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Abstract; Cotton is an important economic crop and ranks first among economic crops in planting area in China. There are
five cotton areas which are located at South China, North China, Yangtze River basin, Yellow River basin and North-West
arid regions of China. The water requirement of the whole growth stage of cotton is different in different area, which is
specified as 400mm to 1000mm or more. Drought is the key factor that hinders the yield and quality of cotton in the North
and North-West of China. Also the frequency of drought in different growth stages is high in some regions because of the
temporal mismatch between precipitation and water-consumption of cotton and local people have to irrigate in arid years. It is
believed that conventional irrigation is a luxury use of water and can be reduced without much effect on economic yield.
Methods that may cut down irrigation are of considerable interest and should be explored.

To optimize irrigation and provide a technical guide on agricultural production, the water-saving irrigation
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meteorological grading indexes in different growth stages of cotton are built in this paper, based on the farmland water
balance principle, the theory of insufficient irrigation and regulated deficit irrigation. Multidimensional information including
daily meteorological data from 347 meteorological stations from 1961 to 2008, soil moisture data every ten-day from 89 agro-
meteorological stations from 1993 to 2008 (in which 26 agro-meteorological stations from 1980 to 2008 ) ,irrigation amount
and yield data are collected to analyze the relationship between the moisture deficiency rates, the quantity of water deficit
and yield reduction rates of sowing -jointing stage, jointing -heading, heading-mature period and the whole growth stage of
cotton referring to the product-water function ( FAO-1979). Results indicate that water-saving irrigation meteorological
grading indexes from I —1II level of moisture deficiency rate(D) are respectively for 15% < D<30%, 30% < D<45% and
=45% , corresponding to 1—2 irrigations(600m’/hm” each time) , 3—4 irrigations and =4 irrigations for the quantity of
water deficit ( secondary indicators) for the whole growth stage of cotton. For sowing-budding stage, the indicators are
respectively for 20% < D <35%, 35% < D<50% and = 50%, corresponding to 0.5 irrigation, 1 irrigations and > 1
irrigations. For budding-flowering stage, the indicators are respectively for 20% < D<35%, 35% <D<45% and =45%,
corresponding to 1 irrigation, 1—2 irrigation and > 2 irrigation. For flowering-harvesting stage, the indicators are
respectively for 20% < D <35%, 35% < D<50% and =50%, corresponding to 1 irrigation, 1—2 irrigation and >2
irrigations.

The index system set up in the paper is elaborated for the first time as a drought monitoring index to explore its
applicability in different development stages of cotton. Besides that the drought warning and forecasting is developed by
considering the weather forecast and water consumption of crops which is calculated by referring the FAO-56 function. the
conclusions are based on the current level of production and management, natural water supplies and artificial irrigation. In
this paper, we introduce the product-water function as the theoretical basis and use multisource data to prove these
conclusions. However, there are some limitations. Firstly, we use the referring value of FAO-56 to represent the crop-
coefficient approximately. Secondly, we use the precipitation index to replace the effective precipitation, ignoring the
precipitation type. Thirdly, we use trend yield under drought year to express approximately the maximum yield by referring

the FAO-1979 function. Actual irrigation capacity and detailed indexes should be considered in further studies.

Key Words: cotton ;water-saving irrigation ; meteorological indexes
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Table 1 Crop coefficient of different developmental stages of cotton( FAO-56)

£ a} Frp FR HLEIR 2HEE M
The first The vegetative The mid- The end The harvest The whole
development stage stage development stage  development stage stage development stage
Liii¥ia 0.4—0.5 0.7—0.8 1.05—1.25 0.8—0.9 0.65—0.7 0.8—0.9

TG B 2B 5 109% 00 40 5 1 K 75 BBk B 6 3t 109 308 35 + M 80% ; Ze P B B o A7 55 + b 80% BT 4 B0 ; ok By
Bt o T iR s B

1.2.2 RHARMKE
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Ao, w, o EHEERURT E (mm) s W, WA KR (mm) ; W, HHLF KBS B (mm) , 3G SUR TS 1
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W, =0.lh-p-(r-r,) (3)
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2.1 WA TN KHEM RS SRS R
2.1.1  HRAEK 7 SR E R SR
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Table 2 The relationship between the moisture deficiency rates and yield reduction rates of the whole growth stage of cotton

