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H H AT 5 A ORI  >, HAS IS e %
SRR FT AR ST K B, NS 0 0k A
( Pinus tabuliformis Carr.) 418 N & &, XFHIR
N & & 06 B & % % Xk ( Ulmus pumila
L.) PORIFGEIN & B, NS IS8 0 2 1 i AR AR AR
N S, AR EAR ZR W K 7 RN % o0 J5c T K
(IR, HARISHNAL A 4HE %, ARG EREY, Tk
HXT 3K 53 . 25 BE R ) AS AR X AN
K ¥ ( Metasequoia glyptostroboides Hu et
W. C. Cheng) J2# %l ( Taxodiaceae ) 4 7% i
RiFh, BAMRFKIE . o DIEERRIRL, B
ARV B B AR EEE A — . TEEEZ
FIAASE T, N TR IR AR T T /KA b 5 52
Wi, ARG T R 3o o, Sk, ARAFSE
DL N DR ™ B A DX AR BBV 16 3 2 1 AR Fh oK AZ
FBEsER S, AT N B, s K2 AR AR

PMFR C. N P IF R RRAEXT N WS iy ] 28 14 g
N, $ERANTE] N B E S AR AUHLAR N, P 3743
SYECAE AL, BRI UK AZ T N UTRE Y I8
NSRS RIS

1 B KL

5 M F VLI A AR & kg (120°07" ~
120°53' E, 32°33'~32°57'N), Jm@ i Hii Flg i
WAL X, AEFTM, WERl. PR
14.6 °C, A FHHIXRIE 88.3%, 4F7EAk A 911.9
mm, 4E¥TOFE 220 d, 4F HBEAFEL 2 209 h, 4F
PIRE/K & 1 050 mm. HIEFHCH DA o %Ak
Y B E 2 2 867 hm?, R TR K 86%, £
WIFRAZKEZ . 1-72 478% ( Populus euramericana cv.
1-72) %o KN TMFEHIIEAEOL L 1.

R1 KEZAIREMERFRL (2014 £ )
Table 1 The basic situation of M. glyptostroboides plantations plot (in 2014)
G4t PR R
Stand structure Soil physical and chemical properties
ERIR N i P vl g ey A PURERE SRGH PN 0 SR ANEEE
Average Mo e b .7J(% AR T E’.}L[Kg‘ Organic Total  Alkali-hydrolyzable Total Available
Stand Crown Moisture Total Capillary . .
tree . . . ) carbon nitrogen nitrogen phosphorus phosphorus
. density width/ content/  porosity/  porosity/
height/ Gbk-hm2) m o Y o content/  content/ content/ content/ content/
m ) ° ° ° (gkg™  (gkg™ (mg-kg™ (gkg™  (mg-kg™
10.33+1.83 417 4.61£0.65 22.85+1.71 44.09+2.81 42.46+3.68 8.19+0.38 0.71+0.01 54+4.27 0.85+0.03 14.27+3.91
'_\4\, ) N S 3 Ly, N N
2 HRFE BB TS, BEE 44 NI, IR (CK,
AL 0 kg-hm™?-a™). flt N (LN, 56 kg-hm=-a™).
21 RWigit . f g i

2014 4%, FEIRI0 X 43 il B ST Hh A% A 22
IKF—30hY 6 KN T AR, #5734~ 300 m x
100 m e, JFER DR P E S, 4 1~ 20 m x
30 m MKES T, HEJTIIBE& T 10 m, RIS 4kl
MLIX i, & 44 NS mab s, 44 ab 3
3ANEE, Ml 12 /MKH/NX . S BT IX IR
AN VIRERED, LUK R 2057 3 H i N A

