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1.3 R IREE RUE D %R #9 BF S ZE
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0.5 my 1 m, 2 mAI3 m, XN G A R G H A
YL BV KU, ZE RS LI & FHHOBO
/NS Bl ARG 0l (R B A R B 20 em. 50 em .
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ZH209K, [A]— UL S e 34, HOFME, L
BRYD b AR RE B 253 AT A [ v B RN 5 A A b
Y B AL E o
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Table 1 Basic information of the Haloxylon ammodendron stands

o Hh 2 5 gy P R oAz 5 I 5
stk ) _ - - " " S 4 2%
Sample Age class Height Density Ground diameter Crown width ~ Coverage
Forest types ) Site condition
number /age /m / (Plant-hm™) /em /m /%
. ko]
CK b — — — — — 0 .
b H
I 404E 4 44.0+4.24 2.25+0.35 1005.0+63.60 11.0+1.41 1.95+0.07 10.5+3.54 T[]
I 3044 340+283 3.0+0.71 1192.5+74.25 10.5+2.12 1.95+0.21 13.0+2.83 Fr [) b
m 204FE 22.5+3.54 1.9+0.14 1320.0 +42.45 9.25+1.77 1.7+0.14  11.0+4.24 Fr[a] b
Jr, BrARZ A YRR Y S 128 1 2 4 B

HIH, $%0~20 cm, 20~40 cm, 40 ~ 60 cm =
R, A IS AR S A 2 IR A B =
By —Ande ANFHEHES M TR MPEAS, WRIEN
T AR B, LA 5 HE LA 4L B A AL 2 s —
13 A 5 3 42 3R KA 75 4 °C 4k S ARAE, A Il 52
95 % a2 H ARG, — M KT S
A3 i FLAR 1 mmAN0.25 mmfi, F T AE - 4 il
k.

- AL A 2 A A A B B4 I A SR 7 43 vk A
P ih i, JFAR 4 By i 50k 93 4 b o K A
S8 IX A HER 2% 43 LA KL (0.2 ~ 2.0 mm) . 4RV KL
(0.02 ~0.2 mm)., ¥*K:(0.002 ~0.02 mm)Fl%EH
(<0.002 mm). A HLIT R % R A A fh ki
SE, SRR MR T RENE, 2R HNaOH
Rl — SRR P L OV, 4R FHNaOH M fill—
KIOCRE B E Y R B AL R
K IR BT vkl L0 b A SUBE N R
KMnO i 2 200 0, 1 9l T 0 12 SR Pl TR
TR I R T MR 3,5 A A K B
Wi HE sl 0
1.5 HESGITSH

A 53t % i Microsoft Excel 2007 .
Surfer13.0f1SPSS 19.07E 47 54k 48 it 0 #r, H:
h, FEARKR 23 B AN BT SR - Microsoft Excel
200750, WAL KR H Surfer 13,01 &, £
HIGEE . J5 22 53 A IR DG HE 73 BT 45 R HISPSS 19.0
B, T E9 PRk HOne-way ANOVAM T, #4H
YA 18] P 0 RS 4 L 8ok FDuncanik, IR F L
N5 85850 BRI 2 R R
PearsonfH oM. B BUE 3 LISEYIME + prifE 25
FR.

2.1 IR 4R B BA X3 R

AN TR B 122 42 18 B IRURIC SRS B ke IR 1) 52 i AN
FOCEIT) 2% 0 B bR 1R AU TET DU 5 300 XL T &
TN o 405 A M R B A 1 B RURECER A T AL
50 ~220 cm, 304FE/EMMRA T35 K30 ~ 220
cm, 204FEBRN T RIS ~ 180 cm, a4
5 B AR M IR T B XU VD L A 3 04F AR MR AR e K,
A0 MR, 20 AR I/ .

