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Abstract; Global warming is expected to have profound effects on plant growth. The effects of global climate change on the
aboveground parts of plants have been reported in many studies in the past decades. However, limited information regarding
how warming affects belowground ecological processes, especially root dynamics, has restricted our ability to predict how
roots will respond to increasing temperatures. Changes in ecophysiological properties of fine roots under climate change may
play an important part in the growth performance of tree plantations. The aim of the present study was to explore the
belowground responses and adaptability of the most important timber species in southern China, the Chinese fir
( Cunninghamia lanceolata) to global warming. A field soil cable warming experiment was conducted in Chenda State-Own
Forest Farm, Sanming, Fujian Province. The experiment included two treatments; soil warming ( +5°C) and no-warming
(control) , and each treatment had 5 replicate plots. We measured changes in fine root biomass, morphology ( specific root

length and specific root surface area), stoichiometry ( C, N, P) and metabolisme ( including root respiration and
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nonstructural carbohydrates (NSCs) ) after approximately one year of soil warming using soil coring and ingrowth core
methods. Soil core diameters were 3.5 ¢cm and were divided into 0—10, 10—20, 20—40, and 40—60 cm. Ingrowth core
diameters were 20 ¢cm and were divided into 0—10 and 10—20 cm. A two-way ANOVA showed that treatment X diameter
class significantly effected the fine root biomass, C and N concentrations, and C/N ratio, whereas it had no effect on the
fine root morphology, P concentration, C/P ratio, and metabolism. The one-way ANOVA showed that (1) campared with
the control plots, the 0—1 mm fine root biomass increased significantly, whereas the 1—2 mm fine root biomass and fine
root morphology did not change in warmed soil plots. These findings indicated that the root system adjusted the fine root
biomass, especially the 0—1 mm whereas the fine root morphology responded to nutrient availability; (2) the fine root N
concentration increased significantly, but the fine root P concentration showed no change; the fine root C/N decreased
significantly, whereas the fine root N/P had increased significantly in warmed soil plots. Collectively, these findings
demonstrate that soil warming caused nutritional imbalances, and the growth of Chinese fir seedlings was limited by P
avalibility by analyzing the N/P ratio; (3) the fine root respiration did not acclimate to soil warming and the fine root NSCs
decreased significantly in warmed soil plots. Soil warming caused a metabolic imbalance, which increased the fine root
mortality and shortened the fine root lifespan; thus, could have an effect on nutrient and moisture absorption of the Chinese
fir. It can be concluded that soil warming changed the fine root biomass allocation and caused nutritional and metabolic

imbalances, which could play important roles in the growth of Chinese fir under global warming.

Key Words: soil warming;fine roots ; biomass ; morphology ; stoichiometry ; respiration ; nonstructural carbohydrates

IPCC(2013) 5 Fk 46 Hh , PR % AR LTS DR A28 b T 28Ul 130 47 (1880—2012) 4=
BRIGRE R AE YR TR T 0.85 °C, Bl 2016—2035 4F 2Bk b 2 F YR 1 0.3—0.7 C; 3 21 #H42K
Tt 0.3—4.8 °CM R TR T AR B R R R AR A S R G A R ARSI R B AR
MR R SRR BN 2 30% )  (HAERRMAE S RGEFRM G M BE i s R B 2L/, i HL, 400
AR B IEAEYI TR KA B RCER , DRI AAR A B0 AR 25 R 0 728 Ak 5 MR A K R R AR AR 7= B A 56, MR
MR FE 2 AR A K 15 ek s SR AR C T (B2 H TR Ak, 56 T TR T i X i R 35 43 LR X i AR
4 A B A S R A IR AT IR AR B

