INTERNATIONAL JOURNAL OFAGRICULTURE& BIOLOGY
ISSN Print: 1560-8530; ISSN Online: 1814-9596
13-1412/2014/16-6-1031-1040
http://www.fspublishers.org

Full Length Article

Short-term Nitrogen (N)-Retranslocation within Larix olgensisSeedlings
is Driven to Increase by N-deposition: Evidence fim a Simulated N
Experiment in Northeast China

Hongxu Wei"? Chengyang Xd', Lvyi Ma??3, Wenjie Wang', Jie Duarf and Lini Jiang®

'Northeast Institute of Geography and Agriculturabibgy, Chinese Academy of Sciences, Changchuh(23China
“KeylaboratoryofSilvicultureandConservationChineseAdministratiorof EducationBeijing ForestryUniversity,100083China
*National Energy R&D Centre for Non-food Biomassijig 100083, China

*For correspondence: cyxu@bijfu.edu.cn

Abstract

Urban areas are key sources of reactive atmosptigagen (N). Urban forests are moving towardsatesof “N-saturation”
due to N-deposition. However, the possible futvead of inherent N-cycling in trees in responsermanization-related N-
deposition is not well known. With regard to theniradiction of current studies on the exogenousitlitmn on endogenous
N-retranslocation (NR) in the month- or season-ltergn, we treated 15-month old Changbai latcirigo IgensisHenry.)
seedlings with°N-labeled ammonium sulfate supplied at rates afdbifol), 30 (F30), 105 (F105), and 315 (F315) v
seedling to simulate N-deposition at the accumulativelyufatamounts driven by urbanization. Seedlings \hersested
nine days after treatment to determine their respari NR. Results revealed that N-deposition ha@jmificant short-term
effect on N-derived from plant (NDFP) in needlefievein NDFP rose with the increase'®i-deposition intensity. In fine
root (in diameter of 0-1 mm) NDFP in the F315 tnesit was statistically higher than that in otheatments. There was a
mean amount of 1.26 mg of N-retranslocated intallese which accounted for 19% of total N-contergsigts in the present
study, together with the other ones we summarizedld be concluded that short-term NR in Changhaihl tended to
increase in response to urbanization-related N-sitpo. © 2014 Friends Science Publishers

Keywords: Urbanization; Urban-to-rural gradient; Fine rootrénobilization;*Nitrogen

Introduction Nitrogen demand for tree growth is met by not only
exogenous N-uptake but also endogenous N-retraatisinc
Urbanization is accelerating worldwide (Chetnal, 2010).  (NR) (Bazotet al, 2013; Rehmast al, 2013). The former
The cities are expected to grow 2.5 times in ageadso0, influences new organ growth and the latter is aaitifor
consuming some 1 million square kilometers, or 1cafdhe meeting initial sink demands of newly planted EaiWeiet
total land area of countries (Anggtlal, 2005). Urban areas al., 2012a). As an exogenous N-source, N-deposition ma
are key sources of reactive atmospheric nitrogenaii have a null effect on NR in trees because NR wasleded
experience enhanced deposition from the by-prodatts to be driven by N-storage but not current N-suggdillard
fossil fuel combustion (Raet al, 2013). In urban and and Grelet, 2010). In contrast, some findings digpd this
suburban areas, forests are moving rapidly tonastate of ~ viewpoint (Salifu and Timmer, 2003; Uedtal, 2012; Wei
“N-saturation” due to much greater wet and dry aoheric et al, 2012a). In response to N-deposition, althoughltes
N-deposition than rural areas (Chen al. 2010). As a  of increased exogenous N concentrated in tree deave
response, a series of changes have been detersimddas ~ suggested the weakened retranslocating demandreéis
higher litter N concentration (Nikulat al, 2010), greater for growth (Cheret al, 2010; Kuanget al, 2011), direct
microbial biomass N content (Chest al, 2010), and evidence of determination of NR is quite insuffitiewhich
increased N-mineralization and N-nitrification (Bevet al, hinders us to predict future response of inhereay®ing
2002; Cheret al, 2010; Cusack, 2013), greater foliar N- Wwithin trees to urbanization-related N-deposition.
accumulation and growth of trees (Chedral, 2010; Kuang In order to better detect the direct impact of N-
et al, 2011; O'Brienet al, 2012; Searleet al, 2012;  deposition on NR, trees may probably need to be
Cusack, 2013; Litet al, 2013). However, it still reminds examined in a short-term because the month-losgagon-

unclear enough about the possible future-trendapéd N-  long term effect of exogenous N addition on endogerN-
cycling within trees in response to probably insegh  cycling may be interfered by significant soil N-éténg
urbanization-related N-deposition. (Xiong et al, 2010) and gross N-cycling (Uedgal, 2012).

