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Effects of warming and nitrogen addition on nitrogen uptake Kinetics of fine roots

of Cunninghamia lanceolata seedlings in different seasons
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Abstract: In order to reveal the influence of global warming and nitrogen addition on the ecological process of Chinese fir
( Cunninghamia lanceolata) seedlings, we conducted a two-factor experiment of warming and nitrogen addition, which
consisted control, warming, nitrogen addition, and warming+nitrogen addition. The study site is located in Forest Ecosystem
and Global Change Research Station of Fujian Normal University in Chenda, Sanming, Fujian Province. The results showed
that: (1) the absorption rate of nitrate nitrogen by the fine roots of C. lanceolata under different concentrations was higher

in spring and lower in summer and autumn, but the absorption rate of ammonium nitrogen was higher in summer and autumn
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and lower in spring. (2) The absorption of ammonium nitrogen by the four treatments followed the Michaelis-Menten kinetic
equation, but the absorption of nitrate nitrogen did not fully followed it, which showed dual-phase kinetics in different
seasons. (3) In spring, compared with nitrogen-free addition, nitrogen addition increased the maximum velocity of NH;
(V,_.-NH;). In summer, compared with no warming, the warming increased V,__-NH;. In autumn, compared with no
warming , the warming decreased the Michaelis-Menten constant (K, -NH} ) ; compared with nitrogen-free addition, nitrogen
addition increased K -NHj. Warming and nitrogen addition had no significant effect on the absorption rate of nitrate nitrogen
at 100 pmol ( V,;,-NO; ) in different seasons, and there was no significant interaction between warming and nitrogen
addition on V,_-NH;, K -NH; and V,,-NO;in different seasons. The results indicated that warming would improve NH}
absorption capacity of Chinese fir seedlings in summer and nitrogen addition would improve NH; absorption capacity in
spring and reduce NH] absorption capacity in autumn, but warming and nitrogen addition would not change NO; absorption

capacity in different seasons.

Key Words: nitrogen uptake kinetics; fine roots; warming; nitrogen addition
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Table 1 Soil physical and chemical properties of different treatments in different seasons ( Mean=SD)

‘ e 2R K A AR
F i L Ly & Total carbon’ Total Total Ammonium Nitrate
Season Treatments Temperature/°C Moisture/% (mg/e) nitrogen/ phosphorus/ nitrogen/ nitrogen/
(mg/g) (mg/g) (mg/kg) (mg/kg)
% Spring X HR 19.49+0.4b  15.83+0.74a  12.49+1.29a  1.16%0.12a 0.78+0.07 4.56+0.15h 1.39+0.57h
iR 23.21+1.97a  14.63+0.49b¢  10.21+0.71h  0.98+0.05h 0.69+0.06 6.19+0.58a 1.77+0.59ab
A 19.29+0.41b  15.57+0.64ab  12.04+1.31a  1.12%0.11a 0.77+0.05 6.00+0.86a 2.59+0.93a
BRI 23.06+2.3a  14.43£0.92c  10.99+1.14ab  1.03£0.11ab  0.76+0.08 6.20+0.42a 1.96+0.52ab
HZ Summer X HR 27.59+0.47b  8.00+0.9a 9.41+1.07 0.92+0.11 0.25+0.03 5.55+0.33h 1.40+0.22
bz} 30.8+2.49a 7.00+0.4h 8.34+0.89 0.84+0.09 0.25+0.07 6.98+0.67a 1.30+0.53
A 27.270.55b  7.00£0.8ab  8.99:0.66 0.89+0.04 0.27+0.01 5.15+0.26h 1.12+0.07
BRI 29.88+2.48a  7.00=0.4b 8.48+0.50 0.86+0.05 0.24+0.03 6.49+0.42a 1.45+0.66
kZ Autumn X HR 23.07+0.88b  8.00£0.6ab  9.02+1.47 0.83+0.13 0.28+0.04 3.48+0.11h 1.56+0.13ab
BiR 27.44+1.15a  7.00%1.5b 9.04+0.84 0.86+0.07 0.29+0.04 5.35£1.97a 1.45£0.37h
A 23.02+0.65b  9.00+1.3a 9.12+0.45 0.84+0.03 0.29+0.02 3.82+0.11h 1.64+0.31ab
A+ 4 26.52+2.27a 7.00+1.4b 9.54+0.69 0.89+0.05 0.23+0.03 3.94+0.55ab 1.92+0.36a

