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FEE Sz FH A TR U el S5 0 5 il 1981—2008 45 T K WR I 3% k) 2o 15 b AH 7 i B 19 R %08, A FAO Penman-
Monteith A5 RAEY R BT EREA B W BTKEFTHE, BT ERKGEERETHEREL, X 1981 —2008 4FE K L4
BHREEENERAKGEREHT THE, 207 T ERTES5KSEEE M. SRFW, A8 E 1S EMEERE
IKAT SR LR AR , S P37k S EREIFE 0.50 D b, BRVEE LR R (RK) SHAE L& R (U8 ) K 4318 B B A e 2 AR
W R B — 3, 1995 4 RIKAMIE HE TR, 1981 — 1995 4E B 7Y 8 & JFUK S8 HAE LA 0. 12/10a & H#FE1IR,
BEARE LR 0. 11/10a Y% T [E; 1995 — 2008 4E PR PG 8 - M R K /& B LL 0. 18/10a B H A&, A E L /IR L
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Assessment of maize water adequacy in Loess Plateau of Gansu Province
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Abstract; Water scarcity is the primary limiting factor in crop production in vast north-western China. Crop water
requirement depends mainly on the nature and stage of growth of the crop and environmental conditions. To assess the
relationship of water conditions and crop production, we analyzed the water adequacy level and production in maize during
the entire growth stages in the Loess Plateau in Gansu province. Maize phonological data and corresponding meteorological
data covering the period between 1981 and 2008 were collected in the Tianshui and Xifeng Agrometeorological Experimental

Stations. Based on these data, water requirement of maize during all developmental stages was analyzed by using crop
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coefficient and the FAO Penman-Monteith formula. A model was generated. The results indicated that water supply was
generally adequate for maize growth in Gansu Loess Plateau, with an annual mean water adequacy index ( WAI) higher than
0.50. The WAI in Longdong ( Xifeng) and Longxi Loess Plateau ( Tianshui) showed a correlative relationship, exhibiting a
similar trend in variation over the last 28 years. Historically, the year of 1995 was a turnning point in WAI. From 1981 to
1995, the WAI was decreased by 0. 12 every ten years in Longxi Loess Plateau and 0. 11 in Longdong Loess Plateau.
However, from 1995 to 2008, it was increased by 0. 18 per 10 years in Longxi Loess Plateau and 0.06 in Longdong Loess
Plateau. Among the various growth stages of maize, WAI was at its best during the maturation stage ; suboptimal during the
early growth stage, and poor during the fast growth stage. Air precipitation satisfied more than 70% of the water
requirement of maize during maturation stage, whereas only about 49% — 55% of the requirement during the fast growth
stage. WAI during stages of germination to seven leaves, jointing to tasseling, tasseling to milky maturation, and milky
maturation to full maturation remained high in the 1980s, low in 1990s and returned high in the early 2000s. WAI in the
period of seven leaves to jointing stayed continuously low from 1980s to the beginning of the 21st century. Geographically,
WALI in Longxi Loess Plateau was higher by 0.1 than that in Longdong Loess Plateau. The water requirement of maize in
Longxi Loess Plateau was higher than Longdong Loess Plateau in all growth stages except the maturation stage. The
correlation between maize climate yield and the WAI was most significant in seven-leaf to jointing stage, followed by jointing
to heading stage, suggesting that these two stages are critical in water requirement. Such a correlation was notable in
jointing to tasseling stage, but it was non-significant in stages of germination to seven leaves, tasseling to milky maturation,
and milky maturation to maturation. This model on WAI and maize growth/production can be used to evaluate the suitability

for maize growing in areas in Gansu Loess Plateau and provide scientific basis for crop management for higher yields.

Key Words: Gansu; the Loess Plateau; maize; water adequacy index; assessment
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1981—2008 4K HEC A SR IMBLIEY =, 43 FIZE KK FH M AL SRR B E KRB H A NE S
FERP BN AN £ K O NEIAFEAT T S8 AR5 I, UG T E KRR (R 1) . 4B
FEARIK AR R G R 50k i PORM R B 7 8 & L, AT el R A B sl M PERMR R B AR 3 LR R

F1 KK BEEXTEHEKRERIE(1981—2008 4£) (H-H)
Table 1 Average dates of maize phenological stages in Tianshui and Xifeng(1981—2008 ) ( Month-date)

