5 )\ Jep E AR AR 2 S46 I T AR MK 73 23 )

LHREMHARFASL h SR E B ARHR B2 NO3—N IR RE

Tix A2
BT R 2 AT e 0, TR T R X RS B AR KRG R E RS R E S S =,
NI T SR HE B E A 2%, JEaT 100083)

i ZE: [HMW] F750 = T RAE A PR AR A K SR Rl 2, BEASH T R RF b 75 70 R SOR 7 2t FAE AR IE B
. WSO I B AN EAT I E AR R AR RSN 715 R SR RIEASMARA R G R R AL, NIRRT 5 RS IE
REMLHIBE A, [k PAAbRti il X =F A Ol 22 B KL E AR bk . A AR AT ECAX %, SR NO3--N ¥
FERREEDN 0.01 0.2, 0.4, 0.6+ 0.8 1.0mmol » L-1 MR ER G TR, SAKTE T B I A F FF L AR TR T
S AN AL E AR R R EN S T, B R PR RIR 5T T R RIS RINSN 1 F S SR RESERA K R (4R W
P AR S A R A HLANS NO3--N WRIGHE 2 K 5 /) %540 Vmax. Km. Cmin. o ¥ B35 80R0EERR
Wi, AR SRR R R, SR Vmax SUNILEERT 110, A8 BRAT 1/5, AERAETINT2. R m b s A
PRI NO3--N M B fMetE . AR R IREMEIR S NO3--N MR ISR A IR IF AR A 5< &, 7 RD Al SRL. RTD #[ 4}
BRI SE AR 12.29%F0 30.38% (p<0.001). 2.9% (p<<0.05), SRA Al BI. SRL Il Forks. SRA fll NL. RTD 1 NL
22 AR P AT 5 2 AR R AR I 2.19%~4.1% (p<<0.05). 4B —IJREMDIR S NO3--N WIGHE R 56 &I,
RD. loglOSRL. loglORTD SR £ NO3--N BIBCEZ A BT ZIKT (p<0.05). (5518 T AKHRE Bt (kAR B ARAR 2
NO3- "R FAER i F L e R R PR, To RN . SREUR S RO (5 Vmax) FFRICESE )
(i Km) [ R ESNE” PRI T B AE BRI R0 NO3--N IAMEERIC . & FOAR G o EUAR R TR AR B A AR ZH 27
EERIEAMERAS, 7H 808 SR R T S % NO3- -N R s .

KHEIR): JRALIGE : SEH AR FRIIZES: NOs-N Wlic; Theethtk: 4uMm

hE SIS Q948. 11; XHEAFRIRES: A NERS:

Functional traits and site conditions determine the NO3-N uptake capacity of
tree root

YU Miao ' XU Cheng-yang "
(Research Center for Urban Forestry of Beijing Forestry University, The Key Laboratory for Silviculture and Conservation
of Ministry of Education, Key Laboratory for Silviculture and Forest Ecosystem in arid and semi-arid area of State Forestry

and Grassland Administration, Beijing 100083, China)

Abstract: [Objectives] Nutrient is an important limiting factor for tree growth in arid and barren sites, and the way trees absorb and
use nutrients in arid and barren sites determines their ecological adaptation strategies. In this paper, the dynamics of root nitrogen
absorption and the coupling relationship between root morphological traits were measured in situ in the field, which laid a foundation
for revealing the adaptation mechanism of trees to arid and barren environments. [ Methods] We taked three common ornamental tree
species (Prunus davidiana, Acer truncatum and Quercus variabilis) with different growth rates in shallow mountain area of Beijing as
the research object. Using modified Hogland nutrient solution with NO3--N concentration gradients of 0.0, 0.2, 0.4, 0.6, 0.8, 1.0
mmol ¢ L-1, The root uptake kinetics of trees grown in two sites of Baiwangshan Forest Park was studied by in-situ measurement, and
the relationship between root nutrient uptake kinetics parameters and root morphological characteristics was studied by linear model.
[ Results] The difference of growth characteristics, site conditions and the interaction of the above two factors all had an significant
or extremely significant on root NO3--N uptake rate and kinetic parameters, such as: Vmax, Km, Cmin, a. Three tree species all had
high nitrogen affinity. The Vmax of A. truncatum was only 1/10 of P. davidiana and 1/5 of Q. variabilis. Under the site conditions of
more drought and barren, fast growing tree species had compensatory absorption of NO3--N. Root functional traits and the uptake
rate of NO3--Nhad a good coupling relationship, the result showed that RD, SRL and RTD could respectively explain 12.29%, 30.38%
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(P<0.001) and 2.9% (P<0.05) of the variation of uptake rate. The interaction of SRA and BI, SRL and Forks, SRA and NL, RTD and
NL could also significantly explain from 2.19% to 4.1%(P<0.05). When considering the linear correlation between single functional
trait and NO3--N uptake rate, only RD, loglOSRL, loglORTD reached a very significant level (P<0.05). [ Conclusions] The NO3-
uptake rate of P. davidiana and Q. variabilis with a faster growth rate decreased significantly under the extremely drought and barren
site stress, while A. truncatum was the opposite. The "speed strategy" of increasing the maximum absorption rate (high Vmax) and
reducing nitrogen affinity (high Km) ensured the compensatory absorption of NO3--N by the roots of fast-growing tree species. The
combination of morphological traits with higher SRL, higher SRA, lower RD and lower RTD can effectively improve the uptake rate
0of NO3--N by roots in drought and barren sites.

