HOKKAIDO UNIVERSITY

High nitrogen deposition may enhance growth of a new hybrid larch F-1 growing at two

e phosphorus levels
Author (s) Mao, QiaoZhi; Watanabe, Makoto; Makoto, Kobayashi et al.

Citation Landscape and ecological engineering, 10(1), 1-8

https://doi.org/10.1007/s11355-012-0207-2

Issue Date 2014-01

Doc URL https://hdl. handle.net/2115/60041

Rights The final publication is available at Springer via http://dx.doi.org/10.1007/s11355-012-0207-2

Type journal article

File Information

High nitrogen deposition may enhance growth .pdf

kaido
\;\0\‘ U”/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Title
High nitrogen deposition may enhance growth of the new hybrid
larch F; growing at two phosphorus levels

Names of authors

QiaoZhi Mad, Makoto Watanalde Kobayashi Makotb?, Kazuhito Kitd, Takayoshi Koiké

Affiliations and addr esses

! Slviculture and Forest Ecological Studies, Hokkaido University, Sapporo 060-8589, Japan

2 present address. JSPS-PD, Yokohama National University, Yokohama 240-8501, Japan
® Hokkaido Forestry Research Institute, Bibai 079-0198, Japan

Corresponding author
Takayoshi Koike

Tel: +81-11-706-3854, Fax: +81-11-706-2517, E-mkdike @for.agr.hokudai.ac.jp

Sapporo, Hokkaido, Japan 060-8589



Abstract

The recently developed hybrid larch (F:: Larix gmelinii var.japonica x L. kaempferi)

is being planted widely in re- and afforestationjects in northeast Asia. Nitrogen (N)
deposition to forest ecosystems has been rapidigasing in this region, due mainly to
industrialization and overuse of N-fertilizer. Tolger with excess N, phosphorus (P) is
considered to be the key determinant of tree grawthortheast Asia, because most
soils have originated from immature volcanic asb.pfedict the response of the 6
increasing N deposition and its relation with sBilavailability related to immature
volcanic ash soil in northern Japan, planting stoakFR were grown in potted brown
forest soil and categorised into eight treatmecdsnprising four N treatments, which
covers the amount of N deposition observed andiqest in northeast Asia, in
combination with two P levels. The N applicatiocreased the biomass and the light
saturated net photosynthetic rafg,] of the F at all concentrations. Irrespective of
expectation, P did not have any effect on thesarpeters. As N application increased
the content of potassium (K), magnesium (Mg) antbrophyll (Chl) in needles, a
positive correlation was found between the contdnil, P, K andAss;: These results
suggest that N deposition improves the growth & kybrid larch I at least by
improving the needle N condition, as well as theasmtration of other macro nutrients

in the initial stage of plantation.
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Introduction

Larch species are recognized as important afforestapecies, and have been planted intensively in
a large area in northern hemisphere (Matyssek ahdl& 1987a, b; Zhang et al. 2000; Kayama et al.
2009; Mao et al. 2010). The Japanese lakehiX kaempferi) is a key afforestation species that has been
widely planted in northern hemisphere, especiallwhole Hokkaido Island except high mountain range
(Koike 2009; Ryu et al. 2009). Unfortunately, itshiaigh susceptibility to biotic and abiotic stresse
(Koike et al. 2000). To avoid these problems, théridylarch F (L. gmelinii var. japonica x L.
kaempferi) was recently developed by crossing female Dahugech . gmélinii var. japonica) with
the Japanese larch; it is now being planted inheast Asia in fertile soil (Kita et al. 2009; Ryuag.
2009). However changing environment is greatly progresging. Watanabe et al. 2006).

Nitrogen (N) is an essential element for plant pegnthesis and growth (e.g. Evans 1989), but Aber
et al. (1998) and Ogawa et al. (2006) have sugddltt N saturation has occurred recently. In pafrts
Asia, Europe and North America have reported advenvironmental effects of increasing N deposition
(Galloway et al. 2004). In eastern Asia, nitrogespabition has been increasing with the rapid
development of industries and excessive use ofrilifer (Galloway et al. 2004). N deposition has
been reported to exceed 25 kg N'h@ar' in Europe (Binkley et al. 2000), and in the Neleds N
deposition exceeded 50 kg N'hgeaf* and some regions even reached 100 kg Nylear (Wright and
Rasmussen 1998). From 2003 to 2007, 12 monitorites shroughout Japan found that total N
deposition varied from 3.1 to 18.2 kg N'*hgeai* (Japanese Ministry of the Environment, 2009).

