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Spatiotemporal Characteristic of Soil Physical and Chemical Properties in
Haloxylon ammodendron Stand at the Southern Margin of Junggar Basin
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(1. Institute of Af forestation and Sand Control , Xinjiang Academy of Forestry Science .
Urumgqi 830063, China; 2. Xinjiang Institute of Ecology and Geography, Chinese Academy
of Sciences, Urumqi 830011, China; 3. Northeast Forestry University , Harbin 150040, China)

Abstract: Planted Haloxylona mmodendron (H. ammodendron) stand has an important ecological effect on
sand fixation and soil improvement. The changes of soil physicochemical properties were discussed under the
time series and the vertical space in H. ammodendron plantation. The results showed that: (1) in the time
series of 1973-—2008, the changes of soil water content (SWC) and soil available potassiumfollowed the
bimodal curve, and the peak values were observed in 1986 and 2003, respectively, the soil pH value of 0—40 cm
layer increased at first and then decreased, while in 40—100 cm, the change followed the bimodal curve and
the peak was observed in 1986 and 2003, respectively, the electrical conductivity (EC) showed in a wave type
and the contents of soil organic carbon and available phosphorus increased at first and then decreased gradual-
ly, while the available nitrogen content increased; (2) In the vertical direction, the SWC and EC increased
with the increase of depth, while the pH value and soil nutrient decreased. In summary, soil physical and
chemical properties improved gradually overtime of plantation, and the effect was most obvious in 29-year
stands, and then tended to be stable.

Keywords: Haloxylon ammodendron plantation; afforestation time; soil physical and chemical properties
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iRt NEBUE NVINEIPN S -a N T E AN ES AR
TR ZR 23 3t A9 N TR W MK AR ROIR 0 8 AR O HL Hh BE A
K KR PO T KR R R BRGR AL AR R O T 4k
PETE IR M A SRR L PRI AR L A A BT TR
RS B F IR & LR,

TE T 5 DCER B R B8 T 2 S 7K o3 0 BEA P o2 5
M L 490 A= K DG B DR 22 AL [R] IR S 32 A WA AE 11
S R ST R R DX MR b I K
pH B AL RN L e IR 70 1 Bh A AR AL ML T AR AR
AR S PR T 5 A A I A 5 AR X o i R R PR A
BRI T4 5 fle Al 0k 52 0 10 B AT T 20 XL
PN A A A e 8 A A T P 225 e Al LA O T B A7
T ZHIWTIE . & T LK o BT 5E 3 24 v A R AT
LR B HUR YD 0N BB AP AR AR SR U
Ly 2 AN AR DI TR RS A [ AT A BR AR R bR 1 4
IKGPARBE A BRI TR 5 /071910200 56 R 3R 43 (i
GE, ZHEN TR R I B ROV ST L X A [ A
FHAR FRAZ MR A L 355 00 35 = MBI ST A A 22
WM AR SR X M 2 A b i % S [R) R AR RN AR R
MHEATHFFE LI LUR R (1) 7 i N TR R L
S KB pH A L S R 8 R O A AR B A
AR, (2) PR AR BT T 52 4 X 3 BGE AR
DA R 5 XA A DR 4 0 o 4l — S A B AR Al

1 BRH505i%
3 X AR

TR DX AN T VHE MES /K 43 1 (V) 5 2% (85755 —86°08'E,
44°01"—45°10"N, ¥§4k 309~332 m), % Xy BT () il
PESE TG AR 6. 6 C L iR —42.8C (1 A
B3 .-E A B A 43. 1C, 4ERE/KE 114, 89 mm.,
2931 6 fEMm LT AE 3—5 A, —RERTE
JER 13 em S WA = H . PR L &
1.979.5 mm, PHALRUEAT .5 HF 6 H KK =20
m/s) i B R A,

80 AFEARHT o 18 48 A S 0 V5 AL, B A 1Y) B I AR ) b
bR 7B 2 il 35 R 271 PR R 3 A A U B R
WM E I R =4 CAERT T F] LIS T 8%
SEREMRM AN THAES RS,

