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Abstract

Aims Plant biomass reflects the primary productivity of community vegetation, and is the main resource of car-
bon input in the terrestrial ecosystem. It is usually limited by nitrogen (N) and phosphorus (P) availability in the
soil. Alpine grassland around Qinghai Lake Basin has experienced extensive land-use changes due to the cultiva-
tion of native grassland and vegetation recovery on cropped land. In this experiment, two grassland types were
chosen, natural alpine grassland (NG) and its adjacent restored grassland (RG), to determine the responses of plant
community biomass to N and P additions with different land-use.

Methods NH;NO;and Ca(H,PO,),-H,O were added in a completely randomized block design, with medium
levels of 10 g N-m™2 and 5 g P-m™. Soil NO5™-N and available P contents, and the plant community biomass were
measured in the two grasslands. Two-way ANOVA was used to determine the effects of nutrient additions on all
measured indicators, and regression analysis was used to analyze the correlations between plant biomass and soil
NO5™-N and available P contents.

Important findings Results showed: (1) N and P additions both increased grass biomass in the NG, and signifi-
cantly elevated the total aboveground biomass, with the promoting effect of N addition higher than that of P addi-
tion; N addition significantly increased both grass and forb biomass in the RG, and markedly promoted the total
aboveground biomass, while P addition had no effects on the functional groups and total aboveground biomass (p
> 0.05). (2) N and P additions both had no effects on the belowground and total biomass in the NG, whereas N
addition significantly increased the total biomass by 34% in the RG, which suggested that the effect of N
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limitation on the vegetation primary productivity was stronger in the RG at present stage. (3) The aboveground
biomass in the NG increased with soil NO3™-N content (p < 0.05), and the above- and below-ground as well as the
total biomass were all positively correlated with soil NO3 -N content in the RG (p < 0.01). These results indicated
that the plant growth in alpine grassland around Qinghai Lake Basin was prone to N limitation, and the effect of P
limitation changed with land-use. Soil available N might be the key limiting factor for vegetation restoration and
reconstruction in the RG. The “Grain for Green” project (the land-use policy) and atmospheric N deposition are
benefiting both plant growth and C accumulation in the alpine grassland ecosystem around Qinghai Lake Basin.

Key words alpine grassland; plant community biomass; nitrogen addition; phosphorus addition; restored grass-
land; Qinghai Lake Basin
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Table 1 Chemical and physical properties of the soil around Qinghai Lake Basin (mean + SE, n = 6)

IR bR pH BE TITAH BB £ g7
Soil depth (cm) Grassland type Bulk density Soil organic carbon Total nitrogen Total phosphorus
@m?) (9kg™) (gkg™) (9kg™)
0-10 NG 8.02+0.03 0.73+0.02 54.84 +1.52 5.76 £ 0.09 0.74 £ 0.02
RG 8.34+0.01 0.75+0.02 31.74 £ 0.95 2.94 +0.06 0.80 +£0.02
10-20 NG 8.33+0.03 0.80+0.05 41.04+1.19 4.27+0.15 0.71+0.01
RG 8.51+0.02 0.85+0.05 26.23 +£0.61 2.82+0.07 0.61+0.02
20-30 NG 8.42 £0.02 0.85+0.03 29.44+154 3.06 £0.13 0.62+0.04
RG 8.65 +0.02 1.07+0.04 24.21+159 2.18+£0.08 0.63+0.03

NG, KIRELH; RG, BHFE .
NG, natural grassland; RG, restored grassland.
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Fig. 1 Effects of nitrogen and phosphorus additions on the contents of soil NO;-N (A, C) and available phosphorus (B, D) in the
natural alpine grassland (NG) and restored grassland (RG) (mean + SE). ***, p < 0.001.

E2  N.PAIIA RARFE L (A) BB S Bk (B) AR B B b AR W) i 5 i CP B AR R 22) . *, p < 0.05; **, p < 0.01;
*** p<0.001.

