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HEINZEKRSFHELR I

1 B 2 2 wa = 1 1 1 3
Rk, Kk R, E R ,ETHEL,EZHH, THER KER
(1. P EIRZRZEM TR, A (PERSR) TR SR E R (JFR) 28E, M 7300205
2. Hilt B RS R, 22 M 7300205 3 Hili B S GRHEIRS a0, 220 730020)

BE GBS LEREREER 8 ML/NENY, 2m +ZHE L4 H KR 5=’ %R, AKS MR- 3K-EMIERF R R
WA &, BT T 3K ) FAR AR K BEXH A& /N K A 7= S WA o 2% KR — NI /KRR /K R BT A R AR 3K
BT R X R X JBIE X 1m 1 2m + 2 REHEKEK 1435128 270,299 331 mm F1 561,605 .676mm , i 1 1 BE 1 BT 3 K 5
{ESEPRIKAE S RA 111,183,269 mm F1 230,370,550mm , #8124 F 2 F 2 X, 2 18 18 X AN 18 X & KK J1 1 41% .61% Fi
81% , WA B BIE B /K 51% [76% \102% o KT REEAREREL/NEAKTE, RPETEEE  FRIEX H MR
RRAGFTRE, R RETER, VIRR—EA MR IHEN RN . £/NELEFTY 2m + 2R HEFRFK AR R
14 304 —343mm #1330 — 648, T2 FH N K, L/NELETHREKE REEHEFEKER 65%—95% , 75 5% —35%
FIFEK B R MIERT HIEE K BANAR . Z/NFEEFRERNBIREFKERTAEBEN B, BREFRKREFHR, HEFKE
RZRIBA/NEEF HREBERER , &/NE KPR 1128 0.30 — 1. 38kg/mm, F-35 3 0. 87kg/mm , A ) 7= B A 7= 1 24
1. 416kg/mm , ff T R A2 BEHE KB Bk, RAERL/NE KA SETI AT, B IR K. WBFER S HHE B B 5
BB b KA = SR A BB R

KB B HE; BEX &/NE IR ) R EFEK R KaET=J7 K Rl %

Effects of soil water storage capacity and consumption on winter-wheat water

use efficiency in dryland areas of the Loess Plateau in western China
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Abstract: Soil water storage capacity is the primary factor affecting crop productivity. To determine the effects of this
capacity on winter wheat production in the Loess Plateau in western China, we have collected data of soil water content and
winter wheat production over multiple years from eight observatory stations located in semi-arid, semi-humid and humid
areas. These data were analyzed based on the circulatory theory of Air precipitation- Soil water-Plant ( ASP). These areas
were considered a high performance water resource. In semi-arid, semi-humid and humid areas, the calculated maximum
soil water storage capacity was 270mm, 299mm, 331mm in 1 m depth and 561mm, 605mm, 676mm in 2m depth
respectively. The capacity increases with increased humidity. However, the actual maximum soil water storage capacity

determined was drastically lower, only 111mm, 183mm and 269mm in 1m depth and 230mm, 370mm and 550mm in 2m
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depth, corresponding to 41% , 61% and 81% of the maximum water storage capacity for semi-arid, semi-humid and humid
areas, respectively. The capacity amounted to 51% , 76% , and 102% of the optimum water storage amount in these three
areas. As a result, the semi-arid areas were far short of water supply to meet the requirement of winter wheat growth,
causing a severe drought condition. Whereas, the sub-humid areas barely met the water supply, sustaining a mild drought
condition. Hence, appropriate soil moisture conservation measures were necessary to increase wheat production in sub-
humid areas. During the entire growth period of winter wheat, the transpiration ratio and water consumption in 2m soil layer
were 330 —648mm and 304 —343mm, which increase with increasing drought conditions. Natural precipitation accounted
for about 65% — 95% of the water requirement, and pre-sowing soil storage water supplied 5% — 35% . In shallow soil
layer, winter wheat water consumption was higher during vegetative growth than that during reproductive growth period. In
contrast, in deep soil layer, reproduction growth consumed more water than vegetative growth. For winter wheat, the soil
water grain productivity was 0.30 — 1. 38kg/mm with an average of 0. 87 kg/mm. The biomass productivity was 1.416kg/
mm. The productivity decreased dramatically with worsening drought conditions. These data suggested that the winter wheat
water productivity in dryland areas of Loess Plateau in western China was low and unstable. To increase the water use
productivity, appropriate measures in fertilizer use, farming techniques, management, etc will have to be taken into

account.