(B AN )N bR R — 24 b B 25 5 (2. 3% ( P<0.05)

1.4 ANARAR R 2 ER S A0 5
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3 R (K 100 mL 2247 ), DAVEZS AR SR e e S "N op vk J5 I A0 AR B F 70°C HEAE TP LT (24 ) , B ER
PEASOSMETF5 B AR PEA T B SR H [V & A3 ( Finnigan MAT-253, Thermo Electron ) TEAMAREN &
%,%ﬁﬁfﬁ%ﬁ*ﬁﬁ((vario EL 111 Element Analyzer,f%lﬂ)i)ﬂ”%ﬁlﬁ:é N &g, B 1 AR T R
FHAME B AR FEE T AR AN, NH;-N WSO 258 0 NH, Cl SO 15 0 AR BN & 10 K25 FI )
PR AR A9 N ZR A5 (NOS-N WG 538 2o [FTRE 7 35645 ) RIS =R
PRic ) AALE N MR — 25 6 IRAHARLE SV ok

NH;-N WHSGH 3 (umol g™'h™") = bR AT (1)

PN ¥ = Atom% "N x 4 N ¥k (2)

Atom% “N=[ (8"N+1000) x RAIR] / [ (8" N+1000) x RAIR+1000] x 100 (3)

A Atom% HFRICIE T H /% (%) ,8°N(%0)= (R #£fh / RAIR-1) %1000 (4)
RAIR ="N/"“NAIR, & 0.0036765 (5)

Michaelis-Menten 2l J1 2% 2508 50 % 1] Lineweaver & Burke RUEILEE P 254 i8558 HA R .
1 1 K, 1
— =+ X
V anax Vﬂldx C
L, VB TFIRICGHR (wmol ¢7'h™") |, C AEFHRIE (pmol/L) |V, A KIKICHE R (pmol ¢ 'h™") K, A¥
A AL,
1.5 4o
FIH SPSS 21.0 BT BAE A TS 00 . SRR A LML B 251 3095 Z BT 4iAR AR R &

http ; //www.ecologica.cn



3000 JAE = 40 4

RN B 12 #Z B R XU 2807 28 70 Bk 36 A ) 215 1 3t -55 S0 oS AR TR 25 i sl g ¢
SRR, R Origin 9.0 BRAFVERE , P2 AR Bt A P33 fE hrafe 22

2 HR55%H

2.1 ARFEZETARRELNEF A2 AR A 2

P 2 FRHTE = A0 o DUAS A B 8 AZ A B RAR O AS ) o B2 T A 265 260 04 W A S AR S B B R v
RS B T H R [V T e S R R R A S B R R, R R IR S 8, RIRZ
7 PO A B B AR X AN DR T e 2 I W AL 3B K -2 R sl 1 2 O R (RP K F 0,90, P<0.01) , 8%
A5 U W A 3R S B ) ot o e 2 R RO B ) B i 4 s A A . = AN MRV RO T, S A Wl
B LA AS RIMCER DU A B R ARAR S AR TR e BE R A S A WSO AN 58 AR K [ AR, B2 K A B AR AR 75
25 100wmol AL F I HWILAM A, 7E 10—50 wmol ¥R T 5 [ FH#a%, Mi7E 50—100 pmol & T 5T a3,
W5 S R BT, BT ARG X b S A A B S AN L 100 pumol VR AN AS UMK, LG Al T
Voo MK, BIEAR SR 100 umol B4 25 UM ISGH S6 4 S BAT T A 2 U U BB 1 I8 AR 2B A T4 T

18
1 o # #
04 | = ik | I 15
- % 12
0.3 | —~ HHR + Hi% 0
0.2 e
2 -
° g 0
g ! N
= o 18
3 ) £ K
1= -
5 04 g b
g 0.3 §- 12
: 0 x
o 02 g
2 Z ¢
% 0 g ¥ 3
= 0 § 0
0.5 = 18
5 * & *
2 04 § 15
= - 12
9
0.2
6
i V“*/ 3 &
0 . . . . . 0
0 100 200 300 400 500 100 200 300 400 500
AR A RIRE
NO;™-N concentration/(umol/L) NH,™-N concentration/(umol/L)

2 AEEFAEAETARBSRMESRRBIE N ML CPIHbRER)

Fig.2 Fine roots kinetics of nitrate uptake curve of different seasons and treatments ( Mean+SD)
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x2 =Y WESEFMN V,, -NH, K, -NH) 5 V,,-NO; ZInNEEE &SRS

