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o, MU P4 B (N 37°10716. 97" \E 102°47'17.31") .
X E TR 2 960 m, M HE b e 45 Y | UG ARG,
A TRV W, e U 25 R, R PH A S 5 . A 2
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xR o A A K I 00 3 A A B 2 R R e
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Table 1 Fertilization treatments

Aib B Jiti BE 7 &

CK N

PM AW E AN 600 kg-hm

BM HEHE 75 kg-hm ™
P1BM AW A0 600 kghm >+ B 75 kg-hm
PI BM A BEE A 450 kg-hm 2+ B I 75 kg-hm 2
PIIBM R WA A 300 kgehm 2+ & A 75 kg-hm ?

1.3 MRFAE
1.3.1 #H&RE T 20224 8 HJE YE4T ML o 4 45,
T BE A 10 b /)N DX P Bif AL 8 BC— S R 5, R T AL
0.5m X 0.5m, i 38 FET5 N A 4 Fl 28 Bk 5L
R B YR 2 B R R S AR RS
KTy AR Y 43 FhOF S5 MU T BT T, 28 A (5 S 1] 52
== AR H feF 1 5 5 T B A O A OB A B
By A A R M U A 4k Pk Tk VR AT 4 RORL 2R B
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1.3.2 MZ & M EAEY RN TN
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= fE R TR AE N 105 “CAATE 30 min, 285 PEAIK IR 51
65 CHET S fHFH AR fad) T & .
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B D v [ — Fof Rl 90 10 R X 6 BB R G A e A K
JE 48 b5 1H 5 2 B 1 4 BT 2R ) Simpson 4§ 30 (D) |
Shannon— Wiener #§ 3t (H) . Pielou ¥ 2] £ 458 % (E) Fl
Margalel #= & FEHRHC 7 R AKX WT

e B = (A XF 35 BE + AH X A4E 9 &+ H X &

FE)/3
D=1—XP;
S H
H=—> P(InP)E=—
; (nP.) InS
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Aorp PACRBE R 28 iRl AE W i A i VR SR
LB, S R RE TR SRR
1.3.3 #HymEimaen s HEHCP)RHAYLK
SE AL IR PE VRS AT 4E (ADF ) F1 b 4 16 35 21 45 (NDF )
K VanSoest [,
1.4 ¥ESH

K Excel 2016 % £ 95 i 47 % B, Jf-fif JI] SPSS
19. 0 %) % 4fs 47 5. 2 J7 22 (One—way ANOVA) 43
BT Al Duncan ¥ 2 3 L 8K 5, 35 1 K P 5 P<<
0.05, B fls &5 R Ehp 227K . FH]
SPSS 19. 0 Xf 4 ¥ B ¥ 5 F 15 1 3¢ B A o B i 47
Pearson A1 &P #7 , i 3 7K P<<0. 05, AHFoE A
3 R AN [ i S Ak 3T A 0 SR A OC 48 AR 5 R b A
W E 75 5 AF AH 5C 38 AR 2R 4T Pearson #1360 1 o Ex-
cel 2016 ffill ¥ .

2 H#RESW

2.1 N[ G A 4b B2 3 b 4 4 A 4K B B0

2.1.1 AdF BEEH LAY R ANRSET 8
PRGN 17K o 4% i AT Ak H R 0 3 9 I A e A
CK A B E R TH(P<<0.05), H PM AL i s 44
HANRKME. PIBM.PIBM.PIIBM kbH T 4 4 &
T CK A B3 1 K (P<<0.05) , {1 34~ 4b
PR ] G & 2 22 5, Horf P L BMLLP Il BM Ak 2 i) 1l
A RSy I CK B T 1. 37 F1 1. 35 4% o it B I
R LAY R CKA B EFRI WK T
50.40% . BEAKRF K, 5 AL /Y X5 BAH L, 4% it A 4b
FEGHFE ) A M b ) AT R

2.1.2 MHAHEFHGE 5 CKAML, XY
FEVE - 35 i B A B MR (P<<0. 05) (&1 3) . 4t
JIES Ak BT A A A R R BE B W S T CK(P<<0.05) , AL
P 1 BM &b 3T FH 9 BE V% F- 35 w8 B2 I i o