To cite this paper: Wei, H., C. Xu, L. Ma, W. Wang, J. Duan and L. giaR014. Short-term nitrogen (N)-retranslocatiothiniLarix olgensisseedlings is
driven to increase by N-deposition: evidence frosinaulated®N experiment in Northeast Chirlat. J. Agric. Biol.,16: 10311040
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In a short term, e.g. within 24 h, although photdisgtic
and growth may not show any evident changes, exagen
N-addition can cause significant influence on emshoys
N-cycling because synthesis of proteins from inoigaN
occurs when internal N-cycling has been triggek&fdrfen

et al, 2003). The short-term N-addition could not be
absorbed thoroughly by tree seedling roots, thezefesults
of N-derived from plant (NDFP) in seedling organspot-
culture experiments may be under estimated (Waatah,
2003; Metcalfeet al,2011). The short-term response of
forest system to N-deposition are drawing more iuode
research attention in recent years (Savva and m@ni
2010; Tuet al, 2011; Nave and Curtis, 2011; Rossial,
2013). Considering that most studies referred td/dkard
and Grelet (2010) and relevantly others (Zefral, 2011;
Ueda, 2012; Jordaet al, 2012; Bazokt al, 2013) were
performed in a longer term, a study about shomter
response of inherent N-cycling in trees may repleror
even disprove current conclusions.

In China, fast economic growth has contributed to
rapidly increasing emission of sulfur dioxide @nd N-
oxides (NQ) since the 1980s when the open-door policy
and economic reforms were implemented (Kuahgal,
2011). China and other economies are facing aragng
challenge to reduce emissions of reactive-N, N-diépa

temperature of 4-9°C. The texture of soils from0@+2 in
depth was a sandy loam with 55 % sand, 30% sil,1&%0
clay. Average soil pH was 6.30, NN was 6.93 mg kg
NOs-N was 10.35 mg K§ More soil properties and
specific determination methods could be found in &Yel.
(20124, b) and Duaet al. (2013).

Plant materials: Changbai larchl@rixo IgensisHenry) is a
typical larch species locally in temperate Chinhiciv had a
significant response of NR to exogenous N-supplyain
month-long term during summer (Weit al, 2012a).
Changbai larch seedlings were chosen as mategatsube
they can easily fulfill the determination at the olitree
level and they can be comparable with results berot
relevant studies employing tree seedlings as nasgeri
(Warrenet al, 2003; O'Brienet al, 2012; Searleet al,
2012; Ueda, 2012). Seeds of Changbai larch wetected
by employees of Xiaobeihu Forest Station (44°03’ N,
128°28' E) in a local wild stand in Heilongjiangdvmnce,
Northeast China. After collection, seeds were paried to
the nursery and stored at 0-4°C, where they wealkesbin
5% potassium permanganate (W/W) solution for 2dh a
stratified for 5 d at 0-4°C, then on 3 May 2009yed at a
density of 700 seedsin a nursery bed. In mid June 2009,
germinated seedlings were thinned to about 550lisged
m2 On 12 October 2009, seedlings were harvested then

and their negative effects on human health and themoved into cold storage until 13 April 2010, whever

environment (Liuet al, 2013). In the present study, we
determined the effect of simulated N-depositionNR in
15-month-old Changbai larchLdrixo Igensis Henry)
seedlings in a semi-controlled environment in artstesm
during summer in Northeast China. Two questionsiireq
resolutions: (i) will N-retranslocation within Chglsai larch
seedlings respond to N-deposition in a short temna, (ii)
will N-retranslocation increase or decrease alongN-a
deposition gradient? The resolutions of these tuestions
are necessary to better understand the future twénd
cycling in forests affected by urbanization relatdd
depositions. Results of this study will supply Gse
government with theoretical evidence when making th
policy to cope with N-deposition, and the contribatto the
mechanism of short-term relationship between exogeN
and NR would supply an international scope for dvett
understanding the possible future-trend of N-cgciimtrees
in response to urbanization-related N-deposition.

