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XU JE VA2 (Abies fabiri (Mast) Craib) 7 Az K AFR 4> AL 2AITBAFE MR, B TL0AMT I RGR I, E4hT ALK
Zy BREEH B T 5,10 .20 cm 40+ 3RV TR AL 5.04 4. 81 4.35 °C, i S KB4 AR T 7. 03% 6. 10%
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Abstract: Global warming as a result of greenhouse gas emissions is predicted to increase air temperature during this
century. Forests are important terrestrial ecosystems, and are particularly sensitive to climate change. Increasing
temperatures could have a number of serious consequences for forests such as prolonging the growth season of plants;
changing the structure and dynamics of plant communities; changing the geographic distribution of communities ( extending

into the alpine region) ; blocking photosynthesis, and affecting biodiversity. These impacts, in turn, can be expected to
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have consequences for the structure and function of forest ecosystems, especially in high latitude and altitude regions.
Gongga Mountain is in the subalpine zone of the eastern area of Qing-Tibet Plateau, and is thought to be a fragile zone
sensitive to climate change. The terrestrial ecosystems in this region are predicted to experience climate change.

Abies fabiri( Mast. ) Craib is one of the dominant conifers in the subalpine area of the western Sichuan Province of
China. This species is very important for the ecosystem in this region as the main constructive species of the subalpine dark
coniferous forests. Temperature and N nutrient supply have been recognized as the two limiting growth factors of Abies
fabiri. The present study investigated the effects of a short-term warming on growth, nutrients and stoichiometric traits of
Abies fabiri seedlings. We artificially simulated global warming using an infrared heater at the nearby Gongga Alpine Forest
Ecosystem Observation Station, Chinese Academy of Sciences. In the growing season, the average monthly temperatures of
soil at depths of 5, 10 and 20 cm were increased by 5. 04°C, 4. 81°C and 4. 35°C, respectively, air temperature was
increased 1.12°C also; however, soil water content at depths of 5, 10 and 20 cm were decreased by 7.03% , 6.10% and
6.40% , respectively, and air relative humidity was decreased by 6.30% as well. Total biomass was decreased by short-
term warming compared with the biomass of the control seedlings. Root length, basal diameter, plant height, root shoot
ratio, leaf mass ratio, root mass ratio and specific leaf area (SLA) also decreased, while stem mass ratio increased with
short-term warming. These findings indicated that seedling growth was impeded by short-term warming. Additional data
showed that C concentrations in stems and leaves were decreased by 7.75% and 2.29% , while concentrations increased by
2.76% in roots. However, there were no significant effects of short-term warming on C concentrations in root, stems or
leaves (P > 0.05). N concentration in stems was significantly decreased by 14.49% (P < 0.05) while concentrations in
roots and leaves increased by 19.78% and 5.70% but these were not significant (P > 0.05). There were no effects of
short-term warming on the P concentration in roots, stems or leaves compared with the control seedlings. Short-term
warming also affected the stoichiometric characteristics of Abies fabric in root, stem and leaves but these differences were not
significant. The ratios of C :N and N :P in seedlings exposed to short-term warming were lower than in the control seedlings.
In contrast, the C :P ratio was higher than in the controls. The order of mean ratios were: stem (92.59+4.92) > root
(61.89+1.65) >leaf (60.81+3.23) for C :N ratios, leaf (4.99+0.22) > root (4.44+0.58) >stem (3.64+0.10) for
N :P ratios, and stem (336.35+8.70) >leaf (302.85 + 4.49) >root (274.86+5.27) for C :P ratios. In summary, this
study suggests that short-term warming decreased seedling growth, altered biomass allocation and C :N :P stoichiometry
pattern. A shortage in N nutrient supply is suggested to have caused the decreased growth of seedlings in the warming and

