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Abstract: [Objective] Nutrient is an important limiting factor for tree growth in drought and barren sites,
and the way trees absorbing and using nutrients in drought and barren sites determines their ecological
adaptation strategies. In this paper, the kinetics of root nitrogen uptake and the coupling relationship between
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root morphological traits were measured in situ in the field, which laid a foundation for revealing the
physiological function of trees in drought and barren environments. [Method] We took Prunus davidiana,
Acer truncatum and Quercus variabilis in Baiwangshan Forest Park of Beijing as the research objectives.
We used modified Hogland nutrient solution with NOJ concentration gradients to carry out in-situ
measurement of root NO3 uptake kinetics in generally and extremely drought and barren site conditions,
respectively. The relationship between root NO3 uptake rate and root functional traits was analyzed by
Pearson correlation and path analysis. [Result] Tree species, site conditions and the interaction of above
two factors all had an significant or extremely significant effect on root NO uptake rate and kinetic
parameters. Three tree species all had high nitrogen affinity. The uptake rate of NO3 in the root of A.
truncatum was lower, and it was significantly lower than that of P. davidiana and Q. variabilis under the
above two site conditions. Under the site conditions of more drought and barren, fast growing tree species
had compensatory absorption of NO3 . Root functional traits and the uptake rate of NO; had a good coupling
relationship. The result showed that the morphological traits of specific root length (SRL) and specific root
surface area (SRA) had significantly positive effects on NO3 uptake rate of roots, while root diameter (RD)
and root tissue density (RTD) had negative effects. In terms of branching structure traits, branching intensity
and number of links had weak effects on NO; uptake rate. [Conclusion] The NO; uptake rate of P.
davidiana and Q. variabilis with a faster growth rate decreases significantly under the extremely drought and
barren site stress, while 4. truncatum is the opposite. The “speed strategy” of increasing the maximum
absorption rate and reducing nitrogen affinity ensures the compensatory absorption of NO3 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 of NOJ by roots in drought and barren sites.

Key words: in situ test; site conditions; interspecific difference; NO75 uptake; functional trait; uptake kinetics
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Tab. 1 ANOVA results for compound effects of tree

species, site conditions and NOj3 concentration gradient on
root NOJ uptake rate

NO; Wi id 2 NO3 uptake

2R S RS rate (7)/(mmol-g "-h™")

Source of variation df
F p

Wl Tree species (Sp) 2 137.441 <0.001
Sl Site (Si) 1 27.182 <0.001
NOj & 4 15.086 <0.001
NO;3 concentration (Con)

Sp x Si 2 10.440 <0.001
Sp x Con 8 3.562 0.002
Si x Con 4 0.293 0.881
Sp x Si x Con 8 1.343 0.241

®2 K, SOMFEHEREZTERNIINO RS NWFSHRME T E ST

Tab.2 ANOVA on the tree species, site conditions and their interaction on kinetic parameters of NO3 uptake

LT Bl Tree species S Site Rl x S7HE Tree species x site
Kinetic parameter F P F P F p

Vinax 542.3 <0.001 5.5 0.038 189.9 <0.001

K, 994.2 <0.001 1120.6 <0.001 1701.6 <0.001

Chin 1328.0 <0.001 1697.0 <0.001 2556.0 <0.001

o 785.7 <0.001 303.7 <0.001 119.8 <0.001

TE: Vo ORISR s K AR REHG Coi AR IRI BT RS SN IR FEAN SR (V= ORI BUIR L, a9 TIRATR A RIIEE . Notes: Viaxs

maximum uptake rate; K, Michaelis constant; C,,;,, medium concentration at which nutrient ions inflo and outflow from roots are equal (V' = 0); a,

velocity of ions flowing into roots.
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under the same NOj concentration treatment.
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Difference of NO3 uptake of Prunus davidiana, Acer truncatum and Quercus variabilis under different site conditions
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Tab. 3 Kinetic parameters and equations of NOJ uptake of P. davidiana, A. truncatum and Q. variabilis roots

under different site conditions

SEHZEARAE AR FAA Ko Conin SEMA) F AL 53 70 2 5

HNFBH Pd Qv At

Kinetic parameter Site A Site B Site A Site B Site A Site B
Via/(mmol-g “h™)  0.134£0.002Aa  0.077+0.004Ba  0.070+0.005Ba  0.144+0.005Aa  0.010£0.000Ab  0.012 +0.002Ab
Kp/(mmol-L™) 0.346+0.009Ab  0.291+0.005Ba  0214+0.010Bc  1239+0.012Aa  0.340+0.017Ab  0.259 + 0.009Bb
Crnin/ (mmol L) 1236+ 0.017Ab  1.007+0.005Ba  0.708+0.003Bb  4.216+0.066Aa  1.227=0.008Ab  0.991  0.026Ba
Wl(Log"h 0.386+0.011Aa  0.266+0.004Bb  0326=0.010Aa  0.116%=0.009Bb  0.030=0.004Bc  0.046 + 0.003Ac
3782 Equation UV=3057/C+ UV=5802C+ 1/V=4312/C+ 1V=16925C—  1/V=35082/C+  1/V=16387/C+

