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Effects of different aged artificial seabuckthorn forests on soil
microbial-composition in the gully region loess plateau, China

WANG Jin-cheng, JING Ming-bo, ZHOU Tian-lin, WANG Xin
( University Provincial Key Laboratory for Protection and Utilization of Longdong Bio-resources in Gansu Province
College of Life Science and Technology , Longdong University , Qingyang, Gansu 745000, China)

Abstract: To further understand the status and effects of different aged artificial sea buckthorn forests on soil micro-
bial-composition, three major groups of soil microorganisms were investigated by plate cultivation. Meanwhile, the data in
the study were analyzed using the hierarchical cluster as well as the principal component analysis (PCA). The results
showed that, for the total quantity of the soil microorganisms among all three major microbial groups, 7a forest had the
highest, whereas 10 a and 15 a contained less and there was no significant difference between them. Additionally, the
group of actinomycetes, though smaller in quantity, played a more important role in influencing the variations of Shannon-
Wiener index. Four kinds of different aged sea buckthorn forests were classified into three classes according to the compo-
sition of culturable soil microorganisms through the analyses of hierarchical cluster and the principal component analysis
(PCA) . Forest age played extremely significant roles in affecting the soil micro-composition. Furthermore, in this study,
the results also indicated that the microbial-composition in sea buckthorn forests more than 10 years old was similar to that
in the abandon land. In conclusion, it was suggested that there was a particular rule and causes for the variations in soil
microorganism composition under different aged sea buckthorn forests, which offered reference and theoretical basis to the
sustainable development of economic vegetation in the gully region of loess plateau.

Keywords: loess plateau; gully region; soil microorganism; artificial seabuckthorn forests; growing year
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PREREE AR A B E R

VP ( Hippophae rhamnoides ) A il B V0 &
HMERSUNEAR, FE A FREVGICE T 5%
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FUR 30 WA U SRARAS [R) A A AR BR 9 4
S, o o i T R AR B 1) T R R R oK
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F5E DX Tl A 88 - oo it g 5 J 7 AR X PR FH
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( Abandoned land)

Control check Yellow spongy soils slope with grade between 15° ~ 25°

degrees.

F1 il TEEERER
Table 1 Fundamental conditions of sites investigated
AR /a ST A A FHE WA
Age mode Site condition Plants distribution
BB B > 20°, B, 2003 4R, AR UPBRLLAL 80% ~ 90% , T 5 10% ~ 20% , SHIA K H08 , 1R
i 150 - 250 em, B T S A
Ta Yellow spongy soils slope with grade more than 20 de- In the forest studied, sea buckthorn trees accounted for 80% ~90% ,
grees located the cloudy mountains. The sea buckthorn apricot trees accounted for 10% ~20% , and their heights were up to
forest was planted in the artificial level trench in 2003 . 150 ~ 250 em, where herbaceous plants were dense.
RS, R 5 75% ~ 85% , AH i 10% ~ 15% , A o
. 5% ~10% , FHA G, YRR 100 ~ 300 em, 1 BB 2
B, B 100 ~ 15°, 2F ,2001 4FFk 7 e T gy
UL HBIUL 2000 SR e bR A A AR T B
A AR . ;
: . In the mixed forest studied, sea buckthorn trees accounted for 75% ~
Yellow spongy soils slope with grade between 10° ~ 15° . . .
10a . 85% , apricot trees accounted for 10% ~ 15% , Robinia pseudoacacia
degrees located the half cloudy mountains. The sea L
. o trees accounted for 5% ~ 10% , and their heights were up to 100 ~
buckthorn forest was planted in the artificial level trench .
in the fall of 2001 300 cm, vegetation coverage was more than 0% , where herbaceous
1 fhe fatt o ’ vegetation was mainly distributed by Poa annua L., Glycyrrhiza u-
ralensis ¥., Artemisia L, Leymus secalinus . , etc.
X > gifi i ~ A ~ 5 3 =)
S-S 1015 F 1995 FEBR A ot LT S =000k B 10~ st Wi i I
o NEKFEGE 100 em, [A1HE 200 ~ 300 em P ’ e ’ '
Yellow spongy soils slope with grade betw-e en 107~ 15 In the forest studied, sea buckthorn trees accounted for 85% ~90% ,
15a degrees located the half cloudy mountains. The sea . S
. . apricot trees accounted for 10% ~ 15% , and their heights were up to
buckthorn forest was planted in the fall of 1995 with the . . o
e . . . 300 ~ 400 cm, where herbaceous vegetation were mainly distributed by
artificial level trench 100 cm wide, and its spacing be- .. . . . .
Artemisia L, and associated with Stipa capillata 1., Phragmites
tween 200 to 300 c¢m.
Adans . , etc.
ARCES . D) PO B 15° ~ 25° R HLIER Y, HE 10~ 20 om

In the forest region studied distributed with all kinds of weeds, with
majority of Artemisia L, and their height were up to 10 ~ 20 cm.