control treatments.
Key Words: climate warming; growth of seedling; C, N and P stoichiometry; Abies fabiri Craib; Gongga mountain
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VAR AB I v R B OB, 40y 7 5 A A ) S T B2 1) Ak ) i 1 S, Ao 7 R ) 728 A e
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W AR AE S R G BA AR E, MRIE VA2 (Abies fabri Craib ) J2& DU 1| 3 P4 AL T S 111 X —Fib i L)
My PR 7 BT L AR 3 A TR 2800—3600 m' P 5 A AZ IR VAL IR I HLAthAR b A O S B AR AR 3 )
LR VI 5 L B AR AR RS A | HBRMR ST 9 S B B G 2R 313X — b X I AR Fh 45 4 55 1V 1 2 i
B SCBERRY X R BR AR ma W - 3 ORI, R0 S AR I X I =5 L I PR SR A S
SR A R AE DT L X U v A2 4 AR R R R s e A s B [RIINE ) H RTE OGRS B X AR AR
FE 500 A9 AR vh A A K D T T ST AR AR I X R A P B FR T R R RIS € NP Ak
R A il PR e N TR AR 2 BP9 T B IR D L v A2 4l B AR K ANE SR oT R AL
AT ERIE R R 457 1B ARl i A AR RO AR A i A 2 N TE AL, O D e I AR A5 A T 2 i X
BPEWTSE S A Y R A 2R G R A A R S R LR A
1 MRMBEAZE
1.1 AR5 XA

IFFE b RS T DT L RSB MR o [ R 2 g D L L g LL AR AR A 25 2R G L i ( TRTAR DT Ly, []) R
i (29°20'—30°20'N,101°30'—102°15"E ; 14K 3000 m) , HiAb o ] < R0 108 2 XU DX 5 5 o D 8 V8 S i ok
Pt I AR RR 3.8 °C LB H (1 ) Flcdh A (7 7)) B9 FERE 3 0 h-4.3 CHI11.9 °C ;4F
SEXREIK 1940, 0 mm, PR B3, FEH AL ,60. 6% HEHTE 6—12 H 41478 Kk &5 1578. 6 mm,
AR AR E 90. 2% A AR w57 W0 52 FE TR A i IR R F R S Vb i (B B MR A LU R £
e R B LR JE ¥ A2 22 A2 (Picea brachytyla) . 2542 ( Picea likiangensis var. balfouriana) i ¥, IRA4 T\
( Populus purdomii) KM ( Salix magnifica Hemsl. ) K58 ( Rhododendron spp. ) ZERaM-RFh )
1.2 WFFEATRRIAE b 15

SCISAARE AR E W JE L T (29°36N, 103°29 E, ¥4k 3099 m) 3 44 K #H R 4 H 5] p ik JE & 42 4h
TR AR AR 3 (14.8+1. 1) em (3.1£0.2) mm FI(10.6=1.3) em, 2008 4F 11 A L4 10 Hf/m?
R RS A S

2009 4F 4 H 5% B RRE B2 P IR XA AR R R . AR SEIS 0 IR (CK) A3 IR (T)2 A4k 2
FAEPIS R E 3 ANEE &I 6 MR, AN 2 m x 2 m B Z BB 2 m, ARSEEGRE ML T 5 L
i RT AR Y H O AP R B R b N BT, ST R AR B, RS 6 DA BRR FH LA AR
SR OO I IR A b A T IR A, Xk BRI R A b ) HAB PR K DG IR K o) R ISR AR AARIRES . A
B}, R EC-TM IR % LB ( Decagon Decices Inc. , Pullman, WA ) Xif 3% J& R0 X6H B8 b AL M 22 T 5,10 .20
em A1 - ST R 43 K B D R 3R 20 em Kb 19 A3 AR BE DR DO A AN BE AT I, 5 A 1 EmECH, O
Biie A ( Decagon Decices Inc. , Pullman, WA) %% 10 min ic5% 1 1K,
1.4 FESVAEEE S Ao BT O

23t 1 MRS, T 2009 4 10 H e FEFIHG iR AL AL P BEALIE O A R AF I 2l i 15 Bk,
A KR SECONFR RO E o IE AFEAR SRS ps RIS JR e SRR DL R 28 &4 B
AR (C) A (N) FIa(P) & i,
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Jo K A ERA AR ZEBY A 1.5 em 24 /NBE S o e A4 B AR EHAS N TE 65 CHLAR TPt T R HE S
FRAS T8 Ao A R S A i SO (AR 25 A A0 i e R R S AR ) 1 L ) ) AR R L (A
PR AW/ AR ) o Sy ANERE R TR AR B 3 MR AR LT, AT Tmage Tool i X {43180 F T £,
Bkt R BT 65 CHURE LT Z e FE ARSI, A4 bt ALk R AL/ D)