W= 3 % WK o TR W% » . ‘
Rang of yield Distinet Vear Moisture  Yield reduction HiIX G0 5 ERR % B 2/ %
reduction deficiency rates rates
>20 T 1997 62.50 48.53 I 1999 45.21 31.64
SEHl 2001 55.08 32.50 SE 1997 51.31 37.93
[ L 1999 48.37 20.26 B 1996 39.71 27.20
10—20 SeHb 1997 48.51 19.29 il 1993 27.10 13.27
M 2002 39.95 14.42 Sin 2006 34.21 18.46
[FaRi 1999 35.56 11.32 HM 2000 32.23 10.77
HE 1993 37.40 11.35 SeHB 2000 37.70 11.35
T i 1998 40.15 16.63
5—10 o 1999 35.19 7.00 0] 1994 28.11 8.10
SEHB 1994 31.73 5.46 THF 1996 20.86 5.29
[R50 2000 31.46 6.10 RG] 1996 12.47 9.58
i 1996 29.87 5.30 i 1995 36.06 8.03
I 1992 37.14 9.59

Jensen BERUBTTE ] M AL AT B K MBUBHE BB, ETGM8, B A A2 OK5 W HMEE SN %
e — R R BE 1 I E A VR IRPRIE B Jo SR AE R AR R AR B A M, 77 /K o3 B e B o
Bk, B KAMERR/N , DR A T 5], 0™ W 0t 3R 2 AT LA 980 %6 >20% ,10%—20% Fil
5%—10% X BIAEAR K 735 6 (D) BIFRIE 3514 50.36% 38.76%F1 29.31% , #43 2 HIEDE R (1)
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AT LA AR S0 R 5K 5 B B I A B R (R =0.75) , ST ABF G BURAAF Y, 5 B
WIS R W] ,85% 5 B G OL T , MAL - 1 5 W AR R (PP RIS £5% LA ), BIK 4375 Bl 1 15% B 7] fig
PR (PR L 5%) 5 7k 70% 55% A0 T 5B G BE & B WAk, 78 7K S E 0] S B S iy o 5
AE P %2 hIETE D=45% 30%—45%F 15%—30% X [8) N BIREA 23 31 5 3 AN 3 X ] P BT A3 RE A
1 83.33% 77.78% Fl 33.33% , V& 1E%F 6 D IX 8] £2.5% JF 5 3853 535 83.33% . 88.89% .66.67% (3 3)
96. 00% HIFEA D= 15% B8 % =5% , 575 SRS S5 e AHAT . RATE LR = hii e 2 F Ko
B3 = 15% 7] LIAE A AR AL 116 SEF6 45
F3 BESLEBHASSRESERISFNERIIERR

Table 3 The validation of moisture deficiency rates’ grading indexes of the whole growth stage of cotton

BUFFEZAR Sampling

KAy Bt

D)o V=R % D IX ] D IX[a]+2.5 D X [A] The rang of D
o
Yield reducti AR AR
Moisture deficiency el reduction I % Y T /% EHIE % e/ ME/ % IR AB %
rates rates Accuracy of the  Correcting percent M i M
rang of D of the rang of D can m -
15<D<30 5—10 33.33 66.67 29.31 12.47 37.14
30<D<45 10—20 77.78 88.89 36.98 48.51 27.1
D=45 =20 83.33 83.33 50.36 39.71 62.5

Fe 3R 3 45 IR ALK 53 77 SR AR G DX (] X 4ok o5 | DX [E) 3 43 ) B AN [R) S 9 DX TR A 7K 75 SR 3e 0
PEREIIME, T B PLA A HER S 0.85 BISLR U FAT IR, A dBul o | X a] b S i il A Bk Rl
A3 1.1 F10.92, X [R] 3k f 8 A0 A S NS EEE  (BA — & M2, 1IX 0T BR SR AR AL AT P 4 = A
Ko L TR R AR 5 B E T 15% 30%F1 45% .,

