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Abstract: The ecophysiological responses of fine roots to nitrogen deposition will significantly influence the productivity and
carbon sequestration of forest ecosystems. Currently, there is large quantity of researches on the responses of fine roots to
nitrogen deposition, but there are still some controversies. In the present study,a simulated nitrogen deposition experiment
was conducted to investigate the impact of nitrogen deposition on fine root ecophysiological traits of 1-year—old Chinese fir
( Cunninghamia lanceolata) seedlings. According to the ambient nitrogen deposition, three nitrogen addition levels were
set: control (CT, 0 kg N ha™ yr™'), low nitrogen (LN, 40 kg N ha™ yr™') , and high nitrogen (HN, 80 kg N ha™" yr™").
Ingrowth core method and soil core method were applied to measure fine root biomass, morphology (specific root length and
specific root surface area, root tissue density) , stoichiometry (C, N, P, C/N, C/P, N/P), and metabolic characteristics
(‘specific root respiration rate, soluble sugar, starch, nonstructural carbohydrates) after one year of simulated nitrogen

deposition. The results showed that; (1) Nitrogen addition significantly reduced Chinese fir fine root biomass, but
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significantly increased specific root length and specific root surface area, especially for roots of the 0—1 mm diameter class.
While nitrogen addition had no significant effect on fine root tissue density, HN treatment did decrease fine root tissue
density of the 0—1mm roots. Compared with the 1—2mm roots, the 0—1 mm roots were more flexible to change in terms of
root biomass, specific root length, specific root surface area. (2) Nitrogen addition significantly reduced C concentration
and decreased C/N and C/P in fine roots, N concentration and the N/P ratio in fine roots of 1—2 mm were significantly
increased in HN treatment, while in LN treatment, P concentration was significantly increased and N/P significantly
decreased in fine root of 1—2 mm. There seemed an interesting phenomenon that P absorption of fine roots was improved
only under low level nitrogen addition. Compared with the 1—2 mm roots, the 0—1 mm roots had more conservative
concentrations of both N and P.(3) Under nitrogen addition, specific fine root respiration rate had no significant change.
Soluble sugar concentration in fine roots increased significantly with nitrogen addition, but the concentrations of starch and
nonstructural carbohydrate were significantly reduced. In conclusion, the results showed that the C allocation to build fine
roots decreased with nitrogen addition and it might decrease soil C sequestration through fine root turnover. Compared with
the 1—2 mm roots, the 0—1 mm roots seemed more flexible to alter their morphology (specific length and surface area) ,
while more conservative in N and P concentrations in order to maintain the ecophysiological activities in fine roots. Under
nitrogen addition, specific root respiration was unchanged, but the total nonstructural carbohydrate in fine roots significantly
decreased and more starch was converted into soluble sugar, which implied that fine roots under nitrogen addition might

subject to carbohydrate limitation.

Key Words: nitrogen deposition ;fine root ; biomass ;fine root morphology ;fine root respiration ; nonstructural carbohydrate
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Py 2 A ZAEF 20 20.1°C, ZAEFH KR 1 670 mm, [FKZHEHS T 3—8 Ay, ARAFRIX 1L
A b=y A= Ri0EAR: Fiik: e STk

R A b TR K 1 75 5L (36kg N ha™! yr™') ARSI E X IR (CT) ARZI(LN) (40 kg N ha™ yr™') |
HZA(HN) (80 kg N ha™ yr' ) (b3 RpFp b3 5 DR B S50/ IXTH AL 2 mx2 m, 3 15 4~/N X, /X P
FZEH 4 B PVC AR (200 em x 70 em V&) FEEZIM AL, 5 8 Bl L3RR, /NX 809 AT+ HHEHCA FHE R
FEARM A, #2 0—10 cm . 10—20 cm ,20—70 cm 432 HUIAT, HIBRAR R A S H oAb 22, L2 IR G5
J& RS R EIE RN/ N R L A E RS AR AR, 2013 4F 11 AERAN/NXFE 4
BE1AEARRZ ARSI . IET 2014 4F 3 A IR ENE (NH,NO, , Z047 4l ) | 45 A H 91 LLE R BT 20N X e
SARIL 12 IR, F RSO ZR K A /N X BRI BT T ZEWEI ) NH,NO, I AE 800 mL (AH 447 ft 1 i
292 mm) £ B F K TP 55 2876/ DX DU ) G B MGEE b D7 07N DX S8 ST % /N DX 5 2 ) 2
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2015 4% 1 A R A AR/ NX BEHLIROY A 4 255 B A% 3.5 em, WE 0—10 cm Al 10—20 em +
AR R (W 1),