Table 2 Mixed linear model analysis of the effects of season, warming and nitrogen addition on the V,, -NH}, K -NH} and V,,-NOj

A SRR Vi "NH} K, -NH} Vi00-NO3

Source of variance F P F P F P

S 17.509 <0.01" 28.575 <0.01" 12.43 <0.01"
W 5.194 0.026" 0.664 0.418 0.757 0.388
N 8.533 0.005 * 0.643 0.426 0.615 0.436
SXW 0.278 0.758 2.337 0.105 3.815 0.028
SxN 1.318 0.275 2.635 0.08 1.668 0.197
WxN 0.004 0.947 5.535 0.022" 0.719 0.4
SxWxN 0.39 0.679 0.894 0.414 0.536 0.588

S: Z T Season factor; W #HH F Warming factor; N: ZUA AT Nitrogen addition factor; * P<0.05

& 3 45, F 2 ZiRnxd v -NH; A% 8 &0 (P<0.01) {HX} K -NH; 1 V,,,-NO; W H# B
ER 5 AN L, BRI AE v, -NH; 85 T 36% (B 3) , SRS E AN 2 EAE R V-
NH; K -NH; LAK V0 -NO; W3 54T i 25 500

B2 HaExt v, -NH] A3 B E 50 (P<0.05) ,fAX} K -NH] F V,,-NO; W SCARBEAT 528 00 5 5 35 A7
AR G SRR v -NHG 25 T 16% (B 3) o Zdsinst v, -NH; K, -NH; BAK Vo, -NO; W% o 5%
Wi, EES NS 1IERGIR S AR RNV, -NHG (K -NH; S V0 -NO; WIS i & 5
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NO; WSCERBAT .2 5200 5 5 A AAS AR LG, BSSINfdE K, -NH 555 17 19% (&1 3b) . 3RS A B 52 5.
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Fig.3 Fine roots V,, -NHj;, K, -NH; and V,-NO3 uptake values in different seasons and treatments ( Mean + SD)
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W3 AR i A B SRR AR FE K B 200 mol PN 7722, X RBIAR R AT NH; B 5~ 19 oK A
SR  PRHCTE S Bl Az 77 vh AR B >4 53 IR 00 & BRI SR R A T35 5

FEA T A MR S 245 G ) W S 3k %6 P 3 55 X 2 SR P IR 6, Wije A1) 3 A BT V8 A2 ((Abiies
Sabri) GRS 0 F 5% (6] RF & B0 A5 000 IR0 30 g T A S R I e T R gk R R AR X W ( Typha
orientalis) .7 35 ( Phragmites australis) 5 BEHL ( Scirpus triqueter) B FE & BL, = FAE Y6 NH ) 0% Y i3 R
=T NOS BRI R NH, J2iX = FiAi ) 2Ry TTALEIE A . BEARXT NHY # WU e g 38 5 R T Wl
NO; FYRES % (A AE AR v i] REAETE A R0, n o] B335 A5 140 Xo A B A AR 9 % 30, LR N (9 i
JIRNHE RIS TR NO; B, AT AR ) 2 ZE BB A AT BB NOS . 33X 3 WA bR AN [RDE 28 A
W H AR Y DS P RE S AR RS A G,
3.2 MRS E B IAZ ARG E W 3l ) 12

