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it 9 v G BRTRGE T  RA BR A  DAT  aR kg  eR e R  GRTR RE ( AR AR, 4 R L B R AR
AR , AR P R 2R AT | O ELOR B R A AR, 2 R W 2 ALY R B TR M DR BRI, X
I#6 P O 5 DU B, -0 1 A T R TR R e 1 A I 2 ) 25 S T 2R A e i b R AR 2 1 o s/, A [
R AR R U2 B IR B TR T TR o X b S T ZRUPRT a5 DRI 18 ) 45 R 3 D 5 B A ), - 4 i 6018 R T
T AR L ZE RRAIC , 2 — 25 15 Y e b Aol R o 3 B RN U B 10 T R, SR RIS 45 M 2 T A8k . X bk
R R 9 o PR ek R DG A AT 2 Y AP R R g o R A R AR G AR S DA AU R I RS T
B AL AR UL T 2 HA B BE ST AA BE A B (625 T S RE R R R R R

KRR = FE b bR A s AR AR 5 R 5 nafH R

Characteristics of, and the correlation between, vegetation and N-fixing soil

bacteria in alpine grassland showing various degrees of degradation
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Abstract: China has some of the most serious grassland degradation in the world, with about 90% of the available grassland
being subject to various degrees of degradation. The grassland shows surface vegetation degradation, and there is a close
relationship with soil degradation. Self N-fixing bacteria have an important impact on soil quality. In this study, alpine
grasslands that had suffered different levels of degradation were selected as study areas in the east Chi-lien mountains. The
plant species, coverage, average height, and above ground biomass were investigated, and the population of aerobic N-
fixing bacteria and anaerobic N-fixing bacteria in the soil were measured. The levels of soil N-fixing bacteria relative to total

soil bacteria were determined by the levels of real-time PCR-amplified nifH gene present in the different degraded
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grasslands. These methods showed how vegetation and soil N-fixing bacteria changed and how these changes were regulated
as the degradation process progressed. The results showed that plant species abundance decreased; the dominant species
varied ; poisonous weed numbers gradually increased ; and the height, coverage, and above ground biomass of the vegetation
all decreased as the degradation process progressed. The lightly degraded grassland had up to 20 species, whereas there
were only 11 in the severely degraded grassland. At first, there was only one dominant species, Elymus nutans, but this
gradually evolved into two species, Elymus nutans and Potentilla chinensis, as degradation progressed. The poisonous weeds
that appeared included Achnatherum inebrians and Stellera chamaejasme. The medially degraded and severely degraded
grassland ground biomass was lower by 47.2% and 92% , respectively, than that of the lightly degraded grassland, and the
average height of the severely degraded grassland decreased by 42.3 cm. Vegetation coverage also showed similar trends. The
population of aerobic self N-fixing bacteria and anaerobic N-fixing bacteria was affected by the degree of degradation and the
soil depth. The further grassland degradation had progressed and the deeper the soil layer, the lower were the number of self
N-fixing bacteria. The examination of genetically amplified nifHf showed that the ratio of soil self N-fixing bacteria to total
soil bacteria declined. In the surface soil, the proportion of the bacteria made up of self N-fixing bacteria in the medium
degraded grassland was lower by 26.9% than that of the lightly degraded grassland. In the severely degraded grassland, the
proportion of self N-fixing bacteria was lower by 13.2% than that in the relatively medially degraded grassland, and the
proportions were similar across all soil layers. This showed that the population of soil self N-fixing reduced, and that there
was a degradation of community structure. The correlation analysis indicated a significant correlation between the vegetation
characteristics and the population of soil self N-fixing bacteria. In summary, grassland degradation gradually reduced ground
vegetation height, coverage, and aboveground biomass, and increased the numbers of poisonous weeds. It also reduced the
numbers of soil self N-fixing bacteria numbers and had negative effects on soil microbial community structure. This jndicates
a correlation between the grassland degradation process and soil self N-fixing bacteria. These results show that the soil
functional flora, especially the role of soil self N-fixing bacteria, must be considered when researching and managing

grassland degradation.
Key Words: alpine grassland; grassland degradation; vegetation characteristics; N-fixing bacteria; nifH gene
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R A EE B AR (H AT O B IR AT S SR T R R A I ST R WARGE . AT O [RLR
PR EE Y o FE R RIS G R TSR [ R B R Rr I 15 R A Re M 2 TA) AR DG 2R, LU AN REIRZE 0 19 £
BEo A R R AL HLEE, Dy e FE R A IS R BRI R B SR TR AR B PSR FIRL B S

