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Abstract; The aim of this study was to clarify the impact of various irrigation technical parameters on the uni-
formity of irrigation in fragrant pear orchards, providing data references and technical support for the
implementation of water-saving technology in Korla balsam pear cultivation. Taking 7—year old Korla young fragrant
pear as the research object, set small tube outflow (one row of two tubes) and surface drip irrigation (one row of
three tubes and four tubes) to determine the soil moisture content of 0~100 cm. Setting 27 irrigation technical pa-
rameters (irrigation amount Q1, Q2, Q3; drip irrigation pipe arrangement D1, D2, D3, drip irrigation pipe spac-
ing S1, S2, S3) combination and using the HYDRUS-2D to simulate the changes in soil moisture within 24 h after

irrigation. Optimizing the change of soil moisture technical parameters was achieved by calculating the uniformity of
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irrigation. The results showed that within 24 h after the completion of the irrigation, soil moisture content gradually
increased with the increase of soil layer depth. By comparing the measured and simulated values of soil moisture
content, all the RMSE values simulated by the HYDRUS - 2D model were greater than 0.01 c¢m® - ¢cm™. The
NRMSE values were all lower than 20.5%. The MAE values were not greater than 0.02 ¢cm® + cm™. The NSE values
were all higher than 0.65, reaching high simulation accuracy. The results of the above scenario of HYDRUS-2D
model showed that the soil moisture content was positively correlated with the amount of irrigation and the number of
drip irrigation pipes and a negative correlation with drip irrigation tube spacing. The moisture content of the soil at
different depths below the drip irrigation pipe showed a trend of increasing first and then decreasing along with the
increasing time. When the drip irrigation pipe was arranged and separated from a certain distance, irrigation amount
was negatively correlated with the rate of uniformity of soil moisture distribution. In summary, six treatments
(Q1D2S1, Q2D2S1, Q3D2S1, Q1D3S2, Q2D3S2, Q3D3S2) involving one row of three tubes with 30 cm spacing
and one row of four tubes with 40 c¢m spacing resulted in a higher and more uniform concentration area of the balsam
pear root system within the moisture distribution. This can provide an important reference for the application of drip
irrigation technology to Korla balsam pear.

Keywords: dwarf and densely planted fragrant pear; drip irrigation pipe arrangement; soil moisture distribu-

tion; irrigation uniformity; HYDRUS-2D
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23 BRIEEREBEKBERASHME
23.1 FRREZHRFTFTREKRSTHAE AR
FAFIFEMEARSECT 19 L HEK RO, A5
BT 27 PRI R s T KR BT
RN 45 A0 (R BE (AN TR 20 G o 3 2 % b Tk
Z5JE 0~24 h NI7K 7328 4k X W] — K 1
ANTR) TG E A A B 30T B E Y 0.30.,60 em 7K
AL E AR R B RIS KR, TR A RR,
PR AR SC D —47 =48 A1 8 7 R R XoF 4= 18 5 K
RO THEA

#& 1 van—Genuchten #HEIH X S

Table 1 Parameters related to the van—Genuchten model
= VR i N K IR S 0, 0,
LRRE G BASE 3 2 « &
Soil depth Soil text Bulk density Model /(em” - /(em” - /(em™ n /(e 1! l
/cm Pott texture /(g+em™®) calibration em™?) em™?) em™) em - d”0)
%Kﬂf-ﬁu . 0.038 0.36 0.01 1.60 42.74 0.5
I J5E Pre—calibration
higE+
0~60 Sandy 1 1.47
andy loam o
?Eﬁ . 0.040 0.39 0.01 1.63 42.92 0.5
Post—calibration
%Kﬁ?jﬁlj . 0.044 0.40 0.01 1.48 28.52 0.5
W+ Pre—calibration
60~ 80 Sandy 1 1.42
andy loam P
}*:ﬁ;j)ﬁ . 0.042 0.43 0.01 1.49 28.74 0.5
Post—calibration
I 0.042 0.36 0.01 156 2757 05
W+ Pre—calibration
80~ 100 Sandv silt 1.44
Sandy si %
HEIE 0.040 0.37 0.01 1.60 27.63 0.5

