar crops in the dominant sugarcane areas of Yunnan Province of China, located in
the traditional low latitude plateau with the most abundant ecological regions for sugarcane growing. In this study, the cane
yield potential and yield gap matters were analyzed to greatly promote cane production on large scale. The meteorological data
was collected from 1981 to 2010 across 17 locations under varying ecotypes, and then combined with data obtained from the
field experiments and APSIM (agricultural production systems simulator) modeling. The simulation was performed on the
cane yield and sugar content of dominant sugarcane cultivars under full irrigation and nature rain-fed conditions in different
ecotypes regions. The results indicated that there were significant differences in the low-latitude plateau, while the large
interannual varied greatly from the different levels of the cane yield potential and yield gaps. Furthermore, the yield potential
was 123.1-134.6 t/hm?* under the typical spring planting conditions, if as humid region, or 99.3-132.7 t/hm? if as a semi-humid
region. Although the actual cane yield reached 72.0 t/hm’, there were still 25.2% to 45.4% cane yield potential, 7.4% to 11.1%
sugar content yield potential, and 25.5% to 49.7% sucrose yield potential were expected in the low latitude plateau. Three key
elements were selected to enhance the yield potential of sugarcane, including the suitable ecological climate, the optimization
of sowing date, water, and nitrogen management, as well as the promotion and planting of excellent sugarcane varieties. The
humid region presented sufficient precipitation, indicating the small gap of cane yield potential between irrigation and rainfed
condition in terms of ecological climate. By contrast, there was no significant between the irrigation and rainfed cane yield,
leading to a decrease in the sugar content. Therefore, the natural rainfed was suitable as the main sugarcane planting strategy in
a humid region, particularly on the higher and stabler cane yield. There was a significant yield increase by irrigation in the
semi-humid region with insufficient precipitation, due to the larger irrigation-rainfed yield gap. It was more suitable for
water-saving irrigation as the main sugarcane planting strategy, focusing on the higher sugar content and water-nitrogen use
efficiency. In terms of sowing season and water-nitrogen management optimization, the spring cane presented moderate
growing days (360 d), moderate water-nitrogen demand (N-fertilization 120 kg/hmz, irrigation 656 mm in humid regions, and
970 mm in semi-humid region), which was far lower than that of the autumn cane demand (growing 480 d, N-fertilization
240 kg/hm?, irrigation 964 mm in the humid region and 1 342 mm in the semi-humid region), meanwhile the spring cane still
remained the relatively high cane yield (122-133 t/hm®). The spring cane dominated the planting mode and combined with the
optimization of the sowing-date. The water-nitrogen management was widely accepted as effective cultivation to improve the
sugarcane yield and water-nitrogen use efficiency in the low latitude plateau. In the promotion of excellent cultivars, the
YZ0551 was recommended as the main cultivar in both humid and semi-humid regions for outstanding cane yield performance.
GL05136 was also recommended as the main cultivar in the humid region for its outstanding sugar content performance. The
finding can provide a basis for the sustainable development of the sugarcane industry in the low-latitude plateau cane area,
especially water-saving and drought-resistant cultivation.

Keywords: crop; model; irrigation; climate; yield; sugar content