Materials and Methods
Study Site and Plant Materials

Study site: The study was conducted in Jiangmifeng
nursery (435N, 12645'E), Jilin City, Jilin Province,
Northeast China (Fig. 1), which locates at the Hognu side
of Jilin City and was undergoing urbanization. Lbca
annual precipitation is 650-750mm with summer @dinf
accounts for 60% of the annual precipitation. Timeual air
temperature is 3-5°C, with a mean early growingseea
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winter seedlings were transplanted into anotherseryr
beds. More specific details about nursery bed slgapi
seedling culture, and transplanting manipulatiom ¢
found in Weiet al. (2012a, b), Duaset al. (2013), and Wei
et al. (2013).

On 18 July 2009, forty seedlings with a uniformesiz
were chosen from nursery beds. Eight seedlingsechos
from them were measured for their initial height anot
collar diameter, which were 13.4 cm and 2.6 mm,
respectively. After washing the roots free fromissanother
thirty-two seedlings were planted into pots (topndéter x
height x bottom diameter: 18 cm x 18 cm x 16 citgdi
with acid washed sand. One pot contained one sgedll
pots were placed on the open-air ground in theemurat
1m x 1m spacing which is the planting density focal
afforestation of Changbai larch (Duanal, 2013).

Simulated **N Deposition Treatment

Nitrogen deposition was simulated by supplyifgrlabeled
solutions to Changbai larch to be distinguisheanfrore-
experiment N-storage within them. Distilled-watelute
ammonium sulfate [(NE,SO)] was labeled with N-
enriched to 10.11 atom%N (SRICI, Shanghai, China), and
supplied at rates of 0 (control), 30 (F30), 105081 and
315 (F315) mg™N seedling delivered as two solution
applications on 25 July and 1 August 2010. N wael&d

by N to be distinguished from the stored N. Ammonium
sulfate was chosen to simulate urbanization-related
deposition because in China N from ammonium is the
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Fig. 1: Study site in Jiangmifeng Nursery, Jilin City, Kaast China
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Fig. 2: Environment conditions during the experiment

dominant form of N in bulk deposition (Litet al, 2013) (2011) were followed. Because pots containing segsl|
and fast economy development has resulted in isicigga were placed at 1 m x 1 m spacing (see above), ehch
emission of sulfur dioxide (Kuargf al, 2011). The method  potted seedlings in the control treatment recedegbsited
of irrigating with N-enriched solutions to simulate- N to the area of 0.001mIn Northeast China, annual N-
deposition employed by Tet al. (2011) and Metcalfet al. deposition was evaluated to be 7.5-14.5 kg N($®@ng and

103¢



Wei et al. / Int. J. Agric. Biol., Vol. 16, No. 6, 201

Block 1 Block 2
JF2ds, | Fag: eul | wips | FHIS
i BRSPS | o
IS | ¥ | o | FRE | REIR G,
Fits Y P s | res | s

Fig. 3: Experiment design of simulatétN-deposition treatments at rates of 0 (Ctrl), 380)F 105 (F105), and 315 mg
N seedling' (F315) distributed into two blocks located in djnifeng Nursery, Jilin City, Northeast China. Withgach
block, one treatment was replicated for 4 pots.hBaat contained one 15-month-old Changbai latdriolgensis
Henry) seedlings as an experimental unit. All pe¢ése randomly placed at 1m x 1m spacing within ezdhe blocks.
Therefore, there were totally eight replicatessfach treatment

Liu, 2013; Yuet al, 2011), therefore simulated N-deposition
level in the F30 treatment was comparable to the sum of
N-deposition in the future 20 years, and that @Fi05 and
F315 treatments were performed to study the respofs
newly planted Changbai larch seedlings to N-dejoosihat

@)

Where N is the N ratio of sample,™Natom
Yoweament@nd N atom % are the N isotope ratios of the
. o ) treated sample and standard (0.366, adapted byek\etrr
may be driven by urbanization locally in the futulé- 5 5503y '\ derived from fertilizer (NDFF) was caled
depositions were performed in sunny days during theg X

experiment to avoid being diminished by rains. \IWeat from the equation (Warren et al, 2003):

conditions during the experiment are shown in BigOnly $%&8 (2)
the soils were irrigated to avoitN contamination of shoots e
(Warrenet al, 2003). Where, N atom% conro is 2N atom % in controlled

sample N atom%apeied feriiizerds N atom% in PNH,),SO,
of 10.11. Amount (mg) of NDFF is calculated as:

