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C, N, and P stoichiometry of plant and soil in the restorable plant communities
distributed on the Land Used for Qinghai-Tibet Highway Construction in the
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Abstract: The restoration of Land Used for Qinghai-Tibet Highway Construction is an important part to restore degraded
alpine grassland in the Qinghai-Tibet Plateau, China. C, N, P stoichiometry is considered an effective tool to disclose the
synergistic adaptation of plant growth and element availability in the process of plant restoration on Land Used for Qinghai-
Tibet Highway Construction. A field survey was carried out to investigate whether the Land Used for Qinghai-Tibet Highway
Construction contributes to shifts in the C, N, and P stoichiometry of the leaves and soil of the plant community, and to

identify the N-orP- limitation status of plants in the natural community and restorable communities growing for nearly two

EEWA : FRTIA I H (201203041) 5 FZRHL Y DI H (2012BAD13B05) ; U8 #4157 A1 BA (IRT13019) F1 22 M e 2 mh e 5 4%
FEARII 55 2% (12ujbky-2014-m01 )

75 B #5:2014-04-30; [ £& H i B A . 2015-

# 3B ifEH Corresponding author. E-mail: guozhg@ lzu.edu.cn

http ://www.ecologica.cn



2 S % 358

decades as part of the natural regeneration of Land Used for Qinghai-Tibet Highway Construction. Seven survey sites were
selected along the Qinghai-Tibet Highway, in which four groups of restorable and natural plots were arranged. Then, four
subplots for each plot were randomly used to harvest community leaves and soil samples. Organic C, N, and P
concentrations of plant leaves and soil samples were analyzed by using the external heating method, the Kjeldahl acid-
digestion method, and the Mo-Sh-Ascorbic acid colorimetric method, respectively. The independent-sample t test and paired
t test were used to analyze differences in leaf C, N, and P stoichiometric variables and differences in soil organic C, N, and
P stoichiometric variables from restorable and natural plots, respectively. The relationship between leaf and soil C, N, and
P stoichiometric variables was analyzed by Pearson correlation. This study showed that the plant communities had gradually
established on the Land Used for Qinghai-Tibet Highway Construction at each study site, but that the plant composition was
different between restorable communities and natural communities after 18 years natural restoration. The leaf N concentration
of restorable communities was higher than that of natural communities; thus, inducing lower leaf C :N, which showed that
the N nutrient-use efficiency of the restorable communities was lower than that of the natural communities. A high percentage
legume plant and relatively adequate available N supplement may be the major reasons for lower leaf C :N in restorable
communities. The soil organic carbon (SOC) of the restorable plots at both 0—10 e¢m and 10—20 cm soil depths were
significantly lower than those of natural plots, and the soil total nitrogen ( STN ) shared the similar pattern with SOC. The
soil total P of the restorable plots in the 10—20 cm soil layer was higher than that in natural plots. These results indicate
that the soil fertility of restorable communities did not reach the level of natural communities, but that it had improved
significantly. Leaf N and STN had no significant correlation; however, leaf P was significantly positively correlated with soil
total phosphorus (STP) , showing that leaf P is influenced by STP to some certain extent. Using the thresholds of N, P-
limitation, and the results of the correlation between leaf elements and soil nutrients, this study shows that plants are
probably P-limited in the study region, with plants in the restorable communities suffering from more intense P-limited

conditions than those in the natural communities.

Key Words:; lands used for construction; C, N, P stoichiometry; alpine grassland; restorable community
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e L e SR e E ) A R Ll ) R R

2 WRFGE

2.1 R RO

B AN AR S EORER ] )y 2012 45 7 Ao R A B2 A B, 1Y 1994 AR5 SR L8 T J /A i B ast
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SeJa PR 3.5 em M9 B 7E AR HL S VX A ZRF TN 5 UK, 4 0—10 em F1 10—20 em P2 IEE 4%,
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Table 1

grassland regions of Qinghai-Tibet Plateau

Features of restorable plant communities at land used for highway construction and natural plant communities in the alpine

