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Abstract: Soil preferential flow is a common way of water flow in the soil, which causes soil water loss, groundwater
pollution, and reduces slope soil stability. This paper takes a typical desert grassland as the research area in Yanchi
County, Ningxia. And we selected artificially constructed shrubland (9, 14, 24, and 35 ages) as the research objects and
used blank grassland as the control group, which explored the characteristics of soil preferential flow and its relationship
with soil structure by soil water infiltration combining dyeing method, CT scanning method, and image processing
technology. The results showed that; (1) there were significant differences in soil preferential flow characteristics and
macroporosity. Soil macroporosity gradually and color depth of soil infiltration increased with the increase of planting years.
Meanwhile, the ratio of dyeing area increased with the increase of Caragana korshinskii forest age. (2) The depth of soil
matrix flow increased with the increase of vegetation planting years, and the soil priority degree of artificial Caragana

korshinskii forest was significantly higher than that of grassland. (3) With the increase of the age of Caragana korshinskii
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plantation , the number of soil roots improved. The root activity in the process of shrub growth and development made the soil
to have much lower tortuosity and stronger connectivity macropores, which were the main factors to lead to the preferential
migration of soil water. Therefore, the changes of plant roots and soil macropores are the key factors to effect the soil water
distribution in the process of artificial Caragana korshinskii restoration in desert steppe. The reasonable allocation of
artificial forest plantation could improve soil water use efficiency in desert steppe effectively owing to its role in root system

and soil structure characteristics modification.

Key Words: preferential flow; desert steppe; shrub introduction; aeolian sandy soil; macropores
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1 #MREFE

L1 AR5 XA

T XA T b BN (37°57'23"—37°8347"N, 106°77'99"—107°50"70"E) , F- #4134k 1600 m, J& T
AR SEBE X, WFSE IR Tl KRl AR IR KA 280 mm, 80% DL LRI 7E 5—9 A,
Hrh424E 60% LA FRERT AP TE 7—9 H A28 Kk 5 R 2710 mm, TTFEHIN 150 d, -3 8.1°C
PAAIPEAE K A4 W), FER AR RS W98 X F 200 TR AR RS - AP+ BF9E X 32 22
A 2B K1 (Lespedeza potaninii) %)k ( Cynanchum komarovii) AWK EEE (Astragalus melilo-toides) & T
& (Artemisia scoparia) &5 ( Setaria viridis) . FEALET 2 (Stipa breviflora) 7% 5. ( Sophora alopecuroides) . 4
% ( Corispermum hyssopifolium) Pl /R Z& MM AL ( Heteropappus altaicus) %5 .

1.2 B R
ARSI — A T R B R A R X NI B 5 AR R R AN [R) A A A e B 4 A S I Ml 5 3 U
AREEHD Ry as AN HRAL, REHL— & 1985 4FEFhAH (35 4FA ) N T AT Sk (Aa bR 37°49.2152'N, 107°30.3382'E, i

R 1519 m) , FEHL TR 1996 AEFIAE (24 442 ) N TAFSR(Aed5 37°49.0330'N, 107°29.7485'E, 14k 1491 m) ,
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FEHL = 2006 AEFIHE (14 4542 ) I N T AT AR (A AR 37°49.1854'N, 107°30.1312'E, #i4k 1489 m) , FEHLPU Ky
2011 4EFIAH (9 4R ) I N T AT S5hK (A2 %5 37°49.3001'N, 107°29.6180'E , #i4k 1497 m) , FEHE Tk B % B 2H
(ARAR 37°49.4154'N, 107°29.7912'E, #i4k 1511 m)
1.3 FEACRES YIS HON &

W 3R AR 12 em IR TR 3 NI JIRERIEL A BUREIR BE 435014 0—10 em ,10—20 cm F1 20—
40 cm B 5 B B8 RISZI F I TIE . SRAFR T R TTE K Sk AB  MS3500 #OGk EEASURT CT H13t 1A
1§53 W 55 73 40 RS TR A . 1) 378 F B R | AU, ZH A AN - L B 4 3 B S R T
ME T (R 1),

