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Effects of fertilization gradients on plant community structure and soil
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Abstract: In order to explain the alpine meadow plant community characteristics and the response of soil nutrient and soil
microbial activity to fertilizer gradients in Kobresia humilis meadow. Effects of different fertilizer gradients on the structure,
function of plant community, contents of total soil nutrients and available nutrients, soil organic carbon and microbial
biomass carbon in the K. humilis meadow were studied in Three-river Headwater Areas of Qinghai-Tibetan Plateau, China.
The results showed that. 1) With the increase of fertilizer application, the coverage in different functional groups response
differently. Among which the coverage of grasses function group increased a lot, while legumes and forbs function group
coverage decreased obviously, there were no obvious variation in the coverage of sedges function group; however, the

coverage of each plant function group will be reduce gradually when fertilizer application increased to a certain degree, for
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example , when N fertilizer application reached 40 g/m’. Plant function group biomass showed unimodal curve changes with
different fertilizer gradients and the biomass reached the minimum under unfertilizing conditions and the maximum when 20
g/m’ or 32 g/m’. 2) The contents of total soil nutrients and available nutrients are higher when fertilizer application is 20
g/m” or 32 g/m’" and soil resource will be reduced gradually when soil application increase to 40 g/m’. 3) Soil organic
carbon and microbial biomass carbon of different fertilizer gradients in the K. humilis meadow were obviously higher at 0—
10 cm soil layer, and the contents of the soil organic carbon at 0—40 cm soil layer showed unimodal curve variation with
increasing N fertilizer application. The highest value of soil organic carbon and microbial biomass carbon were occurred in
20 g/m’or 32 g/m’ conditions. 4) Fertilizer application with 30 g/m’ can be the best nitrogen level to alpine meadow. The
contents of soil organic carbon and microbial biomass carbon under fertilizer gradients can be an important indicator to
evaluate soil fertility and soil quality variation. The content N fertilizer application ( =40 g/m’) which is used as a

threshold to influence ecosystem structure, function, soil nutrient, and soil microbial activities in alpine meadow.

Key Words: three-river headwater areas; alpine meadow; N fertilizer gradients; soil organic carbon; microbial

biomass carbon
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Yo , KMEZ S ANERBEZN, BFERK THMER BREE WEmMER, BEFER/NTE E®
Bk, KSR, HEFR,FHRFHMEAE 2500 h L_E,4FBESHHETE 629.9—623.8 kl/em’ . B EH
SEA[EHCIE 7T—8 A BERIE, K 4—5 A, FFHRIE-1.7 C, 1 A FHKE-14.8 C, 7 AFHKRE9.8
C, FFHREKE 600 mm, FEREKEEPES—9 A, AHFHKEN 0% K LR 1160.3 mm, +ENE
IWEEf AR AR, mILSEERAREA BRI T BN MR, R/ NEE
( Kobresia pygmaea ) 3582 ( Kobresia humilis) , FEE AT A £ 3 (Festuca ovina) R4TFHRE  Fek
A 5 1115855 (Aster alpina) 1% 4 Ji7 % ( Gentianopsis paludosa) | & LI JE ¥ B ( Thalictrum alpinum) | 5K 1148
( Gueldenstaedtis diversifolia) ¥ 55 ( Ligularia virgaurea) % £ EHEY),

2006 FEAEFE SFIE M R Y 4 km B 5 35 $E 50 hm” WRBALBEEE A (X FHEY) AERER,
2008 4 5 A FHTEFEENIEFERY 50 mx50 m B3R, 05 5 4> 30 mx20 m {)/MEEX, /M X R]
BEA 2 m, &A/PREX YA AARMERE . MEALR AR E R VX HER I, FAREERZ KA
BERGWMRES AN EERFHE T, HEBEUAEZEHORIRIEER T wELEE S 4
K, 5351 12,20 .32 40,0 g/m” ; FTHEAERL IR CO(NH,),(46.65% N)''"', A4 E 3 MEE,
15 A/, AA2008 425 A THIFFMASE | AL (B4R 5 A TR 1 1R, MRRES AR ES (EAES
ZRIFARHEAL , HEAE 2 R ER B A MR, X BUORIE T FrME AR A BBV T b)) I P R R BRI 518
WTE/NFEX

2008 2000 48 A F AR 3 e ER AR AT A AR 10 1 mox] m AOBEMBETTHEAT A
R, T S BRIy P TR M 69 S R RIAIEE | AR S0 TR R 3 5 RERL R
B4 ANDIRERFCN BT E 7 60 UM TRRE.