Fig. 2 Effects of nitrogen and phosphorus additions on aboveground biomass of grass and forb in the natural grassland (A) and re-
stored grassland (B) (mean + SE). *, p < 0.05; **, p < 0.01; ***, p < 0.001.

REAY) RS FIENO;-NE B2 B & M IEAH > 3 e
KZA(p <0.05 KEBA. 5C), AR REAY) &L+ 1E
HYPE RN EREFEIEMRLR(P < 005 K5D), 31 SEEEN, PRIMBEZAELER

Hh FAEYES EHGEP A &2 AT IEA K N2 i b A= 2 58 495 R AR A K 1) O B R
Z(p=0.001, KI5B). B E B & DIRERERIEEYE NV IO PR 3E R A A R R 1 b 2R W & i 3
AW 5 HIENOS-NF & R 3% IEAH 2% (16). FE Bl M 1 2B 2 56 NS I 3R 0 — B0 IF e B

doi: 10.17521/cjpe.2016.0048



1020 fEPA=ZS2%4) Chinese Journal of Plant Ecology 2016, 40 (10): 1015-1027

w2 A BRI A i (g-m 2 a ) RIS [R] S R AL A1) () R 6 XL DRT 3K 7 22 40 A
Table 2 Two-way ANOVA of the effects of nitrogen and phosphorous additions on plant community biomass and percentage contribution of different func-

tional groups

T A FAIN N addition WEdshn P addition B HAEF] N x P interaction
Grassland type F 0 F b F 0
REAEYIR Grass biomass NG 25.350 <0.001 9.036 0.007 0.168 0.686
RG 81.215 <0.001 0.044 0.836 0.149 0.704
RETH 5 L Grass percentage NG 3.080 0.095 2.339 0.142 0.001 0.978
RG 1.098 0.307 0.665 0.424 0.999 0.329
JRHE YR Forb biomass NG 0.196 0.663 0.215 0.648 0.007 0.934
RG 4908 0.039 2.072 0.165 2.792 0.110
4K E 43 E Forb percentage NG 3.080 0.095 2.339 0.142 0.001 0.978
RG 1.098 0.307 0.665 0.424 0.999 0.329
Hb EA4:¥5 Aboveground biomass NG 28.837 <0.001 7.113 0.015 0.685 0.418
RG 174.985 <0.001 0.089 0.769 0.002 0.969
Hi N A% Belowground biomass NG 0.636 0.435 0.526 0.477 0.205 0.655
RG 1.282 0.271 0.000 0.989 0.031 0.862
MAME Total biomass NG 1.117 0.303 0.725 0.404 0.241 0.629
RG 14.692 <0.01 0.004 0.953 0.038 0.847
NG, KRR H; RG, BT # .
NG, natural grassland; RG, restored grassland.
.+ I R B I 8 - N
S €
H2L ... ] 2 gon

E3 N, PASIIRT RARFEH Db A= Pt (A) FINGR X 18 Ak 52 Bt i b 2E 4 5 (AGB) FHLEVAE W i (TB) (B) 1 52 (P 3B £

BWZE)e *, p <0.05; **, p<0.01; *** p<0.001,

Fig. 3 Effects of nitrogen and phosphorus additions on aboveground biomass in the natural grassland (A), and effects of nitrogen
addition on aboveground biomass (AGB) and total biomass (TB) (B) in the restored grassland (mean + SE). *, p < 0.05; **, p < 0.01;

***p <0.001.

(LeBauer & Treseder, 2008; Xia & Wan, 2008; Bassin
et al., 2012; Borer et al., 2014b; Fay et al., 2015; Xu
et al.,, 2015; Yu et al., 2015); [FIH, PR HI/EF7E
Wi AR 2 2R G0 R R R A AE R, POV IR AT
IR B I A= 1 (Elser et al., 2007; Fay et
al., 2015). 775 i i S i FE M X, A g AENA
PR S ERFE, B TRIE. HEMAEYES)
559 AN IR A B 5 SR A | 29, TR
TR0 I B B, AN Re i 2 A AR AR K R R
(Jiang et al., 2013). JlFHFIL T, F= I INAT A R
RS RGN E TR IR, BRI Rl R 1) B Y
SEAHIRE, XY AE KA IR ERER, AR
& 5 A P ) (Best & Jacobs, 2001; Fay et al., 2015;
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Li et al., 2015; Wang et al., 2015).