Post—calibration
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Fig.5 Measured and simulated values of soil moisture content under different arrangements
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Fig.6  Validation of the model simulation results
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B 7 R—47 = E 15 mm PEKE T AE
THEE AT B AEE R, BRI 3 K P FEES 030,60 em
AANTR 2R BE 1 48 5 K R AR AR AN R B 1Y)
8 KRR B B () S22 S B ek D R A Bk
TRaE, QID2S1 ALFHF | LUME 7% #E 4 /K - 30 em
T EIRIE 80 em AbFEME KL RIG 2.2 h 24+ &
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Ab B 1S KRR K, M 0.3278 em’ - em™, FRTHE
BRI 60 em T ELIEEE 60 em AbAY + 35 7KR
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Note: The former of the values in the legend indicates the distance from the drip irrigation pipe and the latter indicates the vertical soil

depth, such as 0~20 indicates the moisture content of the soil at a distance of 0 cm from the drip irrigation pipe and a vertical depth of 20 cm

of soil layer. The same below.
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Fig. 7 Change of soil moisture content under different drip irrigation pipe spacing with 15 mm irrigation amount
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Fig. 9 Change of soil moisture content under different drip irrigation pipe spacing with 45 mm irrigation amount
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Table 2 Mean value of soil moisture content and irrigation uniformity change under one row of two tubes
T G HERT e
EE j:}%];k)ﬁ Pre—irrigation  Post—irrigation I3 j:}%:]ﬁkJE Pre—irrigation Post—irrigation
. Soil depth AC,, . Soil depth AC,,
Scenario Jem AR A R Scenario Jem AR o)
Uniformity C,,,, Uniformity C,,, Uniformity C,,,; Uniformity C,,,
20 0.9620 0.9961 3.41 20 0.9620 0.9960 3.40
40 0.9229 0.9815 5.87 40 0.9229 0.9813 5.84
Q1D1S1 60 0.9801 0.9987 1.86 Q2D1S1 60 0.9801 0.9987 1.86
80 0.9841 0.9974 1.32 80 0.9841 0.9973 1.32
100 0.9628 0.9920 2.92 100 0.9628 0.9918 2.89
20 0.9610 0.9959 3.49 20 0.9610 0.9958 3.48
40 0.9771 0.9987 2.15 40 0.9771 0.9986 2.15
QID1S2 60 0.9995 0.9995 0.00 Q2D1S2 60 0.9995 0.9996 0.01
80 0.9816 0.9968 1.53 80 0.9816 0.9968 1.52
100 0.9998 0.9998 0.01 100 0.9998 0.9998 0.01
20 0.9242 0.9824 5.82 20 0.9242 0.9823 5.81
40 0.9255 0.9832 5.77 40 0.9225 0.9830 5.75
QID1S3 60 0.9817 0.9971 1.54 Q2D1S3 60 0.9817 0.9970 1.53
80 0.9603 0.9913 3.10 80 0.9603 0.9911 3.08
100 0.9824 0.9951 1.27 100 0.9824 0.9949 1.25
20 0.9620 0.9960 3.41 20 0.9610 0.9958 3.48
40 0.9229 0.9812 5.83 40 0.9771 0.9986 2.15
Q3D1S1 60 0.9801 0.9987 1.86 Q3D1S2 60 0.9995 0.9997 0.02
80 0.9841 0.9973 1.31 80 0.9816 0.9967 1.52
100 0.9628 0.9917 2.88 100 0.9998 0.9998 0.01
20 0.9242 0.9822 5.80 80 0.9603 0.9910 3.08
Q3D18S3 40 0.9255 0.9830 5.74 Q3D1S3 100 0.9824 0.9949 1.24
60 0.9817 0.9970 1.54
®3 —TEEBEETIEAKENESEKAIESK
Table 3 Mean value of soil moisture content and irrigation uniformity change under one row of three tubes
T G T e
EE i%%}}{ Pre—irrigation  Post—irrigation I3 j:}%"]* ) Pre—irrigation Post—irrigation
Scenario Sml/iipth Ho) SEeuly Cu Scenario SOll/iipth poppicy Ho) ACu
Uniformity C,,, Uniformity C,,, Uniformity C,,,; Uniformity C,,,
20 0.9813 0.9991 1.78 20 0.9415 0.9906 4.92
40 0.9431 0.9911 4.80 40 0.9261 0.9841 5.80
Q1D2S1 60 0.9806 0.9970 1.65 Q1D2S2 60 0.9991 1.0000 0.09
80 0.9637 0.9875 2.38 80 0.9829 0.9953 1.24
100 0.9821 0.9923 1.03 100 0.9654 0.9880 2.26
20 0.9787 0.9987 1.99 20 0.9813 0.9992 1.79
40 0.9419 0.9910 4.91 40 0.9431 0.9910 4.79
Q1D2S3 60 0.9646 0.9877 2.31 Q2D2S1 60 0.9806 0.9971 1.65
80 0.9829 0.9925 0.97 80 0.9637 0.9873 2.36
100 0.9816 0.9968 1.52 100 0.9821 0.9924 1.03
20 0.9415 0.9904 4.89 20 0.9787 0.9988 2.00
40 0.9261 0.9839 5.79 40 0.9419 0.9907 4.88
Q2D282 60 0.9991 0.9999 0.09 Q2D2S3 60 0.9646 0.9875 2.29
80 0.9829 0.9951 1.22 80 0.9829 0.9926 0.97
100 0.9654 0.9878 2.24 100 0.9816 0.9968 1.53
20 0.9813 0.9992 1.79 20 0.9415 0.9905 4.91
40 0.9431 0.9912 4.80 40 0.9261 0.9839 5.79
Q3D2S1 60 0.9806 0.9971 1.65 Q3D2S2 60 0.9991 0.9999 0.09
80 0.9637 0.9873 2.35 80 0.9829 0.9951 1.22
100 0.9821 0.9923 1.02 100 0.9654 0.9878 2.24
20 0.9787 0.9989 2.01 80 0.9829 0.9927 0.98
Q3D2S3 40 0.9419 0.9907 4.88 Q3D2S3 100 0.9816 0.9969 1.54
60 0.9646 0.9875 2.29
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Table 4 Mean value of soil moisture content and irrigation uniformity change under one row of four tubes
- HET WS HETT 5
5 j: E R Pre—irrigation  Post—irrigation AC I3 j: E TR Pre—irrigation  Post—irrigation AC
Scenario boll/iipth SO ity Bopa ity “ Scenario 501;:1:;})[}1 5 B Y5 B “
Uniformity C,,; Uniformity C,,, Uniformity C,,,; Uniformity C,,,