Key Words: the Loess Plateau; arid region; wheat; soil water storage capacity; soil water consumption; water

productivity ; water use efficiency

B HEREX 2R ERWEMIE B RE LR IERN F A . EUPEL N E, ZHER LB
+, LERE, HEIER, BB S WER B K B G ERER A B2 RKEK AR B 5
HEN

B RAEY) A R FRARL X, AR K &2 250—850mm , FEHit /K 3= B T R AREK , T KRR
IKXFYERI K 73 BERE R ZAKM T L3R, Bk, ARSFEK- L 3OK-/EMTERR RE WSS 1 &, 8]
WEREY L HOKE R KEE ) AR HFE KRR DA R £ KA 7= 00, 0 £ OKE 2 RAF R BA T EEMR
M S o PAERTIZ DX 385 ) 137K 3 AR AL ARHAE | 33K o (75 P-4 . 1338 7K 8 78 % R X A v o, 46 5 TR 5
Hege " R TR RIS K ) AR HERE K B XHER K 20 272 1 LA R B i A i H
FEIR RIS SAE X B AR D . SRT, X 5 EFR W KB KR ER R R A HE RS, K
I, P X 5 T B AR 3 B B M B S A P B ORI S A
1 HEskiREmitE R %
1.1 FdEkIE

T+ mEREL X, AR K SR X 8 AN /NG 2m )2 H [A] 52 4 387K 43 B0 , T e B
E R 9 A LRERET A LA, BAEL/NERBFIT G 2 Rk, 8 A& 8 BilleE, Bk 3 MEE,
FX#HTE/NEFmEMBEERNE . BOEFR: 755 1989—2008 4@ H . RK ALE A BN
1989—2004 4 ; 12 1| VR B B3y 1989—2000 4F, Fa7K & &k Rl 4R I WEkL

AR YA R K X 2 i L AR 7 B R i A R AR R4y 4 K MR X AR e, TR X (AERKE <
300mm) T B X (4% /K & 300—450mm ) | -8 1 X (4 % K & 450—600mm ) | 1 i X (4 [E K & >
600mm) , HRIE(H A (1971—2000) FAEFERL) ,#IE (392. 3mm) FFE (407, 6mm) EHETRK, KX
B 2 Wk B 22 4R 7 18 4L E (476. 6mm ) (4 JE (478. Omm) | K 7K (496. Smm) (32 1] (514. Smm ) | PG i
(526. Tmm) 5 AR X, %X 38R 5 35 i 2 45 F-31H ; BLEL (620. 8mm) 2 AEiE X
1.2 HEFE
1.2.1 +HEERPIKEMITE N3

TR KT KERE - L EEEN LS SKE, UL ERE (mm) #R, HitERN.
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U=F xhxEx10 (1)
XA, U Ay KR (mm) s F AR (g/em®) sh R (em) sE R HEIRKE (%) .
1.2.2 +HEEAREBCKERIE T
TIEAEBC KRR TIEDEERTREBRE KSR, HitEXh:
u=Fxhx(E-Ey) x10 (2)
K, u AERIIKE (mm) ; B,y HEFHZFRE(%) .
1.2.3 ZHRZBFKEMITE %
C = 3 (D, =Dy +Priy)’ (3)

K, D A (A ) WE R — TR K550 HENENEREUA () MRS R FSP, 0 8
2 YSE 3K o BRI K & s n HETFEA (H) . £F(12—2 Ahy) , W B3GR R#ET 58K
Wiz, M(3)xXxk D, -D,,, 9, K P,_,, W,
2 ZR55H
2.1 +I3ERIKS
2.1.1 +HEERVKE

MFE 1 FH, ARKSSER LR RIKEZ R, TREX CEEEXFEEX 1m 2545518
270,299 .331mm,2m + 243524 561 .605mm F1 676mm, 558 FE B A H [EIRK &A ¢, SRR | H E
IKEBAR, TIEIIK BRI BRK
2.1.2 +EERKAESEKE

AR VR 210 B IR, 25 K - AR K B KA B K B WA BRZEN, T2 X 2R X AR X 555
HERRIK B 79% \75% F1 58% , 45 BEE 1 BE RS AN iysi ke (£ 1) o

