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Simulating Effects of Nitrogen on Leaf Area Index of Cotton
under Mulched Drip Irrigation
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2. College of Agriculture, Shihezi University, Shihezi 832002, China)

Abstract; In order to investigate the dynamic relationship of cotton between leaf area index (LAI) and
accumulated total production of thermal effectiveness and photosynthetically active radiation (TEP) , plot
experiments were conducted with Shiza2 cultivar and Xinluzao43 cultivar and four nitrogen levels were
imposed. The dynamic changes of LAI and TEP of the whole growth period in four nitrogen levels were
quantificationally analyzed according to normalization process, and relative LAI ( RLAI) and relative TEP
(RTEP) were dynamically simulated using the Curve Expert. The results indicated that eight analog
models showed a better fitting effect and the rational function model which had strong biological
significance and a high determination coefficient ( R =0.895) can be more accurate to describe the
cotton LAT dynamic correlation than others. The model was checked out with five nitrogen levels from
field tests and three different ecological points separated with the high-yield field trials, the verification
results showed that the confidence a were 0.169, 0.077, 0.171; determination coefficient R> were
0.948, 0.964, 0.971; consistency coefficient CC were 0.987, 0.991, 0.989; relative error RE were
6.493% , 4.371% , 7.540% ; root mean square error R, were 0. 188, 0. 143 and 0. 227 m°/m’. The
results indicated that the RLAI dynamic model based RTEP description can accurately reflect the dynamic

changes in the cotton groups. Further analysis of the effect of regulation and control of cotton groups LAI
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characteristics parameters of different nitrogen levels showed that the nitrogen usage amount affected the

whole groups LAI dynamic regulation, especially the mean LAI; maximum LAI and ratio of the two

characteristic parameters.
photosynthetic characteristics and the production.
Key words; Cotton Leaf area index
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Tab.1 Soil nutrient at experimental fields
) . A LB i L SR i L RO BT L KR B L s
FH Wi E0 . . . . HE/(goem ™) pH i
/(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™")
\ ) 2010 29.63 +1.02 37.91 £1.07 19.83 +£3.24 518.25 £50. 31 1.28 0. 12 7.6 £0.19
I 1 R X
2011 25.46 +0. 82 39.72 £1.32 21.16 £3.20 533.01 £42.58 1.28 0. 12 7.8 £0.27
2 sy 2012 16.29 +0.97 42.35 +£1.49 35.80 +1.26 219.02 £34.25 1.22 +0.09 7.1+£0.21
105 26.35 +1.04 38.72 +1.13 22.13 +2.05 313.42 £41.22 1.27 +0. 11 7.7+£0.19
iRE 3 149 A 2012 16.62 +1.33 42.75 £1.45 20.98 +2.40 232.54 £14.20 1.30 0. 07 7.5+£0.14
150 [ 15.27 +1.21 44.68 £1. 16 19.67 £2. 19 219.42 £32.44 1.34 £0.13 7.5 +0.24
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Fig.2 Changes of relative LAI in different nitrogen levels for cotton populations with relative TEP after emergence
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Tab.2 Dynamic models of normalized relative LAI in cotton
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3 y=a+bx+cx2 -2.3289 8.1709 -5.0072 0.844 " © a 0.909 8
4 y=exp(a+b/x+clnx) 4.5923 -4.7651 -6.0897 0.817" " 0 — 0.8886
5 y =ab"*x* 327.570 1 0.0026 4.768 3 0.815* " 0 — 0.8617
6  y=a/[l+exp(b-cx)]"? 0.9354  5.3552  12.2703 1.0238  0.787°" a 0.0049  0.9344
7 y=a/[1 +bexp(-cx)] 0.9319 6455.5965 17.8877 0.783* " a 0.004 7 0.934 6
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Tab.3 Parameters of optimal model for relative LAI under available nitrogen in soil during experimental seasons

