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Effects of fertilization gradients on plant community structure and soil

characteristics in alpine meadow
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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 QQinghai-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 em 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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R, T2 0 AR R V8K TR eV R Wi e 98, R A 22 50N m H 228
Bk, RKBASR S REL, H TSR, 4 H OIS (EAE 2 500 h DL E 4R SR GTHEFE 629.9—623. 8 kl/em® . 2 ZE4F
LM GR 7—8 H IR K 4—5 H, FPHARR-1.7 C, 1 A F¥RIR-14.8 C, 7 HFHSIE9.8
C, TR 600 mm, EEREKEENTE 5—9 J1, 20 HAEROK 1Y 80% , 78 A& Bt 1160.3 mm, T
Ll ) AR L AR ) R LR R R SR ) R A D i DX R B B A R Sy
( Kobresia pygmaea) %% 5. ( Kobresia humilis) , F 2 PEAEMA 5 (Festuca ovina) | S5t R A J4 KR
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( Gueldenstaedtis diversifolia) ¥ %% & ( Ligularia virgaurea) 55 FEAHY)

2006 FAERE R M R 4 km HHL T EERE 50 hm® 1 AR IR I0AE 5 5 R (LB ) H BRI,
2008 4F- 5 H FAIFEFR NERE BTN 50 mx50 m [ HEFASFIHFE X, 43 5 4~ 30 mx20 m (/NREIX, /R X [A]
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BRGEAIGA =T BRI B 20 I FARYE DUAE AR i K i ekt 7202 iR b A 5 A
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WA JE I E - SEREA g3 . b a0t H Dy A e (CBHER BT L (1) R (BRIR A AR -
FRERPLIL ) 4 N IS N A N (FLIREE (Fefa k) UL & & (AR ) 28 (SR amos-
JIBLRED: ) BB ( LRREGZAR-JIEIERETR) 1 A AR Wy iR T K - 0

A= ) Btk A S RS 1 T
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A B L AEFR 10 g R ZE 5 50 mL Rt 28 HAF PRI L mL SRR B 10 50 TC | 1C & 1)
R W = A Y A R S LA ik (2)
St b

K H Microsoft Excel #HLHITTE RS, XAFRIAREKFET LIEREFS BAFES S Eilt TR R T2
30T (Owo-way ANOVA) ; 345 HLAR | ol 25 90 i Bk R 40 B v o B A2 ) i b A7 BALIK 38 7 22 43 #1 ( One-way
ANOVA) , HI DMRT £ 5 Wit 7 B 5 TR K, I FHZ etk a4 87 T3 w35 0 TR & i 13
ML SR e 1 B S A SCHE PR Z B A OC R , LA LT 43 BT e SPSS 13.0 .DPS 7.05 Hilff7,

2 ZER551
2.1 AS[F it AR A B T e R ) IR IR Y AR AL

IR A B R 3, R A S A U U A AL S R &
AT B EAE T HL A IR M AL IR A R R 20 ¢/m® B 32 o/m” I, AP R N F) 40 g/m’ B
TIEEGFRWEAR (R 1), SXTRALL  EICA B — e B B4R T IR R R R R AT
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PUTT RS N, HEE TGS B (R 1) .

*1 BEESEIAMENLIERE
Table 1  Soil resources (0—40 cm) of the K. humilis meadow community
N ABALEE N fertilizer

I H Item
12 g/m? 20 g/m? 32 g/m? 40 g/m? 0 g/m?