AWFFE, RAEPESINAEHE R SR 5 B A1
REEYERIEINER2), HAEEE AR T NRR
BEAEFI(EI2A, E3A). X TIRBHKE S, PES IR
TERA R, RN, PR EAEHTARE (P >
0.05), MINZRINTC 12X FE & L b AE W) ik 2 3 3
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** p<0.01; *** p<0.001.

Fig. 4 Comparisons of grass biomass (A), forb biomass (B), aboveground biomass (C), belowground biomass (D) and total biomass
(C, D) between natural grassland (NG) and restored grassland (RG) under control and N addition treatments (mean + SE). *, p < 0.05;

** 1< 0.01; *** p<0.001
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Fig. 5 Relationships between plant biomass and soil NO3™-N (A, C), plant biomass and soil available phosphorus (B, D) in the

natural grassland.

Z4i(0Odum & Barrett, 2005). A 77 4114 3 Ay #4
WA SE 2 R 5 2 PR, i AR K
BREREN MIETAES RGN LR A 5 5% FIN

IR il (Yuan & Chen, 2009; Vitousek et al., 2010).
I, LEKEFERGERDRE, ReEA Y23
NEBR 1o (2)F% i Fifi b A2 2 2R N AT A 14 1) e 2
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FENAEY N, TIENG b FE G 1 3 R0 1)
T RBUBNE R0 (Quo)VE I, P Ak I FEE USSP Iz K
FNI b FE(van Heerwaarden et al., 2003). [Xliit,
o FE b DX N AT A3 A EE P RE 5 52 AR IR A 0
(Fay et al., 2015). (3) PIIVTZ CHLEs M FIA HLEEH
e LR RFFEAB LN, Z LI EE, BNK
FeahtE N, AR R R BTEA PARTE R T35 Pl PRI
PR M b X A B /K /N 370 mm), 38K
HEAK, PRI H 2B, AREEA I p1E 2
MM . (4R Liebigi /N T EH, HEWAEK
TR TR RGP B RGP AE AR SO
oA, AP EXTNG PG o B E TN
BEL 1] ok 2% BT B I, 2 5 LA 1 AR A8 TR 1 R )
7K A3 AR AT fe A2 B o 5 3 v o o S B SR R A A
H—AEERT(Yang et al., 2009). X 5§ AEZ
X PR TR A5 R — B, HENZCR & TP, TP
SO0 B Bk S AR ) B VR AR A R R
me, JRESATREE AN (DART T, BB R i
0-20 cm 1= 3 NOs-N 7 & £ % I8 4b 22 F 24 7.25
mg-kg™, B BAR T RAREHAI16.75 mg-kg™ (p <
0.001); 1y 1B Ak B2 i bih o 200 ol 5 R AE X AR 3 T
N12.58 mg-kg™, B T R AR B ki
(p < 0.01). RARFHIF B PHHE, T3k 4y
TE BN, AN it A S i it 4 - 3 e i e R AN
G A R SR S I R A
BRG RS, TP I 2, K5k (Wei
etal., 2009). [Klitk, JRAFH - ING B S
T8I T T B Al (RP R AR B kb)), 1 ) 1 FH P& &4
far; IR B AR A R G T ) 52 B AT R N BR i
PAS I XS 3R B 52 e 1 FR) 8L AP0 A s A ) 5 i S X
Fo (BT )T, W S ALY B R A4
BIRRE BT RAREH(E4D), IRAANKIE, Xt
Tyt 3 [ 5E PTG 2 WSO PR, BRI AN BEX P
TR R B e N o R AHIF T 4 SR R, PSS
T R b DX IR B A )R VR A = B i A
RN, Ny PIREAS HAER, N R il 12 X HE 4
A IR FE IR, AR RS R T K
(RIFRI NN, A5 EUHER . 780 HhER 1T 22 3 I N 5 1%
iy DX A A PR G &R, e 9 AE AR R AL,
i 5 12— 2D A 7 S
3.2 AEINEERMEMH EE IR FIN, PRI R
ANF D RERFRE P0G A R 7% 20 I SRms, eAT]
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XSRS 0 B B A AT A AR AE B R 22 R, AT
H R AR S AL AN S S S5 IR, REAR 4T M S )
Bl 5 BRI R 5 FL A )b 2 TR AR BLAE 8 SRR
Rkt BHEdET R AR 54 ThRel
1k (Roscher et al., 2008; Zhang et al., 2016). £ N5
L JE AT I — RAING IS0 45 R L W, NI .
EHREAS T HEIAES RGERYIM L E R, RE DY
FAES AL A VERRAS, REm AR RG R AS € P (Bai
et al., 2010; Zhang et al., 2014, 2016). [FF}, Bai%
(2010) 7 N 52 v B2 i K 1 77 43 ke 25 SR 3 .
BEE NV D& 3G 0, RARE M — R AR R AR AR
Ve, HARThRe R ) ARV R RS, R
MRS YR, RREEYERFEIK. Gaoss
(201 2) 8 5% i I7K 43 A2 BIR ] o 30 B A B b A 7
MIDCBER T, HARIRBL T NS I 54 i 4 X 2R
Y& 5 JC ;1T Chen%5: (2011) AF 72 & NS At
HPORFLH — AR Y E AR R RN, XY
ZAEA RN EARY AT BB . AT, N
ISIN3AE S, KRB HL AR K 2 B i M Fb = &
EB TR RN, 5 EREGRAEER, KATREE
B A B 2R L S [RINVAR N & 55 R 35 5 R 1

