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Construction of Dynamic Growth Root System Model for Purple Alfalfa
Based on L. System Theory
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(1. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China
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Chengdu 610031, China
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Abstract. In response to the existing deficiencies in the dynamic growth model of alfalfa root system and
the root system model of slope protection plants in geotechnical engineering ecological protection, the
traditional L system was improved. A dynamic growth root system modeling method based on the L system
applicable in the field of geotechnical engineering ecological protection was proposed. By controlling the
dry density, initial moisture content, temperature, and humidity of Ili loess, alfalfa planting was carried
out. The main root length, main root diameter, number of lateral roots, lateral root diameter, lateral root
length, and lateral root branching points of alfalfa at different growth times were recorded. Based on the
growth parameters of alfalfa and L system and modeling technology, a dynamic growth root system model
of alfalfa was constructed. The results indicated that the root growth of alfalfa followed the Logistic
equation. The angle between lateral roots and main roots ranged from 15° to 60°. The number of lateral
roots, branch spacing, and length of starting branches was increased with growth time. The diameter of
the lower segment of the main root remained stable between 0. 01 mm and 0. 04 mm, while the diameter of

the main root near the soil surface varied significantly with time. The lateral root diameter was small, and
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the diameter variation was also minor. Using the Logistic equation as the root growth model for alfalfa, a

dynamic root growth model for alfalfa suitable for numerical simulation was constructed based on the L

system combined with modeling techniques. The model was validated, and the results showed that the

overall error of the root model was small. This L system-based dynamic growth root model of alfalfa

successfully visualized the dynamic growth of alfalfa roots and can be applied to numerical simulation

fields in agricultural production, botany, and geotechnical engineering. It filled the gap in the dynamic

growth model of alfalfa roots and provided a reference for the establishment of plant dynamic growth root

models in geotechnical engineering ecological protection.

Key words: purple alfalfa; dynamic growth model; root; L system; geotechnical engineering
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Tab.1 Planting experiment plan
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1.2 #HEREER

LT iR I I B K A K2 R R B
B T LA SR FE AR R A o TR B T R S AR
T AR B6 , AR IBORR R A K R . PR IR i
L T A S 7 R 2 0 UL 3 O U 1 R A i R
PR S R AR 2% . R T R, B/ IR
DRI I I A 4 Y63 AR 0 I AT o 2 46 1 7 HEAT AN
Shy R A A 3 A I A 0N R B N O SRR
A BN A HE SR BB X D B s R Eh . A
VRS A5 R PR AN 1 1 BT R R R 18 ~25°C,
R B 2 0 1E 55% ~T75%

INE:

10/
BT MY b IR 2 R T R

Fig. 1 Structural diagram of plant planting greenhouse
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Fig.3 Root growth direction

SAEH A N HR AR MY, AR R — 2 B AR
R Z2 AR AL A, DUAR 290 AR 1t AR 19
AR BEA AR R . MR AR — B3 oA T AN 3 52
X3k G Aoy 3 X8R H L, 53 SRR B K ) ()
MBI | L, 2 20 SCIHL Y fe /TR, 25 LR 4
AR T I R R 23 SRR v, AR 4 TR o RITE SR
PEE AR AR A WD AR JF A 25 1 i, 3l 7 22 3
A MR M, A AR A R R ] A R — AR

EkEE L=l S |

M4 EHEEERR QML

Fig.4  Self similarity structure diagram of alfalfa root system
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Tab.3 Root diameter variation mm
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21 R 0.01 ~0.33 0~0.04
28 K 0.01 ~0.41 0 ~0.05
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Fig.6  Root system diagram of purple alfalfa in greenhouse
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Tab.2 Lateral root growth indicators of purple alfalfa
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Tab.4 Root diameter at different positions of main root
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Fig.7 Comparison between root skeleton and

real root system of purple alfalfa
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Fig. 9 Numerical simulation of soil — alfalfa root

system diagrams
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Tab.5 Actual and model parameters of main root

i FREE/mm FARK B/ em
WgGidsk B R RKEidsR BR R2E
] 0.02~ 0.02~ 0.61 ~
DS 0 2.6 0.95
0.03 0.03 1.65
0.02~ 0.02~ 3.5~
W14 R 0. 06 4.35 0
0.28 0.22 5.24
0.0~ 0.02~ 11.34 ~
21 R 0.02 14.96 0
0.33 0.32 16. 54
0.0~ 0.02~ 16.5 ~
28 K 0.04 18.79 0
0.41 0.38 20. 4
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Tab.6 Angle, quantity, and length parameters of side roots and main roots
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508 K 18 ~48 16 ~ 54 6 7~16 10 0 2.4~7.2  2.5~6.8 0.4
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Tab.7 Parameters of lateral root branch spacing and

starting branch length
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