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Evaluation of simulation models of spring-maize leaf area and biomass
in semiarid agro-ecosystems
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Abstract By using the Modified Logistic, Log Normal and Modified Gaussian simulation models, dynamic changes in spring-
maize leaf area and biomass in semiarid ecosystems under field and film mulching were evaluated. The results show that the models
can simulate dynamic changes in spring-maize leaf area and biomass for both field and film mulching in the entire development
stage. However, the effects and precisions of the simulations are different. The Modified Logistic model is suitable for leaf area and
leaf biomass simulation under field planting,and only leaf biomass under film mulching, but not suitable for dynamic changes in
leaf area under film mulching conditions. The Log Normal and Modified Gaussian models can commendably simulate dynamic
changes in leaf area and leaf biomass under field planting and film mulching conditions;their predicted values are similar to ob-
served values,but the Log Normal model is more useful because of its fewer parameters and specific biological meaning. Modified
Logistic model has been widely applied to biological domain, which describes dynamic biomass processes. But Log Normal and
Modified Gaussian models primarily simulate leaf area and leaf biomass, which offer optional approaches for simulating dynamic
changes in leaf area and biomass.
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LRAET Y 45 BB XT ¥F Log Normal 32 & Fl Modified
Gaussian A8 % ] T~ - T AR A 0 2R ) 2 A9 8L L R
A—EREEX,

1 HARERBERSHARTZE

M ] i % T 2004 4F 4 ~9 A 7E 5 { B 2 Bk
FIEBIK L AR 57 BF 5% B B AL R AE 25 3 06 ol BE AT,
BHL R T R, FYRE8.4C, A
BIERE -9.7C(1 A), &&mA M| 23.7C (7
A), = 10°CHERIR 3 232°C , 4 Fr 4F A I T 22 46 a1
WAETRLOW,. EMZWHEZEW, FYHEW
®437. 4 mm, Hp 6 ~9 A pBEWE LS LE
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Tab.1 Basic properties of experimental soil

i 2R yen wom.y | B
Layer Total N ¢ . 3 . Organic matter
- +kg” +kg~ -
(em) (g-kg l) (mg-kg™') (mg-kg™') (g kg 1)
0~20 0.43 8.97 10.01 5.2
20 ~40 0.41 7.27 4.88 4.6
40 ~60 0.26 6.91 3.54 3.1
60 ~80 0.23 7.14 2.29 2.5
80 ~ 100 0.20 7.13 1.79 2.3

ABEFEAR I L BRI 15 SL A& M R al S
A By 3 R g B AL, BB IE /Y B 8
(Logistic) 1 %1 | %} %1 IE 75 ( Log Normal ) & 21 Fl &
1E B9 & 87 ( Modified Gaussian) B . £ #HL ) Logis-
tic 5 BUAR 0 b AF & Hih Mk ok 22 B 0 TE AR A b 4R AR
o, AR EHELRE, LAESBEATHT
HE RS SR, FEEY M IER TS
TEAERL bR T3 45 18 U RO BRI
THEREHDEEABEL, WEGTRIE AU
BRR . A LI A Logistic 1 IE L T X it i F1
AT THEY, KA GTR 1, Hp y KR
AR, e R R RE, yoaboc RRFFE
S8 A ENL M DPS3. 11, R lI & 5 ¥ ik
BE TR

3 280 # Log Normal BA I iy 2k A8 74 L J7 72 2,
WA a.b.x, AFFESE, K SH o 1R
Bt TERRE,x R4 HAREHTEEIRK
EREFEHRE. 28 a5 2 WEHEFWNT .
2 AL E, s AR KRE 0,48
BREARKEL, B In(x/x,) =0 B, FEARKE
a, WHLR Y x=x, B,y BEKRMEN oo R, 74
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Tab.2 Effects of film mulching on growth period of spring maize
Wi H H#( H-H) Date( month-day)
Trem 04-22 04-30 05-07 05-22 06-06 06-22 07-06 07-21 08-05 08-22 09-03
e R
Days after sowing(d) 0 8 15 30 45 61 75 90 105 122 134
B e 12 14 1 FiE ; i N
Field planting w - i 4 8 it WA B 2 R B itk 2
B pwmm omw 2w oenp O MM UM e weem mam wem