} B ENE R/ ERIE RO Y R e PesE B
LSV (VS . . . )
(kg-hm %) H&/(kg-hm™?) H/(kg-hm™*) a b ¢ d R
NO 0 97.04 97.04 -0.0980 0.7010 -2.2602 2.0079 0.960"*
N1 150 97.04 247.04 -0.1203 0.7789 -1.9674 1.6657 0.957"°*
SZ-2
N2 300 97.04 397.04 -0.1214 0.7794 -1.9747 1.6794 0.977""*
N3 450 97.04 547.04 -0.0766 0.5385 -2.3776 1.9862 0.941"°
2010
NO 0 97.04 97.04 -0.0949 0.6824 -2.1924 1.8971 0.939""
N1 150 97.04 247.04 -0.0958 0.7126 -2.0084 1.6800 0.893"*
XLZ - 43
N2 300 97.04 397.04 -0.0742 0.5905 -1.8369 1.3902 0.944"°
N3 450 97.04 547.04 -0.0730 0.5746 -2.0429 1.6031 0.971"
NO 0 101. 68 101. 68 -0.1187 0.7983 -2.1435 1.9316 0.951""*
N1 150 101. 68 251. 68 -0.0579 0.5024 -2.1682 1.7266 0.933""*
SZ-2
N2 300 101. 68 401. 68 -0.0983 0.7042 —1.8242 1.4772 0.955"°*
N3 450 101. 68 551. 68 -0.0518 0.4789 -2.1754 1.7043 0.973"°
2011
NO 0 101. 68 101. 68 -0.1139 0.8024 -2.1611 2.0009 0.944"°*
N1 150 101. 68 251. 68 -0.0600 0.5216 -2.2185 1.7934 0.950"°*
XLZ - 43
N2 300 101. 68 401. 68 -0.0928 0.6774 -1.9273 1.5774 0.965""*
N3 450 101. 68 551. 68 -0.0778 0.6248 -2.1079 1.7377 0.978"°
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Fig.4 Comparison of LAI between simulated and observed values of cotton

(a) 2012 4E55 i F—43  (b) 2012 447242

(c) 2012 4E 3 A~F13% (105 B3 bl F.— 48 149 F 1 4

07 —21,150 A H BE-71)



%2 1

BN AF o GE X BT T AR 8 T AR A

85

2.5 fAXHE LA B T U HES 4 SERM A
2.5.1 ARG N5 LAL, %R

LT, J2 0 T 1 J5 kT 4k BB 3 010 47 o5 1 95
B 2 ARRAE R LAL, 5 N KPR T KGE
IS RO 2 N B R B K AT, X

B (B S) UL R N5 0 A8 1A i - T
FRIGH LAL, WK . AT 0L LAT,, 2 4 g A B 7
PREIOL G ) i B 2 . {HAE TEP H—E /)
THOLT il N A 2 B B8 2 X AR AR LAT,

7E AR RIS
46r a6
T y=013422+08615v +29118 " y=-02051x2+ 115075 +2.5724
e aaf =44t
EMT R=0987 - 4 R=0976
E4o} J T~ E4af -
& R Z
3z 40F , B 4.0F V74 \
[ < /
Essf =38t / \
£ £
R3sp, R36f
P Y| S = S
70150300 450 3470150 300 450
MEEAC A (kg-hm ™) M EUE R (kg-hm ™)
(©) ()

FlS 2010 #2011 4EAN ] N 240 BRARAERE (R LAL,, 722 1l %5

4O )=-01451x2+09087v+2.9218 _ 4T = 0,0983c2+ 06502 + 32683
) «a
E44F 52 '=44F o
o R=0965 - - E 44T R2=0.942 <.
§4.2 I N Eaof , /
=40 9z 40} /
= &
E3sp E3sp,
K36}, 236t
= @;

M=% 340150 300 450

T B /(kghm™2) I i /(kg-hm™2)
(@) ®
Fig. 5
(a) 2010 4E 77 22=2  (b) 2010 4F bt - 43
2.5.2 Al N & 5B LAT Jo H 5 LAT

FRENESA

TEAR % JE & Rl 1E] 22 53 09 1% 40 T, ¥ 2010 70
2011 X5 4 A N 2 b OB BT 08 i 1 18
BEPR RLAL, S Bk s S 93+ 07 ik 18 R A it
N & A A BEARSE 1 LAI ( Mean LAI,MLAI) .

Hil& 6 T LA M 48 4 & 0 MLAT K 5
LAL, (9 HLAE 3 G N 35 0728 4k B 8, Horp MLAI
Bt N A 5L YRR B 3 B e (18] 6a) s MLAI
Y5 LATL,, B LE AR U B A N R S 9t
(K 6b) oyt AT WL, A ] it N %) MLAT &% H 15
LAL PO AR MR A R o X 7840 ST N £ 3
S35 T RR AL TE R 4 2 B 00 MLAT 3% K, A F) T &
B TE (A Az 7 9 0 A0 e, (R 5 e [R) f BR A T
MLAT 5 LAL, (%) HC R, DT B A0 6 48 3 s dme
WA P D S B, G R R N IR bR S
S8 35 A K I P i) A i, 3 XL OB AR B, 4 i
RN NGBS AT P A X (N 1F ALLL

