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Abstract; While it is well recognized that root exudates play a crucial role in driving belowground biogeochemical
processes, few studies have attempted to examine the effects of elevated temperature on the rates and chemical components
of root exudation in forests. In this study, we conducted a night-time warming experiment by using an infrared heating device

to explore the ecological consequences of warming on the rates and chemical components of root exudation by Picea asperata
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seedlings. Root exudates were collected from intact fine roots of plants growing in the warmed plots and the control plots
using a modified culture-based cuvette system, developed especially for collecting field-based exudates. The concentrations
of total organic carbon (TOC) and total nitrogen (TN) in the root exudates were quantitatively investigated, and expressed
as the C and N exudation rates for P. asperata seedlings. Furthermore, the main chemical components of root exudates were
quantified using the gas chromatography and mass spectrometry ( GC-MS) method. The results showed the following: (1)
experimental warming considerably increased the root C exudation rates (g C g ' root biomass h™ ). In contrast, no
significant effects were observed on the root N exudation rates (g N g”' root biomass h™ ), which led to a significant
increase in the C:N ratio of the root exudates. (2) experimental warming had significant effects on the relative contents of
chemical compounds, and the response magnitude and direction to experimental warming were closely related to the
components of the chemical compounds. Specifically, the relative contents of sugars, amino acids, and phenolics were
significantly increased by warming, while the relative contents of esters and ethers markedly decreased. (3) experimental
warming had significant effects on the contents of different chemical components in root exudates. For example, the relative
contents of two phenolics, 2,6-Di-tert-butyl- 4-methylphenol and 4-Tert-butylcalix [ 4] arene, increased by 88.9% and
375.7% , respectively, compared to the control plots, but no significant differences were observed for the other components.
Collectively, our results suggested that experimental warming can lead to profound influences on the exudation rates and the
relative contents of the specific exudate components, which provides a theoretical foundation that can improve understanding
of the soil C-nutrient cycling process mediated by root exudation inputs in subalpine coniferous forests when P. asperata is

subjected to environmental changes.
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em’ | BE G 4.0g/kg, AHLIK S 61g/kg™ |

RIS 3 %F 2mx2m B/NX BN —AN RN X 53— X BRI X FER IR/ INX KL Ah
LR SIS HS-2420( Kalglo Electronics Inc., Bethlehem, PA, USA ) B+ TR /NX BRI 1.5m 4L, B
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Table 1 Response of relative content of volatile substances in root exudates of P. asperata to warming ( means+SE, n=3)

AL/ ES Xif I N E YR Xof HH R N
Class Control plot ~ Warmed plot  Significance | Class Control plot ~ Warmed plot Significance
2 Phenolics 30.41£1.10 57.52+1.57 [ B2 Steroids 7.28+0.47 4.73+0.39 ns
fi5J Esters 29.56+0.72 11.97£0.77 fi2 Ethers 2.16+0.16 1.05+0.13

Fifi Ketones 1.43+0.08 1.57+0.08 ns i Amides 13.81+0.93 11.88+1.10 ns
$22 Hydrocarbons ~ 13.82+0.98 10.26+0.95 ns 25 Aldehydes 1.53+0.11 1.02+0.09 ns

w FERMIRALFIAE P< 0.05 /K R B, « « FIRTE P< 0.01 /KF- EEFWEE ns TREH BEES
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0.05) ;B EW T 1,2- K R T HS | 1611 S 426 B2 £, PR e AAT IR T B A XS 7 it 20 51 g ERRAR T
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T /S R EE T 71.7% (P<0.01) ; FEEZEAL G B-45 F I B 2 PR T 84.7% (P<0.05) ; ik
B 4,47 -3 ORI 3 T [ 49.5% (P<0.05) s IERAL G 3, 5- ZURUT BE-4- 2 B8 T W 25 R AIG

