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Abstract: Previous studies mainly focused on warming effects on plant growth and nutrient concentrations in boreal and
temperate forests, while warming effects on those in tropical forest are far from clear. In order to improve our understanding
on nutrient utilization strategies of different plant species under warming in subtropical forest, we conducted a simulated
warming experiment. We conducted a 3-year warming by 2.26 °C (air temperature, P<0.05) of infrared heating to
investigate warming effects on the concentrations of carbon ( C), nitrogen ( N), phosphorus (P ) and non-structural
carbohydrate (NSC) among different organs (leaf, branch, stem, coarse root and fine root) of four plant species ( Schima

superba, Castanopsis hysirix, Syzygium rehderianum, and Ormosia pinnata, annual seedling). Our results showed that
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warming decreased the growth of S. superba (after 1 year of warming) and S. rehderianum, but increased the growth of C.
hystrix and O. pinnata (except for June 2017). Warming significantly decreased the P concentrations ( P<0.05) in the fine
roots of S. superba by 1.91%, in the stems of C. hystrix by 18.70%, and the branches of O. pinnata by 46.07%,
respectively. Warming significantly increased the N concentrations ( P<0.05) in the fine roots of O. pinnata, but decreased
that in the leaf (P<0.05), while it had no effect on the N concentrations for other three tree species. The N :P ratio in the
stems of S. superba and in the fine roots of 0. pinnata was significantly increased by 30.42% and 90.29% , respectively ( P<
0.05). The leaf soluble sugars concentrations in S. superba and C. hystrix were significantly increased by warming ( P<
0.05). Our results indicated that there were interspecies differences in their physiology and growth in response to warmer
climate, such that C. hystrix and O. pinnata would benefit from warming, but not for S. superba and S. rehderianum , which

would change the competitive balance and species composition of this forest in future warming.

Key Words: infrared heating; non-structural carbohydrates; nutrient strategy; plant growth; seedlings
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em [ 3 A2 A SRARATT B WA 5 SR R AR ) 3 ARG 463X 3 > 200 SR 50 J5 42 I 4 J2 U IE T A
FOARAE, [FIFERY 75 A SRS TS A R SR R AR P e B2 1 AR A AR R o SR AR — By B
PSRRI : AR AT ( Schima superba) | Z1HE ( Syzygium rehderianum ) | ZL K38 Bk ( Castanopsis hystrix) | 1 B 21 5
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TR AL A IR TE 2 m 5 B, R S ORI SRS 2 T Bk 3 m IS8 b AR L J N 1T AN 32 AT fo] B i
W RE | B 5 R4 (10 52 T AN B G 20 4 S LIS A 52 0l 0
1.3 YRR A S OR AR S ab 2R

2016 4% 6 H iRl & (H) FI3E42 (D), BLie Bl — W, WA (D*H) BT 3o
TR ITITRF, 2018 426 H (B4R 3 a, MWL T4 6 MK Z) R SUEREHI B4 OTC P AR
B A — PR OV BN BSIR A R A 45 3 4R B I A IR AR 43 Bt A T KRR FI AR ( H42 <2 mm)
IR T I SB35 B oK BE I e T34, A 60 °C LA P AL T 248 & i, FRE T BE e, SR Walley-
Black s MBI M 2 I e A (T B T ORUARFNAIMR ) B4 ¢ ' SRAULICE I T & N S aiE ™ R A
B e R T 4 P A T A M R A O R A 8 T IR AE Miitchell 28 b AT T — 2B 4B L
A PERR KA A 0 B RAR B, BB HE e ) L NSC 8 s 55 vk B AR i P ol s MR s R A
YRR,
1.4 BdEmwr

K FH A2 75 2% 70T ( Repeated Measures ANOVA) | LA [A] 2B 0 ik i) K H: A2 B AR FH A 7 D& 3

http ; //www.ecologica.cn



15 1 RN A RO T A S T AR 4 b Al A ORI U AL TR R R B T 6149

A K (D H) #4708, R0 =R & J5 22 ( Three-way ANOVA ) /347 AS [RI AL B A6 HE 40 2% 1 S HEA8 AR
FXRE (Pt AT HARRIZAAR ) A= 3R (C NP i, C N C 2P NP AT PR JE B NSC 3% 5 FTAT i
PR TERD) A2, SRHD ¢ AR SR 3BT TR AN B SO B E M 22 e B K BOE N a = 0.05, X
JIF A 585 34132 ] Microsoft Excel 2010 F1 SPSS 20.0 4t 18 44 #4743 41, 1 3 K H Microsoft Excel 2010 &
Sigmaplot 12.5 A58 R,
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2.1 BN R BE | IR S K R R e
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RE PR T T AR AR R R R IR 2.26 °C 1 8.74 °C (Bl 1,P<0.05) o Xof BRZH FIHS Y 4H 19 OTC
T HEAEIRE (0—5 em) 43510 (22.08+0.02) °C F1(22.97+0.02) C , B3E T+ = T 0.89 °C (Kl 1,P<0.05) , Xf
FEZH AR 410 OTC 4R34 + AR R 5 /K i (0—5 em) 435124 (0.16+0.00) m*/m’ A1 (0.14£0.00) m*/m* | {3
FEAK T 1.74% (# 1,P<0.05) .