A7 4 5 R
287 0721
iz
& =
£ 6k & [/-00075x2-0.0514x +0.7072
) ;—; 0.68} R*=0.984
Ty i3 )
o 24F =
‘E 5o | 770077107+ 04584x-+1.9872 2 064
& | R*=0980 =
207130300 2% s 060 —=—735300 %0
TR/ (kg-hm™2) I B/ (kg hm )
@ (b)
Fo6 ANE NZAIEMIERK MLAT 2 5

LAT,, A4l
Fig.6 Changes of mean LAl (MLAI) and ratio between

MLAI and maximum LAI in different nitrogen treatments

Changing trend of maximum LAI under different nitrogen levels for cotton in 2010 and 2011

(¢) 2011 4F A 7%—2  (d) 2011 4F 3Bl - 43
3 it

3.1 % LAI BB S 47

ASHIEFE AN TR it N ) A 4 30 42 45 e 5 6 AR
BUEZS 7 M IR FX 2 A 05 T AR FE 1A LAL 3l
AL B IAR AR Bk 5 6] 29 56 22, IR AL T B S
WAL ZOR R N K AL BEAR AL LAL | TEP
9 g 30, RLAT AF & A B 7 Bl Xy = (a +
bx) /(1 +cx +dx”) M AL BLAE, 35X 78 43 10 W1 47 L )y
% R AR 7 4 At % 0 A6 A 6 b T B B sh A s kT
[l 2 A58 Rk HAT 2 b B TR A 45 I, AR
Sz 5 S R AN B AE S Z N 1 5 T,
FUHG HVIE AR AL 8 A A 0 9 A — I B B AR T
LT 5 O o A AR AL LAT (9 A8 Tk sh 45, A AE f
JoiC v 288 i 7 B A RS AR A
3.2 PA—EMERAREZERILEFE LAIRE f

H9 Bz A

TERE ST BOR it B vp R — A T ik
XHAR A6 BE /& LAT 1 TEP 3 47 09 — b b #8, £ 57
RLAT 5B RY TR T 4 49, TR Ak 731580 76 1 e A
€ LAL 3 &5 ¢ R F, % J& LAL 55 PAR Il RTE 3¢ f1
Z IS A, RV TEP R T T4 46 K I 56 85 1% 52
A TR0, TEP FIAR A K R 5 A R 46
P, 2% R I E 0 A BH 8 5 AR A6 A K R R TEP
P8 1 22 B S A AR LAL 2l 25 K07 RE % B o 3t 11
AR AEAE — A K By Be iy MLATL 2 500 & MK 1 2
0, BEAR g i s e - Ty RO I e A DL BT A% R X
AT )5 ) o
3.3 AR N ZAEXHMAEREE LALMLALI kK &

LAL,, =30 i

LALJEARAE T UK B B 1 o 28 8 (L A8 AR, LR



86 & ol HLOM ¥ R

2015 4

R % R AE RO & RE ST A B P R R
B Z5AE Al 5 FR AR T80 A AL i T R SE ) B
SHME ., A HFFF T, R RLAT 3 25 4 7 A L
A S LAT 93 258640, 308 Bl A 5545 40 BE K O &
1 MLAT %5 85 25805 0 MLAT B3 K, v] 42 i - 43
Ve A T2 R TE — S TR b R A ) T A
AN E IR R A PRI AR B W, R
(3 N X A6 B A T LAL B oA B 0 9
BONE, LAL B3 N 389 0 1 489 K5 fHOR i N At £
it NI LAT 768 75 5 1T o B AR X e s &k
9 MLAL A1 LAT, Bt N 4 B0 38 i i 38 K, i
MLAL/LAL, W0 GG N 38 0 i sl /s o 3 B N
R TARAERECR P 5 A P K (EL R R T X ek
AEFEW T SE B, PR, O R A NORE W R A
e B T3, JE K R i ORI il 45 25 R A6 TRE 1A
A PERE , R A8 7 2 W T LA AT A A8 2
BIG IR E 2 a7 .

