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“Fertile Island” features of soil available nutrients around Halostachys caspica

shrub in the alluvial fan area of Manas River watershed
TU Jinna', XIONG Youcai''>, ZHANG Xia', YANG Yan', ZHU Lijie', CHEN Jichua', LI Zhihua’, WANG
Shaoming'* "

1 College of Life Science, Shihezi University, Shihezi 832003, China
2 MOE Key Laboratory of Arid and Grassland Ecology, Lanzhou University, Lanzhou 730000, China

Abstract; Spatial distribution and regulatory mechanism of available soil nutrients is widely considered as an important
issue in plant and soil relations in arid areas, in which the impact of interaction between different plant populations on
spatial distribution of soil available nutrients has been little reported. According to Liang et al. (2010), soil-plant
interactions and sustainability of eco-agriculture in arid region is a crucially important topic to address. Manas River
watershed is situated at the areas between northern slope of Tianshan Mountain and south edge of Junggar watershed, where
the alluvial fan area of the watershed is a severely saline and alkaline eco-agricultural region in northwest China. In this
study, a comparative experiment was conducted to reveal the “fertile island” features of soil available nutrients around the
halostachys ( Halostashys caspica) shrub under the conditions of single population and companion population with salsola
(Salsola collina) in the alluvial fan areas of Manas River watershed. The results showed that soil “fertile island” effect
around halostachys shrubs was mainly focused on the soil surface, and tended to be weakened gradually at intervals of 0. 6m
outward the standing point, and to decrease along the soil depth. Under the condition of solitary halostachys population,
there existed a clear enrichment distribution for both soil alkaline nitrogen ( AN) and available potassium ( AK) along with

the standing center. In the surface soil of 3m outward from standing point, the concentrations of these two nutrients were
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gradually lowered from 2.75 g/kg and 56. 67 mg/kg to 1. 66 g/kg and 29.0 mg/kg, and decreased significantly along the
soil profile (P<0.05), yet were significantly higher than the corresponding values of bare land. For the change in available
phosphorus ( AP) , there was a wholly deficit status in comparison with that of bare land, whose average content of AP was
lower by 25.33% than the bare land. This result indicated that the Halostachys population has the ecological function to
improve the enrichment of nitrogen and potassium, but lead to the consumption of phosphorus. However, no clear variation
trend was observed along with the soil profile. On the other hand, under the symbiotic conditions of Halostachys and
Salsola, the concentrations of three available nutrients in either the soil surface or along the soil profile were significantly
higher than those of bare land. Furthermore, the soil AN concentrations were in general lower in symbiotic condition than
those of solitary condition, but the AP and AK concentrations were greater in the former than those of the latter. Halostachys
as a desert plant has a significant effect on the soil fertility, and the symbiotic interaction of Salsola leads to a more
extensive and complementary influence on the “fertile island” effect of Halostachys shrub. Importantly, the loss of soil AP
components in simplex Halostachys population can be reversed under the symbiotic conditions with Salsola population. This
founding provides a theoretical potential for understanding plant and soil relations in arid saline regions, and a new practical

approach to manage saline and alkaline soil for scientists and policy makers.

Key Words:; Manas River; Halostachys caspica; available nutrient; symbiotic; fertile island
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shrub (the center of the left figure) and its companion shrub with

Salsola collina shrub (the scattered points of the right figure)
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Table 1 Morphological feature of six Halostachys caspica

HEvE 251 RFAEI B St Wi ponse|
Population sorts Representative plant Height/m Canopy/mxm Crown circuit/m
i M Single population Al 1.26 3.13x3.49 10.03
A2 1.02 3.86x3.73 10. 64
A3 1.07 2.85x3.01 9.43
Fy 1.12 3.28x3.41 10.03
LM Companion population Bl 1.23 3.32x2.95 10.31
B2 1.00 2.69%2. 86 9.76
B3 1.06 2.81x3.09 9.36
Fy 1.10 2.94x2.97 9.81
1.4 b