On 10 August 2010, when seedlings had nearly faghe $' o+ (3
primary shoot extension, all seedlings were haegesind
transported on ice to the Laboratory, where segdiiots
were washed free from sand, and then seedlings shieeel
at cotyledon scars and divided into partitions lafat and
root. Shoots were divided into needles, curremhst@ight-
green and soft stem), and old stems (dark-brownnanadly ! orr )+ (@)
stems). Roots were divided into coarse (>2 mm in

diameter), medium (1-2 mm in diameter), and fing &m Where TNy is_total N-content (mg) in seedling
in diameter) roots. Root dry mass was measured aftn organs initially beforé®N deposition treatment (determined

dried for 48 h at 70°C. Dried plant samples wereugd on seedlings sampled on 18 July 2010). % NDFP is

with a Wiley mill and determined fdPN-abundance using a  c@lculated as:

FLASH 2000 NC Analyzer (EA 1112 HT-MAT253, Thermo D1 ¢ 088 )

Scientific®, U.S.A.). Total N-content was determined by an 2.

automatic N-analyzer (UDK 152 automatic N-analyzer, All data were analyzed using SAS software (SAS

VELP Co., Usmate [MB], Italy), as described by Weial. |nstitute Inc., Cary, NC). Tests for normality anonstant

2012 (b) and Duaet al.(2013). variance were performed and no transformations were
L i _ necessary. The experiment was conducted as a rameibm

Statistical Calculation and Analysis design with half units for one treatment separatexeither

block. One seedling was a unit. An one-way analgsis

variance (one-way ANOVA) was performed for eachhef

Seedling Harvest and N-determination

Where TN,y is total N-content (mg) in seedling
organs finally aftef°N-deposition treatment (determined on
seedlings sampled on 10 August 2010). Amount (rmigy-o
derived from plant (NDFP) was calculated as:

The™N atom % was calculated from:

103¢
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seedling organ components of needles, current Sidam,
stem, coarse root, medium root, and fine rootsted the
significance of effects 0fN-deposition treatments on total
N-content (TN), NDFF and NDFP wherein. Another one-
way ANOVA was performed to compare the difference
among the seedling organ components. When thetseffec
were indicated to be significant by ANOVA throughet
general linear model (GLM), means (+SE) were rankec
according to Tukey's student zed range test=a0.05.

Results

Response of Biomass in Seedling Organs t&N-
deposition

On 18 July 2010, initial biomass was greatest gdies and
least in current stem and medium root (Table 1).10n
August 2010, the after-treatment biomass followbd t
similar gradient among organs like the ones before
treatment, but net biomass increment was greatesidarse
root. Although the value of net biomass incrememt i
medium root was negative, it did not differ fromhers
statistically (Table 1). Simulated’N-deposition affected
biomass in organs of current stem (Fig. 4), whettegnF30
and F105 treatments resulted in greater biomaspau
to the control.

Response of Th, and NDFF in Seedling Organs td°N-
deposition

Simulated N-depositionhad a significant effect on both
TNinww and NDFF in organs of Changbai larch
seedlings P<0.0001). Both Tk, and NDFF increased
with the rate of ®N-deposition treatment (Fig. 4).
In needles, old stem and fine root, the F315 treatm
resulted in greater T\, than the control treatment
(P=0.0025,P=0.0215,P<0.0001, respectively). Seedlings in
the F315 treatment had greater NDFF than thosédnen t
control treatment in all seedling organs (Need?e§.0001;
Current stempP=0.0153; Old stemP<0.0001; Coarse root,
P<0.0001; Medium rootP=0.0004; Fine rootP<0.0001).
In coarse root and fine root, the F105 treatmesitlted in
greater NDFF than the control treatment.

Both TN;,a and NDFF were different among seedling
organs (Fig. 5). Either T\y or NDFF was highest in
needles or fine rootP&0.0001, P=0.0082, respectively).

(A) Needies|  ((©) Needles
F315 a o
F30 Jy '—ﬂ) |—<
Control {¥ }——4 b }‘_‘
(B) Current stem (H) Current stem
F315 X ]b
F105 Xy Pa
F30 Xy )‘2
control { |y o
0ld stem U] Old stem
. -k
s
g
<
2 (D) Coarse root () Coarse root
K
g F315 E—< }"
a
- F105 D—« F
- —
(E) Medium root (K) Medium root
F315 }-‘
s i
F30 4 ]
o u
Fine root (L) Fine root
== Biomass
== TN }»4
w— NDFF
0 2 4 6 8 10 12 14 00 1 2 3 4 5 8
N content (mg) Biomass (g)

Fig. 4: Total N-content finally after N-deposition treatmbe

TNsna Was greater in old stem than in current stem an(ETNFinal)’ N-derived from fertilizer (NDFF) (left) and

medium root, but no difference was detected for RO
seedling organs expect needles and fine root.