N ( MN, 168 kg-hm2-a™') . % N ( HN, 280
kg-hm™?a™), 20154F, # M N & &I 50
CO(NH,),, 43 WK AEAKAZAE T NI, 28 1 KA
3AIER 4 A%, BInERA 60%, %52 K7E6 H
), WILEIER 40%, UL/ RHAEIHIR 2015 (1)
T AE 5 S SRR AR T A Wi o 45 Ab B AZ T AR
AR L2 2,

xR 2 BHREAZAIMHRIEE (2015 F ) FAMEFELEKE (2015—2019 £ )
Table 2 DBH in 2015 and DBH growth in four years of the M. glyptostroboides plantations of various treatments

WA N#Z I N addition

e CcK LN MN HN
4% DBH/cm 17.80£0.86 18.46£0.69 17.85+1.13 18.47+0.53
% K- DBH growth/cm 4804152 ¢ 6.12¢1.98 b 6.99:1.89 a 6.46+1.61 ab

H: ARNEFEEONAFEAR TR (EtKE) ZRE% (P<0.05).
Note: Different lowercase letters indicate significant differences in DBH (DBH growth) at various treatments at 0. 05 level.



%5 3 ) FIFH, 45

IKAZ N T ARG AR B AR AR N0 A i 2 163

2.2 WEMTEHNREMNE

2018 4= 9 A I, VA FRE M Py BB A Y g
7, RSN, fERARE T BB 3t R T
SEIMAE I ANE AREAR . 7E 3 BEFRUEAR 1.5 m
JEFE PR AR ST, AR T ISR AR 3] IS A i
MR, K g 2 MR 3P, TR
() A 8RN 2% o ( H Ay b o AR 2 452 itk O 53R AR
), IRIZBUA MR A R E WA bR i 3 1148
FIRRR S, BARIRAS (4 °C) RS E (B
R R S R IR GUR 4%, DAGRIIEAR R A R
SERME ), HZEWRKRRMR R R EHE D BE: .
RAER R B EMINE (FEAR RO HTIE ) X5
HIGPEMR, THAE<2 mm BRI AR, 2 mm<T{
<5 mm AR AR, I3 HIE AR Aric
s TN, 105 C AF 1.5h 5, 70 C
T EEFE (2448 h), BB, R5HME
Y AHAR AR 23 513k 0.25 mm i, eI A RE &
JEA TR PR, HEFRA& flE .

TEHL N REAAR R TE NG, TER MDY,
DL S HIEE 5 AN, BRI A E T E,
P42 3.8 cm (4l , £HHL 0~20 cm 4 7R
Y5 2 mm i, KEREYIRIRAA Y, A7 (E
S E TR e S EiE.

AR FIHLARE C & 8 A+ HEA WLk & R FH &
BRI AN AGED 2, AR FORLAR N 2 i+
SRR MEME YU E N e, HH0K#%
AEERH KCHARR @A NE, R A
HR P 5 FN 3 4 B SR AR SR BT L vk
A SO R PR R SR B I D

2.3 HiEAE

%% Valladares %% {7, 1153 4R AT
R C. N, P ARk 0 n] Sk 45 %5,
A IBYEN R, (% ) =|(NALEE — XHR) /%F 8 x 100%].

i 1 #4 §5 7£ Microsoft Excel 2019 #1 Origin
2018 F A i AT B SR R SR AR . SRR &
( One-way ANOVA) J5 251, 4rhr4sabsia +
HEC, N, P&, 4iARAHMR C. N, PilafE
E LA R T SR P 07 1 22 57 . AH [R] AL BRAHAR DR AR
[ C. N. P iFa4RAE LR Hon] 38 v 1 () 22 5
LI AE SPSS 23.0 Geit#kt hitktT,