e FE R AR EAEY) — A T HEVE I LR, M
PR R, RARIRK, XK TR FOGHR S 1) 56 1E
BEE P AR TR AL, BB ERING PFRF
R Ny PUSINGER T REVE IR0 IR, fE5E 5
rh AT B A7 R R B AR A 200 T3 23 S At PR
oo v, AR S2 BB R, AR KR FE ST
FRFMY) — AT HEE T =, EREVE BT & A
BUN, AETIESE S TP TARMAL . RN PERIN
BN T IR IR, (Hl T T #E BRI AR
A AI0T 57 53V 000 4] e 57 B SRk B 2, AR B 22 R0l
FEANOTUR, AT B BR T IR S IR Ak B AR
HEE I (Hautier et al., 2009; Borer et al., 2014a). %
Ab, KRR FEHUAE ) B T e 55 B v, (R BEAE ) ()
FIAE S, DRLHENGAS I35 A Yl 35 5 ) e R B A
Vg, HB T READERKIER, 150585
ECAI A BEAR Ea 35 (3 2); TR BHIK B i M i vk
ST AR, B ARNIS N E 38 0 R AR W ) (A ) 4
ENE kL PSS A (EDIN Gl NS Y | WS
ER YR A, mREEFEIT EOyB S, 3
KL BIBIR, A NS i s, AR K
ENJCEMGLR, BN EEEEY L EER 3R

B, LN E ER R Z . BP0 G, kA=
HEIRAE — E AR E B RN A B, (2L
BRI 18, NTEAES Raih AEMIE IR RE
N2 3 iz DA PR PR |, k5 R R AE IR B N
PRI T R SR T (MR 18 1 45, 2014). [R1 Ui,
AR AP 2 AR A T N T P W 2 B S S
FIH RS, ARSI % SRR AR ) R 33 b ]
I N B 5 0 3G i 2 2 19 m(p < 0.01, &16), AT
e A AT B AR
3.3 BEERLEMEIIN. PRMAING R