TR LR M, 45 18 I 1 2 7 300 XU T XUER L
WRGE, BEE I B R A RART , XU 2 /)
2 2 TR R, XU S, HL S XU Y
U/INRR BE T R, YR B AR KT 2m L
IF, G A 3G, 8 BT AR A 04 37 XU BEL V0 280 1 et
A s m X K/ AR M AR AR 1
A AR OCE o R — DR, 25 % i M R R XLk
Bt s A BG I BG5S R Ml b 4 XU
AT AR — 30, AU 7E AR M AR AR 1 B 30 300 ) Sl
3, HRION DGR K, F R RE N

2T LU M, A [ 2 I A2 4 AR AR XU (1Y) i
FEARTR],  H SRR A 5 B B A OC . A B S M 3R
20 cm., 50 cm. 100 cm. 200 cmpEER;, HBRK
JRU S oA AR M 22 43 S 7 13.75% . 14.55% . 15.00% .
7.34%L) b, BEEARR AR R A B KSR AT, i
FE200 om = B2 B XU AR B2 0 25 08/, R BB Y
DA B8R W B R TS A (9 1.05 4% ~ 2,044, FZE 2
H T UL B AL TR R T, BB R R, FRAIR
AT AR PN o

AN [R] 422 12 I A RS T 085 1, R o I g
R H12.66%35 K 220.41% ., 78 1H 25 1 22 1
20 cm. 50 cm. 100 cmp BERF, XU REA iR
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T FUPYARARNEEZ (cm) , BASSRMEEAREARTEES (em) , HrPARPRO SO RRARAL S, BRI KU, IE(E SRR 15 KU,
F N EE N RGE (mes™ ), B R S X35 K Note: Y-axis of the coordinate represents height (cm), X-axis the distance from the
wood (cm), 0 for location of the Haloxylon ammodendron forest, negative value for windward side, positive value for leeward side of
Haloxylon ammodendron forest, the digit ,for wind speed (m-s™), and the color for wind speed too, the darker the greater the wind speed
U1 BRI AN T g R X A 2k ]

Fig 1 Contour map of wind speed around the Haloxylon ammodendron forest relative to height above the ground

R 304F R AR AR>S 4 04F L AR AR R>204F R 1R
R, ULEIREE MR OIS IS, IR R IS R, B
FEWL /I, HRAR MBI AR 3 58 5 i T 404F A 1R
MALESET- AR, HAERZE, R AR Y B

R, BB KUE T304 A R AR 55 . 7200
cm Ry IR, XU 4 1 MR R 38 3 B0 A 4 0 4F A AR AR
>304F A RRAR>204F E R R MK, 2R TR
LR 14 150 JEEAS [ 52 ) T 2

R2 TREMBRERAEERTIXERERE 2L
Table 2 Mean wind reduction (%) around Haloxylon ammodendron forest relative to stand age

R B 2 L

Hi 2 7 g
iR WS Wind reduction percentages/%
Forest types Number — — — —
LI 5 20 cm AL 735 50 em AL 5 £ 100 em LI 155 £ 200 cm
404FE R I 17.42 + 1.45Ba 21.51 + 1.96Bb 21.70 +2.01Bb 16.45 + 1.39Ba
304F A MR AR 1I 18.87 + 1.62Bab 25.14 +2.19Bc 22.12 +2.08Bbc 1551+ 1.29Ba
204F 4 AR m 13.75 + 1.18Ab 14.55 + 1.20Ab 15.00 + 1.23Ab 7.34 +0.65Aa

TE: FFUA R RS TR R — 5 B B AN R R B XU B AR JEE 22 5 38 ( P<0.05) 5 AT ARG b 3R Al — R AR TE A
[R] g BT R AR AR R i 22 53 1 3% ( P<0.05 ) Note: Different uppercase letters in the same column of height mean significant difference
in wind speed reduction between stands different in age and lowercase letters in the same row indicate significant difference in wind

reduction degree between heights in the same forest (P<0.05)
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2.2 BRI TIEN AR T

