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Abstract: This paper presents 3D visual simulations, which consist of a statistical model and animated fly-throughs of 
Chinese flowering cabbage based on the essential principles of and practices of horticulture, to arouse interests for 
users in an entertaining way. These simulations reconstruct the stages of growth and development of Chinese flowering 
cabbage with geometric and topological characteristics, and show, for discussion purposes, how these animated fly-
throughs can represent the interplay between stochastic and deterministic processes which are faithful to real plant 
growth and development under different operating conditions. 
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1. INTRODUCTION 

3D visual simulations can represent topological and 
geometric structure of plants [2, 8, 25]. Stretching 
beyond floriculture [1, 15], it reaches out to include 
pomology amongst horticulture in the interactive 
simulation [32]. Based on scientific data, every plant 
has been carefully reproduced as a realistic 
representation, according to the quality of computer 
graphics rendering [12, 20]. 

Lindenmayer system, which is a string rewriting 
system with formal grammar, can describe how annual 
plants develop deterministic structures by the 
production rules and can be used to generate self-
similar morphology of reproductive and vegetative 
organs, leaves and flowers, for instance [5, 23, 18]. 
Consequently, it quickly become a powerful 
computational tool for biologists to identify patterns or 
relationships of biological entity with classic fractal 
(e.g., molecule, organism, population, ecosystem, etc.). 
In some cases stochastic L-system，which describes 
plant growth process by using probability, has also 
been used to model the form and structure of biennial 
plants, but this is a time-consuming process as it is 
often difficult to find exact production rules for 
stochastic plant structures, fractals, and various other 
phenomena [22]. 

The architectural plant model (AMAP) focuses on 
the analysis and modelling of structure, development 
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and diversity of a variety of plants [3, 4]. AMAP applies 
stochastic process to characterize morphological, 
functional and phylogenetical events, such as, 
branching, flowering, and fruit-setting, explore 
structure-function relationship of a plant species, 
interplant interactions and population dynamics  
[4, 6, 8]. 

This approach using architectural unit to make 
schematic representation of the plant is presented as a 
better interpretation of data recorded in a plant 
experiment, which means that plant growth simulation 
follows underlying patterns in which involved 
knowledge integration of genetic, physiological, 
ecological, and cultural mechanisms. The method is 
firstly introduced the concept of physiological age to 
simulate plant dynamic structure and function and 
clearly illustrated by de Reffye Philippe using an 
example of coffee tree at the plant modelling unit of 
CIRAD in southern France (Montpellier) [6]. This is 
useful to understand the role of each organ in light 
absorption, photosynthesis, translocation and 
accumulation of assimilates on plant development. 
Compared with analogous approaches [16], AMAP 
involves complex concepts and plant diversities [14, 
24, 9, 10], which makes it hard to deal with 
interdisciplinary studies. 

China has largest cultivation area and production of 
Chinese flowering cabbage [Sorghum bicolor (L.) 
Moench], in the world [5], which is one of the most 
consumed vegetables high in potassium, calcium, 
carotene (pro-vitamin A), folic acid, and dietary fiber in 
southern China. Compared with several other leafy 
vegetables, Chinese flowering cabbage prefers moist, 
fertile, sandy soil rich in organic matter [20]. In addition 
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to variety, cultivation techniques, and weather 
conditions, plant density within a population influences 
the yield per unit area and can have an effect upon the 
yield each an individual plant, some aspects of which, 
such as the distribution of carbohydrates in leaves, 
shoots, and flowers, the light interception in leaf 
canopies, particularly the quantitative relationship 
between structure and physiological function of 
Chinese flowering cabbage still remain unclear [12, 13]. 

In the present study, a Markov chain, which is a 
stochastic model with the Markov property defining the 
probability of the current state depends only on the 
probability of the previous state, was used to illustrate 
dynamic processes in growth and development of 
Chinese flowering cabbage. 

The aim was to use this model for quantitative 
analysis of structure-function relationships of Chinese 
flowering cabbages in which the physiological activity 
or geometric properties are correlated with their 
topological structure. 3D visual simulations could 
additionally be used to study ways to balance 
vegetative and reproductive growth under greenhouse 
conditions and open field cultivation. 