Film mulching planting

WHWM W

2.1 Modified Logistic #2157 F

FI I Modified Logistic £5 %5 41) 5% 3 71 78 IR 5% 1
TEERTEROSIEZL(ES) BRI IR
WS MR 6, BEHARIL TR R® 7 0.998 7
(P<0.000 1), BB HFREN R H0.969 7(P =
0.001 7) , 7E 5% i F0 B IR 4 A1 T H O R 13k iR R & K

3, ULBAFE B AR 1B DL F 89 J7 Re 3 B — B A ME, IF
HEBmsElr mila BRI TR 2.
46 416. 872 2

(17. 115 8-0. 389 427x+0. 001 947x2)
€

y = (5)

1+
42 015.754 4

(16.280 1-0. 414 344x+0. 002 228x2)
e

- (6)
1+

%3 Modified Logistic BB FEERMHERBSHER

Tab.3 Simulated results of Modified Logistic in spring maize leaf area

FEH1FL BE Field planting

B E# 3 Film mulching planting

28
Parameter SHE SE P SHE SE P
Parameter value Parameter value
Yo 46 416. 87 1845.32 0.000 01 42 015.75 4393.73 0.000 7
a 17.115 8 1.690 5 0.000 5 16.280 1 5.048 3 0.0321
b -0.389 4 0.040 8 0.000 7 -0.414 3 0.130 6 0.033 8
c 0.002 0 0.000 2 0.000 7 0.002 2 0.000 7 0.0330

Modified Logistic #3 #Y 28 #h fl 78 IR & £ K 1
T AR UL G185 52 W0 59 X B 43 3 DL Il 1a FIE] 1b,
HE LR, EEMRBEREMAT, FERLEFH
TRUGESERSGRYERERS B8 RRIE
MEEREKKE , FH X AR E LA KT E
B, RANTEARRE TR B EEE KM EH

AL E R 3 R ZY, Ho 3k B s kT AR E AR E B
LA S E SRS RMEERR, DG HERR
T FRAE B SEBR{E /. ) Modified Logistic £8 %1 )
EEMMBERE ERMTAEY RSB
ROHINFER 4 K 2a F1E 2b, BHABEEREEE
Kt F 4R RS EAITEREN R® 43514 0.9951
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0 0.9913, 77 R K 8. 3 7K F (P <0.001) , KB
TRBEBES T AT AL TER SIS
it 7R, HER R s SR T B AR s . (B

—o— FEHFRIEE W EZ(H Observed value of field planting

& L% , i Modified Logistic 7% i 4 5 B B Ak 33
U R B TE R AR T X M AR ) B I AR U3
SR T8 i T AR A BRI

-0 - - B EBRFE M EZME Observed value of film mulching planting

—o— Logistic ##I{H Logistic simulated value

—&— Log Normal #2218 Log Normal simulated value
—— Gaussian ¥HU{E Gaussian simulated value

45000 -

- - -0 - - - Logistic ##{H Logistic simulated value

45000

- - -A - - -Log Normal #4{8 Log Normal simulated value
- - -x - - - Gaussian B{E Gaussian simulated value