2.2 AEMEEAE RS EE @it -8 # 8%

end:ob-An
2.2.1 WrAban Aot BB Tt B AL 3 4% RE L AH 3

TS Jite B A B % A B (Kobresia humilis) | 76 5
(Medicago ruthenica) . T B #% 5, ¥ (Elymus nutans) .
WEAE TL (Gentiana straminea ) Z5 A 35 5 B 5 38 08 34
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Fig.1 Biomass (dry and fresh weight) under different

fertilization treatments
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Fig.2 The average height of plant communities under differ-

ent fertilization treatments

PM.BM .PIBM ,PIIBM P [l BM 4b B F % 4= & %5 )
PR K, 71.9.54.9.69.4.79.4.64.4, %
CKAr BB K T 73.67% .32.61% .67.63% .91.79% .
55.56% . PMALIET , Pk 3 B2 3 K 0 AEL 9 b Ry BRAE 85
(Artemisia smithi) F1 5. 24K (Poa sp. ) , 8 CK 73 5|
KT 1.674%.2.55f% ; BM Ab B R ff 4 B 5 K i R 4
il BRAE 8, B CK 4r B35 4 T 28.29% ; PIBM Ak 34
D A B A R A W) o Oy e A SRR AE L, 43 O
27.4.12.7, % CK4r 535K 7 36.00%6 .38.56 % ; P II
IRV GEL N R NPl T AR S 57
CK#K 1 86.91% .1. 63 4% ; P Il BM &b HLF i #5 Ji %5
R0 A b e A SRR AE I, 43 0 1 442,20, 9, 8¢
CKAri K 7 60.73% \11. 44 % . WA B E & M it
PR AE K O A A I T it e A £ b b BT S R B
B B S BNt AT AL B A TR K (R 2) .

2.2.2 HMAEBEMN S HHEFIE PMOEHT
Shannon— Wiener £ %0 5 /& , i 2 /& T CK FH: Ath it At
A3 (P<<0.05) . PMALEEF Pielou¥%5) B 48 0w 5
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Table 2 Plant species composition and dominance of alpine meadow communities under

different fertilization treatments %
oy e
CK PM BM P 1 BM P Il BM Pl BM
S B Kobresia humilis 41.4 71.9 54.9 69. 4 79.4 64. 4
i e 5 Medicago ruthenica 27.5 26.7 21.1 27.4 51.4 44.2
UK Agropyron cristatum 14.3 15.3 8.5 3.0 3.0 19.3

T FEPE 60 Elymus nutans 1.0 15.8 10.7 26.2 32.1 29.4

Z 250 3 Potentilla multicaulis 7.2 0.0 0.9 3.6 <<0.5 16.2
LK Astragalus polycladus 2.1 0.0 1.0 6.2 3.6 6.3
T 3E Potentilla bifurca 4.5 3.4 5.1 7.1 6.2 5.0
B A Z % 3% Potentilla discolor 0.5 0.5 3.9 0.9 7.2 6.9
=5 R 56 Aster alpinus 6.3 4.1 4.7 10.2 0.9 6.6
WAL S Oxytropis ochrocephala 4.3 1.0 13.2 11.2 0.0 0.0
W3R Allium sikkimense 5.1 6.5 8.9 10.0 10.2 4.9
WRAETL Gentiana straminea 23.6 19.6 23.1 12.7 11.2 20.9
S-4ET Plantago depressa 1. 9.5 0.0 7.9 <0.5 4.7
WAL Taraxacum mongolicum 3.7 0.0 <0.5 0.0 10.0 1.9
ERAE 8 Artemisia smithi 25.1 67.2 32.2 26.3 12.7 19.5

&5 WL R FAE Thalictrum alpinum 19.2 10.3 5.4 8.0 0.0 2.8
HER Poa sp. 10.0 35.5 14.5 5.8 26.3 7.1

¥ Stipa capillata 10.4 23.2 14.3 19.9 8.7 13.4

A EHF Anaphalis lactea 0.0 2.6 4.4 8.7 7.9 0.0

#10.88, H i3 @ T CK, il I Ak B R #5757 i 45 5k
B CK LR FHMZR(P<0.05) . PMALHE T Margalef
FEERS,BEST CK A H &M iE 4 8 (P<

0.05), PMALHT Simpson 48 $) i # i T CK(P<<
0.05),BM.PTIM.PIIBM X P BM 4t B 5 CK JC &
EES