2. MATERIALS AND METHODS 

2.1 Experimental Site 

The study was carried out over two Chinese 
flowering cabbage growing season at experimental 
farm in Guangzhou, Guangdong Province, China. 
Topsoil is tropical red loam, and average annual 
precipitation for this area ranges from 1600mm to 2000 
mm. The type and location of the sample on individual 
plants were recorded each three days within a 
randomized complete block with 30 replications. 
Management recommendations for the cultivation of 
Chinese flowering cabbage, including irrigation, pest 
and disease control, weeding, and fertilizer application, 
were the same within each block. 

2.2. Plant Material 

Chinese flowering cabbage cultivars 'Bilu' were 
planted using intra-row spacing of 20 cm and inter-row 
spacing of 25 cm with total plant population density of 
200,000 plants/ha. 

2.3. Model Description 

2.3.1. Topological Model 

Topological model, based on probabilities of the 
occurrence of a branch, provides a quantitative 

analysis of the growth and development characteristics 
of Chinese flowering cabbage, which makes it possible 
to predict the productivity by optimization of the cultural 
practices. 

Each node along the main stem of Chinese 
flowering cabbage has one leaf bud, one leaf, in which 
the terminal bud will develop into secondary stem. 
Hence, a Markov chain with two states can be used to 
model the growth process of Chinese flowering 
cabbage. The rank of a node along the stem 
corresponds to the index of a state in Markov chain. In 
this context, state 1 represents one secondary stem will 
develop from the leaf bud, and state 0 represents none 
leaf bud will develop into one secondary stem attached 
to the node of the main stem. 

Each terminal bud along a secondary stem has form 
a series of flowers which finally develop into fruits. 
Hence, a simple Markov model with one state is used 
to model the fruiting habit of a secondary stem. 
Similarly, the rank of a node along a secondary stem 
consists of an index of a state from which Markov chain 
can be built. 

A diagram of a Markov chain with two states is 
shown in Figure 1. Initial probability (p(S0=i)) denotes 
the probability of the first node being a given state, with 
i = 0, 1 where p(S0! = i) = 1 . Transition probability (pij) 
indicates that the probability of a given state shift from 
one to another, with i = 0, 1 and j = 0, 1, where pij

i
! = 1 . 

 

Figure 1: The diagram of a Markov chain with two-states. 
The transition probability of a given state is represented by 
the dotted line and the initial probability of a given state by 
the solid line. 
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To compute the total number of a given state, 
occupancy distribution (oi (n)) is used to count the 
number of continuous nodes being in the same state, when 
I =j, oi(n)=(1-pii)n-1pii, where n = 1.2, ...∞ and i =0, 1. 

The initial probability, the transition probability, and 
the occupancy distribution of a given state in Markov 
model can be estimated using the Baum–Welch 
algorithm. 

In this study, the binomial distribution is used to 
depict how often a node ‘i’ occurs in ‘n’ steps growth, 
with the probability of occurrence of a single node in 
one step growth denotes by ‘p’ and the probability ‘1-p’ 
of ceases producing the node. 

The binomial probability density function for above 
value and parameters is: 

P i, p,n( ) = pi 1! p( )n!i for i = 0,1, 2, ...,n
i

n"  

In this regard, terminal bud on a secondary stem 
can produce only one node per step growth, as is same 
with that on main stem [8, 20]. 

2.3.2. Geometrical Model 

The geometrical model compute and generate a 
shape or surface of an organ through built-in functions 
of random variable [9, 29], as described by Lewis [15, 
17]. 

Bending of an organ, such as leaf, flower and fruit, 
can be computed according to the beam theory [19]. 

The initial direction of an organ (initial azimuth) is 
determined by the geometrical rules of spiral 
phyllotaxis in nature, which is defined as rotate angle of 
the organ between two neighboring nodes along the 
stem. Although each organ of Chinese flowering 
cabbage locates at a constant divergence angle of 
137.5 degrees, the twisting and the sheaths of the 
nodes have effects on azimuthal shift during the 
growing period before inflorescence emergence [7]. 

All organs will vary length-to-width ratios depending 
on their relative position on main stem [21], which 
make it easy for users to deal with geometrical 
attributes in the light of the temporal sequence of 
morphologic changes. 

SIMULATION AND VISUALIZATION  

Simulation Tool 

The dynamic process of Chinese flowering cabbage 
can be simulated using PruningSim software [20]. The 

basic step is the computation of organs (buds, flowers, 
and fruits), which depend on the state probabilities in 
Markov chain, i.e. the initial probabilities, transition 
probabilities, and occupancy distributions of state 0 and 
state 1. For the software usage and detailed simulation 
process see Xia et al. [20]. 

