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“Soil moisture spatial distribution and infiltration characteristics of Nitraria nebkha

in an oasis-desert ecotone
XI Jun-Qiang"*, ZHAO Cui-Lian'* , YANG Zi-Hui' , GUO Shu-Jiang' , WANG Qiang-Qiang' , ZHANG Jian-Hui'
1. Gansu Mingin National Field Observation & Research Station on Ecosystem of Desert Grassland s Mingin 733300, China; 2.

Pingliang Guanshan Forestry Authority , Pingliang 744100, China

Abstract: This study utilized Nitraria tangutorun nebkhas vegetation growing in a desert-oasis ecotone in
Mingin to investigate space distribution of soil moisture content and the influence of soil physical properties,
particularly soil hardness and crust thickness on water distribution and infiltration of the three evolutionary
stages of soil formation; stable sand dune, sand dune formation and moving sand. The aim was to explore the
effect of N. rangutorun nebkhas on soil moisture and to establish a theoretical foundation for protective

systems for oasis-desert ecotones. The results as follows: 1) Soil hardness and crust thickness were highest in
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the stable dune, intermediate in forming dunes and least in moving sand. 2) Soil surface bulk density was 2. 32,
2.30 and 1. 95 g/cm® in moving sand, forming dunes and stable dunes respectively; maximum water holding ca-
pacity, capillary water content, field capacity and total porosity was highest in the stable dune, intermediate in
the forming dune and least in the moving sand. Soil physical properties in the subsurface layer were variable in
all dune formation stages. 3) In the dry season, the lowest soil moisture contents occurred in soils from form-
ing dunes and moving sand at 0, 70, 150 cm depth, maximum soil moisture occurred at 50, 130, 110 cm; in the
rainy season, surface soil moisture content fluctuated while soil moisture at depth was relatively stable. 4)
There were significant correlations between rainfall and infiltration in all three stages of soil formation (P<C0.
01). Water infiltration after rainfall events occurred immediately instable and forming dune soils whereas infil-
tration in moving sand only occurred when rainfall reached a critical threshold; with rainfall greater than 0. 12
mm, infiltration was highest in the stable dune, intermediate in forming dune and least in moving sand.

Key words: Nitraria tangutorun nebkhas; soil physical properties; feature of infiltration
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Table 1 The characteristics of soil crust thickness and

hardness in different types of sandpile

B b 25 7 TSR EM  SEEEE
Plot type Soil hardness Soil crust
(kg/cm?)  thickness (mm)
[ 5E (4 30 #E Fixed sandpile 2.6040.16a 20.5940.21a
[ 5 [l 7 HE Semi-fixed sandpile 2.1140.09b  4.5120.13b
i sh @ fil b HE Flowing sandpile 0.5340.03¢c  0.00%0.17¢c

R PE N IE SRR, A AR NG 7 RER R ZE 7 B E (P<
0.05),
Note: The table is the mean value =+ standard error, different lower-

case letters indicate significant differences at P<Z0. 05.
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Table 2 Soil water physical properties of different soil depth on fixed N. tangutorun sandpile

TRIRE e KRR R TBERKE FH [B] 3 7K & B LR BEILKE BALERE
Soil depth Soil density ~ Maximum capacity Capillary water Field capacity Non-capillary Capillary gap Total porosity
(cm) (g/cm?®) (g/kg) capacity (g/kg) (g/kg) gap (%) % %
0 1.95+0.05 656.9740.12 608.54+0.21 512.724+0.11 0.4640.18 5.7840.06 6.2440. 36
10 2.2340.25 466.11£0.11 440.18=£0.16 346.1520.13 0.32%0.21 5.4320. 16 5.7540. 29
30 2.2540.16 447,25+0.03 415.15+0. 56 330.89+0.17 0.4040.09 5.1740.23 5.5740.19
50 2.1470.58 524.9870. 61 489.90=£0. 25 394.3210. 29 0.40x0.19 5.59740.09 5.9940. 15
70 2.1540.21 496.56+0. 25 465.16+£0. 38 355.25+0.33 0.3640.78 5.3340.35 5.6940. 39
90 2.2310.32 430.991£0. 22 363.260.17 296.3420. 39 0.83%0.83 4.4540.18 5.28740.28
110 2.3040. 20 392.6140.56 359.52+0.16 199.4740.05 0.4340. 26 4.6740. 31 5.1040.08
R3O E AR HEA R 2GR K W) H
Table 3  Soil water physical properties of different soil depth on semi-fixed N. tangutorun sandpile
TRIRE 35 % R KR EERKE FH 1] 55 7K & EEBE AR EBEHEAHE A FLIR
Soil depth Soil density ~ Maximum capacity Capillary water Field capacity Non-capillary Capillary gap Total porosity
(cm) (g/cm®) (g/kg) capacity (g/kg) (g/kg) gap (%) (%) %)
0 2.3040.11 468.89£0.16 442.62=£0.08 370.79%0.07 0.34%0.13 5.7340.02 6.0720.13
10 2.1440.16 532.8340. 28 505.63+0.03 417.0040. 06 0.3140.19 5.7640.00 6.0740.19
30 2.2020.09 451.0820. 33 400.73£0.13 335.2820.05 0.60x0. 24 4.7840.08 5.3820.09
50 2.2140.28 494,32+0.18 456.39+0.18 364.05+0. 00 0.4640.29 5.5440.03 6.0040.07
70 2.2240. 34 495.29+0.07 456.00+0. 35 378.25+0.16 0.4840. 33 5.5740.11 6.0540.12
90 2.2740.22 437.792£0. 36 404.74=£0.15 311.87£0.11 0.42%0.17 5.1440.11 5.560. 21
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Table 4 Soil water physical properties of different soil depth on flowing N. tangutorun sandpile

