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Abstract: [Objective] The objective was to determine the root nitrogen uptake and its relationship with
root morphological and chemical traits in Korean pine (Pinus koraiensis) at different ages, and to advance
our understanding in the linkage between root resource acquisition strategy and tree ontogeny. [Method] We
sampled young ((14 £ 1) years), middle-aged ((48 £ 3) years) and mature ((217 + 4) years) individuals of
Korean pine in a mixed broadleaved Korean pine forest at Liangshui National Nature Reserve, Heilongjiang

Province of northeastern China. Root nitrogen uptake was measured in situ with a short-term "N labeling
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hydroponic experiment, and root morphological and chemical traits were also determined concurrently.
[Result] Root ammonium, glycine and total nitrogen uptake rate of Korean pine decreased gradually with
the increase of age, while no significant change in nitrate uptake rate was found. Across all ages, the
contributions of different forms of nitrogen to total uptake ranked in the order of ammonium (62%—65%) >
glycine (25%—32%) > nitrate (4%—12%). The contribution of nitrate to total nitrogen uptake increased with
the increase of age, but no clear patterns were shown in ammonium and glycine. The percentages of glycine
as molecular absorbed by roots were very similar across young, middle-aged and mature individuals, with
the corresponding values of 78%, 81% and 80%, respectively. With tree age increased, root diameter
increased significantly, showing negative correlations with uptake rates of ammonium, glycine and total
nitrogen (significant correlation only found in glycine), but positive correlation with nitrate. By contrast,
specific root length and specific root surface area decreased with increasing age, both of them were
positively correlated with uptake rates of ammonium, glycine and total nitrogen (significant correlation only
found in glycine), but negatively correlated with nitrate. Root tissue density and chemical traits did not show
significant changes among tree ages, and exhibited very weak relationships with nitrogen uptake rates.

[Conclusion] With the increase of tree age, root nitrogen uptake rate and preference of P. koraiensis are
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significantly changed, which may be related to the alternation of root morphological traits.

Key words: nitrogen uptake; glycine; tree age; fine root; mixed broadleaved Korean pine forest
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Tab. 1 Sample trees and soil characteristics (0 —10 cm depth) around the roots for isotope labeling
in a mixed broadleaved Korean pine forest (mean + SE)
- J J e 42 . - . -
e . CPIRE PHMGGRE)  REC RREN aoaon bmmsk
KA B fFERE/a Total soil Total soil . ; o +:3% pH
. Mean tree Mean DBH . Soil ammonium/  Soil nitrate/ ;
Ontogenetic stage ~ Age/year . . carbon/ nitrogen/ -l 2 Soil pH
height/m  (ground diameter)/cm o pn (mg-kg ) (mg-kg )
(g'kg ) (g'kg )

#ji% Young 14+1 1.5+0.1 2.3+0.1 27.69+421a 2.28+0.22a 50.74+544a 2090+2.12a 5.14+0.11a
% Middle-aged 48+3 8408 10.2+£0.7 24.61 £1.34a 2.03+0.09a 57.57+827a 24.89+539a 5.11+0.06a
B SRS Mature 217+4 27.0+0.5 61.1+22 30.84+520a 2.60+027a 54.73+4.07a 17.64+3.16a 5.17+0.08a

VE: A E NG FRERIRTEA [F] 45 W4 8] 22 5 2. 35 (P < 0.05) . Note: different lowercase letters indicate significant differences among varied ages (P <

0.05).
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Fig. 1 Root nitrogen uptake rate of Pinus koraiensis at different ages

100
8o}
60}
40t
20f
0
Wiy

il e Nics
Young Middle-aged Mature
w2 Glycine mmmmm #775% NH, == 5% NO,

TR
Contribution rate/%

2 AFFRLIRR RS ER LS AR BCS R TTRE
Fig. 2 Contribution rates of each nitrogen form to total root nitrogen
uptake of Pinus koraiensis at different ages
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Tab.2 Root morphological and chemical traits of Pinus koraiensis at different ages (mean + SE)

R RS F1L ZYEIR Root morphological and chemical trait 2% Young 1 Middle-aged R FEE Mature
R B 4% Root diameter/mm 0.40+0.01b 0.46 + 0.02a 0.46 +0.01a
AR K Specific root length/(m-g™") 25.06 + 1.54a 22.29+2.0la 20.47 +0.77a
HRA1Z1% & Root tissue density/(g-cm™) 0.30+0.02a 0.28+0.01a 0.29 + 0.004a

LEARF A Specific root surface area/(cm* g ™) 32522+ 16.34a 315.85+ 18.04a 296.17 +4.18a

ML 2N Root tissue N concentration/(mg-g ™) 12.45+0.41a 13.42 +0.61a 12.15+0.68a

MR ZICIKE Root tissue C concentration/(mg-g ') 448.67+7.52a 449.27 £2.09a

VE: ANEVNE FRERIRIEAS A AR H8 [7]) 22 53 .35 (P < 0.05). Note: different lowercase letters indicate significant differences among varied ages (P <
0.05).

451.02 +£ 6.05a

R3 AREFRAMIRE N RBLER SR ZRSFLFZHIRE Pearson XD

Tab.3 Pearson’s correlations between root nitrogen uptake rate and morphological and chemical traits of
Pinus koraiensis at different ages

R ASALEER NIRUSH % Nitrogen uptake rate/(ug-g '-h™")

Root morphological and chemical trait

B A% Ammonium fiti#& % Nitrate HZ& R Glycine SN Total absorption

HRE 1% Root diameter/mm -0.393 0.435 —0.583" —0.443
LEAR Specific root length/(m-g™) 0.156 —0.435 0.516 0.233
ZH 412 ¥ Root tissue density/(g-cm ) 0.059 0.006 0.183 0.104
LLAR R AN Specific root surface area/(cm*-g ") 0.102 —0.364 0.346 0.146
HZINIKE Tissue N concentration/(mg-g ™) 0.116 0.139 —0.042 0.096
Y ZACHFE Tissue C concentration/(mg-g ") -0.219 —0.065 -0.291 -0.271

VE: RNEUE AR R AL "R BEH (P < 0.05). Notes: values in table are coefficients of correlation, * means significant correlation (P < 0.05).
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