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Establishment of morphology simulation model for above-ground part of
cotton plant
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Abstract There are three reasons for the increasing demand of crop models that build plants on the basis of architectural principles
and organogenetic processes. The first of these reasons is that realistic concepts of developing new crops need to be guided by such
models. The second is that there is an increasing interest in crop phenotypic plasticity based on variable architecture and morphology.
The third reason is that engineering of mechanized cropping systems requires information on crop architecture. Functional-structural
plant models (FSPM) are the best bridge to connect the function and structure of plant growth and development, which are the
tendency of future plant models. FSPM is a digital tool for crop growth regulation and variety design. With regard to studies on
cotton cultivation in China, an explanatory model of cotton growth and development (COTGROW) was developed and modified
based on the processes of the GOSSYM cotton model. The COTGROW model included meteorological, soil and other environmental
conditions and management practices modules. The objective of this study was to construct a virtual growth model of cotton with
eco-physiological processes. Field experiments with different densities of cotton cultivar “NuCoTN 33B” were conducted for
2008—2010 in Anyang (36°07°N, 114°22°E) of Henan Province, China. The experiment included five planting densities (plants-m™):
1.5, 3.3, 5.1, 6.9 and 8.7. Plants were sown on 18 April in 2008 (Exp. 2008), 26 April in 2009 (Exp. 2009) and 29 April (Exp. 2010).
Each treatment had three replications in a randomized complete block design. Five plants were collected for each replication at the
sampling dates. The soil was a sandy clay-loam, previously managed as meadow land. The plots were irrigated and fertilized to avoid
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nutrient and water limitations to plant growth. Weeds were removed by hand to avoid herbicide effects on the plant growth. No plant
disease, pest or stress symptoms were observed. Detailed observations were made on the dimensions and biomass of above-ground
plant organs for each phytomer throughout the seasons. Growth stage-specific target files (a description of plant part weight and
dimension based on plant topological structure) were established from the measured data. The relationship between biomass and
morphology of the above-ground cotton plant parts was analyzed and used to establish a cotton simulation model for above-ground
parts. This algorithm improved the development and morphogenesis modules in COTGROW. A preliminary model calibration was
carried out using the experimental data for 2008 and 2009, and the model was validated using independent experimental data for
2010. The results showed that the simulated values agreed well with the measured ones. Correlation coefficient (R) and root mean
squared error (RMSE) between the measured and simulated values of morphological parameters were determined. The determined R
for plant height, main stem node number, fruiting branch number, fruiting branch node number, internode length, internode diameter,
leaf blade length, leaf blade width, petiole length, petiole diameter, boll length and boll diameter were 0.99, 0.99, 0.99, 0.92, 0.95,
0.93, 0.75, 0.71, 0.81, 0.62, 0.98 and 0.98, respectively. The corresponding determined RMSE for the above parameters were 3.85 cm,
0.64, 0.52, 0.66, 1.00 cm, 0.15 cm, 1.58 cm, 2.39 cm, 2.54 c¢cm, 0.05 ¢cm, 0.13 cm and 0.10 c¢m, respectively. The results indicated that
the model achieved a good performance in simulating the growth processes of the above-ground parts of cotton plant. It was further
possible to build a visual plant model from the above model.
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1654 2012 20
4 -
57 54l
g 5
E 2
=2 y=2.274 9x024 23
2 R=0.9904 I
@ 227
m 1 kid y=1.394 2x+0.068 2
w - R =0.899 3
O L L L 1 ] L L 1 I
0 1 2 3 4 5 0 1 2 3 4
#5418 Boll biomass (g) 14 H4% Boll diameter (cm)
3 WMRERERENMERRKENKXER
Fig. 3 Relationships between boll biomass, boll length and boll diameter of cotton
[19]
[20]
COTGROW
1:1 R 0.99 0.99 3
099 092 095 093 0.75 0.71 0.81 0.62 > > >
0.98 0.98, (RMSE) 3.85 N
cm(n=50) 0.64(n=50) 0.52(n=40) 0.66(n=80) 1.00 > >
cm(n=100) 0.15 cm(n=100) 1.58 cm(n=500) 2.39 >
cm(n=500) 2.54 cm(n=500) 0.05 cm(n=500) 0.13 ’
cm(n=65) 0.10 cm(n=65)
3 Wig ,
it
COTGROW R
” R COTGROW
COTGROW
, Gossym
[16.18] 1:1 R

