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Abstract

Aims Understanding the effects of soil microorganism at different elevations on plant C:N:P stoichiometry can
help us to understand the plant-soil interactions in the context of climate change. Our aim was to quantify the in-
dependent and interactive effects of soil microbial communities and temperatures on the C, N, and P in the leaves
of Dodonaea viscosa—a global widespread species.

Methods Rhizosphere soils of D. viscosa were collected from two elevation zones in Yuanmou County, Yunnan
Province. A 2 x 3 factorial experiment with six replications was conducted using climate chambers. The leaf C, N
and P contents and the soil properties were measured after three months of the treatments.

Important findings Compared with the autoclaved treatment, inoculated rhizosphere soils from both high and
low elevations had higher nutrient absorption, especially P uptake. Temperature produced no significant effect on
leaf C:N:P stoichiometry, but the interactive effect of temperature and microbial treatment appeared significant.
For inoculated rhizosphere soils from high elevation, temperature had no significant effect on leaf C:N:P
stoichiometry. For inoculated rhizosphere soils from low elevation, leaf N and P contents under low tempera-
ture were significantly lower than those with warmer soils. The promoting effect of soil microorganisms on
nutrient uptake may be due to the direct effect of beneficial microorganisms (e.g., mycorrhizal fungi), but not
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through the ateration of nutrient cycling process. Because D. viscosa in the inoculated rhizosphere soils absorbed
more N and P from the soil than those in autoclaved soil, the available N and P in inoculated rhizosphere soils
were lower than those in autoclaved soils. As predicted future temperature will be lower in the studied region, the
growth of D. viscosa may be negatively affected through plant-microbe feedbacks.

Key words ecologica stoichiometry; soil microorganisms; plant-soil feedback; climate change; Dodonaea vis-

cosa
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HEYEKFEZMEmTER, B(C). A(N).
(P RMBAE VAR EEITER, HEE L FIRE S
AT EFET RN FENE. CRARENS
IR EEATCR, MR T £150%ME Y1l &, 1
NAIPE 2 B P 4 K b B2 A 32 0 BR 1l Mot &=
(Agren, 2008; Vitousek et al., 2010). ##IC. N. P
2T RERFIE T S A K (Fan et al., 2015),
H, CINFIC:PIE— @ FEFE sl THEIHIN . P 77
R 2R, C:PRIN:PAT S a2 48 B 1A KOl %,
F H N:PId 2 34 Wi A8 4 75 43 PR ] 1) 25 2248 4% (Bl ser
et al., 2000; Tessier & Raynal, 2003; Gusewell, 2004;
Zhang et al., 2015).

T E ST B A A Z B H & M AR
SRR ML FEES . — o7, ARSI R
AA NS EERMPR) 4, 2005 41954,
2011) FH4)Fhify S 11k (A B2 W 2%, 2015); 13— 71, 1E
WA A S BRI A (AR R
FE BRI EHEAE T BEVE T T A 1) SR T R A B
4% (Reich & Oleksyn, 2004; Han et al., 2005; Sardans
etal., 2012; TR A EEL, 2013). KZH R
B, YN, PIROHIES 38575 B A RSR AR
P, HAb 2 R AR 52 AR T R B AR K (18] B
2 2011; FEIRHYEE, 2015; Fan et al., 2015), {Hix Lk
W TR B 5L TP RAE A, TR0
TERI AIAS R 264 R IR, H6 3 i) i 08 R 15
I BRI K A 25 T R RRAE (1) SR S AN T K
B3 N 25 A AL S T B AR X PR AR A F i) [ 58 A
FIFWF 50 B AR AL 22 U, T AN 5 A
[FEFP . BEEEUAES RAEMTF T EFER LS %
(™ IF F5%%, 2013; X1 754, 2015).

IR A W) g E A LA ) A R 4
S35y % IS (Miransari, 2011). — 771, i
AP AR A B . A RAR BB . FEAAR PR AR
W)X IR AR B A BN HER, B—07
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o fo

T, APt IR R AN PG R4
Hh S M RS IR (A 05 R 255, 2015) . IR
VX F A7 AE A 15t RN (Brinkman et al., 2010;
van der Putten et al., 2013), {H/EARFRIS % T+
SR DD ) B TR S A RN A2 ) 22 K AN IR 1 (Liang
et al., 2015), ~LIEHAETE A R B AR LTI
el BEAR A I 2 AN [R] Wi B2 (Wu et al., 2010), FF
H, T BERE R R S ATFAE B IR 2
(Defossez et al., 2011). Al AE Mpaet i 42 (1) I 5
N FC E AT R TR R YIRS
. HTEERS LIEMAEDRNEERR, &
)5 T 1 3B AR )t 2 S R AL S A,
E T LI AE AR ) A A A S R R R S R 1
W 5T /D WARIE