 

Figure 2: Simulation of the growth of the nodes. nodes 2, 4, 
6, 10, and 12 from the base of main stem are shown in (A) to 
(F), respectively. 

The Markov chain can capture the change of the 
organs over time and describe how they connect with 
each to form the stem. Simulation of Chinese flowering 
cabbage can execute at a smaller step with one node 
(see Figure 2). By contrast, similar dynamic simulation 
of branching structure of perennial woody plant is not 
possible due to one or more shoots formation at each 
step [6, 16, 26, 28, 30, 31]. 

 

Figure 3: Simulated leaf positions along main stem over 
time. 

The library of organs was built using 3D max 
software, designed faithful to the real plant, as 
described earlier [34]. The gradual elongation of organs 
over the time was computed using the cubic function. 
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The inputs of the PruningSim involve of text file that 
defines the parameters of model and functions and 
provides some default parameter value. Also, line files 
that consists of colors of the organs, specific routing of 
the incoming light, and viewing angle. The 3D 
visualization results can also be also perceived as 
single line pictures (see Figure 3). 

Dynamic Simulation of Chinese Flowering Cabbage 

 

Figure 4: 3D structure of a Chinese flowering cabbage at 
various stages of development. 

The first phase of the simulation, representing a bud 
break, a leaf and a node formation, is shown in Figure 
2(A). Node occurred at about 2 days after the 
beginning of the bud burst. The terminal bud in main 
stem is also shown, but it did not sprout in the current 
step time of the simulation. 

The flowering stages of Chinese flowering cabbage 
are illustrated in Figure 4. (G-J) The values of 
parameters used in simulations correspond to an 
internode with its associated organs, rank in order 
along secondary stem. The simulations reproduce a 
series of stages of development beginning from the first 
bud break with one node interval to the cease 
elongation of secondary stem and fruit formation. The 
simulations demonstrate that nodes elongate from the 
base to apex of secondary stem according to the 
logistic function. 

The leaf expands in a similar way as node. The 
results show rapid growth of the middle leaves, 
whereas the basal leaves grow more slowly, leading to 
smaller leaf size. At the second internode, two new 
leaves occur. By the 12nd node, all leaves unfold along 
main stem. The upper leaves keep smaller when 
Chinese flowering cabbage has reached its maximum 
vegetative height. Nevertheless, upper leaves have not 
yet reached their final sizes. The results also illustrate 
that basal leaves have stopped to elongate when upper 
leaves occur. 

The simulations also show regular gradient in leaf 
orientation, including inclination angle and azimuth. As 
the stem grows, the leaf inclination angle gradually 
decreases under the influence of gravity, these 
patterns are clearly illustrated in Figure 3, showing 
different leaf positions along main stem. 

 

Figure 5: Four inflorescence developmental stages along 
secondary stem of Chinese flowering cabbage. Days 26, 28, 
30, and 32 are shown in (K) to (N), respectively. 

Results show terminal flower buds develop into 
flowers along secondary stem with two-day interval 
beginning from the 26th days. 

DISCUSSIONS AND CONCLUSIONS 

A method for visualization of Chinese flowering 
cabbage dynamic is presented. The method uses a 
Markov chain with two state to model organogenesis 
according to the transition probabilities. Based on the 
principle of botany, such as apical dominance, self-
similarity, and phototropism, topological and 
geometrical attributes of Chinese flowering cabbage is 
simulated using PruningSim software [34, 35]. 

The built-in functions in the software describes each 
organ by introducing a set of mathematical formula, 
such that complex dynamic can be computed by 
assigning values to parameters. Topological and 
geometric model makes it possible to simulate major 
growth and developments stages of plant from seedling 
to fruiting faithful to real plant. This may be compared 
with many previous methods that might require in-
depth knowledge of algorithm, programming skills, 
profound botanical background. 

Potential applications of 3D visualization involve 
Internet of things for sustainable agriculture, 
agricultural big data [11, 26], teaching internship in 
agricultural technology [10, 32-34]. 

In the case of the Chinese flowering cabbage 
model, 3D visualization made it possible to dynamically 
simulate in detail how species and varieties, soil, water, 
and light affect its growth, development and yield. This 
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contrasts the model presented in grain sorghum [1], 
which only focuses on topological structure, makes it 
hard to explore structure-function of plant [27, 41]. In 
addition, at individual or group level, this method 
provides a tool to test multiple hypotheses which lead 
to rather different results. 