ABFFALLE A A N % b B4 1 F %) A5 26 B 1K
LAL 5 TEP 2 [a] ) 3¢ 22 555 89 3k 77 00 25 B iF , (AR 45
A K 32 K AT, B R R A% 0 45 1 it 10 5
Wi, DA B 3 A R 4 A S R TR 2 Rl
L34 TR B B 114 125 S8 A A K A TR T 5 gk — 2B 5T
SR, W Ah, 8t £ A Gk B, R S S A

FEA 7 1 FEATAE — Ak 1 [ L, o 300 0 1 AR )
AL R AR 8525 5 B ik 8 301 I 309 O R TR MACR , 46 20
WL v 2K X LAT BEAT Ak 27 R 45, Bl LAT 1 e i
PR T LA 2% T A A6 A= T A A RS 30 e i AR
(TR BT L AR Ry T ik S LR O
SRR AL A B R A

4 it

(1) SRAI TEP A2y 3 748 4, F A —fb 05 ik
ST RRAERE/R RLAT 5 RTEP f3h AU R, I F
PR Al o A Y AT A 3, 45 SR R T R A
F8 RS AE T AR RO DU Y RE AR 4 3t 0 A AE 1T T
B e

(2) KM TEP AL 36 1A A6 1 1 A 8 K0
PO R AR , 00 E e R 1T AL AR E R 22, 2O
Ty AR I R 50 SRy B, 2 = 1 T BR i
JE .

(3) FIFA T N Z AL BEE M AETHE AR LAL $3AE
Z R0 RO B BIF 5T 45 R R N it R AR AE
LAL Zh 25 BA J AR AT, JUHE MLAL (LAT,, RO =%
14 LB 25 B SRR AR 2 306 N3RS 85 8K
I N P T S o A R R AR I RO 5 A
P e e A B bR

2 % X W

FoB, AW SRR TR LA A AR T B A SRR R R[] R AR A R 2014, 45(2) ¢ 137 - 144,
Wang Xin, Diao Ming, Ma Fuyu, et al. Simulation of leaf area, dry matter production and accumulation of processing tomato with
drip irrigation[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(2) . 137 —144. (in Chinese)

A e X B, 2R, R ORI T B AR Bl AR IR S BRI A g i N [T] . /R4 4 2010, 37(2) : 321 - 330.

Li Xiangling, Zhao Ming, Li Congfeng, et al. Dynamic characteristics of leaf area index in maize and its model establishment based
on accumulated temperature[ J]. Acta Agronomica Sinica, 2011, 37(2): 321 —330. (in Chinese)

Kalt-Torres W, Kerr P S, Usuda H, et al. Diurnal changes in maize leafl photosynthesis. I. Carbon exchange rate, assimilate
export rate and enzyme activities[ J]. Plant Physiology, 1987, 83(2) . 283 -288.

Maddonni G A, Otegui M E, Cirilo A G. Plant population density, row spacing and hybrid effects on maize canopy architecture and
light attenuation[ J]. Field Crops Research, 2001, 71(3) ;183 —193.

NG R, EEELE. BEATHRRLE S RIER S ER[T]. EY 4 ,2009, 35(6) :1097 - 1105.

Sun Rui, Zhu Ping, Wang Zhimin, et al. Effect of plant density on dynamic characteristics of leaf area index in development of
spring maize[ J]. Acta Agronomica Sinica, 2009, 35(6) :1097 - 1105. (in Chinese)

MR, E R, NG E LA M AR B T ARE B S S AR [T]. ARAESA R ,2003,15(3) (151 - 154,
Zhang Huaizhi,Cao Weixing, Zhou Zhiguo, et al. A dynamic knowledge model for optimal LAT in cotton[J].
2003, 15(3):151 = 154. (in Chinese)

sk XS . MRS PR LAT SIS p @ SR IR [ T]. fE4 23R 2007, 33(4) :612 -619.

Zhang Bin, Zhao Ming, Dong Zhiqgiang, et al. Establishment and test of LAl dynamic simulation model for high yield population
[J]. Acta Agronomica Sinica, 2007, 33(4) :612 -619. (in Chinese)

Versteeg M N, van Keulen H. Potential crop production prediction by some simple calculation methods as compared with computer
simulations[ J]. Agricultural Systems, 1986, 19(4) . 249 —272.

Marcelis L F M, Gijzen H. A model for prediction of yield and quality of cucumber fruits[ J]. Acta Horticulturae, 1998, 476 . 237 —
242.

Cotton Science,

10 Marcelis L F M, Heuvelink E, Goudriaan J. Modeling biomass production and yield of horticultural crops: a review[ J]. Scientia

Horticulturae, 1998, 74(1 -2).: 83 - 111.