Key words: in situ determination; site condition; different growth characteristics; NO3--N uptake; functional traits; root foraging

JeR AR L XS A WA RS R ERS, SOCEE SR EERG . Hd, 1k (Prunus
davidiana (Carriére) Franch). JGEM (Acer truncatum Bunge) F#2 7 #k (Quercus variabilis Blume) &) 2
J8FH T2 X A 5 i N AR AR R A, DG HAEAN [R) R S 52 L v S 2% 1 v 1 5 0 MRS FE AL
X T RIFFT IR AP A R A2 25 T8 0] SR E KR .

VE R A KA 77 ) B RBRRIME R B TR e s 2 —, BRI e A7 AL T i AR S RS (Lebauer
and Treseder, 2008). KI%&/E L A S EMRBIME (Lynch, 2013), &%) 52 28 B A0S 2 452 0 1T
TR ENMAREKITFHREZRIR, AR (NO3--N) UL #EHLIH]— H 2 2R R E bR E )2
KE (RS, 2021). NO3--N F 2085 HHEE R B it B s BIMRORIR &, @i Em R AR NO3--N 1
e 77 0] LA R GE A BRI SRIL (Nguyen etal., 2017). WRUKS) 72 2 0F S A0AR R % NO3--N 17749y
WS WU P e ke A5 FH ) D790 (2335658, 2011), 2R DA AT 78 K 25 R £ S 36 4 Bl K R AUL SR 46 2644 T
I FH H RUAE 2 AT FEAR 260 NO3--N MR,  FLAfF 745 5 5 AR R AE B b L SEIAEE N B WOIR A7 7E 4
K7z

AR R YR 3K 73 AN TR I E B, IR 20 K 3 SR A 3o 3 SE AR R MOIRAIAR 2 B85

(Olmo et al.,, 2014). HRRTEAFNHY BIPAR 2 g MR N F7 53 52 BR 1) L3 rh SRR 430 (1 G BE A 3R (Hong et
al,2018), BAHmEIRK., BURARBEARLIR . 80 “ R " K40, PIMAE R R IEAH S5 7] i
PRAR RBCR B IR T, S 2 T XS 72 IR A 2 75 5K (Mommer and Weemstra, 2012). [Blitb, #4H
MRPER S5 R NO3--N WRUSHHCER, A BT 3t — PR AR R NO3--N WU FINLEI I E 44 k. th4h, BER
ARKFHERAFE O T HASE N RIS 2R, X TEYN NO3--N FREM) 25, i E R
HF& NO3--N (R UKAE S (Wysokinskiand Lozak, 2021). &1, IUA KIRFEG O TR R IR S
TR SR & % R I JRAL WS A 2

LRI AR R BEMIRI A SO FT, WA 7 R 2R S AL 6 DUE N 5 R R B AL,
S 7 AT AN F LA A T AR R D REVER R AR R (Filiamss, 202100 N 1 i — BRI
R R MIR )2 e 2 5 53R 40 N L B B B B AT N BLHEAH G, B 78 LA LUk (Prunus davidiana (Carriére)
Franch). JUEWM (Acer truncatum Bunge) FI#2 4k (Quercus variabilis Blume) =M K & 72 R ORI
I L DX LR T B RO B, SR B AME AR B NO3--N FR 0 Wliesl) /1277738, UL 2
ABHFE T (1) SR AT & X AR R NO3--N WU RE 7777 A2 2 3 500, S 52 0] A2 75 A7 76 P (8] 3508 s