B2 m] DUE Y, & R B AR R AR 1
SRR YA ) I AR < YA 5 T o 1197 N [ O <
LA R 1 VAR B AN =l A/ R A S I
W RA5.62% ~50.87% . 44.72% ~46.10% .
3.65% ~ 6.85% . 0.07% ~2.08%, I AHLIAD R
AR S T fem, MRS RIRZ, Bk & &
i, H PR AR & E B 2 /N TRk A4 b
LT LA

HE2ATH, 750 ~ 60 cmt )2, HRB A T 1K
RLFNRRL B i B T R R L w2
SERRVD M ST RS, R T R AR RO XU ) 8 R 4
JTFNREAR YRR AR R, R )= 1 ek 2H o AWk
hns HeAh, BEERBRARIAER, MEE S MAEY
3 T LA T L B AN D 4R TP fE R, S
198 3% )2 1O J8 B R R by 1) 5 SR AE R 5, TR I Tk
MR 22, A R T 55 22 0B R R RETE 3R 2 I 45 5
%

AN [FIIE B HR M2 = )2 T R RN o B i ) R R
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B240~60 cm

& B
o O

ey

H/ i Percentage /%
N
-~ wn AN 2
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v}
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RAAT
RAAT
A
R
A
FAAT
AN
A
A
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RAAT
A
A
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RAAT
A
A
Faind
RAAT
A
RAA]
VAVAN

¥arbkr Coarse sand

B4 Percentage /%
N w ~ wn [e)} BN )

—

¥kr Silt

H43£ 1 Percentage /%

RIS b <2 04F H: AR MR <4 04F A AR R PR <3 04F- A2 12
PR, KD KL o 34 3R 30 R BR VD Hb > 2 04F AR AR M K
>404F AR ARS304EE AR, FTLVE I, MR
R =2 R B R 2 B KT M
FHLAD A 5 e 1 W /N T AR VD M, 0 AR VD b ST R
BeJE, AN R A AR A, Ry R R Bk i Y
Ko, PRI BN, FR B O MMM B 7 26 R
Jrfet b 3R - SRl XUV I R VR PSS L il 9 400 1) 4 i
BT R AL 4y AAE L, Rl 2 A R A T
AN, BHERRE R S, AR E T R Y 2
PER

AN R AR LA A7 e 25 5, H
BORLFURRL & e e B A S TG K, BI304E A
AR B RAE 5 A IS 38 T Wil /) 5 R KL
i SE R ISR N, B304E A A 35 B R/
(B, P AR U 8 DR I 28 W 38 R o e b b Y B o iy
MG, MORBHPSFIER B R b I 22, MRAR AR
WiV W 53 S AL A HLBT S fE 3G, GE T ARHE -
gk,

46.5¢
C
b
461
d
s b
455- dPA
451 b
CK I

251

kL Clay
T Fl—1 2 LARARRE/NG FREER IR 22 5738 B 3% K (P<0.05) Note: Different lowercase letters labeled in the same soil layer mean
significant difference (P< 0.05)
K2 R[RlE B R R 1 LA I L B

Fig. 2 Soil mechanical composition of the Haloxylon ammodendron forest relative to stand age
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A (6] i B R AR ARORT - 38 it i - R s S B Y
e (K3) o AFEBHREAR TR EE.
AR RS AR, R SRR )2
5 v 4 R BR 304F AR AR MR 4 04F A IR IR AR>204F
AR

e 3 1 S I N T v v N w15 i %
YRt 4 2 TR B G gk, RKJZ0 ~20 cm 4
AW . &% . & ME S EE40 ~60 cmt
JZ5 M E4.91% ~33.52% . 66.67% ~ 133.33% .
10.00% ~43.75% . 0.69% ~5.16%, FEEH Tk
WM A R R S i e LR IZ , KBEY i
LIS C R WA 1IER)E, RE LR
FRRKTHEZEMT)Z, HEREREEGE . LR