2.1.3 ARTEEENIEAR £1 REAS SR PR S/ mm
Z: ﬁﬁﬂ?%ﬁg ’ ;H\:Itj%ﬁﬂ(%*ﬂ#‘ YEK Iﬁj o LA Table 1 Soil water capacity in different climate regions
H (a1 7K & 40% 60% Fi1 80% ) 1 7K 43 4% Bl o & +Z  UiH BFRK RRHEK WK
ERTRRETERRELO KL DT T o e
FICK B3hr 0—1£cm B RARI K& 212 225 192
M% 1 E‘Hj , E Im :t}zE: W ,ﬂé:FEB:%iﬁE\% BoEmek g 216 240 265
ETREMETREMN P/KEHEF R 216,162mm I TR 162 180 198
108mm ; 18 ¥ X 4351 & 240 .180mm F1 120mm ; 1 1F E TR 108 120 132
X 451 265.198mm 1 132mm, 7 2m +JEH, LT SRR 11 183 269
RECHI 49 33Tmm F1 25mm @A R 0 PR e
484 363mm F 242mm ; 1§ 1{ X 43 51 2~ 541 . 406mm Fil TR 337 363 406
271mm, G F i SR SRR , K B 19 A o B e TR 225 242 271
15, XA BRI 7K BB T I 25 R0 AN o 45 bR AR 37 SEPRIEK 230 370 550
AFZETH LEE K EFRHERBORNER RL#HE
B

2.1.4  HIEEPREKE

SEFRIAE 1) K B R KV K B REEHEE KBARAZESR . FTRX R EKAEEKX Im +
JEEFRIK 24050k 111,183 mm M 269mm, 2m + 24354 230 ,370mm Hl 550mm (£ 1) . SEPRE/K & 55
K 7K B ) 41% (61% F1 81% ;5 |5 FoiE HIV /K B H) 51% 76% F1 102% , FEIEIEER M /K &L, &
T X BRI K B S EV K B2 4—9mm, FHLFRK B SEMRKEEHBIEMEXXR. Hik, ~
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Rk SUBAEBL (IE# 4R T R4F R KE) LK B AR ZESR
2.2 RHEFKE
2.2.1 Z/NERKEIEIR

MFE2 B, &/NELETY 2m +EEFREEK R 304—343mm, FH% 330mm, KKK AEXFEK B
ZRIFAK, A HENIE B R TR S o 7505 RECh 330—648 53970 442, e it B2 i i L s sk ,
BT RXER LB, B AR,

R2 FRAKGSERLENEXFRKBNEBREY

Table 2 Reality water consumption and Transpiration ratio of winter wheat in different climate region

AEX JP27K i/ mm FE/K &/ mm HERE (¢/8)
Climate region Water storage Water consumption Transpiration ratio
2 FELX Semiarid region 230 342 648
KR X Sub-humid region 370 343 348
1R X, Humid region 550 304 330

M3 ME L FH, Z/PRARTERBB, LK REA S, KB 2MRIET 0—30em HIRHHEZ . 1t
I REK B2, AT AR XK 36 B, A 34. 3% MBAR/K AT L BREFEFKBIFHRINK, 515
WIE(EE T/ DB B, MK B R BRI R FEKE R 75% , A 25% K5 oK 0 B4 3R t4s , Horp 82. 6% 1Y
K43 E 100em DA E+)2,17. 4% f7K 433K B 100em AT +)2 . RN S4E T hF AN, 1
FEZK RIS . IE WK M , Bl Pk B REAS BEW L 22 I #EK B, (BT R E 5 1K it 45 . TAEvE R IE
EFERZX/PTH, 2 HFKBBOKR, B kK B AL RER 2 & FAE KB/ 14% TR 86% KK 7 58 M T
AT 100em DUF B9 L3RR, BRI, A RBKIE T Z 3k RSB R /K B2k , i IE {5 =43 6
HTHZET A LK —BARN 2 W, KoK B S HER0 REW B 2 IXK R, BN A B ARIIK
AT HEZH

ot ARK SRR L /N E A TR R R 5 SEPRFeK R K 65% —95% ,H 5% —35% HFEK
B NIBFIRT LR KBANA I . R, Z/NEXS LI RARBORH , R T RAERBIEFEZ,

*3 AELNEFAEEFNREREKESHKEHRER
Table 3 Actual water consumption and precipitation satisfying rate at Xifeng in different growth periods of winter wheat