1.2 HAHEEMHKAKEE

AR SC LA [w) Aol A ] 79 B8 42 N bR Ry BIF 9 % 4
Jr A AR T B R R - AR RGP N AR B
A AR R S TS S L R AE . 6 S W) AT B ) 452 42
NT AR B8 3 4 20X 30 m WRETTHE R E R .
PEMAREE KT 100 mo, Xf 4 Hiy N A2 AR 1 95 6 A 7B bk
W5 FE 7 9 AR 2R AR 00 8 B b i A L 15 AN TR
T AR A BRAR R AR AR IR B . WER 1

1.1

k1 AEMEERBBAIRRRABRERERERRKR
Ak — ik, HATHR e BB/ AP mdt i bR/
B ] m m m cm i/ em iR/ cm (kg )
1973 44°01'56. 8" 86°08'22.3"  319.7 1X5 2.5540.16 8.740.9 239.0£24.6 289.3422.7 8.52+1.57
1982 45°10'33.5" 85%55'35.1" 309 1X5 2.3740.09 5.5+0.4 185.949.9 190.8+13.0 3.59%0.73
1986 45°08'6. 4" 85°59'24.6" 316 2X2 3.6820. 09 9,60, 4 331.5£18.9 335.4+18.6 11,0020, 87
1995 45°02'48. 8" 86°08'48.7" 328 3X3 4,29+0.11 10.740.5 361,7419.7 368.0£19. 4 16.17£1.82
1998 45°08'5. 4" 85°59'26.0" 319 1X6 2.64£0.10 7.240.4 190.2£12.4 181.0%10.5 5.5740. 60
2003 45°01'56. 8" 86°08'22.2" 332 2X3 2.8140.07 5.740.3 225.4410.0 229.5%11.0 3.8240. 36
2008 45°05'4.4" 85°59'26.9" 330 1X2 0.60%0.03 0.940.0 35.6%1.6 34.3+1.5 0.05%0. 00
KKk 45°04'57.2" 85°59'27, 7" 327 1.70£0.08 4,140.3 139.0£9.7 140.6+10.1 1.9140.29

Ve S PMATA A SR 3 AR (D) AR R b 8 T

FE b PN MR M B AR R L oel R L SR AR AR i Y B
Tl AL AT B 9 SE K, 52 30 5 T R BRI Y B B, 1995
AR AE AR AR (19 %) 45 30 A= AR 0 Fe £ 5 2008 4 Fh
A AR 1R 25 T 2B K48 B B /0N s AT Ak T B A 4 B B
5 RIRBARMA EL 5 2003 4F 2 1 Pl A AR AR B9 AR 55 L 7
R A A R R
1.3 TEEREMNESD W

2013 4F 7—9 H [l 7E BT B iF 7 N i B S AU E
£ 3 ARG COR A S FEIREE 100 em [ b o £ 35
FIAH A+, 4> 0—20,20—40,40—60,60—80,80—
100 em 3k 5 A2, FIEF 7E B — 2 I3 3]

+ T e - E K R, KR AR R IS
PRBRAS%E + NI AR 2R R R SR 29 . T T Ak B 4%
W 5 DU 232 5 i 4 R
K4 (SWO SR ME T2 2 . B I 4B
FARIAT R 4008 2 635 430l 18 H (1 mm) Al 60
H (0. 25 mm) i £ F . Horfad 18 H i iR & T 113
A RN AR P ALK B S B IE L 60 H i A
it FH A ML B i B T . SR E R TR A — B IR
EAR I E A BB (SOC) J5 43 8805 2R FH B ik 748 13 325 )
FE A A NCSHN) J5 73400 5K R i TR M 12 F2 40 B b LE (2
B E A% P(SEP) 1 & 53810 R FH NH, OAc =242k
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S BE VRN 1 A 50 K(SAP) Bt 43450 pH AR FH LAz 5
I5E s + 3 R (EC) 2R A S e
1.4 iR