(2 5 ML, RAMR S TR RE WA A& X R . BAEN#E— PR R R
P 7 AR 0T - 5L T ST Y AR AR TE B SRR A E R A

1 M55
1.1 R X LR

RIGHAL T LB AR AT (FRZ 116°14'20.64"-116°15'30.023", A6 4 40°1'1.537"-40°212.75"),
JE A RREEZE RS %, FEIE 1160, FXFEWE 630mm. FHEIARMA R I AL A5,
FEE AN, TIRUAE T AR, LR, PR 30cm, HATRE 2B (Gessleretal., 1998).
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1.2 I

PR RE Y A6 5 TN AR b AR R 222 R R ) =R L SRR U AR - A K A R PR AR A oL B
AR B S5 (i 1 ) RS ol B R AR K S P SR8 AR P T R B AR PTEE AR 2 AR KR R 4F, RENH
.
1.3 NO3-N EF&RHIECH

DA RASERS 22E IR CTPRHIRATIBD ABRE (A BRI RI A R A R, % 08™= iii,
FHZE KN B TR TRy T A 1 881.53 mg- LY, i1 2mil- Lt 50085 4R 4 ik A il jle BRI - 775 F2 VR HR 8 I KN O3
VE R —% I8, FCHl NOs-N KR E N 0.0. 0.2, 0.4, 0.6 0.8, 1.0mmol-L! 6 MNP IEM, FAKF %
H3RESE, M 1.0mol'L'! ] NaOH W35 IR L pH 17N 6.5, B FRMAAF 70 mL.
1.4 HmRERBRNEFZE
1.4.1 ¥ 305 T 5 4F Rt 3

2021479 7E RS gk AT B AN IS JEURE o« R F3E J) R A L 3 RE i, M sE R () Rk &, (AR
FREFIE LATRE & ChmSs, 20210 Kl Py i S A R sl . 5ot (A FIER
P T Farth (B) Pifl, SEHAABRS E90%. HIAIRF /K &10%, L HIBARR S #50%. H AR K E20%.
FEREFP LM A LBk AR AR . TCEMARA, IEFRFERARIT . AR K35 R 1P NI
X5 o LBk A2 AR S JC R B 7 4% 25310 8 1. 1m-1.7m#19.6cm-12.5¢m- 9.5m-11.8mA116.4cm-22.6¢m,
12.3m-15.8m#120.4cm-23.7cm.
1.4.2 A& F BOKF) ) 5 09 BF5h R A ] 2

FEM e 3 BB A LA, IR AR I7 /), 7E0-20cm 2N FHR—BUE BN R, 1ZiXRR R
DA EREARII-SR, R R KAE20-30cm. A T G E B FRBEIL I BN, R AR R IR S
AP SR AR — B, BIERR IR YO, BT R . AR, TR ORRR S BRI 5 A0
B, BRREPERTEEN R, AR R, TUKMETRE KD (EEE, 202D . HIRRBANRZ
2.4cm. K20cm. &70mlE B KR E VR B I h G, BAS SR FE RS b3 10, B
WAMAO0.1 mL 3%MH20 32 0,, LAk G SR AR R I e J1is A RISE IR, B 77 RN 36 8 7R
(RS 8] 5 7E 3 b IR HEAT I8 OB AL R (Henke et al., 2014). &FPNOs-NIREABBT =Xk EE . WK1
RAMNE TR B IF BT, FHBOKAUR TR R R, B EER%S, BN R S, I
W J5 B8 IR I — 1 18] B Cary 300 UV-Vis 54066 BE T, SR F B Ee Gk 2 oils & 7R P N O
N JE G AT, 2018, FHTHSENO3 N IR I I3 22 CH A - EAR ZRAE B I TA] IR AL FRIN O3 ~-N I ) J5 R B, VIND
(fRi%, 2021).
1.4.3 FearBolksh /) % A4

HR¥EMichaelis-Menten /7 72 () LB #2015 80 )72 %0 (B MR, 2018):

