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Abstract: Global warming and nitrogen deposition are two main global change drivers, often occurring simultaneously.
However, most of related studies referred to only single factor. Fine root functional traits such as morphology and chemical

properties play a key role in promoting plant nutrient acquisition and forest biogeochemistry cycling. The effects of climate
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warming, N deposition and their interactions on fine root morphology and chemical properties remain unclear. To explore the
effects of warming and N addition on the morphological and chemical characteristics of fine roots of Cunninghamia
Lanceolata. We conducted a two—factor experiment of soil warming and nitrogen addition, which consisted control (CT) ,
low nitrogen treatment (LN) , high nitrogen treatment (HN) , warming treatment ( W) , warming and low nitrogen treatment
(WLN) , warming and high nitrogen treatment ( WHN) , at the Forest Ecosystem and Global Change Research Station of
Fujian Normal University, Chenda, Sanming, Fujian Province. The results showed that; (1) the warming significantly
increased fine root diameter (D). The interaction of warming and N addition had significant effects on the specific root
length (SRL) , specific surface area (SRA) and root tissue density ( RTD) of fine roots. Compared with CT, the W and
WHN reduced fine root SRL and SRA; there was no significant difference in RTD of fine roots among different treatments.
The interaction of N addition and order had significant effects on fine root SRA. Low nitrogen addition only increased SRA of
first order root significantly. (2) The interaction of warming and N addition had a significant effect on fine root C
concentration, and only WHN significantly increased fine root C concentration. The interaction of N addition and order had
significant effects on fine root concentration. The fine root C concentration of high N addition was significantly higher than
that of low N addition. The interaction of warming, N addition and order had significant effects on fine root N concentration
and C:N. Compared with CT, the effects of LN and HN on fine root N content and C :N varied with the order; The W,
WLN and WHN significantly increased the fine root N concentration and decreased the fine root C :N. Compared with high—
order root, low—order root N concentration and C :N were more sensitive to the effects of W and WLN. The results showed
that the responses of fine root morphology and chemical characteristics to warming, N addition and their interaction were
different, and the differences were mainly regulated by fine root branch order and N addition level; The warming and N
addition promoted fine root N concentration and decreased fine root C : N, which would contribute to understand the

subsurface nutrient cycling and the response of C sequestration to global environmental change in subtropical forests.

Key Words: warming; nitrogen addition; interactive effect; fine root; branch order
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T RS TR/ X HB AT AR A FL 25, 158 Nexans Norway , B A 1.0 Ohm/m , INFAEL A5 TR I 40 w /m) |47
A, TREEN 10em, [AIFE 20em , I 7EBRAME IR S8 — B CRUEAE I IR 4 5] . M difi i 5e iU , 2014 4F 3 A FH G
LR, AT A B AW PID (B BV gy ) SRR S R A B R A A 13 R R R
(520.5) °C , FEHb A eI FI 2 K R AR ILIE 1B 1), 2013 4F 11 H BN FE 4 BAZAK AN S
BT 2 SRRz ], FRRMERAZ AN 1 ARA: 2 ROCRRIMIBAZ AR X B (25.7+2.52) em P H £ T2
#(3.35+0.48) cm,,
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Table 1 Basic physical and chemical properties of soil in different treatments after soil warming

fhg LB A A KA U
- Organic carbon storage/ Mineral nitrogen/ Total nitrogen/ Total phosphorus/ pH
I'reatment 2

(vhm*) (mg/kg) (mg/g) (mg/g)
CT 12.80+0.42a 6.57+0.14a 1.06+0.11a 0.28+0.02a 4.31+0.09a
LN 12.11£0.32a 5.44+0.34a 1.02+0.02a 0.28+0.02a 4.26+0.07a
HN 11.61+1.13a 6.53+0.08a 0.99+0.13a 0.28+0.02a 4.30+0.09a
W 12.33+0.45a 4.96+0.29a 1.02+0.04a 0.29+0.01a 4.27+0.11a
WLN 12.53+0.37a 4.89+0.29a 1.04+0.12a 0.29+0.02a 4.26+0.11a
WHN 12.00+0.12a 5.22+0.14a 1.01+0.11a 0.30+0.03a 4.26+0.11a

CT: %} Control treatment ; LN ; (RS Low nitrogen treatment ; HN ; EARA R High nitrogen treatment ; W ; SR b 7 Warming treatment ; WLN
Ty S AL B Warming and Low nitrogen treatment; WHN . WO 5 A A A Warming and High nitrogen treatment ; /A [] /NG FhE R IR AR AL B2
Iix] i, 3 2% 5 (P<0.05)
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Fig.1 Annual dynamic changes of soil temperature and water content in 0—10cm soil under different treatments
CT: XFH& Control treatment; W 14 i 4b B Warming treatment; AT, Wi 2 (8] i) 4 2% {8 Net difference between warming treatment and

control treatment

M 2014 4E 5 H¥IFEATE N, N BINALBER FH NH,NO, (4384l ) , 42 4E 4% 12 W&, & H A9, %
NH, NO,# f#7E 800mL (A TAFEFEM S8 0 2mm ) 25 27K T4 20mE 55 28 76 /N XN 4l i Moee - 5 ik
X /N A AT IEG Xt BRI DX 4 1) 25 B K
22 MARMNSHH

2015 4F 4 A 7EEAFEHLZRZE 0—10cem B8R A IR MR B, I IR 25 28 /K35 PR IR e T - %) - 5 fn
S50 BRI TR KT Pregitzer S5 BUMT 43905 s BLAR /N T 2mm BOAIARAL P o 1—3 P A
PR AR S . MBI Espon Scanner X432 MR AL IR AR 240 B3, A 52 U5 12
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FIFH SPSS 21.0 FAFXF B HATLE T 734, RHNE A G AEBIRL S Hr 3R (N IR F SO0 AR T 8 Ak 2
PEARARZIE ; FF Origin 2021 BRI, B3 T Bl - X AR i 22