®1 AKX R ER(0—10 cm #110—20 cm)
Table 1 Soil physical and chemical properties in CT LN and HN plots(0—10 cm and 10—20 cm) (means + SD)

. FEHb Plot
3P Soil property : _—
+ 2 soil layer Xt H& control R4 low nitrogen B4 high nitrogen
AIEPER LR DOC / (mg/kg) 0—10 ¢m 6.71+1.55 a 6.00+0.93 ab 4.82+0.68 b
10—20 cm 5.30+0.55 a 5.96+0.96 a 5.69+1.22 a
A HLA DON/ (mg/kg) 0—10 ¢m 3.82+0.80 ¢ 7.66+2.25 b 17.10£5.38 a
10—20 cm 4.49+0.65 b 6.50+2.80 b 16.19£2.48 a
BASHE /(mg/kg) 0—10 cm 3.65£1.05 b 4.3320.91 b 14.00£2.34 a
10—20 cm 3.10£0.55 b 3.52+0.37 b 12.23+4.89 a
TS A / (mg/kg) 0—10 ¢m 3.28¢1.43 ¢ 9.98+0.68 b 19.08+4.10 a
10—20 cm 2.70+0.98 b 4.25+2.30 b 17.37£2.80 a
2T TP /(mg/kg) 0—10 cm 211.33+12.93 a 203.24+15.52 a 221.08+12.33 a
10—20 cm 217.29£16.6 a 207.54+10.81 a 201.89£4.10 a
B AP /(mg/kg) 0—10 cm 2.09+0.40 a 2.200.27 a 1.86£0.17 a
10—20 cm 1.96+0.15 ¢ 2.24+0.21 b 2.60£0.22 a

()45 AN [ 5 B 2R AN [e) b BRAE [6] — 5 AR H ik 2 0.05 357K, B P8 - A B+ pn e 22
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4 0—1 mm, 1—2 mm HFF50%, SRJEH HIE I E N A K IR, SR G AR GIREE S o, ALk
R4 T AR P 52 | R AR i B AR AR N AT 2 min, ZJETE 65°CHEAR AL 48 h B EE T
TEMRAK(C) A(N) B (P) AR45FMERk (NSC) & .
1.2.2  HHARIFIR RN A0 AR 25000

R T R DU S S 0 VR AR A A S S BT R 0 AR AR PG A A — R s P A R IR T A — R
R, FIAF  Fr) AR PR 5 1A BRI 2 h 2 S8 A, 00 AR P W2 T, K DR 4 A A2 AR AR T TR
A 094 FEZE v (10 mM MES, 1 mM CaSO,) H', BB £ 10 min , 22 R A BB RE IR Sl 18°C /K i
DLIA B 5 R0 PR B 10 -, LA 1 00 %) A AR 5 2 A7 A KR TP A R AR TR 1 ANAR R I YRR AR
( Oxytherm, Hansatech, UK) #4752 , I HL 2.3 ml 7K 8RB P 4 22 PO A S8 HL AR SO N A H | 22 5 B et
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AR B EAE 65 CHFE Pt T2 E B HURAS DU R Bcdis . HEAR K = MR K/ 15 ( Specific root length, SRL) (m/
o) L EM A = F AL T 5 ( Specific root surface area,SRA) (em®/g) . b 3 % = PRI 3 R < (A /60,1 &
( Specific root respiration, SRR) (nmolO,/g/s) ALV E = T F/{AFL( Root Tissue density, RTD) (g/cm’) ,

1.2.3 ARSI E

2015 4F 4 H (UG 1 AEAAT) R L EEAEXF B (CT) MRE(LN) (&2 (HN) /N X A AR R #E1 TR ATL
Ok AN A 18l E B EAR 3.5 om BURETRZ 22 0—10 ¢m (10—20 cm ,20—40 cm F1 40—60 cm, Kf
AR YRR B 5 7 BV [ SE 30 2= 35 Pk, SIFRIEAR G 7 0—1 mm F1 1—2 mm 29, 43 58 A/ME B4 A
65 CHEA P+ = HE
1.2.4 4R C NP MZET; %

R HET 0 40 AR AR SR Sl R E UB 4, FRIBC 10 mg FH T 2R 43 B 4% (vario EL 11T Element
Analyzer, Germany ) MERARGMRF C N & FREL 250 mg IARFE S H HCIO,—H, SO, 15 & i i 2 25 2] 100
ml, FE 24 /N RE LV, HESL 8 AT X (skalar san™, HOL) W& P 4t
1.2.5  AIARIARSS I PERRIN E J7 1%

it R I AR I - R 1 ) X AR A S A PR A T I A

BRI A IR < K 3 AU REREAE 80 °CAHIRAR UL e, BRI 0.1 ¢ A4l (A5 61 22 0.0001 g) , /i
KRG 100 mL 2550, IF FHZRIBE K E ) 20 ¢/1.40 ¢/1..60 g/1..80 /1100 /L ¥ B {4 JEE M A 1
T, AN L BE TR 490 nm AL 5E WA, il ks o i 2%