FIHH SPSS17. 0 BRAFHEATEENT 1A , 2R FH B IR 07 28 20 M7 125 X ] — S M 5 AS R % 2 1) - e 3% 0 22 S 047
FEA8E R Excell 2007 225 A0 BEIRAR XA AL A TG P SR AT Wu 25127 220 245 B2 0 24528 RS2 e 9 T 7%
SR TR DN S I TR ASE T, 25 R e U AR AR RS 25 A 0 225 18] <7 b B g ) A8 AR 2y v LR 5 1

Ei:Eo[H(%) }

L Ei Ry HIEA B AR S R GRBSRSY) sEo N i IIF7E x = 0 (RERREEER ) AR AUBRIE , Eo=AC/C y 5
oo A B REAR ST b B 5 b SRy ek J2 P T B TR 1) 055 B (R ) o
2 LWHERSHF
2.1 PARRAERE T SRR 5 1 £ 3SR 0 A B A REAE
2.1.1  BHRGR Bl U B K 22 R

T2 K3 KA TLE N EREORLE SR SR T, 32 48 rh A Bl A 20 5 TSR 5 I 7 1B 5 A 34 o
B WTREAR, 20 BN 2. 75 o/kg F1 56. 67 mg/kg FFEZE 1.66 g/kg F129.00 mg/kg, %)= 35 A 500 & = B
BER A S B IERE RN WSS 2 3 m AR AR E AL 0.7 o/kg, 3 Fl35 40 bl 38R FE
FYIE DTG0, ZE S Hb 3 m AR THEANR & i, — D EF MR R SRS A: 50T ryBff A
5 R AR e AR o v T R T R L, R R R BRI BB BRI, X TR AR U, R
WIAH S, 22 IR AR LA W 0 MBS 7 B & . ERFER G B AE S EF 3 PR 7 1 & it SR
PR R (E 25 S ROR X T RE 5 R IR A ) S B A G 3 R R A S R R )ZE IR R
AT K 1.26 ¢/kg,1.19 g/kg,7.67 mg/kg. A O (14 BBk L &5 i 2 HE NS LA By 5 A%
LA, MARTRAY 1. 68 g/kg TREZE 0. 34/ kg, ik (IR T 5L A B 5 FE A rb 0o USOHR B 2 0 AN R b - 19 2 £
FeAT, MARTRIY 62. 67 meg/kg FFEZ 32.67 mg/kg, il g T H AT, SRAUHE Y & AR 0 23 E R
TRl H A RHE MR BB 2. 22 g/kg FTFE3.30 o/kg, ARG BIREE AU EE , OB, AL T
) SR AR 5 R AR S 2 e o X PR AR b AR G I (L, X TSP, SRAEORAE SR 25 F F B B T th J%
BRI ILA MR B0 5
2.1.2 R BE R TR 2R

I AR 2R T 2243 M i e A — 37 MU S [RIVR BE 3R A5 00 A e b AT Hede, sk 2 iR, SRR s
B, 7 M 3R )2 N B B AL i SR )E R W 2 R, ELYS I 1) R S R P IR
(P<0.05), RFERSEERIAR, AT EMMRBI (7 BB < 0.6 m) R )2 B A & & 5 H AR
FE2E 5 3 A ST i Mz AR B 3 25 5 . R 3 AT LA Y N R R R B A i 2 Eh R B
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SEAE BT T PN A S AR v TR R RS (E, O HAFE B E 22 5. R 4 B L SRR L
R, S P A AR i RIS (1.2 m) MR A9 2 B ThT L A7 A 0 5 25 S, G R 9 348 o i
BN S BRI E AR I | SRR M v A 5 AN [ ) T PR L BN B s ) S o, B AR A
TR AT A

R2 WMHERTHEEAREBLLEFHBRNSE (o/ke)

Table 2 Alkaline nitrogen contents of Halostachys caspica in different parts of soil