%% ¥ (Dodonaea viscosa) /& Tt B TR A7
T — PR, B N LA R BT KR #R e R
"B K EE 28 (Harrington & Gadek, 2009). fEFIE, %3
TR TR T, 2T R4 X oy U 1
Ko AT B ESURT 50T LIRHAEYREE A
YIC. N. Pt ERFE AT BEE B 152, FRATTEA
ERTRIAX R, WA FHER (5 58 T 74
P AR AL BT ) 1 2 5 T AR IXCR AR AR B 358
TR, S A L PR R AR B B, i LR 3%
ZHARYE, BFR TR HIEMAEY R H N
1EFXT 4255 F-Cy Ny PUFEARFIE AT L3RR I 52 o
WAME B (DM A R T TR, 1
tEERFESNEE, NMREERTIC. N,
P&, I HC, N PESILETHREME, (2%
FZTHIN. PR R AEAN + 32 BRI — 52 (0 IEAH
KRR, (B HETFRAEYIRIA R SR AR HIE B,
T 2 U AN R AR X 3R R AR 0] 2R 38 1 F0 L 38
(g, AFENREE %A FER T A LI OCRA BT
ANAl o FRATV AT BRI I AT 5T B A AN [ g e X L 38
WAEMEREBEMS TN ESRTC. N, Pt
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R, RGN PR S T4
FrEMIoR R, M AR SRARA THEY) 5 38
RARBHRS %,

1 MRFIEE

11 MRRXER

LR TR @RI GEN &I — %K
Vi JE VR U B 9R] 43 b iy (101.58°-102.08° E,
25.42°-26.12° N), #§1k898-2 836 m, %X HH X} 5
72492000 m, AEEAEEE S TR AAEIL
TR VORI B AGHE . I R ARGy L 1t dB e
oy K1l b A - R 4 I ESOE E (BR
1993), I EF AN SR, TR SR X el 2
AU X ELAK 2 AN 5 AT 3R R . &
IR X M B A7 B N 101.94° E, 25.74° N, ik
1 835 m, £ R N146-159 C, FEHKKEN
829 mm, JC5E H1305-314°K, J& LI #i S (w2 A,
TEERA KA L, FEEWEEERT. BN
(Quercus). #t A% (Rhododendron simsii)% 7 #EFE 4,

R EIEHR X AR X 75 5 7 HRBR L B 1 A s 7 2 e (nmol - g ™)

IR X (R H 78 437 B ~101.83° E, 25.85° N, ik
1124 m, - FHSIEN21.9 C, FEEKEN621 mm,
ToRE 363K, J& B A AR (Z= 3, 1993), +
RO L, FEEWYENEZ M
(Heteropogon contortus) .
12 TIERESNIE

Z: i Bell 5 (2014) 1) TR, B Rk 5 1K
SROR BEAE AR R (1) 3B RO AR PR £ 2 AIAEARIER X
HARZ HEER XL 2 R PR EER TR
PR 3RE &, B H SIS EUS-10MR E R THE AR, JF
K R —H SRR bR LIRS A — AR . PR B
L nlid 2 mm). VRS, FUKEIS S = JE IR
1 4 CHjukFaH, HERMGEY A L, e 3L
FEARTRACNEIST, I B AR AR 7 B2 00 A0 DU i W b 1
BEMIRER S E R . AR BR R B e
9T R B B AN ERAL 4 5 40 i) LR AR 2, e g AR XA
IR DX AR s A1k i i 10 IR Ao 28 4 1) 32Fh F 21
i, B84 )911.995%17.667 nmol-g™ dry soil .

Ak, K 2 FUREVED AHE Bk sk 5

Table1l Abundant of main microbia communities varieties phospholipid fatty acid (PLFA) in the rhizosphere soils of Dodonaea viscosa at two elevation

zones (nmol-g™)

Eie) AR R X IR X 75 AR R X AR IX
No. Sign of microorganism High elevation Low elevation No. Sign of microorganism High elevation Low elevation
1 13:0 0 0.1443 20 16:0is0 0.7250 0.6019
2 14:0 0.176 6 0.1931 21 16:1 20H 0.2376 0.2476
3 16:0 1.9900 1.0784 22 16:1is0 G 0.0794 0
4 17:.0 0.1337 0 23 16:1 w5c 0.349 2 0.099 7
5 18:0 0.506 1 0.276 7 24 16:1 w9c 0.0741 0
6 19:0 12500 1.2500 25 17:0 10-methyl 0.2355 0.2499
7 20:0 0.0650 0 26 17:0 anteiso 0.3533 0.2815
8 10:0 20H 0.098 0 0 27 17:0cyclo 0.2993 0.1272
9 11:0iso 0.1013 0 28 17:0iso 0.2991 0.2302
10 11:0iso 30H 0 0.508 3 29 17:1 w8c 0.1415 0
11 12:0is0 30H 0 0.1485 30 17:1w9c 0 0.1153
12 13:0is0 0.1394 0 31 18:0 10-methyl, TBSA 0.4705 0.3025
13 14:0is0 0.038 8 0 32 18:0is0 0 0.1183
14 14:1 whc 0.0855 0 33 18:1 whc 0.2890 0
15 15:0 30H 0.1148 0 34 18:1 w7c 11-methyl 0.1431 0
16 15:0 anteiso 0.4826 0.250 1 35 18:1 w9c 1.1570 0.6480
17 15:0is0 1.107 4 05311 36 18:3 wéc (6,9,12) 0.096 0 0
18 15:1is0 G 0.060 3 0 37 19:0 cyclow8c 0.636 1 0.264 8
19 16:0 20H 0.060 2 0