Response of NDFP in seedling organs teN-deposition

Nitrogen-deposition did not affect NDFP in curretem
(P=0.5909), old stemR=0.1361), coarse rooP£0.7468),
and medium root R=0.1929) (Table 2). HoweverN-
deposition had a significant effect on NDFP in nesd
(P=0.0332) and fine rootPE0.0002), and needle NDFP

biomass (right) in needles (A, G), current stemHg,old
stem (C, 1), coarse root (D, J), medium root (E,d€d fine
root (F, L) investigated on 10 August in 15-montld o
Changbai larch seedlings, which eceived simulatat
deposition treatments at rates of 0 (Control), 380§, 105
(F105), and 315 mgN seedling on 25 July and 1 August
2010. Results are presented as mean+SE. Diffezttatd
indicate statistically differences amorigN treatments
according to Tukey's studentized range test=a0.05
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Table 1: Biomass (g) of needles, current stem, old stemcontrol samples in needles and fine root NDFP i@ th
coarse root, medium root and fine root in 15-moott
Changbai larch L@rixolgensisHenry) seedlings before and treatments, values of which were negative (Table 2)

after the'N-deposition treatment (determined on 18 July and Values of NDFP in all seedling organs was negative
10 August 2010, respectively). Values before N-ddjom

treatment are the average of 8 replicates8) + one standard
error, while those after N-deposition treatmenttheeaverage

of average of 32 replicates=32) from the pool of 4
treatments + one standard error

Organ Before N-depositon  After N-depositon Net biomass

treatment treatment increment

Needles 0.41+0.03a 0.44+0.03a 0.03+0.03b
Currentstem  0.03+0.00c 0.05+0.00c 0.02+0.00b
Old stem 0.18+0.00b 0.20+0.01b 0.02+0.01b
Coarse root 0.10+0.00bc 0.20+0.02b 0.10+0.02a
Medium root  0.05+0.00c 0.04+0.00c -0.01+0.00b
Fine root 0.15+0.00b 0.17+0.01b 0.02+0.01b

Values before N-deposition treatment are the aeeth@ replicatesnE8)
+ one standard error, while those after N-depasitieatment are the
average of average of 32 replicates32) from the pool of 4 treatments +
one standard error. Different letters indicate ifitant difference

according to Tukey’s studentized range test8t05

Table 2: N-derived from plant (NDFP) (mg) in needles, catre
stem, old stem, coarse root, medium root and fioe of 15-
month old Changbai larch seedlings subjectédNaleposition
treatments at rates of 0 (Control), 30 (F30), F¥DE) and 315

(F315) mg™N seedling

Seedling "“N-deposition treatment

organ Control F30 F105 F315

Needles 0.17+0.85b 0.37+0.59ab 0.98+1.00ab  +B.0d%a

Current -0.050.09 0.09+0.07 0.01+0.18 0.12+0.05
stem

Old stem -0.07+0.32 0.03+0.10 -0.50+0.12 0.a70
Coarse -0.11+0.39 -0.26+0.20 -0.080.14 0.12+0.17

root
Medium -0.31+0.15 -0.32+0.08) -0.43x0.10 0.02+0
root

22

Fine root -0.12+0.26b  -1.35+0.23b -0.80+0.24b 0.25+0.19a

Values are the average of 8 replicates8] + one standard error. Different
letters in a horizontal line indicate significaniffatence among N-
deposition treatments for one seedling organ agwprdo Tukey's

studentized range test at0.05

Table 3: Ratios of N-derived from plant (NDFP) to T
and TN,y in needles, current stem, old stem, coarse roorappeared to disagree with Millard and Grelet (2046

medium root and fine root in Changbai larch segdlin

Seedling organs NDFP/ Tk NDFP/TNina
Needles 26.18+9.99a 19.64+7.49a
Current stem -4.57+11.17ab -3.68+9.00ab
Old stem -7.19+6.14ab -7.11+6.07ab
Coarse root -6.21+8.84ab -6.00+8.54ab
Medium root -33.59+9.88b -44.78+13.18c
Fine root -28.1245.81b -30.29+6.26bc

Values are the average of average of 32 repli¢at&2) from the pool

of

4 treatments + one standard error. Different ketiadicate significant

difference according to Turkey test at 0.05 level

tended to rise with the increase'dfl-deposition intensity.
The F315 treatment resulted in greater NDFP than th deposition increased carbon (C) Sequestration by
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F315treatment was greater than that in the F3QrenE105

except for that in needles indicated N was retomaséd
from roots upwards to the neighboring organ oneohy
until needles, wherein the NDFP value was posifig. 5).
Ratios of NDFP to TlNia and to TN,y were different
among seedling organ®<0.0001; Table 3). The ratio of
NDFP to TNy in needles was higher than in medium root
and fine roots, and the ratio of NDFP to IINin needles
was higher than that in medium root (Table 3).