The stochastic model of plant can accelerate large-
scale multi-objective optimization, increase 
computational efficiency, and reduce computational 
storage. This approach does not necessarily 
understand the complex principles of botany. 

Level of complexity of plant population structure will 
to some extent lead to some problems about 
visualization due to the difference between organs and 
organs. For example, a detailed computation of each 
leaf is necessary to clarify light interception efficiency of 
plant population, but it will take a lot of time to compute 
various variables [24, 37, 40]. The problems can be 
solved by simplification geometric and/or topological 
variables. 

3D visualization of plant provides knowledge of the 
structure-function relationship which can be used for 
applied scientific research and as a method for 
computational biology [25, 36, 38]. In addition, 
visualization enhance our understanding of the nature 
of the population, physiological characteristics, and 
functional characteristics [35, 39, 42]. 

ACKNOWLEDGEMENTS 

This work was supported by the Soft Science 
Research Program of Guangdong, China 
(2019A101002098), the State Key Program of National 
Natural Science Foundation of China (60073007), the 
Natural Science Foundation of Guangdong Province 
(8151064001000009), the Science and Technology 
Program of Guangdong, China (2008A020100026, 
2009B091300161,and 2016A020209003), and the Big 
Data Innovation Teams Program of the Department of 
Agriculture and Rural Affairs of Guangdong Province 
(2019KJ138). 

REFERENCES 

[1] Alam SM. Nutrient uptake by plants under stress conditions. 
In: Handbook of Plant and Crop Stress, ed. M. Pessarakli 
(2nd eds). New York: Marcel Dekker, Inc. 1999; p. 285-313. 
https://doi.org/10.1201/9780824746728.ch12 

[2] Aristid Lindenmayer. Mathematical models for cellular 
interaction in development. Journal of Theoretical Biology, 
1968; 18: 280-315. 
https://doi.org/10.1016/0022-5193(68)90079-9 

[3] Castel T, Beaudoin A, Barczi JF, Caraglio Y, Floury N, Le 
Toan T, and Castagnas L. On the coupling of backscatter 
models with tree growth models, 1, A realistic description of 
the canopy using the AMAP tree growth model, In 
Geoscience and Remote Sensing 1997, IGARSS'97, Remote 
Sensing-A Scientific Vision for Sustainable Development. 
IEEE International 1997; 2: 784-786. 

[4] Chenu K, Franck N, and Lecoeur J. Simulations of virtual 
plants reveal a role for SERRATE in the response of leaf 
development to light in Arabidopsis thaliana. New Phytologist 
2007; 175(3): 472-481. 
https://doi.org/10.1111/j.1469-8137.2007.02123.x 

[5] de Reffye P, Edelin C, Françon J, Jaeger M, Puech C. Plant 
models faithful to botanical structure and development. 
Proceedings of SIGGRAPH 1988; 88: 151-158. 
https://doi.org/10.1145/378456.378505 

[6] De Reffye P, Elguero E, Costes E. Growth units construction 
in trees: a stochastic approach. Acta Biotheoretica 1991; 
39(3-4): 325-342. 
https://doi.org/10.1007/BF00114185 

[7] de Reffye P, Fourcaud T, Blaise F, Barthélémy D, Houllier F. 
A functional model of tree growth and tree architecture. Silva 
Fennica. 1997; 31: 297-311. 
https://doi.org/10.14214/sf.a8529 

[8] De Reffye Ph, Snoeck J, Jaeger M. Modélisation et 
simulation de la croissance et de l'architecture du caféier. In: 
Association Scientifique Internationale du Café (ASIC), eds. 
13th International Scientific Colloquium on Coffee, Paipa, 
Colombia, 21-25 August 1989. Paris, France: ASIC, 1990; p. 
523-546. 

[9] Dixon GR. Vegetable Brassicas and Related Crucifers. Crop 
Production Science in Horticulture 14. UK: CABI. 2006; p.1-
416. 
https://doi.org/10.1079/9780851993959.0000 

[10] Drouet JL, and Moulia B. Spatial re-orientation of maize 
leaves affected by initial plant orientation and density. 
Agricultural and Forest meteorology 1997; 88(1-4): 85-100. 
https://doi.org/10.1016/S0168-1923(97)00047-6 

[11] Fisher RA. Statistical methods for research workers. In 
Breakthroughs in Statistics. Springer, New York, NY1992; p. 
66-70. 
https://doi.org/10.1007/978-1-4612-4380-9_6 