#H114:0 iso, 15:0 iso, 15:0 anteiso, 16:0 iso, 17:0 iso, 17:0 anteisof118:0 isof UK ¥ 2= [GBHPE B; 16:1wOcHi17:0 cyclof U3 i 24 [RFH 14 1 ; 18:03 7~ Mg #A i

SUHF B 16:1 wheH o Ak AR L 1% (Qui et al., 2015).

14:0 iso, 15:0 iso, 15:0 anteiso, 16:0 iso, 17:0 iso, 17:0 anteiso and 18:0 iso in the table represent Gram-positive bacteria; 16:1w9c and 17:0 cyclo represent
Gram-negative bacteria; 18:0 indicates hydrogenobacter; 16:1 w5c indicates arbuscular mycorrhizal fungi (Qu et al., 2015).
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Table2 Physical and chemica properties of the two inoculated rhizosphere soils and the potting medium of Dodonaea viscosa from high elevation and low

elevation

M 35 pH Bk e 8 A R A A PR B S Total petci

Measured soil Available nitrogen Available Available potas- Organic matter Total nitrogen  phosphorus Total potassium
(mg-kg®)  phosphorus(mg-kg™) sium (mg-kg™)  (g-kg™) (g-kg™) (g-kg™) (gkg™)

{RIFHRAR B+ 7.26 46.603 21.909 86.731 9.352 0.198 0.268 22.961

Rhizosphere soil from

low elevation

R AR b 6.69 97.184 24.309 123.600 17.580 0.517 0.287 20.934

Rhizosphere soil from

high elevation

L 6.22 84.112 20.085 130.483 15.805 0.384 0.251 21.234

Potting medium

+ X AR AR+ R S TR HE R Z
+ 3, KPS R s 6 = i E, F EE K
WK, BARERE IR 121 °C, 103.5 kPagk /4
T, AR KERRRAKELh REKE3IR, KH
i [8] (AT RG24 h, DLSE A VEBR HIERUZEI T =
K A K B ROk, FE H gL 1
() 5% W %5 78 (Alphei & Scheu, 1993; Berns et al.,

2008). A T fi Firf AL A I ER A M R B — 2

B SRR ) K T 2 o L RUK T I er 1, B K 1)
ek (121.1 °C, 20 min), FAfEERE L, SE(H
T4 41 400 mL (700 mL K & 41 -+ 700 mL
KR EL), RS G, BRI e 1 g
WP (2). WNR2ZKE, BEMIREREEPE RS T
B, XATRE AR PR AR SR, AR SCRT AR
IR R R T AKX TR S+, 6%
REEZTFEKIER) g0 .

1.3 REH*E

KB 25 28 FLA S, BN 00 0 45 3 1 58
A AL B (PRI R AR PR L AAE I (ML) s
HEHARBE L REYI (M) KB EE YD (M o)) Rl /N
5 b PR (iR A I -