2.1.2  RGrT ik S AE bR

FRAEAE KR Z  FEAK BB — M 1300—2000, HLEE# 7 B A3 s m AR RIR& B Bk BUR 250N
6], 7K 5y = B VE AR B S s A w77 -7k 5 R B R IR ™ & 5 K i S B AT 1Y
IR PREICC R | Bl — 2 R EE (07K 43 5 B X = i R B g 2 R R T RSN, — S b5
HEK SRR AR A 7 5 AR K B S I AP A R OC R P Y KR ) — s B R, B ORI i
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P TV TR -5 24 %) R AR K SO 1 A )
AHOC AR AETE 25 b (9 VE TR ) 32 22 S e K, LAy 43
£ 7 M X — YR E K 120mm g B) 5 2% b X — Y 3E 7K
80—250mm (GFTERAR SO AR R ) o 75 JE N F AL A AE X
FIVE BRI, HLREAS BRI 43 o sk R vk, I Ut
AR SR FHHE AR R BOR e LK 4375 B 2, sl 1, &
1 4 KR (27 ASFEAS) X R AR ERE R D V- 3{E ek
AR/ IME K 65.78% 84.94% Fl 48.88% , HE M 5 a7
T HIE | e KL /ME ST 5N 0.29% | 27.20% Fi
-27.21% , 21 9.52% M FEA T 1L 10% ,74.07%
PIREAS IR ™ 2R < 5% , 38 7= L 5% A 5 28.57% ;5
IKTR (20 AREAR ) X 1 A TR A D S XA e R (B RN A
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Fig. 1

irrigation times, and product deficiency rates of cotton’s whole

growth stage
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15% WIFEA IR ™= KL 10% ,55% BIFEARIE = 2R <5% , B B 7= 5% WIREA ; 25 3R 5 KIFAS L 4 /K%
PRI B IR T ZREIE DL, =2 KB BR— AR K57 RN T 309% LIS HABARE Ay £ K 435 Ry
KT 30%, PIKG 2 KA 4 7K E IFEAREIE , BIAR A6 44 B WK 5 B T K S R S35 h o 1—2 K |
2—4 K HI=4 K, Bl 1 1—2 7K 2—4 FKFI>4 FKRBEBE 7K 575 83 (D) FHIE 53900 37.81% .60. 96% Fil
73.92% (£ 4) . WG LSO, 1—2 7K 2—4 /K D M550 0 T TG br v, HEIEAS 4 B 3t Bl =
I 5% LB G 14.29% 1 32.07% , BRI 4,

R4 BEETPERRBEKSTRE FENSITSH

Table 4 The Statistical Analysis of the moisture deficiency rates, irrigation times, and product deficiency rates of cotton’s whole growth stage

KT8 % PR
Moisture deficiency rates Changes of yield
TR FEAS i W77 <=5% i 50 W >5%
L . . F-reE
Tirrigation times Number of sampling SEIAE e/ ME R Increasing rates . ¢ Reduction rates
. . Increasing rates .
Mean Min Max of yield less £ vielda 5% of yield more
than 5% o e than 5%
1—2 14 37.81 21.95 55.69 7.14 78.57 14.29
2—4 53 60.96 30.77 84.94 24.53 43.40 32.07
>4 30 73.92 45.52 87.44 - 53.33 46.67

2.1.3 BT SEBREERE A E R
R T YAk b SCAR BHEAR A AT AT, 1 G R A5 1 A HE R T 2 Tl DX A SRR AR S AR T HE A Y
FAAEAE B K 35 SR AR o 5 g GE X I 407 9 SE BRI o 5 08 R RE AR (6 5, 1 2) , R AT S Bk =
9ok,
F5 BUESEENKSSHE BSRIRERE R RNRITEE
Table 5 The validation of the whole growth stage of cotton of the moisture deficiency rates / the quantity of water deficit, irrigation and yield