FEL ) 240 AR T 348 38R 1 A P A 2 o7 T AR A 5 22 07 T, AnAiAR A= 0 i AR B 25 ( LUAR K, SRL; He 3

HSRA) IR ICR AL 2% (C N P) AIHACH (I ; AR5 PERRoOK (LB 4 NSC) 45 iX Se3 fE 4 K 2
TR A ERAR B TS M L R T BB A X AR A A AR 8/ B TR B ANFE N K AR
YR 242 (Picea mariana ) FRM L BTG (<2 mm) ZE4) EAEH IR R M R T 24%—46%" 5%} B X
LG, 5 A 52 el 156 i DX A K A B IBER ( Agrostis scabra ) FIVHE 25 55 B30 ( Agrostis stolonifera ) #HAR A= ¥ 18 4y
BT 8% 15% ), W5 & B 56 [R5 2 L 1k M) 25 BT 208 7% il DX B85 A 40 i AR ZE i (<4 mm) FILEVATAR AR
W) B ot 2 I R T e T A T 4R SRL, SRA AR R AR K & T R AR T BETE LA B AR 2 — H R
ARBTG5 RS B X AR S AR TR AR R Ak R 2R AR R B TP AEXT IR C
N A5 L X AIAR P& AR/, 9 A0 7 96 [ 2 B3 SE N (4 J5 AR e, - S I B AR VAT I A B
ASANAR C i (HAER IR X TG A0AR N 5 e PR IX 5 10,597, i 20AR P I %o IR £ U v 52 3
BRI, iNE AT M FEIE B AR VP I Bt 5 R SR A8 B0 IR L Q  JE AR A AE 1.8—3.0 Z )R (HARPE
W2 5 L E 7 A WA e — A4 IS0 T T, 458 L I R 2 I 2 P 785 A an ] 2 i i 2 AP 87 ( 4 NSC A T8
¥&) HAETIRATEAE

F N TR A 5 13, 3R B SR TR i B TS, Hoh R R R R A T AR
—, IR TARIE B 6% , 763 MO AL 7= R AR b I & 3 5 B E Y Z AR IR A T 2 B4 v
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1], A5 LIAZ A GRS 52, R P B A - e 14T 7 =X, 8308 IR X A2 AR )y i A AR A A SRt (L FE AR A=
Y JEA(SRL .SRA) Ab2#iH24(C N P) FFIEAT NSC) HUSZMR o 3% T 4 BRAR B8 15 5 T e [ 7518 7 4
i N TRAE = AR AL RN TR 38 e B EL A 2R

1 R HER AR A E

1.1 R RS

RIS A T8 2 = W AR R RS 5 BRI 58 3 R VLI 55, 4> 225 R AR A Bl R RAoll [ bRz Y
(26°19'N,117°36'E) , ¥R 300 m, J& ol #ty 2 KU AR 30 19.1 °C AR PR it 1749 mm (
BRI 3—8 H ) A ZE & i 1585 mm , AHXHRIE 81%
1.2 kit

RIS R 5 EREYLE T, S EHIR (+5 °C) R (8 ) AP AL EE /NX AL 2 mx2 m, B4R ER 5 A4
B RB/NX PR 4 B PVC AR (200 emx70 em ) 42100 5, 5 7 Bl 3R T B 1/ X 2Z [ A H. T
Yoo /X - SEECE BT A AR 15 432 (0—10 ,10—20,20—70 em) BUE], S EHAR A B HAb 22 )5
+ O EIRE IS, HHE 20—70 ,10—20 F10—10 em FIAM] 2 mx2 m SEEG/INX PN, [R] Bsf 5% FH HE S vk 1 2 - 4
HESEA AR, T 2013 4F 10 A 23 m 45 (GG R ARG IR/ N X A R L 40) P71,
TREEN 10 em, [B1HE 20 cm, FFAER AN A G — 18 (R ISR 4501 . 2013 48 11 A B4 2 mx2 m /phIX
PISIRAE 4 AR 1 AR 2 RSB R, AR B AL TR B 2 0], BBk mls 5 ™ H
(2014 43 H) Fripm B 3giE . 2015 4F 1 AR (HRJG 1 2447 ) X IR (CK) FIEE (W) A b 1 39855 38 A M o
(0—20 em) WLFE 1,