1 #MREFE

11 WS A SRS

WFFE XL T H A8 BT KA F 16 BT 75 e V8 H R 4ROl 27 8 1 gl (AR Ry 37°117—
37°13N’,102°29'—102°33'E) , #45 F 2960—2990 m , T ARFEVR TN , 4R -0.1°C , >0°C A FUR 1380°C , KA
G139, AF-F- IR K B 416 mm, ZR3E R, 860 T 7—9 H AFZE R B 1592 mm, 4F H BB 2600 h; To48 46
T A 2 ZE ) MR AR BOR (Poa) 78 5L ( Kobresia bellardii) | % % ( Carex) 515 ( Stipa capillata) 45
&4 ( Potentilla fruticosa) JRZFE ( Polygonum viviparum) 7 ( Oxytropis) \ZEW =% ( Potentilla chinensis) \H il 5
S8 (Pedicularis kansuensis) 550 5, T3V & 10 2RES 4 W s 1 & o 3 A LR S & 10%—16% , /K55
i 40%—80% , & A i 0.056%——0.071% , &R & i 0.5%—0.8% ,pH 4 7.0—8.2'*)
1.2 R R A

PLCRIR bR AL T4k ER BRI PR ) (GB19377—2003 ) ' K fEL5& % e A ol 145 4% R
TR b RERESE DN B g o B EE IR AL P EEIR AL R IR 3 M IRALSE (R 1) R AR AR
H - FEHLIEI 3 ASRREDT PR A RIS SR AR N RE YIRS SR R BE SRR AR . AR BRI Bk
AL i R PR 7 R 1 AR e BE I T 20

R EEHER

Table 1 General condition of sample plot
i FEHLA R A EPEN
NO. Name of sample plot Location Characteristics
SDG CHES Y i) KEINEFH I & HCROE T K, BRI ™ o, AL ™ o AR
MDG R AL A ARl R Ry LU B A FRELRA (EBCROGR BEROR , R A R A5
LDG RER AL E I 50 0 D] A A RO (5 4F) Mg K BT

SDG; HJFIEILEH severe degraded grassland; MDG ; HEE IR L B moderate degraded grassland ; LDG ; 5255 1B AL 503 light degraded grassland
1.3 RERCRAE

SRAERHE SR 2015 4F 7 A AIE] 1.2 FradfeJr INFE A b 35000, bR 22 5 B¢ . SR 43 0—10,10—20
em F120—30 em 3 MREE SR AERETT N T HERE i | 2 A TG I 25 28 B ARz Jin 22 92 30 2= A T e
1.4 T3 S0 R E
L4 Uk AR AR B

SR FHEC R BRI 25 DL ( Ashby ) TERBG I3, VAR IR AR 00 58 4 M B AR AR B2 DL ( Ashby ) JEAUS 9%
FERC T - F % B (glucose) 10 ¢ [K,HPO, 0.2 g MgSO, - 7H,0 0.2 ¢ K,S0, 0.2 g NaCl 0.2 g.CaCO, 5 ¢ ZiIR
(agar powder) 18 g Z&IH/K (distilled water) 1000 mlL,
1.4.2 B A A B A R I E

SR FH R TR B 3% S M 0 A0 06 00 e O AR R AU . BRI EC OT l : EOKTHT (com meal ) S g,
CaC0,0.5 g, H kK (ordinary water) 1000 mL,
1.5 IR AU nifH PR R e

K HI real-time PCR Jy ¥4I 5 48 v [ U A 1) A ARG T E AN 1, A AR R
1.5.1 FEF 4] DNA AERIU A

T35 DNA BYHEEHUR ] OMEGA Soil DNA isolation kit(OMEGA, USA) ,2BEZ BRI 45, Total DNA Ji
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i SR R FH 22 4170 6 E T ( Beckman DU 640, USA ) 351 E
1.5.2 Real-time PCR 5|4