reduction rates

w4 - it/ mm T % TEIE 2/ mm UL W/ %
Station Year Quantity of Moisture Irrigation Irrigation Yield reduction
name water deficit deficiency rates quantity times rates
o] e 750 1997 633.50 69.46 480 4 -2.69
] e 7% 1998 562.93 67.24 560 4 -4.92
B 0 550 1999 585.61 65.40 560 3 5.04
FaJ e 55 2002 586.50 68.60 505 3 -3.23
(TIEZPIN 2007 703.30 76.08 1020 5 0.46
FIH 1997 784.00 81.91 750 % 6 1.06
AT 1998 703.93 78.91 625 5 -4.92
FTH 1999 738.00 79.60 625 5 -0.11
FIH 2000 729.40 85.96 7503 6 -1.95
FIH 2001 777.18 81.33 450 6 9.99
WA 2001 599.41 71.26 320 3 4.84
REL 1997 558.87 77.92 625 % 5 1.06
AL 1998 610.08 79.54 6003 4 -4.92
REL 2001 621.78 73.69 750 % 6 9.99
R 1993 306.36 51.59 375% 3 4.03
TR 1994 422.22 63.77 5003% 4 -0.53
TR 1995 398.13 62.23 500 3% 4 -9.44
pine 1996 395.75 62.38 375% 3 8.01
R 1999 285.31 46.63 2503 2 -0.11
TR 1997 565.32 74.19 5003% 4 1.06
IR S8 1995 424.78 63.47 300 3 -9.44
TR 1996 395.64 62.36 400 4 8.01
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w4 N T it/ mm TR/ % W L/ mm TEE VR W™/ %
Station ;Fﬁ Quantity of Moisture Irrigation Irrigation Yield reduction
name ’ water deficit deficiency rates quantity times rates
&% 1983 886.50 87.44 840 7 5.26
k- 1987 805.90 83.37 720 6 -0.94
E%E 1988 740.93 82.28 600 5 7.74
R E 1989 707.53 78.65 840 7 12.95
&% 1992 710.53 81.29 720 5 6.98
IR=F 1996 670.12 82.01 720 6 8.01
% 2000 684.82 82.33 720 5 -1.95
a7 2001 676.26 80.71 600 5 9.99
&% 2002 697.85 81.01 480 4 6.05
JE IR 2002 470.69 60.32 330 3 5.24
JEE IR #h 2003 474.39 62.69 345 3 -7.69
JE IR 2004 577.61 66.98 370 4 2.56
JE IR #h 2005 534.93 64.65 370 4 7.43
JEIR 2006 566.22 64.56 420 4 5.51
IR 2007 619.03 67.66 4225 4 -27.21
[ L it 1998 381.21 53.69 500 5 16.63
[ L 1999 438.89 59.65 400 4 20.26
[ L 2000 436.26 62.01 300 3 19.12
FH 1999 654.47 79.91 367.5 5 -0.11
T 2001 658.61 77.41 332.5 5 9.99
TRES R 1997 536.35 70.89 500 5 1.06

RG> 75 BRITR A POIRA T RIK S5 GRS SRl i T AR K s BT ST IR, = W, - W, + ETc; = R, ;X IR, 3R
KRR, W TR AR 0K, R, 378 48 A AR BBK A, W, FOR AR LKA ETe, Fom HAMEYIFE KL RABGRIT R EEER

718 SE PRI RRR ;e IR 204 SRR ) IR RV, 1

[ 5 BT LA th, JG0E B K A A
46.63%—87.44% JLF V4 470y 4L T T ARV, F

ML SO B An, T 3845 (D) X W) & %
77.27% (=4 K) . 1658 V51 T 945 b X 0] 1Y) 44
AEEARH FEMR IS B PR A 16 A 0 5% LR A 8
A BEHE 5% VL AT T A, P 3 K 9 AMREAR 1
UHEZK B8 100—185mm , FE L & FE A 2 /EWIK 7375
i B I LR 2000 AR R AT 10% LSS, HARFEA
W= <10% , Hh 8= (1045 3 4>, TETEHE 4—5 /K1)
25 AMREAHR BRI 10 A4S, HLAKE 4—5 JK 38 7= iR
KW= TE 5% LA 74, U 1E 5% L B 10 4,
it 10% 94 2 A T ERE 6—7 KW 8 AN AT
HEPE A 2 A PR AE 5% LR A 1A R 5% L L
5, RSB I A3 1 U R R e E AT Y
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Fig.2 The corresponding relationship of water deficit volume/