42 Total nitrogen/% 0.24+0.01° 0.30=0.02° 0.26+0.01" 0.26+0.01" 0.22+0.014
A4 Nitric nitrogen/ ( mg/kg) 23.13+1.66" 23.70+1.38" 22.42+3.48° 18.53+0. 85" 17.94£1.09"
£ 25 Ammonium nitrogen/ ( mg/kg) 27.38+0.63" 34.02+0.75" 29.10+3.30" 29.48+0.82" 23.98+0. 62°
4 Total phosphorous/% 0.06+0.00" 0.07+0.01% 0.070. 00" 0.070.00* 0.06+0.00"
U Available phosphorous/ ( mg/kg) 5.82+0.53°¢ 12.46+1.25% 12.72+1.32% 11.63+0.98" 4.15+1.244¢
44 Total potassium/% 1.46+0.06" 1.55+0.04* 1.49+0. 11" 1.47+0.05" 1.39+0. 03¢
A Available potassium/ ( mg/kg) 168.58+7.65%  268.82+35.29"  238.63+16.37"  211.08x10. 86° 157.80+14. 681
AL Soil organic matter/% 4.3420.48° 5.55+0.28" 5.1120.35" 4.96+0.31" 4.1220.33°

S [t A A 85 500 P A R) 3 08 58l 1) 22 52 AN 1. 3% ( DMRT 3%, P=0.05)

2.2 A IIREREIRIE AR Y Xt AL A i

TEREALHEEE L4 DI RERE S B M E M AR Nk 2, BB M E AR X380 , AN TR) D) REAHE 114 8 188 i [ 2 A 2
S ARASRIAEL I B M LA TS AN AR RAR ) o P AR, VR R S AR, BRI T XER
B AR fe A, AT Y dnb ol R R 2AS 90 i B R Lt S e 4 I ) — @ FRBE, AR 40 g/m® I, & DI RERF ALY
14 3 B WAL, A — 8 Rl R A

M 2 AT LU Y AR ) Bt A o P 2 Bt 2 A A, AN AR IR 2R 4 4 B I, AL 20 g/m? B 32 g/m?
AR, BEF A S AN AR S RERE AR v AL W A B 2 5 (R 2) o RAR W R R RER
RIS A= i 0 5 A, T RIS e D BE R A W i 5 0 (3R 2) 0 720 g/m? B 32 o/m® YTl AL A6 2
(], AL D) RERE FIVAE v 4 0y B2 it S o P2 482 3 T M0 5 75 40 g/m® BHE Ty B L, AR D BE R AR Vi A4 Ay St Bt
Tl AT B4R o T AT

®2 AREEHEZSEEARETRIEHEMENE SENEL

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

i H J A RAR} R WHIE FRHE HEvE
Items Fertilization gradients Grass Legumes Sedges Weeds Community
FEs 12 85.67+4.93" 7.33+1.53" 16.33+0.51" 14.67+2.08" 97.67+0. 58"
Cover/% 20 89.00+3.61° 7.00+1.00" 17.00+1.73" 15.67+1.53" 96.67=1.15%
32 86.67+2. 08" 7.33+0.58" 17.67+2.08* 13.33+2.52" 97.33+1. 15"
40 85.00=1.00° 6.67+0.58" 17.33£1. 15" 12.00+2. 00° 94.67+0.58°
0 46.67+4.16" 20.67+3.79* 21.00+5. 58* 25.67+2.08" 93.67+0. 58"
Y 12 63.36+16.55¢ 4.69+0.49" 189.65+9. 45" 114.69+6. 88" 371.89£11. 44"
Biomass/ (g/m?) 20 140. 75221, 44 4.11%0.56" 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" 133.39+35. 15> 74.45+11.92° 320.43£18.12°¢
0 55.89+9. 19° 16.05+4,11° 95.63£11.05°  119.57+18.57*  287.15£19.57¢

AN IRt A A6 2 500 AT IR 7 s B 18] 22 5 A (2. 3% (DMRT 2%, P=0.05)

2.3 ALK SRR SR SRR A A

HIZE 3 AT, AN TR B AC A BE - AT HURR 35 B AT — 2 9 22 59, G M AL BR L A48 7, 1 AT BLRR 5 18
W HL 2 e 2B e, 7R 0 o/m’ B 32 g/m* A AR JBE ], - 3T BIL B i it IS Ao B2 i o 1T 96 o5 7
40 g/m’* HYAEJIAREE b | BEG LA BE 4R T RRAR A [RD it FE A B2 96 i e oy L AT LA 5 AR 0—10 em )2
W v, ELBEE AL 5 A58, 70 A 7E 0—40 em 2 Y L AT HLRR 5 i 52 e 228 Ak, 2R 1 3
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A B 5 f A R T B0 A (3R 3) , B 3 BLa 2 i Bl L R R kb R AE 0—10 em 5 10—20
em, 20—40 em 2 JEZ[AASAUATAE 35 2257 MOAE KR 0 8 M R2 i) 1 AT LR 75 42
£3 ARSETURMELEANBIMEDBSBHECTH)