B2 PR I PRAR B L A 0 R0 e g AR B 4k
AEeE, 7R FREE A3 A 170 mLARHEERAR PR
T HN170 mL R ARPR o A T ARFR R IR AL
PR — BvE, FAAEMONIM g AL R b i) i A
170 mL KR I AR AR PR £ 1170 mL K B K
WARbR £, KL L. MM 170 mL K
A HEROR s A1 170 mL K B AR IR AR B 1
L O LR WA LI R EA R, M IE
JR ) I RIR K, BATA N DA R AR 1
FHFER B oA 3G, B[R 288 5 sE e
(Defossez et al., 2011; Lau & Lennon, 2011)+ &
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AL B . [RIE, 7E 356 AL B 2 A 35 BA— 2 1)
AR TI IR S . I 3R 5 2 e wr )
FeArh, HERKEEE. BRI IR RE R
VA0S FORTAE K - R, K R A
A A AT AE Ry — P R K B Ab 2 (Shaw et al.,
1999). AHLL T KR ALEE, 5K HE b EE 1) 1338 40 i A
HEBEZ ¥ S (Lau & Lennon, 2011), 3 H,
B2 P 5 TE AE 1%-159% 1 (8 i B8 1) A= ) = 1 22 5
(Pernilla Brinkman et al., 2010). AR T H,
TR R R AR SRR 10%. T
I A D B RN AR i — B, X3
Pl 00 Ak 2 1) 22 S v A R F - U I 22 5
45 G AR R XN e il AR X A KRR R A [
7150 LA S 19 b PRV 22 5 (711 m), T e i TG IR
2B (16 W8 h)ifm FE AL B, BBk X iR B2 N
35/25 C (friit), itk X R FE 930/20 C (i) -
K20 CLA Ri&E & &7 R (TR B B4, 2013),
W E WA AR IR E 20 C o 30/20 C MG IR 26142
T R X AE K R 2 S, M35/25 C s
AR TR R XA K SR .
RIGILTF2ANEE . 3N HIEBAEM A 61K
HEHI6H . BT RGO ES TR PRI
AYVERIRIEH (£S5, 2016), EFTH &%,
P& A2 LRI 05 B2 (98%iK H,S0,, 10 min) 451
Fh, FERELISKL. WA EATECT IR — ks 1w
ANEAEFE P RE TR o I8 AR 42 5 I AR KB L,
FEHR R SRR, KR K, PRI IEER
MR, ANZTRm, el 2
(07 B o KEB b7 7ERE RN 5 55 10-16 K5 &, — A
A P FTA B R R AL E] T 90%0A . [
JG BRI, E IR A, G A 3
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N3N H e
14 MRIEFRFITTIE

RIS S WOGR AN B RE  o B Rl — 25k
PHRIEZRTH RREG R FEREANEE T, T
65 C MMt EIEFUE. K FEEk i,
EHC, N, PEE. APBS ERHERRTAE
E-N I EGE i, ANE 2K H H2S04-H 0.0 & -
JLIRZTEIN E, APE 8K HH2S04-H 00 & -4l
BT LRI E - bAh, WK 57 2R 5 AR &S, T
65 CHtTZIEf EEHE, ITHEEAH NERTH
AR BIERERVWEEE, TR =4 C
RAF, TR E LI AV A EC, No 3%
AW CR ] ST B2 - AR TR S k- A

Pkl g o 53— 8B LIEAE O =, A
SE 33 pHE A L 458 3457 43 . L IEpHE R FH B vl
Wikl 5 (/K e 1:2.5), 4334k AANSR I By 5 L
EIEME, AN HINaClE $2-2 4h 3 6 B i L
Ik E, LI PR NaHCOs 1R - fHE fit L
RN, 3 RO R F NHAACKE 32 - K M D 2
ENE . DA AR R EE SIS andd (2000) €+
AL T D
15 St

K FHExcel 2010H1SPSS 16.0%% 14 % #4147 45
Hatr. M ACN. N:PECPLit st &L
Forno RAMEZE T Z 5 WiERNAFEMED . AFE
BEAFFHAKIC, No P HFAC. Ny PR
=, AR, TEEpHE, TIEREYEYEC, N
Je T IRFE AT Z R A I . B AE SR
(22 BAE 22, WE I MANOVA B £ 43 il k6 36
AR ) Ab B BGIR FE A BRALE 5 — DRI AN [RIZK P _E BT
AN, I d /N 3 22 5 (LSD) KT R — R R
AR AP AL B FR AR EAT 2 B AL . H Pearson/H
T AT 7 I3 AN PR 3R 2 R

2 #R
21 FEBTERFIC, Ny PUFHTEHER
4 Y= FIE

211 ARBTERFRIC, Ny PLEITEHE
HIEMAEYIN EZTHIC. N, PEE L HALY

THEHA B, BRAHRIN, RENERTH
N. P& &AL R G R R m, (HiRES
WA HAERAXC. Ny PE & I EIE
3 B 2 R (3R )

%3 EBAEIERUE YN RO AN). BRI
TR A E 2K 77 2250

Table 3 Statistical results of a two-way anaysis of variance (ANOVA)

with temperature and soil microbial treatments on carbon (C), nitrogen (N),
phosphorus (P) contents

A WA T T <R
Varigbles  Microorganism Temperature Microorganism x
temperature
F p F p F p

C 3.611 0.039 4.620 0.040 7.789  0.002
N 4.396 0.021 0.673 0.418 5.557  0.009
P 9.353 0.001  0.065 0.801  46.909 <0.001
C:N 5.610 0.009 0.428 0.518 6.123  0.006
CP 15.642  <0.001 2.168 0.151 47.482 <0.001
N:P 8.354 0.001 3.194 0.084 27.180 <0.001

THE B EBIN T Mo BRI CHy &, 535 PR AL
P&E, MM N T C:PRIN:P (p<0.001). JHii
EEHIN TMUAEEEFING & (p < 0.05), JF 51
T HP&EE (@ < 0.001), HiREMET, N. PEESY
A LU N 3N 0. 2465 /12,1365 . I TN PE &
Hahn, HCN. C:P. N:P¥JE EF#{K(p < 0.05). {Hi#
FEXMPALERICL Ny PR & M HAL A R LR e B
F 520 (p > 0.05).