Hi )i 2 WK Erl H =
Sites Latitude Longitude Elevation Sowing Emergence Three leaves
KK 34°33' 105°53’ 1085 04-20 05-02 05-12
V5 14 35044’ 107°38’ 1422 04-22 05-05 05-12
Hi Ry ] BWH S THIEH LR % %]
Sites Seven leaves Jointing Tasseling Flower Milk maturation Maturation
KK 05-16 05-27 07-09 07-18 08-18 09-07
V5 14 05-30 06-22 07-13 07-16 08-13 09-14
1.2 EMRH

20 22 90 45X FAO B R LU R 2243 TE it A A AR EY (& THEY BRMTE N [ 40 250
HYHAT TR TRIAR, B TIEMTRKSEMSERBNER, G TS MEMERF AT BB ey
AP(ZIFKBESEEYRMBZIL K)o BT EEBHBEEYTKENERITE. (FURBEARR
MAERIBIX FEAS R bl BRIBHAR S — 2. BERBTEYHR KK FEPRIL. RiE FAO MBS, 7F
YR BAEAEYIOI IR A A R R K AE 3 M BEERBIR . ASCRAIFRKEBMB ITER A Bk
BrR s R o RIBEREK R T RE, W10 4 K B B I I—3R 0, BE A K B B R 3R T I — L3l
BEE R B BEW P — R

F2 EXTEEKBREVRE
Table 2 The maize growth periods and crop coefficient

WK BB HE R KB B AR BB
AR B (e H—3 i) (B H—FLd) (FLAM—R)
Growth stage Initial Vigorous Maturation
( Emergence to jointing) ( Jointing to milky maturation ) (Milky maturation to maturation )
Kc 0.6 1.2 0.6

1.3 FREBETKESKMEEERITHE
FRTE j MER Y B EPRTR KR (W) # FRIHE

Wj = 3 Kej x ET, (1)

A ,n %Eﬁﬁfﬁﬁfﬂﬁﬁﬁiﬁ,ﬁﬁfﬁ]ﬁﬂ@iﬁ(w% FETGUE FERF IR AE R B HH51d,n =51 1
B—H - HAE R H $030d,n =30) ;i 2 H P50 Ke IEYIRBGET, R5 @ B S HAEYZEHUE , % Penman-
Monteith 23235 .
0.408A(Rn -G) +vy T302073u2(ea -e,)

BT, = A +y(1+0.34u,) (2)

(2) 22 FAO 1998 EIEHAE NI SE WA BIOARER L o v, ET, 2% W28 #0R (mm/
d), R 2RFHAHES (M)/m®) , G 2 B3l & (M)/m’) ,y RIREEH B (kPa/C) , TR B TFHSKE(TC) e,
HHEFIKIRE (kPa) e, g SEBR/KIRUE (kPa) ,A SR AR RIZK YR -1 BE I 2R3 (kPa/°C) ,u, 0 2 m g Ak A KU
(m/s) o uy =0.743 X uyo , HoHp ugg W IR UHRGE—FREF AR TERTHITE 10. 4m LT B R (m/s)
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YR E KA B BB A B 7K B (W), mm ) FOAH B A B AR K B (Rj, mm) , 258 AEEIBFSE BLR , 1

T ERKSEEEY) :
1 LREW
={R'/W' Ri <Wj (3)
J/ W], ]

BIEKE R RKRTRETHEFR AR W, RARBKT DI EAEETK,U=~1; 4 KE R /DNTFAEEFK
2 W, AR EEK T EEERME. KoEEEE —ERERR TR EREHET KW ERE,
1.4 BdEkIE

HESEEYRBE ET iR R E VRIR KR R EE X . B BB E 220 HSES{E K& HEKE
EE B ROK RG-SR S5 (1) 1981—2008 4 SRINME . BIFFT T 7 1) R SCHE 31 B2 v] BR B 805 F AR N A 3T
e Kok T KB M RS A B X ELE
L5 Spthihk