YR T EBUE™, 0—40 cm /24 10 om B, 3 4 2, NS cm 14576 S D REHBER 10 45
CRA“V7EIBE) , B YR EIR RS, 457 60 CHI 105 CHBEE , FRTH,

F 2008, 2009 4 8 HEME i N AW R (25 emx25 cm) , R L EHIH LB R E L EE
(0—10 cm, 10—20 cm, 20—40 cm) ,iF 5 (2 mm) (RAFT 4 CokfE+ , A FREY LY R - FIFIE R
Eo AN ALEEEE10 MRES CRRAV FIBE) IRE A — LR, BN 0—40 cm H3EAEM, 6 KEE,
RFEiE L ERA RSy, TP AT By H IR N 28 (RSP LB %) B (RREWIRE-
MEFHAE) 2 NS N EgES N (BURE ek IREILREE (L) £ (SEAMmmE-
KIEFCHEH: ) HRH (LM - R ) 1 . B A R RROR K- R B

Ay B AN SR AR I R A
AESIBR (ug C/g F4)= (Nx50x1000x10)/(1000x10xF 1% )= Nx50/F 1% (1)
A, SRR 10 ¢ OEZR, 5 AT 50 mL FhRFIHIR AR A, BRI 1 mL 4R RS 10 f50 TC., IC &)
TSRO AE R = LR A YRR LA LR (2)
gt

% F Microsoft Excel BIEANTEHIE, MARARKEF LELBF4 ERFSETRBHATHEEGTE
43H7( Owo-way ANOVA) ; HIEA HLBK Y BER AW BEVE = AW B #1758 K K J7 2 7017 (One-way
ANOVA), I DMRT £F I #T R EWRLE, IFHE TP LR ERa B0 & 8 1A
VLR BB T B SR IERZ RIS R, LIEBTA 4MT7E SPSS 13.0.DPS 7.05 H13#47,

2 GZRESW
2.1 RFEMEAESE T &&EHER M+ IERERNZL

fEEEE A SRR, B R HAR EAE ENEE 2N B A IR S 'Y R
T BB, T H 2B REPGE A TERANE R 20 g/m® 832 g/m® BHEE , AR B N2 40 g/m” B
FEREREEIL(R ), SXT ML, BELE—ERE FER T LB RS ROELEPHOHRR, EHA
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Table 1 Soil resources (0—40 cm) of the K. humilis meadow community
N AE4b#E N fertilizer
RH ltem 12 g/m? 20 g/m? 32 g/m? 40 g/m? 0 g/m?
44, Total nitrogen/% 0.24+0.01° 0.30+0.02° 0.26+0.01" 0.26+0.01" 0.22+0.01¢
A4S A Nitric nitrogen/ ( mg/kg) 23.13+1.66* 23.70x1.38* 22.4243. 48 18.53+0.85" 17.94£1. 09"
£ 7% Ammonium nitrogen/ ( mg/kg) 27.38+0.63° 34.02£0.75° 29.10+3.30b 290.48+0. 82° 23.98+0.62°
4% Total phosphorous/% 0.06x0. 00" 0.07+0.01° 0.07+0.00° 0.07x0.00° 0.06+0.00°
B Available phosphorous/ ( mg/kg) 5.820. 53¢ 12.46+1.25% 12.72+1.32* 11.63+0. 98" 4.15+1.24¢
44 Total potassium/% 1.46+0.06° 1.55+0.04° 1.49:0.11° 1.47+0.05° 1.39+0.03°
B4 Available potassium/ ( mg/kg) 168.58+7.659  268.82+35.29*  238.63+16.37°  211.08x10.86° 157.80+14. 68°¢
& P Soil organic matter/% 4,34:0.48° 5.55+0.28* 5.11£0.35> 4.96x0.31" 4.12+0.33°