[12] Ford ED, Avery A, Ford R. Simulation of branch growth in the 
Pinaceae: interactions of morphology, phenology, foliage 
productivity, and the requirement for structural support, on 
the export of carbon. Journal of theoretical Biology 1990; 
146(1): 15-36. 
https://doi.org/10.1016/S0022-5193(05)80042-6 

[13] Ford R, Ford ED. Structure and basic equations of a 
simulator for branch growth in the Pinaceae. Journal of 
Theoretical Biology 1990; 146(1): 1-13. 
https://doi.org/10.1016/S0022-5193(05)80041-4 

[14] Fourcaud T, Blaise F, Lac P, Castéra P, and De Reffye P. 
Numerical modelling of shape regulation and growth stresses 
in trees. Trees-Structure and Function 2003; 17(1): 31-39. 
https://doi.org/10.1007/s00468-002-0203-5 

[15] Giuliani NR, Calhoun VD, Pearlson GD, Francis A, and 
Buchanan RW. Voxel-based morphometry versus region of 
interest: a comparison of two methods for analyzing gray 
matter differences in schizophrenia. Schizophrenia research 
2005; 74(2): 135-147. 
https://doi.org/10.1016/j.schres.2004.08.019 

[16] Hansen S, Jensen HE, Nielsen NE, Svendsen H. Simulation 
of nitrogen dynamics and biomass production in winter wheat 
using the Danish simulation model DAISY. Fertilizer 
Research 1991; 27(2-3): 245-259. 
https://doi.org/10.1007/BF01051131 

[17] Honda H, Tomlinson PB, Fisher JB. Two geometrical models 
of branching of botanical trees. Annals of Botany. 1982; 



6    Journal of Computer Science Technology Updates, 2019, Vol. 6, No. 2 Xia et al. 

49(1): 1-11. 
https://doi.org/10.1093/oxfordjournals.aob.a086218 

[18] Issarakraisila M, Q. Ma and DW. Turner. Photosynthetic and 
growth responses of juvenile Chinese kale (Brassica 
oleracea var. alboglabra) and Caisin (Brassica rapa subsp. 
parachinensis) to waterlogging and water deficit. Scientia 
Horticulturae 2007; 111: 107-113. 
https://doi.org/10.1016/j.scienta.2006.10.017 

[19] Jaeger M, and De Reffye PH. Basic concepts of computer 
simulation of plant growth. Journal of biosciences 1992; 
19(3): 275-291. 
https://doi.org/10.1007/BF02703154 

[20] Kamarudin NK, Teh CBS, and Hawa ZEJ. Modelling the 
Growth and Yield of Choy Sum (Brassica chinensis Var. 
Parachinensis) to Include the Effects of Nitrogen and Water 
Stress. Malaysian Journal of Soil Science 2014; 18: 1-17. 

[21] Kellomaki S, Pukkala T. Forest landscape: a method of 
amenity evaluation based on computer simulation. 
Landscape and urban planning 1989; 18(2): 117-25. 
https://doi.org/10.1016/0169-2046(89)90003-0 

[22] Lewis P. Three-dimensional plant modelling for remote 
sensing simulation studies using the Botanical Plant 
Modelling System. Agronomie 1999; 19(3-4): 185-210. 
https://doi.org/10.1051/agro:19990302 

[23] Lindenmayer A. Mathematical models for cellular interactions 
in development I. Filaments with one-sided inputs. Journal of 
theoretical biology 1968; 18(3): 280-299. 
https://doi.org/10.1016/0022-5193(68)90079-9 

[24] Niklas KJ, and Moon FC. Flexural stiffness and modulus of 
elasticity of flower stalks from allium stalks from allium 
sativum as measured by multiple resonance frequency 
spectra. American Journal of Botany 1988; 1517-1525. 
https://doi.org/10.1002/j.1537-2197.1988.tb11225.x 

[25] Oppenheimer P E. Real time design and animation of fractal 
plants and trees. ACM SiGGRAPH Computer Graphics. ACM 
1986; 20(4): 55-64. 
https://doi.org/10.1145/15886.15892 

[26] Pages L, Jordan MO, and Picard D. A simulation model of 
the three-dimensional architecture of the maize root system. 
Plant and Soil. 1989; 119(1): 147-154. 
https://doi.org/10.1007/BF02370279 

[27] Prusinkiewicz P, Hammel M, Hanan J, and Mech R. L-
systems: from the theory to visual models of plants, 
Proceedings of the 2nd CSIRO Symposium on 
Computational Challenges in Life Sciences. CSIRO 1996; 3: 
1-32. 