*3 AEMERLLETYHEEME

Table 3 Species diversity under different fertilization treatments

Jifl JE Ak B Shannon— Wiener $& £ Pielou ¥4 5] & $8 % Margalefl =F & & 8 %L Simpson #§ #{
CK .09+0. 04° 0.82+0.01" 1.7640. 16" 0.40+0.01"
PM .84+0. 05 0.88+0.02° 2.14+0. 24° 0.51+0.01°
BM .5940. 04 0.84=+0.02" 1.86+0. 24" 0.37+0.02"

P 1 BM .99+0. 05° 0.83£0.01" 1.5440.13° 0.30+0.01°
P Il BM .94+0. 06° 0.86=+0.04" 1.8340. 2% 0.46+0.01*
Pl BM .4840. 30 0.85+0.01" 1.59+0. 14 0.35+0.01°

2.3 AARELENBEERYRSENZNE

2.3.1 CP& % AuE ik BESE H X 4 F 0L 5 4) #h
O 6 ©2 08 A e B T A R L JRR AR L) R AT A
AN T it FE Ak 3R RS CP % i 4 A8 Ak R [ it 7
FAEFET CP & it i 2 & T CK(P<<0.05) , A B
TE& T AL AL BRI CP & B 3 B 2% 0T CK; PM AR 3T
e P4 5 CP % S de i, (EL 45 Ab BN 5 CKOJE W 3% 22
5 3;BM.P [ BM . P Il BM 4b 3~ JpRAETL ) CP & & 3

% T CK(P<<0.05) , 8 CK 433K 1 27.09% |
22.69% .28.45% (K 3) .

Hhko®
BM P [l BM 43 T & % T CK(P<<0. 05) , o PM
Ab FRF i A6 2 NDF & & 8 CKFEIR T 31. 94005 % 4=
w5 NDF & & T BM . P Il BM AL 2 T i K F CK
(P<20. 05) 5 3 B Bl Bl & 75 45t AE b 2R R B9 NDF &% &

2.3.2 Ji %5 % NDF F PM.BM.P [
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3000 ¢ OCK oPM £ BM ¥y 8 %A% T CK(P<<0. 05) ; BR{EJL7E BM.P | BM P
2500 BPIBM @®PIBM mPIBM .
> I BM.PIIBM 4t ¥ # NDF % £ 3 8 % (% T CK
xX
%\]% 2000 (P<<0.05)(F4-A).
& 1500
® &t A b B8 T R 45 5 ADF & 5 3 B 58 T R i
10.00
o0 HE 4 %) B (P<<0. 05) , Horfr PM 4b 3 F 52 4% ; B PIBM
. b TSN, H MR AL B 0% A 4 55 ADF 5 itH .3
it L A S e B 119 X B (P<<0. 05) 5 45 i B b 38 () 26
it .
Pk B ADF & & ¥ 8 I T CK(P<<0.05), H PII
H3 FEGELAETEaNEEESE B
Fig.3 Plant crude protein content under different fertiliza - BM Ab 3 F F A% IR AETLAE P I BM 4R 3T (9 ADF &
tion treatments I FL T CK(P<<0.05) (K 4-B) .,
O CK OPM 0 BM
80.00 B @PIEM  mPIEM 0 CK oPM 0 BM
2000 2 mp 4000 - o mpIBM  @PIBM  mPIIBM
S 6000 =, b il
:&i 8 ™ ) =2
& | e e & 3000 |
E& 2000 il 7 & 2500 |
R 4000 ¢ Hl 5 2000 ¢
2 30,00 - ai & 1500 +
20.00 |- i £ 1000 |
10.00 - Ei 500 -
L L O L

0

JFRAETE

k7|

B4 FEEEBRLETEDTESE
Fig. 4 Plant fiber content under different fertilization treatments

2.4 HEEFRSES ERSENEX M

CP 5 R RE 4 V-2 5 3 BEVA 3 by o

53 IE A E (P<C0.05) ,CP 5 ADF £ & 3% i A ¢ 3.1 R[E)iE AR &b 28 X 4E 4 B SR A AE RO R T
(P<<0.05). CPS5HHMHh 2 MM R 2%, R L 2 ) A D e 2 2R 6 L 0 e