BN 16S vRNA FE[H H By H8 R HAYE 1) 341F (5'- CCTACGGGAGGCAGCAG-3") fil 518R (5'-
ATTACCGCGGCTGCTGG-3") " A nifH FE R Y34 BT R M 5191 & 8 Pol F (5'-TGCGAYCCSAARGCB
GACTC -3') F1 Pol R(5’-ATSGCCATCATYTCRCCGGA-3") "™ | W b1 IR ARt A MR A BR A w4 1
1.5.3 Real-time PCR &%

A SYBR Premix Ex TaqTM( TaKaRa Shuzo, Osaka, Japan ) ZE37 Je B A& 2 , HAK A . DNA #i4g 2wl [ {i# Al
TES 45 0.5 wL SYBR Green I ZEEYLRHTIIE ] 10 wL ddH,0 12 pL,

P48 4R 1 95°C FHAR I 30 sec,95 CABME 5 sec,60%C 1B K FIFESH 20 sec JEREIOLAZE 45 IIEFF .,
1.5.4 Real-time PCR $3E50#r

R AT A 3 H AR A 498 b o] 2800 114 5 P KT 9 A0 R ) o

HFREE (% B 16S rDNA )= 27 (¢ tereet = Crvoalbacteia) s 100 Ci target 4 HARE 51T Ct {f, Ct total bacteria
R LLEANEE A B P AR e fE
1.6 HdEmwr

K Excel 2007 B HEE  DPS v 7.65 A HEATEEH 007 .

2 ERES

2.1 AR Ak R B R
2.1.1 FEYFE
e 2 PR, o B AR B XA P R A 5 B A5 ) AR AL B ™ B, A A AR D | R B IR R
Ak 20 FPAEY) 1 E RE IR AL R 11 R G40, B RIA AT LA B, B AR A AR B IR, R BT
ThRE RS R B R G AR R B AR 25 A R AR R ROk E , e R R
FRRERE , Plbdi A E AR SR 2 — iR E R RE MR, 7T LA R B, Z2 e 03 i A 1 R34 F
®2 EEMFE

Table 2 Species of vegetation

FEHL S IR AL THPIFPE PegFh

No. Number of species  Species Dominant species

PR Elymus nutans ,ZE B 3% Potentilla chinensis , Ji 75 5. Melissilus ruthenicus ,
5. Oxytropis spp. , J8EF Stellera chamaejasme , i NP Taraxacum mongolicum , ¥ 5 L FL Elymus nutans , Z%
3¢ Herba Taraxaci, @5 Iris lactea var. chinensis, 7 Artemisia hedinii, B Ty B BZ3% Potentilla chinensis

Achnatherum inebrians %~ Plantago asiatica

SDG 11

P AL Elymus nutans, Z:E 3% Potentilla chinensis S i f5 5. Melissilus ruthenicus s B

BOR Poa annua , ¥R 23 Polygonum viviparum , $8 5. Oxytropis spp., IR T Stellera

chamaejasme , 5L Kobresia bellardii S JNK #E Rheum pumilum , WA TE Taraxacum Y% 5L Elymus nutans, 7+
mongolicum , W Herba Taraxaci, FEH Ranunculus Japonicus , L Iris lactea var. 3% Potentilla chinensis
chinensis, &% Artemisia hedinii , B & ¥ Achnatherum inebrians , ¥ W. % Fragaria

vesca , -1} Plantago asiatica

MDG 17

Bl il Elymus nutans, Jiit #& 5. Melissilus ruthenicus , /-3 K Poa annua, ¥k 2 3L

Polygonum viviparum , Z% 5 & Potentilla chinensis, $ 5. Oxytropis spp., ‘K 98 &

Leontopodium leontopodioides , &% Kobresia bellardii, ¥¥ AE 3¢ Allium japonicurn, W& BEWHHE Elymus nutans,
LDG 20 T Gentiana straminea ,/NK ¥ Rheum pumilum , 37 % Kochia scoparia , /AT 15 5. Melissilus ruthenicus