AR, AR FE ST C
NEEEAREEER (P > 0.05). CHEALIEEM
531.77%594.37 mg-g, “FIME N57352 mg-g~; N&
B A% 4k 3 [ M 10.13%)15.68 mg-gt, FIIME N
12.37 mg-g . {HMoAbFE 53 FEAS T M PE R (p <
0.001), MoAbER I P25l EEM L FTM 4 11 72.06%F1
60.75%. TP EREE FIC, ML T fC:P
AIN:PE 1 N(p < 0.001), 7 51iE%] 71 974.6F0
40.63 (£4).

EGRZME T, MUGEEICE REE N <
0.01), 435 EEMoFIM Ab FE 1 Tl 1 7.67%415.99%
R A FMUAR B PE & B E PR K(p < 0.001),
73 A EEMoFIM 4k B A4S 1 59.8%4165.1%. [l 1t
B F-M AR BRI N CFy =R 2 PR P i,
HCN. C:P. N:PEEH & (p <0.05) (3%4).

212 ARILCETERFHEYEFHE

MUK 2 T7 250 B R W, A4 (p < 0.001) i

(p<0.001). IEEEXFUAED(p < 0.0 -+ HIAEY
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4 ARNREM L EFEWAE I N ERZF A ER(C). A(N). BEP) S & & E L CPYEpRE R 2, n = 6)
Table4 The carbon (C), nitrogen (N), phosphorus (P) contents and their stoichiometry under different treatments (mean £ SE, n = 6)

I WA

—1 —1 ~1 . . .

Temperature Microorganism Cmg-g7) N (mg-g7) P(mg-g") CN cP N:P
e i Mo 589.39 + 2.01 11.96 + 0.84 0.33+0.05 50.38 + 3.198 1974.60 £ 260.02 40.63+6.84
High temperature

My 569.98 + 8.14 12.82+0.72 1.19+ 0.09 45.26 + 2.90 497.93+4654 11.00+0.64

My 561.17 + 8.61 12.33+0.51 0.85+0.08 4597 + 2.30 691.80+59.56 15.14+1.35
i Mo 543.07 + 5.22 11.18+ 0.61 0.95+0.12 49.22 + 2.53 617.88+72.96 1255+1.42
Low temperature

My 584.75 + 8.96 10.31+0.58 0.38+0.03 57.69 + 3.52 1579.20+118.97 27.62+2.01

My 551.70 + 10.60 14.26 £ 0.72 1.09 + 0.06 39.22+224 516.02+ 3355 13.26+0.77

Mo, LIERBACH, My, HERMRIBRARER LACTE; My, FRh iR bR LA B8 o IR FoR () — MBS F AR A B 5 A AN A b 2 2

503 (p < 0.05, LSDKH)

Mo, autoclaved treatment; My, inoculated rhizosphere soil from low elevation; My, inoculated rhizosphere soil from high elevation. Bold vaues indicate the
significant differences in the microbial treatment compared with the other two treatments under the same temperature (p < 0.05, LSD test).

B RERW . SRR, MURIM b B (1) 25 5%
THEMERZE R TMAEHE, MUAIM AR 45T
AWy A EEM oAb B 5 HH 1.0215 F1 1455, (HM !
My &b B ) AP & %A B % % = (p > 0.05, LD
55). MAEMRIRFM T, SHEMARIER ERT4AY)
BEIRA BEER(E.
22 AEAETH IR
221 *L3EpHIE

T - B pHAE TG 2 3 52 (p > 0.05), fiZEd)
(p < 0.001) K% S5t A= W28 B AE X+ 3 pHIE
B2 {2 2 (p < 0.05) (%5). FEWMEEEMLT, ANHE
A AL 3 3 pHAE 2 My < ML < Mg (p <
0.001), fHICi M Al E Y 2, WX T3 pHIE
YT R E 2 (p > 0.05) (K12).
222 TIEMEEYEC, N

WU 2 T5 22 AT R W, X 3R E A

151

. M,
= M,
2 My

—_
o
T

SAHrE Total biomass (g)
(=]
9

.,

L E
High temperature Low temperature

E1 AFEREAMEAEY R T R T A e (P ELRR
HEVRE, = 6). Mo, LHEKHIANIE; My, Hefb MBI IRBR -
ARFE; My, $A mE AR bR L Ab 3

Fig. 1 Tota biomass of Dodonaea viscosa under different
treatments (mean + SE, n = 6). M, autoclaved treatment; M,
inoculated rhizosphere soil from low elevation; My, inoculated
rhizosphere soil from high elevation.
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5 IR A e o Ak kT R M UK 3 T % 43 b
Table 5 Satistical results of a two-way analysis of variance (ANOVA)
with temperature and soil microbial treatments on soil properties