e e i LY . .
T S A T T
: Community Cover/ Dry biomass/ . . 1 . .
Study site A % (&/m?) Dominant species Main associate species
ypes o m?
9];0/1527'3](998, . — HBR Poa annua
o NC 60.9+5.6 67.7¢182  PHF RELSE Stipa aliena
35°31.073" N; Carex moorcroftii N S o .
4630 UWHEJREH Saussurea arenaria
m
2 )
N+ i‘;;i b
RC 58.9+3.2 65.0+19.4  Oxytropis microphylla+ T = P
Littledalea tibeti heterophyllum
ittledalea tibetica
LR Astragalus polycladus
Kk il F#KR P. annua
92°55.111" E, NC 79.4414.6 3354264 HR A R S HA Androsace tapete
34°40.749" N; T T C. moorcrofiii 1 L & Kobresia pygmaea
5010 m
R L WiE Pedicularis kansuensis
b
RC 52.3£22.9 49.9+23.1 I Carex moorcroftii
P. annua 2r [k !
= LU 231 Aster alpinus
n Ay e .
93°31.343" E A2 BB P. annua
T, NC 57.3+4.6 60.5+20.8 = J& KB Leontopodium nanum
35°23.589' N; Stipa purpurea. EREWE i
B 5 . moorcroftii
4450 m
st R P. annua
RC 44.6x14.6 37.6+25.2 'CE’ - i YHERES S. arenaria
- moorerefit FEIARIW S Polygonum sibiricum
T et T
92°29.756" E EXIAIE St R ZZRIESE Potentilla bifurca
340 17.192, N’ NC 93.3+10.5 108.1+£13.6 S. purpurea + NSRS Oxytropis glabra
4550 ) ’ C. moorcroftii HREH Saxifraga tangutica
m
RC 50.7+2.0 s8.4s208 T AP, annua

C. moorcroftit

SR KRG Leontopodium nanum
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. M i o Ay it . s
e e s . 35 LR
: Community Cover/ Dry biomass/ . . 1 . .
Study site . % (&/m?) Dominant species Main associate species
ypes o m”
5 i s -
92°43.318 B IR W% K HE L. nanum
34“25.128' N’ NC 89.5+5.8 96.2+17.0 C. moorcroftii + K P. annua
4560 n ’ S. purpurea TR P. bifurca
m
e TBRBRZE P. bifurca
RC 30.9+3.4 40.8+9.1 g’ m;m‘o i BT K. pygmaca
’ ’ HER P. annua
TiE G G BHEOR P. annua
93°06.705" E, NC 47.8+4.7 52.7+13.5 R . SEMF S, aliena
R , C. moorcroftii _ . ]
35°15.254" N; /NS O. microphylla
4750 m ik HHEHE C. moorcroftii
RC 37.3£12.8 75.9+£27.0 Lamiophlomis rotat A B Littledalea tibetica
riophiomus rotata W24 Ajania tenuifolia
PE R RR P. annua
Jj;b B~ ~J Q =N
94°16.830" E, NC 78.6+9.7 6075154  FICHA SRR L. nanum
35°44.578' N S. purpurea WHINEZS S. arenaria
4300 m S gE R INIFEETG 0. microphylla
RC 50.6+£13.3 37.8+12.1 - A JTESG S. arenaria

S. purpurea

RBK P. annua

NC: Natural community , KIREEVE ; RC: Restorable community , Pk & B 7%

3.2 REBEE S KORBEE A R 350 SO R AE

1o FE R R TE A ) SO B C NP B4R (408.64+61.21) mg/g (18.60+1.81) mg/g. (1.42
+0.50) mg/g;C :N 24 22.10£3.55,C :P 24 320.70+118.04 NP 3}y 14.53+4.84( £ 2) , MEREIEMHH N &5 5
T ORIRBETS (P<0.05) , Tl | C P & i AEIRE RES RIRRBER M 22 R AR . IEREE T C:N i
FHAR T RIRHEV (P<0.05) 1M1 C:P A1 NP IF A R I 0 35 22 55, U W 0BG s T 7= A i 2B 355 A8 A I B 52
i YRS BETE R R N

®2 BESRREEMRFARNTTMREFESRABZEYHAFIAERUFITEL (ETHELATERE)
Table 2 The leaf C,N,P concentration and stoichiometric ratio ( Mean + SD) of restorable plant communities at land used for highway

construction and natural plant communities at community level in the alpine grassland regions of Qinghai-Tibet Plateau

i C (mg/g) N (mg/g) P (mg/g) CiN c:p N:P
Community types
WIZHETE RC 405.94£62.16 a 19.53+2.02 a 1.45£0.67 a 20.79+2.59 b 338.41+149.38 a 15.97+£5.54 a
RIRFEE NC 411.34+61.53 a 17.67+0.75 b 1.39+0.22 a 23.40+£3.93 a 303.00+63.68 a 13.08+2.25 a
SARIKSE Total 408.64+61.21 18.60+1.81 1.42+0.50 22.10£3.55 320.70+118.04 14.53+4.84