irrigation volume and production rate of cotton
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T 6 FEAIK 7 38 >45%  FEWE  =250mm , 1 T 56 DX E ] RS — , BOE XM 120mm 7 A i
1 KSHE, ME 2 TLUE 1, S RARAE K 38 7= B8 7= 56 00 A 7E 5% LATF , b IR I 34 7= 1 A7y o
FIAG AR 1 52.27% , W77 28 +5% BIAEAR o BT A AR B 36.36% , 3 W E 0 ] DL SR Aa P14 7= [ Hp 450 fig
LR H NG 7 B AN K e M AR AR | R 4k R n T K IR 25 7E 1 K L, Bt 85% 1Y) s VA AR HEZR T IR Y
45048 2 NI K T K A 5 S A ARy, SR IAE AR PR TR T K B A AT SR K, s s Bl 7 7 2007 4 3
B 1020mm , I K FHK 575 Bl 703.30mm , 7= i V7= 48 - BA RO K38 Z B B =, 45°462
14 1 R TR /N 7K G35 i R A0, 28 B 2 DX TR 2% PR e 28 TR R

*6 ETIRERNBEAS SREERIBRMEIRIIERFR
Table 6 The validation of the moisture deficiency rates’ grading indexes of cotton basing on irrigation

TR J S PR R A
The number of sampling’s yield

TR AE AN R K U HX ] R YR A R

Number of sampling in different rang of irrigation times L
changes after irrigation

i

KT R % o =47
kﬁﬁﬁk$ % HEASR 1—2 7K 2—47K «
Moisture . . TS more than 4
leficiency rates Number of 1 to 2 irrigation times 2 to 4 irrigation times rication times . .
deficiency rates sampling trrigation times e Ik Il
N e 5% 5% I
Number A(‘(t*lura BEAEL V)& AR VRS
of sampling ~
15—30 0 - - - - - - - - -
30—45 0 - - - - - - - - -
>45 44 — — 10 — 34 77.27% 16 8 17

—FRFFEREARR D KAEGL 1T ; 347" Number of sampling’s reduction of yield less than 5% ; J&* 5% A Number of sampling’s reduction of yield
less than 5% ; W/ 5% LA I Number of sampling’s reduction of yield more than 5%

LR SRR AR 58 VR AR R AR X ] A W) 5 38 | 58 AV TR T8 b DX ) AR AR S R o 7K IS R A6 1 7 508 7= 78
5%VLT LA B K S EORFBREA™ 5% LA B IESS R 3R BIE SO ZE AR A8 K 737 SR SE 9 AR b o2
HHY RTATHY
2.2 BT KEBRSSKERIEBIRS S

AT AL 4 & B WIR/K 27 R Ky e S0 RN R M T AR AR T K T — %55 2%
FE AT, WFRIE FSLBRAE 72 A BE HEATIAIE . 51 FAO-1979 7= 7K 43 bR FH S 40 2530F B (145 b 09 ] 4744
FI R AR P=REAR S 5, ISR A 7= S0 F 4 B 938

SR TRVRE (0 5 2 AT AR AR 3G b - B3 BUAE -JT AE S AT A6k 2 30 3 /K I G SR B bR R, 45 5 D
m#£7,

x7 WMEAETKERSKERIER
Table 7 Studying on Meteorology Index of Water-Saving Irrigation Levels of cotton

IKG3 75 B/ % K35 i (B AR )

KEH Moisture deficiency rates Quantity of water deficit ( secondary indicators)
Development stage Y — =Y

" ; Leveiﬁl Level Il Le?ei&]ﬂ —& —% =4
ERh-PLE 20<L.<40 40<L<50 L>50 0.5 7K 17K >1 7K
H I 20<L=<35 35<L.=<45 L>45 0.5 7K 17K >1K
FriE-nt 2 20<L<35 35<L<50 L>50 1k 1—2 K >2 7K
HEH 15<L<30 30<L<45 L>45 1—2 K 2—4 K =4K