1 1 K

m

—+
Vmax Vmaxc

v

Hor, CHNBEBRAPIIETFIRE, VAWBGER, Vmax(mmol g'-h) A K IBGEZ . Km(mmol-L1) k2K
I E @I MEFHR 1779 (AR, 2018) THEMR R0 BT Wi S /MNEIR EAESE (1=0) B 1)
W Cmin(mmol- L), B TRAMR AR EZa(L g h ). HEAXWT:
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Cmin =C- v Km
Vi =V
a=V, K,

1.5 AN E

AR S AR R TN D B AR K B e DR N, AR T HEXESHR RS, HH
R A 1X Epson Perfection V800 iR RIKMGMR RTEAIEE, KH Win RHIZO Pro 2004a 2 & 73 Hr ik
R BESFIR R E S (Average Root Diameter, RD). #R1& (Root Length, RL). RFMFH (Root Area,
RAD. HRRHL (Forks). 03% (NofLinks, NL) KEEEEL (Tips) FIHEEPEIRTEIR (HEHEF, 202D). 1R
RIESIER DTG, BR REARTRAREE ST RN 105°CF 12 /AMRF G, £ 8OCHEHMt+
120 /Nif = fEE, FRGR R TEH. FHBRRAM TSR, HHEIIRK (Specific Root Length, SRL).
AR AR (Specific Root Area, SRAD. R4 2125 (Root Tissue Density, RTD). R4 3 58 /% (Branching
Intensity, BD) ZFZJREMERILEFMEIIEIR (T, 2021).
1.6 HiELE

FIFH Microsoft Excel 2016 HEATWIAELIETIALFE, Origin 2019b Xt B¥EEAT IES k56, 7F R4.1.2
BT Z K2 77 2504, 12 Sigmaplot 14.0 UG FF L HIMR R NOs -N & 7Wfletli 2k, (IR . i b PR b
Figt A8 A 22 51 R 22 S A S B T S 0AN [EDE&E ) 40, AEIEAT FHOCIE 23 A i, b4 A Rk ) 8 AMHIRAE
HATPR AL CRMIEmSE, 20210, FIH —MZ&MHERA (GLM, General Linear ModeD) & ALA R DIREVEIR TR bR
XTHE R NO3 -N WRISGEZ 2 0m,  [F]IFH Pearson AHKHEM AT (n=15) 50 DyREHEIRFRFR LT A 2 5
HEME . BRTEE T 2R RIER R RN T8, RAKER T EEEXS VN A 22570 1 58— iR AR
=, PARAZ TN, FIFIZE DA HEERE AIC (Akaike Information Criterion) B 5 A 115 28 Sy i £ A Y
(Lietal., 2014). 534b, ¥4i8 AR X VN 1R B 2 AH G & D Re MR S a2 BAEH B0 A 5 VN
MEAT RN 537, FFFIA Sigmaplot 14.0 G WRH, LA EFFA S 08T E R 4.1.2 58

2 RS540
2.1 S HFIRFRITAR B NO5™-N BRUSTHY 20
211 A& &, 236, NOy-N REMARZ KA E—Fvh

W 37t NOy-N R BERIX = AN Bl 2 RS 2 DL R RS 3 7 2 2 B350 . 35 B B 35 5
M F AR W, Vi UL B a0 B2 A 22 5200, SEHLAEPEAT NOs-N IR R H M99 L& AExT Koy
HT Conin ISR (R 14 3R 2D,

SRR R X NOs-N FIWRSCGHE 2 35 B NO5-N I VAR P 3 ey IV d B8 iy, R 70 P ) A A I 3 22
(R D, PhFZIEFREE 5 5 S . NOs-N RV I 1) 5.1 A1 9.1 fif . JeEMUR R4 NOs-N 1%
WO R ARG, OBk 1710 45 ¥ R ARI) 1/5 247 (B Do kAR R NOs-N (IR ISGHE 3 % & 77 NO5-
N IR EAAL B U, 7R A FISZHE B A1) NO5-N W ISCHE 254 5 7R NO5-N R 2R 14 5% R AL 433
N 0.12 A1 0.08, 43 B ELAR AR 108.7%- 27.3%, ELIoEME 1235.5%F1 608.3%.
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R 1 WE SIERM R NOs-N #EREALIEXTIR & NO;—-N WIS NaRY 752 4
Table 1 Multivariate ANOVAs results for compound effects of species, site conditions and NO;™-N concentration gradient on