Discussion

Locally in mid Jilin Province wet N-deposition imremer
accounts for 75% of annual N-deposition (Song and L
2013) due to abundant rainfalls (see MaterialsMathods
section). In summer, we found a significant effexdt
simulated N-deposition on NR in Changbai larch begsl
(Table 2), which clearly answers our first questioedaet
al. (2012) indicated that the validity of exogenous N-
addition to endogenous N-retranslocation was sedson
dependent. As summarized in Table 4, the null resgo
found in current studies may be due to the postititan
effect were determined too early in spring (Millaad
Neilson, 1989; Millard and Proe, 1991; Jordgral, 2012)
when demand of exogenous N-uptake for new growsh ha
not been fully recovered; or too late (Millard aPRdoe,
1992; Grelekt al, 2001; Cheng and Fuchigami, 2002; Wei
et al, 2012a; Uedaet al, 2012) when the utilization of
currently absorbed N was covered by intensive #fitel-
cycling. Otherwise, a post-N-addition sampling &l fmay
result in the influence of spring N-addition to dieinished
(Wei et al, 2012a). In our study, the sampling time was
within period when Changbai larch was undergoing th
intensively growing period, when the heavy demaod f
new growth in Changbai larch seedlings drove N ¢o0 b
obtained from both endogenous NR and exogenous N-
uptake (Fig. 5).

As for NR and biomass accumulation, although the
results of short term effect of N-depositon on NR

other findings (Zeiret al, 2011; Jordaret al, 2012), the
conclusions of these studies, however, were not
comparablewith ours, because our results were obtained
in a much shorter term than the former ones. Besides
NDFP, simulated N-deposition treatment also reduite
significant response of NDFF and biomass mainly in
current stem (Fig. 4). Using seedlings as materials as
well, Warrenet al. (2003) reported the significant short
term effect of N pulse on Douglas-firPg¢eudotsuga
menzies), but indeed they did not talk much about NR.
Through rates of simulated N-depositions to a bambo
plantation, Tuet al. (2011) reported that short-term N-
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Medaium root

Fine root 2.68+0.72ab

0. /8=0.020

0.071).02¢
0.56%0.12a

-0.26=0.U8b
-0.75=0.16b

0.59+0.73d
249=1.20b

18 July 2010

10 August 2010

Fig. 5: Total N-content (TN) in needles, current stem, siem, coarse root, medium root, and fine rootstigated on 18
July and TN, N-derived from fertilizer (NDFF) (m@nd N-derived from plant (NDFP) (mg) investigated10 August in
15-month old Changbai larcH.drixolgensis Henry) seedlings. SimulatetiN-deposition treatments were applied to
seedlings on 25 July and 1 August 2010. Valuesrédfisdeposition treatment are the average of 8cadpk (=8) + one
standard error, while those after N-depositionttneait are the average of average of 32 replicate32} from the pool of 4
treatments + one standard error. Different letierg column indicate statistically differences agaeedling organs
according to Tukey'sstudentized range test &t 0.05. Arrows indicate the direction of N-retdmesition from initial N-
storage organ on 18 July towards the final N oai0 August 2010. Among all seedling organs, tidaesof NDFP was
determined to be positive only in needles, indizat\-retranslocation from bottom organs upwardhéneighbor organ

until needles

Pleioblastus amarusplantation system though soil C

Searleet al. (2012) there were less significant responses of

emission was stimulated as well. Savwva and Berninge biomass found for Changbai larch seedling orgaits @,

(2010) considered N-deposition could increase greaith
in a short term in boreal forests in Eurasia, loaly the
growth of trees there declined due to accompanigzhsr
deposition. In contrast, Nave and Curtis (2011)gssted
that N-deposition was not likely to havany significant
short-term effects on forest biomass N-content BIPNn
Populus tremuloides- Pinus strobesforest mesocosms.
Additionally, Rossiet al. (2013) failed tofind the short
term effect of N-deposition on root vitality and
ectomycorrhizae presence in black sprugega mariana
stands of the boreal forest of Quebec. In spitethef
significant effect of N-deposition on NR in Changtzach
seedlings, future work is suggested to test thiscefin
mature trees, which will reveal the more realistic
response of forest system to N-deposition.