SR ATk NS B E ™ . A K-M 56 JET K 2058 B S > A B T SPSS 4%
TR A B AL U A BAHRER T 1T o
2 ZER5H5H
2.1 FRKSEEENEREL

B 20 4t 80 ALK, Hil BAEX K EA RN B RIEFEAK ., KKK SEEER 0.5958,
RKFVPHHEMERA 1la, Fimk 1984 48(0. 8257) s /NF P HHEMER A 17a, F/IME A 1995 (0. 4784) ;75
WS- 7K 4338 BN 0. 6942 , K FF-HHEMFM A 13a, HKE N 1988 4(0.9019) , /NP HEMELA
15a, 5 /IMEN 1995 4F(0.4581) , KoK PGUERHIZK 7E BB IR F4E G 2 TIER PG . AR LEEE
KA EERET TGS &R, WK EEEAHEREER (R =0.6758,P <0.05),

7K 318 L B AR B Y B 20 42 90 4R (&
1), 1995 K HEEZMEI S GESBERFE
270.05 i M-K #6:5;) o BEPE3 LR RK 1981—1995
FEIKAYE R L 0. 12/10a [ #a &A% (R = 0. 2514,
P >0.1);1995—2008 47K 4+3i& BB LA 0. 18/10a [ L L
IR (R =0.5864, P <0.05), B/R#E + 75 PG 5255838588858
1981—1995 4 /K 43 3& B FE LA 0. 11/10a [ 8 #F % APp Year
(R=0.2199, P >0. 1) ;1995—2008 4E 7K 43 3% L B L 1 oA 19812008 5 Aok BB
0.06/10a 8% L5 (R =0.2055,P >0. 1) o BEPY®  pig 1 The variations of water adequacy index of maize at
TEEASEEEMERAESHEERKTRAFE L Tianshui and Xifeng from 1981 to 2008
(=)
2.2 FRAFEERKEBoKSE B EMERE

FEREENMERKGBRKTEEESBENMEFHHATE—B(FEK3) , K& B AR BT 1 B 3 2 B
W, B BT EoRTE K 70% LA b, e 22 R RE B A KB B, Rk & R BB & ER A HFTF K 49% —
55% , T ERWIIE A KB BEREAK 8D, REREKIT TR K B R EAE 50% DA Lo BEARTE &R KB

#3 XK AEEREERNETEHKSERE
Table 3 The water adequacy indexof maize at Tianshui and Xifeng in three growth periods

—— KK ok

Wk O30 O O

2003 |-

IKASIEEIE
Water adequacy index
SO oo o000~

2005 -
2007 |-

M Sites BIEA AR B BL nitial HEBA B B Vigorous B BB Maturation
B C A B C A B C
KK 107 57 0.5337 451 223 0.4945 44 57 0.7682
v Uik 106 69 0.6462 342 189 0.5521 101 114 0. 8845

A:FKE (mm) 5 B: K& (mm) 5 CoRERE
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Bk 338 B BE LUBE VY 3 - R R = 29 0. 1o BRARAAE R B BOOh, B PI 38 + R IR I T K B R TR L
258

AR A T K ME B RS AR (R 4) o HEH—L - 20 42 80 450,90 4-4K
i, 21 RSO RTHR o KoK PU R R AL B A — 2, PR AU K B B 37E 0.5 Lk,
Rk 20 tH42 90 40K 21 ), K@ EEE/NT 0.5, LM HI—HRATHIIRK | P50 3t (7K i B BE A T
ETR BRROK 21 HA2H/NT 0.6 b, HARAERIGTE0.6 U b, 20 4D 80 45X 21 {224, EHH-H—K T
WAF YRR EEREEAR R TR KK TRET 0.057, PR T 0. 1722, IV H—HER B TEK
KB BEW R, KRR TERY, KAKDEEERER 0.5 LT PYIgKIE R R 21 Ly sMR1E
0.6 LR, /K /MEEBEAE 20 4D 80 4EfCHIR, 90 4RI, 21 W I 46Tt o SR —ZL AR SE B
BERBAE RN R — IR —= 7 o RoKEBR B H BULE 21 HE2040 , P9 idede o (A ) BUAE 20 T2 80 4-R. FL3A
HLME , TKFK B B, K& AT B s . SFERKEEENE0.6 Kb, Hppyig
20 fih43 80 4FAX K 21 AR HIKME B BE X E] 0. 8828—1 , B T oK 422 H/K 7 i AR BE Foc RO 34

x4 XK BETFHFREBEFHEXRKSEREE
Table 4 Water adequacy index of maize at Tianshi and Xifeng in different ages

s — L LM VT — i A — 2L 2 FLA— Y
Emergency to Seven leaves Jionting to Tasseling to Milky maturation
AEAR Ages . ) . . .
seven leaves to jionting tasseling milky maturation to maturation
Kk [l Kk il Kk [l Kk il KK i
1981—1990 0.6464 0.6819 0.7532 0.7996 0. 4606 0.5600 0.5302 0.5979 0.8224 0.8828
1991—2000 0.4525 0.5368 0.6518 0.6759 0. 4451 0.5351 0.4937 0.5131 0.6497 0.6819
2001—2008 0.4869 0.6454 0.5962 0.6274 0.4910 0.6605 0.5782 0.5170 0.8345 1

