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BORLE AR T 2.5% HIRAMET . FIURDRYRL . Bk & M g 22 00 [l B0 R At b+ 34508 U — i /K 4338 B 1 8 (RP=0.839 ~
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BISR tLE OREDE, TSI BRI AR TR S0 LU IEAR DG, B D3 Do, D1\ Di/Dy. D) FREMGRE T HERD N L 22 FXhiB i iz
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Patterns of Soil Water Movement in Drip-Irrigated Plantations and Their Relationship with

Soil Fractal Characteristics in Kubuqi Desert

SUN Kai', WANG Han', SUN Guirong?, Alatengsuhe®, YANG Jianjun®, WANG Haichao', PEI Zhiyong'"

(1 College of Energy and Transportation Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China; 2 Erdos
Afforestation General Plant, Inner Mongolia, Shulinzhao, Inner Mongolia 014300, China)

Abstract: Soil particle size distributions were measured in the typical plantations of in Kubuqi desert by laser particle size
diffraction method, and the single fractal and multifractal dimensions were calculated. The dynamics of soil wetting front during
irrigation and water redistribution periods were measured through field experiment, and the relationship between wetting front
movement and fractal characteristics was explored by means of path and redundancy analysis. The results show: 1) During drip
irrigation, the horizontal and vertical movement distances of the wetting fronts in Kubugqi desert can be described well by the
logarithm functions (R*=0.941-0.990) and the power functions (R*=0.958-0.996). 2) When the volume fraction of sands is higher
than 70% and the volume fraction of clays is lower than 2.5% in the soil, the multiple regression model based on the contents of
silts and clays can better characterize the 2D water movement distance after irrigation is stopped (R2:0.839—1.000), but it has
poor applicability in the process of irrigation (R’=0.243-0.403). 3) The single fractal dimension (D) and the multifractal
dimensions such as entropy dimension (D;), entropy dimension/capacity dimension (D;/Dy), correlation dimension (D,) are
negatively correlated with the ratio of sands/silts of the soil, while the final volume of wetting body formed by drip irrigation is
positively correlated with the ratio of sands/silts of the soil. And D is better than Dy D;, D/Djand D, to explain the effect of the

difference of the ratio of soil sands/silts on the movement of wetting front. There are some functional quantitative relationships of

OF-ATH . W5 HIEXEHEE K £ 1(2020ZD0009) . PIZE T A I XREHS T1RIT H (2020GG0078)F1 P 52 iy H A X 1o 5 AG Bk 2 4 R o
LI H (NJZY21500) %5 8l .

* Sl HAE# (peizhiyong@imau.edu.cn)

EE A PVILA990—), 53, ST SRAFRTAEA , 81, PRI, FZRFST7 T AR R IT & 57K £ 4~ . E-mail: 839473172@qq.com

http://soils.issas.ac.cn



1074 +

e 554 %

soil water movement in drip-irrigated plantations. When the proportion of sands is higher than 70% and that of the clays is lower

than 2.5%, the lower the content of fine particles in the soil, the larger the volume of wetting body formed by drip irrigation. The

soil particle size can be analyzed in the formulation of irrigation strategy to save the decision-making cost. Under the

environmental conditions similar to Kubugqi desert, when the duration of drip irrigation is 6 h and the flow is 3.0 L/h, the next

irrigation should be considered for the Populus popular and Ulmus pumila within 48 h after stopping irrigation, but not for Salix

psammophila and Salix matsudana Koidz plantations.

Key words: Kubugi sandy land; Plantations; Drip irrigation; Soil water movement; Wetting front; Fractal dimensio
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JER FH RODOS/M B BOGHRLBE /A3 (75 ) 3 T30k
K EERTEAR R
1.2 HRFE
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Fig. 1 Distribution of artificial forest resources in Caositan forest protection station
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Table 1  Soil particle compositions and textures in experimental plantations

N T AR H i + )2 ORI L%, VIV) J5T Hb W H L
@ (cm) Wk Wk ke

bl 3 0~20 91.28 + 0.46 8.42 +0.44 0.31 £ 0.02 T+ 10.84 + 0.64
20 ~ 40 88.22+0.19 11.44+0.18 0.34+0.04 b 1 7.71+0.14
40 ~ 60 87.94+0.11 11.61+0.14 0.45 £ 0.03 b+ 7.57+0.10
60 ~ 80 85.54 +0.36 13.89 £ 0.36 0.57 £ 0.05 b+ 6.16+0.18

