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. Gates' ! ; McMartrie
Wolf 2l - Walker [3] :
(2000) ¥ (2000) ! * Olson (1985)'®
Sharpe  (1985) " (CIM) ,
3 . ,
. CTM :
1.2
CTM , (W)
: ' (1)
(T) (H) (N) 4 , 2
> 6 ° Al l ] N
X . At N,
Pj, At At .
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Agt A
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A
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1 N s — ;A1 — ,
X3 — ;A — , M5 — , Ml — ;
Mo — . Mol — . , W— . 8§H) — *
1.3
CI'™M s :
1) ) t (t=1) ;
2) At P At ;
3) X b N ;
4) At , 0o I
, (G (A):
1 1
1 2 3 4 5 6
1 ~ (At A Ao 0 0 0 0
2 b — (Dot M) A 0 0 0
3 0 0 Ay Ay 0 0
4 0 0 0 © s A 0
5 0 0 0 0 - M 0
6 X1 0 0 0 0 A,
T(i= 1,2, -\ 6) i A , = [, M, . T
™= 0 (1)
6
ZT& =1 (2)
W= (M + X3)MadisAsi Mt/ D,
= M2Xsadas st da/D,
5= Moo as st Aa/ D, (3
W= M3l da/D,
T = Moo Asa s Aai/ D,
To = ( M2+ A3) Maa Ms Asi At/ D
(3) ,
D= MAshil( M+ M) Mo+ M)+ Model +
A2 o3 el Msdsi+ Madst+ M dus) e (4)
L4 ,
. (RGR) , .
ROR: 1 0= daTs— NeTi= dudisdo Ml hodaam (s dey) Nl /D s (5)

( )



647

GR: W= s dadal Mo den— (s dea) g W/ - (6)

, , N ,

)\16: GGW' (7)
(7) a6 N6 . W (7 (4) (5 (6 .

ld_u’/ 1- F1W.

W di = Fat FaW (8)

aw_ (1= FW)W

de ~ Fr+ F3W (9)
Fi1 F2 F3 3 s
_ Qe( X1+ A3)
Fl— )\12}\23 s (10)
NPT\ S T S E O
F2= I N D WD Vi W (11)
Fi
F;= . 12
3T (12)
(8) (9 *
(9) , :
~ (1= FiW(1)) }
Wit+ At) = [1+ Far F3W(1) At (13)
Wlio= W, AL, (13) .
1.4
CIT™M . N( £l
1) M2 N3 M Mss ) )
Mo= i, M= T, Ma= wH, Ms= whN-* (14)
I THN ,
) ( Jran 02 03 o4 ,
2) Fi Fy F3
(14) (10) (11) (12)
_a6( i1+ @T)
Fr= aro2IT ’ (15)
_ Ml 1 1 L
F2= ayaIT * (12T+ aH * N * M1’ (16)
s( X1+ ®T)
F3= 05 01+ GZT o (17)
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(15 (16) (17) . i Mt el

, (Olson, 1985)” Cs
Xi= 0.06 Asi= 4.5 dei = 0.12, as= 0.07~ 0.13+

) Wo, (t

1
(e}
L]

2.1

(9

o (1= FW)W

At = Fat FaW (18)
Wlico= Woe

w F3 - Fw
F2]IIW0— [F2+ FJ lnl_ FIWO_ t (19)

(19 , t .

2.2

F(W)= (1- F\W)W/(F2+ F3W), F(W)
F(W)

. Fo— 2F \F2W - F;F3W2.
(F2+ F3W)
F(w)=o0, ( ):

JF3+ FaFy/Fi- Fy
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F'(W ) <o, W= W  F(W) , W= W
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3.1
s 2 040 m
s 22% , 24 ( ) 3
20 , 21 g/m* 7 . 3% 4 m’ , ,
. 3 ;
( )4 ) .
1) : N s .
s 500 mm~ 550 mm, 400 mm~ 420 mm(
), 200 mm~ 240 mm*
2) : , .
(NH4) .HPO4 270g 175.5¢g; 180g 117 g;
Mg 585¢g; R N:P= 1.5:1 R .
3) : ,
. , 0 cm~ 30 cm, 30 cm~ 60 cm
) 5 5
; L]
2 .
2
(L) (M) (H) (1) (M) (H) (L) (M) (H)
1 1 1 1 1 1 1 1 1 1 1 1 1
T 0. 766 0. 766 0. 766 0. 766 0.766 |0.766 0.766 0. 766 0. 766 0. 766 0. 766 0. 766
H 0. 875 0. 875 0. 875 0. 875 0.75 0.75 0.75 0.75 0.58 0. 588 0.58 0. 588
N 0. 00 0. 793 0. 896 1. 000 0.600 |0.793 0.089 6| 1. 000 0. 690 0.793 0. 8% 1. 000
a; 0. 589 0.733 0. 786 0. 99 0.426 |0.692 0.917 0. 876 0.292 0. 367 0. 444 0. 419
a, 0. 662 0. 662 0. 662 0. 662 0.662 |0.662 0.662 0. 662 0. 662 0. 662 0. 662 0. 662
[¢5 0.910 0.910 0.910 0.910 0.910 10.910 0.910 ]0.910 0. 900 0. 900 0. 900 0. 900
ay 0. 87 0. 82 0.91 0.95 0.8 0. 89 0.86 1. 00 0.77 0. 65 0. 62 0.45
Ay 0.06 0. 06 0. 06 0. 06 0.06 0. 06 0.06 0.06 0. 06 0.06 0. 06 0.06
A5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
}\61 0. 12 012 0. 12 012 0. 12 0.12 0.12 0. 12 0.12 0. 12 012 0. 12
o3 0.0764(0.08 7(0.0707|0.070710.1265]0.1180]0.0919]0.0921(0.121 5{0.1306 | 0. 100 0 0. 96 4
g H) 0 0.26 0.33 0. 46 0 0.20 0.27 0.36 0 0.16 0.23 0.17
W, 0. 091 0. 105 0. 118 0132 0.080 [0.092 0.104 0. 110 0.076 0. 087 0. 0% 0. 084
3.2
1- F1 Wit
Wi+ At) = 1+Q—M'At'Wz 21
(t+ &) R (1) . (21)