HRb-BA BA-RE O BREKT R SR WK -1 LEHW

ltem Sowm.g to Overw.m.ter to R(?VfVlI.‘lg to Jointing Ear to filling Filling to Whole .growth
overwinter reviving Jointing to ear mature period
#E/K & Water consumption/mm 62.9 21.5 92.6 110.3 80.7 73.6 441.6
H #E/K & Daily water consumption/mm 1.60 0.20 1.85 5.25 3.84 2.73 1.51
#E7K 3 Water consumption ratio/ % 14.1 4.9 21.0 25.0 18.3 16.7 100.0
[ 7K B Precipitation /mm 95.7 17.1 69.6 104.8 11.4 111.0 409.6
Rk i #EK L/ %
Percentage of precipitation in 152.5 79.5 75.2 95.0 14.1 150.8 92.7
water consumption
+ 3tk B Soil water/mm -33.0 4.4 23.0 5.5 69.3 -37.4 32.0
EHRPOK AL % -52.5 20.5 24.8 5.0 85.9 -50.8 7.3

Percentage of soil water in water consumption

2.2.2 RHEFEKEZIER

ZNEANFEBTHBIEEAFR LZEKS(F4), ELNFEEFRERKNE,2m LZFKEN 53.4% ., H
TR FEMEFE LR 650 em UK AMEFEI B, BE/K 33k 33.3% , BAERZEHBI . HEA R E
KB AN A HE AR B, Bk RORIRIK 2m B BREK S0 62. 2% , OB HYELHER 8.8% .
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FEJZ RHOKAGE D, SRR R T B, E AR R AW
TR E K, BTRA 50 em P EJEOK HLE SR G
BAEK TR 12% 550 em DUF B2 )E LK AEK R
RFEFERHBLS. 9% —8. 5% , B HRIZ LK o
AW _EJRRE , DU R AN E KT R, FL, 7ER
HBHERAE B b U I A IR, LAB A2
SHB BT R R ETEE .
2.3 BINFIRIIHETET

PR P X &N E BRI EZRREKD.

o
=)
T

'b)
(=]
T

H #67k & Daily water consumption/mm
s
T

PR, A PR R LMK A P Ty R WA R EH T RS AR
MR AN HARSK A onper
P, =w/RFPs=W/C (4) Bl LhEHRKETLES

R, P PRI KRS e K72 /3/(kg/mm) Fl  Fig. 1 Changes of daily water consumption during the growth
3K 53 7= 1/ (kg/mm) , W ol & /NZE FF L= f/  period of winter wheat
(kg/mm) ,R Fl C 735 HE/NEA TP RIEK R/ mm
SRR R/ mm, X FFEERBE HOB A VLB SE Hl S e 3K R R K 0 & /N P B TR

®4 ENEFREFTRRARLERKE %

Table 4 Water consumption ratio of winter wheat in different layer of soil

+ )2 Soil layer/cm

H K Growth period

0—50 51 —100 101 — 150 151 —200 0 —200
ERERNE(ERFH) . 33.3 7.6 7.6 4.9 53.4
Vegetative growth period ( Reviving to booting)
U\ FIL -
LA K B (P RB- ) 21.3 16.1 13.5 11.3 62.2

Reproductive growth phase( Booting to mature)

x5 AREKDPREREZNEKGEFH/ (kg/mm)
Table 5 Water productivity of winter wheat in different climate regions

1E 5 4F Normal year F54E Drought year
AEX RAWEK 3k sy RAKEK T HEK Y
Clmte region 7y ) 21 ) 7 ) i
Precipitation Soil water Difference Precipitation Soil water Difference
productivity productivity productivity productivity
FTEIX Semi-arid region 0.33 0.30 0.03 0.19 0.24 -0.05
3 X Sub-humid region 1.01 0.94 0.07 0.67 0.69 -0.02
{2#8 X, Humid region 1.54 1.38 0.16 0.91 0.76 0.15

N5 B EEFFED, L/NEEFT I RKMEKET SR 0.33—1. 54 kg/mm, F-3% 0. 96kg/mm, +
K7 714 0.30—1. 38 kg/mm, F-37 0. 87kg/mm,  +I/KAE = 7 L RS K A 7= F14K 0. 09kg/mm ; £/
9.4% . TRAEIEHEKMEF RIR L , KSR A J11% 0. 14—0. 63 kg/mm, 271> 40% ; 37K 7= 7
fi.0.06—0.62 kg/mm, %)/ 23% , Bk, BVE/NERTZAKSEEREMN H4, KoE=IRARE, FrEl
R, JEH: 20 142 90 SRR UG , SRR TR B, & /NE KA 7= R IE TR . Bk, B ER
TG , Ko = P T M & e = R,