A WA T L < B
Variables Microorganism Temperature Microorganism x
temperature
F p F p F p
pH1E 103.493 <0.001 0.688 0413 4.071 0.027
pH value
WYY 68.654 <0.001 2326  0.138 15937 <0.001
C
Microbial
biomass C
A=Y= & 449.038 <0.001 0.323 0574 31.891 <0.001
N
Microbial
biomass N
AR 213.066 <0.001 29.048 <0.001 30.128 <0.001
Ammonium
N
AR 106.857 <0.001 0182 0673 6.240 0.005
Nitrate N
5 ¥k 170.607 <0.001 5.110 0.031 57.256  0.001
Available P
R0 26.448 <0.001 68391 <0.001 6.154 0.006
Available K
6.5
ma M,
= M,
My

6.0

pH

5.5

5.0

=y

=
High temperature Low temperature

E2  AS[RNR A DAL B T 38 pHE R AE (P (A
WZE, N=6). Mo, THEKRHALH; M, BMICIERAREs 4L
B My, HERh i RR bR AR

Fig. 2 Changesin soil pH value in different treatments (mean
+ S, n = 6). Mg, autoclaved treatment; M, inoculated
rhizosphere soil from low elevation; My, inoculated rhizosphere
soil from high elevation.
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BC. NLEZE W (p>0.05), WA i E 5wt
YIS BAE RS HIEMAE D A EC. NIEFH &%
(3R5). B A FM B IR E Y ) C
Ej Mok B 1) I AE M A VD B CBE A L 2 A,
FHRFAT, P A YA BE (MU AIM ) ) - 38 73
VD EC, NEREZ LT KB LB (Mo) (p <
0.001), AR A Rl A= 4 2% 1, UL X T 3B AR
AYIEC, NIEA B3 &0 (p > 0.05) (KI3A. 3B).
223 TIEBUFTHFE

ARG, AR A R0 0 AR
FEABL, BIZE OIS AL B R, R M R B 3
FRAR T I E SN I ASNATS RUPHI 5 & (p < 0.001)
(Kl4A-AC), HRREZEIGIN T LIA MK S Ep <
0.001), JU LA fey it 2% 14 38 0 &4 SR BH 2 (¥14D) . 7%
R EM AR T, B LI e AL B E
AP
23 ERFMAN, PSHIBEEMNEX S

AEERBERE, ERTFN. PEEM LR
N. P. K352 (811708 M (p > 0.05). {HIH
FNFI L SpHE A — 2 AR R (r = 032, p =
0.057), M PS5+ 3epH{H th .35 M < (r = —0.406,
p =0.014), Jf H.m PRI 3K —E M IEMAH KRR R

-l M,
320 -

W

(=3

S
I

280

260

240

Myt MR K Microbial biomass C (mg-kg™)

N
[\
S

200

- EH 15
High temperature Low temperature

(r =0.317, p=0.059).

H2, FRATAR IS 2 U X M G . il
AT, M P EpHIE . RUEMAEIEC, WA
YIEEN VSNV SN A PRI R, 1
580 MK 2R IEA KR, AN L5
FRR TR AR R NIRRT, AN
5+ epHE B35 UG, 5 RIESR A T B A DG
- Fr P IR BRI T B E A SR R (3K6)

3 g
31 HIEMEMNERFC. N, PRETEFHER
TIERIFZ T

ARI 4R 5 AR E QA AR, JA1R
WAE 2 i LR o0 & &, NI N4 551t
R 7. AR R T, BRMUALIERSN, e
SWINEZRTH AN, PRIy, LHAES RS T, P
TR, X A5 R R
(1) SA MR AR S )72, Tove i BE s& AR Wife], AHEL
TMb#, Bebh HIRFAEY R EM AIM,, 4
B MR R A EC. NAMEBRA M, K
T2 P T

e IR Y RIS o R Y A

ER M 3 M

°r B

T 4= ) B A Microbial biomass N (mg-kg ™)

i i

High temperature Low temperature

E3 AEREMGEY G T IR EYE P EATMERZE, n=6). A, WENEVER.B, MEMWENER M, L
HEOK B AR B My, R RARER AL BE; My, FEFh i AR bR oAb 2

Fig. 3 Characteristics of soil microbial biomass by treatments (mean £ SE, n = 6). A, Microbial biomass carbon. B, Microbial bio-
mass nitrogen. M, autoclaved treatment; M, inoculated rhizosphere soil from low elevation; My, inoculated rhizosphere soil from

high elevation.
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Low temperature
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Mo, TR, My, EEMRHEEAR PR AL HE; My, BFh i R bR AL 2.
Fig. 4 Amount of available nutrient in soils under different treatments (mean + SE, n = 6). A, Ammonium nitrogen. B, Nitrate ni-
trogen. C, Available phosphorus. D, Available potassium. M, autoclaved treatment; M, inoculated rhizosphere soil from low eleva-

tion; My, inoculated rhizosphere soil from high elevation.