7R (B HE A 6 B S04 PR A R 2 B R i 1R 22 5 K (8. 3% ( DMRT 3, P=0.05)

2.2 R IHEEREIEEE AL Yy R AL A R

FERIAEREBE bR ThRERE S BE A AL Y BB INGR 2. FEETEAC R 938N , 7R R S BE B O 25 B2 Wl DR A 22
8, RABHEY RN BOR , T SR AR EEY & E W B RE, TEN ZETHUANE, BAKFTHR
BRI, T B SRR A 2 BRI I, (H A AR B I B — AR, A 40 o¢/m” B, B IIREBEY
i 2 BEEHT AR, B —EmmIfER

MF 2 BTLUE A Y B E AL 6 B 2 s i 2R A b, AL BT AR ) BB AR, BB AR 20 g/’ B 32 g/
mAYRER ., MEREEREM, YR MEEEY BRI FREER (£ 2) . RER DEMIEER
MBS EY R BERR, MR RARERERAEY BB ERM(F 2), E0 o/m’ 3] 32 ¢/m” KIHIIEHEE
IB], A BB A A Y B AR AT B B SR B RN ; 76 40 g/m” BUREIBREE L M YIS RERERIBE IR A Y B B

FE AE B4R o T AR

£2 TREEHEESEEEAHEIRHEHED YR ZENEL

Table 2 Changes in biomasses and cover of different plant groups in the K. humilis meadow community at different fertilization gradients

mHE HEREHEBE AAH g8 WEE FRKE i 4
ltems Fertilization gradients Grass Legumes Sedges Weeds Community
=R 12 85.67x4.93° 7.33£1.53 16.33+0.51" 14.67+2.08" 97.67+0. 58*
Cover/% 20 89.00+3.61* 7.00x1.00° 17.00£1.73% 15.67+1,53" 96.67+1.15%
32 86.67+2.08° 7.33x0.58" 17.67+2.08% 13.33x2, 52" 97.33x1.15°
40 85.00+1.00° 6.67+0. 58> 17.3311.15% 12.00+2. 00° 94.67+0. 58°
0 46.6714. 16° 20.67£3.79% 21.00+5. 58 25.67+2.08* 93.67+0. 58¢
EYR 12 63.36+16.55° 4.69:0.49° 189.65+9.45° 114.69+6. 88* 371.89x11. 44"
Biomass/ ( g/m?) 20 140.75+21. 44* 4.1120.56° 206. 45+6. 98* 116.64+18.99* 467.95x11. 14°
32 165.12%17.75" 3.3120. 40" 201.87+7.96* 113.95+2.09° 484.24+9.76°
40 107.25+41. 26 5.33£1.09% 133.39x35. 15 74.45+11.92b 320.43£18.12°
0 55.8949.19° 16.05+4.11° 95.63+11.05°  119.57+£18.57° 287.15+19.57¢

A HERE RS B HE A R T B R R B M £ R R B % (DMRT %, P=0.05)

2.3 TECAYLE SREM RS B R YRR

B3R 3 AT, AFIFEREAS B L AU S B EA —EMER . MEGERERRES, LtEEIREER
Wi in B2 ISR . 750 o/m* B 32 g/m” B MEAE B BE 1], 1 338 A5 L Bk e S B 5 4 85 T 84 7
40 g/m” FIAEFIBABE b , REREAEBE BEARBE MO MM . R RIRE AT B B 2 2 ) H A HUBR & BAE 0—10 em +2
BB i, HREE AL B A3, AR 7E 0—40 om +EM HIEA VRS B E B ik, MIER W T 115
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AR S BT HIREIE EA AR (R 3) , B IR VIS B RE L R N>, #527E 0—10 cm 5 10—20
em, 20—40 cm +RZ BB BE LR LK E R EHE T LIEAIRE &,

R3 BEEEREEQBEIRENBMAEDHOSHSECERME)
Table 3 Distribution of SOC and MBC in the K. humilis meadow community ( Mean value)