root NO;-N uptake rate

VN
AR 7 RIE Source of variation v
F P
HF Species (Sp) 2 137.441 <0.001
S Site (Si) 1 27.182 <0.001
NOs -N % NO; -N concentration (Con) 4 15.086 <0.001
SpxSi 2 10.44 <0.001
SpxCon 8 3.562 0.002
SixCon 4 0.293 0.881
SpxSixCon 8 1.343 0.241
0.16 Site A 0.16 - Site B B2 (2 mmOHfl
‘ Aa &4 0.4 mmol-L”!
-~ 0.14 ; 0.14 1 0.6 mmol-lf1
£ o = 012t EZ73 0.8 mmol-L"!
Ij" j/V: ==K mm()l-L']
¥ F 0 010f ] 0.10 | A
v E —] Ad
= «‘é’ 0.08 —] 0.08
‘o o —]
2 Z 0.06 Cu f2A —] 0.06 -
7 E BAA —1 Rl
E N - R
L0041 g‘i%& — 0.04 | %&*
£ o= ™
S Y —] AN
0.02 DRI —1 . 0.02 - AN
g‘:%,\ ] ¢ povah mxh %N\ g 11 B A
0.00 LAY A et - Al e AR = 4
Pd At Qv Pd At Qv

B 1 3zith A B ZRH T AREKFFERTRE NO;-N IRIESR
Fig.1 Difference of NO; -N uptake of tree species with different growth characteristics under site A and B
e Pd: iBks At JEEAG Qv KEFIER: KB FRIFORIE —BFOARRE NOs -N IR BEAIE 2 [ IZE R R 331, /NG FRERIRIE — NOs -N IR EE A A
[ o 2 T P2 S S 21
Note: Pd: P.davidiana At: A. truncatum Qv: Q. variabilis; Capital letters indicate the significant difference between different NOs -N concentration treatments
of the same tree species, and small letters indicate the significant difference between different tree species under the same NO; -N concentration treatment.

0 F Vi BIPE) 22 i B B KSF (3R 2D, AR KR ERER R Foh il 5 B ST Vipan P 0, AHELEF I
SEHLZE IR FHIA] Vo A o (HIOZERE (R 3D, fESI30 A, JEEMI Vi OB AR 7.5%F0
6.9%; TMAESHL B H, JCEMIE Vi W23 55052 L BE RRR B2 AR 15.6%F0 17.1%. St A o, ik o (LA
FERRAI TG E MR 232.7%F0 1186.7%; (EFHEINT 2R E K B . 1Lk o 5 R, HREITTEN o
1) 5.78 fif o IX 3B T AR AE KA T SRS S A 855 JBh P n] e LA RN NOs-N AMEMEIRISRE ) (3£ 3D,

SRR A KRR 22 AR K, = AMRRp AR EXPEISERITE (K Bomrs (R, K R BRAE AR AT
H O B SRAMPERUS, BIRaARE CATRL Cuin ER/NRIR) WA T (BT M (R 3D,
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R 2 W S EHREZERNT NO3—N RIS HFSHE MM 55 2
Table 2 ANOVA on the species, site and their interaction on kinetic parameters of NO3--N uptake

ik = M species v ) site WiF= ot speciesxsite
kinetic parameters ? F P F P F )4
Vnax (mmol-g1-hrt) 2 542.3 <0.001 5.5 0.038 189.9 <0.001
K, (mmol-L-1) 2 994.2 <0.001 1120.6 <0.001 1701.6 <0.001
Cin (mmol - L) 2 1328.0 <0.001 1697.0 <0.001 2556.0 <0.001
a(L-g'ht) 2 785.7 <0.001 303.7 <0.001 119.8 <0.001

*®3 PRIEAIMEHF LB TTER. EIFRAR NO3—N RSN hFS B T2
Table 3 Kinetic parameters and equation of gradient NO3--N uptake by P. davidiana, A. truncatum and Q. variabilis under
different site conditions