#=6 AFNREAM T ERZFHAEWN) BH(P)5 L3R 18 R R (0 = 18)
Table6 Correlation coefficients between leaf nitrogen (N), phosphorus (P) concentration and soil properties under two temperatures (n = 18)

R IRy pH MEmAEEC AN AR THAR A7 3 A

Temperature Leaf nutrient Microbial biomassC Microbial biomassN Ammonium N  Nitrate N AvailableP  Available K
T HHNLeaf N —0.065 -0.182 -0.184 -0.061 -0.077 -0.217 0.289
High temperatre I P Leaf P 0555 -0.730" -0.825" —0.735" —0.725" —0.734" 0.870™"
I N Leaf N —0.638" -0.196 -0.221 -0.320 -0.186 -0.235 -0.165
LOW teMperalure u, 1.p Leaf -0.176 0.367 0.319 0.199 0.304 0.288 -0.366

* p<0.05; **, p<0.01; *** p<0.00L.

ISR AT el AR 72 1) B b &
(1) B B AR LR R AR 7% o R IR 2) 4
VIR RS mH R R, CHPFARY,
IANE AR & T B A8 R R B ARy, T

IR AT E AR () A A K 2 A SR A B AR
(B2 55, 2003). % T HBR 138 b AL B AR ) 78
% RN Fh T R o = TR 2 R (B T AR,
2003). HRHELIAEIIEFT, T3EPLFA T H16:1 whe
REMTFHWEHE(Qu et al., 2015). MELKE, &
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W AR X A IR X T 43 0 5 A B AR L 1
DRI, B 1) E 3 AR 2 A R 1) WA TR AR L 1A
EATAT A A s 3585 43 (1R IR BE ) (Farzaneh
et al.,, 2011; PLAZJ5 X 2E58, 2015), M4 A
HHFR R, S I A K e R (E D),
PR H3E9R oy S Rk, AR RH AR X A
Way ReiE L B YRS TR 4y, (R S R
AW TR S G, DT U0 ) S8 Gl A A R ) S A A
YR AEYE, X5 Averill flHawkes (2016) T 5T
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ESRAL, R R A B R A A EC. NEK
o A, K AHE A i IR A vl R R T
S A& 4% (Pernilla Brinkman et al., 2010), = 454 1)
JAERAY), FEUHEYRISE G TR, A
FEAR TR A&, O RIgIn T g 3R o
i, R T IR A KRR A Y A P
Chapman% (2006) A 4 75 47 15 77 43 FR il (19 2R 855 o
T e BT 5 1A P L AR T R AR I A HILN,
I AR PR [ NS5 SR s 8 o 57 23 SRR PR FA R A, AT
I 55 LA TR E R R . AR, -
I G2 B L3R AR R I L R 52

AN L3 A A WS R s e T 8897 4y K, X
FERFN: fEFRy TR b, YA LAY
Em ot &, U HENAP) 35 4 (G5 5 AR B 4,
2010). REHEFCRIL, MY -LIRBEY TR0 5%
G, FEAFERMAEY GRS, EWEEKTER
FoAE K2 5 IAROICE 2 N, A RAE R A&
K5 UMY K AR 3 2 G A FEN, LAERK SR [ 47
FINELEHZZ (Jeeger et al., 1999; Bardgett et al.,
2002). AEPAN - A W) 2 (A1 SEAFAE A TEHINT
Te4r, (R IX PTG o0 R B EA R T AE VAR %5
1E8. OH Wy, fETHERE, B TARE ML, &ltE
Vg A S5 R IEAE Y e S IR gy, MAETH i
TR, HEMEY TS RAERXu ¢ a.,
2011). HUALEREPING PRSCERIE T REIIFOL T, L
B A RN E TRV . ETEHIN PH
FEPDF% 53 W 1 (Jonasson et al., 1999). A< SCHIF 4T
T RS T T ol A K, M 055 0
Vs R T A [ RF &, RIS ERR, A4
R, B IEAEUR S &, XTEHRIHE
NSRRI, N LS B R USRI, R,
AEYIEYIEC, NI . S0 524(2008) thig 2, 1H
WITE KRS, AR A6 398 A N R A 5 e A it
NE RS —FsE SRR, B LN
SROBRR, 398 v [ N A 4 )T R, A AR AR
YIENE/N . ATFI R CL N I (10 I )2 18 7 351
AP AP E K R BIKE) ) (F E £ 4%, 2009). 1E
BATIEE T, MUFIM AL i 92 0 S e, AR
YiER, LEFESRIRGR, Wik, HEEEY
BC. NI MM FE T /b