TR E g wRKFKE BERKE HH 1) #7 K & EEBE LR BEILBEE S AL B BE

Soil depth Soil density Maximum capacity Capillary water Field capacity Non-capillary Capillary gap Total porosity
(em) (g/cm®) (g/kg) capacity (g/kg) (g/kg) gap (%) %) %)

0 2.32+0.08 447.67+0. 15 398.49+0.03 348.86+0. 21 0.65+0.19 5.27+0.02 5.92+0.12

10 2.26+0.09 455,01+0. 11 375.68+0.05 318.48+0.15 1.0040.09 4,74+0.08 5.74+0.07
30 2.26+0. 14 505.3140.13 464.194+0.07 407.58+0.19 0.52%+0.06 5.87+0.15 6.39+0.09
50 2.29+0.08 473.25+0.16 394.92+0. 10 339.00+0. 15 1.0140.13 5.09+0. 10 6.10+0.16
70 2.29+0.12 469, 27+0.08 411.914+0. 06 355.01+0. 23 0.74+0.01 5.31+0.00 6.05+0.14
90 2.19+0.13 552.9740. 10 514.25+0. 15 456.68+0.11 0.46+0.15 6.11+0.09 6.57+0.17
110 2.24+0.23 507.3440.07 474, 20%+0. 09 407.68+0. 10 0.41+0.12 5.87+0.13 6.28+0.05
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Fig. 2 Soil water characteristics of semi-fixed Fig.3 Soil water characteristics of flowing
N. tangutorun sandpile N. tangutorun sandpile
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Fig. 4 The correlation between rainfall and infiltration

in different sandpile types
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Table 5 The regression equation between rainfall and infiltration in different sandpile types

FEHb 25 A Plot type [5] 9 5 #£ Regression equation R? Sig.
[& & [ $1 ¥) HE Fixed sandpile Y=1.7603X+1.0427 0.7358 0.009
2 [l 52 1 I Vb HE Semi-fixed sandpile Y=0.3147X-+1.2038 0.4991 0.001

Wi sh ARV HE Flowing sandpile Y=0.4563X—1. 344 0.7603 0. 000
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B, AT BE G SR IX ) SR X AR A IR B B AN WIS AL [ e R D HE R R YRR S R RN B B A L R B e R
HETY R B 25 R, Pt DA e 398 85 B AR ORI/, 3E KR 0 LB BE AR IR 1S KL T B R v HE R R R v e LA RS
U5 FAH R AR IR E B v HE TSN | 8 [ s B 8] i A Wi A e o R R K AR RS B L 4 UKL A DT B A
I AE Ak FR VR L AR R R O AN ) 4 R AR AE WKL D 2 AR 2 AR AN A R 2 8 L RE K RE
J7RFL B B 2R I AN B 1 AR G RRAE
3.2 HEN VD HfE 3K SCAR AL R AR

i R BB A A R AR BT e A E R W RN EERE 69 A HERKEWNE
A3t 200 mm; E L KRB IE N T 3% 2 (0~10 cm) 1388 /K & 2% [F 52 R 30 @ sl v # KT [ 2 @l
HE, R JZE (50 em BUR) 38 E K & [ e v HE B B OK T [ e B b R B R v HE 5 X R RE E B2 BT [
SE 7D HE R B A A AR FE R K 4 BRI 2 IR R A B0 DL R N B I S ) R T R LIRS K E A
0 AR AR L BT LA B RS K R [ e ) R R B R R T BRI R B S A L HE K AR A G
B RE BB ERSY ERESKERR, MRZEYRRSMT R B RE KR RBBCREKS
TS KERMK, WA E TRERDOAWMER  FR)E 5 & TR S B W 34 1 K R AW B
e, RELFEESKERDEERKRE LIRS KEERREAL,