YR/ em SEHBEE S Distance/m
Depth 0 0.6 1.2 1.8 2.4 3.0 4 Bare land
I REVE 5 2.75+0.77a  1.77+0.15a  1.68+0.11a  1.51+0.29a  1.37+0.25a  1.66%0.32a 1.63+0.36a
Single 10 0.74+0.30b  1.70£0.45b  1.08+0.10b  1.18%0.44ab 1.14#0.19a  1.14x0.16ab  0.83x0.09ab
population 20 0.71+0.81b  0.33+0.12¢  0.87+0.11bc  0.90+0.30ab  0.89+0.08ab  1.020.14b 0.55+0. 19b
30 0.79+0.18b  0.38%0.15¢  0.25+0.02d  0.67+0.43b  1.27+0.37a  0.81x0.23bc  0.65%0.35b
40 0.50+0.30b  0.52+0.06b  0.60+0.08c  0.59+0.09b  0.45+0.07b  0.56+0.20bc  0.43%0.21b
50 0.62+0.77b  0.18%0.069¢  0.75+0.13¢  0.53%0.22b  0.28+0.10b  0.3820.12¢ 0.75+0.32b
K24 Average  1.02+0.35 0.81+0.29 0.87+0.20 0.90+0. 16 0.90+0. 18 0.93+0. 19 0.81+0. 17
FlA R 5 1.68+0.15a  1.10£0.35a  0.98+0.19 0.32+0.04 0.43+0.17 0.34%0. 12 0.37+0. 17
Companion 10 0.87+0.27b  0.87+0.35ab  0.53+0.29 0.380. 1 0.37+0.08 0.42+0. 16 0.70+0.21
population 20 0.57+0.39b  0.49%0.06ab  0.25+0.09 0.35+0.09 0.34+0. 02 0.52+0. 06 0.87+0.22
30 0.40+0.03b  0.48+0.07ab  0.41x0.05 0.39+0. 06 0.37+0. 05 0.21+0. 05 0.11+0. 05
40 0.55+0.15b  0.43%0.08b  0.33%0.16 0.29+0. 04 0.37+0.18 0.40+0.29 0.41+0.25
50 0.54+0.17b  0.45+0.13ab  0.70+0.46 0.22+0. 03 0.23+0. 06 0.47+0. 17 0.03+0.01
4 Average  0.77+0.19 0.64+0.11 0.53+0. 11 0.33+0.03 0.35+0.03 0.39+0. 04 0.42+0. 13
NG FREFRIRTE LSR 0. 05 /K24 5 %
#3 HEAREIHCTIERNFNEE/ (mg/ke)
Table 3 Available Potassium contents of Halostachys caspica in different parts of soil
R/ cm S HBFE B Distance/m
Depth 0 0.6 1.2 1.8 2.4 3.0 3 Bare land
AR 5 56.67+7.86a 46.67+1.86a 41.00+2.00a 29.33%5.2la  30.67+2.85a 29.00%3.6la  37.00%3.06a
Single 10 50.33+7.13ab 40.50%3.69ab 33.33%1.21b  27.67+2.60a  25.67+2.03ab 26.00%2.3lab  35.00%2.52ab
population 20 39.67+3.84h  32.83%1.36abc 25.67+1.20c  22.00x4.16ab 22.33+2.33bc 23.33%1.45abc  30.00%1.15bc
30 26.33+2.33bc  28.00%7.02bcd 18.83+1.59d  16.67+2.33be  19.00£3.21bed 20.00+2.00bed  24.67+1.20cd
40 19.67£1.20c  20.33+6.89cd 14.00£2.65d  13.67+1.86bc 14.67+2.67cd 16.67+2.73cd  20.00+2.65d
50 15.6742.19¢  16.67+5.17d  13.33£2.73d  10.67+2.40c  11.67+2.03d 12.33+2.60d  20.00+0.58d
4 Average  34.72+6.86  30.83x4.72  24.36+4.54  20.003.10  20.67£2.87  21.22%2.51 27.78+3.02
PeA R 5 62.67+8.84a 51.00%3.5la 42.67+5.36a 34.00%1.53a  33.00+5.20a 32.67+7.22a  29.33%1.43a
Companion 10 63.33+6.17a  43.67+6.36a  31.00£5.51ab 28.00+2.08ab 28.00£3.21a 28.33%6.84ab  28.67+2.60ab
population 20 39.67+5.24b  30.3322.19b  25.33#3.71bc 22.00%2.31bc 25.33%2.67ab 22.00%2.52ab  24.33%0.33bc
30 31.33+5.46bc  23.0020.58bc  21.33+2.91bc 18.3322.60c  18.00£1.00bc 17.67+3.84b  21.00+1.15¢
40 17.00£1.15¢  17.00%0.58¢  16.67+2.40c¢  14.67+3.33¢  15.67+2.19¢  17.00+3.00b  15.67+1.76d
50 15.3343.33¢  15.3320.67c  14.00£2.52¢  17.00+3.79¢  12.67+2.91c  14.67+2.73b  13.00x1.15d