5.020 6.056 9.663 1.187 74.124 73.634

R 0.987 0.956 0.860 0.996 0.980 0.935

1 CRFEETRRINOS WREE, VRENO; RIH A . K T RER IR [F) — R A G523 5 AR 2 R 22 57 S0 3 1, /NS - RER R 8] — S o
ARV b 2 1) F) 22 57 S 2% P . Notes: C represents NO3 concentration. V represents NOJ uptake rate. Capital letters indicate significant difference
among varied site conditions of the same tree species, and small letters indicate significant difference among varied tree species under the same site

conditions.
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e M5 & B AR EONNOS TR SUHE 22 1) 67 2%
LR S, AH SRR 2 3 s R ST R RN A A Ok
NO; TRISCH 2 1) BLF IR AR R4 < 0.1, TERIRURE
FIR D,

TERIEAE R A, BT AR K 5 LR R T AR R

FLZRME CHECGME R ECh 0.831, Kl 2), iR Kt

A2 2 TH A NOS Wi WACH 4 (1 TA] 432 1E 2% 82y 0.342,
17 AR 2 T ARIE I L AR R NOS IR i 26 (1 [ 42 1
BRIN 0.322(3% 4). bk, HRZH 2% B )4 e 0
s
L2 g g g g = é Z
14 ~0.352 0.654 0.610 ~0.129—0.182 0.027 0.012 —0.001
RD  #x ~0.558—0.398 —0.075—0.098 0.190 —0.143—0.030

0.831 —0.305-0.193-0.036—-0.005 —0.034

—0.542-0.410 0.018 —0.004 0.013

RTD x . 0.572 ~0.024 0.213 0.103
RDMC - . ~0.272-0.204-0.245
BI . 0.518 0.627
Tips * x 0.897
NL . .
E—

-1.0 -0.8 -0.6 =04 -02 0 02 04 06 0.8 1.0

V. NO; Wit % ; RD. P R HA%: SRL. H:ﬂ%k ; SRA. HLiR %
I8 RTD. #4415 )% RDMC. R T8 & it BL #4309k %

Tips AR EL: NL. B2 LR FA LK R, WEARIEMRK
KR ¥*+FE p<0.001, **LFE p <0.01, */LFK p<0.05. F[H. ¥,
NOj uptake rate; RD, average root diameter; SRL, specific root length;
SRA, specific root area; RTD, root tissue density; RDMC, root dry
matter content; BI, branching intensity; NL, number of links. Red
represents negative correlation, and blue represents positive correlation.
*** means p < 0.001; ** means p < 0.01; * means p < 0.05. The same
below.

K2 RARIAEMEIR S NOS W USTH 26 AR S M 7
Fig.2 Correlation analysis of root functional traits and
NO;3 uptake rate

x4 REDEERERENO; RBUEEMIBRZSH

Tab. 4 Path analysis of root functional traits and NO3 uptake rate

[A] #3845 2 %1 Indirect path coefficient

pop | TOHRRM FERRRE g, S

. Simple correlation ~ Direct path L R Decision

Trait fficient fficient Significance . At fFicient
coefficien coefficien SR SRA RTD RDMC BI Tips NL o coefficien

RD —0.352 0.018 0.873 —0.230 —0.154 —0.022 0.011 0.011 0.015 0.000 —0.369 —0.013
SRL 0.654 0.412 0.016 —0.010 0.322 -0.091 0.023 —0.002 0.001 0.000 0.243 0.369
SRA 0.610 0.387 0.032 —0.007 0.342 —0.162 0.048 0.001 0.000 0.000 0.222 0.322
RTD —0.129 0.298 0.017 —0.001 —0.126 —0.210 —0.067 —0.001 —0.023 0.001 —0.427 —0.166
RDMC —0.182 -0.117 0.295 —0.002 —0.080 —0.158 0.171 —0.016 0.022 —0.002 —0.065 0.029
BI 0.027 0.057 0.606 0.003 —0.015 0.007 -0.007 0.032 —0.055 0.005 —0.030 0.000
Tips 0.012 -0.106 0.597 —0.003 —0.002 —0.001 0.064 0.024 0.030 0.007 0.118 -0.014
NL —0.001 0.008 0.969 —0.001 —0.014 0.005 0.031 0.029 0.036 —0.095 —0.009 0.000
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