B 35 0~20 90.57 £0.18 9.34+0.23 0.09 + 0.05 Wt 9.70 £ 0.25

20 ~ 40 95.19 £ 0.26 474 +0.28 0.07 +0.02 w+t 20.08 + 1.28
40 ~ 60 96.72 + 0.44 3.24+0.39 0.04 £ 0.02 wt 29.82 + 3.66
60 ~ 80 94.09 + 0.21 5.54+0.21 0.37£0.02 W+ 16.98 + 0.66

M 12 0~20 88.62 + 0.66 11.17 £ 0.49 0.21£0.18 b+ 7.94 +0.41
20 ~ 40 82.85+0.19 16.61 £ 0.20 0.54 £ 0.06 b+ 4.99 +0.07
40 ~ 60 78.73 £ 0.20 19.86 £ 0.25 1.41 +0.09 i+ 3.96 £ 0.06
60 ~ 80 80.66 £ 0.18 18.18+0.14 1.16 + 0.06 [ 4.44 +0.04

L) 35 0~20 71.77 £ 0.45 26.19+0.37 2.04 £ 0.09 WEiget+ 2.74 +0.06
20 ~ 40 80.68 + 0.11 18.20 +0.10 1.12£0.03 e+ 4.43 +0.03
40 ~ 60 80.78 £ 0.12 18.22 +0.13 1.00 £ 0.01 [E 443 +0.04
60 ~ 80 78.95 £ 0.50 19.05 £ 0.45 2.00 £ 0.06 b+ 4.15+0.13
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Fig. 2 Diagram of wetting front measurement
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Fig. 3 Single fractal dimensions of soils with different radios of
sands/silts

SErh TR, 5 MR, RSS1.5 fl RSS2.0 Ik,
RSS3.0 2/,

2.2 ARAIMTEKRDIERITHFAE

221 +HEBIEEN-4EEE WK 4A PR, B
TR RN ToARH LA AR U K-8 B i 72 . E TR
THRIE , 2 N T Ak ZE HMDW s i, (H#EHE 2 h
Ja R T, BIEMA R 127 ~
25.5cm, {1 [A] 22 57 2 (P<0.05) . AS[AA T HK
HMDW i 1 7K i K 119 728 £ B A 359 T 5% 450 o X

y=mnln(t-DEAR, iy H HMDW fH(em), ¢ ARk
BHE(h), m. n. RHTRRRFESEU(ER 3), L R=0.941 ~
0.990(P<0.05). FEMELS G —E BRI P, 25 HbF Wi
PARIEARIN, L/ NMEHE S, B S
17 h IRENE(E, W(ETEHEN 14.9 ~ 25.6 cm, I}
HMDW 52 A Tobk 4 18 2% 55 1) {2 5 i (P<0.05) .
RSS1.0 754 )5 2 h I HMDW Bk B[ 25.6 cm,
I RSS1.5. RSS2.0 Fl RSS3.0 H7EEHESS 17 h ik%)
WEfH 14.9 ~20.0 cm, Ffif5 0800, (5 41 h JRI80/)N
£ 7.6~19.5cm,

HEE R, BN TR VMDW AW, =
BB WIAE L%, VMDW SR Z [0 ()8 R
BInTE e R AR y=pr fi3R, b y 5 VMDW(em),
t FHEE (h), p. ¢ HTRRSEEE 3), H R*=0.958 ~
0.996(P<0.01), HEBEHILH 4 h N, VMDW 7EA[FE A
TARA B R X ), ERIHEREAE 1, 25 A TRk
VMDW HAJik%) 48.1 ~ 58.0 cm, {HARWL B EXER
(P>0.05), 53 2 h J§ VMDW JFif 5913 %% 5
(P<0.05), ZfFHE 17 h B, 300 PR A f5 0 il 3
fn#y 10.5 ~20.0 cm, A% 58.6 ~75.0 cm, ANFIAT
MRIE] 22 57 .35 (P<0.05), ILHHE RS s R4S, nT T
FEiLF] VMDW IE1E (&l 4B).

222 HHERIEN s i A 395 i
RPNBEE R R, EBGE MR VMDW 4351
3 20, 40, 60 cm HIERBEAIEIE 1. 3. 6h, LI

x2 TEWMEETRS ESHERFEE

Table 2 Multifractal dimensions of soils with different ratios of sands/silts

Dy

D[/Do DZ

(g igie +JZ(cm) Do
RSS1.0 0~20 0.962 +0.003 a
20 ~ 40 0.964 + 0.000 a
40 ~ 60 0.964 = 0.000 a
60 ~ 80 0.959 +0.000 b
RSS1.5 0~20 0.964 £+ 0.000 a
20 ~ 40 0.961 £ 0.003 b
40 ~ 60 0.959+0.000 b
60 ~ 80 0.959+0.000 b
RSS2.0 0~20 0.964 = 0.000 a
20 ~ 40 0.964 = 0.000 a
40 ~ 60 0.964 £+ 0.000 a
60 ~ 80 0.964 + 0.000 a
RSS3.0 0~20 0.954+0.010 a
20 ~ 40 0.959+0.000 b
40 ~ 60 0.964 + 0.000 a
60 ~ 80 0.964 £+ 0.000 a

