24 1 Vol. 24, No.1

2005 1 GEOGRAPHICAL RESEARCH Jan., 2005
1,2 1,3 1 2
(1. , 100101;
2. : 050021;
3. , 100039)

’ ’ )

: 1000-0585 (2005) 01-0001-10

, 500 650mm, 70% 7
9 , 100 180mm, 25
40%, = , ,
70% , ,
[2 6]
1 2004-08-05; : 2004-11-15
(KZCXZ-W -317)
(1934-) ,

150



2 24
1
1.1
ET=S, +1+P+W, - R (1)
ET y S , )
. , R
, ( 4m
). ; : ,
' [7 12], ’
[13]
Y=a- ET+b (2)
Y=a- ET +b- ET+c (3)
Y (g/m?), ET (mm), a b ¢ ,
[14 17]’ , ET Y
, . (2)
., Y ET , ET
Y ET , , :
: Y ET , (3)
y=ax2 +bx +c
2
a b c , y =ax



+bx +c
1.2
(water use efficiency, WUE)
1lkg )
, (ET),
(1, .
, ; (P),
_Y
WUE—ET
, WUE Y , ET
1.3
H ) MC
M _AY:QV
CAX  dx
» M , AY L AX
(P) = (R) - (C)
Max(P) =R (W) - C(W)
0, :
dp _drR _dC
aNv dv  dv
dR _dC
av v
dR _dC

av  dv '

[18,19]

(4)

(5)

(6)

(7)



4 24
[20]
(1) :
) o 247. 65mm
1 1 1
Y = - 0.0027ET +2.8647ET - 127.91 (8)
, 631. 95g/m’ 282. 85mm
1. 19kg/m’
(8) (1, :
L ( 2) L
, 247.65 598. 35mm ,
) Y ET
1
Tab.1 Therelationshipsbetween irrigation and yield of wheat
I (mm) ET (mm) Y (g/m?) W (mm) Y (g/m?) Y/ W (kg/m®)
0 247.65 425.40  (415.94) 1.68
37.50 285. 15 (469. 42) 37.50 53.48 1.43 1.65
72.30 319. 95 503.07  (512.26) 34.80 42.84 1.23 1.60
108. 00 355. 65 (549. 41) 35.70 37.15 1.04 1.54
140.55 388. 20 583.82  (577.28) 32.55 27.87 0.86 1.49
178.35 426. 00 (602. 47) 37.80 25.19 0.67 1.4
214.20 461. 85 636.20  (619.23) 35.85 16.76 0. 47 1.34
265. 00 512. 65 (631. 09) 50. 80 11.86 0.23 1.23
271. 65 519. 30 643.22  (631.61) 6. 65 0.52 0.08 1.22
282. 85 530. 50 (631. 95) 11.2 0.34 0.03 1.19
315. 00 562. 65 (629. 16) 32.15 -2.79 - 0.09 1.12
330. 00 577.65 (625. 95) 15. 00 -3.21 -0.21 1.08
350. 70 598. 35 631.11  (619.52) 20.70 - 6.43 - 0.31 1.04
1 1 2
530.52mm . 631.95 g/m’,
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Fig 1 Water production function of wheat in typical irrigation system
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Fig 2 Relations betveen water use efficiency (WUE) and evapotranspiration (ET)
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Fig 3 Contragt relations anong yield of wheat (Y) , water use efficiency (WUE) and evgpotrangpiration (ET)
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, 0.14 /m’ ,
, 157 /m 0.09 /m
, 253. 05mm 265mm ,
AR _6941. 99 - 6925. 05 -0.14
Aw  265.00 - 253. 05
Ac _2125.50 - 2108. 70 -0.14
Aw  265.00 - 253. 05
4816.49 /ha, 18.18 /ha
2
Tab.2 M argial analysis of irrigation of wheat
W (mm) Y(gm) R /) c( ma REC ) 2EC ) Re( /ma
0 415.94 4575.34 1754. 40 2820. 94
37.50 469. 42 5163. 62 1806. 90 1.57 0.14 3356. 72
72.30 512. 26 5634. 86 1855. 65 1.35 0.14 3779.21
108. 00 549. 41 6043. 51 1905. 60 1.14 0.14 4137.91
140. 55 577.28 6350. 08 1951. 20 0.94 0.14 4398. 88
178.35 602. 47 6627. 17 2004. 15 0.73 0.14 4623. 02
214.20 619. 23 6811. 53 2054. 25 0.51 0.14 4757.28
253.05 629. 55 6925. 05 2108. 70 0.29 0.14 4816. 35
265. 00 631. 09 6941. 99 2125. 50 0.14 0.14 4816. 49
271. 65 631. 61 6947. 71 2134. 65 0.09 0.14 4813. 06
282. 85 631. 95 6951. 45 2150. 40 0.03 0.14 4801. 05
302. 58 630. 90 6939. 90 2178. 00 -0.06 0.14 4761. 90
315. 00 629. 16 6920. 76 2195. 40 -0.15 0.14 4725.36
330. 00 625. 95 6885. 45 2216. 40 -0.23 0.14 4669. 05
350. 70 619. 52 6814. 72 2245. 35 -0.34 0. 14 4569. 37
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Tab.3 Analysisof irrigation efficiency of wheat n the North China Plain