®1 TEYESY
Table 1 Soil physical parameters

‘ - BRam - RBER s ek | LHRRRAUR
#lﬂz :ti;g?ﬁﬁ’_g 5011 Bulk Stablf‘ Seepﬁge . . 5011 panlCle CUmpOSlthn
Sample plot Depth/cm density/ rates vl weight water
(&/m®) (/i) OV % <005 mm  005—025mm  >025 mm
0—10 1.44+0.01 2.23:0.05  9.47:0.21 5.35 58.32 36.33
9 4k 10—20 148000  2.57:0.17  8.84x0.53 1.85 58.24 39.91
Nine years old 20—30 1.47:0.01 2.73:0.26  8.39:0.32 1.83 60.25 37.92
0—10 1.29:0.06  2.73:0.05  8.85:1.11 6.58 55.35 21.87
14 4R H: 10—20 1.3420.01 3.00:0.08  12.23:2.44 7.88 59.16 30.73
Fourteen years old 20—30 1.3520.01 3.73:0.17  15.70£2.87 3.51 53.25 32.4
0—10 1.32:0.01 2.67:0.12  6.60£3.72 9.81 68.32 21.87
24 4 10—20 127£0.03  3.00£0.22  7.58:1.43 6.12 63.15 30.73
Twenty-four years old ~ 20—30 1312002 3.37:0.66  8.13x1.90 7.35 60.25 32.4
0—10 1312005  3.53:0.21  11.65:1.53 9.53 76.28 14.19
35 4k 10—20 132004  337:0.26  10.05:1.60 6.3 70.12 23.58
Thirty-five years old 20—30 136:0.01  4.23:042  7.05:1.99 3.29 71.35 25.36
0—10 1312002 2.70:0.16  7.98+0.91 0.98 61.67 37.35
B4 10—20 1.3620.01 3.20:0.24  7.80£0.29 1.25 50.36 48.39
The grass contrast 20—30 1.3620.01 3.50:0.24  7.68£0.47 1.16 53.45 45.39
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TEWFIEICIN SR T T8 A% O3 AT FOAE A3 B0 35y 38050 () S S P Ml DR i i o RO e T e 8 s B 1
UL 1T 43 A A R AR SR A HE ABEEA B A N B B A SRS 1R (R 7 5 T
AR B ek s IR Z 0 A BT (AN kA 5T ARG AS) Ab B4 RIS BESE e AR = . Z A
£ 120 em g 60 cm /5 30 cm, JEE R 0.5 em B B §l458 G 4 HE S /INVEETE BB A +3% 15 em, M B 5 15 em,
SRIGTERR G A MESE 7 25 SRS LACR 4P 198 24 b 5475550, 24 h 225 BOE Z A0 8 55 i SDRH IR SR )
WIECEFY 4 /L A58 0 G o 50 AT R LARRKS 3% 1 7 SN ) Wi T 4 JRAE N o ELAAR A i o 3 T T A4 A
HRPEHFTEIX 7—8 H BRSO (LA 24 h FEK 15 mm VEAHRIEFRIE) AR AR 158 0 Y G R Jr 22 a0 FEURN S BRii
FERITTE T E 115 LIRIEEIR, 754 o/L AU 115 L A2 BE IR A1 B0 Se B I |, 4k st RO AR & 4
MESRAT 55 , LAk SR B /K S5 B K o3 1 ik A RNEF AR S S 52 | R /D28 . e (i 24 h Z 5, BBRE G &
FESE LAEIRR 12 em T B2 4R YL T, B4248 — )2, s o BER B AR ML T304, B e M R 5 15
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1,35 AEAERF AR B YL (0 B 2451 40 AT, 140—320 mm )2 H BB IR EE N R Ge (25357, 24 R4 14 A
Fy FMHLAE 0—70 mm A9 2 UREE LY O35, 24 AEA R FMAE 70—140 mm £ )2 2RI 15 3,
14 FERFFMAE 70—170 mm L2 2B 32, 9 FFAEFFRMTE 0—60 mm 1Y 12 LY EAI5) 5340, 7F 60—
180 mm {9+ )2 I 2B HORRRE BE 194357, O BRZHAE 0—120 mm A9 + 2 W Y @3 5) 4345 , 78 120—190
mm + 2 PRI RFE 5, 1,35 AFAE R SMHE -+ HEAR e A B TR B K, 1T b+ K 40 A B T L3
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Fig.1 Prioritize the flow of vertically distributed images