Taraxacum mongolicum , 75 75 3% Herba Taraxaci, & & Ranunculus japonicus, By PR Poa annua

Iris lactea var. chinensis, 55 Artemisia hedinii , ¥ 5% Fragaria vesca, & %. Carex

spp. , §1'5F Stipa capillata

2.1.2 AWV R B RN 55
FHP RV 2R BT T 45 L R R A K 300 A TR 1o 7 v 38 o A 4% %) o ) 06 28 T TR 1l 1) LA e o2 45 P 1Y)
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Pt SR N PRGE S F R B AR AR, AN 3, BEE R AL AR , AL A v B2 B ARG, 7e FE BB i st |
PR A 1.8 om AP OR I A= IS TR BB AL B RE N 0K 441 em 225 W AR SR A
S BRI , (B BEAR AL TR R AL S 445 2R S 0 MR A X AR M R E I M T B2 A A K SF-25 K
ANV HARA TS A2, T T A2 TR ) R ) B R 22

x3 TRBAEMBHFFE

Table 3 Vegetation characteristic of varied degraded grasslands

N P2 ¥R TR 1A
FEHLF No. . . )
Average height /cm Average coverage/ % Average aboveground biomass /(g/m”)
SDG 1.8a Tla 15.15a
MDG 23.5b 85b 95.81b
LDG 44.1c 97¢ 181.32¢

FFARRFHRRZTBE (P < 0.05)

2.1.3 Eduh AR
Mo A R RN AR AR S R G A W e i B TR bR AR 3, S HEV R A 25 A
BARAHARL, AR Ak ] B b B A i SR R B A Wi S R v R B AR — B R Ak
PR IR M A i 08, 5 BER AL AR L, P BE IR A A Rk b T 2E Wi TR T 47.2% , 1 5 B IR AL 1l
&3k 92% .,
2.2 R[AIE fb b - 49 [ 4R R 4 AR
221 HFREAFE
WE 1 AR, 76 R AR R s, AR TR+ 2 P S
PE A A B R B B AN ], 2 R S U 1 )
HHlD I R R, 0—10 em )2 IF S AR )
Bk 9.25x10* cfu/g, 1M 10—20 em )2 By 58 ) s
/B 5.84x10 cfu/g,20—30em +JZ N AU 3.21x
10* cfu/g, HAh 4% 18 f0 72 B 4 b+ 8 th SEAR UL, 4F

—_

Tk R

Aerobic nitrogen-fixing bacteria
/(X 104cfu/g)

S = N W A O OO

0—10 10—20 120—30

AU AR I U A A R AR, T R R R, LRI

Soil depth/cm

A2 SR AR, DR J M A TR 0 A K Az E
il o el —+EARFELR AR E IR, £ E1 RRBAEMFSEEEAHYRELDE
S P AE FAE B LR SO SRR L 0—10em +- Fig.l‘ Differ.ent degraded grzllssland aerobic nitrogen — fixing
HyRtk ik 9.25x10° cfu/g, T ELIR AL SEHB I LM oy ygtgee i s s g Fre s A
D 6.26x10" cfu/g, B LR R D 1 S W TE /> {5 ey
2.75x10* cfu/g, Hfths + )2t AR RIRLAE
222 WHEREAERAE

WnIE 2 i )R AR B b, AN TR] )23 3 e R S0 20T B AN ) A 0 5 B 2B, B
/D R (E i J2 IR I Uk 1 I 8 B A e R T R AR, DA AR AL B A 9], 0—10 em )2 135
Hioh 3.59%10* cfu/g,20—30 em )24 3.22x10* cfu/g, 1Mif 20—30 cm £ 2N/ K 2.66x10* cfu/g, Hifl55iE
PR w0 S i — A A A )R AR B e ] — £ )2 o A e B R B AR, L 0—10 em 2K
9], 4% o 1B Ak B S PP P 2R TR RO N 3.59%10° cfu/g, IR AL EH Ky 1.41x10% cfu/g, T 51 IR
FEE AN 0.56%10* cfu/g, HIMLTT I, Bl 25 IR A & A AR A IR P00 R A <0 o SR e = e T 4 e 17
A e a5 W (UF U 8
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2.3 HUHBIRARXT I R nifH B30