AT BRI S FRIBUB P TAF 60 mg, A 80% LB 10 mL, #EHX 24 h J5 ] 4000 /min £5.0> 10 min K
BRI WA AGE 24 1925 R 7E5R B DOIEW h B 80% £ 1% 5 mL, AR ZE 850 5 min, SRR FIE W E
25 I BIVAT FH T AT e B

TEH BRI A R AR BUS OFRAYYIFE 100°C FHE 3 b, BIA 10 mL ZE187K 3 ml 3% HCI 7E7K 55 K it
0.5 h ARGtk JEZS, Bal T I s & sl

AT PERERITE AR IR BE DU - B 1 mL 9, e B .08 T I L mL (B T 80% L BEY ) 20% A< Bp ¥
W, ARG SERDEE 5 mL WRBRER AN AR , $8 2 B0 1 min, BHE 15 min, K JHEESM AT WA B HHE 490 nm 4k
DU WAL, PR A TR P A o i 2 133 o T i M R e A VR BE
1.2.6 HdRAbHS b

FEHGETHEIE SPSS19.0, X AR A=Wyt AR UAR K (SRL) (AR FE R AL (SRA) .C NP .C/N N/P .C/
P 2R H I 3 3R (SRR) | AJ 3% PE M (soluble sugar) | J€ #3 (starch) | dE 45 #4 P 5% 7K 16 & % ( Nonstructural
carbohydrates, NSC) WHUE LA A 78K 2807 22 7041 (i 8AL 38 AR 0 , TR0 B0 R 28 5 26 0 B M e/ N b 3
255 2 W AR B[R] — b B R [RAR G 18], A K Rl — 2 9 AN [ Ak 24 ) 40 AR A F8 AR 10 22 5. AH G IR R
Origin 9.0 #ff J Excel 2007 58 Y,

2 ZR5H5H

2.1 RABI AR A Y MBS RRE A S R

FE 2 PRI LUE RS I AR G DA K P 22 ) 9 58 AR R AR 2 0 1 S e 349 5K B 2 KO (P<
0.05) . 5 CT 4R S/ Y s AH e HN AL BRZNAR B ) 5 A (8 & B AR (P<0.01) , T LN A3 TC 3% 25 5 (P>
0.05) . f£ 0—1Imm £, CT LN HN P4 A Py iRk &2 i 25 PR AR 3, 76 1—2 mm 2% CT LN,
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Fig. 1 Fine root biomass, specific root length, specific root surface area and root tissue density of different diameter class under

different treatment
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Table 2 Two-way ANOVA table of effect of different treatment, different diameter class and their interaction on fine root index

P& P- value
#45 Index QEFH Treatment 124%% Diameter class ﬂ\iﬂﬁéﬁ
TreatmentXDiameter class
) Biomass/ (g/m?) 0.007 <0.001 0.010
FEARK: Specific root length/ (m/g) 0.002 <0.001 0.397
HF TR Specific root surface area/(cm?/g) 0.033 0.001 0.144
HYVEE Root tissue density/ (g/cm®) 0.480 0.616 0.063
e C/(mg/g) <0.001 0.404 0.003
A N/(mg/g) 0.002 0.001 0.802
i P/ (mg/g) 0.002 0.104 0.053
AL C/N 0.001 0.002 0.399
AW N/P 0.001 0.075 0.019
st C/P <0.001 0.011 0.011
HLITIR 8% Specific respiration rate/ ( nmolO,/g/s) 0.337 0.002 0.574
TTVATERE Soluble sugar/ (mg/g) 0.047 0.061 0.197
JEH Starch/ (mg/g) <0.001 0.814 0.884
LB MR KL A% Nonstructural carbohydrates/ ( mg/g) 0.003 0.169 0.627
BHEHE Soluble sugar/ Starch <0.001 0.269 0.106