R B 482 82 R P9 TR v O A5 00l L 4 R TR I A
F Wena =0. 065421 (D HD* ¥ i S i ik W i, 2
D A H 73 i ACR AT 5. >R ] SPSS 20. 0 %
SR X BOE R AT 8 3 P K 5 (one-way ANOVA)
Hil Pearson AHJC 4307, 18 35 7K P15 0. 05,

2 giR50Pr

2,1 ANIHBHt+IESKENSTH
TENTHRBAR 0—100 em 9 33 m .5 ™+

J2 1 3 B K B B AR 03 1 78 Ak 38 S R il 42, 0—80
em 45 )2 HHE S K R EE AR AR 43 0 2 2003 4FFiT 1986
4E,80—100 cm - 2 WEAE AF £ U] 2k 1998 4F F1 1986
B2, ESERN, 080 em & + 2 HIEE
KEEWEEFHZEEZR AR E . AH R EST
2008 4F (1973 4FFIR R R R AR (p<C0. 05), 80—100
em )22 - HE S K B TR W ARy 22 [H] 25 e N W 3L (H
1998 AE R AR B 35 5 T H AR R AR (p<C0. 05)

A B2 (8] b, 48 K B R B Y 1 0 3% 7 1
K,40—80 cm Mk B oK, HHEE KR EEH
) b % Bl fE 2003—1986 4F T AH 12 2 AR P 3 K, Bl
oL Ao I) £ A2 A 39 B 3% W /)

K2 FARAMEEMBRBRAIRSRAKRTESKE %
HE /cm KRB 1973 4 1982 4 1986 4 1995 4 1998 4 2003 4 2008 4
0—20 0.3540.32b 0.70£0.21ab 1.31+0.62ab 2.14+1.54a 1.0140.55ab 1.77+1.75ab 1.74+1.2lab 0.1240.12b
20—40 0.7240.79b 1.02+0.31b  2.36+1.20b  3.86+1.95ab 1.6040.63b 2.58+2.03ab 4.58+1.57a  0.77+£0.32b
40—60 1.17£1.08b 1.8540.30b  2.0941.70b  5.0442.03a 1.68+0.76b 3.8442.75a 5.1041.40a  1.22+0.52b
60—80 1.58+1.51b 2.32+1.07b 2.42+1.26b  3.85+1.15ab 1.734+1.38b  3.63+2.04ab 5.35+2.06a  0.96+0.14b
80—100 1.41+1.21b  1.5240.16b 1.8241.20b  4.58%1.73a 2.29£0.60b 5.074+2.73a  2.9541.47ab 1.03£0.15b
-3 1.0440.51 1.48+0. 64 2.00£0. 45 3.90+£1.10  1.66%0.45 3.38+1.26 3.95+£1.55 0.82%0.42

T R RSB 5 AR R RN TE 0. 05 AKCF A — )2 AR AR AR BRZ 18] 22 57 8. 5% T 1A .

2.2 ANIHR®BWHh L8 pH EI ST

M pH E SRS Bk F B A 3R B R Pk, LR
3. TEW[E] ¥ 51 be#5 Bl AR I A) 9 ZE 4, 0—40 em
5 pH (H 55830 JE s/ 1Y B o (E BT
1995 3;40—100 em 4 pH {H A XUIG i £k , 14 {5 4F
By 4535128 2003 4EFI 1986 4, Hidr, 1973 442 12 bk
SWE L% pH ¥ & /b, H B Z 8T 1995 4E /M

2003 4F, RAMBMKEG N TRBRMK L1 pH H 257
ANEE AL 1973 E BRI H23T .

e 5 25 (6] b, BE A 2 R EE R, pHAE 2 8
HAP Y 1973 4R AR 2040 em +3% pH (H B &=
F 60—100 cm £ J2; 1995 AE B B AR 0—20 cm I
2040 cm )2 pHEZ M ZR AR (A B E S
F 60—80 cm 1 80—100 cm (p<<0.05),