Because increased N-deposition is one of the sesultaggravated urbanization-related N-deposition

driven by urbanization, our results about the bigsna
response to increased rates of N-deposition (Figad be
comparable with others with respect to urbanizat®earle
et al. (2012) and O'Brieret al. (2012) clearly revealed the
enhancing effect of urbanization on biomass accation

which was probably attributed to the shorter regeserm
in our study. In current stem of Changbai larchdbegs,
the decreased biomass in the F315 treatment eelatithat
in the F30 and F105 treatments indicated a potetgjaess
of future urbanization related N-deposition
photosynthetic twigs. This disagreed with the rssualf
obtained by Searlet al. (2012) possibly because their field
experiment along a rural-urban gradient transentaboed
more involved environmental-factors (such as teatpes)
rather than N-deposition.

Surprisingly, we found that NR in needles was drive
to rise by simulated N-deposition at increasedsratea
short term, and needle NDFP in the F315 treatmexg w
significantly greater than that in the control §Eble 2).
These results answer our second question, suggekai
inurtut
would stimulate the short-term demand of NR for new
growth in Changbai larch. Similar results have disen
reported by Nambiar and Fife (1991), Crane and Bank
(1992), Marmannet al. (1997), and Salifu and Timmer
(2003) (Table 4). This can be explained by increase

on

in red oak Quercus rubral.) seedlings and adult red-cedar demand following stimulated growth. In contrastmso
(Thuja plicatg trees, respectively. Compared to the study of reports also documented the prohibitive effectuofent N-
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Table 4: Studies on N-retranslocation in trees

Reported Tree material N-treatment Time of determinatior\Nan Effect of current N-supply
study retranslocation on N-retranslocation
Nambiar and Radiate pine Rinus radiate D. Don) “‘N-fertilizations in springs of "2, Summers in 4and &'years; Enhance
Fife 1991 trees 39 4" and %' years Spring-summers in"5and
years
Millard and ~ M26 apple Klalus domesticaBorkh.) N in April in the 2° year September in th&¥ear Null
Neilson 1989 rootstock
Millard and ~ Sycamore Acer pseudoplatanusl.) N throughout the Syear, and‘N May in the 2° year Null
Proe 1991 seedlings since March of ¥ year
Millard and ~ Three-year-old clonal cuttings &ficea N throughout the lyear, and‘N Throughout the'® year Null
Proe 1992 sitchensigBong.) Carr. since March of % year
Crane and Radiate pine Rinus radiate D. Don) “N-fertilizations in  and 2°years Throughout 4 years Enhance

Banks 1992  trees
Munsonet al. White pine Pinus strobusL.) and white Annual*“N-fertilization for 4 years Four years after plaita Enhance for white pine

1995 spruce RiceaglaucgMoench) Voss) trees establishment Reduce for white spruce
Marmannet  Ash (Fraxinus excelsigrtrees EN-fertilization throughout the $1 May in the 2 year Enhance
al. 1997 year
Imo and Black spruce Ricea mariana (Mill.) *‘N-loading in the 9 year, and field October in the™® year Reduce
Timmer 2001 BSP) seedlings UN-fertilization in June of ® year
Salifu and Black spruce seedlings “N-loading in the 1 year, and potJuly and September in thReduce
Timmer 2001 UN-fertilization in May of 2¢year 2" year
Greletet al. N. Mature ramets ofaccinium myrtillus ““N-fertilization throughout the *Lyear, Throughout the year Null
2001 andVaccinium vitis-idaea and*N-addition in May in 2'year
Cheng and M26 apple trees ¥N-throughout the Slyear, and*N June in the ™ year Null
Fuchigami 2002 from April to June in the"year
Salifu and Black spruce seedlings “N-loading in the 1 year, and potJuly and September in th&nhance
Timmer 2003b 5N-fertilization in May of 2¢year 2™ year
Donget al. Poplar Populus trichocarpa x P. *N-fertilization throughout the *1 July in the ' year Reduce
2004 deltoide$ stocks year, and®N-addition from April to
July in 2%year
Wei et al. Changbai larch L@rixolgensis Henry) “N-fertilization in the ¥ year, and July and September in thReduce in July;
2012a seedlings “N-fertilization at transplant in2" year Null in September
April of 2" year
Uedaet al. Quercus serrataThunb. ex. Murray *N was added during the early anifter *N was added, one td@he effect of N-fertility in
2012 saplings late growing seasons three months later in earlyhe current growing season

growing season; four week#as larger in the late phase
later in late growing season than in the early phase