MSEAEA A5, AR TR 2 55 B3 BAR K P<0.05,

3.3 WREFEHL S RKARAE b 3SR A0 AR AT

P S} ¢ A Bt SR F 16 BETE 0—10 em T JZ A HLIR (SOC) FI4 % & & (STN) B 5% T RARBEVE AR
+J2 P9 SOC M1 STN & ( P<0.05) , 1fil +- 48485 (STP) ,SOC:STN,SOC : STP,STN : STP £k 52 V4 Al KSR T 74
(AR R B 25 5 (2 3) s IKEHEVE 10—20 em )2 P SOC & i i EIK T R AR BEE AH I + 2 N1 soC
£ (P<0.05) i STP &4 38 W T RARBEIEHI N 2 i STP & i A BEVE 10—20 em + 2 1Y SOC,
STP I & HUAIC T~ RARAEHO XS N 2 /9 SOC . STP R EZHEFE STN & Il T RIAFHH AR R I BE R 25
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Table 3 The soil C,N,P concentration and stoichiometric ratio of restorable plant communities at land used for highway construction and

natural plant communities in the alpine grassland regions of Qinghai-Tibet Plateau. (Mean + SD)

snﬂi(fpth Coﬁﬁf%pes SOC (mg/g)  STN (mg/g)  STP (mg/g) SOC :STN SOC :STP STN :STP

0—10 cm PR RC 4.14x1.32b  0.58+0.28 b  0.40+0.19a  8.87x491a  12.20¢5.03a  1.66+0.89 a
FIRMETE NC 5.19+273a  0.66£0.28 a  0.39+0.14a  7.82+1.6la  13.46x597a  1.70:0.59 a

10—20 cm WA RC 378+1.19b  0.56x0.21a  0.41x0.17a  7.32+2.44a  10.31x3.90b  1.51x0.72 a
FIRIETE NC 4.99:2.63a  0.61£023a  0.39x0.15b  7.64x1.29a  13.59£7.03a  1.75:0.79 a

SOC :Soil organic carbon, i%ﬁ*ﬂﬁﬁ:ﬁﬁ;STN; Soil total nitrogen, +IEA & 1 ; STP :Soil total phosphorus,, i%%’@ﬁ%%,ﬁiﬁ#ﬂx t
5 AR TR 2R B, BIFKF P<0.05

TCI TR E IR R AR TR, 13 SOC R EH K 0—10 em + 2 B E KT 10—20 em + )2 (% 4)
(P<0.05), STN E&HAERREHNZEIN N 0—10 cm BE KT 10—20 em( P<0.05) ,(HIKEHEE N 0—10 cm
F110—20 cm [8] STN FEZ R A RE . KRBEE AP EREE N STP &% &, SOC: STN, SOC ; STP £l STN; STP
TELZEBEHE AR,

F4 BHEEERSHRRENESRARE RS S BRUSTHBILNEES I ( FHEFARE)

Table 4 Vertical distribution of soil C,N.P concentration and stoichiometric ratio of restorable plant communities at land used for construction

highway and natural plant communities in the alpine grassland regions of Qinghai-Tibet Plateau. (Mean + SD)

gﬁg&‘ﬂ .ﬂ% SOC (mg/g) STN (mg/g) STP (mg/g) SOC :STN SOC :STP STN :STP
Community types Soil depth
REREVE RC 0—10 ¢m 4.14+1.32 a 0.58+0.28 a 0.40+0.19 a 8.87+4.91 a 12.20+5.03 a 1.66+0.89 a
10—20 cm 3.78+1.19 b 0.56+0.21 a 0.4120.17 a 7.32+2.44 a 10.31£3.90 a 1.5120.72 a
FIRBETE NC 0—10 cm 5.19%£2.73 a 0.66+0.28 a 0.39+0.14 a 7.82+1.61 a 13.46+5.97 a 1.70£0.59 a
10—20 cm 4.99+2.63 b 0.61£0.23 b 0.39£0.15 a 7.64x1.29 a 13.59+7.03 a 1.75£0.79 a