£3 TEAMHEEMRBRAINRSRAMNLTE pHE

RIE /cm KRR 1973 4 1982 4 1986 4 1995 4 1998 4 2003 4 2008 4F
0—20 8.1240.40b  7.90%0.22b 8.37%0.14ab 8.50%0.32ab 8.87%0.42a 8.56+0.54ab 8.13+0.27b 8.14%0.11b
20—40 8.1740.58ab 8.03£0.01b 8.35%0.29ab 8.27£0.21ab 8.66%0.47a 8.34%0.56ab 8.11+£0.29ab 8.25%0.17ab
40—60 8.10+0.63ab 7.82+0.05b 8.38+0.18ab 8.2140.36ab 8.23+0.54ab 8.16+0.47ab 8.6640.33a  8.24+0.06ab
60—80 8.0640.57b  7.66%0.23b 8.37+0.16ab 8.40+0.63ab 7.8540.31b 8.35%+0.4lab 8.72+0.29a  8.33%0.08ab
80—100 8.07%0.46b  7.70£0.06b 8.25%0.16ab 8.55%0.32ab 7.96%0.34b 8.53%+0.30ab 8.77+£0.6la  8.2530.16ab

-y 8.10£0. 10 7.82+0.10 8.344+0.06 8.39+0.16 8.31£0.09 8.38+0.11 8.48+0.14 8.24+0.05

2.3 AIRBHMTEERSRSTHEE

AR T e 3 e 25 AR AL L3R 4. BEFD
S [R] B ZE K ,0-—100 em 45+ 2 3 G R 2R
A8 AL L P W AF 453 Jg 2003 4F 1986 4F F1 1973 4F ., ik
AR 1998 4EFT 1982 4E, 0—20 cm T HEH &
L1986 AT 1973 A 18 18 Ak 35 5 T H At AR B K
2040 cm HHEH T %, 2003 R E & TR
A5 340100 em 3L TR, 2008 AR MAR AR IR 25K
T 1973 4EF 2003 AE AR (p<C0. 05),

A AT H] b Bl R RS 0, e S AR R R
Rifash, ZJ7r 25 H1,1982 MM AR 80—100 cm

TR SR E ST 060 cm £ 121995 FF R AR
M 60—80 cm Fl 80—100 em + M SRR EE T
0—20 cm 1 20—40 cm + 2 (p<<0.05),

2.4 NIHHRHibTIERDHSTHIFE

2.4.1  XIEAIE TN BRI AR S
kR BT (V0] ) S0 R o AR S5 S 0 T /N g L DL
£ 5, 0—40 em + 2 A HLEKTEA [R1AE 4y 7] 22 R ALK,
AR5 ZFGRF] 65. 487651982 41 1986 4 M #2 bk £ 158
A AL & R T 1995 4F 2008 AR FIR SR AR AR
40—100 em + J2 A HLOR W B b fa . B F R ECH
38. 2490 ~42. 8751982 AEFN 1995 4P M 12 bk 4 A Bl
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S B E ST 2008 4R AR IR R AR (p<<0.05)
T Eas A) b Bl 2R BB A LR BB
)7 P 1973 4F 1982 AE 1 1986 AE M 1R

/>

MH.0—20 em £ JZA HLEK & & B3 & T 40—100
em )2 (p<C0.05) . BE AN Bl AL N (8] ) 38 0, £
A HLBR AR B2 ) B 22 S SE IS )