%2 1 BN AF o GE X BT T AR 8 T AR A 87

1L B, BRfE K, S50, 55, B B RARE 7= a0 Ok BUE B SR 5 A S E T RER MR S]] A4S
42,2009, 20(1) :135 - 142.
Hou Yuhong, Chen Chuanyong, Guo Zhiqiang, et al. Dynamic characteristics of leaf area index and allocation characteristics of
ecological resources for different yielding spring maize populations[ J]. Chinese Journal of Applied Ecology, 2009, 20(1) ;135 -
142. (in Chinese)

12 AW e, P TAL, 4. R S TS i AU BOB S I R [T ], i AR 3522 4%, 2008, 19(10) :2277 - 2283.
Diao Ming, Dai Jianfeng, Luo Weihong, et al. Simulation model on the formation of greenhouse sweet pepper leaf area index[J].
Chinese Journal of Applied Ecology, 2008, 19(10) ;2277 —2283. (in Chinese)

13 SRAZM, B AR BRI F . MRAETE 25 5 AR A0 T BRI O RS R [T ] AR AE 524 ,2004,16(2) .77 - 83.
Zhang Lizhen,Cao Weixing, Zhang Siping, et al. A simulation model for morphogenis and LAI in cotton[ J]. Cotton Science,
2004, 16(2):77 -=83. (in Chinese)

14 B35, % Par, it e, % A R BUEBHR % 3K Db g 3R 5 T W 5™ &[], Rk T4, 2005, 21(12)
131 - 136.
Li Yongxiu, Luo Weihong, Ni Jiheng, et al. Simulation of leaf area, photosynthetic rate and dry matter production in greenhouse
cucumber based on product of thermal effectiveness and photosynthetically active radiation[ J]. Transactions of the CSAE, 2005,
21(12) ;131 = 136. (in Chinese)

15 (RAfE, BRF 47 BB, 55 TR P BUA UL = 2 TUR SR K [T ] Rk T2 24 41,2009, 25(5) 1192 - 196.
Ni Jiheng, Chen Xuehao, Chen Chunhong, et al. Simulation of cucumber fruit growth in greenhouse based on production of
thermal effectiveness and photosynthesis active radiation[ J]. Transactions of the CSAE, 2009,25(5) :192 —196. (in Chinese)

16 Wang Lunche, Gong Wei, Ma Yingying, et al. Photosynthetically active radiation and its relationship with global solar radiation in
Central China[ J]. International Journal of Biometeorology, 2014, 58(6) :1265 — 1277.

17 Monteith J L. Climate and the efficiency of crop production in Britain[ J]. Philosophical Transactions of the Royal Society B:
Biological Sciences, 1977, 281(980) : 277 —294.

18 Thwi e, W TR RS, S5 ARALAE B ) R B e A R R L S [T ] A= 3524 4 ,2005,16 (4) + 626 - 630.
Ma Fuyu, Cao Weixing, Zhang Lizhen, et al. A physiological development time-based simulation model for cotton development
stages and square-and boll formation[ J]. Chinese Journal of Applied Ecology, 2005, 16(4) : 626 —630. (in Chinese)

19 iy, BRJE SC, AR, 45 AL SRAR H AR R BB S A MBT R [T]. FAE~#4R% ,2001,13(5) :300 - 303.
Yu Yu, Chen Guanwen, Lin Hai, et al. Research on the change of leaf area index ( LAT) in north Xinjiang [ J]. Cotton Science,
2001,13(5) :300 -=303. (in Chinese)

20 A EER WAL BRA AR, AE. IRERHEDIAE A T AR BN AL RIS (T]. P E R ,2007, 40(11) :2569 - 2574.
Yang Zaigiang, Luo Weihong, Chen Fadi, et al. Predicting the leaf area of standard cut chrysanthemum in greenhouse[ J].
Scientia Agricultura Sinica, 2007, 40(11) :2569 -2574. (in Chinese)

21 BT BRuK G SRERY SF . R R XA R G A AR AR T e S AR B R B LT ] TR X AR BT ,2011,29(2)
40 —44.
Luo Xinning, Chen Bing, Zhang Jusong, et al. Experimental study on water saving technology of pepper under furrow irrigation in
ridge culture with full film-covering combined with water-holding agent in arid area[ J]. Agricultural Research in the Arid Areas,
2011, 29(2) :40 —44. (in Chinese)

22 BREE BB HRIRGE. ARy R SR g E Rk R m T a [T]. ARk ,2007, 33(10) 11674 - 1681.
Zhang Bin, Zhao Ming, Dong Zhigiang, et al. “Three combination structure” quantitative expression and high yield analysis in
crops[ J]. Acta Agronomica Sinica, 2007, 33(10) :1674 — 1681. (in Chinese)