0.724 £0.001 a
0.676 £ 0.003 a
0.680 +0.001 a
0.686 +0.002 a
0.625+0.010b
0.648 £ 0.003 b
0.682 +£0.001 a
0.664 £ 0.001 b
0.608 + 0.002 ¢
0.628 £ 0.000 ¢
0.634+0.001 b
0.648 £ 0.001 ¢
0.605 + 0.006 ¢
0.553 £0.002 d
0.547 £ 0.006 ¢
0.570 +0.001 d

0.753 £0.002 a
0.702 £ 0.003 a
0.706 £ 0.001 a
0.715+£0.002 a
0.648 £0.010b
0.675 £ 0.004 b
0.711 £0.001 a
0.693 £ 0.001 b
0.631 +£0.002 ¢
0.652 +0.000 ¢
0.658 +£0.001 b
0.672 £ 0.001 ¢
0.635 +0.003 ¢
0.577 £0.002 d
0.568 + 0.006 ¢
0.592 +0.001 d

0.644 £ 0.002 a
0.595 +£0.003 a
0.606 + 0.001 a
0.594 £ 0.005 a
0.572 £0.006 b
0.592 £ 0.004 a
0.602 +0.003 b
0.581 £0.001 b
0.547 £0.001 d
0.569 +0.001 b
0.569 +0.002 ¢
0.579 £0.001 b
0.555+0.002 ¢
0.499 £ 0.002 ¢
0.497 £ 0.003 d
0.503 £0.002 ¢

IE: Do WAREYEE; DoAERAEEG Dy R CRAERG WFIR R/ NG 5 B3R R AR IR L J2 AN [ b B3 L 39 ) 2 55 1 35 (P<0.05).
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Table 3 Parameters of fitting equation between wetting front
movement distance and drip irrigation time

% I } @) oy s 2yl Z#  RSSI.0 RSSI.5 RSS20  RSS3.0
’g‘ ! % I KFiEH m 18.811 12.796 13.695 10.498
:__é ft?HH { it { % { n 3.685 1.288 2.807 0.98
8 sdiveul % % % 1 % I 0219 0.158  0.0538  0.0665
;ﬁ i R 0.976" 0.958" 0.990" 0.941"
® { GRS P 15348 18.084 20354  24.439
q 0.712 0.659 0.512 0.419
ol R 0958 0.996"  0.996"  0.992"
L e e e i 2o B omo oy DIREAKCFER IR y=mnin(-DZH0 p.
®) q ﬁ/ﬁnﬂ%ﬁ%@%ﬁ% y=pt' BY; R @dﬁ%%é& * RN
P<0.05 /K43, **FIRTE P<0.01 KF4 ;s TR,
B FHEMEFFIA)R 23 h(EMEEHEIR 17 hy4 A T4k HMDW
= EENEAL H VMDW B BRI, DL S ] fF
® 1 o T RO A 6 2 F 5 0 i ) —
o 1 LS . K 5 £H& AT HMDW fE7ERT 25 A8 i,
PoLot B 6 h BMEEER 2R S0 . PRI A b HMDW
i ! ! HRAB S B ERAE 0 ~ 20,20 ~ 40,20 ~ 40 F10 ~ 20 cm
ool : +J2, (G598 29.0, 26.0, 32.3 F128.2 cm, X T
—+—RSS1.0 ——RSS1.5 —=—RSS2.0 —— RSS3.0 AT R . HMDW J e (84330 1 BLAE 20 ~
(I S I 215 1) 40,40 ~ 60,20 ~ 40 1 40 ~ 60 cm +J2, 435K 32.7,
FEl 4 iR 15 A5 B 5 B R 18] A9 2 L 300, 43.9 fil 37.6 cm, #/NTIZA TARI AR

Fig. 4 Variation of wetting front movement distance with drip
irrigation time
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Fig. 7 Mean horizontal movement rates of wetting fronts in different soil layers of different plantations
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Table 4 Correlation coefficients and path coefficients between movement equation parameters and fractal characteristics
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Fig. 9 Redundancy analysis (RDA) of fractal characteristics and parameters of 1D movement equation
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Table 5 Multiple regression models between 2D movement distance and soil particle composition
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