RS TR BN R B> RE> TR, B
N ARZELIEMEY S, BEEY, AT
TR ERE SRR A AT 5 o S A S A
WL GG VR AL AN TR R T HEERTRZ,
b A R R N AL A, U IR R AR B
i o RO E RN BRI B EOR IR A 2
PR B0 200 e R | S S Rl P R P T Y
PR

SRR HARLL, F R R AR =2 TR SR
oy R R PRSP AR AR N,
PR MR 10205 LA L, BERIERYD bR MR AR A ST
RIS TR R EHIE 2, e 1 LI
FE AR, IR 1A 7 0 B4 Ak S L )
R, FEER TR AR BT R

®3 TREIEMBRERHLIRRETWHHE

Table 3 Soil quality of the Haloxylon ammodendron forest relative to stand age

T Hem R bR s M A 7R + 2% Soil depth/ cm
Soil quality index Number Forest types 0~20 20 ~ 40 40 ~ 60

CK D 0.02+0.01Aa 0.01+0.01Aa 0.01+0.01Aa

4% Total nitrogen I A04EE R 0.07 + 0.02ABb 0.04 + 0.02ABab 0.03£0.01Aa
N(g-kg™) II 304EA: MR AR 0.1+0.06Ba 0.08 + 0.05Ba 0.06 + 0.06Aa

m 2044 B AR 0.04 + 0.02ABa 0.03 + 0.02ABa 0.02+0.01Aa

CK RRVD b 0.23+0.03Ab 0.19 £ 0.02Aab 0.16+0.01Aa

4§ Total phosphorus I A04EH: AR AR 0.33 +0.08ABa 0.32+0.05Ba 0.3+0.04Ba
/(g'kg™) I 30AFAE R R 0.4+0.1Ba 0.36 +0.08Ba 0.32+0.07Ba

mm 204 A Ak 0.31+0.06ABa 0.29 + 0.06ABa 0.25+0.05Ba
CK RS b 23.07 + 4.53Aa 22.32 +3.98Aa 22.11+3.63Aa
4#f Total potassium | 404E A IR AR 24.53 £5.19Aa 23.42 £ 5.06Aa 23.33 £ 4.94Aa
N(g-kg™) I 304EAE R AR 24.87 +5.23Aa 23.93+5.17Aa 23.65 + 5.08Aa

I 204 A R AR 23.46 + 4.82Aa 23.38 + 4.74Aa 23.3 +4.65Aa

CK b 1.71 £ 0.42Aa 1.58 +0.38Aa 1.43+0.3Aa

A LI Organic matter I 404 IR 3.63+0.83Ba 3.5+ 0.89Ba 3.46 +0.85Ba
/(g-kg™) II 304EA: MR 4.74 + 0.94Ba 3.62+0.77Ba 3.55+0.73Ba