0.99 099 099 092 095 093 0.75



12 : 1655

¥k Plant height (cm) F 251541 Node number of main stem RAZEL Number of fruiting
- - branches
100 20 14
807 16
60 12 8
6
40t g
4
20} s ,
0 1 1 1 1 1 0 0 1 1 1 1 1 1 1
0 20 40 60 80 100 0 2 4 6 8 10 12 14
SRURATE Node number on il Internode length (cm) 9 [8) 4% Internode diameter (cm)
3
10- fruiting branches 12+ [
A X =]
8r > 10} IS + V.
8t & X+ 2+ ¥ =
6 & o x + o
A, T
o oo xn 6L 2 Y o+o
4+ & *A o +
o
+ o 4t o oF-3 Ir R
o 2x® + Ll % AuA -
= A /A t
> O L L 1 1 1 0 L L 1 1 1 Il 0 ! N )
T 0 2 4 6 8 10 0 2 4 6 8 10 12 0 1 2 3
z
3 - F K Leaf blade length (cm) M- $& ¥ Leaf blade width (cm) M4 1B Petiole length (cm)
o 24 _
?33 20 30
Ea 20+ 25+ x
o2 X
16} o & i R ° o QX
A x 16 + 201 A FS
12} 3 g & o
o b Aﬁ& 1 . a,
K 4P ® i x X+ x 24 15 5 mx@ X
sl X Q_X ° 3 L B4% o 0,
X Ad ° gl o ob * A% *
p X oF xx
r =) o
4+ 5F ,
0 1 1 1 1 1 0 1 1 1 1 1 1 O 1 1 1 1 1 1
0 4 8 12 16 20 0 4 8 12 16 20 24 0 5 10 15 20 25 30
06 A ELAE Petiole diameter (cm) o ¥ KB Boll length (cm) 5 FAHE1% Boll diameter (cm)
05 u 5 B o 4 |
04} 4t
ke O 3t x
03} A 2 3t
e 2t
02 & % ol
| o
0.1F o 1
% o1 02 03 02 05 06 0 0 ' : : ‘ ‘
102 03 04 05 0. 0 1 2 3 4 5 6 0 1 2 3 4 5
I 5E i Observed value

4 IRIERSEENEESENENILRESRIEAD 11 Hi)
Fig. 4 Comparison between observed value and simulated value of cotton morphological indices
TI:1.5 m?15plantssm? T2:33 -m>33plants'm % T3:5.1 -m25.1 plantsm™>; T4:6.9 -m 6.9 plants'm > T5: 8.7 -m > 8.7 plants'm >

0.71 0.81 0.62 0.98 0.98, (RMSE) 74(1/2): 113-149
385cm 0.64 052 066 1.00cm 0.15c¢cm 1.58 [2] Han J S. Plant simulation based on fusion of L-system and

IFS[J]. Lecture Notes in Computer Science, 2007, 4488:
cm 239cm 254cm 0.05cm 0.13cm  0.10cm

1091-1098
St 3] , .
Z E
= %I [J1. ,2007, 17(1): 227-228, 232
[1] Prusinkiewicz P. Modeling of spatial structure and develop- [4] Lacointe A. Carbon allocation among tree organs: A review

ment of plants: A review[J]. Scientia Horticulturae, 1998, of basic processes and representation in functional-structural



1656

2012 20

[10]

(1]

[12]

[13]

tree models[J].
521-533

Annals of Forest Science, 2000, 57(5):

[J1. , 2006, 32(2): 260-266

Eckersten H, Torssell B, Kornher A, et al. Modelling biomass,
water and nitrogen in grass ley: Estimation of N uptake pa-
rameters[J]. European Journal of Agronomy, 2007, 27(1):
89-101

Perttunen J, Siev Anen R, Nikinmaa E, et al. Lignum: A tree
model based on simple structural units[J]. Annals of Botany,
1996, 77(1): 87-98

Perttunen J, Sievdnen R, Nikinmaa E. Lignum: A model
combining the structure and the functioning of trees[J]. Eco-
logical Modelling, 1998, 108(1/3): 189-198

Perttunen J, Nikinmaa E, Lechowicz M J, et al. Application of
the functional-structural tree model Lignum to sugar maple
saplings (Acer saccharum Marsh) growing in forest gaps[J].
Annals of Botany, 2001, 88(3): 471-481

Guo Y, Ma Y T, Zhan Z G, et al. Parameter optimization and
field functional-structural
GREENLAB for maize[J]. Annals of Botany, 2006, 97(2):
217-230

validation of the model

. , 2008, 41(3): 669-677
7. , 2004, 35(3): 159-163
Room P M, Hanan J S. Virtual cotton: A new tool for research,

management and training[C]//Proceedings of the World Cot-

[14]

[15]

[16]

[17]

[19]

[20]

[21]

[22]

ton Research Conference-1. Challenging the Future. Brisbane,
Melbource: CSIRO Australia, 1995: 40-44

Room P, Hanan J, Prusinkiewicz P. Virtual plants: New per-
spectives for ecologists, pathologists and agricultural scien-
tists[J]. Trends in Plant Science, 1996, 1(1): 33-38

Hanan J S, Hearn A B. Linking physiological and architec-
tural models of cotton[J]. Agricultural Systems, 2003, 75(1):
47-71

Hearn A B. OZCOT: A simulation model for cotton crop
management[J]. Agricultural Systems, 1994, 44(3): 257-299
Jallas E, Martin P, Sequeira R, et al. Virtual COTON®, the
firstborn of the next generation of simulation model[C]//
Heudin J C. Virtual Worlds: Second International Conference.
Berlin: Springer-Verlag, 2000: 235-244

Boone M Y L, Porter D O, McKinion J M. Calibration of
GOSSYM: Theory and practice[J]. Computers and Electronics
in Agriculture, 1993, 9(3): 193-203

s s NURBS  VC++6. 0
[J1. , 2006, 22(10): 159-162
(Gossypium hirsutum L.) [J].
, 2009, 42(11): 3843-3851
s s . COTGROW:
[J1. , 1996, 8(4): 180188
COTGROW I [J]. , 1999,

11(4): 174-181