F1 2015 F 1 ARMRMNGERF M FERIBUMFT(0—20 cm)
Table 1 Soil (0—20 cm) physical and chemical properties in the control and warming plots in late January 2015
AbH Treatment

5P Soil property

%if #f Control HiEL Warming
IR Temperature/°C 11.75+1.05 17.05+1.17
£ 7K # Moisture content 19.4+2.25 13.72£2.02
AR HLR Dissolved organic carbon/ ( mg/kg) 6.01+1.32 7.07+1.54
A A HLAL Dissolved organic nitrogen/ ( mg/kg) 4.16+0.77 25.98+9.61
4= Total phosphorus/ ( mg/kg) 214.31+14.38 209.55£12.75

1.3 AIARA il

2015 4F 1 AR (WSS 1 2647 , R TBETE CK W /N XM R AT REMLIBORE | 45/ X R 4 4>
T4k, FEEAR 3.5 em, BUREIR 4> 0—10 ,10—20 .20—40 F1 40—60 cm, $#& MR 1+ Z IR B AZ AR PR LG 7 B
RS S VR, IR AEAR G F 18 0—1 mm A1 1—2 mm 5058, 739028 A M5 B4 Rt 65 C HAR gt = 18
FIFFRE, 4IRAEY R 4 4+ 2N Ei i,
1.4 ZOMRPEIE JEZ JoER & Al NSC I E
1.4.1 WAL S LR

KB 10 em R 20 em BIPAE KIRTE CK T W BN/ X HUO A7 B AT EURE | B4 /N X BL— 4
FE IS BV B AME AR B, SR 5 1 W SC B0 28 vk T, AR A0AR B9 B € AMIE 4 X4 TS SR AR, P44 IR
0—1 mm Fl 1—2 mm 43 A%, BU/D 8 0 442 06 AR A A A2 BEZZ v (10 mmol/L. MES, 1 mmol/L
CaSO4) FYBEA SR G HEAFIH IR (18 °C) /KA, A& AAR R0 I 22 2 F 5 HAt A 15 AR A0 0 R 3 min J 2%
ANGEEAIFABAE T R R HT S A AARAE 5 FHBR S G T M 088 )5 75
1.4.2  HARIFR I E

HR R WEI S Oxytherm YRR S FEARIN A o K C 2K 8 3 19 18 AR O SR AR 1) S AR BL , B 2 ml %
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PRI | XYW s 1 3k SIS e RS 5 TR o S0 AR I, R /N A AR R 16 AR 2 3 IR, AR5 I 1Y
R T M 53R 230 52 SE BAE 2 h 1N
1.4.3  AHIEAN &

W i I 2 52 I AU AE A Espon scanner XPARFEATHH , 5 C UG A 65 C U F 4t + I Fr
&, M AR R %52 ] Win-RHIZO ( Pro 2009b ) H3 2 EIR A3 BT A -4 T T SRR E 207
1.4.4 AIRICE & SRS EmIN E

R C N ] VarioEL I JTTR /AT ACGHATIE . FREUE IR ROAE i 8—10 mg HEATELAE  HEALLFAOAE i
AR A TINE R AL A RGN E 3 IR,

AR P I E J5 % RS BRFRE 0.25 mg(+0.0001 g) ZHARFE S IIA 4 ml BRERFN 1 ml & S PRAE 2T, #i i —
KIGHAE 3 b, BHGEZRE 100 ml, BTSN R s Hr G 5E