2.3 EXRKGEERESTZEHXR

FARFEREBFTHKSNEEE SEZBIERRBERBEKR(ES) . BEBFRERD | FREHHEK
BB AERMERE — BB R E LK RN R, B8 T E R B REHMIER &K,
BB —E R FHK O EEE BRI, KB EE SSEBERHARE, CHHS—WES R TN
RIFRFKPERS, KB EREN ER=ER R K, i —k Tk E8EEEH® 0.1, X
KE =R N 52kg/hm® (R =0.3807,P <0.05) , S AR =21 71kg/hm* (R =0.4092,P <0.05) ; 3k i
B—H K S H AT 0.1, RAKSMR= RN 114kg/hm® (R =0.3256, P <0. 1) , PHUES 4% 7= B 34 fin
52kg/hm” (R =0.3245,P <0.1) , i H—2L 20 FLEG— U0 2 FORMESR 7= B T8 B R Z B, Ok R
RZATHBEMEEME T, —BIEL THRKES, KB E3E M, LS, W BOK M EEES5SR
B 7= B AR EAN B2

x5 BEFHASEEEESEFENEXRE
Table 5 The correlation coefficient between water adequacy and climatic yield

R —E M LM AT I — A T —FL 3

:HE)E‘ Emergency to Seven leaves to Jionting to Tasseling to EL%%_&%%

Sites o S X R Milky to maturation
seven leaves jionting tassleing milky maturation

Rk 0.1294 0.3870** 0.3256 * 0.0420 0.2545

iz 3 0.2743 0.4092 ** 0.3245* 0.1374 0.1613

# % o SPHIZRRIE 0. 10,0. 05 FRIR AR Y

3 g
A SCARYEH 5 B R X R A K S5 R Bk AR, B T /KA E B AR R, T RoRAE B
KBRS AESEEYEBENEM L, G45% B THRE R NE B SRBEEIZRE FRKES
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IRARN . 8 MK BN KA KA T ERK RN, Wk &5 R amRETE N R S EAE T A3t
R o TEFIPERE . FIRIROK P K= R OB TR e A B, IR Y AR AL WL S B oK = 5
HXIK TR S B AR R, 70 TP AR I 5%

1B FIREIH S TR B, KBS BUK 8 BB , ORI A K B, REARAE R B BB . 224k
BFHKINEEERTE 0.50 LA L, FRARIK P BB, AR LR FUKHEBERER TV HE L5
Jio 20 42 80 U 90 AR, K& BB T FE#aH, 90 AEUP IR 21 a2y kG HE R ETHE
o RS EHH—SO SO A K B EEAR B, 5 W — e i —
PRI R AL A — A K B B E AR AR E

FORMERRAE R I/KE BEBREE MR KT KR ERARZ —. BRI HENERE G
BNV T ARFE IR R A S, 178 B3 1 HER K% I SR 72 50 1 FH 22 R Bk BE R 7K 43, 38 I RE 8 A R 3 ey K
SMEEME. WIS, ZEBRVE E L m E, A S 15d 2 EoRAY) BAE LB AT 7d B 5% A2
U, RRIEBE AR B P RS R R K AME B, 3 KPR TR TIE M AR , LA AR

FRERR-NELENERE, BELRERERLERE, TREEILE KBRS . Bi— N EREBA
FARIAR 7K 53 7T LASE A 365 BEAT D J5 — A K B BEBT 4R S F S, TR BY 7 20 A7 25 A2 o BU a4 A2 1 16 Rl
i, XE KRR T UE B K SRR KR T . 5350, AR BT Bk R 7 X KRR IFERT,
KRB BB RIERAN T, WH &R RS R I8 FIVE L

ERFBIE R AR EE TS EERSR 6 R R W KR A BOE B KA R 4E FRET A
HHTBHRER. 458 A R XA B FORAE K B F BRGI R, K& B P MOR S 4
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