AR 25 ERE S LT e ME L ¢ NP i, Hih C SRR EB IR (K,Cr,0,) HEIE N &
R YL E AL, P SR BUHBA P L Ak | e 45 S35 F 07 R A R iR IR DL B4
25 M EE I C:N C:P N P,
1.5 sk

SR HI SPSS statistics16. 0 GETH A X G B bRy AR AWy e HA G | LT AR MR LG, LA K %)
B 22 AR E I C NP & i SO 2 1o L S0 17 5 R R 23 BT ( One-Way ANOVA) |, Jf-FIF LSD-t
o 30 1 0 5 A =2 [ 1 S 2 O R A B ARIE , &K P<0.05
2 XWHER
2.1 BRI IRE AR

2009 4E 5 2= 10 H 30 Xof 14 AR b SRR R I E (3R 1) SRR ) T IR ASCR B R 5
10 .20 cm b+ 382 R 3 S X IRA G, 0 B THE T 5.04 4.81 4.35 °C ;I HHL R 5 em 4045 H 195F- 1415
HEIEE KT HUT 10 em F120 cm &b, [RIAS, 39 8 b FRAE b % 20 cm Ab (928 SOF- 359 R 8 S5 06 BRAR HE T T
1. 12 °C, 10 J3 053 (A3 B 5t v Rt B e ol I

F1 2009 &5 F 10 ARG HEMSSEE/ C 10

Table 1 The average temperature of soil and air in control and temperature treatment from May to October in 2009 (°C )

XTHE CK iR T
H 43 Month
Tsl Ts2 Ts3 Ta Tsl Ts2 Ts3 Ta
5 10.78 10. 61 10.23 8.28 13.98 13.73 12.89 8.67
6 11.83 11.61 11.15 10.66 17.01 16.65 15.76 11.58
7 14.23 14.12 13.77 13.07 19.98 19.56 18.81 14.23
8 14.04 14.05 13.93 12.87 19.82 19.76 18.88 14.11
9 14.42 14. 46 14.39 9.20 19.81 19.44 19.09 10.34
10 10. 14 10.35 10.63 5.09 15.03 14.93 14.76 6.93
A Average 12.57 12.53 12.35 9.86 17.61 17.34 16.70 10.98

Tsl: TR (-5 em) ;T2 HHEIRE (-10 em) ;Ts3: T3EIRIE (20 em) ;Ta; 25 JRE (20 cm)

2.2 HIEESKE RIS SRR AR AL

5 REAH EE BRI R 5,10 .20 em Kb 3 E K AT HIREAR T 7. 03% 6. 10% F1 6. 40% ; 5 +HEik
JEAAL—3 1N 5 em g T A9 R HOK A F R FEARIR R TR 10 em 120 em &b, [RIA 34 R4 RE
T 2 SR, S50 RA ELRRAIR T 6.30% (£2)

£2 2009 £5 F 10 A BILEREM T IEKS 5SS FEHETEE/ % 10

Table 2 The averagesoil water content and relative humidity in control and temperature treatment from May to October in 2009

XHR CK BT
A 1/ Month
SW1 SW2 SW3 RH SW1 SW2 SW3 RH
5 36.70 35.18 34.02 93.12 28.70 27.95 29.49 88.81
6 32.02 31.89 31.68 92.25 25.93 26.15 26.93 87.59
7 33.75 31.44 31.40 94.14 25.48 26.11 26.36 87.87
8 33.02 32.17 32.21 93.54 26.75 27.37 26.94 86.90
9 30.73 29.07 29.00 92.75 23.40 24.86 24.76 85.53
10 29.09 28.76 28.43 97.02 22.62 22.47 22.06 88.32
FHI{E Average 32.55 31.42 31.12 93.80 25.52 25.32 24.72 87.50

SW1: TIEEKE(=5cm) ;SW2,: TS /KE (-10em) ;SW3,; ISk (-20em) ;RH: 25 SAXHEEE
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(El1),
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£ 150 | 3 I
E 145t 2 80r
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125 | 20
120 ; 0
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50 | S 208}
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N o L
5 30| g 20.4
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g 20 - 8 202
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F 10} 200 |
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0 19.8 s
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o5 | ;\z 0.35 -
o E 034+ b
B 20t ?& 033}
5 15l 032}
el B
T 10} o 03Llr
2 £ 030+
05 § 029 |
0 0.28
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Treatment Treatment