3 HEREHA

3.1 NRmxtzkdz A Thk 1840 550 R 2200

H % 3 AT, N IS K AZ A AR 3R oA TR
AR N EZESR, HNBmEAR
[, FeAE R R AR . B N OGS 3
i, AR S RIS TR, B
7E MN b 3R B 5y, IR G5 2 38.29%, LN Al
HN Zb ¥ 5 CK Ab# A o i & 25 5% . NN IInfE—x&
BE RS T HE2A S (P>0.05), fEAH
e N W B, A S iR 5 7.78%.
16.86% #1 15.06%, {HEXIHEMHIL LR EZES (P>
0.05), #RTMI, THEAKARA S ahE N 30 1y
InSei G FTHESERRE I, SXTREAEL, #E MN,
HN Zb 3R 2% 3 83 (P<0.05), 4 NAMHETF 4%
IR B R R 29.12% . 56.76% #1160.99%
N AT - ek 5 & . AR & = pH EIY
R (P>0.05),

# 3 AE NHRMEX L pH EFNFS S 2N
Table 3 Effect of N addition on the soil pH and C, N, P concentrations

AP &

RAR

SHER

4 A 25l A A L
Qb PR +35EpH Organic Total ) ARARRCE . Total ) A o
: . Alkali-hydrolyzablenitrogen Availablephosphorus
Treatment Soil pH carboncontent/  nitrogencontent/ Sy i (e phosphoruscontent/ o
CK 7.70+0.23a  4.30+0.06 b 0.61+0.05 a 49.05+1.34 b 0.86+0.05 a 13.37x1.45a
LN 7.80+0.24a  4.90+0.13 ab 0.66+0.04 a 63.33+8.25 ab 0.87+0.04 a 11.75+3.38 a
MN 7.60+0.18 a 5.95+0.58 a 0.72+0.14 a 76.89+6.84 a 0.84+0.05 a 13.03+x2.41 a
HN 7.60+0.21 a 5.30+0.74 ab 0.70+0.11 a 78.90+15.66 a 0.90+0.05 a 15.93+2.64 a

H: ARNSFRENARAEE T LEC, N, PREREZEREE (P<0.05).
Note: Different lowercase letters indicate significant differences in C, N, P concentrations of soil at various treatments at 0. 05 level.

ERA R, N B KAZ N AR LA B
B MUK RS AR AR AR, EHLBEE N3
IS, XA A B o

3.2 N RMXPKREZMARIAFER CN.P TN
=]

BEE N @S agsghn, KIZ4im C & & Jo]
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WA (E 1a, p>0.05), MR C & & 2B
## (P>0.05), fX7E MN AT C & &N E S
T CK A1 LN 4b B, L0 CAE MY S5 TEY
i, X N B e N AR . NS B AR T 4
HRAHIRAY N &4 (8 1b, P<0.05), SRM4HH N
FEAE MN AT HN 23] G B 35 2 5, HIAR N &
HIEA N IS ISR B 225, W TR N
PN T A0AR FHLAR N3 52X NS e e o7 A
—E, SR NI, 4IARXT N0 A i R
WS, KAZMR N JT 2 2 M i A7 T AR
AN, N N AR T 4R AR C:N (8] 2a,
P<0.05), 44t C:N [#FE1E A 30.8% . 35.2% Fl

37.4%, MR C:NIWKEIH N 36.9%. 39.7% A
46.7%; NI 48w T 4088 FOH AR 19 N:P
(& 2b, P<0.05), % NN TR N:P 551
= CKALHEY 1.90, 5.18 Fi1 5.77 %, 40AR N:P 43
2 CK AR 2.13, 4.29 F14.59 1%, Kt T H
FIKAZXE N TCE A ECHLE 9 AE 1k, 4R C:N A
N:P 78 = NS s T [RI AR X NS Jom g o 7 9 553 o
BEZ N O A3 hn, AR AHAR P & i B %
X (Kl 1c, P<0.05), C:P @i (&’ 2¢c, P<
0.05), HAIMRFAHARK P & &M C:P 7E MN HI
HN Ab )1 T 2 25 5%