20 0.9414 0.9906 4.92 20 0.9787 0.9988 2.01
40 0.9595 0.9956 3.61 40 0.9597 0.9958 3.61

Q1D3S1 60 0.9995 0.9998 0.03 Q1D3S2 60 0.9634 0.9919 2.85
80 0.9826 0.9971 1.45 80 0.9652 0.9880 2.28
100 0.9615 0.9915 2.99 100 0.9830 0.9928 0.98
20 0.9248 0.9833 5.85 20 0.9414 0.9905 4.91
40 0.9787 0.9989 2.02 40 0.9595 0.9958 3.62

Q1D38S3 60 0.9813 0.9970 1.58 Q2D3S1 60 0.9995 0.9998 0.02
80 1.0000 0.9999 0.00 80 0.9826 0.9972 1.46
100 0.9653 0.9880 2.27 100 0.9615 0.9912 2.97
20 0.9787 0.9988 2.02 20 0.9248 0.9832 5.84
40 0.9597 0.9957 3.61 40 0.9787 0.9989 2.02

02D3S2 60 0.9634 0.9919 2.84 Q2D3S3 60 0.9813 0.9970 1.57
80 0.9652 0.9878 2.26 80 1.000 1.000 0
100 0.9830 0.9929 0.99 100 0.9653 0.9878 2.25
20 0.9414 0.9905 4.91 20 0.9787 0.9989 2.02
40 0.9595 0.9958 3.63 40 0.9597 0.9958 3.61

Q3D3S1 60 0.9995 0.9998 0.02 Q3D3S2 60 0.9634 0.9919 2.85
80 0.9826 0.9974 1.48 80 0.9652 0.9878 2.25
100 0.9615 0.9914 2.98 100 0.9830 0.9929 0.98
20 0.9248 0.9833 5.85 80 1.000 1.000 0.00

(3D3S3 40 0.9787 0.9989 2.02 Q3D3S3 100 0.9653 0.9877 2.04
60 0.9813 0.9970 1.57
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