Table 3 Distribution of SOC and MBC in the K. humilis meadow community ( Mean value)
TR K IR A Wy AL AR

/em /(g/kg T1) /(g/kg T1)
12 0—10 0.29+0. 02bc 0.49+0.03cd 0.59+0.03a
10—20 0.09+0.01ab 0.16+0.02¢ 0.56+0.07a
20—40 0.05+0.01ab 0.14+0.0lab 0.36+0. 02a
0—40 0.1420.00ab 0.26%0.01¢ 0.540. 04a
20 0—10 0.30%0. 02ab 0.55+0.03b 0.55+0. 04ab
10—20 0.08+0.01abc 0.23+0.03a 0.35+0.02bc
20—40 0.02+0. 00b 0.10%0. 02¢ 0.23%0. 04a
0—40 0.13+0.0lbc 0.30+0.01b 0.37+0.08b
32 0—10 0.3320.02a 0.60+0.01a 0.56+0. 04ab
10—20 0.11%0.01a 0.23+0.0lab 0.43+0. 06ab
20—40 0.03%0. 00ab 0.11%0.01bc 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+0.01¢ 0.510.03ab
10—20 0.06+0.02¢ 0.22+0.0lab 0.27+0. 04c¢
20—40 0.0420.01ab 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+0.01be 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¢ 0.27+0.01¢ 0.42+0. 08¢

AN IR AE A B2 () — )2 Kot FHATTIR] A3 il 18] 22 52 A8 .35 (DMRT 2%, P=0.05)

AN B AEA JEE + SANA  A y fe i  i AR AR B 5 A LR 5 AR RS R ML, B B A EE 119
PR, A W A e e e i LS P AR Al . 1E 0 g/m B 32 g/m® ROt HEAR BE (8], - MR A W A
YW T G At JBE 5 55 T 0 5 7 40 @/m® AOAE Iy B L, Bt AT o B8 2 o T AR A - AR [ AU s Bk v e
i) - e A W A R A 0—10 em HEARE R (E3) .

AN 2 A fo A o DRt RES A 32 ) AN [ S5, {ELCRG A B0 B S R R . RO R i AE B )%, 0—10
em )R H RIS BLT OGS (0T BB S T A MU E PR e BT AR
2.4 HHEAER R E RS SRS IR

TR YRS BRI 118 2) JEH R R SR MR A I C R . WFFEERI,
1o R e ) B T A ) S AR D RERRE AL A A B AR A A R R A LR i A P K
AR, S MM A LR AE P A BRI J B s gl 2 A8k i LRl 598 4 H R o ME R TR o O AZ A T A2
b, THE 20 g/m® B 32 g/m® I L SEAT HUBRAN AL Wy o e &5 Bk d sy, SR I FBE AT ) 1SR P E S &R
GURE R, R Z SRS RGN RERHN ] , e R Y A Wy i AR, - R RAE Y I ik RE e , LR E
Fr TR PR E AN GE 5t L S A8, 5 0 it S o b A 8 B {1 T P e Y
3 itie

TP A S B ORI S, R R A A A, IR O S I - SR
FERAE R AR A BE T3, 0 4 S HOIRBE L BK 43 A B PERE A AR U 10 ™ A A AR Y R
SRGIRERY AT RS H B b SR B 5 AR A S B, i ) B PR i A FRAERR R G, AR RGP
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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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Fig.2 Relationships between microbial biomass carbon and soil resources of the K. humilis meadow at different fertilization gradients
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