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Study on the spatial distribution characteristics and models of
the roots of mature walnut under drip irrigation

JIAO Ping, Hudan + Tumarbai, Milixiati + Minadola
( College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumgqi, Xinjiang 830052, China)

Abstract; Based on the Hydrus 1D software, four kinds of one-dimensional root density distribution functions
( measured root data model, exponential distribution model, linear distribution model, and subsection distribution
model ) under the condition of surface drip irrigation were carried out for numerical simulation of soil moisture. The
results showed that there were significant differences of the row direction in the distribution of roots in shallow (0~
40 cm) , middle (50~80 cm) , deep (>90 cm) (P<0.01), and plant direction ( P<0.05). Under the condition of
drip irrigation, the root system of walnut was mainly located in the shallow soil layer (0~40 cm), which was the
main part of water absorption, accounting for 65% ~73%. The accuracy of exponential distribution model, linear
distribution model, and segmented distribution model were all high, and the error was within 4%. Because of the
difficulty of model parameter measurement, it was recommended to use linear distribution function and segmented
distribution function to simulate root distribution under the condition of lack of root data.
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Table 1 Soil physical properties in test sites

0./(em® «em™) 0/(em® - em™) a /(em™! ) n

Ks/(em » d™)

T EBE/em WUk ZH Y Particle composition/ %

Depth of soil layer <0.002 mm 0.002~0.050 mm 0.050~2.000 mm
0~20 7.0 56.5 36.5
20~40 7.2 67.9 24.9
40~60 7.3 55.5 37.2
60~ 80 7.4 63.5 29.1
80~ 100 7.1 58.5 34.4

0.0408 0.4204 0.0055 1.6493 58.50
0.0462 0.4459 0.0044 1.7220 51.43
0.0363 0.3898 0.0449 1.7996 59.60
0.0495 0.3791 0.0355 1.6891 56.58
0.0429 0.3868 0.0407 1.6085 53.70

00,0 B FRA (em® - em™) ;0,9 LA E KA (em?

cem) san NASHGKs N HIENMASAKE (em - d7)

Note: 6, is the residual water content (cm® - em™) 6, is the saturated water content (cm® - em™) | « and n are empirical parameters, Ks is the

saturated hydraulic conductivity (em - d7!).
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Table 2 Walnut irrigation schedule

MK H 3 TR EH

B . o WA
Growth veriod Irrigation date  Irrigation quota F i
rowth perio (m—d) /(m® - hm) requency
B ZF
Adorable period 04-05 900 :
FFAELE R
Flowering and 04-03 450 1
fruiting period
PN N
Fruit expanding 05-14,05-25 450 2
period
fg ] 06-04,06-18, 450 3
Hard core stage 06-28
SHE
LA 07-25,08-08 450 2
Oil conversion period
A ANHEK 0 0
Mature period No irrigation
PRI . 11-01 1200 1
Dormancy period
AT Total 5700 10
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Fig.1 Layout of soil moisture measuring pipe in profile
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Table 3 Variance analysis of root length and density

in different soil layers

BEE
Saliency

yaL| +J)Z/em F 1l

Direction Layer F value

0~40(3#%)Z Shallow layer ) 4.777  0.009* *
50~80( 1z Middle level) 7.404  0.002**
>90(#JZ Deep level ) 5530  0.005" *
0~40( k)2 Shallow layer) 4924  0.008**
50~80( 1z Middle level) 9272 0.001**
>90(#JZ Deep level ) 4.383 0.012*

11771

Row direction

RI7 1)

Plant direction

e x HEFEIE(P<0.05), * * FERHEIE(P<0.01),
Note: #* indicates the difference was significant (P<0.05), and

# # Indicatesthe difference was extremely significant (P<0.01).
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Fig.3 Dynamics of soil water content in shallow,
middle, and deep soil layers
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Table 4 Ratio of root length distribution per 20 ¢cm

I A R THE

=AM V15l %
J7 1) LEREL em i/ em %Z‘ﬁ LK%J/ 7 Cumulative value
S Depth of Distribution .
Direction . Root length . of distribution
soil layer i ratio .
proportion
0~20 52612.12 0.22 0.22
fidria 20~40 101302.26 0.43 0.65
Row 40~60 55413.71 0.24 0.89
direction 60~ 80 16879.10 0.07 0.86
80~ 100 10210.20 0.04 1.00
0~20 40348.26 0.34 0.34
FRJ7IE 20~40 45464.00 0.39 0.73
Plant 40~60 18136.91 0.15 0.88
direction 60~ 80 7610.09 0.07 0.95
80~ 100 5657.08 0.05 1.00
R 43 A1 B AL
Root length distribution function
0.00 0.01 0.02 0.03 0.04 0.05 006 0.07 0.08
0 - — T T T T )
5]
E=
=g
& <
I 2
Ha
L
a

_ AT 5 1) i R L A
Line direction exponential function distribution
Pk J5 170 45 4 eR £ 53 417 Distribution of plant direction index function
- === 2 ¥ /> i Linear distribution
4y BL 43 i Piecewise distribution
— Sl A 4 Fitting of measured data

B4 RESHEBILE

Fig.4 Comparison of root length distribution functions
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Fig.5 Comparison of simulated and measured values of soil moisture
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Table 5 Error analysis of soil moisture simulated value and measured value with root length distribution functions

[ SRS A1 TR A kot P O
(‘Eﬂ(E?i?& . Measured simulated distribution Exponential distribution Linear distribution Piecewise function distribution
Days after rrigation 5 RMSE 5 RMSE 5 RMSE 5 RMSE
1 0.57 0.11 0.71 0.14 0.70 0.14 0.70 0.14
2 3.53 0.60 3.28 0.56 3.34 0.57 3.34 0.57
3 2.28 0.35 0.17 0.03 0.15 0.02 3.63 0.55
4 0.85 0.12 1.26 0.18 0.56 0.08 2.46 0.35
5 2.58 0.34 3.52 0.46 0.47 0.06 0.60 0.08
6 1.00 0.12 1.85 0.22 1.85 0.22 1.85 0.22
7 3.56 0.42 0.94 0.11 0.44 0.05 0.31 0.04
8 2.68 0.27 1.89 0.21 1.17 0.13 1.17 0.13
9 3.98 0.39 0.06 0.01 0.94 0.10 0.94 0.10
10 3.10 0.30 2.57 0.27 1.53 0.16 1.56 0.16
11 2.76 0.28 0.89 0.09 0.29 0.03 0.29 0.03
12 3.83 0.38 1.53 0.15 2.68 0.27 2.66 0.27
13 0.15 0.01 2.64 0.26 3.98 0.39 0.15 0.01
14 2.14 0.21 3.83 0.38 3.10 0.30 2.14 0.21
15 1.94 0.18 1.56 0.15 2.01 0.19 1.94 0.18
SFHIMH Average value 2.33 0.27 1.78 0.21 1.55 0.18 1.58 0.20

VE 8 HMIXTR 2  RMSE ¥ 5 iR,

Note: 0 is relative error and RMSE is root mean square error.
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