© e,
g a ao000f ° SRR m
o, 35000 35000 ~ YT
é I;« ~-. :‘a
s 30000 b 3
S 250001 25000 55‘ AN
g 20000 / ~!" N
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B 15000 J v
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5000 ., ‘;’:ﬁ’
1 1 1 1 1 I 0 ‘ i 1 L L L L L '
30 45 61 75 90 105 122 134 30 45 61 75 90 105 122 134
PG R Days after sowing (d)
E1 RMMBESEEEAHEAR EREMNESZNEREER
Fig.1 Comparison between the simulated and the observed values of the three models of spring maize
leaf area for field and film mulching planting
% 4 Modified Logistic IRB EERMHEMEMUEER
Tab.4 Simulated results of Modified Logistic in spring maize leaf biomass
B H R 1S Field planting B E# 3 Film mulching planting
E 23
Parameter ZHH SE P ZHH SE P
Parameter value Parameter value
Yo 4179.41 209.302 0 0.000 04 4 156.07 192.543 6 0.000 03
a 18.253 1 3.1322 0.004 3 15.0213 3.384 3 0.0114
b -0.3927 0.070 9 0.005 2 -0.3614 0.083 1 0.0122
¢ 0.001 8 0.000 3 0.006 3 0.001 8 0.000 4 0.0142
—o— FEHAR IS EZ{H Observed value of field planting - - -0 - - EERREEMEZ{E Observed value of film mulching planting
—o— Logistic ##{H Logistic simulated value - - -o - - - Logistic ##I{H Logistic simulated value
—a— Log Normal #2418 Log Normal simulated value ---A--- LogNormal ##J{f Log Normal simulated value
4SOOTX_ Gaussian #E#I{H Gaussian simulated value 4500 %" Gaussian ¥IU{H Gaussian simulated value
o b Ao oh
g. 40001, 4000 - ) ,§_"_:,;- Ty it o .
L L .2 A
g 3500 3500 i -X
v 3000 3000 - e
< /i
£ 25001 2500 - }'
& 20001 2000 o
= 1500F 1500 7
il ’
= Looof w00 g/
§ R4 U
H 5001 500F Lo,
= 4ar”
0. 1 1 1 1 1 ] “ ’ 1 1 1 1 1 1 1
30 45 61 75 90 105 122 134 30 45 61 75 90 105 122 134
1P G R HL Days after sowing (d)
EH2 BFHNBEEREEERAHEYEI RERNESTNELR

Fig.2 Comparison between the simulated and the observed values of the three models of spring maize leaf

biomass for field and film mulching planting
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2.2 Log Normal #3855
FEKMERZEE AR S B, FHZL

5 Log Normal B & JL B AR, ¥ Log Normal #E#5|

AFEARMNERABELIT, EWEERIEL S,

B R EAERITFRE R® 59 0.981 8(P <0.000 1),
BE Fok ot BRI R R* 9 0.943 8(P =
0.000 7) , AR BEM BEKT, &SRB HEEE
IR, BB AR B AT T i T AR s S AR AR A

%5 Log Normal BRAEXMHERLALER

Tab.5 Simulated results of Log Normal in spring maize leaf area

BEHLFR 1S Field planting

B EF 3 Film mulching planting

E 23
Parameter SHH SE P SHH SE P
Parameter value Parameter value
a 44 201.76 1 891.64 <0.000 1 43 714.21 3132.98 <0.000 1
b 0.328 9 0.022 5 <0.000 1 0.336 4 0.033 6 0.000 2
%o 96.535 8 1.683 3 <0.000 1 85.577 0 2.452 8 <0.000 1

Log Normal 27 () 2% o W] H & R Bt F £ K
I Ve ) 0 0 U A, o TR TN B % 0 AE Y A
B, 3 RASHBE B R R o Log Normal BRI &
FEKMEAE S LA X I 1, dlE 1
A, TE B A0 B B R % 45 5 T, Log Normal 2
BB L& T ARSI R R A 5 B R
FEAMN IR LB a8 EE S K E
W& B, B A BIRUR LT Modified Logistic £
T, i B Log Normal #5775 52 8 £ K i T AR A A=
Yy & A A6 J5 T B A B R L R R

Log Normal E R0l & 5 ML N B & oK it £
BRI FINE 6 & 2a MK 2b, FREH,
BB ELET AL RYRE, R 55N
0.979 0 1 0.965 1, F ¥ HE WK B EKF (P <
0.001) , £ S5t ikt B E KT, 55X r i FR A AL
WECRAR, TR EBREHT , B RER &M
T, Log Normal fy 45 45 5% 550 W 45 R EFH W
&, AHE L] Log Normal &2 FE ALY K it £ Y &
AR AL T 1 B A — R B R

%6 Log Normal KEIEERMHENEUSER

Tab.6 Simulated results of Log Normal in spring maize leaf biomass

FEH1FL BE Field planting

B E# 3 Film mulching planting

Parameter ZHH SE P ZHH SE P
Parameter value Parameter value
a 4 240.464 4 189.781 5 <0.000 1 4 295.666 6 220.579 1 <0.000 1
b 0.379 1 0.0390 0.000 2 0.443 1 0.048 4 0.000 3
% 107.790 5 3.547 4 <0.000 1 98.681 1 3.723 0 <0.000 1