V3 Average 38.22+8.67 30.06+5.95 25.17+4.29 22.33+3.01 22.11+3.22 22.06+2.89 22.00+2.74

2.2 A[FASE T ERAEAE [ 4 K i i R A LA

HT TR RS 3K 7 e, el AR 2R 20 DA R SR ARG, DT 5 1S ) R - e g /K o e AR R A%, 1
B2 ATLAE A FEH A ERFEORHE AR 2+ 48 (0—10 em) K Bl S b E 25 A B MBIk, PRSI 1.8 m
AN B K B S PR AR T, UL IHME A BE B R RR 1.8 m P A/K MW R . 3K AT T R R EAEAR R
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Table 4 Available Phosphorus contents of Halostachys caspica in different parts of soil

I/ em S HiBE B Distance/m
Depth 0 0.6 1.2 1.8 2.4 3.0 R Bare land
AR 5 2.24%0.55 2.17£0.52  1.94x1.01b  3.18%0.39 3.37+0. 18 2.92+0.32 3.000. 07b
Single 10 2.3520.41 3.20£0.82  1.85%0.92b  3.05+0.47 3.64+0.24 2.81+0. 68 3.3720. 10ab
population 20 2.63+0.42 2.1740.40  2.21+0.69ab  3.26%0.50 3.68+0. 18 3.09=0. 62 3.48+0. 34ab
30 3.44+0.70 2.890.61  4.03%0.49a  2.90%0.62 3.71%0.27 2.81+0. 68 3.54+0.38ab
40 3.310.71 3.030.51 3.50£0.21ab  3.07%0.56 3.36=0.21 2.870.69 3.57+0. 34ab
50 3.11%0.70 2.87+0.55  3.57#0.11ab  3.28%0.55 3.06+0.22 2.73+0.97 4.02+0. 18a
45 Average  2.850.21 2.72+0.18  2.85%0.39 3.120.06 3.47+0.10 2.87+0.05 3.500. 13
Mk 5 2.22+0.89 2.72¢0.79  3.10%0.58 3.40+0. 66 3.30+0.59 1.80+0. 06 1.81+0.30
Companion 10 2.45+0.85 2.54%0.65  2.45x0.43 3.330.82 3.320.86 1.52%0.10 1.6720.22
population 20 2.49+1.14 2.57+0.38  2.66%0.55 3.34+0.55 2.77+0. 87 1.30+0.32 1.05+0.22
30 3.5420.25 3.79+0.34  2.29:0.94 2.89+0. 65 3.27+0.94 2.81+0.72 3.42+0.27
40 3.47+0.33 3.880.32  2.40+0.88 2.90+0. 58 3.39+0.70 3.010.94 3.64+0.24
50 3.40+0.29 3.44£0.22  2.330.71 2.30+0.55 3.24%0.51 2.95+0.58 3.07+0.28
g Average  2.930.25 3.1620.25  2.54%0.12 3.03%0.17 3.22+0.10 2.23+0.32 2.44+0.44

O X Z N (A S B <1 m B | 10 BB 7 b o ) K A% 2 P 48 o S o 2 i St 0585 . B AR AT A
T3 AR ARTE AR L S K B S 22 S BOR, T E R IE L HERZ AR I A AR YT T A . 3 m B
YR 2 B 7K S 7EE AR ey, TERE A 2% (S HIBE S 1.2 m) BRARREAR , 2 5 SOHF2 i T4, &1 Ay
30—40 cm A3 KR BRIRIG AN, TEAF 2 B SRR R0 S G Bl R i BR A T AL . BRFJZ LIS, FAt w1 T A 19
A HEK 53 A Bt N i A B R B