http ; //www.ecologica.cn



9 1 Wt S5 RIBA HGIR XS LU AT AR S A2 G AR AR S0 I ARG 22 W3 1 T 7
44.9% ( P<0.05) ,
F2 ZURRSBMELZEANREENEECFELRHER, n=3)
Table 2 Root exudates components and relative content of P. asperata seedlings ( means+SE, n=3)
ok B AAXT 4 Relative content/% I
Class Root exudates components R H Percentage
Control plot Warmed plot change
152 Phenolics 2,6- BT o 4 ELE 20.77+0.62b 39.24+0.84a 88.9
4- BT HAR[ 41058 2.02+0.18b 9.61+0.41a 375.7
4R E 0.30+0.03a 0.34+0.04a 13.3
4,4" P EE-XL(2,6- AU T BER M) 7.32£0.27a 8.33+0.28a 13.8
Jii2k Esters 1,2 R Z R BT Tog 21.95+0.38a 4.53x0.15b 79.4
1,2 PR T 4.77+0.15a 5.97+0.48a 25.2
LN DNE YL 0.03+0.01a 0.01£0.01a 66.7
PR - 10~ — B Ji P 0.06+0.01a 0.11£0.02a 83.3
o R TN T R i 0.07+0.03a 0.07+0.02a 0
FERRIGISE \BE B 0.06+0.02a 0.02+0.01a 66.7
10, 12- -+ Tk ek H A 0.04+0.01a 0.14+0.02a 250.0
6,9,12,15-—+ " FRPUEER T g 0.06+0.01a 0.09+0.02a 50.0
16-J15d S 224 52 £ T i 1.08+0.02a 0.56+0.01b 48.1
FrtgEme T g 1.44+0.08a 0.47+0.03b 67.4
12 Ketones R 0.01+0.01a 0.01+0.01a 0
S -4 0.28+0.01a 0.20+0.01b 28.6
P bt M T 0.67+0.03a 0.65+0.03a 3.0
1b,5,5,6a-P4 B -\ &(- 14825 -FR T BE - [ a ] Bfi- 6-F 0.03+0.01a 0.01£0.01a 66.7
7,9- AT FE- 15 IR (4.5) 28 05E-6,9- -2, 8-l 0.44+0.02b 0.70+0.02a 59.1
$22% Hydrocarbons ~ FHE M 0.07+0.02a 0.02+0.01a 71.4
Z,7,2-4,6,9-1 JURk =¥ 0.01+0.01a 0.01+0.01a 0
1,2-—JHBPERE 0.33+0.02a 0.29+0.02a 12.1
12- B o5 be 2.95+0.25a 1.78+0.17a 39.7
LU Zhe o (4- B R T k) 1.34+0.03a 1.38+0.18a 3.0
5,8- IR+ g 0.54+0.02a 0.60+0.03a 1.1
9-C ALk 0.18+0.01a 0.13+0.01a 27.8
- A 0.51+0.04a 0.35+0.03a 31.4
17-F BN 0.94+0.05a 0.82+0.02a 12.8
[t liperd 1.84+0.21a 1.65+0.23a 10.3
6-FR I AE-3-(3-FR TN I ) AR O o 0.28+0.04a 0.12+0.02a 57.1
3-H-5-(2-HE T H) T\ 2.12+0.07a 0.60+0.04b 71.7
4L 0.40+0.05a 0.44+0.06a 10.0
15,17,19,21- =755k DU 0.28+0.03a 0.25+0.03a 10.7
4,6,8(14)-H{ =% 2.02+0.12a 1.81+0.08a 10.4
FIER 0.01+0.01a 0.01£0.01a 0
13(18) -FFHUR I 2.95+0.18a 1.84+0.21a 37.6
[E B2 Steroids (24S) -5 - 5-4i-3-e Pt 3.22+0.22a 2.45+0.13a 23.9
B 0.25+0.01a 0.29+0.02a 16.0
(14B,208,22R ,25R ) -3B-F2 5 Sou- IR S - 8475~ 11l 0.01£0.01a 0.02+0.01a 100.0
B-% fif i 0.85+0.05a 0.13+0.02b 84.7
fif 2% Ethers 2-(7-TLhe AL T A- 2H-E i 2.12+0.14a 1.02+0.11b 51.9
(2) SE AR 0.01£0.01a 0.01x0.01a 0

http ; //www.ecologica.cn



8 S % 38 &

N NN X & Relative content/ % AFAY 2 /0
Ak RS AL i " e
Class Root exudates components XA B i ontag