F4 ERERSEYBELSMNEXES N

Table 4 Correlation analysis of nutritional indicators and plant community structure

3 itie

Shannon—  Pielou Margalefd  Simpson

BETE B e s s mm r NP P

[ 3 1.000
THE 0.935" 1. 000
ff T 0.910°  0.992" 1.000

TRBANIEE  0.060 0.120 0.185 1.000

WA EEHe st —0.358  —0.401  —0.385 0. 601 1. 000

Yh e 0.122 0.027 0.072 0.614 0.774 1. 000

¥ PR AR E 0. 244 0.173 0.177 0. 366 0.712 0.897 1. 000

ADF —0.522 —0.467 —0.413  —0.485  —0.260 —0.183 —0.267  1.000
NDF —0.445 —0.283 —0.327  —0.417 0.180 —0.205  0.117 0.218 1. 000

CP 0.878 0.843" 0.813" 0.394 —0.057 0.203 0.292  —0.850" —0.412 1.000
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RS A N & AL AL FE b P T BM By Hb |2 ¥ £ fe

XU W R A G T TG it T T X 4 e b AR 7
—EAEM o TR b TS S R B A B S CKAM
Pl A M B Ry 45 A B0 B /D o X T RE A A
Jit JIES 45 5 1 TB) AH DG, s mT B 2 A ) 2 B Y A [] 1 R 1Y
Xof it B e 7 ) 25 S L 25 B TR i AU 2 A IR R A
B 52 5 IS TC it 7 IS 347 R A8 2 496 o S 9K e b A ) b |
AWy fe T IS AT B T A P b A e

A R B R R A A AR ) Ol RE A A AR
[Fi) B 2 A A AR K R g AR AR R AR
W LA BB VR AR AR AR A RS B RO AR
rh (1 it IE b B R bR ) A T R R A A il I %
WA W B, XA — R LU 3R 4 T s
A T R R AN e A T L S A R R Y
JEE Rt R AR AR A I AR R A ) B R Y
TS H R T &R Fh T R LB ARG 45 R R
HH it S 9 52 6 I R0 R0l 52 T TR e 11 A O L BE TS R AR
ALY O 3 B2 WY S T ey, o o R B e L OR AR T
1 LGB T 4 53X 5 AT SR AT AR B R R AR AR
Yo A B A W D B i S5 e — 20 . Al
JIES #4941l DA JRR A6 T D0 A 32 05 R, it S Ak L G ARG 3
£ AN T B2 B 0 AR, T R AR B L G R A B R 34
JEE AT B S 40, 3 R RE S PR Ry it AT S A W) 3E 4 g
SR ARARFE  RE VB FR I A MR L, B
HEVE 2 B 520, 5200 1 E T AR OC AR o

Yy 22 FEPE S B RORE VR 1Y I B PP AN 4R AR L T DL R
W TR V6 PN ) R X 9 5 ) R T B T RN HG 3 AR BE Y
fig 1 A WE g8 A ke BB RT LA S i A A 0 B 2 R
£, PM BM Ab# N Shannon— Wiener $8 5 2 % &
T CK,PM AR Pielou ¥4 B2 38 % \Margalef 4= & £
6 £ e Simpson $8 508 it JE /Y X B 2 1S 0, BM
AR AR R R AR R CKA TS I E A e 35

X5 ER R AR 3

3.2 A[EHERE 4 IR XTHE W E FE N E RIS
CP FURLZF 4 & &3 5 1E b PE A J0CRE F7 i B

HEE b, CP & 2B HE R 0 (H 0=, NDF Al

ADF & 85, P05 a9 38 1M X8 3 0978 1k R i
2200 T A R LR Ao B R CP A, R IR £F 4
T R AR v T AR RS T A% i A AL B R
45 CP & & 3% % T CK,BM.P I BM.PIl BM
AbFER RRAE L CP & it 8 3 % T CK,PM . P Il BM &b
FT Bl B CP & i BT AR 3. X 5 i
JIE J5 R AR b CRE CP 5 4 %%?Tﬁ@ﬂeﬁfﬁﬁ%
— B H R X R A R R THE L X
TR 2 AN [) 400 0 ke I A5 e B 25 S TR, AR SR R P
1l BM i A 4k 35 i 45 & RRAE JL 3 B B B R CP &
% CKA A m, 7 H NDF il ADF & & 5 B A% .
T 5 40 S50 AR DL K ) R T R T OF O R
B, il AT Ak 3 AT LB R R0 CP i, BRIRHORE v ADF
MNDF &, A AT Yy R mES CP
5N TR AR G, 3R W i S R AR ) A IR B R A 7 )