BEHR A5 (2014) tH R B, e i ol 26 A ik 47 DA
T AERIRUEN, Py KGR M50 Lo I my, BTt

VIR BR 7R R AR T X IR, IR H, Rt
RN AR R ST AR A KR AR
W, BT PERG R R E R ENIPLASCREA
LR R PR A, AR KPR A LS & B A RBAIK
[FIC:PFIN:P, [k, A KR IEYIN. PE RN
AT (Elser et al., 2000, 2003). H1-F-M FIM4t
RN, P&, CPRIN:PEAL, Hit, HAKE
RPN, EHAMMFKAHRIRE N, HAEDEHEE
(B, TSR ERERNE 2575, P
PR TR S . RN, BHTXPRIFRREKR,
T IL AR 2R, AN A AL B TR 3 LA P AR
27K (F4E), H5lE T CPAIN:PHEE A, X
HHABT S R A, N:PRASAL F 245 T P
AR (R R 555, 2010; RE WS, 2012). [HAFEE
I, EBRATRTFEH, H3EH K54 RN P X,
M FIM pAb 3 R R LEM oAk R 22 (14), X AT R
SRR T IR RS A B AR K R S A K
HITEALE D - 2 E P RETE AL 3 PR AOK, T3 i
MK S Bk Z R4, 2015). mbal W, PIANS%EIX
TRV AR K RCRAME BRI AR K TR R,
M H e LI —E MR R

Ak, LIEGAEYD, FERAR BRI AT A
ZREEYIR, AR, HIR. AR, HEYH
FRYIR A, ML 3R A A AN IR 23 IO (5 T
EREIE R, 1999), KL HIRBAYIEHEN A 54
1 B I 5 AR, 8 bt — el () vk AR AR
W, Fh S R YEER AT URIBE YR RIKE,
PER Y E 7R 0 R MR (Brown, 2003). {EAHT
FoH, AR PR A A 2 PG T 3 pHAE (B
2), XU A oW T R ME S, L R
VIR R R R TR0 BRI, K AL B
IR A R R BRI, W E =
XTHE A AN TR S W R T AR BEVE RN o (R,
SRR R, FEMAE AR 4 1955
R, AR T L IRAE MR MU i R
IR AGRE S, T AT AR T o i SR AR R AR ot
TV B R .
32 BREMERTF-TEXZNEMN

KIS R S AR R MR, F5R
TC. N PFEOUFIES TR IR RIE A B35 A 2
P, R, XM UMM A FE T ) 3R R AR A A
T R (2-4) . (H2, REMACIE SR T
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AL S AR AE G SR, XM A EE (1L 2 i
fELE (R S5HE%Q)—8H2E, BT HEME
FFA B R, W5 R A S AR T R - R
KR, X — g A RN A A A - 338 1R AH 5% 4
Hr gl AR 2] T BVIE (K 6).

Steinauer 55 (2015) ¢ LI FE X L R RUAE Y A W)
RA A A KA B, LIV
TR R DA R E AR (-5 C)XEATTh
RE MBS . van GrunsvenZs(2010) 9 & Ji: 5 (5 C 3
W) BA Y- LR R, BEE ALK
AR ) - 3 S SO 1 ) RIS o TR, U R
B LR bR LT R R R . {HATE
WATHIRE T, R TMURE T E R TR
SR ERRHIE, MHICT s, R FM AR
M2 27 P& B T FF% . LauflLennon (2012)i\ A,
IREE R BT AR 7 SR IR B AR I, A S
RLPEF T BB R, 5 A S 2w i A
A, FYAEKELE, FR0 R A A R X
e T MU ER S I I &, LA K AR
KA RIS, CEN TR & NEE, EEIKE
N S AE 0 R A R T A 7 B,
WD T B XA A TR I E A o (EEM At
HHNBEAT IR ARG, 5 HAL 2 B AR T
S (R4). XARERRN, BATEREA LIRS
SRR FF LI, T IRRE RN A K SRR
A ZRKWIBRE] MK E B, SR AT,
A= W3 T R (Sardans et al., 2008), X 25 ik
Y, w0 BR AR, fEmim A TS R AR
PIER . Bk, SEAET, MadbB M ER T35
W IR Z B . 55— 7, MPLFAGHTRE,
EHER X 1) 2 S AR B A BRI RE 5 B g AR ST
P (18:0), FlUk, & REWETT 525 C 3 X & B2
M — AT TSR UL, PIAS L 0 IR A AR E &
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WALIE R, T3 15 AR P ) O 25 SR AR (1 & 58 R
(Lenoir et al., 2008). THYIIT# )G, HTHE YA 115
TEEPI A — SO B, 2 5 A BAE A B AR,
HY)-LIBUEYE 2R EMERR, XN TITR
PRIz MY A% B T e R A (1) (Bardgett et al.,
2013), 425 T — it FL T AiFh (Harrington & Gadek,
2009), TEARRAEBRALIZIER T, milxf LA
YIRREAE A & T ER PRI, HESSHE
F T RERITE . B2, BOREE 7R,
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FaF R E R F M, 2007; T 03RS, 2011). T
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P2 N (52 BF), 2014). TEXFELETR, A
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