EEESE T HALEERVI KD EBRANBEESRWEZAHAFAERENIEMXXR, BHIGERFEWE
E.RBMNSEMEENENMINMYE K., BMWERAFABE -GREA RLE TS, BN W LR E 45 2E B
Fe. ABEIUEE RS A BT E L AW TR I E e A [ e R HE B R S I R AR S BT AR NI L T IR B R
WHEM W EIARIE R EWNEG KA T NS B W SRR A3 AR . £ 2Rt T [ e g gl
RET R — B H R 0K B 45 B A8 s 4 By, A S0IR B8 45 B A oK I, & 8 45 52 A WK 5 2 [ e ) v HE 4
TR BN R0 HE R A T 5 FE KT T KA AR, — R RS AR AR YRR A
RV i AR HE MR EHY M AL BEER ARER, TUEE, LA K  FEERMENE
ARBETVEFETIE,

4 g

1) [ s 2 ] e AR s B v e 2 A R s R A 2 R R 2 R B (P<<0. 01, 3RS E KN4 R
N 2.60,2.11,0.53 kg/cm®, &5 7 B E KX N 20.59,4. 51,0 mm,
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2) R R e BRI i R0 HE > 2 [ E ORIV HE > [ E ORI HE L 0 iR 2.32,2.30,1.95 g/em’,
i 5RZERKFKE BE RKE R KR A LB KN R EHR R 3RS B 722 (A A .

R MRS BN RARFEREFAE 69 A ETEFN,K/Z(0~10 cm) + 35K E [ & M zsh A5
VY HER T8 72 F R HE R R RS OKE R E AR KT EEEMAS AR HE £ L WFT . EERE
N B A B A A ) E G, R R RS OK B RK IR RS K ERARRFEAZ ARRBEDHERENES
KIUFNBEZ AR 8 M IEH R (P<T0.01) . Hrr [ 5E o [ %8 5 RV 3 Bl B 79 3 08 1 R B S BN 46 A
3L 2l R YD o 2 [ A B AR R 5 A IR AE .

References:

[1] JiaB Q, Ci L J. The primary estimation of water demand by the eco-environment in Xinjiang. Acta Ecologica Sinica, 2000,
20(2): 243-250.

[2] Huang S Z. Oasis Research[ M]. Beijing: Scientific Publishing, 2003 9-13.

[3] Zhang X S. Ecological restoration and sustainable agricultural paradigm of mountain-oasis-ecotone-desert system in the north of
the Tianshan mountains. Acta Botanica Sinica: English editon, 2001, 43(12). 1294-1299.

[4] JiaB Q, Ci L ]J. Oasis Landscape Ecology Research[ M|. Beijing: Scientific Publishing, 2003 7-25.

[5] Wang X, Wang T, Dong Z, et al. Nebkha development and its significance to wind erosion and land degradation in semi-arid
northern China. Journal of Arid Environments, 2006, 65(1); 129-141.

[6] Wang T, Wu W, Xue X, et al. Time space evolution of desertification land in northern China. Journal of Desert Research,
2003, 23(3): 230-235.

[7] Wang X M, Dong Z B, Zhang ] W, et al. Geomorphology of sand dunes in the northeast Taklimakan Desert. Geomorphology,
2002, 42, 183-195.

[8] Wang X M, Dong Z B, Zhang ] W, et al. Formation of the complex linear dunes in the central Taklimakan Sand Sea, China.
Earth Surface Processes and Landforms, 2004, 29. 677-686.

[9] Yue XL, Ha S, Zhuang Y M, et al. Studies on sandy grassland nebkhas— A review. Journal of Desert Research, 2005, 25
(5): 738-743.

[10] Tengberg A. A nebkhas dunes as indicators of wind erosion and land degradation in the Sahel zone of Burkina Faso. Journal
of Arid Environment, 1995, 30. 265-282.