Kb T Pd Qv At
Treatment Site A Site B Site A Site B Site A Site B
lel\’
0.134+0.002Aa 0.077+0.004Ba 0.144+0.005Aa 0.070+0.005Ba 0.010+0.000Ab 0.012+0.002Ab
(mmol-g!-h)
K”I
0.346+0.009Ab 0.291+0.005Ba 1.239+0.012Aa 0.214+0.010Bc 0.340+0.017Ab 0.259+0.009Bb
(mmol)
Cmin
1.236+0.017Ab 1.007+0.005Ba 4.216+0.066Aa 0.708+0.003Bb 1.227+0.008Ab 0.991+0.026Ba
(mmol-L-1)
a
0.386+0.011 Aa 0.266+0.004Bb 0.116+0.009Bb 0.326+0.010Aa 0.030+0.004Bc 0.046+0.003Ac
(Lghh?)
Equation(1/V=) 3.057/C+5.020 5.892/C+6.056 16.925/C-1.187 4.312/C+9.663 35.082/C+74.124  16.387/C+73.634
R? 0.987 0.956 0.996 0.860 0.980 0.935

7 Equation: )55, x AFE T NOy -N IREERIEIEL, y KK NOs-N WRIBGHAE IR K'G TR 7] — Wb A A 5] Szt 21 2 a1
ZEFRFENE, NG FRERORE LA R RN A 2 S

Note: Equation: Dynamic equation, x represents the reciprocal of NO; -N concentration, y represents the reciprocal of NOj -N uptake rate. Capital letters
indicate the significant difference between different site conditions of the same tree species, and small letters indicate the significant difference between different
tree species under the same site condition.

211 AR F . Z3, NOy-N R E AR £ SR A L L7 oh

MRS BERl S NOs-N WX = AR R 28 BB SCH Z 3947 1 2 35 158 B2, LS NOs™-N
WREE . =38 58 HAE F DG = AR AR 2R U USOH 2 R 50 ik (22 /KSF (3R 1D BEBR S S Hb 2% 14 % NOs-
N WS 115 B3 Viaxs K Cuins o 77 AERBZZ W (£ 2), HX Ky Coin 28 B B A 58711
IPERLRE, PR B b 5 SE - S8 Ko Conin S LRI FAA R R — 5 1.7, 1.5 F1 1.9 1.5 £ GR
2),
2.2 REMEEMRS NOs-N IRBURER X R

SASRIFRAE P FR L 2% A TR R NOs-N- IR ST 5 ot 37 2 A & R 35 0 A G . RD AT SRL
PIANTEFR 2 BARRE T WG R AR 1K 12.29%F1 30.38% (p<0.001) (£ 4), FHIIXPEANEFRAT =AM R
£ NO3-N WG B EEA/EH . WA 4 R, = AWFR R ESCEZFEE SRL (148 & ik 53
ferm B RD W3R FEMK, JEBE RTD &M ek (B 2. XgE—BiE, = AMRFTRA
BIRWCE R — B2 E LR MR R TEEMRA 5. K RTD. SRLxForks. SRAXNL. RTDxNL
WA DL 2 R REAR R NO3-N WRWSGHE 2 148 4k, BT RO 2.19~4.1%; Hd, IR R HELFEHR Forks.
NL. BI ()5 g D ARAIK,  HAERIAR Pt R I8 B35 7K P, SRLxForks. SRAXNL. SRAxBI LA 2 RTDXNL
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MYEF EZOK SRL. SRA Al RTD (3£ 4). Uk, WRAMBMRA L. RREE . RAERLEFT
SRS = R 2R BB GE A 9552 1 R2

R 4 DR RIEARIT IR AR IRUL NO3—N RS/ MufY) —AR L M 1R R

Table 4 Summary of general linear models for the effects of functional traits on root NO3-N uptake

Factor R v SS% F )4
RD -0.35%** 1 12.39 22.77 <0.001
SRL 0.65%** 1 30.38 55.84 <0.001
SRA 0.61%** 1 1.43 2.62 0.110
RTD -0.13 1 2.99 5.49 0.022

BI 0.03 1 0.09 0.16 0.694
Tips 0.01 1 0.26 0.48 0.491

Forks -0.02 1 0.13 0.23 0.630
NL — 1 0.10 0.19 0.666

RDxBI — 1 0.43 0.79 0.377

RDxTips — 1 0.05 0.09 0.764
RDxNL — 1 0.15 0.28 0.598
SRLxTips — 1 0.17 0.31 0.577
SRLxForks — 1 3.80 6.99 0.010
SRLXNL — 1 0.02 0.04 0.836
SRAXBI — 1 4.10 7.54 0.008
SRAxForks — 1 0.82 1.51 0.224
SRAXNL — 1 2.90 5.32 0.024
RTDxForks — 1 0.06 0.10 0.749
RTDxNL — 1 2.19 4.03 0.049
Residuals 69 37.54