22 THERLREE AR L

e A TR R Y e AR AT AR IO S S AR IR Y R TV R S X, A [ A N T A b
b P 3R A TR RR LG (1R 2) ¥ 3R B R Bl 12 VR E A B8 B v N, X5 LG 5 SR 0—400 mm -3 T 4 £4,
TR LE i R AR, R LR 35 4R A A7 55 MK (33.06% ) > HEH (28.67% ) >9 4FHEFY 254K (26.8% ) >24 4F Ay S5 bk
(22.69% ) >14 AEHFF 55 (22.69%) o T 3 Y% (2 58 BF R I8 A HE 4 ( 165.5 mm) >35 4EAEF7 4K (156.75 mm) >9
AFLEFTZ0MR(121.385 mm) > 14 4FA7 26K (118.8 mm) >24 AFAFF 24K (110.9 mm) . Hor, 35 4RA A7 20 pR e (4
TP B R e TR v LB 2R XS Rk 35 AR AR AR AR RAEBR A, IR R R N5, IR AT
B T I B R RO e TR AR T R AR MM Y - e 6 TR B N TR M R BTN T AR R
VENR AR BRI T S M A FLBREE Y BT T K IS, HAF AN TR B 458 T AR F +
BERFRARIE ) Hirb B 35 AEAEFT SR HLAN 9 14 24 AEAE AT SR A B Y (0 TR L Y (0 TR T 2 RN
F L Ho O AR AR SRR Y 0 T RN Y (0 R BT W 150 T 14 AF A 0 24 AR 2R S bR ML X T RE R 5 9 4F AR AT Sbih
) R O S A K,
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Fig.2 Change in average stained area of soil profile
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REEAE BB UR L . AN [FIMRIR AT SR B BT UR B v (3R 2) |, 3R LN 35 AP AR Ay S bRt 5 o i TR B ( 76.35
mm) >E (70 mm) >24 4FAE AR S (58.8 mm) > 14 4E A A A A bRHb (57.3 mm) >9 4 AR ARy S M
(50.61 mm) , W WL TAT FRobfadt i ast A v (%) SR A i 2 (i 4 98 58 o VR B ek /D, (BB o E A 5 A I Pk A2 4
1y B30, N Ty bR %) 58 o TR Bt 2 1

AN RIS AT SR BEHR B/ N R I 35 AR AE A7 450K (36.01% ) > %45 I B | (30.45% ) >9 4R A= by 254K
(27.86% ) >24 AEHEFT /MR (22.94% ) > 14 FELEFTS-MR(22.82%) o RFHL R IR, 35 AEAAT A% Mtﬂﬂkr“%a%&tmjc
14 AR MK B SR/ . SR b BR 9 AR AEATAPRHLAT , 4 B8 KUkt 2 RATL AT 403 A 38 N AE 2 3 n AT
Il Kﬁ%{éM%I/\Fﬁ“Eﬂﬁﬂ’ﬁ"ﬁn T AB IR Z 38N, b, 9 A AMKERECRT 24 4F
AT 14 AR SR, BB RN AT REIE 5 9 AR A4 bR Hb I H A S R A ¢
2.4 Q@ JESARRRR R AR SR TR B 4 BT

Je o I A5 A RR R I WA R S A & B R FR IR R 40 B 4 M Se R e (I AR R RE 0 | 0 5 A X
FasE (CV 1E 0—0.10 Z[B]) YKIFEER (CV, 7E 0.10—0.20 Z [H]) & ER(CV, 7E 0.20—0.40 Z [A]) #EAE (CV, KT
0.40) , XA[RIBRES (R SR TOL e T e I A AR AL FR BE A 20T (38 3) , AT DA R L - SR A Se i A 5 &R
BRI 9 AEART F2MR> 24 ARAFT 200> 35 ARAEFT S5MR> 14 ARAEFT MRS FEHI IR, 9 AR AR AT MRl 1 B A
B 5 R S, DRI AR O AR L R S TR I 5 f o W A 5 24 AE AR A AR IR A
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TR IR ER , DL SE TR W 2 5 14 AR 2R T S0bk ML 35 AR A A7 25 AR L ARSI AR B2 W YR BR, RSB T LR A
W ; R X MRS RR B N U R S R R AW, Qe (VR R B T AT AN 8, T L, FRgR o
K NBRIE DLSCTRIRBE 52 B MK AF BRGS0 (AR - D0 Se TR A B A 8 3 N AT 28 2R AR R A

K
R

K2 TR T REMUEREHER T

Table 2 The characteristic factors of preferential flow of Caragana korshinskii shrubs under different ages