2 - ENT IR A A2 A AR B 25 R i R W A3 3 2 4 , B X A 2 ) W AL AR T i 5], 3K
5 — 3 5 2 P B SR B R 6 OB ST S5 AL, AN Cruz 2517 X A ( Ceratonia siliqua ) WIFSE & B, 241
M 15 CHEF 25°C IS, 1 TA I AN 1 X i 25 000 WOST R 32 T 0k il 285 280 1 W WA i 3 TC W % B2 A, Marschner
SIS IR A2 9E R B, ST N SOCHE B 15°C B, 25 A2 Xob 4o 785 R0 40 W AL 38 5 o 3 8 ) 348 Jon v 348 o, {HL
Xt AR R WSO R TGt S, Geessler 85 X LI B ( Fagus sylvatica ) FIBIFE & B, 4R I 20°C 34 5]
25°C i, L1 TR0 i A8 R A W A 23 o 3 o X i 288 R W SOk 32 T 1 35, (EL AT — SN [] (Y 41
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U Gessler 55" R ISR EE I 20°C HEF 25°C 1, 542 (Picea abies ) i 25 Z8 1 W AL 3 8l 25 10 0 i %o 4 25
BRI IS SR TG S B 52, Bassirirad 2581 SR FH Al 80 S8 00 IS 186 0L 114 7 XX V0 £E UK (Agropyron desertorum ) 1Y
F5E B0, BRI AR 1 AR i A8 U e KRS R, WL 5 [ AR A 5 0 MR AL B T A8 Ak e ff DAL i v AN
THAE, — 7 T AR O AR AL T LA G AR NH Y NOS ™ A MR 2 AL S T T R R R R W 3R i AR
B, 55— v, AR X A0 v i ek A A AR 2R I e O S )3 Sl i R i 5 o R R 1 T FE AT R,
AIREDR R R Z R T IR AR R T AR U, PR T AR A Y IR S TR N AR
B IR & 1 B8 AR S R AR, HeAh R B O 22 B AR R, 2 B 2 R R B S AL, B A
Y P RETE B Z AR IR RS A . K, BN EIAXT B FRSE R K, B0 3R B R R A
M, 5k AR B R AR B B B A RCR A LY AR ST K B I RIR T Y K -NH 3 AR, X T BE
JE R Ry - R A TR AR N A X TR AT RS SR TE R, AL AR TR 43 MR AT ) 235 R T 4t v, X R 1
TG A W ORI FH R 0 1 SR

B ZE RS T AR A2 A 240 AR 0T e 285 80 1) e A WA A T 23 30 38 15 M, L X6 i 285 20 %) WA A i 2% TG I 2 "% i,
Bassirirad 25" %f 56 [ b 2 A 40 M i KBRS ( Pinus taeda ) WFFE 5 B, RSN i 25 A AR T D0 4 25 0 9 W i
BE ST, R AS E A ISCRE 1 T i 252, Rothstein 2500 %5t B (A% ( Populus tremuloides ) WIBIFFT & L, W5 + 3%
R S B FRAR X NH A NOS WU RE 71, Jones 281" A K Hit BiL AL A 98 & B, it U A4 1 s
(Pinus sylvestris ) HR Z 1Y NH; W 0 R AN AE — A~ A K 297 il L AR it BB 7% X6 BERE 99 06 2 1 32 PO A%, Hiogberg
2 AT B S 2 v I R A T AR AR ROG NOS I NH M ICRE I, e BRSNS R NH
WS A R A OG X AT REARRE T LDTRE T NH WS il 4, R Dk v B AR 3R N A R 2 SRR M
FARRZE MR 3h g 2 K 3 0 S B e AR Rl b 22 R A AR K 22 53 IR A ik S5 R
AR R A AR SR A AR SR AR ST R it R RN T AZ AR AR X A U B KRS B 33X T R R R A2
RALFEL O B, A e 5 B R B &L, I B AR K, X 3R 00 5 SR R, DT B8 =7 17 JHE X e 25 R
WBETT, FAN ARG R RIS INME S AR AR K -NH, B2 55, R AR NH, /25 A1 A
X AT RE R AR ZEAS AR ) B RE A R, BRI R TR T AZ R XS NHY BRI BE T, ARG iR 5 AR
JXTEAR V,0-NO; Tl 28 BAEH , — 7 1H Al e MRS S A A S stk s, 5 Wi, 55— 5 RS A 0 AT e
F I S AE P ZE I A I BE K 53 B R, B0 TS EAS N 28 AR G 28 U S S e A dd

4 ZHie

DO~ A2b 35 PR AZ A R Xof A ] e B i 25 2R I IS S A A R e, BRI, iy X A [ ok B T e 25
RIS R AR R R, ANIRI 2T T AZ A AR XA [ e 8 4 245 R0 1 R WA 35 305 7 K G- 2 [
BN J12E AR RS AS B BOT AN 58 AR K (-2 [ B 72 R BB 1% . IF H =45 R )
WEET S AR OO LU A A, BB InEg s TR AR HERN vV, -NH, 58FER K, -NH; 3R
P TE ANV, NH FEIR T RCER K, -NH,  (HEGER 5 BB IR FE 22550 V6, -NO3 S TC & 5m, =4~
TR R SR Vv, -NH; K -NH; Fl V,,-NO; #R& A B &M AN, RCHIFR SRR TE
ARG FR M By 7 2 (A0 2 5 5 AN IR B AS [ R 25 R0 S 3l g 2% 348 T 25 200 o ) i 82 7 A ], R R
T H T 1 5 RS X R Bl 1 2 WS A A L DA — 2D e o A I R A R A Y 75 50 SR
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