E1 #EEXIEEL S EERKNEMm
Fig.1 Effect warming on seedling growth of Abies fabiri
AR FAEFR A FR] B 3 P22 5, P<0. 05 5 B N E M bR 2 n =15

2.4 YRR AWK

B AL PR Gy A B AR R B S YA S BRI 1) A L A3 T REAIR 10, 06% (21, 28% Fi1 7. 55% ,
It H 5 X A i E 225 (P>0.05)
2.5 4 C N P & LHAR T AR

283 6 A H IR IS5 WEAR 2K ) C R S RO AR AR W E 22 R (P >0.05) , =P R
YIHi24[ (393.43£11.20) mg/g] @5 L X IE 2. 76% S MR (344.6325.47) mg/g] 5[ (394.20+5.30) mg/g]
PR TR, 20 N B T 7. 15% F12.29% 5 W AR A () N (45 5t [ 40310 (5. 57£0.06) mg/g (6. 49
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+0.25) mg/g ] /3 X R 19, 67% F15.70% , 2] (4.25+0.11) mg/g | FEAK T 14.49% , 3 HAR 5%} 1R 2%
FPER (P <0.05) ;4 SR 2R P AP & [ 205108 (1.25+0.10) mg/g, (1.17£0.07) mg/g Fl
(1.30+0.05) mg/g] SXF AR, Jr BIREAR T 11.97% .10. 69% F1 2. 99% , 3 HAR F125 55 %t I8 22 F 1 Wk 3
(P <0.05)(££3), HiRAFE 20 AR ZERMHA C:N . C:P LA S N :P i34 5 % IR 22 F 3 K8 3% (P>
0.05), HORACFRS 4B IO ZEFIAY CoN[ 435904 (61.89£1.65) . (92.59+4.92) FI(60.81+3.23) | 5%t
WEAHLE, 0 R T 22.41% 4. 04% F1 7. 10% 5 C:P[ 43514 (274. 86 £5.27) . (336.35+8.70) F1(302. 85+
4.49) TR RFXFIR /B4 T 4.78% 15.31% 1 0.78% ;N :P [ 35 K (4.44+0.58) (3. 64+0.10) Fl
(4.99+0.22) 15 C:P HABAFH)—20t, 5% B /342 5 7 11.97% 10.69% F12.99% (£ 4)

£33 HEMNBLETHESLHER ZEMHERZENCNPIE

Table 3 The content total carbon, nitrogen and phosphorus of root, stem and leaf of Abies fabiri seedling in temperature and control treatment

By C/ (mg/g) N/(mg/g) P/ (mg/g)

Organs Xf IR CK iR T XFHR CK R T X8 CK iR T
R Root 371.17£13.40a 344.63+5.47a 4.65+0.02a 5.57+0.06b 1.4220.04a 1.25+0.10b
2% Stem 382.87+9.42a 393.43£11.20a 4.97+0.23a 4.25%0.11a 1.310. 10a 1.17+0.07b
I Leaf 403.4328.40a 394.20+5.30a 6.14%0. 11a 6.49+0.25a 1.3420.04a 1.30+0.05a

[T % R 54 I 2 )N )/ NG T RER R B3 22 57, P<0. 05 5 [ A P S (L + il 22

x4 EEMNBLETHESHLHER . ZEMHEREN CNPULFITER

Table 4 The carbon, nitrogen and phosphorus stoichiometry in root, stem, and leaf Abies fabiri seedling in temperature and control treatment

sepr C:N C:P N:P
Organs X} CK ik T X CK T XFHE CK W T
R Root 79.74%2.56a 61.89+1.65a 262.30+9.40a 274.86%5.27a 3.29+0.01a 4.44x0.58a
2£ Stem 96.63+6. 46a 92.59+4.92a 291.77£10.09a 336.35+8.70a 3.030. 19a 3.640. 10a
I Leaf 65.67+1.75a 60.81+3.23a 300.48+4. 48a 302.85+4.49a 4.58%0.09a 4.990.22a