m 2044 R AR 3.56 +0.75Ba 3.39+0.71Ba 3.22 +0.62Ba
CK RS b 18.04 + 1.01Ab 27.83 + 1.43Ac 11.91 + 0.86Aa
4l Bacteria I 404FE A IR AR 43.63 +1.96 Bb 47.52 + 1.40Bc 30.23 +0.72Ca
/(x 10°CFU-g™") I 304 R AR 65.35+1.53Cb 68.17 +2.03Chb 60.68 +2.41Da
m 204EE R AR 40.37 + 2.85Bb 44.56 +2.63Bb 22.23+3.01Ba
CK RV b 35.52+ 1.52Ab 29.66 + 5.40Ab 10.77 + 1.08Aa
T £E T Actinomycetes I 404FE R 84.79 + 2.66Bb 81.80 + 2.13BCb 70.64 + 1.87Ca
/(x10* CFU-g™) Iii 304EAE R R AR 120.59 +3.27Cc 91.03 +2.28Cb 76.05 = 1.50Da
i 204 2L AR 84.16 + 5.58Bb 76.59 + 3.35Bb 45.11 + 4.76Ba
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S
+ BT R R bR P's A i 24 7Y + 2% Soil depth/ cm
Soil quality index Number Forest types 0~20 20 ~ 40 40 ~ 60
CK VD b 1.79 £ 0.16Ab 4.24 +0.24Ac 0.18 +0.03Aa
H #Fungi 404F A AR 45.26 +2.30Cc 20.40 + 1.41Cb 11.31+1.70Ca
/(x 10°CFU-g™") 1l RI(KEEYZER 78 /70 1N 49.66 + 0.22Dc 22.09 +2.16Cb 18.37 + 1.18Da
204 IR AR 11.99 + 1.52Bb 11.68 = 1.30Bb 6.19+0.24Ba
CK RV H 0.03£0.01Aa 0.05+0.01Aab 0.08 £0.01Ac
A L A i Catalase 404 E R 0.06 + 0.02Aa 0.08 + 0.03ABa 0.11 +£0.05Aa
/(ml-g”"-h™") Jii 304F A MR AR 0.07 £ 0.04Aa 0.12 +0.05Ba 0.13 £0.03Aa
204F R R 0.04 +0.01Aa 0.06 = 0.01Ab 0.09 £ 0.01Ac
CK RS b 25.04 = 0.28Ac 22.09 + 0.35Ab 20.05+0.5Aa
JEWE B Sucrase I A04F R 33.86 +0.5Cc 31.09 + 0.44Cb 26.50 £ 0.56Ca
/(mg-g™'-24h™") 1l 304EE R AR 48.71 £ 0.53Dc 37.03 + 1.12Db 33.03 + 0.43Da
m 204FE R 30.92 + 0.89Bc 27.25+0.9Bb 22.66 + 0.49Ba
N CK VD b 4.45+0.15Aa 5.42 + 0.24Ab 6.38 + 0.49Ac
Tl 5 2 Lo
) I 404FLE R IR AR 8.69 +0.2Ca 11.89 +0.28Cb 16.03 +0.57Cc
Alkaline phosphatase R
, ) 1 304EA MR AR 8.92 +0.28Ca 13.39+0.31Db 21.04 +0.18Dc
/(mg g~ -24h™) .
Il 204 IR 7.99 + 0.36Ba 9.03 + 0.13Bb 15.21 +0.12Bc

T A — 38R SR R RS TR 3RR A R R R AE [ — 12 25 B3 (P<0.05) , [RATAR/NG T8 3R [ — B Br it Ak

TEAFTE2F B (P<0.05) Note: Different uppercase letters in the same column of index mean significant difference in the same

soil layer between stands different in age (P<0.05), and lowercase letters, significant difference between soil layers in the same stand

(P<0.05)

2.4 RERMRET XS AL R 3B RN A9 FE K 1

L R Ry @ VA P R e e w1 4 N
R, T KU X AL AL S IR
L SR B ARG PR R Se R, XY
PRI (24 , Z5HRFRW, MR XU %
AR S oML A Ak i A B3 M DG R
(P<0.01) , FHXRBGEEEIT87.0%LL L, Shki
FFRL S i 2R W AR (P<0.01) , AHX
FEGER T 94.6% L4 1. ATLLEH, R RGE
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Soil Conservation Effect of Haloxylon Ammodendron Bushes in Hexi Oasis-
Desert Ecotone

WANG Yanwu' LUO Ling” ZHANG Feng'" CHEN Tianlin’

(1 Gansu Institute of Soil and Water Conservation Sciences, Lanzhou 730020, China )
(2 College of Resource and Environment, Henan Polytechnic University, Jiaozuo, Henan 454000, China )

(3 Soil and Water Conservation Bureau, Department of Water Resources of Gansu Province, Lanzhou 730000, China )