AR NSC BTN RE - AL o] J MM R o (8 FH el b I A I - B s
1.5 HdlEontr

KA R ANOVA K5 b B AR VL R HAE HAE X A A P i SRL SRA ,C NP .C/N N/P LI

A (SRR) | AIVAMENE JER B NSC (52, 6] —F2 AN [ A L 2 (8] | [) — A AR [) 428 0 22 ) 40 AR 2L ) i

SRL.SRA .C \N.P .C/N N/P SRR Ay MERE JEH K NSC 125 5K MO ARAS K5, BT MG i ¥ 7E
SPSS 19.0 ¥4 ATy, W E MK E N P=0.05,

2 #R

2.1 RAYREIES
QRPN Wi 22 1] A 58 B A FE G IR AR i (0—60 em) A5 IR 15 5] i 25 7K (P<0.05) , Hoh b B
XF AR AR P R RS B 3B K (P<0.01) (£ 2) o BHEHGES 0—1 mm O 4R A )i 18 25 A% ( P<O.
05) ;1—2 mm WAIRAEY EZEFARE(P>0.05) (K1), [FH—4H,5 0—1 mm # ., CK ) 1—2 mm A4
*Ei%%ﬁ%ﬁ%&(&o 05),11 W /9 1—2 mm MAIRAEY 2 F AR E(P>0.05) (K1), ALY
e 2 8] B A T AR FHXFIAR SRL . SRA (0—20 em) BEA S (P>0.05) |, MARZRTHAIAR SRA HYF2 I A 3] 3 7K
F(P<0.05) WA SRL BEA M (P>0.05) (£ 2) . W 15 CK &2 SRL SRA 1422 5 28 i % (P>
0.05) (1 2), 50—1 mm MH,CK Al W # 1—2 mm AIZIAR SRL & 1A% (P<0.05) (] 2A) , 404 SRA
B2 F AR E(P>0.05) (K 2B) .,

F2 NB EHEREZEEAMAREBESTEREMNRNEZFTESTR

Table 2 Two-way ANOVA of the effect of treatment, diameter class and their interaction on fine root ecophysiological properties

P {H P value
AR Index 3 w% UL X R
Treatment Diameter class TreatmentXDiameter class
W5 Biomass/ (g/m?) 0.006 0.044 0.011
AR Specific root length/ (m/g) 0.910 0.340 0.519
H 2 X Specific root surface area/ ( m?/kg) 0.768 0.034 0.232
Z N/(mg/g) 0.000 0.034 0.006
i C/(mg/g) 0.010 0.006 0.002
W P/ (mg/g) 0.584 0.880 0.138
AL C/N 0.001 0.055 0.042
AL NP 0.004 0.289 0.923
HEIPIR 8% Specific respiration rate/ ( nmolCO, g™' s7") 0.998 0.002 0.280
AT Soluble sugar/ (mg/g) 0.005 0.130 0.321
VEK Starch/ (mg/g) 0.017 0.503 0.330
AELE IR K LS9 Nonstructural carbohydrates/ (mg/g) 0.005 0.847 0.490
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2.2 YT RMFIFESY(C NP .C/N . N/P) 50 —

REFRXTARAR N . C.C/N N/P H52 0 35 B 4 1 2% /K CK
F-(P<0.01) , XFH4IAR P A (P>0.05) ; 72 904 41 v
R C BRI IRIA B 25K (P<0.01)  XF 4R N )52 20 L

M 14 2] i 25 7K (P<0.05) , XH4IHR P .C/N N/P &F 5%
M ( P>0.05) s /b3 5 12 9% 1 28 BAE FHXT AR N C /5%
Wik B 2 KSE (P<0.01) , RF4IAR C/N B2 3k 2
EIKF(P<0.05) , XF40AR P N/P A #0 (P>0.05)
(#%2), 5 CK M, W A ALHAME N NP ¥ E
RN (P<0.05) (8 3A 3E) , 4HAR C/N i A% (P<
0.05) (& 3D), MifF 0—1 mm 404 C 5 FHEAL (P<
0.05) (&1 3B) 4t P 2255 A 3 (P>0.05) (&l 3C), \

|__|%>

30 —

=41 Biomass/(g/m?)
z

TE1—2 mm iR C P 2R A (P>0.05) (K 3B, Ba

3C). 5 0—1 mm ML, CK 19 1—2 mm [H4HHE N .C P or /

¥ SR (P<0.05) (18 3A 3B.3C) , 41 C/N 53 '% 7

THE (P<0.05) (K 3D), 404 N/P 2R AN E & (P>

0.05) ([ 3E) ;W 1 1—2 mm FAIH N.C P .C/N N/P ‘ o ' — '