3 ZBRE5S

3.1 BIRAEIR I AZ AR GO A PR 152 e

M2 A0, IR A2 R AIAR D A B E W (P<0.05) (£ 2), SHMEMIL, WIRMEAE D IRE T
9.7% ;N TANXt D s AR E (K 2), BHRYS N WIne 2 BAE X4 SRL SRA LI K RTD ¥4 &3 5%
(P<0.05), SXIE(CT) ML, W 1M SRL F&{% T 33.4% , WHN fii SRL [41 33.3%,LN .HN Dl &% WILN T
) SRL TG i 37254k, W (i 40K SRA F&E T 36.1% , WHN fiff SRA F&AIX T 27.2% ,LN \HN L) & WLN %} SRA J&
W, H LN HN W WLN £1 WHN T #I4i#8 RTD #4708 24k (£ 2, 2) . A8, N BNt SRA fI5
M) A1 AR R S, AR 1 3 SRR P AR LS I e 3 35 1 JC UM s s n L I 60T e 00 o 22 ) G ik 2 2%
516 2 F 3 PR POR R AU BRI 0 i 2R R (B 2)
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Table 2 Mixed linear model analysis of the effects of warming, N addition and order on fine root morphological characteristics

N ) HAizE i3IS R HIAR MY
AL 5E AR Root diameter Specific root length Specific root surface area Root tissue density
Variance of source

P P P P
Warming 0.047" 0.004 " 0.008 * 0.801
N 0.182 0.544 0.091 0.154
(0] <0.01" <0.01" <0.01" <0.01"
WarmingxN 0.174 0.026" <0.01" 0.013*
WarmingxO 0.166 0.139 0.056 0.055
NxO 0.884 0.457 0.028 0.268
WarmingxNxO 0.382 0.375 0.424 0.994

Warming:i‘iﬁ% Warming factor; N RN F N addition factor; O 4% K+ Order factor; * P<0.05

3.2 BRI ISAZ AL C N SR C N 52

1 3 W0 IR AN N BSIASZ BAE T N BSAF 2 (0) ZZ HAF B AZ ARG C & AT B2 (P<
0.05)(#3)., 5 CTHiLk, X WHN 4t C 45 T 5.8% , M HABAL FEIA XS 4HAR C F R E M, N
IS AR C & RS20 [RF 20000 5, FEAZ R 1 GR b ARER S A A A AR C & =¥ S eA e ¢ &
WO ES e AR C & & HARAR R INE R 25 7.7% ;78 2 FARF 3 G, AR Z SR
Z AR C R EESF (K 3),

B N TN OF AT AR N 5 BEARAE B A HAE A (P<0.05) (£ 3) . TETA P4, 5 CT A7 LK, LN
HHN AR R AYZ0AR N S0 B 248, W WLN WHN 2 828000 7400 N &+, HH P WLN 243 T Ay
1 M 2 JF A0 N MR 22 5 35w TR AL B, T W WLN & WHN 2B R4 3 JF 240t N & 2 8 6 i
E2EH(E3),

B N BN SOF AT C N AT R S HAEM (P<0.05) (£ 3) . 76 1 ZRh, 5 CT A Ik, LN A0
HN A FEXTARAR C =N HJ0 55200, ] W OWLN & WHN ¥R T ¢ :N, HHd WLN B# K T WHN; 7E
2 R, 5 CT A EL, LN ARBEXTAIAR C 1N Jo i %0, HN W WLN A& WHN b B 5 5 R T 40 ¢ :N, H
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Fig.2 Effects of warming, N addition and order on morphological characteristics of fine roots( mean+ SD)
LN fKZ4bHE Low nitrogen treatment; HN ; {5 (4L High nitrogen treatment; W ; 3R AL¥E Warming treatment; WLN ; 3475 5 (G & 4L ¥E Warming
and Low nitrogen treatment; WHN ; 3435 5 = AL P Warming and High nitrogen treatment ; No Warming Fl Warming 43 5| 2 7~ JCH4 15 A1 75 ; No
N Low N J High N 4} 3&R JERAS N AR AN B s FES N 5 B PSR K S S FOR R R P 9 2 ) . 38 22 57 (P<0.05) s ARI/NG SRR RO
AFEALHEZ ) 2 35 22 57 (P<0.05)

WLN Zb PR 4IAR C N 225 A F HABAL R 7F 3 G, 5 CT AHEL , LN AbBEXT4HAR C :N JC i3 520 , HN
KON T AR C N T W OWLN K WHN 835 F % T €N, B W I WLN Ab3 R AR €N 22 3%
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Table 3 Mixed linear model analysis of effects of warming, N addition and order on fine root C, N concentration and C :N
5 SR C N CN || Aok C N C:N
Variance of source P P P Variance of source P P P
Warming 0.013* <0.01* <0.01" WarmingxO 0.076 <0.01" <0.01"
N 0.041" <0.01" <0.01" NxO 0.041" 0.045" <0.01"
(0] <0.01" <0.01"* <0.01" WarmingxNxO 0.504 0.04" <0.01"
WarmingxN 0.011" <0.01" <0.01"
o | AR CT B s HN oo L ] FEsmm 60 L
R4 LN B 43R W C 1 & m
M SRR WLN B s
& W R WHN e Aa Aa Aa
~ o 45
2" o Babpyad ABa Aa
B 5
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S 15 15 +
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0 0
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2 Ac 60 |
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Fig.3 Effects of warming, N addition and order on fine foot C, N concentration and C :N(mean = SD)
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