700 W 4 Fine roots 18 Il 448 Fine roots =40 c Il 448 Fine roots
2 600 2 B HLf Coarse roots 216 b I il Coarse roots 235 I HI# Coarse roots
=) o o3
= = 14 =
€ 500} AaBa AaBa ap”@ B2 e Ba Aa AaAb £30f Aa
® ® Bb 5 25
£ 400 510 Cb =
g S S 20
o 300 o 8 o
c c S 15
o z 4 a 1.0 Ca-@ Cb
I8 100 i I 0.5
4 & 2 &
o 0 =z 0 o O
CK LN MN HN CK LN MN HN CK LN MN HN
Ab B Treatment QbFE Treatment QbFE Treatment

ARG RO IAR AR BIR 2257 82 5 AF/NG TR R B R R R R R 22 57 3% (P<0.05), T,

Note: Different capital letters indicate significant differences in various treatments of same root at 0. 05 level. Different lowercase letters indicate

significant differences in different roots of the same treatment at 0. 05 level. The same below.
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Effect of N addition on C, N, P concentrations of fine and coarse roots in M. glyptostroboides
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Fig. 2 Effect of N addition on C, N, P stoichiometric ratios of fine and coarse roots in M. glyptostroboides

3.3 KIZERFNFAR CN.P T E4FMEXT N R m
B AT 2804 M 2

B N3, BT C:N, K2R
FURLAR C. N P A it i RR e nl 98 1 i i 4 i 2%
Hm (& 3, P<0.05), MNFIHNALEER N &
. P& C:PAIN:P ol e B2 5T LN
AbEE, H MN AT HN A HEFIE R E25, W N

AOMAEUE T AR R X NG R Bl , AT AR T
PICEMM e, HBEHE N HInEREn, N, Pt
FIMEAFE A A ZZ . HIAR N & Al C:N AT 88k
Mg 1 7 HN Ab 3T & 38 5 T40AR , AR N:P w23
P B 7E MN AT HN b BR324 08 28 & T 4R, 4R
1M N BRI AR SRR ] P 555 f1 C:P i nl #iE
M) S0 249 G J 2 52 ), A ARE R BH = N K A2



%5 3 ) [FIFFH, 5 KA N TARAHAR FIORAR e BB T St R A X NI 4 i 165
200, I 4047 Fine roots 200p b Il “1H Fine roots
[ #i#E Coarse roots 180 [ Hi#E Coarse roots

150+

100+

N 5t T S 7

Plastic response of N concentration/%

o
o

o

LN MN HN
Lb ¥ Treatment
100 c Il 4071 Fine roots
[ HIHR Coarse roots
L 80
2
=0
£
wg %
5 &
T a
z g 40
O 9
8 20
o
0
LN MN HN
KbE Treatment

» (o2}

o o

o o
T

N:P AT SR
Plastic response of N:P/%
N
o
o

LN

160 |
140
120
100

(e
o
T

Aa Aa Aa Aa

P 543t T S i

Plastic response of P concentration/%

(%]
o

| Ba

N S
o o
T

o

LN MN HN
Lb B Treatment

400p d Il ZHHR Fine roots
350 [ HiAR Coarse roots

300+
250+
200 +
150
100+

50 -

C:P [ ¥
Plastic response of C:P/%

LN MN HN
fib 3 Treatment

I 404 Fine roots
[ HIME Coarse roots

Aa

MN HN

Lb ¥ Treatment

B3 KEZMAIRFNIER CN.P iHEHFEXT N N 7] 22 140 Kz
Fig. 3 Plastic response to nitrogen addition of fine and coarse roots stoichiometric
characteristics of M. glyptostroboides

NITvE 3 <9 o2 R Y A
4 it
4.1 K2 ANI#FEHRERR

T HORERIAR A KSR, BRWARERKEF T
i N. P, KA IC R S0 TR0 1 F 2t 45
o o N AP g A R BR AR R A K ) E 2T
RO Wroe kB, SNETTR IS INAENS R & 1
KT eR &, SRS FRIC R AR A K
PRI PO, ZERTIADESE , Wang 48P7 3@ i 1k
St RS UE ST T WF S H K A2 AR K A7 3
N fR#. NITREZS5HyReE. WFRyEA. St