Al —Fp AR, AR IE X B 7K 43 A 7= 1 B, IR ARy 1mm KSR/ R 38K AT A2 7= 1. 54 kg 1 1. 38
kg ;s HYGRAFRIE X Imm KSREKR H3K AT 47 1. 01 kg #10. 94 kg, DLET B IX K347 1 8, Tmm K
SRR LK AT A7 0.33 kg F10.30 kg, HUAAI8 1 X FIRRIE X 4351 T B 68% 1 78% , b 5 A2 B2 3G hin
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KA 0 R R

®6 FRSKRFRLNEIREKE ZBRNSENTE

Table 6 Actual water consumption, transpiration ratio and biomass in different climate years

1E % 4F Normal year F5L4E Serious drought year
X FAKE/mm . . A FoKE/mm y YR
Site Water ﬁﬂﬁ%ﬁ/( g/g) /( kg/hm?) Water %Hﬁ’%ﬁ/( g/g) /( kg/hm?)
. Transplratlon ratio . . Transplratlon ratio .
consumption Biomass consumption Biomass
i 25 500.5 402.3 12442.5 321.6 339.5 9472. 5
KK 467.5 419. 8 11137.5 142. 6 355. 1 4012. 5

FE [ —Hh X R A SR RFK BEAR, AW =B 2R MR K. £&/NE4 T BT RELIRFEKE HIE R 4
/1> 200—300mm, 25 R B0 65 247, LW B A B IR ik 3000—7000kg/hm* (£ 6) . LFrEE/KE 54
FRER B IEAR, KRR EEA0.989, M4 1= B 4000kg/hm? KAt , SLBRAE/K B K 150mm , 258 R BN
350 ZcAq s M7= RAE 12500kg/hm® if , SEFRAE/K B 500mm, 2515 RECH 400 Zef5 o A= R3 fin, ke K B3y
R 4 RS S S A ) 2R I R B K I o E—MRIB LT, Ilmm FE/K B AT A=A Y7 & 1. 416kg, 244 7=/KF
KB —E = B, A e B A, L SEPRAE K B AN AN U , 20 2R Bt A L A
3 #ig5itie

(1) B L B IRPE R R R — KRR K HERE B AF R RARK R , A&/ E R K R BRI Kot
R N FRAF LA 1m il 2m + 2 H KK E AR fidE B K 84 518 270—331mm F1 561—
676mm L f 216—265mm Fi 449—541mm, S 1) FE R iE B g oK. HEPREUKE 1m F12m 12457
F)28 111—269mm F1 230—550mm , HAH T F 2 X 08 1 X AR i X i KK &/ 41% 61% 1 81% ;
HBREEEN KRR 51% 76% \102% , fi2 TR LFREKERD, SR@EREMEY G, FTRRKE
REEW EL/NEERTFE R E TREE  FREX R R A TE, R RE TR, LR —
EA AR R S48 1 ; RAA 180 XA B B il B AR RE I R /N EFRKESR,

) L RFERIERL/NE AT B 2m SLPRFEK B FZERE R 50551 304—343mm il 330—648, 1
EHERE T RRER IR, &/NE2ET WK E BT EFEK R 65%—95% , 6 5% —35% IFEK
BOEAIERT HIR K BANA I . Z/NE R R K S, B RK S . 2m L2 EFRMAHEN
B o TEFE R IR B 53.4% N 62.2% , BETRBERE N8 /0 B IRy Bk 2 FE K B K FAEFE B BE, A 7R
M BRI HFKE KT ERME.

(3) LN K BERBIERL/NEEF THBREERE . PIERL/NEKSFI R, K04 7= KA
fo HE R K, EHF LKA H14 0. 30—1. 38kg/mm, -4 0. 87kg/mm; {HT B4 HA 0. 24—
0. 76kg/mm , -3 0. 56kg/mm , FLIE#4E R[4 23% o K54 7= 7R AL, M EE BET AR BE R K, /K4
FIFRAK S EF= T Bl . &/NFEEY =R 5K HERFEK R BEEMXXR, lmm & HEEKE AT
AR 1. 416kg, R, 7B 18 08 X DA B I X SR % T 450y, I ARUFE IR 7 (B AE B PR S 1 i —
BER b LKA RERKKE S o 78ETRX USRI X SRR T4 0 B RREY R EEN, 8 4%
A&/ N BRI AR, T KT AR Y AR VR AR L R SEAT S AR B S R
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