RV
AR ERFRD IR LITE K

2.1.1 FREAKFRI R LEM A = K KR
LRI 3 2 AR AR AR BRI 3 G 1
SRS TR RO . SRR Y SO
B FORE, F ORI AR R, A A A KA RR
VOTObR S AR B B e 2 T S 2 e R
(F s =82.101> Fo o135 Foypy =52.398 > Fo.01, P <
0.01); HF—# 2L 4 (Duncan, « = 0.05) 451 B R
AN TR AR AR BR VD AR - SR AR ) S B A T

FHZ 2% 383 (P <0.05), &M Ht 7 a thix
i, X HREE TR 2, 15 a MR A AERARBR 1D
TR 4 1 BB RO 22 SO 35 (F g = 52.992
> Fo.o1,P<0.01),BR T 10 a #5515 a BRZ M TG 1B,
FHEFINP >0.05), HAF R Z (0] 3k 2 4 22
(P <0.05), H 7 a tk 3 HpEE I m, R4
el RHERER B T, AN R A K AR B VD bR £ 3
TR RN e 25 S R (F ey = 7.915> Fo o1, P <
0.01), BN 7 a MR REPE FE b 22 0] TG i 25 25 5%
(P>0.05),10 a pk5 15 a ARZ IR IC 2 H (P
>0.05) HACE FI BT RIH

£2 FAREKERDBRMK L EREM = KREBBR/( x 10° cfusg™" dry soil)

Table 2 Compositions of three major groups of microbe in different aged artificial seabuckthorn forests
A AR AT HEF R PEE

Planting years Bacterium Fungus Actinomycetes Total amount
Ta 437.01 £26.28a” 49.02+1.21a 24.86+1.19a 493.87 £ 12.67a
10a 318.07+9.82b 34.08 + 1.45b 19.86 +£0.91b 358.77+4.71b
15a 285.17 £6.24c 30.49 +0.36b 18.11+1.54b 321.69 +3.83¢
CK 383.93 +15.09d 18.07 £2.92¢ 23.54+0.57a 410.28 £8.58d

e« PHIME « bR Notes: * Mean + standard errors
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B 1 AN A AR B VD bR 3 T B 3R 1A=
Shannon-Wiener #8480, F Kagagh H won , H A 364
¥ Shannon-Wiener $8 40 22 %% B 2% ( F = 15. 588 >
Fo.o1, P <0.01). Bl AR AFRBRIG i, V0 BObk 1 18
BB IR Y Shannon-Wiener $8 208 ETF#H,7 a
(0.6301 + 0.0051) Shannon-Wiener 1§ % B i 5% 1%
(P<0.05);10 a #£(0.6579 + 0.0031) 5 15 a #k
(0.6598 +0.0061) Z [A] JC i Z P2, HMEE T 7 a
PR(CP < 0.05); 1 % 4 (0. 6793 + 0.0056) ¥ 37t b
Shannon-Wiener $§ %% B i /55 A~ [A) A K A R 19 1 v
AR
2.1.2 FRRAKRFRIIBMALER,GEHL £
3 MR AE KA R VD AR - 38 552 R . AR AE K
AERRVD M R 8 E K B pH B LT K4 N &=
]2 SR B (F = 9.533> Foo5 Fon = 65.674
> Foors Fﬁﬁlﬁ = 67.951 > Foors F%N =65.674 >
Fo.o1, P<0.01), ¥ % AL 5,7 a RIRZ, 15 a

IR s AR K R RL P 25 2 2 ) R S AR LAY
Ak, H 25 T 2 (Fugk = 167.159 > Fo o3
Fyogr=38.231 > Foo, P <0.01), 3P4 10 a b i
w1, 15 a PRIRZ 7 a PRiRefio

a

f=}
(=N
o

H' Y=-61.592x+51.906,R°=0.776

]