o IR A R
4 g

Jiti FH Rl AT DA B R i A T it T T A A sk B v
1B A vy T8 ) AW R T B MM AR )
TE 75 45 1 1Y 22 FE PR R RGE P R I 4 TR VR R R R
B OO R RO LR . AR A L, PM P
11 BM Ab B Jid 45 5 3l 4 i o % A s B 1) A 34
B R 590 P 1T BM AR B i 45 & T RR B A RRAE T
) CP % 45 B4 20 in s P ITBM P Il BM 4b 2T %%

i B A BB RR 4K T 9 NDF Ml ADF 8 3% (%
fik,P I BM 4b #EF Jwi 7% & NDF il ADF & 3% B A%
I, AW A IR 450 kg/hm®+ BB 75 kg/hm* /] LA %L
L IR A e T A AR A B IR AR ORI SOE SR A
S 3k
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Effects of different fertilization treatments on
vegetation community characteristics and nutritional
value of degraded alpine meadows

DA Zhao-ling',LI Ya-juan'",HU Rui-mei', YU Xiao-jun', XU Chang-lin', SHI Zhi-
he?, XU Jing-jing”
(1. College of Grassland Science, Gansu Agricultural University ,Key Laboratory for Grassland Ecosystem , Minis-
try of Education, Grassland Engineering Laboratory of Gansu Province ,Sino-U. S. Centers for Grazing Land Eco-

system Sustainability,Lanzhou 730070, China;2. Forestry Technology Extension Station of Gansu Province , Lan-
zhou, Gansu Province 730046, China)

Abstract: [ Objective] Fertilization is an important measure for the prevention and restorationof degraded alpine
grassland. [Method] There are six fertilization treatments were set up, including no fertilization (CK) , nitrogen and
phosphorus compound fertilizer 600 kg/hm*(PM) , microbial fertilizer 75 kg/hm’ (BM) , nitrogen and phosphorus
compound fertilizer 600 kg/hm*+ microbial fertilizer 75 kg/hm*(PIBM) , nitrogen and phosphorus compound fertil-
izer 450 kg/hm’- microbial fertilizer 75 kg/hm*( PIIBM ) , nitrogen and phosphorus compound fertilizer 300 kg/hm?*-
microbial fertilizer75 kg/hm*(PIIIBM) , in order to clarify the restoration effect of nitrogen and phosphorus fertilizer
combined with microbial fertilizer on degraded alpine meadows, and feasibility of fertilizer reduction after the applica-
tion of microbial fertilizer, to screen the suitable fertilization scheme for the restoration of alpine meadows in the Qil-
ian Mountains, and plant community characteristics and nutritional value of different fertilization treatment on by field
community fertilization experimental method were studied. [ Result] The characteristics of vegetation communities
and the production performance of plant species under different fertilization treatments were studied by field commu-
nity experimental method, and the following conclusions were obtained : Compared with no fertilization, the applica-
tion of nitrogen and phosphorus fertilizer and nitrogen and phosphorus fertilizer combined with microbial fertilizer can
effectively increase the average height and aboveground biomass of plant communities in degraded alpine meadows,
and PIBM ,PIIBM treated aboveground biomass increased by 1. 37 and 1. 35 times compared with CK. It also can im~-
prove the diversity and stability of plant community structure, and improve the dominance of edible forages such as
grasses and legumes in the community. Under the conditions of this study, the content of NDF and ADF in plants was
significantly reduced by nitrogen and phosphorus fertilizer and microbial fertilizer, and the CP content of Medicago ru-
thenicaandGentiana stramineawas effectively increased. [ Conclusion] Nitrogen and phosphorus compound fertilizer
450 kg/hm*+microbial fertilizer 75 kg/hm” had a significant effect on the improvement of vegetation community char-
acteristics and nutritional value in degraded alpine grassland.

Key words: alpine meadow ; grassland degradation ; microbial fertilizer; nitrogen and phosphorus compound fertil-
izer;vegetation characteristics ;nutritional value
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