Wi=0 = Wo,



650

(16( }\21 + (lzT)

Fi= oy aIT ’ (22)
i+ T 1 1 1 1
Fro= ————+ ——+ + + 7, (23)
a; IT T wH+ &H) wN
Fi
Fy= T 24
’ Xl (24)
F2 &H) ,
Vi- Vo
§H) =~ (25)
12
Vo , Vi 1 °
2 3e
3
F, F, Fy
0.145 1 7.014 7 1.208 8
0.1277 6.204 5 1.064 2
0.100 6 5732 0.8383
0.079 9 51125 0.6655
0.332 1 7.960 8 2.7674
0.190 7 6.360 4 1.5%9 1
0.112 1 5.761 4 0.9340
0.117 6 5430 1 0.979°8
0.465 3 9.436 9 3.8777
0.398 0 8.411 0 3.316 4
0.2519 7.645 2 2.090
0.257 3 8.300 1 2.14 1
3.3
, At= 1d,0<: <106d, 3 ,
2 4e 2
1.5 W4 1.0 w3 1.0
o w3 |~ LL —~
"51.0 ~ ]
Y w2 § g
o & 0.3 w2 0.5
$o.5 wl | ! w3
h - ~ ~ '4
Be w1 Y
0 0 k 0 LA
0 50 100 50 100 0 50 100
t/d t/d t/d
2 3 4
, W = 1/ F1,
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. . 3
4, . (
4)+
4
10X W/ 0.8918[7.8309[9.940 4 |12.5156(3.011 1 |5.2438|8.9206 (8503 4|2.1492 |2 512 6(3.998 |3.88 5
(g/m?)
f10.37 0.37 0.37 0.37 0.36 0.36 0.36 0.36 0.35 0.35 0.35 0.35
) 225.00( 289.74 | 367.79 | 463.08 | 108.40 | 188.78 | 321.14 | 306. 12 | 75.22 87.% |[138.94 | 136.03
G/ (g/m?)
G/ (gl m2) 256.19(290.01 | 363.55 | 465.72 | 107.93 | 189.16 | 319.46 | 308.05 | 76.07 8.15 [136.23 | 134.17
f , 6 .
1) .
CIM , .
. R. L. J. Olson rel .
2 o 2
CT™M S \
5 5
o o 2
2) ,
2 o o 2
° 4 ,
, L]
3) 4 : ,
463. 08 g/ m*; , \ 321.14g/m’>  138.94
2
g/m , ) )

B
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The Dynamic Model of Crop Growth System and Numerical
Simulation of Crop Growth Process Under the
Multi Environment External Force Action

LI Zi zhen', WANG Wan xiong’, XU Cailin’
(1. Departm ent of Mathem atics, Lanzhou University, Lan zhou 730070, P. R. China ;
2. State Key Laboratory of Arid Agroecology , Lanzhou University,
Lanzhou 730070,P .R .China)

Abstract: According to the biomechanic theory and method, the dynamic mechanism of crop growth
under the external force action of multi environment factors ( light, temperature, soil and nutrients
etc. ) was comprehensively explored. Continuous _time Markov( CTM) approach was adopted to build
the dynamic model of the crop growth system and the simulated numerica method. The growth rate
responses to the variation of the external force and the change of biomass saturation value were stud-
ied The crop grew in the semiarid area was taken as an example to carry out the numerical simulation
analysis, therefore the results provide the quantity basis for the field management. Comparing the dy-
namic model with the other plant growth model, the superiority of the former is that it displays multi_
dimension of resource utilizaion by means of combining macaoscopic with microcosmic and reveals
the process of resource transition. The simulation method of crop growth system is advanced and ma-
nipulated. A real simulation result is well identical with field observational results.

Key words: external force of environment; aop growth; dynamic model, numerical simulation