7E (Note): v : HHIE degree of freedom; SS%: A8 fFFkIHI 5 % Hfdl proportion of variances explained by the variable; RD: “F-¥J#R R E4% Average root
diameter; SRL: Hﬁffﬁ‘k Specific rootlength; SRA: FUHREIHIFN Specific root area; RTD: HRZILIHE Roottissue density; BI: R43758% Branching
intensity; Tips: fRI¥L; Forks: 4330¥; NL: HEH:AL

018 YN = 0,150 RD +0.140 R% = 0,185, p = 0.003 018 - YN =0.179 log gSRL - 0.432 R2 = 0359, p <0.001 0.18 VN = 0,064 log gRTD + 0.006 R*=0.096, p = 0.038
~ U6 é _ 016 i _ 016 .
o 3 L -
oo . = oo & 5 = ou . , s
T o2 . = 0zt > = o2 *
= . gL . 7 . .
T 010 e . - 0.10 - & e = 0.10 . .
= . > ~e s
g 0.08 [ ° . Z 0.08 L - ]
> 006 ® e < 0.06 - * . =
- . . e A g s e &
0.04 .. > --\\\_A_!\. : 0.04 - . 5 U
0| o ey T 0.02 - il .
L X LR ) S g .o > e ° », . o
000 . b ) L 0.00 | L L - ® Ye0pt gt ey %
0.4 0.5 0.6 0.7 08 0.9 23 24 25 2.6 2.7 2.8 29 3.0 0.2 04 0.6 0.8 1.0 1.2 1.4
RD (mm) logygSRI. (cm-g") logoRTD (rm"-z")

& 2 RAINEEMIRS NOs-N IRIBURZE AL % B3 #7

Fig.2 Linear regression analysis of root functional traits and NO3-N uptake rate
3 Wi

3.1 BF& NO3-N Rk 5HFXR

RO RYUE T MR R IR IR ST (Ldpez et al., 2003), 1H¢imm4¢ﬂf~ﬁ%ﬁﬂﬁz§§iz~%m
o AT, MR NOs-N WRISCHE S (5 W B B, LGRS R, 75 3% NOy-N IR E 1 5 i d
K. XRBARFX RN T jzﬁ%ﬁﬂ&tl&cﬁﬁémfil% (Boeretal., 2020) FEA JA3E B 5753 W 3 A A Akt
B RNEA B m U, XS5BT E —2 (Lietal., 2017)e Vi Kn a ZIMHEAERFHE] 1844
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P o S5 2 A IR BRI, R B AR AR IR HL 9% 0 T oR e (Swiftetal., 2020), 5837 3 M G 5t 37 4% 14 1)
AN . BE R TR T KRR 325 TR A SRR A CHumssE, 2020, AKEEEE
1) 7T FEAALE AL ] Vi 1 @ I AEFAR, 33— SE T 9590 75 SR AHR RIS R e i) B2 0R 3 77
BIAR 28 U ST )8 4% i 2 55 — A2 (Swift et al., 2020). Bk, #4 R ARHR R BILHT Vi 772 A5 AT 25 1)
SCHE ZE S (R 2D, HBE R I E IR ORI B PRI (R 3), X5 R85 A Rk K A& 1A
Ko —RORUL, Jbnt A MLt FEE R, B LR, FKEE I KRR E ., RIEARE
B R FEAEEMR, LEFRS A RIEBAC, JCHEA MW (o, 2013). 5 Al K i R
WAk BE AN 25 BT PR AR 20 Rk, FFFRARTR 2 78 L8 B BRI 2 A0y B RE /) (Lednetal., 20200, FiTfff
FEH AN PAE TR 53 WS 357 SR ot S g3 B 5 RS S IR, 7E R 4080 /1% EARBIUNEE Vinaxs
& Kn 205 (Mouetal., 2013). =AMAHE R RSL AP 80 K, B5GR, RUTEBTT5 . IRk
A EEF R AR R SEM NS, RIS REUH 53 1 E s AR L, msR A — R A IR
HRAERAC I ACE L, K, /82 7E 100umolL-! LL'F (Sterck and Poorter, 2006), TR 78 b X [ 3 4= 50k i
BIFE 200pmolL! BA b o FTBL, A7 0 &R = AR AR R E ) FZE PRI 2=, BI S22 AR AR AR &
NO5-N WRISCRE J1/= A T 3 5o, I 5 e A7 A 0 25 1) o ) R