AR TS RN, NI 3800 1 R4 Y Hb
FAEYE@P < 0.001), X 51F 205045 F (LeBauer
& Treseder, 2008; Bai et al., 2010; Lee et al., 2010;
Chen et al., 2011; Gao et al., 2011; Fay et al., 2015; Li
et al., 2015; Wang et al., 2015)— ¥ . Bai%%(2010)7E N
S HL R NV IS 45 R W], RIRFE M | /E
PR3 NS I F W) 7 i JEE vy T B P TROBOGR AL B
T Gao%5 (2011) I 7 i 30 BR i) B YR (7K 73) (Rt B A
foff r 25 5 FEE A AR M B 0 ) AR T 7038
135%, % T 25 450 5 dh b B v T 4 A 7 0 3 i
218%. FEAHFFTH, NESIIXRHFK R Fd b b
WA 77 77 B R F (174%) 5 T K R B (54%),
15 Gao%5(2011) AT 78 45 SR A A LR AL, RIBEAS o2
BEPRI R RIS, NUSIAEIR A Blohi 5= ot B 3
KIAEF=ERE. FIR, AHEFFPUSINTR & &5 m
FRARFH I AR )& (p < 0.05). [HIEAHTH, KA
Fibh LR AP A B SR FAEYRE A OCEA B 2E (p
= 0.091, KI5B), S5 AREAEMEEZEIEMK(P <
0.05, KI5D). X utBHRIAFLHI L b A=) & i N 3=
FHEH TN PESINE AR A& KR BE R 0