© o o o
[=2) [=) (=3 [}
S wn (=3} -

7 W 48 $ Shannon-wiener index

f=}
(=}
%)

CK 7 10 15
il 4 4F B Planting years/a
1 AEERKERDRAKLFETEFHED
Shannon-Wiener 3§25
Fig.1 Shannon-wiener index of culturable microbes in

different aged artificial seabuckthorn forests

R3 FRERERDBAKLERDIKE

Table 3 Soil nutrient status in different aged artificial sea buckthorn forests

N AR K E AL AL K AL P
Planti Water content Organic matter Total N pH Available K Available P
anting years /% /(g'kg_]) /(g'kg_]) /(mg'kg'l) /(mg'kg'l)
Ta 6.51+0.03a" 9.61£0.04a 0.82+0.0la 8.06+0.01a 7.48 +£0.06a 108.33 +4.46a
10a 6.39+0.14a 8.07 £0.09b 0.73+0.01b 8.06+0.0la 8.61 +£0.02b 193.33 +4.28b
15a 5.77+0.39 7.02+0.09¢ 0.63+0.02¢ 8.01 £0.02b 8.03+0.03b 171.67 +8.81b
CK 7.32+0.14c¢ 8.58 +0.08d 0.67+0.02d 8.19+0.0lc 7.98+0.01c 156.67 +4.41c

T+ PIHE « frrEiR.

2.1.3 REAKFRID AR EERFAXESH
AR A AR BN VD bR b 384 DR 7 (B A 56 40 #r
GPURRWI(GR 4), LI ECGE HIL R 2 B E E
FIZEKFR (P <0.05), 5 385 K o A% 8 3% E A
KKR(P<0.01); L& R B S L5 KE .
AHLT I pH Z A2 B E M2 R (P <0.05), K #
R S B Y RS A B T AN T S R A
PR A BT L3 N G IR, 0 AE X B A Y 1 18
PR Ry R A A K A PR T R AP AR
FEFREE S b, AR AR RS 0 BB AR A L
J5t .Shannon F§ % . 4= N pH AL P DL M 341 K #H .
Z A AR B IEAR G E R (P <0.01), B A K
ERR S R AR AU L 3 pH DL
NP RAG I Z 8] & R %5 U1 HAH B 52 i AH B, X
S AEIESE (2007) BSR4 iE S A — 815,

R MR A R A R R

Notes: * Mean + standard errors.

T2 22 75 1 R 28 0 2k W £ 1 T IR 4 SR e
B 5 VDO - AR W A LT 5 e AR
PRI S N TINER G S o Xk (o Nl
BT - L W AR S ) | SR A 1 A AR
DA B A 98 ] G A i 2 Ty 17 R R A AR RN
TR L SR W A 58 R WL AR GE . A DEAY
o SR T HORE R R AR AR RV b 1
AR B S TR R S LR B T a AR
BE, BB HIR 2,15 a MRiR AR, HIEE T
I ,BR T 10 a #k5 15 a ARZ R TG B35 22 540, A
AR Z A B2, H 7 a MR E B8R
XA K. R R RN 7 a MR
XTREPRSE M 2 [A) oI 3 22 5, 10 a AR5 15 a MR Z[H]
INJC I 25 5 AR E I AR FATH . Bikss
KF,T a MRESERUAEY Bk &, P2 5E IR, 10 a
M5 15 a Mk,
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Table 4 Pearson’s correlation coefficients among soil properties in different aged artificial sea buckthor forests
" FOREER e MO sk ATBUR N
R IS . gl H Tk wiener 15 4{ . 4N AL P
. Plangting . X . Water Organic - pH .
Soil factors Bacterium  Fungus ~ Actinomycetes  Shannon — Total N Available P
years . . content matter
wiener index
20T Bacterium 0.357
FUH Fungus 0.954" " 0.343
JERBE Actinomycetes 0.076 0.693" 0.023
— o
Shannon - wiener % 0.881"* 0.363  0.927°"  0.010
Shannon — wiener index
7K Water content 0.166 0.710" " 0.193 0.688 * 0.054
FHHLFE Organic matter 0.354 0.365 0.461 0.623" 0.482 0.734" "
4 N Total N 0.838" " 0.105 0.866" " 0.267 0.869" " 0.453 0.750" "
pH 0.431 0.566 0.412 0.691" 0.390 0.802" " 0.756" "  0.687"
AL P Available P 0.953" " 0.377 0.952" " 0.127 0.925""  0.206  0.534 0.915" " 0.449
AL K Available K 0.934" "  0.155 0.890" " 0.268 0.767" "  0.416  0.530 0.885"" 0.646" 0.906" "

I * R P<0.05, BUBRE); * * /R P<0.01, GUBRR),

Note: Correlation is signi ficant at the 0.05 level (two — tailed); correlation was significant at the 0.01 level (two-tailed) .