Control plot Warmed plot change
ESUEIEIN=R ] 0.03+0.01a 0.02+0.01a 33.3
2 Amides Pl s 2.34+0.15a 2.91+0.28a 24.4
13-+ RIS BER 1.680.11a 1.75+0.16a 4.2
TFER NG 7.89+0.55a 6.26+0.58a 20.7
44" - R TR 1.90+0.12a 0.96+0.08b 49.5
f% Aldehydes 2-F - 4- Y g 1.04+0.08a 0.75+0.07a 27.9
3,5- T SE-4-FR ORI EE 0.49+0.03a 0.27+0.02b 44.9

[R—47 R R R R R 5 22 53 .35 (P<0.05)

3 iTFig

3.1 HRXTSAZAR R WY C N 43 M6 38 (1) 5

PEBEE AR S AR B, SR IR BT X B S IRZI M AR A KR ' OGEEH
B A TR Jy R R A KR AE BRSO ITJR P MR 2R A i i A 5 e ARHIE ST R W], 14
T DAL R W C IR (K] 2a) , AT EE 09 R 2 B T ZERR AT A AR R0 2o A B
HEAR R AP A 4 IR E WA B T MR N SRt A DU R AR RR S AR K 1Y R R A,
RISREGE C % A N W3S 0 9% 43 SR g )0 S LA BIF 9 45 S € 76 R F 55 vh A5 810 7 A 208, o1l
Uselmen S8 F6 B . 1843R 4°C 1T 53518 1 (& S AE Y0 AR ( Robinia pseudoacacia L.) B 22439 il 4 HL
AR T B UL AR B R T B A AR AR T AR Y SR R AR IR R C R
A KT R WP AR ILEEA Rt — RS, IR, C JEVE A A Y B RE B I, & 0
FARAC IR 25 SR ZL BIARPRAL N, ) | AR MR B A W3 1 | Xkt X A B 7 A R R R, S TRAR PR
IR A N F AT I AR (K 2b) X R IR S50 T s 2R R BT 1) R B OB M N, HE
Al RS 2 — 2 B T s LT RO BB Y 57 N BRIl SR MAE S RS, TERR R PR E 21 N 570K
PR AR AR AR A7y A A Bl i BRGIAR 22 N 515 I A — R A= BEIE AT ML Ak, T a2
MR C AN i AXTHGERA & A B a3 R S A 2R R WY CN fb2ATt s b B g8 (K 2¢) ,
FRWHNR S T AR R ARz e, %ISR R WY N S REC. N b5 R e 2 oK
BIAR B A e 7 4 ORI P A T B R s 0 R B IR A R AR R C N bR R EE RS
PR TR 20 b R - 385 A6 P2k AR B LA A8 R RIONE | AR O I 3% 7 THI R A SR
3.2 AR R WAk 2E A A S S B Y s N

FYITEA R SRR D, BRA o0 Wb th K AR R ), HAL 22 o B A 270 A 4R 28 (5L A DLIR T
MR MRMITR B EER AR RN TFED . RO P o AR R WA 2 i 1k 22 4 5 3 B R b
X HEAEMR V) RS WRIE B KR RIS A WS RERSEE AL M (B 3 K 1), 200
R R R4 A A B e 7R AT 3 e e e o EL AT B e 2 S R 1 R BE RN O 1) S Ak R R A G, B
PRI S IR AR R I R LI B AR F e A9 R B 3 Mk T = AR R i)
T PR P B A (T 3) o 3G T MR R 2 WA 3K R 25 0 Jo i A\ B AT Dy - U P R A T 22 1 ik
VRN, D T A2 o S M A A K S B e — R R B AAIE T A ST A5 14 R RE S A R AR P 1 4
AR K SIEERESHE T L X TR R W LA A5 By 2R A 1 G I A AR R 43I )
PRI A 20 A3 vh et i e 1 — 2 O, U S 2 M 0 AR R I T A B B RS 2R A
FETEHIR S R B PRI (R 1) o IeAh 8RR 4 A 20 43 AN [ A5 P AR 55 2252 i
FEEMR 2R (R2), DBEEY RG], 3R S E Y E 25 2,6- 80T F-4-H HOR B Fil4- 5
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TR 4] 5595 i 3G N (430 X BB I T 88.9% 1 375.7% ) , i Xt AR Wy 2 Ak A5 W0 i oy 5 G b 3
W, S R BUR R A o B A R e S S i R A TR R AR