BAVEFI VA B AR A S i iz i S A A fad B2, 9F
FERLYI A A BTG BEX 5 37 A KA 25 S A e Y
PEBEVER . FEAEFSE T, NN T 4k
fER e, EHOKMEA S 49.05 mg-kg™ $#ETF
F] 78.90 mg-kg™', [EEF, N @M EFEHE T KE
Mgt A K, MafE K s 4.90 cm 2 71 3] 6.99
cm. B, NRIEKEZARE N BRHRAR GO 24
WG, BRI THEREE, TETEH
WEIEHE H, AR N2 e dE Fe AR P A4 K
E S KT NN 230k 55 %5 75 A A 4 i 42 2R A
X5 AT I RF T 45 R — B, DK A KB
NS I 3 2 B P RE R, £
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MN Ab3R SR, XFPEs A7~ Az AT g 2 K
N B INZE 55 R AT N TR W s>, &
HAAHE C. N, PAL2ETHE AT (JLH R
NI PG R B A T ), A=A ETRY
Bk, EZAPHIm ALK,

42 NHRMITKZERFMERULZIHTEHRE
A1

TEAM, SHEITTEMI, N BRIk
AR . AR C e miRss, 5 CIonEE N
P ssatonZ, BAA MR E A B, N g
WERMT M. AR N &H . C:P. NP, B
BEAR T P &, C:No N SN 3548 s A 4k
AT N S8, JHiMSESH AR AR CN T
FEFTN:P LT, 3X5 Yue WF5E & B0 N TR it
B R G CNP B2 EREUE B A Bl A —
A NG E R T 3 N TR AR
AR N &&= A2 dEE P, #2538
C:N FEEAN N:P B Fb, ARBFSE T N USInT L4580k
fift A AR S R AR FRLAR N 75 = 19 LT+
P & AEXS TR, 3 5 300 R S0 i oe 45
AH—E, RPN B AT N A, imitd
XPIE > T REARXT P, [FIET, N E IR ik
F2HE AR P A I A FH AR R b P B R X B
1&[34-35]0
4.3 IKIZARFIERL FIT RIS N R IR AT
SR [ [

WARMAK . P, SRRk SRk, AP
SrUb S THFER B K AL G R0, AR FHIARTE
FEYI 8 TR G R TP A B SRR AR TR, R A
YK IR KB FLA AR SER A B K 2T M
FPIFRAT LR, W ERA, AIAR R A PIX S S
TR AR AR o 5 M AR T 2 RO, SR, AR
WFFE e BRKAZAHAR N TR AE X NS I g T 98 1
M 107 EE AR B 55

TEAMEFEF, LN A1 MN &b 3R 40 4 FRL AR
N 2t NS A e R B AR — 2, SR HN R,
ZAR X NS O P8 i g ek 555 o AR e I o T A O
FEFRAIRBITE LT, B Je4s 35243 40 B 45 1R B PR
HPEGE IR IR B 5 1 Y BRI I, AR
TRz B IR B I FR A b3, I e
BB PO Y R SR A A B AL T
22 N BRI 7K A2 4R T BE 28 B w1 N F2 447
T A B4Rk 2s i RS IR A B K DRI

P FR o CGRICVAMRA N SB35 T
HIAR N 3 ) o HRAKCFMNE N ERINZE A 1 oy
PN FRT, BARSHG N TR BRI ST 45 3
LRy (R ) fRBEREAH B8, TS 4h
PN IR, NITTR SRR T E
CHUAR ) o [Hg, MR N &R, C:N. N:P AyT]
PRVENR N AEAR N AL SAIRTC 2 225, mifE
5 N AR B 5 32 i AR, St 7R A T X 7 53
30 BRI P A R0 7 PSR, HAAR I AR T
DRI E U R Z AR T E CRUAR)
EFFAMR N, P OCERPA, PREHOR I REA 52 5
Wi o NS 2 PR T AR R P &, B
#mry C:P, HANMR AR P &5 M C:P7E
MN H1 HN AR BE[EIEJC 25 25 5%, EAh, K2R
SHRERY P &R (C:P) BT SBMEm 7E N 3Sm
THERREEES, RUNBIT, #AIFRSZ
P JCERAEAIAR AR IA] A 0BT o XRS5 SR m] e
TIKEATIFAZE] P IR, WA PILRE
AR 2 3l S AR E SR A K R AR A ST