3.2 RAMWRTTEMENRRERWE —ERFMEEA

R AT IR A A& B A A A B AR A RGRIIR 2 I B LR (Sun et al., 2017), MUAR (AT ¥ 44
PLEE AR FE U (Lpez et al., 2003). T3 &G A EUK AT 5] RSHR R 9 B & FD FEAK,  BR8E AR
AWERIRE A ILFAEHMRA T (Asimetal., 2020), FARMEMEA R R S 2 AT HEEMR A E (Sun
etal., 2017). FEYIXF 1498 3% 53 5 1 A8 A [ e . 8 g 2 FLE B A B I 25 ZEJERE (Lpez etal., 2003), #&5
R 2 1) Ja) HIURS B 5063 A 0 /Bt B B8 0 £ BE 1R A 359 00 5% PR IR BT rp i R B 43 11 2 B S g
(Sunetal., 2017). JEARR T =/ MM IR REAS PR RD. SRL. SRA 7E AR 4 | W34k, (A
AR EA K TCE MR R A RLER R AR T A 3 S e 22 5, 7 — e R b 20 AR 5 8
P E AR AE AL (B 3D AR R RRAI I F A RTD Fifi 3710 2% PR BRI 2 3 PR AIK,  £5F & RTD % bl
L HEFE DA R A (Kramer et al., 2016), {HIEAEMFLBE RTD B AR UA BE . HA B
(1] RTD & M43 SR 3 7 o i 3L [F 4 4F (Kramer etal., 2016), X B =ANRFP RTD 118 Mk SOl Af e 5 4
WIS R R (R 4), T RTE— @ L F 2R R AL SRR I (B 4) . JTREHUR R vl 5 B,
ROUNSEIN Ay XH . BN S, AR T IRAREMORIE = R IR, RARZE4 A M (T
&, 2020); 1Bk E R ARR R BRI B « 40 A BERE R, AR R AE 38 P9 IR R B K 9% SR AR
X, BYHEMWE (H55%, 2021, MAREIER RFAKAER, SRE@ KRR R AR 142 75 51 g
(Mommer and Weemstra, 2012), F£i& 43807y SCom e FEE, M@ ERINFEEUR R RS, 4T
XF IRy B ORI B PR (5K 72545, 2022), A AT PRIEHPRX NOs-N HIPREZRBCH (& 4. FrLL,
B SRL A1 SRA, ¥R TR Rl L2, &5 TR RIS AR WIRe 1 (B 2485, 2022).
AR ISR RTD 3@ % /N T 0.3gem™ (Kong et al., 2015), {H=ANREAH A SO AR ISR, AR5 % B4R
T IR VYR SR AL ) A AR, FERR R IOAE MR R A8 T 18 - FR IR T 4 U 3E B S (Kong etal., 2015),
FFA AR LIRS FE iy RS L e KRR P O 58 £ Y0 BBl ) O £ KM (Wangetal., 2018), BIRAE T/ At
PR EAT N, Bk, KHIEN 5. FEs st B, pk. MEHR. TENE—ERBE ERAETIRAT
VAR, IXFPARALAE — B FE R LR TR IR I R R A AR

FE A3 BE U8 P R R M S A B R, AR RTE B B IR P S P A R A R R RS T R AT O R
FILIE 3 (Rajaniemi, 2022) . A} 78R BUIAR R RIS SN 75 5 0732 2 B0 AL R 2 R0 J= 5% 43 (IR A
A DX J3 i D £ Rz R 29 00 B AR B U i se i . BRIbE, 7E4 JR ORI Hh, B 20K il b o £ RNz BE
B ERRG IRAS . RN, FEZHIOCHEET AN A ARKAE T, SRR YIR 7R AR ERER, WRRE
PR BRI LB IR G R (Teste et al., 20200, 38 54 & 3 3 RIIE FHAHOCEE V&M (Lazcano et al.,
2020) &5, LT REAFHL T AR R AR SRR AR H A IS S L (Chenetal., 2018), MMM R ARG T~ AR
ZAS RIS W AR AL T HISKHE (Wang et al., 2018).
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