MR/ ( o/ :ti%)%lk T YRR iﬁﬁméﬁﬁ A
Fertilization gradients Soil layer MBC Total organic carbon Soil microbial quotient
/em /(g/kg F+) /(w/kg F4)
12 0—10 0.29+0. 02be 0.49:+0.03cd 0.59+0.03a
10—20 0.09+0.01ab 0.16+0.02c 0.56+0.07a
20—40 0.05+0.0lab 0.14+0.0lab 0.36+0.02a
0—40 0. 14+0. 00ab 0.26+0.01c 0.54+0.04a
20 0—10 0.30+0.02ab 0.55+0.03b 0.55+0.04ab
10—20 0. 08+0. 0labc 0.23+£0.03a 0.35%0. 02bc
20—40 0.02+0.00b 0.10£0.02¢ 0.2310.04a
0—40 0.13+0.01bc 0.30+0.01b 0.37+0.08b
32 0—10 0.33+0.02a 0.60+0.01a 0.56+0. 04ab
10—20 0.11+0.01a 0.23+0.01ab 0.43+0. 06ab
20—40 0.03+0. 00ab 0.11+0.01be 0.26+0.05a
0—40 0.15+0.01a 0.31+0.02a 0.41:+0. 06ab
40 0—10 0.26+0.0lcd 0.50£0.01c 0.51+0.03ab
10—20 0.06+0.02c 0.2210.01ab 0.27+0.04¢c
20—40 0.04+£0.01ab 0.15+0.01a 0.27+0.02a
0—40 0.12+0.01c¢ 0.29+0.00b 0.35+0.09b
0 0—10 0.23+0.01d 0.47+0.03d 0.50+0.09b
10—20 0.07+0.01bc 0.20+0.01b 0.33+0. 13be
20—40 0.06+£0.01a 0.13+0.03ab 0.43+0. 12ab
0—40 0.12+0.01¢c 0.27+0.01c¢ 0.42+0.08c

N B HEAEAS B R — L R IR R 8 Ron SR A2 52K . 3% (DMRT ¥, P=0.05)

A FIMEAE B B TR A Y e W B 3 B AR ACR B 5 13 Wik & B SBIRo U , BEE AR B 19
BE, TEMEY YRR RSN R R LA, 0 g/m* B 32 g/m” KYMEACHEEE 1], A A
YRR BEHEREAS B AR R T A0 7E 40 g/m” MUPE BRI L, MM AE B E R B T MK, ARG EBRE R
TR AEYEYBEREETE 0—10 cm 2 EHBER(FK 3) .

KAl £ /2 B3 A P R R B B 9 AN R 52, (B ar A IR B B A AL, R EREEAEH E,0—10
cm + 2 HERAEYE S T RS BT BEEEAEN T LB VIR Y BIRBTFFE.

2.4 HEAVER SEYRKS BT IR E

THEMEYEYR S HERE(E 1,E2) A EETELERFRIMERFESEEVNAR, FREHA,
R R ) W AT B 3, T R TR DR R A LR AR O, B VR AL AR AL R A LB B A R BB
SRR, HET R WA DLBRTE T R R, U1 B 2 s th 2 4k , T BLRE 3R e B v 4y Pk 37 3 R 2R T AR
ko MEAE 20 g/m® BY 32 g/m’ At HIWHHBRAA Y BRSERR, R E TR M EMES R
GIMRERIF, R AT REEEEME, LEP e YA ERIR, HIRB YIS B IRES, 1EPE
FUREFERMER RS, SREHERE R T ERR R TEERICEN R,