IR SPRE A5 AR AOS R IR 2R 23 WA 00 i A 15 i A2 S SR AT LB A i 2 R, iBofe
R SER Y] R R IR A RS HE AL A AR A R P R B — ol 157 SR, R AR R b 2 A
SCATERT A A AR ME L RIS R G 2R A Y S A E R M 525 —Jr i, A
TEANRIERGE A 4F T nl a5 2 PR B e PR Pt o] 1 3 b RSO 2 OAR RS 1, E TS M Gl A 5 1 5
REAER STNRE ™ I3 — 5, SR A T e 5 AR A B O sl e S E A T AR AR Bl | R S L
PR IRAR M AR 2R i s A LA E A I RV T, R 9K AR 2R 2 s ) i A B 5 i e i o — A
TR A AR BR A Y E I v L3 3o A e b A AR 2R 43 0 o 0 5 120 SR DA 4 AL AR 4
WA WAL A 5 DT ARt THOR PSR T S A A KT R R AW R
IR BRI 2 B — b F FAE BRI T B SR AR A T S A2 R R 1] R RUE AT Z 6 ¢ IR
BER RPN AN N R A A R A A KT B, (Hs e, S2 05 07 sk AN IR Bt i PR, A< A 52 o
FRAIRMESE— 25 RS AR T SR R W 2 035 AR NSRS LR] , 33 A 13 T AT TE— 2B IR A
e

KERFFT R, AR B AR 2R 530 12 4o i Ak £ 30 B B R R MR AR 28 2 0 S gt
WA HUBR FTAE AR5 A F IR SE R A P M A K Y RIS 4% & 3 1 o 43 R T R O Ak o 4 J W3t 2 5 1
FACEWIRENE 1 He S 5 4R L 30 W0 R R A Y R A A AR T S 0 3 C BB RIS MG IR
I, B2 Al & PRy HAT AR R A AL AT T, REXTAEL AR ZRAS B B AR Bn S A AR 3R A A R A 7 A= 4 o 4
FHR R MR AR L C-FR MR T2 S R R AR R ST R R T R T AL
FH I TR AR R IIX A C-N SR I A A R AR AR R R, O — 2P S5 T L B
MAEZSRGEHIRIIBE . ARAMITE LR A T TARALE A F M e L AT AR R - I 4 5 5 i e e 5 0
A=A ER I e RS LRI FT , LAGE SR A b6 75 0 v LU BT AR AR 28 R Ge T A= Ay e R BRR A A Y
M AT At B G A 25 S A8

S FATAIBESE , AT EELFEWT : (1) BB FHIN T SRR MY C 73 ER M N L
PRI (2) 36 W UL TR R A A L e A o PR AL S RS B, R R,
I A B BA — € B JRIRIE . HEn, Sz 26 A AT 12 BR A, AN E 58 BT AR A (9 R 28 20 A 00 A 2 B i v A
g AR ITESY , 1 AR RE A RS S R T S SRR R - I 4 0 5 & A AU, Ah , AP 5T
XTG4 A=A, i T bR S A A K B S RAE BE R 2ET7 AR A R 22 57 I R I = A2 4)
AR R MBI A~ o35 5 T BB B A URRAT BT AN [6) , DRI 7 JH AR SRS 45 SR AN E B R AR AR S R G
I AR BN, kT BEIRA T — 2R ATT AR 2R 70 WA~ 153 73 B4 3 B 1 S T 58 R AR R
FHAEARFRMETE P 787 EAE YR R0 I A 5 5 A 5 S E A A IR i R OB S B

BigT < B R B AR A AR G T B AR AR S AR R AN I FUCRAE TAE R 45 TR HS B
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