(mm) (mm) (kg/m®) (kg/m®) (kg/m®) (g/m?)
82 85 286. 35 256. 20 1.81 2.01 0.2 3.15
82 85 310. 80 264. 45 1.59 1.85 0.26 4.20
84 85 260. 10 234.00 1.80 1.99 0.19 2.40
87 88 335.40 262. 50 1. 47 1.85 0.38 6. 60
86 87 325.65 295. 95 2.06 2.56 0.50 6.15
86 87 286. 20 259. 95 1.88 2.06 0.18 3.90
86 89 298. 50 271. 20 1.72 1.90 0.18 2.70
4
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Study on water production function and efficiency of wheat

L U Changming'?, ZHUO Chang-qing"®, ZHANG Shi-feng , WANG Xiao-If
(1. Key L aboratory of W ater Cycle and Related L and Surface Processes, Institute of Geogrgphic Sciences
and Natural Resources Research, CA'S, Beijing 100101, Ching;
2. Institute of Agricultural Modernization, CAS, Shijiazhuang 050021, China
3. Graduate School of Chinese A cademy of Sciences, Beijing 100039, China)

Abstract:W ater is scarce in the North China Plain and the Imited precipitation is not enough to
satidy thewater requirement for wheat growth. In order © awid reduction of oufput caused by
scarcity of water, irrigation is necesary  supplament water. This pgoer disuses the
relationship betveen the amount of irrigation and the yield of wheat Statistical analysis of
experimental data of irrigation indicates that the relationship betveen yield of wheat and irrigation
presents a quadratic parabola in North China. W e fit the model of wheatwater p roduction function
by adopting least gquares theory on the basisof field experimental data of wheat W ater production
function is quadratic function and itsmath expression is Y =-0. 0027ET + 2. 8647ET - 127. 91.
W ater productivity isdivided into three different development stages according to the changing rule
of water use efficiency and the relationship betveen yield and water conamption. W ater
conamtion being less than 217. 66mm is identified as the first stagewhen yield riseswith the rise
of water conamption, and productivity rises gradually at this stage. W ater conamption at the
second stage rises from 217. 66mm 1 530. 50mm and the yield still rissswith the rise of water
conaumption, but the range of rise reduces The productivity rises slowly. W ater conaumption at
the third stage exceeds 530. 50mm and the yield reduceswith the rise of water conaumption

N egative rise occurs and productivity declines The analysisof wheat irrigation production function
under typical irrigation systam indicates that the best point of irrigation efficiency of wheat is not
the highest point of utilization ratio of water or the highest point of yield. The best point of
irrigation efficiency of wheat is decided by the principle that marginal revenue is equal o the
marginal cost. W hen marginal benefit equals marginal cost, net incane of irrigation of wheat is
the biggest The maximal net income is4816. 49 yuan/ha, and irrigation water is 265. 00mm at
this tme. Camparedwith the irrigation of themaximal yield, it saves17. 85mm of water . M aking
rational use of wheat water irrigation production function and its regularity can realize the better
unification of water-saving, high-yield and high-efficiency of wheat.
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