[28] Prusinkiewicz PW, Remphrey WR, Davidson CG, and 
HAMMEL MS. Modeling the architecture of expanding 
Fraxinus pennsylvanica stalks using L-systems. Canadian 
Journal of Botany 1994; 72(5): 701-714. 
https://doi.org/10.1139/b94-091 

[29] Prusinkiewicz, Przemysław and Aristid Lindenmayer. The 
Algorithmic Beauty of Plants. Springer-Verlag, 1990. 
https://doi.org/10.1007/978-1-4613-8476-2 

[30] Remphrey WR, Powell GR. Crown architecture of Larix 
laricina saplings: shoot preformation and neoformation and 

their relationships to shoot vigour. Canadian Journal of 
Botany 1984; 62(11): 2181-2192. 
https://doi.org/10.1139/b84-298 

[31] Room PM, Maillette L, Hanan JS. Module and metamer 
dynamics and virtual plants. Advances in Ecological 
Research 1994; 25(25): 105-157. 
https://doi.org/10.1016/S0065-2504(08)60214-7 

[32] Sievänen R, Nikinmaa E, Nygren P, Ozier-Lafontaine H, 
Perttunen J, & Hakula H. Components of functional-structural 
tree models. Annals of forest science 2000; 57(5): 399-412. 
https://doi.org/10.1051/forest:2000131 

[33] Steingraeber DA, Waller DM. Non-stationarity of tree 
branching patterns and bifurcation ratios. Proceedings of the 
Royal Society of London B: Biological Sciences 1986; 
228(1251): 187-194. 
https://doi.org/10.1098/rspb.1986.0050 

[34] Sticklen M B. Plant genetic engineering for biofuel 
production: towards affordable cellulosic ethanol. Nature 
Reviews Genetics. 2008; 9: 433-443. 
https://doi.org/10.1038/nrg2336 

[35] Tsukaya Hirokazu. Mechanism of leaf-shape determination. 
Annual Review of Plant Biology 2006; 57(1): 477-496. 
https://doi.org/10.1146/annurev.arplant.57.032905.105320 

[36] Xia N Li BG, Guo Y, Deng XM. Modeling the branching 
patterns of peach tree branches (Prunus persica (L,) Batsch) 
after being pruned, Acta Botanica Sinica 2004; 7: 793-802. 

[37] Xia N, Hu BG. Evaluation of importance of pruning on 
branching structures in nectarine tree using the model of 
hidden semi-Markov chain. Proceedings of the 3rd 
International Symposium on Intelligent Information 
Technology in Agriculture. 2005; p. 253-258. 

[38] Xia N, Li AS, and Lin WJ. Simulation and Quantitative 
Analysis of Branching Patterns of the Plum Tree. Journal of 
Computer Science Technology Updates 2014; 1: 9-18. 
https://doi.org/10.15379/2410-2938.2014.01.01.02 

[39] Xia N, Li AS, and Lin WJ. Simulation and Visualization of 
Nectarine Branching and Fruiting Responses to Pruning 
Using PrungingSim Software. Journal of Computer Science 
Technology Updates 2015; 1: 1-7. 
https://doi.org/10.15379/2410-2938.2015.02.01.01 

[40] Xia N, Lin FH, and Li AS. Modeling and Visualization of Fruit 
Trees in Horticulture. In: Abramovich S. editor. Computers in 
Education. New York: Nova Science Publishers, Inc 2012; 
p.135-58. 

[41] Yang WW, Chen XL, Saudreau M, et al. Canopy structure 
and light interception partitioning among shoots estimated 
from virtual trees: comparison between apple cultivars grown 
on different interstocks on the Chinese Loess Plateau. Trees 
2016; 30(5): 1723-1734. 
https://doi.org/10.1007/s00468-016-1403-8 

[42] Zegada-Lizarazub Walter, Monti Andrea. Are we ready to 
cultivate sweet sorghum as a bioenergy feedstock? A review 
on field management practices. Biomass and Bioenergy 
2012; 40: 1-12. 
https://doi.org/10.1016/j.biombioe.2012.01.048 

 

Received on 19-11-2019 Accepted on 04-12-2019 Published on 9-12-2019 
 
http://dx.doi.org/10.15379/2410-2938.2019.06.02.01 

© 2019 Xia et al.; Licensee Cosmos Scholars Publishing House. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in any medium, 
provided the work is properly cited. 
 