A7 % RS 44 I 2 (AR ) NG T RER R 22N 35, P<0. 05 5 IR T8l by S S5 e b afe 22

3 #Fi5itie

R R R KA Y R B O KRN B IR A 5 B — B 458, Reich Al
Oleksyn "' ZERKIN AL AT FE 45 L iR, JLLh 57° LAAL 36 x4 4 A 4 3= R AR SRVE A, i AE b 26 54° LUrg
E B REIE s Prieto %P AEVEIEA ARACFF AT ML 5 a RORGIR LI R, B RAR I T Erica multiflora |
Globularia alypum VA } Pinus halepensis WA K BT 3 FhAEH) A= Wy (9 FL R 17 Bokhorst 2521 7E LA 44 4 1
LR T B PN A B IR SE 56 3 B | Empetrum hermaphroditum TEFAIRAC TR Gy AL TR L H T 21 45, A
W AR T 47%  FECXEEAF LIS A —ES FT R IT I DX AR A5 BT SR P 4 TR LA R A
YIRh SR UIAOC . FEARSER S0 IRAR LG B IR PR 7R JE v A2 A B ORI A R RV R L
M b MRS EE DL R F T A, A 2 R e T 11.25% , IR 25T B REIK( P<0.05)  H2EE A
RS2 T F 3R R R 25 S AR A IR BE (13.25% ) /N T AR W BRI IR (18.97% ) . A WFoE W 14
KA R IR 300 3T REXHR A R A SR ZU A HUAR L AR AR ), ZEAR S8 b, 3 TR B R K
RAARG , H R AL RS 40 v ARG HRGEE e AR LAl B S AR Y i S 1 0 8 K 22 ) DR — Bk, 50 U HE 3
A TREAR, X R AN T (AR 32 B34 TR U W BRI VE T, X 5 Edwards 552 BT 45 R — B, [RIES A4 A K
KE Z PR AR, AE 1969 4F Walker'™ 5t &2 3, W B2 75 1k 23 38 4:F B0 8 0 AR TR 52 e Al A 1 28 I
AT, HlEAZA 1 CRtAET MY KA B, EASCE T TRAEH 3R T 510 .20 em AbA9 +
SR S A LY I BT e R EIR 1K 5. 78 °C X A LS EAR IR & A il 0284k, 3F HLvk | A= Kot
AR SRR ) DR TR T e e P B A i A 7 A L R ) S v K U A B 4y v et R R L
AR PR R B2 2R AR AN ZE
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BRULZ AN, ZESZI FP 2 AR 25 MY C SRR BRAR B AL I A [ (403.43+8.40) mg/g] 7h, HAHAIK
F 400mg/ g, X SFEM A AIZ AR DL KB AERESE T AR R A EH TR E R E C T RIIKT 400 me/g BRIBF
FEERZEREKR, FEOXFIG AT B  — & L SCHR AT S 350 Bk AR D, ASES Sxt L
WA R S A TR AE FH 2 DIAR DG, 4 B O 4338 2 O AR A B K AL B e v IR A TS AR
BEATA G R A AR L BUB L BRI C IV AE/D R 38 TR A BRI 4N 1 A B IR A C & il AR T X
HEAD B 35k 5530 B T 7 1) - SBETRL E vR | RHEK O RS SR X T B AT A B 4 1 P R A R B A G

TR 7Rk 5 SR ) A R IR BT 2B AR Ak, DT S0 40 68 35 43 R 7K G B9 PR AL 1] 4 b 52 i A ) A A
W R RS Havstrem 78 B AR XA 5T 2 B, 76 G T bt DX 400 A K 3 780 A2 30 B (0 R ), T 2 9k 3 2 v
X, EFICE B FERGIHE TS EAEYREENERIGE,C N M P &FRUK =& Z BN REE L
S e JEAE A AR AR KRR B BRI ARG e I FEAR TR 0 R C:N I C:P SEPR B T C(E
Yri) 50 HEXR R, IEBKERSE C suMm N P AxF D>, 2, EB/NEW S N P i C 4
AR RS B R AR BRI T A AR 2SR A CoN X SRR AL B R 4l AR R R R A AT Y
B2 B 5 2B AR Y R AR S R A AR 2K Y P LR AR FR AR (HS2BR b C:P I JC AR S i T s
(AR BRI A3 BEIN T 4.79% 15.28% F10.79% ) , ik &l TR 25, Ay P AYREARIE BE A2 KT C IREAIR
WRLBE (ZEBRAM AH T S M BEAR LN o