5 it

KAZ AN THYIR AR C. N, P i RRHEXT
NS I e 45k — B, BRAIAR T L MR C.
N. P e xS NS A ml S8 e 1 S 5, B
JPHIAR N & & C:N. N:P A R] #39%: 05 3 7E HN Ab
PN W3 = TR . AAR AR N:P B N S hn &
ORI TR:l) | Wi S e R (i N B (O N N1 E5 73 T O
FEHIZKAZ T AR N BRI, T 5 7K N3 hnml g
SIEKAZH P RRE, RIAEKZ R K E R
JeHEINJE TR BT 25 3 IR N UL
FERFEEHE NS 55 T MR T 3050774343 e SR me SR 1L
B, N AR R IRE L X K A2 N TSR 048 3
Tt 1) ) A B LR AR R
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Response of C, N, P Stoichiometry of Fine and Coarse Roots of
Metasequoia glyptostroboides Plantation to Nitrogen Addition

WEN Yu-xiang', FENG Kun-qiao?, TONG Ran', WU Tong-gui', Wang Gao-feng®

(1. East China Coastal Forest Ecosystem Long-term Research Station, Research Institute of Subtropical Forestry, Chinese
Academy of Forestry, Hangzhou 311400, Zhejiang, China; 2. Forest Farm of Dongtai City, Jiangsu Province, Dongtai
224200, Jiangsu, China; 3. Department of Forestry and Environmental Conservation,
Clemson University, Clemson 29634-0317, SC, USA)

Abstract: [Objective] The responses of fine roots and coarse roots stoichiometric characteristics to nitro-
gen (N) addition were determined to reveal the difference between fine roots and coarse roots for
Metasequoia glyptostroboides, which would provide theoretical guidance for understanding plant strategies
under soil nutrient changing. [Method] We conducted a long-term N addition experiment in M. glypto-
stroboides plantations in Forest Farm of Dongtai City, Jiangsu Province, with four levels of N addition in-
cluding control (CK, 0 kg-hm2-a™"), low N (LN, 56 kg-hm™-a™"), medium N (MN, 168 kg-hm2-a™"), and
high N (HN, 280 kg-hm™-a™"). The carbon (C), N, phosphorus (P) concentrations of fine roots (diameter<
2 mm) and coarse roots (2 mm=<diameter<x5 mm) and the soil physical and chemical properties were
measured. [Result] (1) N addition significantly promoted soil organic carbon and Alkali-hydrolyzable N
content, and the promotion effect weakened with the increase of N addition. (2) P concentration, C:N in
both fine roots and coarse roots decreased, while N concentration, C:P, N:P increased with the increase of
N addition. In addition, the response of N concentration, C:N and N:P in fine roots and coarse roots to N
addition were significantly different under HN treatment, which showed the response of N concentration,
C:N and N:P in fine roots to N addition weakened. (3) The plastic response of N concentration and C:N in
coarse root were significantly higher than those in fine root under high N treatments. Also, the plastic re-
sponse of N:P in coarse root was significantly higher than that in fine root under medium N and high N
treatments. [Conclusion] The response of C, N, P stoichiometry in both fine roots and coarse roots to N
deposition was consistent, while, plasticity response of C, N, P stoichiometry in coarse root was stronger
than that in fine root under HN treatment. Overall, our findings would provide insights into the understand-
ing of plant belowground nutrient allocation strategies under N addition, and also support for management
of coastal shelterbelt.

Keywords: Metasequoia glyptostroboides; nitrogen addition; fine root; coarse root; C, N, P stoichiometry
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