FEHEF AR F: 58,7 a AT RARAL
FARKERMN, A B T 5857 0 R ZMEEY T
AR, R 4 T LUE W, AN T Sk AR
BIEFHKKR(P<0.05) 5 T &K BT HIE
PR AR (P <0.01), B [F] AL K AR BR N T 10
M FIXTF 10 a ARAT 15 a R, A FAERKBEEEIA 7 a
MR B AR B B Ry % X T BE O IR R R
KALUET RAFMANA AL 55— WFoE R0, 40 A
TR DA T LA G T TPk A B 1) A A
R ELRCER T 1 K 40 A 1 A 35 v A K B e
A5 H A A RN R R SRR 3 ) K R A
BEP<0.0D)FBEFEEMLELR(P<0.05) (W%
4) , BRI 15 7 B A5 PR 2R T R et - 9 AT R R TR B
HTE 7 a MRIFRI N im0 IR R 22— i R I
B 7 a Moksemn , W IRALEAG, R AT RE ) T &
W3 C ZARRIRIE A S B i E B KWEM,
REITFRRATHE R T2 AR LAY, FIR
REZM & N I ER BT AL A R e e A
WFoEHp, RIS 4 N & 5 2 A A
KPE(P <0.01) (W& 4), 1 L34 N fiE N T
AR AR BRI RN 5 e A, 9 s SR X - 3
S0 AT RB SR 2 B A A K X —JRE Z —,
S VPO IR N R, TR SR e,
FEO3 s AT T SRR W e A K A b
TREAT AR, B N BE )R, (H 22 I VD AR AR 9 st
S BUR R R g b AR 3 Y /N AEXT
B, M WA B A W AT C R A T DS R Ak
T 10 a T 15 a M9 A VD BIOMR - S 55k A 4 5o A X

L2g [P AN i B SN ¥ N <3 B ) [1 0 N 2
Y S e Sy Y e S w8t ) L (S e i
FHARIE I 3R P B B A R R, X
52 EHEE(2010) BG4S R EEA AR . 27 1, Billore
45 (1995)BFFEIN A, AR o H 33 A W i A i
AN EPOE I LR N R L e S L 1
AU AT A b A T v AR A 1 A
AR R A R RE R H 2 Re b IR A A=
R, AL I AR R SR A B TS B SR Jia
ZE(2005) W58 T A TRARES ST T AR 39t 9 2s
RSB (PRI S50 1 a2 2.9 .17 a.24 a.36 a) , Bff
FERG BN 17 a BN TR A W) BB i, T S
B 25 S RS ISR B, 2R BT I N AR AR K
WIAKR e i de i 000 2 AR5 (2011) Xt AL o]
AHLIX 3 PR (5 a. 10 a 15 a) WY A RS A
N ARG 3k P i | 4 R + 38 53 4 A fb it
TTIIE . S5 R, 15 a BRIBARER B4 i R A
TIR, G W BCRTE 3 FhAKIR bRt v e 0120
AW S IR R IEARGFE— 2, B BHAK 15 a
TRIAR, B K4S, B 5 300 ~ 400 em , FRHATR P BE
B PR TE IR R B B AIG, T A 6 Jt FAT 1 7
S PR 5 B RIS , RN REAS A B DS
JE@R F A RS R ARG 1T 7 AEAR
RSG5 150 ~ 250 em, MRF BLASAE 5 55,
PR T 2 S B e W A B S B T R 3 S
Z—o ARWFFEEEF P, X HE A 1R 5 Hh R A
AR FIEAR T 7 a ATV, 215 F 10 a #1115
a MR, SRR A BE S TR b A A Y G TR MG
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B, A P R HERETRIE R 0~ 20 em R)Z
+, H R RE P BCREA R . 2R B TR B AN T
VR IAAARE A58 T, 32 A BRI R AN A 3
- S A T BRI O A, AN B R TR S LR
BB AN AR IR B A 23R, 40 B A 2k v 3
Fb AT A P 2 O B 1) SRR AR K T LT
AR E A R A - HEIREE s BRILZ AN, FE T
LT YEF ) ST 2 R I 43 A R T RE 77, X 22 AT BB
SEANRIARAS N VD SO 3R ) — KR I
AR R R R 22— o