3.4 BEEM R RIAHE C NP SR IR R A R

Pearson AHICHEMHTEs B P BEE T A C 50 A €N STN 2 B FHIEMAC (K 5) ;A N &
HS5H AP SEEDFEEME, A P &ES C:P MNP B EE MK, M5 STP W& R IEME, HH C
N 5 STN 2 B EAC; A C:P 5t N.P 2B FIEMC; A N.P 5 STP 2 B F AR 15 soC 5
STN .SOC;STP STN.STP & i # [FAH5E ; 3% STN 5 SOC;STP STN:STP 4 i & IF A& ; +4% STP 5 SOC,
STP .STN:STP & i & fiAH%,

x5 BEEYMHAE CNPRZERTERFMLIERSRERITEZ BEXE
Table 5 The correlations between community plant leaf stoichiometric variables and soil stoichiometry variables
i‘fsi%l . C N P C:N C:P N:P SOC STN STP SOC:STN  SOC :STP
C 1
N 0.21 1
P 0.17 048" 1
C:N 0.82™ -0.39 -0.11 1
C:P 0.37 -0.15 -0.81"" 0.42 1
N:P -0.01 -0.02 -0.86"" -0.02 0.90 1
SOC 0.35 -0.07 0.17 0.32 0.05 -0.19 1
STN 0.52° 0.17 0.19 0.47" 0.16 -0.12 0.89 ™ 1
STP 0.28 0.34 0.63" 0.09 -0.42 -0.54" 0.13 0.20 1
SOC :STN -0.38 -0.37 -0.05 -0.15 -0.14 -0.04 0.18 -0.26 -0.16 1
SOC :STP 0.18 -0.22 -0.24 0.28 0.25 0.16 0.78 0.67" -046" 0.16 1
STN :STP 0.29 -0.09 -0.28 0.31 0.37 0.24 0.60 " 070"  -0.50" -0.26 0.89"

Pearson A HERT LS, B MAHR R EL, *, P<0.05; ™, P<0.01
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FURH 25 T 18 A TR N THEBI ) F AR WK L A , E 48 0 SC B A WD V% 10 J , FE D RV 10 25
FE AW A 4338 R H— R B L ARVR R RE T R TR ORE JSR BR R A AE 22 5 A Se il A i IR B RER 2
ZEFR IRAETE SEAT AR R A DR A, 00 ok S DX (74 SR8 B 30 b K 2 A % 8 8 1) M &8 SR SR 2 iR % 1) 7 1] 9
AR ANTETET TN P S M T R A SR I A 5 K R R RITE A R SR VA N L — e B Y
FLAEA A O SAFIAS R, A0SR SR P ] P BT EL TR 530 150 HH o0 26 o ) SR I 0 b B A VR IR R S0 | B
2CYRTIR R T R R R, R A A ) 225 T 18 4RSS TR R BT

PR IZ FETE BB AL R o] — B R LD E T REE N 4 o0 W B R ek R TR A 0 o 1) o B A2 oA AP R B v
FRATFK 345 R R B BR 1, X2 RN AN [ R 58 & B WA ) 6] 37 00 ELAA S B S0 i e A1 ok S0 3% B - 320 s i
5 E C NP Fim SCH R FUAR KRR BE L2 i 25 B 4 300 M+ S R ol D[R] AR bR . IR A v 5 R SR
R C HRRA B EZES, TEHT C 2MBEYRPIEATER , AW IR TR0 & 5 IR K B
R WKEREERYIM R N AR, SRR R ] BE A, — 7 WV R TR N SR R0 S R Bk T R AR BT
(FERBG M) , GRMEY HA B A RE T, Wi HE & TV ACE I R i N & i o0 — 7 IR R BE s 55 5
EBERIRBEVR /N M 2 ZE BR AR 7 ARG sk 557 , 9 P I BE AR /&, A7 B T 102 E 0 R A 0 e A it R TE WL ot
TNEEAE YRR N ] LA W fE . AW PR E BRI R RIEAAE S N TR CoN R IRA R, X
A0 N AE(NH,NO, ) US4 532 N BRI A N S2 BE A i N & A4 AR Bl 2 R e T
ARG AR N RS SRR i Sl 52 AN N 25 20 F SR m YA A K 2 P BRI
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