FEYI R C:N I C:P s 5 A WSS SR TR R AL C i9RE D), — e FR B b RO T R W 19 5% 40 1
R R EA mEAAESHE XD R4 BRAB LA C:N SXTEA /N T 22.61% L1 C:P
BEINT 4.78% SETRACFEAN A AW AR T 18.97% , C:P BEMLL-T- 534 AL B 2 i A= 4 e Dl AR AH P
&7 AR AT R B S TR AL PR A B AR YRR (BT 1) EMRE A AR € Wb 1, 5 C:N 2 A — Sy,
I FRATAIE T CoP 38 ok i 1 OB G 45 T C N J8l/INT A SR i 07 T AR 35 WA — o P PR
1% 7 Uk JE A A2 8 % 3R A3 R AR

BEAh, R NP A ] DI —E R B RAF R E R EE N P 32054 fEAR S, MR AL PR A 4 v
AR R N SRR N oP S0 B LA B s (KT b R AR B AR £ AR N B i (12,72 me/g)
N P(11.97) (37K 5 BRI IR AL BRI D17 ik e B4 P s RS 6 R (TS v 1 o ) 2 g L A Ay
ARSI K (1. 12 mg/g) ™ IR AR 50 1 3 A ORI B , AR Se b IX -3940 P &R 1,02 mg/g,
DS I R B SR R S KA BRI KRS M R B R P £
DA R RS20 TRNA A AP P A K r s 8 (5, A BFSSIESE, A R B rRNA JERE ) i 2
P 2 — FEREYINE A KT RN P& oD, M S BURARAY N PPY ) MR R A R P i
TEWGRALBS TRET 2.99% NP KT 11.97% , BABALI RS 1Y vRNA 5% BEAH HL B A T R RS, X
WK Sl R PN F T T B VR, 40T A e 3R R A 9 v R O R AR, S 56 v A ) i 00 5 28 SR ABIE S T X
— 5 A A SRR S RS N R P AR R A K A B EE RS LE " N P AU R E
BV A5 K AN BE A SR VERE AR , th o] AR o3 A 77 e BR M1 FE A0 78 35 00 2 B4 R 7017 N o P (iR
HEWRE N S P AL | FUE/NERE P 7 N AR, BF5E SR, MM A N :P<14 1Y,
RERE B A 22 3 N ZAYBRHIVE T, T N :P>16 B, ) fz MAE 9t A K52 PR BR il 58 R 20, i A T 90 & h
[ Z 2] N P B FERIBR BRI W7 BR i R 7 ) N <P B, G 7 AR ZE IR N P
KA (£ 4) % BRI AL P LB AR R NP 255 AR K, AT 3.64—4.99 Z [A], B SR TR AL
J5 S ST N B A BN P A FTsb 4R TN P E AR/ TR A K 2 B N BRI N P
18, X R UIGRAC S 4 i AR AR 32 2] N B RR T, PRt AEXE P, N A2 BRI 40 i A K A 3 22 BRI
H¥., X5 Vitousek Fl Farrington:m: LK Herbert 45 75 21 A4 8 HE ZRAK B LT B BE = 2052 N BRI Y 4538 2
— 8, ARE A R — B S A TR AR AR S RS ANE AR S R G, AR /D Ry B A S R G, A
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PR AT BB FR AR B () PRI 38 A% 22 S 20T TR, oL RE T 25 J I 55 1L i DX AR A A K
SRR I R AT BRSO SE S RT BAT e 2, il TARBESE BT R RRMCO 3 4R A2 R 12 4240
I, A TCIS e AR I A KRR A LA URAFAEAR R 22 5%, NI, AR ST A SR AR BT 1 XU JE v A2 2
BB SO 7 BEGS S 30 8 0 107, A PR AR AR I i LIRS P AR 4 R A 2 A Y P 85 A SMBAEL ; FE A BT 58
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