EZR¥AREFE(P>0.05) (E 3A 3B.3C 3D 3E), 24t Diameter class/m

2.3 ZHARARIRRIE 1 FALEEERNARENE
REFRDL R A PR 542 2% (8] 59 32 BAE FIXT 4R SRR % Fig.1 Fine root biomass of different diameter class under

SR (P>0.05) ARG AR SRR BYSE N 1K B4 ik % different treatments
IKF(P<0.01) (3£2), 5 CK MG, FHuE 5 %729 CK, %f # control; W, #4 Il warming. AN [A] K5 T2 B3R ] — R 90K
AL SRR 25555 3 (P>0.05) (I 4A) . 5 0—1 Iﬂ&iﬂ%a‘%i%,Iﬁ/]iﬁ?ﬂ:i%frlﬁl~&iiimﬁ]%ﬁ£ﬁﬁ
S PSR o T (8 2

mm A, CK A1 W £ 1—2 mm AY40KE SRR 25 51 3%

(P>0.05) (&l 4A) . ALBEXS AT HERERT NSC %520 38 S 8 2 KT (P<0.01) , X3 8y (1452 i 36 31 i 25 7K 7

(P<0.05) , 7249 LA S Ab 3 55 42 2 1] 1) 528 AR HI PTPE b 3 Al NSC I 520 (P>0.05) (% 2) . 5 CKAH

L, SR S A AR AR TE R R NSC 1 BB K (P<0.05) (8 4C 4D) | T Z04R A VA PEREAE 0—1 mm 2% 5

ANEE(P>0.05) ,7E 1—2 mm BEFEAL(P<0.05) (K 4B) . 5 0—1 mm ML, CK FI W ) 1—2 mm A9 A] 51

B JER AT NSC 22 ¥R .2 (P>0.05) (K 4B 4C 4D)

3 Tt

31 IR ANAR A Y R 2SR R e

AWFFEER B, LRI, 0—1 mm JHMR A=Y & (0—60 em) B FFEAC, X 5VF 2O IEH—
22 G Wan 2512 RIS X BRAH LG B IRAEHBZIHA (Acer rubrum ) FIERA (Acer saccharum ) 4HAR A4 i
FREAR, IR AR AR ) R R SR A — Oy TR RS RIS T R S T ARG A AR
AR R AL R A e T 5 — Oy TR R IR R AU R Y S B AR e
0—1 mm ZHARZP L (FA) BT AR, A IS v, 3RS, 0—1 mm Z0ARZE Y& @ FEAR, 1 1—2 mm
MR AE Wy i AR A8, — PR R 0—1 mm ZAALIE TR0 W) 28 E, eI S 37 00 A RS s |
AR B ARG 5 117 1—2 mm AR 2R LB, 3750 ORI mT GEXT 25 AR A 2 8/ . 53— R mp
RE IR S D AR RN AR AR SE TSR AR X T2 5 i & sl g

AHFFELE TR W |+ IR % AR I 25 (SRL .SRA ) (0—20 em) A 40, Alvarez—uria 255 iF 5 260
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Fig.2 Fine root specific root length and specific root surface area of different diameter class under different treatments
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Fig.3 Concentrations of C,N,P and ratios of C/N,N/P of different diameter class of fine roots under different treatments