® 7 e F WS ARE TR IRIEA S e — 2 X EER TR A E B Ber K 7 s 5
KR AMEFIRAMEERION " AN [ B AR AETE TR IR AR K B B B B A 2 AR K 2%
18, MR AR AR R AR RO, AT DU R 3 R K, ELZOR & B BORAT B B AMESON . 73 4, e B K o
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U BB, 27K 5375 BRI X B SRR I .0 R R I v e T 5 R T AR AE AR
FUAL, A TR M ) PRIIZ R B W B K 43 75 o i b (B % 7 s R, B R AR 300 Tl ¢
B T BRER T HAB K B, J2 h %0k & B B A A8 00 2R B A A, 7K 23 SRR 3 MO 7 7K B s I 40
TFAE-nt 20 FE AL A 0 At 200, R IERE SR BOK , Ja W8 R A R A8 T3 1k, Pt I T BRAE AR (B
ARG, 2AEFWZEE T8 AT WK SRR B AMEROAF R G T 2 1 R BRE A s
i & RS 4% T FRS B - JFAEAH TR
3 Zir5itie

(1) T KHEBR L R el T8 A SR i T 1) SR B A BARAL Ay s SREERE Y W 7K E AN [R] T LA 1Y
“FIRFERR” 2 T PR UESK BRI A RR 2 A RO B TR A Ji Y K T T DA T T R A U R B S K
GETR AL TC A SR AT 23 PR R TR A A T BRI T SRR R 2 R 1 J 1), S 49 /K W T K v 1) Bkt
K37 RS EAMER S MK o 7 BREUT T R T, R AR T AR G2 it /K 3 BER P i R BE Rl
2o BT, KA R E O R FE A K RIS AL, Ak AR AL S Y R K B SC R BT R,
UREE BT 1—4C B, 3R AR AR AR A RN KRN 1.7%—18.3% " 15 5 7K E BRI 40 76 5 7
(HE7=) BT AR AT /K HEE PT AR TR /K B 30% ) M AETE 4 8 T 5 LU ASUE Bef 7= e B0 8 3 24 % B E
MK G5 B, A FE IR T LR RES  K 43R 3 04

(2) IESCNEBRAE MRk ARG L 7 i S 2200 R B PORH B UM 1718 7 R HLAE 7 B A
AR ZEF WM FWTKER TG | —MHFRER, E3UR B /5K 0 e T8 00 T 4tk
KFRGAT AR L8 — B0 AR IR BIE 5 A S AR Y SRR R AT KBS Sy B A, 455 FAO-
1979 75\ 17K 73 BRECFIIR IS PRk 73 75 R K 235 s it TR 5 9™ AR O 0 LS R BRI RIS P 2 )™
HEM TR PR AIE AR . SR MR UE ORI A ] T AN R DX A A ST AR AR ) DG T 8l /0 i TR B X
fRI7K 5 R K3 R 5™ A8 2 8] B 5% R A o i 5 1 £ 5 1) P 98 SR B ) 5 ) 3t DX I T TR N 9 7K 23
TR R i TR R ATE S 80 AR A XSG R AT IR IE . AR AR A A IR VORI B S
HHEMIIE,

(3) FEPMAR R LR A B W) o | 38 K o345 22 5, 38 b A TSR e A 5 R ok i i TR AR 4G 45, S B
3 I BOMITR )+ 5] FUE IR N, S O R SEIRE A ST X PRI AR AE T K R MR 55 S (R AR . RS
SCESE S5 A YA A B IR K o RTI Be R K oK ] LSS B AN R & S Bl
s R A SCIR PR &, 25 A i B 1 1K 23 ARG FAO-56 22 sURE S8 R B BV R A K i BB S KA
PR AR, AT LASEBUR T — B Bert) 515 D 5 U R R

1T B ] SRICAE R 18 SOR 5 A [ 3 DX A ah ff AR ROAR OS5 22 57, 58— R FAO-56 HEZE/EY)
FEOTRARYIFEK R B SCPUE R 0L T AR R TR, R R e oK | TH 1] 45 345 PR AR & 19
SN0 IR M ORI s AR KA SO AR 52 FAO-1979 77 47K 43 bR B0 7 e Ay i o
ST AR T RGBS R, AN A A G Y S BREE BE 1 MR PR A AL S R 15 R — 2B
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