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Table 1 Irrigation scheme and growth stage timing for cotton
field experiments in 2020
EEM KU H Y DAS/d 7K /mm
. 1 06/19 65 14.1
Hi
2 06/24 70 18.5
3 06/29 75 41.1
4 07/04 80 46.7
E 5 07/09 85 46.7
6 07/14 90 46.7
7 07/19 95 46.7
8 07/24 100 46.7
9 07/29 105 46.7
10 08/03 110 46.7
11 08/08 115 46.6
12 08/13 120 46.6
R
13 08/18 125 46.6
2 14 08/23 130 32.8
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Fig.2 Schematic diagram of cotton field planting pattern and root sampling
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Fig. 4 Horizontal (a) and vertical (b) distribution of cotton root
length density (RLD) levels in using minirhizotron
monitoring over different days
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Fig. 5 Three-dimensional distribution of cotton root length density (RLD) monitored using minirhizotron monitoring at different days
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Z IR R A BRAR T BATIAR R AR B BE NS
BRI ARG BE
%2 REEKEBTEELREIRKZE (RLD) BiE%R
Table 2 Validation results of root length density (RLD) for

different days using the root growth model simulation

BAETE/DAS  BEABUA  MRE  RMSE/cm-cm’) d
72 150 05378 3.9098 0.7541
99 150 02746 24127 0.9529
122 150 0.4450 3.0403 0.9020
139 150 0.4933 42273 0.8787
148 150 0.4694 48710 0.8702
153 150 0.2486 33358 0.9353

1 MRE. V-Y9ME%1 5 25; RMSE. Y5 RiR2%; d. fF5 G455

24 BETHERERREZFIHTEREY

AR A8 GO B 1 55 T M 05 52 9 R0 M SCRIR B8
RO BT AR AEAR 2R = Ak sl A KRB E 1Y
SRS ERPEGCH 0) . 1 FMIARF 2 FAMAR
PRGSO SR B 24, Ry B2
R RS HANR 3 FoR, b 22225 SC bRl & vp
ZABEF .

£3 ATRERAZEBNRGEXESH
Table 3 Key parameters of root architecture for cotton root

system simulation

RN SRR RAGE Bl (hifedms )
1 a0 AR/ em 0 0.672
2 Imax0  FEKRKE/em 0 140 (14)
3 In0 [ B B /em 0 1(0.2)
4 W0 WIS em-d) 0 3
5 theta0  MSEAIS/rad 0 0
6 al HRERF-A2/om 1 0.148 (0.042)
7 Imaxl AR fem 1 65 (6.5)
8 Inl [ B B /em 1 0.7(0.1)
9 fl WREKE md ) 1 0.5(0.1)
10 thetal  AFEHRIAM/rad 1 1.326 (0.087)
11 a2 HREEAR/em 2 0.08 (0.01)
12 Imax2 IR /em 2 10 (1)
13 In2 f i RS om 2 0.4(0.1)
14 2 WK/ emd ) 2 1(0.2)
15 theta2  ALFEARIAM/rad 2 1.221 (0.262)

K7 s T AR AERR AR AR RABRIAE AR i 5T IX

SR OKFEJ5 18] SE AT Je 25T, 3 57 [ 2 150 cm
TRIE) N th 1) RLD BEEREE 1921k, HEZR /R 1 3

i B i 25 EAUAR R AE R BENLIERIYE R . RLD 7
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Fig. 7 Mean (solid line) and standard error (dashed line) of
root length density (RLD) from 50 simulations by root

system model
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Fig. 8 Virtual field plot simulation of cotton root system growth and minirhizotron tubes deployment from 30 to 153 DAS
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Spatial-temporal distribution patterns of cotton root system under brackish
water mulched drip irrigation and three-dimensional dynamic growth
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Abstract: [Objective] Xinjiang is located in the arid to semi-arid region of China, where water resource
conservation is critical. Brackish water mulched drip irrigation technology is widely used for cotton cultivation in
Xinjiang. However, improper use of brackish water may lead to soil salinization. Regions with high cotton root
density (RLD) may experience strong water absorption, resulting in soil moisture reduction and excessive salt
accumulation, and subsequent declines in cotton yield. To ensure the soil habitat and cotton yield under brackish
water mulched drip irrigation, the influence of cotton root distribution on field water and salt transport should be
fully considered. [Methods] Based on the field experiments conducted at the cotton fields of the Irrigation
Experiment Station of Water Conservancy Research Institute, Bayingolin Administration Bureau in Xinjiang, this
study obtained cotton root growth parameters to construct a growth model for cotton roots under brackish water
mulched drip irrigation, which quantitatively characterized the spatiotemporal distribution patterns of cotton roots.
[Results] The results indicated that the spatial distribution of roots was influenced by soil moisture and salinity.
During the budding to flowering stage, roots are more concentrated in the drip irrigation belt and inter-row positions.
From the peak flowering to boll-opening stage, roots showed obvious decline beyond a depth of 50 cm, but
developed in the soil depths of 90-130 cm. The predicted trend of the three-dimensional growth model of cotton
roots was consistent with the actual observations, with MRE (the mean relative error) ranging from 0.2486 to
0.5378, RMSE (the root mean square error) from 2.4127 to 4.8710 cm/cm’, and d (the index of agreement) from
0.7541 to 0.9529. The simulation results effectively described the distribution of cotton RLD. The three-dimensional
simulation of cotton root system incorporates actual field planting conditions, achieving a dynamic three-
dimensional growth effect. The model could effectively simulate the morphological structure and developmental
processes of the root system. [Conclusion] Based on in-situ dynamic monitoring by minirhizotron technique,
CPlantBox can be used to construct the cotton root growth model under brackish water film drip irrigation. The
research results lay the foundation for exploring the impact mechanism of spatial-temporal distribution of root
morphology on field soil water migration and root zone water and salt distribution, which has important theoretical
and practical implications for improving high and stable cotton yield in Xinjiang.

Key words: brackish water; mulched drip irrigation; spatial distribution; cotton root system; root length

density; growth simulation; three-dimensional dynamic growth model
Received: 2024-04-09; Revised: 2024-05-22; Accepted: 2024-05-23
doi: 10.19509/j.cnki.dzkq.th20240155

290


mailto:mhzhang2021@cug.edu.cn
mailto:chenwenling@cug.edu.cn
https://doi.org/10.19509/j.cnki.dzkq.tb20240155

	1 材料与方法
	1.1 试验区概况
	1.2 试验材料与设计
	1.3 试验方法
	1.3.1 棉花根系生长参数的获取
	1.3.2 棉花根系三维动态生长模型的建立

	1.4 模型验证与评价

	2 结果与分析
	2.1 微咸水膜下滴灌条件下棉花根系生长分布变化规律
	2.2 微咸水膜下滴灌条件下棉花RLD空间分布规律
	2.3 膜下滴灌棉花根系三维动态生长模型的验证
	2.4 膜下滴灌棉花根系三维动态生长模拟

	3 结　论
	参考文献