= 0.3—04 = 01—-02 ® 0.2—0.3 0—0.1

m 02—03 = 0—01 0.3 = 0.1—0.2 = -01—0
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Fig. 2 The relative change of moisture content with the distance and depth

AL KR Halostachys caspica; B. RFEAFE BRI Halostachys caspica-Salsola collina

2.3 A[EAEBEER AR B R E SR T R B A R L

MY EFRICRRE | AW R TP T 2 K N P K FERRE, AR R 38 7 1
W, S 08 R TT 1) B B AEAE D) ] B R s T R B B 2, 5 A ] 6] - 398 %) 8 3R 7 ST b Ak SR AR B e
AbTEFRS (FE Mt B PR F AR A K AR ORI R B s )

M3 BT LU i Eh A A A B Rl S R X i A 8 S22 MR 48 P 11 1 B o TR, AR
5 A SEAE 50 em T, R R A S ik 18, 32 Fifir HUEE 25 A3 G2 T R L3 m AR IET T IR AN
T, YEE BRI WA AT S R TEARERRIZ LM 0.6 m, 10 em ZEEAE 43Rk 0. 68,0. 72, FH
S B AR S R AE S M S 0.6 m, IR 50 em Kb, -0 52, FHoA S b K5 Y A BRI AL S SR B 3
m AR T AR &
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Fig. 3 The relative change of alkaline nitrogen with the distance and depth
AL BRI Halostachys caspica; B. SR MG BRI Halostachys caspica-Salsola collina

HT P 4 A58, ERAEA B LR I, SRS A AL ) 6 ) 5 S AR AR A LT A8/ T 0, T A L5 AT AR T R ok
- JEHSE A AR TR )Z L R I -0. 38 . 2 J5, & kBt S i B R E B B I s A e L T, e e A
SLHLHTES 0.6 m,30 em AR 007, W TERML, A5 BRI, BAOHE5 AT 22 50K, HO R 5 1Bk
TAESLHBEE R 2.4 m ARAY )R 435 (0—30 cm) Wi T RRIAD, HAB TR 0 5 BEARAR TR M. JCHOR R A bR
FLIERIZ 20 om A EEIRAR, B2 BEE BHEINIZHT 1,3 m AR TR AR & i

01-02 ®-01—0 ®-03—02 0—005 =-010— 005 ® -0.20—0.15
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Fig. 4 The relative change of available P with the distance and depth
AL BRI Halostachys caspica; B. SR SEEIRILA Halostachys caspica-Salsola collina

M5 BT LA Y SRR B A I SRR B AE X SR S MRS 0.6 m YERI A Y )2 448 (0—30 em) B T
PRI, o = s AR RR LR A R 2 0. 35, Z )5 AT s IR B N AR B 28RN T 0 IR PR & &, i
IMEAEAEARIEDB 50 em W, -0, 11, RSB IAERT, SAU7e SRR B B & B KE 1.2 m,
MEZZ 50 em REYF AR m TR, Fe S AR S AR RIS I K2 18 =35 0. 69, FEAEAR 1.2 m DA
AR AN TR R B PN A A5 B B i A A AR
3 iTFig

FFH i £S5 R Ak A T ok R — P A A TR ER R . AE AR A DX A S B
FERE T 248 (RO R, Hodp— 52 i U TR EE T A 5 A A O R DU SR YR =2 ()
B 225 PE TR, T RS A 2s B S ik, 5 X R a8 R A S 4%, R R REVE /AR
B MR AR ZSIE R AL AT A A D B A BRI B SR M R A e s b B R L, BT ER
W, SRR B — B HE SR E T LA 00 7 RS T 748 B AL AE 45 Bt A, W 3 AT B ANRRONE 3%
5 T AR AL XA ) 5 3 R AR TR A ELE T )