Jordaretal.  One-year-old peach root-stockrgnus “N-fertilization in fall of the ¥ 29 May in the ¥ year Null
2012 persicaBatsch. cv. GF305) year and®N-addition in spring of
the 2%year

supply on NR (Imo and Timmer, 2001; Salifu and Tienm  area in red oak seedlings. At the community le@&Brien
2001; Ueda, 2012). From current studies it caropeloded et al. (2012) found that urbanization did not enhance
that when exogenous N-availability is low NR woudd seedling recruitment. For trees exposed to N-déposi
stimulated to compensate the N-demand for sink trow current evidence failed to link the short-term vndiiial
Our results, however, underlined that in a shortnte response to the community performance, which linntdo
exogenous N-input by deposition actually stimulakéd, more deeply understand the undetected phenomeinen. T
although it seemed that urban forests would notl meere mechanism that short-term demand for carbon asgianil
NR in future because they are believed to movedlgpi “pulled” stored N out of reserves to be retrangieda
towards a state of “N-saturation” (Chetal, 2010). towards photosynthetic organs of tree seedlinggsidal to
The increased NDFF, as well as NR, in Changballarc N-deposition is suggest to draw more attention hat t
needles in response to N-deposition suggested theommunity level.
strengthened demand of N for photosynthetic asaiinil The most surprising result in our study occurrefihia
stimulated by urbanization-related N-addition inslaort root, where in values of NDFP were negative fortin
term. Thus, seedling demand of NR for new growttindu  F30, and F105 treatments (Table 2). This suggestes N
intensively growing period was imperious to soméeek  was retranslocated out of fine roots, which corrat®the
and can't be ignorable (Fig. 5; Warretal, 2003). Searlet findings of Nambiar (1987) and Gordon and Jack200Q)
al. (2012) indicated that urban-grown red oak seesdling regarding a little retranslocation of N from sememcfine
allocated more growth to leaves than did rural-grow roots in trees. In another study, Bausenwetiral. (2001)
seedlings, resulting in 10-fold greater photosynthetic  ever found N-retranslocated out of fine roots Riimex
area. However, Searlet al. (2012) did not detect any acetosa In contrast, when the intensity of N-deposition
difference in photosynthetic capacity of foliage per unit caught the highest rate for Changbai larch (ikee, E315
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treatment), the value of NDFP was positive. HerBFR eventually towards needles. This disagreed with the
was not able to represent NR anymore, because N isonclusion of some former studies, but still coscuith
unlikely to be retranslocated from other organghsas  some other ones. With the increase of simulated N-
coarser to finer roots. Otherwise, positive valti®lDFP in deposition rates, NDFP in needles was found teas® as
fine root can be attributed to the N-resorptiorfioé root well. In fine root, however, N-deposition in the CFand
from other associated organisms, such as soil biota F105 treatments did not result in any significagponses
symbionts (Gordon and Jackson, 2000). Before theof NDFP compared to that in the control treatmeat -
experiment commencement, Changbai larch seedliegs w deposition was performed), and values of NDFP &seh
obtained from nursery soils, wherein roots wereljiko be  three treatments were negative. However, the value
inoculated considering that (arbuscular-, ecto- aricbid) NDFP in fine root in the F315 treatment was positivhich
mycorrhizal fungi constitute a large part of theefroot  was also statistically higher than the other tlees.

volume of most plants — up to 40% for ectomycoakiand In conclusion, our results complement current
80% for ericoid mycorrhizas (Freschet al, 2010). knowledge about possible future trend of short-term
Additionally, like the results of NDFF, among N-assition inherent N-cycling in temperate larch species spoase to
treatments only NDFP in the F315 treatment incigase urbanization-related N deposition. The short-tefface of
significantly compared to that in the control $¢énce, the rates of exogenous N input on endogenous NDFP
surmised explanation of resorption in the F315tineat contributed to a better understanding of NR indrée spite
was reasonable when it met the N-demand of neeaihels, of present and the previous findings, there stilsea gap
the F315 treatment had a significant “disturbarme’fine- between the tree responses to N deposition ahtiedual

root N-recycling. However, more evidence is esadinti  level and those at the community level.

needed in future investigations about effect ofdgaskition

on N-recycling, especially NR, in fine roots ofdar and  Acknowledgements

mature trees. _ )
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