FAS IR0 AR LR N L e 1 ARG 52 i 3% 21 12 25 K F- (P<0.05 ), IS AR 4 9 52 LA AT X e
MR R HIFR AR A B3 (P>0.05) , AN ARG LA K RIS I -5 78 2 52 B I A0 AR 2 205 38 45 06 1
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FR(P>0.05) (£2), 5 CT ALHAH L, LN HN AbFEZANAR FUAR KRN b2 i A4 2 2538 i ( P<0.05) , 7£ 0—
1 mm 2% LN HN ZbFE B 40K AR K34 5 35 38 A1 ( P<0.05) , HN &b B A% 20K 11 2 i AR 35 4% i ( P<O.
01) ZHZU B B 2 AR (P<0.05) o 7E 1—2 mm 724, HAA LN A FE0AR FUAR K W 334 in ( P<0.05)
2.2 FASIOS AR TC R AL 2 T s M T s )

RIBMXTAR C N P .C/N N/P C/P ¥ W EH M (P<0.05) ; BHX 4R N & C/N.C/P A BEE
M ( P<0.05) , XF4iAR C P N/P Joi E 5200 (P>0.05) ; A I 52 H 22 HEAEHXT 4R C & & N/P.C/P A
WER (P<0.05) , XHIR N P C/N ¥ B EHW (P>0.05) (£2), 76 0—1 mm 4%, 5 CT M kL, LN,
HN 2B Z0AR C & C/P I B A% (P<0.01) ,HN ZE BRI 4N C/N B3 K (P<0.05) o 7E 1—2 mm
B, 5 CT A, LN ZLFRAIM N/P C/P BEFER(P<0.05) 4042 P 3E 1NN (P<0.05) s HN AL FEANAR C
C/N i ZFEA%(P<0.05) , 404 N N/P [t @38 ( P<0.05) ; HN AbBH4HME N . C/P N/P B E & T LN(P<
0.05) ,1fif LN AbHRANAR P 5 &40 3% = T HN(P<0.05) , (Kl 2)
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Fig.2 Fine root concentration of C NP and ratios of C/N . N/P,C/P of different diameter class under different treatment
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2.3 G 4R A BEAR G R

N2 AT LIE Y U I m i P i A HE R N (P<0.05 ) , AR JE K 5 5 NSC. MR (. 25 FAAIK
(P<0.01) ; BHAAEAIN SHEHZ IR AE HAEFXT AR AT s & i JERy & & IR NSC RTHEE ey e i & 5
Wi ( P>0.05) ; AR AR HLIT IR RN A F4 0 5 7K (P<0.01) , BES A RIS N 5489 =2 18] 9 58 5 AR
X AR HE IR 3 SR i 25 22 57 (P>0.05) . 5 CT M HL, LN ARBRARAR 3EAs & B NSC e 8 AR (P<0.01) B
FoR 238 TS (P<0.01) 4R ATy Hpl & T i 35 22 53 (P>0.05) ; HN AL BRI v] 75 b 5 2 FIOBE U Lol o 3
ThE5 (P<0.01) AIARTEHRS & 5 NSC 14 53R A% (P<0.05) . CT LN F1 HN AbF 2 [B] IR Fo W0 5 3 TG i 35 2%
5o 0—1 mm &, 5 CT AHEL, LN A1 HN ZbBRR A0ARTEHS & 1 NSC 242 F R (P<0.05) , 4NAR M IE L i 2%
T (P<0.05) . 7E 1—2 mm 7240 | 5 CT AL, LN AL BRVERS & & NSC 1 FH A% (P<0.05) BEEH BT
(P<0.05) s HN AZbFE ATV HEME & 5 MHE LI R B TR (P<0.01) | VEM & Sil B 3 AR (P<0.01) (B 3) .
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Fig.3  Fine root Soluble sugar, Starch, NSC, Soluble sugar/Starch and Specific respiration rate of different diameter class under

different treatment
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TS0 A A 5 I ARG IR A i [ A A ARG 0 RS R AR AR X 3R 40 R A i 1 T 2
A 2R A A 9 4 (B0 T R ) 2 AR A R R AR I T AN AR AR ) D X 5 Poorter'
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W AR R BRSSO 43 R 2 B 83 ik v, RIS EEAR A 18 SR/ IN AT A2 B ) R 2R A BTG P 1Y
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Xof B R AT %) D e MV T, B a4 L AR R R L 3R T AR L SR D AR A e A AR AR R ) R R X 3R 4
(4an P FK AW, 5 ) s 7 2B A 1 A 2 R GE RIS v A A R I 4508 - DA S N 2 (AT 40 4 AR L
HRA I/ 720 ARBIFE X AL L2 Bk T AT | &4 BR = K EUTRE IX 22—, K4 X+ e /A s,
YA RK EEZRBERRH ., ZBINE 2R T 18 N R0 AR E , AR AR 4 AR, T 4 AR AR
K R R R USSR IR SO R RE

3.2 RIRIAAZ ARG AL 24 R 2 1 R
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