2.3 Modified Gaussian 1% 8 g i F

55 45 5 b & & L, Modified Gaussian #& %l
WAFE MR, AR A A X — A
BRIEERMN TR RS, MUGRNE T,
GREV, BHEFRTEHBENTEN R K

0.999 2(P <0.000 1) ,78 5 F T oK v AR 0L 47 72
B R*50.971 6(P =0.001 5), F # #4ik k5 2k
LB S H WY AR B E K, W IZE R T

Xof it T AR Bl 25 AR A B AL

%7 Modified Gaussian R EEXHERYPELER

Tab.7 Simulated results of Modified Gaussian in spring maize leaf area

BEHLFR 1S Field planting

B EF 3 Film mulching planting

E 23
Parameter SR SE P SHH SE p
Parameter value Parameter value
a 41 979.95 468.387 1 <0.000 1 39 531.22 2 262.268 <0.000 1
b 33.030 5 0.396 3 <0.000 1 34.624 1 1.977 4 <0.000 1
¢ 3.699 2 0.206 9 <0.000 1 4.534 9 1.138 1 0.016 3
% 100. 150 4 0.295 6 <0.000 1 93.031 3 1.4159 <0.000 1
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Modified Gaussian # %l [5] ¥t BB Kl F £ K
HEROLAE, SSUEXYE, BRREES
BEZ, BT, EHFEMZE v, REE KW
HARERKE o MEHFMERIBJIEREFEEXR
i ARk B K {E 39 531.22 m” - hm 7, b 58 M 4R
B 7 d X B AR R RAE . AT LA 2k S SE
R X 4 B LB 1a FIE 1b, 7E 5 Modified Lo-
gistic A1 Log Normal 8l 5l £k b )5 K L, 75 Hu £k
B & T Modified Gaussian X % 5 Modified Logis-
tic Bl Log Normal 5 % i 4 0L B0 SR #H 24, jh £k
7 Ak B AR A AR B, 6 B X BR M R OK L 3X 3 AL
T AL AU i T AR 30 25 J7 T A9 2 RE AR O 5 78 B SR
£ ,Log Normal # %4 1 Modified Gaussian & %4

AR SRR I O G T Modified Logistic A2 7, [ i,
Log Normal #& %Y FI Modified Gaussian & % 7£ i F§
EEAEEE,

Modified Gaussian 1 I ] & 58 b M 78 I F £ K
MHAEYEIHEZLER DA MR 8K 2a FE
2b, TS BRI IG TR R 4354 0.993 9
0.993 5, BB B EKF-(P<0.001), £
I LI E 5 &, Modified Gaussian & I A] DL AL )
MTFE AT T . Modified Gaussian £ 5 %
I e A ) R 7 Ak B AR L5 0 kT AR R A B AR B BK
RAHIE . B 3 Fh AR B X A AR ) B AY AR 40 45 R
PRI ,3 AR Y 2 REAR o AR U AR B 0
A, X 5% AR A BT

& 8 Modified Gaussian R EFEKXHEYEUSER

Tab.8 Simulated results of Modified Gaussian in spring maize leaf biomass

FEH1FL BE Field planting

B E# 3 Film mulching planting

Parameter E Sl SE P SHE SE p
Parameter value Parameter value
a 3 963.064 9 114.906 7 <0.000 1 4 003.790 0 100.369 3 <0.000 1
b 38.4215 2.215 8 <0.000 1 42.496 4 1.831 4 <0.000 1
c 4.682 1 0.768 9 0.003 7 4.954 3 0.662 5 0.001 7
X 107.842 7 2.097 9 <0.000 1 102.595 9 1.710 1 <0.000 1
3 N & wheat genotypes : Statistical analysis[ J]. Crop Sci. ,1995,

Modified Logistic £ %I § 1R 47 45 1 58 #b £ K if:
T AR K% 5 A oK i A W = gl SR Ak, (B X
R B 244 T T AR SR AR IIROR K 2% .

Log Normal #& %I #] Modified Gaussian 1% &I g R
Ui $ A AL R ot 0 B TR B AR 0 T R K T AR RN
A B A Sh A AL R, B DUE AN S PR WL AR AR
H L, {HE Log Normal I 2 ¥/ 0S4 4 W)
BB, HGE .

Log Normal # % #1 Modified Gaussian 1% % 7 1%
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