I PR (18 )2 TP 55 b 3R Aol R v 361 SRR AR A , 75 300 A 45 SR 45 i 05 3 1 A B 0 25 SRS A0, AR S Bt 1R
AT BB R T /L , 2R S P O B AR, 0 T LR R R R IR ER B AR, I8 3 B4 R
T B A A e e U AR T A AR Y L BUE RIS, U 0—10 em A 3R IR Ak I 4
TR ) A5 T T 20 3 1 A R e 11 60T 1) LA T B T 26.9% , T T 3 R A 5 s S b R SR AL L R I T 13.
2% , PRI, 48 v T S0P 11 1 22 AR AR AR B S o i L I AN IR TT DA IR, A 4 [ R 11 A
il SR A IR I/ 11, 458 PR 38 e b 2 IR R, 4 A0 1 A 1 260 R i A 1 2 T 4 1 2
FRALEGAE R SRR — 2518

.8 =
5 40r Aa = SDG 3
g 35 g 2
®_ 30 s Z
i 20 e 4
®a 325 B ©
Hs9 sz
g as 20 = E
reEx 15 gFX 5
& = ~ ::[»:l EE‘ ]
2710 T
2 ® 3
§ 0.5 E;E:E 2
b
Z 0 =2
0—10 1020 2030 f@ = 0—10 10—20 20—30
=AY ~
j:E?;kJ/E S TERE
Soil depth/cm Soil depth/cm
: SIE 1) B b ST ZhAS gy e -
B2 FAEEBUEMHFSEBLEERENETLINE E3 REELEH S ESE nifd WELDS
Fig. 2 Different degraded grassland aerobic nitrogen-fixing Fig.3 different degraded grassland soil azotobacter nifH changes
bacteria quantity change dynamically dynamically

2.4 OB AR - I AR A SR AT
W3R 4 FR A Rk Z IR TE 028 A AE DG , N3 BE AN s B8, LA R 5 88 v B A b = 7 o 22 ) 24 oy
PR FIEA R, U W B BRI A R I — 2w B RIR Ik, R 220 A m A R, 1 AR
P Z ) A A S0 25 AR G I IE R 132 T nafH 5 DR J8E DA 0T 5 - S ] ST P 4 P TR 5 B . D b,
RS B R R R Z I B A RO . U] T /e RE A S R G A b i D RE R A= 02 R
SR, i B S 8 U T LA R B A ) P AN A
F4 BRI IR S TR E R XS

Table 4 The deterioration process of vegetation and soil azotobacter correlation analysis

T S T L e o

N " B o Wb AR
FHRME R B e =i =E 11 Py Aerobic Anaerobic .

. . Number X Aboveground X R nifH
Correlation coefficient . Height Coverage . nitrogen- nitrogen-

of species biomass - o .
fixing bacteria fixing bacteria
YIFEE Number of species 1 0.98* 0.99 " 0.98 " 0.96 * 0.9 0.89
% Height 1 1.00 " 1.00"* 1.00"* 0.96 " 095"
T Coverage 1 1.00 ** 0.99 ** 0.96 " 0.95
M AR
1 00 97* 96"
Aboveground biomass 1.00 0.97 0.96
= .

%W&ﬁﬂ.ﬂ@ . . 1 0.98" 0.98"
Aerobic nitrogen-fixing bacteria
A 2 e

L - . 1 1.00
Anaerobic nitrogen-fixing bacteria
nifH 1

* P<0.05"" P<0.01
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3.1 A AR BARE A nafH B

ARSI A 45 AR B U RN nifH SR 0 AR AR R RRAR A WD 6, H I & B 3 1 80 N A A
i U, A A A AN S B U, 08 T 59 ANE BB TR R A L B B AR R A A
it , % nifD A nifK 3 DR A A B R PR ER nafH 6 DR G 5 B4 BR TR ARG 2 B BIT A G T R R &
nifH FEH, 55— 5 10, nifH FE PR R A A B P fee oy 2 M D RESE R, L e TR R R Gt
B FR 5 16S tDNA MH—H, It , nifH BLPIEWFSE I BRI 4510 S (bR ic B R B ARGy AT TR
ST, R Z ST PR R ZEAR TR E AR IS5 o Y naft B D9 52 B0 25 S MR RN 2 Rk | 11 20T O R 45 4
LRI W R 22 5T ARBRFTRAE T nifH FE DR AR R 52 10 JE 5 b A R R Ae 7 i E A P 3, 2 iR A A
R AR A I TR,
32 HIERFAEESE R