it FAYIERING PES I — B0 1k B A [H],
Hi R AE PSS N PSR i B AEAS [R] I AR 2 R 8
EREKR AW TN TR i in 1 g
PR TR, 2R R A4 & 4K (Gundersen et al.,
1998; Nadelhoffer, 2000); tH75 578 K IR RAH) &
XN 0 9% 45 Wi . (Henry et al., 2006; Gao et al.,
2011); AR, A TR DN EYR R AEY) &
N (Majdi & Andersson, 2005). AHF7H, N P
HOXS P ECHL ) R AR S T s R, (HE Bk
SR AEY) RS R IENO N & B 3 IEAH
K(p < 0.01, Kl6D). HrTaer A &Z&: (1)HLiebig
BT RS, MWAEKZRTESRA TR
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ZIREII R F o AR L3R8T, BRI B IR
=, NJCE RS PRIl A K o ] 7 K
SREL b EAAN S AN By, (RARHIT FE M X A ) A
KARIRZN PHESFI PR AR R AP % NS 0 1)
M N R F7EN PR IR E SR G, 275 X AZhR
T H A 1) A& T, WK 4y K 7 (Chapin &
Matson, 2011; Gao et al., 2011). (2)HE4EHEY) 351
Hll, FRuInE e 7 R R RS,
FEA) 22 18] R b 350 23 00 03 8 905 04 5 4 i Ak i |
#43%F 610 35 4+ (Newman, 1973; Weiner, 1990). 7%
SN ISR 1 e 2 GG =) Bl 21
Ry, i AR EERIN. ()FR I H
N A P R B kT X A A A B R )
b H R AR BT (Gao et al., 2011; #BRER
&, 2014). AL RER, BHKE S AR
V)R AENTS NG B 3G 0 & (174%) = T R 98 B
(54%). FIt, ZAE W R IAEH iR
bb 2R g, IR B S Rk 1 Hh R AR P R NVAS N
M B B IR . RAR B A AR e, BRE R E R
Gk MEAE BOIATERE S, NIRBI RIS, HEY—&
SNGTE 2 AT B B L34 DU s R
IR, K3 I0EETE £ 7= 71 (Hautier et al., 2009). iE
PV S B Kb T B 0 T B T B, NFR I 2 A )
R 2B KOG, AP AR s s oh 3R
TR Z AN, BEE A VLR AR o fE, (2
BT LA AINT R R, EH E R
SIRENT N R GE Bt . (4) A, R 2R
YVEEERREZELM T EMENRR, WM
HE VS AR RO 2 4 1R 4 R BT 4 A 7= 71 (BNPP), 2%
N+ P IIRCR 5 HT7= £ 52 (Chen et al., 2011;
Gao et al., 2011). N. P¥s i BNPP ] 5 0 ik 75 2 it
— BRI 7T, DS HERA T 4B PPN PRSI
Xof AT VT M X FE R M R AR A R
RARF I NAR RIE K, HARRAY R 5L
VI 1¥190%, XN E) AN, S8R
BB (R2); MR E AL T HEIE R E B
B, BEY RN ING BN (&3B). DI EL,
IBHFEARTE —EREE FGE Tz X S
WD T AR (L et al., 2016), {EK 5 B (1) Hy
EL MR AEYEIZEL T ORI O AL B,
4C, 4D); NUNINJE, Wil b ) AE b 2B 4 2
FARE ., FIEPNRE S B E . R W
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R A S FE RS RGPk, TR AR FHE
FF B kb 2 hn g -+ 3N LK (Vitousek et al,
1997). MG, MBI IRE et IR E, 1M
I TR A G IR A AR S R G WA RS T 1)V
[ i NS N N 1 0 B =% 1 D LAY e e M ke
gy, AR B ) el S S TR B K B (Gibson et
al., 2000; Zhou et al., 2011), ERHE) A Rk 1
BHE T, RS I S B PO A R g8, R PR D
AN B R, BTV S Ae o 3R
HAWEY RN ER, B ZRHED 5 AR A EH 5L
Al DLAR & Ak 2 AR kLA B & = 1 B 1 (Carlsson &
Huss-Danell, 2003; Gruber & Galloway, 2008). X it
YT IRAH B, AT LLE 2 5] N B A TE B R )
GRHEY, WLEZH X RARFEH T AR K A B TS
55T 5 NP IR AR 4 (T = B il ) A 5] N )
TELYDAR S AR AR, (i M P A % 1) 3 e R FEE R A
B8 BT IR I 7 [0 B, ) R i B2 2 IR AR ) B v 4
AR AR 5 NV A )T 18 A 5 A b
ARV, BB E B AR KB ECHE 77 .

4 L5

SFEMIN. P IIAEE S5 K] (1) N PR nss
A N OR AR B OR BE A W, (R PR 3E A H
(76%) i T NI BE/E 1 (95%); N+ PG A S A
VIR E R R ER N, (R T R R AR
(S5 B o JER IR A2 E bh R R e S ) A
SENTR I3 — B I B, 3 e A b - A=
TN, PUSIIN AR D Re A ) At b A=)
X RE LM, Ui X S R R R )
A A BN PR BRI, 17 PR BR A 0 e
Hi I FH 75 2P A AR RRE 7 T8 5 o B S () T AR A
(2) N. PSS RAR Bt AR RS AE Yy
TC 535 MR NS DDA 52 R b S A ) B 3 8
34%, i BALEILIY BB BF VKSR B A IR AR R )
ZNFIRFVE I RE . (3)RAR B AR YIRS
AR ERE EIERNO; NS E Y N g, iR
B B (03 b N R R A ey S 1
NO3-N & & 2 3 IEAH G, i B 1B Bk 52 5 i 6 NS
Jor S B R AR, 3 A R R N R T R
PR AR b AL A SR O 0 R ) OB R 1

ZE PR, N2 5 e R PR 5 I 1 [X ey 8
JEAE B AR A S BRI R 7, IR B il AN A Bk AR L
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