FEBUR IR
. - . RALBREE
‘ , PR KEREC oo RGRE RALE A
. HERT MR O ey S g RO RIUME T
FEH ; Mean value SEHE ; S Number
. Sample Matrix flow . Length . Dyeing . Average
Sample plot of matrix . Length index Mean dyeing of root )
number depth/mm index/ % depth/mm "N value of
flow depth/ average/ % depth/mm holes/ .
macroporosity/ %
mm
Yu
35'$$ 85.1+15.14 16,35 38.16 16,01 182.3+56.94 156.75 16.00+8.04 A@, 3.85
Thirty-five years old 2 67.6+20.87 33.85 131.2+20.10 22.33+6.24 K 2.14
24 4t 49.9+18.60 5.8 32.92 .04 103.1£21.53 1109 11.33£3.30  Jfy 2.03
Twenty-four years old 2 67.7+13.20 ’ 12.96 : 118.7+12.66 ’ 24.67+£9.29 Ky fty 1.72
14 A 1 47.3+9.52 573 22.80 98 111.1+18.98 118.8 10.33+2.87 etr, 1.59
Fourteen years old 2 67.3+11.92 ' 22.84 ' 126.5+21.28 ’ 23.67¢3.30  RYfn 148
: i
9 _*rFtF 1 54x31.68 5061 28.77 27 86 126.1+28.26 12139 14.33£1.70 %ﬁ 142
Nine years old 2 47.22+25.8 26.94 116.7+43.20 14.00£0.82 K 134
T R v 1.84
1 70£21.02 70 30.45 30.45 165.5+15.02 165.5 19.67+8.73
The grass contrast * * * K 1.46

R3 TRAERAITERBIRAERRERSTUREE

Table 3 Variation degree of soil preferential flow dyeing morphology in artificial Caragana Korshinskii forests of different ages

. B S G5 . " A4
el o DC Fe KAt DC /Mt sama oy (CERECPMM RESH ——
Sample plot P Max-DC/ % Min-DC/ % IR Mean of CV Degree level .

number flow
35 44 N .
- _frFqE_ 1 38.01 22.21 0.1843 0.1955 WG R B

Thirty-five years old
35 Ei 2 32.50 17.61 0.2066
Thirty-five years old
24 4 N

P 1 24.88 11.30 0.2929 0.2040 E1EN "2
Twenty-four years old
S
1L 2 23.22 15.32 0.1152
Twenty-four years old
14 . N
i 1 19.91 12.91 0.1441 0.1532 WG R LR
Fourteen years
AEH:
14 A 2 28.83 17.07 0.1623
Fourteen years
9#@: 1 35.72 11.44 0.3881 0.4448 AR A
Nine years old
? QZéE 2 29.07 6.60 0.5015
Nine years old
B R N -~
el 30.45 19.73 0.1273 0.1274 WIH IR B

The grass contrast

DC . Y@ TFILL Dyeing area ratio; CV. T3 AT AL LLAS 5 R 5L Coefficient of variation

[RI, FSR 3 A e (O TR EE v T DA | (B LA S A B 2 (IR T A N TR AR, 32 o T3
MEIAJR TIRIR R R H O F 5, BER MRLAE O R, A K BIIA—RE I B BEZ i, AR BRAR A2 R A A
ARG AR L R N E AR R R G B 2 S B A R IS T AR, A AR ST LAY, R
PRSI LR AE R PR AR R R L A TB TR EE SR (H R DUEE O & AR Se R AR AR
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SR ASTAAE A B 0—10 em Y 350 K1 photoshop B A HEATAR FLECE IS 1T, 15 2 AS [A) FE H AR L
Bt 0 E PR E2ZE(E (R 2) o ATRAR B, Bl 7 S MR AR B 385 0, AN [ b AR AR LS i 3R 3 35 4F
AERPERS24 AEA > 14 AR SZS IR bSO AFAE ) BB G AR AR BR A3 I , 7 S AE 3 b AR FLEICR 72 A
Wik i, A RLIAR 2K i ) - 2 DL B A, KA AB TR SR R A/ NSEA S H
FEIAR 2 55 08 1 A 44 o 5 i ] LA K 3 Ansd 1) F iz g, wF SR Se W B i e A A AR Y B R A
ARG BE TN AP AMRAR RAETRZ L IEAECE S 2 | H 5K NB IR BRI 3 0

XoF AN [RIAE b G 07 DX R oA G 48 DX ) - 33853 S A T HRORE R CT 0 0 25 b e €0, 1 B8 MR et 1B K
FLBR (FLA2>0.3 mm) HATIHE (& 3) . ATLUR B, FE[F—HE s il — )2 7, Je o+ 1Y + R ALBR AR 1 2
KERGA LI (P<0.05) , Forr £F 35 4F Az 4 Hi Y €0 Je A Yo 0+ 38 19 R L B B S 448 43 31k 3.85% X
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Fig.3 Three-dimensional image analysis of soil macropores
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