A R — PP A R D RE R TR, AT LURE 2 S iy N, 7 [ 08 00 4 R 348 52k 40 ] AR i
FIFR A B 8 A DX S A R D e 00 B REA B T8 75 D e S Ak W A 5 M AR Bl 2 v 4, an 808 21
L, AR E M, FE R R LT R v MR A A R R AR AR B AR R TR A IR
TR, WA nifH FRERTE R TR X 28 I S bR T X - 498 131 260 b A A ™ 2 (R A VB ), ELAR AR 3 ek
o, VR AR R LT SCHR H AR SRR ST 1O B B A 0 A R, 25 SR S s B TR T A 4
K, HHEE AR AR RN, X S ARSCNESIEWI G . ALY A A = R AE A A 200—300 kg/hm® > X F
WA BN TR EMEA R TSR L, 7 SO A F AR, v A, A= 9 18 U s b gl ] 52 4 e i) 2y, i
IR A AR T E AR R, R E R R A R T R, BACE TR B ERAR R MA RSN AR
W AEP A K222 B RN E RO R R ACEMEIEIR B, AR SRR TRATT, R AU AN
AT LAAE Ry AR AR B (R B, 1 LA RIA B b AR bt o0 201 40 3 ) B TR AR T O [ AU I VE
3.3 FHGRIb AR P R R R S R

AR B 5X08 L R - A8 [ R TR R A DG 2 A ) 235 SR 3R B e bR e 9 T 5 IR W R R 1 AR AL B
FARBI R, B fh B EOUL A 28 B K SRR 1 () TR, T b R A BV 5 TR W BRI 2R P 6
FRADEM SRR Y AR IR B R 0 R R R A R IR R A
F10 D5 A, 3k — 725 A 1Y SR o R 3R AN TE 3 8 R S B Y A R R B Y
R TR AR, SN, AT YR I SR L TR B R A T AR Ak B TR R R A e 1 i 9 v A
i TR AR AR A 48, 1 B S R T AR R R B AR A Y s LRI T - e W 0 2 R R
REVE B0 5 05 R IR A PE AR G . Grayston 251 FI FIREYS DNA $R PLFA HURF1 CLPP $ARAALE 1Y
Ty BB o3 BT R T T IR R AR AR R G A W R I T RE AN SE R A5 3 T AR S5 . (BA A AR Y
1, W1 Chabrerie. > BF5T 1k E PG AL T8 5 A + 800 W) MR BRI B 6 R 45 R R T U E W e v
AR AT AR T AR P TR IO, U E A ik SRR S R R T TR ) B B AR G TS R
J R ARG, S5 RN RS I R B T R MU EE R . Kowalchuk 25177 A5 A4 38 h 15 2]
TARRURZE TS . P, H IR Y 5 R R A YR 0 6 RIF AR T X C R R — P EER E R X R,
WS LR o T B A AR S YR i E 2 (AR, R T E i — 2 R

4 £t

R AL R, B IR AR B RN, AR RS2 ek | I HLAC SR K R AR, 35 2% B
2 AERHY R T RE M DR AR T AR X S ] SR A TS U B e S T R R e A [
RUA Y 758 32 SRR A 2 TR B2, 1B AR B [0 R0 5 AR, SRR T S 5 AR
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Xk S BT U afH DR 18 A 28 R 2 DT A 1R AR TR , S [ e PR ARG T M5 A R 114 L R R AR, ok —
A R IR Ao A A SR AR AN DU B AR R, R M S A AR A o AR B R M A B ] 5
PR T BOAR SR ST 2 B AR AR P A [ P 5 i S RO DRI, T8 A0 B iR T e 20 o R 1
DI RE T AR IC R [ AR AR B TEHT
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