AR S B OR A L& IS & R T 5 2 T R b X 3B U5 S A i AR = 1, 4K 4y A
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Fig. 5 The relative change of available K with the distance and depth
A FREER YA Halostachys caspica; B. #8HEAKRFE BRI Halostachys caspica-Salsola collina

Fror ) S AR v IR AL T S AR T R R AT R . BFTE SR, AR AR 8 N SR BRI &
IR A 22 57 55 R MU RIRE A BREBR B LA S A LR T o5 LU O, AT BIFSE 40 Hh e i 2 | 0 DA RE BRGA />
EARGARE MR Y A RE M R AT S AR BEER L U | 2K 3 3R S AR AR B O
TR BE SR AL R 20 A 5 T B AE A - AR A | H B AR o v T BRVIR T 109 I, 2K 20 ISR 731
S BALFRIUAR 2 W 5 PR T O AR AT A T AR AR E RS . Noy Meir' ™ i | REAS AR AT H) LE
RULE T HER PR AR R BORFAE | 3 ERe Ik SA ) 0 A S DIARSG o Al L, JE DA SRE R (4 B A A s ) L
FER R BF AR E M, XA T e AL+ Jp FE

PP S5 SRR DAY B 1 BG4 32 2 DX A 0 e ) o R VR L FEA PG i A1, 3 A
R B o SR PR SR BB i 1] S Ml | , FEABL R AR P W) ) R 5 O i 1) SMZ T OR TR AR
PRBFFIT S BT 0PRSS REAR - B A I, Bl S e A 3 A0 1) 2 18] A L A DA A% 0 2 ) TR AR
oA FRRBLH T 5T A DR A IE 87 BEG AT UL, B A i S RO o e B A R a0 SRR 1 T
8 (HJHFEREA A S INRE . 8 B A I B0 | S 26 F T B8 SR AR Xob 4 A % ) IR WA [ 2494657
X5 b AT oA ) W R 0 B 5 4 L P A R AR AR ) 14 R 2R 2 TR A5 4 199 22 e RE A ol 2 A AL 7 98 0 M)
EEAMOGSIEAEENTE P, A PR BRI AR B A7 S RE ST 4 W MR TR Z K -3k 43 e 5
1 I ELRAR ZR X B WS S B A g ) DRI SR TR A, AL, A i A Y RORHE R
P T S0 R A e L T S S 2 5 5 L S i AR IR A 2% (1.2 m) KR
AAAE R B R 22 5 ICAR AR B Ao i AR AN K, X 5 AR S 1 3% 70 3l 0 ANERUE 3R 20 (Bl n A R £E )
(VS 2 TR B R AR ) 5 M N I 0 A 2 SR — 30220 B X SR 2 v st AR TR A A /N RUBE 1=
HESR I3 23 A1 S RO ST W A R0 35 40 A AR RO B BN S [ Stk . DA B ZSRSE 3 Ui, A
—TEARPILEA [F) A58 T X L PR B AT I A AR — E B 22 5o (HURE AR5 e IE AR i A 5 TR A A
HOCR TR IER, S p s MY ORI T IRBE 2

A R AN (7] 37 ML g ) T PN 2% AR 00 1 e Y HE R I, SRR - B SR A A X K e R R AR
P T ER R LR I A, 5 L I 85 A VS B R T B A i, JE IR AE 10—30 em 4 SRR R TG BRI
o BUMARR 43T A T 5 3R AR — AN T B A , B 0 B A bk LRI AR IR TR
BHE TR RAY) SEAR T E 8, AR BA R RIS A K 73 FFR 23 1 58 4 S AR
ABTFEHE HHARA L) B AR ) (Y 50 S5 BE IO T 8BRS R 2K B2 b AR S AT LR e 5% 20 1Y)
MR, BT AN b2 e v AR A W B Sl T A 0 S e SR T SR SRR LR B SRR R I
FAAEAL S S S0 1ty e o 5 e, T EL AR R 9 L e TR /K S | SEA R 7O S 2 1 R 8L, o i o
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