[11] Dougill AJ, Thomas A D. Nebkhas dunes in the Molopo Basin, South Africa and Botswana: Formation controls and their va-
lidity as indicators of soil degradation. Journal of Arid Environments, 2002, 50 413-428.

[12] JiaBQ, CiLJ, Cai T]J, etal. Preliminary research on changing soil water characters at ecotone between oasis and desert.
Acta Phytoecologica Sinica, 2002, 26(2): 203-208.

[13] Wang B. Water and Heat Balance and Its Coupling Simulation at Transitional Region between Oasis and Desertl M ]. Beijing:
The Science & Technology Press, 2003.

[14] Du]J H, Yan P, E Y H. Distribution patterns and characteristics of Nitraria tangutorun nebkha at its different evolvement
stages in the Minqin County of Gansu Province. Chinese Journal of Ecology, 2007, 26(8): 1165-1170.

[15] Tengberg A, Faso B. A comparative analysis of nebkhas in central Tunisia and northern Burkina Faso. Aeolian an Environ-
ments, 1998, 22. 181-192.

[16] Hesp P, McLachlan A. Morphology, dynamics, ecology and fauna of Arctotheca populifolia and Gazania rigens nabkha
dunes. Journal of Arid Environments, 2000, 44(2). 155-172.

[17] Langford R P. Nebkha (coppice dune) fields of south-central New Mexico, U. S. A. Journal of Arid Environments, 2000,
46(1) . 25-41.

[18] Han S L, YeDM, Qin] Q, et al. Moisture content and physical properties of Nitraria tangutorum in the Ulanbu Desert.
Arid Zone Research, 2005, 28(4). 506-510.

[19] Zhang J C, Zhao C M, Zhang Y C, etal. A research between photosynthetic, transpiration characteristics and impact of irri-
gated vegetation of Haloxylon ammodendron and Nitraria tangutorum. Acta Botanica Boreali-Occidentalia Sinica, 2005,
25(1) . 70-76.

[20] Zhao CM, Wei X P, Wei Q S, etal. Photosynthetic characteristics of Nitraria tangutorum and Haloxylon ammodendron in
the ecotone between oasis and desert in Mingin, Region, Country. Acta Ecologica Sinica, 2005, 25(8): 1908-1913.

[21] He Z B, Zhao W Z. Spatial pattern of two dominant shrub populations at transitional zone between oasis and desert of Heihe
river basin. Chinese Journal of Applied Ecology, 2004, 15(6): 947-952.



E25 5% 114 AL 2E R 2016 4F 23

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]

Luo J B, Sun B P. Study on techniques of vegetation restoration in arid region— A case research along the Yuelianghu high-
way in the Tengger Desert, China. Journal of Arid Land Resources and Environment, 2005, 19(4): 205-208.

Yang Z H, Gao Z H. Impact of precipitation and underground water level in the edge of oases on growth and decline of Ni-
traria tangugtorum community. Chinese Journal of Applied Ecologe, 2000, 11(6): 923-926.

Ashish B, Monica B. Microbial diversity in desert ecosystems. Microbial Diversity, 2005, (1): 91-100.

Shamir I, Steinberger Y. Vertical distribution and activity of soil microbial population in a sandy desert ecosystem. Microbial
Diversity, 2007, (2). 349-347.

Chanal A, Chapon V, Benzerara K, et al. The desert of Tataouine: an extreme environment that hosts a wide diversity of mi-
croorganisms and radio tolerant bacteria. Environmental Microbiology, 2006, (3): 514-525.

Orlando J, Alfaro M, Bravo L, et al. Bacterial diversity and occurrence of ammonia-oxidizing bacteria in the Atacama Desert
soil during a “desert bloom” event. Soil Biology and Biochemistry, 2010, (7). 1183-1188.

Dou H X, Wang M ]J. The temporal and spatial dynamics of soil seed bank under different types of sand dunes in Hun-
shandake sandy land. Pratacultural Science, 2008, 25(3): 116-118.

Guo Y R, Zhao H L, Zhao X Y, et al. Study on crust development and its influences on soil physicochemical properties in
Horqin Sand. Journal of Soil and Water Conservation, 2007, 21(1). 135-139.

Yang X J, Wang Y S, Duan L D, et al. Changes of soil microbial biomass and enzymatic activities among restoration stages
of Langshan Forest Park, Hunan Province. Acta Prataculturae Sinica, 2014, 23(1) . 142-148.

Hu L, Wang C T, Wang G X, et al. Changes in the activities of soil enzymes and microbial community structure at different
degradation successional stages of alpine meadows in the headwater region of three rivers, China. Acta Prataculturae Sinica,
2014, 23(3): 819.