Conversely, phosphorus (P) deficiency can easilgeain forests by mechanisms that include

depletion-driven limitation, soil-barrier, low-P nemt material, and sink-driven and anthropogenic
limitations (Vitousek 2010). P is an essential maatrient for all functions including photosynthesi
Parts of some northern hemisphere forests aredgl#fering from P deficiency, since P had begadi

in soil and is unavailable to plants (e.g. Schezal. 2005; Yi et al. 2007), especially immatuocdcanic
ash soil (Kayama et al. 2007). Aber et al. (199&) 8raun et al. (2010) suggest that P limitation, i
particular needle P deficiency, may change undeditons of excess N. They do not specify any
relation between abundant N and P limitation irpees of tree growth. The correlation between leaf N
andAg, is generally stronger in poor N conditions, busitveaker if both N and P contents derive from
poor soil in tropical regions (Reich et al. 199Rgich et al. (1994) suggested that a weak coroelati
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between needle N amd,; may result in limitation of P or other elementsthdugh brown forest soil is a
common soil type in Japan (comprising 40% of laccbading to Nakaji et al. 2002), edaphic P limiati
is believed to occur in most soil, which originatesm volcanic ash (Rinyacho 1983).

Based on previous studies (e.g. Linder 1987; Albesl.e1998), we hypothesize that greater N
availability in soil may increase the nitrogen @oritin leaves, and photosynthetic ability and grooft
the hybrid larch E However, extra N application presumably causdgemi imbalance, together with a
decline in growth of the 4 During the decline phase, P application will @oene the growth limitation
in the F.

To test this hypothesis, N and P were applied aspieddent factors to planting stocks of the F
growing in brown forest soil, typical soil type #apan in order to know the baseline data for tkis n
species. Growth, needle gas exchange rates, anue#ude nutrient status of the seedlings were all
studied, to determine the ecophysiological mechmasisy which N and P availability affect the growth
planting stocks of the;FBased on the results, we discuss the effectafdfability under the increasing
N deposition that prevails in East Asia, especitily common edaphic condition with immature volcanic

ash soil in northern Japan

Materials and methods
Soil and plant materials

Brown forest soil was collected from tliesoil horizon in Sapporo Experimental Forest, whigh
maintained by Hokkaido University in northern Jag48.07°N, 141.38°E, 15 m a.s.l.). The average air

temperature was 20.Z, the average relative air humidity was 74.3 %, #rel average accumulated

photosynthetic photon flux (PPF: converted by HOBEendant Temperature/ Light Data Logger,
64K-UA-002-64, Onset, U.S.A.) was 236.1 mmof in the nursery during the growing season from June
to September. The snow-free period is from May ttyegactober.

On 23 May 2008, planting stocks of 3-year-old cls®edlings of the hybrid larch, ere planted
in 7.5 L pots and were grown for whole growing périwre in order to evaluate the early stage of thei
growth. All the seedlings were harvested after gnosving season on 20 October 2008.

The pots were set in the open air at the Experimexiteisery, with a matched tray to prevent

nutrient leaching for each pot. During long raireripds, water that had pooled in the tray was ctdi
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and used to irrigate the same pot. The averagesséltistandard deviation) of the height and stese ba
diameter of the seedlings at the beginning of tkgeement were respectively 64.9 (+8.3) cm and 8.6
(x0.6) mm. This [ is characterized by its fast growth and good saiviKoike et al. 2000). This new

species was created by crossing female Dahurigh faom the Kurile Islands or Sakhalin, Russia with

male Japanese larch (Kita et al. 2009; Ryu et0il9p

Nitrogen and phosphorus treatments

The experiment was fully randomized. We used fouelke of N treatment (0, 20, 50 and 100 kg N
ha'; 0 mg, 62.8 mg, 157.0 mg and 314.0 mg N seedjingferred to as NO, N20, N50 and N100), with
ammonium nitrate solution (NJNO3) simulating acid deposition, in combination withiot levels of P
treatment (0 and 50 kg Pha mg and 157.0 mg N seedlihgeferred to as PO and P50) with potassium
dihydrogen phosphate (KKRQ,) solution. N100 is believed to exceed the requaets of woody plants,
based on studies in the vicinity of Tokyo metropolvhich is the most polluted part of Japan (e akajl
et al. 2002; Watanabe et al. 2006; Magnani etG72Kimura et al. 2009). At the same time, potassi
chloride (KCI) was supplied to the soil that did meceive KHPO, in order to provide an equal amount
of K among all treatments. There were 3 replicatifongach treatment. N and P were supplied to d¢fie s

three times, with one-third of total amount on L8e], 15 July and 21August.