AR TR [ — AR GO R A B2 S .2 N[/ - RE 3R [ — A RO [R) 42 40 22 5 0 35 Pl v i P S (i i 22
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§ Lo 16 m W gn 'l'
%5 12 2 gg 401 ATa |
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2Eg I Aa A8 = 5 T Aa Ba
E} %U 1 '[ & ES 30 F T
nog 8 T o /
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s 4 T
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™ 9
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Fig.4 Fine root specific respiration rate, soluble sugar, starch and nonstructural carbohydrate of different diameter class under

different treatments

ARG FREFR R [ — 1R A R A B2 5 .35, R[N R R 6] — A B [ AR g 22 5 2 IRT PR el D S Il b oo 22

sylvestris) Fit A1 WA ( Pinus cembra) \FERKE( Betula pendula) 6 YR 4IAR SRL A7 5400, Equiza 2552 BF 5545
i RIS R R/ NEZ AR SRA TR AR, X 5 ABIT IR 45 R — B, 38 1 b 45 SR 19 Jirt PR AT g AR
ZXF SR AR RO e B 22 M i AR AR W R 0—1 mm ZHAR (L (B4 BC RS ) TIAIARIE S T
AR TR AR X AR /N
3.2 HOEERXT AR AT SRR Y R e

AR R IR S N T AR N MR B, W RN T C/N L TN 1—2 mm 4HAR C kB

S X AEERE Zhou BTG5 R —35L, Zogg'™' | Bassirirad"™' il Wan'*' 48 AAF 53 & $ + HE38 R 1 i

TR N R R PR R AR AR T ARG M R 1 N AR RSN, S B0 AR N R B i, A
RS 0—1 mm 4048 C WL FRE, M 1—2 mm 4R C e BB & A28 4k, T RE IR 0—1 mm AR 222
WSAR | s i 7 -5 N AR, 2 C ) 0—1 mm 4HAR 53 BC 89 L AR XFs /0 T 1—2 mm AR
FE R, LR ARG T N AR (AR 0 N R EE HOE R TR A S 5, =
H A C W 1—2 mm HRFECHY LB ARZM . FHESRANR C/N AR 0 AR RO AR e N 8 2%
I C B PR AR, AR IG A e I A R R AR PR B A A X AT R ROl -3 P
AR D EE IO R Rl T 1558 P W5 8 [, P AR AIG, BRI IR R A oK RE ] i A 3F +
P YR S EUR RN P RO R WAL, (H eI S A0 N TR BN/ R B
FHE R T R AT e T BUE FR TR M, AR Z P OB SRR AT e T R A
3.3 R AR A IR 5

AR K IAE 18 CSH B TS CK 5 W PN EAY SRR BA 284k, Ui B - 834 IS 20 AR I g i vz
A HIYEIG , IZER AT WAL B AUAR I 535 F CK, Burton % WSS £, 7E 6 CHI 18 TS
PR BE R R R M 90a BB (sugar maple) AT AHARREUZIN A | ¢ B0 - 436005 B2 10 215 PR AR A0 A R AR
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W= A SR Ak 3 5 AR P 25 SR AL e ol - S TR AR P R R I 1 SRR R BB A DL R TR 1)
PRI ARE I IR A 1 4T 1 TR Ao 1) 85 3 SR AN K 5 2) 8 TR R b A L P R R SR B AR PP AL A i ) E s —
SRS & IR I 27 A 350 s B Ak, 94k 52 3106 4 B Al R R R s skl Ay i iy % 2 B0 9 ke PR )
LN N Y i 5 P SR AR A A AE SR BN A IR AR DG ARG & BUAE 18 C S IR N, W 4R N e
ST CK,(H W Fl CK AFRANARIPIR A 25 5, X AT RS M o 48 N VR EE R T A2 RS i Irds i N ik
BE R N WRIEARS S N W CRR A RO R R TR

ARG 25 5 /R LIRS 40HR NSC W35 P, Karst 229 BF 58 2 TN & KB /R A S B 45 IR
(A AEF A K 1) BB 5 A2 FLBAR (Pinus contorta) BT B +HEWR B2 FRARAR 2R NSC YR THE X S5 ARG 25 24K
o, TRl A2t A Ix BRaC e T st Ve B 2030l o5 NSC 1 31.25% ,68.75% , B4 WLl g5 b ml v MR | E ¥
51905 NSC 1 36.81% ,63.19% , Ut B 14 T AL el 47 1) 3 53 51 22 B ARLXT L (9156 16 R AT v PR S IR R B T 1R
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