LuRJ, Tang Q L, Wei D S, et al. Rain water infiltration at dunes under various rainfall events in sandy and to the east of
Qinghai lake. Journal of Desert Research, 2013, 33(5): 797-802.

Williams J D. Microphytic crust influence on interrill erosion and infiltration capacity. Engin, 1995, 38(1) . 139-146.

Tyler S W, Wheatcrafu S W. Application of fractal mathematics to soil water retention estimation. Soil Science Society of A-
merica Journal, 1989, 53 987-996.

Liu N J. Effect of artificial Haloxylon ammodendron forest on the physical and chemical properties of sand soil. Chinese
Journal of Soil Science, 2008, 39(6): 1480-1482.

Xu L H, Wang J H, Li Y, et al. Variations of soil physical properties in desertification reversion process at south edge of
Tengger Desert. Journal of Desert Research, 2008, 28(4): 690-694.

Zhu Y J, Jia Z Q. Water source of Haloxylon ammodendron plantations in autumn at the southeast edge of Badain Jaran Des-

ert. Scientia Silvae Sinicae, 2012, 48(8): 1-5.

22 iR

(1] B=xE4. FEASHKENYDSME. £E5%M, 2000, 20(2): 243-250.

(2] #EE. et [M]. dbal. B WA, 2003, 9-13.

(3] akpimt. Ridedsihth— G — W EwH — NERAENWESE R G TR, B SR B, 2001, 43(12): 1294
1299,

(4] Bi=w4, ZRK. SWERESUALIMI doa: B2 WA, 2003 7-25.

[12] BAs4, Bk, 8BAA, % G — FE#w L K5 B IEYI D AT 5. AW, 2002, 26(2): 203-208.

(13] T fe. SRR BT I X K #F i A e HOAR A A0 0 (M. db st b B RES R Wk, 2003,

(14] Ah@e, =5, A, Bl R B [ A MY B A E Vb oo A i 5 SORRAE. A2 228 6, 2007, 26(8): 1165-1170.

(18] BHMER] . HAHE, I, S5, 22205 Vb B A g M 3K 2 R W B M OB 9T. TR X HLBE, 2005, 28(4) . 506-510.

[19] sk#RdE. B, KM E, & BB ERR . ORE G &M R X B 5. dbEY 4R, 2005, 25(1) . 70-76.

[20] B&XKB, BL/NF, BHAKSE, . RENGIMNFEE IS EY AR MR R & 5tk &%, 2005, 25(8): 1908-1913.

(2] 5ok, X ST . S VAT 4ok 00 V65 0 W Jod i i 90 P O 95 AR A P B A IR RS R R AE . N AR S R, 2004, 15(6) ¢ 947-952.

[22] ZR=E. MET. BEREDEAZMABRGEEHAND R T LKLY P &E. T2XEE 5K, 2005, 19(4): 205
208.

(23] BEM. mEE. FEESNU G B AR N A A 3B K . AR M, 2000, 11(6): 923-926.

(28] SE4rds. T, EHIXTL MR R A LR 7 R 23 &, B A2, 2008, 25(3): 116-118.

[29] SR%kHG, BXUEM, BEH, 5. BRI W HL S R B X 1 4 v B (G 78, K LARFF2 4R, 2007, 21(1) . 135-139.

[30] H#abtsy, Tolbak, BOAMRAR, 25 W15 R L AR TR R 4 4% 10 F T HE g 2B 9 i R g i P 70, Bl 22 4R, 2014, 23(1):

142-148.



24 ACTA PRATACULTURAE SINICA(2016) Vol. 25,No. 11

[31] i, ERE, TR, & = T0UR XA R 8 635 B B Bm 5 5 b SR R A W) 1 v 4 0 A2 k. Rl 244, 2014,
23(3): &19.

[32] EHwh, B, BUBRA. & WM AR AR R HEER BT . PEPE, 2013, 33(5). 797-802.

(351 X175, N AR MO M 4 S A6 AR 5 (K52 M. K AR FFIE R . 2008, 39(6): 1480-1482.

[36] fRENfH, E4RAT, 2F5, 5. Mo A% HLID SRS S00 B A0 30 4% 1 B2 o A0 S B T AR AR AE. P E VP BE, 2008, 28(4): 690~

[37]

694.
R, BEE. KECHHERDBERE SN LR MK R, MolR 2, 2012, 48(8): 1-5.