2.2 BN R G SR A T MAE AR C N P AR 2R T SRR 9 S )

A Iy 2543 B AR B WA TRLRIT N B (R 4 AR B AR K (DPH) sE i i (B 2, P<0.05) 5 REAH
Ll 438 v Ak 3 2 AR fr (3G 1 a J5) FIZLACHE BRI D H (KL 2) , LT HE R R £0 52 (BR 2017 4F 6 H ) 1)
D’HBET R,

R READ AR R S8 E S AR BRI C N SRR C P NP SRR B B s HAE X N
THARERLN(E1,P<0.05), R T ARWHR P FEEMT 1.91%, 40 C:P MZE+ N:P & T
36.86% 1 30.42% (K] 3 K] 4,P<0.05) , ZIHEZET P S 7EdGiR TRRIK T 18.70% (&l 3,P<0.05) , ZIAZ 3Bk
MR C o mTEE R FREIR T 2.17% (8] 3,P<0.05) . ¥4 FIERLL O N & B4k P S MAiic (N>
GRS T 13.84% 46.07%F1 55.92% , M ZAAE N & &A1 NP FHE T 12.23% 1 90.29% (& 3 Kl 4,P<0.05) ,
Rt HERFLL TR N ORI P& i THE 3 R (ORfar  ZLHE RN LD AR ) i C N AR T HE 3 M4
(F3.K4), Bz #EMEYESES C N M P &8 R H R EA YR 22 5k,

F1 EE KAHAMBEINEYER CN.P UFITERHER NSC BRI ( =RIR 25007
Table 1 Effects of warming, tree species, plant organs and their interactions on the C :N :P stoichiometry, soluble sugars, starch, NSC

concentrations, and soluble sugars:starch ratio in four subtropical tree seedlings

S i - s ORI BB RESHE R
Parameters Warming Species Organs Warml.ngx Warmingx Speciesx Wérmmgx
Species Organs Organs SpecuiesxOrgans

C 4.164" 12.711 7 36.479 """ 0.332 0.603 3.130 ** 0.695

N 0.005 212.996 "~ 22.2227*% 0.671 4.262"" 6.553 """ 3.803 """

p 12.609 *** 34313 114.731 7" 3.956 " 1.635 9.461 """ 1.548

C:N 0.000 59.082 """ 59.567 """ 0.365 0.433 4.100 "~ 0.489

C:P 7.318"" 25.172** 66.568 """ 1.519 1.490 2.446 " 0.722

N:P 12.786 """ 60.654 """ 3.821"" 6.271 7" 1.473 3.874 """ 1.007

SS 40.704 """ 33.452"*" 17.192*** 4915 2.375 7.070 """ 1.337

St 4.993" 16.778 *** 22.316""" 0.583 0.320 6.500 *** 0.433

NSC 17.682 """ 20.935 "¢ 20.836 """ 1.679 0.937 8.584 """ 0.555

SS =St 0.095 6.765 """ 20.136 """ 1.048 0.269 1.155 0.706

df 1 3 4 3 4 12 12

FRBCER df AR FAERA R, « P<0.05; * * P<0.01; * * * P<0.001;SS; TI¥A1EHE Soluble sugars, St; JEH) Starch; NSC FxAE4E
FPERR K LA H) Non-structural carbohydrates
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Fig.1 Dynamics of air temperature, soil temperature and soil volumetric water content at 5 cm depth in the control and warming sites
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XF 4 PTG TR REVEAT T A SE 200, WFSE A 30 N P Sl s A e I NSC & 52 I 3 A ¢
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3 e

3.1 IR R MY BT Sk R R AR AT C NP AR SR TR IR Y S M

4 Tl SV AT g ] AV 4 40 A KON Il o 7 8 2 H R ] 25 5 (1 2) o ASBIFSE e B L fle
TLTHERIE RIS (B 2017 4E 6 ) IR (D H) |, SETAMSE— 21030770 2 R 3R R 13
IR FBE AR | L5 5 Iy R K% o TR st X A AE AR R FE SRR R AR R 2 IR, 2R A
SR R AR T AR (¥ B R LS B A S IR (R L 0 S e T X e S A YR SE Ak
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* P<0.05; * * P<0.01; * * * P<0.001
— IR AN IR B - HESE R ] B8R S 394 3R i 15 AN ] 5 N R T AN R AR TR F S 20 o0 - AU R

1717 U PO BT A Ao T AR 07 T8 B0 3tk Y A) 5 = 1l 0 PR AN (), AT ) H JL MR HE A 2 °C LD, T iU S 56
BRER R EEAE 2 °C L) |13 1047480

R2 AMYPH C NP ULFITERIS NSC S ENEXXER

Table 2 Correlation coefficients of C :N :P stoichiometry and NSC variables in four tree seedlings

W

'P/amme[ers C N P C:N C:p N:P SS St NSC SS:St
C 1

N 0.641 "~ 1

p 0.663 """ 0.865 "~ 1

C:N -0.466 """ -0.840 """ -0.644 """ 1

C:p -0.4377""  -0.696"**  -0.781 """ 0.729 "~ 1

N:P 0.075 0.374***  -0.097 -0.510 *** 0.142 1

SS 0.026 0.088 -0.098 -0.206 * 0.002 0.318 " 1

St -0.258 " -0.108 -0.271 " 0.010 0.229°* 0.357 " 0.324 """ 1

NSC -0.202* -0.073 -0.268 " -0.055 0.188 0.396 *** 0.640 "~ 0.941 *** 1

SS:St 0.298 ** 0.294 ** 0.289**  -0.353"*"  -0.356""* -0.001 0.362°*"  -0.531"""  -0.309 """ 1

FPRTF RN R REL, * P<0.05; * =

P<0.01; # = *P<0.001
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Fig.5 Effects of warming on soluble sugars and starch concentrations of four seedling species
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