Abstract [ Objective ] In fragile ecosystems of the arid regions, soil revegetation effect is closely
related to soil conservation effect. Haloxylon ammodendron forest play a quite important role in soil quality
evolution in oasis-desert ecozones by protecting and ameliorating the soil. Especially its wind-breaking and
sand-fixing effects and its generation of litter, which decomposes and transforms into organic matter and
soil nutrients, are the most direct external environmental factors that affect soil quality evolution the most
significantly. To explore soil conserving and restoring effects of Haloxylon ammodendron forests, affecting
factors of the effects and relationships between the factors, and internal mechanism of the effects, stands
of Haloxylon ammodendron forest different in age were selected for the study in an attempt to provide a
theoretical basis for management of soil quality in the Hexi Oasis-desert Ecotone. [Method] The paper
adopted the concept of space as a substitute for time in typical sampling in the ecozone. Three stands of
Haloxylon ammodendron forest different in age (20a, 30a and 40a) and a tract of bare land were set for
long-term monitoring and soil sampling for analysis of soil mechanical composition, chemical properties,
microbial population and enzyme activity, and multiple comparisons, variance analysis and correlation
analysis were used to analyze variation rules and relationships between the factors. [ Result] Results show
that soil protecting effects of the forest varied with growth and age of the forest. Wind decreased gradually
in speed when approaching the forest. The effect was more obvious at the lee side than at the windward side.
At the height of 20 cm, 50 cm, 100 cm and 200 cm above the ground in the forest wind speed decreased by
13.75%, 14.55%, 15.0% and 7.34% or more, respectively. Obviously the wind reducing effect is higher in
the middle and lower part of the forests than in the upper part, and about 1.05 ~ 2.04 times of that at the top
of the plants. With the forest growing in age, the magnitude of wind reduction increased from 12.66% to
20.41%. In terms of wind reduction magnitude at the height of 20cm, 50cm and 100cm above the ground,
the three stands displayed an order of stand 30 years old > stand 40 years old > stand 20 years old, but in
terms of at the height of 200 cm, they exhibited a different order, i.e. stand 40 years old > stand 30 years
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old > stand 20 years old. In the stands of Haloxylon ammodendron forest, regardless of age, the proportions
of silt and clay were much lower that those of coarse sand and fine sand in the surface layer, and with the
increase in soil depth, the contents of silt and clay decreased slightly, but were still significantly higher
than that in the bare land. With the forest growing in age, the content of silt and clay increased and the
content of coarse sand decreased, and both leveled off at the age of 30. The stands all peaked in nutrient
content, microorganism population and enzyme activity at the age of 30, exhibiting an order of stand 30
years old > stand 40 years old > stand 20 years old, and were all over 1.02 times higher than those in the
bare land. The content of soil nutrients decreased with soil depth. The populations of soil actinomycetes
and fungi and the activity of invertase was the highest in the surface soil, then in the subsoil layer and the
lowest in the bottom layer. The activity of catalase and alkaline phosphatase was just in a reverse order. No
obvious regularity was observed for soil bacteria in population, but good relationships were observed of the
factors of the soil conservation effect of Haloxylon ammodendron forest with soil mechanical composition,
soil nutrient status, and microorganism population and enzyme activity. Wind breaking effect of the forest
was significantly related to soil mechanical composition (#>0.87). [ Conclusion] Considering the soil
protecting and ameliorating effects of Haloxylon ammodendron forest, the forest 30 years in stand age is the
most suitable for the local habitat conditions and the highest in soil conserving effect. So in management of
Haloxylon ammodendron forests over 30 years in stand age, it is recommended to cut down trees selectively
for thinning, and adopt water conserving and nutrient supplementing measures and some others so as to
ensure healthy growth of the forests and enable them to keep on playing their ecological role in wind
breaking and sand fixing in the ecozone.

Key words Oasis-desert Ecotone; Haloxylon ammodendron forest; Soil conservation; Restoring

effect; Protection effect
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