3 i

T R A DR B R AR, E R TR RN EEA R, HEEAHRA U AR
REFHERL K AR B BB A , X H S BRI A Bk A A B BRI R R R A BB A, Eg
BRGNS FARKVREFE T ESHEELH, EXYRERER A REFRE. ESRERYRE
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Fig.1 Relationships between MBC and soil resources of the K. humilis meadow at different fertilization gradients
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MERESRGE N YWHHBSEHESWMIIETEERE W, B —BWEEH, M AR LEP
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Fig.2 Relationships between microbial biomass carbon and soil resources of the K. humilis meadow at different fertilization gradients
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P MR AR RS T B DA E B, R ORARNTERE, Aens
HREMBE R FAEYES NSRS BEEME, AERNHEEL TRARFERYMHETES,
B i AR FI R 0 & R B 0, R SRR . ACBT TR My Th BE B A RE TS A Yy R B AT S
2Rk, TIA R BNRMEEMR, 760 o/m 3 32 o/m” BMAEHEEE ], MY Th s BB A I B
I P A O 4R TR RTS8 00 5 7E 40 g/m® WUBESIREBE b, W T REREANBEVE AL W B A M PR A BE 4R B T R . 548
YIThRERE S  RARBHEYIXT BEFMMMNR A BE, XTREERN IR A RSNARFARTE SR,
o B4R, B B S AN, SR T AT AR T R MR, AT TE S M & Th B BRI RO Y 38
SRR, BN T KB MG A T RE R AR BRI . BRI B BT A HE AL B
R P B A AT B RS I T REAER , T 7R RO SR (A R R BB . M2 RE R IE R
BAS R M BEVE 10 SR A S B, TR TAEIRETE SRl D RERRLL AR, 300 T RABHES MR K/ 1
IR HE T I3, A/ B I S B B RS, RIS PR A .

B A B S A DUR TS YRR 4Y, B ISR A W AE AR FE R W 2 K T R A SR A 1 — N EE R
W, IETTE R TR SR E AR o BN RETRE 4R A R R AR WS R IR 3R 0 4
A SAEF FIE M AT (I R A B T 245 ) | TSRO REE 27 B R B 7 I A 5 R s L B e B
BEERANFERBT , B AR B0 T, B, B MR A S RS, T
AR BERh 75 - cp A D AR A K TR B R TT R RS TR BE AR, DM R At
BEIRBIRYIRR . R0 BT xR i 4138 B X B ) RERL KB 5 W RE B S B T RUBB BB B 28 S i 2%
&, RIATE A SR AL — B, BB IR MRS, TR E—E B A RE, THA R T EEERLEE
AR, RAOFREGETR, K 20 ¢/m® 532 o/m® Bt AV ISEY BB SBES, RELHE Y
FERE R L MM A S ARG IR R, R 2 AN R TIREBEN A, 1 3E P YA B R, Tk
WA RE IS , TR ST R R R M A B S IR , S B M AE B B B VE R B R TS B
JE B B

B, HX THESAASREAT S, HERARERS 7 SENARANRESMAESRGE SN
YRR A ST B B B SURIT . BB LT R R B, HIEA A T REEHE AR P HMEIEE R
150 keg/hm™ |, FEEFNEEEGRENWRERARNERNEG6 A TAZ7 A LA, BNEFSHIEEE
BI7ZE 300 kg/hm’ 24, TERMM&D £ T R ERBEHREBBETEE R ST B W R R 450 kg/
hm® . BFFTRIHHE S EEARAEEE(ZUE) K FR 30 ¢/m’, EEFEENRETRES AN S EEmE
ARGHEMN , MERE KRBT RS, ER IR RN AR ES A ARESEAE SRS
R B AR LRI AR IE R R
4 #ig

B EEAAR AN E N S EEABESH i LR RN, S8 SR, WARNT
ZE
(D AMBERRAKEMBAE) W—EBRE FRETLR#S BEFESSE, THEFRRABIRE.
BREET IR BB I A R B R P AR R , AT B — 1 0 B B, e X BB T B, B AT £y
TEFIREAREE T o

(2) T BT 25 3 A A R T A A I8 B0 gl 2R AR 1

(3) HEBE/KF7E 20—30 g/m” B 3 WU AU AE M BB & B i, R B 1 85 E MG B B 9 T SR B A 0 A
BREMBERT, K2 DA SRS RER NG, TP Y BT

(4) NERF R R EA A S REWRNT E 8,30 ¢/m” BTN B EEMBAERAKT, BHREE
(240 g/m’ ) MAHMEEEAESRAGSH S L IEFHS R L EBE YR BIE., EIEET %
AU UAE Yy Rk & BTV oA B - BRSO EE S AT,
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