H ISR T, K B AEAS A A K A FR (]
TR BB H5e i, 7 a ARIRZ L 15 a MRERAIR, H 7 a
M5 10 a IRZ RIAFFAE B ETEZE R (R 3) . JTEA]
Z5(2008)WH5T 18+ b TR IX Wbk A K ot +
BES KR I RE I, 25 SR B BEARIS 1 0 4 K
B 5 R 2 W1 45 (2002) BIFFT 1 Ik 1 22 8 EL 4R 5
TR P A TR AR V0 MR - 48 5 7K i AR R I L
SEI IR, Bl 25 AR 10 0 A 5 K R R R
R SAF A AL, 5 R R AT RS T
DRI AN [, LR FH K A3 R BE AN AR ], V0
ARAGHFE K H2E 23 il 2 bR 38 I 7 220 T e3[Rt
AW RS IR AN , LKL 7 a MRipe i, 15
a MRIRAR . ARFFEH, £HEEKE S pH 2R B35 1E
R (F 4), LI HHE S K B A AT+
HERUR R R ik RS S A L
JE Y AL R SR B DY 22—, R0 22 B0 B R A
W RNBESME AL A1, 38 2 5 X 2 i 1 A LI 1) 43
fifE L R, T IL oA B 25 7= AR A HLIR AT AR T £
B pH, HHEEPUR S RS 4 N B0 EA K
R(F ), B BEE VO A A R A 38 0 P AT, D
PR R R H F - 98l A 0 o A A i e
{11070 N R P R 3 e P A (TR X LS 2
FEAT BT B R Db FRAEG 5 U AN, 76 S ] L X CRAF A AR
[ A e AN )47 PR 1) 353 BT 26 B, TC iR 2 AR Bk ik
VRIS B S 7 LA o 2, S (] 2 B A e - A L
A W AR AL 3230 (2006) 43 BT 1B - e
X S Ht R A MRS A HLT AR f I B0, DF 5% kB0
IEHHARK 30 4E A RIRE A Fr 5t TR ASHR D B
H D i ) AT AL AR A DL, VD b A
MU & AN T 0.5 A%, 3 I T 3R Bk e
P21 A5 45 (2009) BFFE & R, - HEA HLIT i
(9738 I LA A BF L B E B 32 a RARMRIR K, 28 A
TR G BT VT RS R X F R 2 AT
iR SR — R A 2 . R, A
FEHIR B MK 15 4/ A9 VD B 38 AT LT R

ZAE— G I ) 2k AR Bl 2 AR AR AR ] (1 4E
K, HA VAT RESS 3G . Y [ N A6, B
B KPR, B E HRRARRE S AT
A N Bl A KA BRI 1S i B ARG Y 5 PR AT
AEAE T 15 a VDMK T30 A W Biaa R AR, JE
e T R EAGE D S BCTAART ME YRR,
{75 A SR T B, SO AE AR SR B 1D AR
TR A o 22 o TR B PRI 13 ] R RE T2
RS2 BRI B5 V B AR N BVE T, B
A NICR DA K A F AP HFE R E
g NP4 PR Vb bR o6t N2 B 0 AT
FEC15 a MRS N & B R X5 A,
TR K AL P BEE N TV B A K AR BRI
K hnmiyg N, VRO N AE Y, B E S P N
TR, e A K A R AR BB TR T R Y[R )
SRR [ N AR I S0 R B IR AR
ISR Z H B 2R 5 BF e IESs  FEAR Y 3 )= S5 4
FH ek R, (B FRoc R R [0 2] L agerh, DLZE
PR TR0 o A2 i SR AR X 1
AL K R P&, R LI K RF P R
[ AR X o

AWFFEH MK = I PR X Shannon —
Wiener $8 507 W B L B 7 b, A i # 2
5327 R, RN S B R X Shannon —
Wiener T8 8028 A2 M AN o 0 P 194 O 1] 1) 52 %
REN R K (P < 0.01), ek o B0 /Y dm 215
FRECH - 1.335, B T i 4 D 121 )3 R E0CK (A,
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