o
4 TREMBEERRBAIHRSIAKLIEBESER mS/cm
WHE fem RAR M 1973 4F 1982 4F 1986 4 1995 4F 1998 4F 2003 4 2008 4
0—20  0.77£0.46b  1.33%0.16a 0.24£0.12c  1.3940.28a  0.18£0.07c  0.2940.22c  0.81£0.63b  0.10£0.02¢
2040 0.5240.50b  1.14+0.21ab 0.1740.06b 1.2240.15ab 0.340.18b  0.3040.19b  1.77+1.49a  0.09+0.00b
40—60  0.690.41b  1.19+0.02ab 0.16+0.04b 1.4740.37a  0.94%0.69b  0.50%0.41b  1.19%1.04ab 0.0840.00b
60—80  0.9140.41ab 1.2840.33a  0.3540.14ab 0.8540.42ab 1.2540.51a  0.4640.40ab 1.14%0.92ab 0.09+0.01b
80—100  0.93%+0.48ab 1.25%0.0la  0.5140.25b  0.9240.42ab 1.03%0.21a  0.50%0.38b  0.75%0.53ab 0.10%0.02b
P 0.76£0.17  1.24£0.08  0.29%0.15  1.1740.28  0.75£0.46  0.4140.11  1.13£0.41  0.09£0.01
RS ARMEFHRBAIHRSIAKLIBERNBRES K mg/kg
W fem KRR 1973 4¢ 1982 4F 1986 4F 1995 4F 1998 4F 2003 4F 2008 4F
0—20  0.60%0.13° 1.0740.05bc 3.0240.49a  2.9640.64a 0.73£0.15c  1.88%1.43b  1.57£0.66b  0.50£0.09c
2040 0.67£0.11" 0.8240.17ab 2.18%1.24a  1.74£0.71ab 0.6740.11b  1.36%1.0lab 1.36%0.65ab 0.53+0.11b
4060  0.6630.18" 0.91£0.08ab 1.5640.77a 1.2740.17ab 1.09%0.63ab 1.32%1.02ab 1.19%0.54ab 0.45+0. 14b
6080  0.60£0.03" 0.8340.10ab 1.5840.5%9a 1.36:0.86ab 1.58+1.01a  1.2340.93ab 1.4540.79ab 0.50+0.11b
80100 0.61£0.12" 0.60+0.06b  1.2240.38ab 1.36+0.65ab 1.65+1.02a 1.40+1.03ab 1.4140.77ab 0.4640.02b
P 0.63+0.05  0.8540.05  1.9140.33  1.7440.26  1.1540.44  1.4440.20  1.40£0.10  0.49£0.05

2.4.2 EEAHXREMANE BRKAELEHEUA
T i 18y i R B T ) ZE T 3G, LR 6. 0—20 em
T EHRAE R L1973 FR R S T A MO
1982 FFE MR MR I 2 18 T R AR MR B ARFN 2008 4F 1 12
;20 em I LZAMA S &L 1973 5 55
T HAAE A (p<<0. 05),

TS L 2R, A A S
BN, H 1973 AE AR .80—100 em - 1
AUMA ST REREMT 060 cm & 1) 1982 FF R R
M,20—100 ecm HIEA LA W E LT 020 cm;2008
TR, 80—100 em HIEA M A G EEEMT 0—
20 cm 1 40—60 cm (p<<0.05),

*6 ARMBEEGRBRAIRSXARTEEAERESH mg/kg
WE /em KIRR WK 1973 4F 1982 4F 1986 4F 1995 4F 1998 4F 2003 4F 2008 4F
0—20 3.264+2.02¢c 52.94+18.65a 18.2445.38b 11.114+1.47bc 9.2546.56bc 13.83%8.62bc 6.56+2.39bc 4.0240. 45¢
20—40 3.184+1.19b 50.31+19.57a 5.75%3.20b 7.974+1.45b 9.0343.52b 8.547.47b 2.4341.75b 2.814+1.72b
40—60 3.914+1.86b 55.72+1. 26a 5.7140.85b  4.28+1.87b 6.7444.13b 5.35+3.2b 5.1243.93b 4.03+1.94b
60—80 2.73+0.86b 40.42+3.33a 4,21£3.40b  4.7140.44b  6.50%2.09b 6.25+2.76b  6.35+4.99b 2.42+1. 34b
80—100 2.92£0.79b 27.21+4.86a 3.37+1.46b 4.82%1.35b 8.14%5.39b 4.02£1.96b 4.69£2.49b 1.5540.50b
Sy 3.20£0.57 15,3248, 84 7.46+1.79 6.5840.53 7.93+1.72 7.594£3.02 5.03%+1.32 2.97£0.69
2.4.3 EIERAEEEACHAE B FRORE I A ZE K AR 2003 4F:,2008 4 F1 KSR B K, 80—100 em £ )22, {U

Bk 0—40 cm £ + 24 %00k & AR K, 40—
60 cm 7% + 2 W AR /N, WK 7, Hd,0-20 cm
1 )2,1986 4E 5 1982 4F Z W] 22 % AN W 3 (0 1 2
FHABAE Gy 52040 em £ )2, 1986 4F B 2 w5 T HiAt
Ay 60—80 cm + B, 1995 4F I 2 &5 F 1982 4F.

1995 4 & 3 = T HAB A (p<<0. 05)

T 125 ) 11995 AR bR N T A R & bl 1
JE VR BE AT RN L 80— 100 em 2 AT AR & i
1o TR E s R R T A O B R R
BT A )R A RUR R R B (p<20. 05).

KT FEAMEFEFHERRAIRERARTIETUHRES N mg/kg
Wh/em  RRBBA 19734 1982 4F 1986 4F 1995 4 1998 4 2003 4 2008
0—20  1.9740.61b  4.14+0.05b 10.16+4,78a 9.1043.48a 2.554+0.96b 5.1343.10b  3.05+1.00b 1,900, 18h
2040  1.76+0.19b  3.374+0.92b  2.9540.57b 5.68+2.64a 2.2141.09b 2.34+0.79b  1.8240.09b 2, 14+0.39b
40—60 1.6440.51a  2.1940.15a 1.8940.38a 2.24+0.76a 2.81+1.80a 2.084+0.39a 1.96+0.40a 1.76+0.32a
60—80  1.48+0.56b  2.4%+0.25ab  1.87£0.23b 2.26+0.35ab 3.22%1.54a  2.2940.39ab 1.85£0.20b 1.55+0.16b
80—100  1.69+0.62b 1.63+0.11b  1.74£0.23b 2.23+0.31b  3.76£1.89a 2.2640.62b 1.75£0.56b 1.66+0.22b
T Hy L7140.18  2.7440.36  3.7241.99  4.30+1.46  2.9140.42  2.82+1.15  2.0940.36  1.80+0.10
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2.4.4  EIEAAATEACHE  BE RN E B E K,
0—60 cm 45 1 )2 A &CE % AR Ak U il 4R 0 (E
ARyl 2003 AF 1 1986 4F 5 60—100 cm £ + 2 4 4k
PR RN R, AR 8, 0—60 cm £ )2,
1986 4E 5 2003 EMR M A A 2 S AR E A
10 355 T 2008 AR F K AR AR MR (p<C0. 05), 60—

80 cm + J5.2003 4F i 3 55 F 1998 42008 4F fl K
SRR R 80—100 em +)2,1995 4F B & % F 1973
4F 2008 A AR SRR B AR (p<C0. 05)

SR T S w2 Sy € el =Y e o A ) | RPN
WD RE R E R T 40100 cm £ )2
(p<<0.05),

R8 TEMEFHRRAINSRARTEERHRESH mg/kg
W /em  RAKK 1973 4 1982 4 1986 4 1995 4F 1998 4F 2003 4F 2008 4F:
0—20  106.3£39.1b 184.5+41.5b 282.5+71.5ab 402.5+228. 2a 210.0£144.2b 205.5£99.1b 306.3+15.0ab 78.7+5.5b
20—40 72.8432.3b 147.0+£35.0a 141.3+48.8ab 214.3+167.5a 140.3455. 4ab  99.0%46.8b 219.3£69.5ab  71.7£18.9b
4060 80.5434.5b 114.5£13.5a 82.0%5.9b  177.8%112.6a 145.8+89.1a  90.3+40.9b 194.7+74.7a  44.7£7.6b
60—80 81.5425.2b 103.5%7.5a 102.5%11.5a 140.5%55.9a 183.5+130.7a 88.0+33.7b 187.7+83.8a  46.3%3.1b
80100  89.0+34.1b  70.5+3.5ab  96.5+21.6ab 137.3+43.6ab 168.3£99.9a 106.5E56. 6ab 153.0£107. 9ab 53.3+5.1b
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