Soil analysis
Soil samples were taken from the potted soil at eéhd of the experimental period following

harvesting of the seedlings. Soil samples weralrééd at room temperature for one month, prior to
determination of the total C and N content usingN& analyzer (NC-900, Sumica-Shimadzu,
Osaka/Kyoto, Japan). The soil pH was measured avighl meter (M-12, Horiba, Japan) after 10 g fresh
soil had been shaken for 1 h with 50 ml of ion-exaed water. Available P was extracted by the Bray-
method (Bray and Kurtz 1945), and determined by rttadybdenium blue method with ascorbic acid
(Murphy and Riley 1962), using a spectrophotom@Bsme spec lll, Hitachi, Tokyo, Japan). Nitrate and
ammonium ions in soil were extracted by 2M KCI améasured with an auto-analyzer (AACS-4,

BL-TEC Co. Ltd., Osaka, Japan).



Measurement of growth

At the end of the experimental period, on 20 Oatdi®9, all seedlings were harvested in order to
determine the dry mass and allocation of the ptegans. Few fallen needles were collected and also
added the dry mass. The harvested samples wer idrign oven at 70°C for 1 week and were then

weighed.

Gas exchange parameters

The gas exchange rates of mature needles were radasnirl2-16 September using an open gas
exchange system (LI-6400, Li-Cor Inc., Lincoln, NESWA.) with a LED light source (LI-6400-40).
Using three seedlings per treatment, we quantifteal A/C; curve with 13 steps of external €O
concentration @€, (e.g. Farquhar and Sharkey 1982; Long and Berma2603). During the
measurements, the needle temperature was maintain28.0 + 1.0°C and the PPF (Photosynthetic
Photon Flux) at 150umol m? s; these conditions had been determined previousljnduce the
maximum photosynthetic capacity of this speciesu(BRiyal. 2009). The leaf-to-air vapor pressureaitefi
was maintained at around 1.5 kPa, correspondirgntaient water vapor conditions in the field we used
The A/C; curve was used to estimate the net assimilatit@as 1@s,) and stomatal conductanag)(at 380
pumol mol! CO,, the net assimilation rate at 17@@nol mol! CO, (Amay), the maximum rate of
carboxylation ¥.may, and the maximum rate of electron transpéytj. The Rubisco Michaelis constants
for CO, (K¢) and Q (K,) and the C@compensation point in the absence of dark regpirdf*), used in

analysis of theV/C; curve, were calculated according to the methd8eshacchi et al. (2001).

Needle nutrients
After measurement of the gas exchange rate, thdlesweavere collected to determine the leaf

(=needle) mass per unit area (LMA). The LMA was calmd based on the needle projected area,
determined with an image scanner (CanoScan LiDE ,608Ron, Tokyo, Japan), and the dry mass of the
samples. For analysis of the needle nutrient stdtedried needles were ground into fine powdee Nh
content was determined by the combustion methathusiNC analyzer. The samples were digested by
HNO;, HCI and HO,, after which an inductively coupled plasma-atoneimission spectrometer
(ICP-AES, IRIS/IRIS Advantage ICAP, Thermo Fisheieftific Inc., Massachusetts, U.S.A.) was used

7



to determine the content of N, P, K and Mg in teedies. Needle samples for chlorophyll were stared
a refrigerator at -80°C. The chlorophyll in the dies was extracted with dimethyl sulfoxide accogdin

the method of Barnes et al. (1992) and Shinand €1206). The absorbance of the extract was medsure
at 664.9 nm and 648.2 nm using a spectrophotonf@ne spec lll, Hitachi, Tokyo, Japan), and the

chlorophyll content was calculated according torgaret al. (1992).

Satistical analysis
Two-way analysis of variance (ANOVA) was used toleate the effect of N and P loading, and of
their combined effect, on the physiological andvgtoproperties of seedlings of the hybrid larghaRd

on soil properties. All tests were performed ussiRSS 16.0 statistical software.

Results
Soil characteristics

Soil pH in the pots was measured after one growmason. The pH ranged from 4.94 to 5.20. It
increased significantly with addition of P (Table 1) the high N and P (P50N100) treatment in
particular, the available P concentration in saibwip to 0.28 g kfy The total N content (TN) in the soil
was significantly increased by N and P loading giag from 3.72 g kg to 4.66 g kg). The soil C/N
ratio decreased significantly (ranging from 13.681t1.20) with N and P application; there was no

interaction between N and P application.

Growth

The needle dry mass was significantly increased blpading (Fig. 1); the needle biomass of
PON100 was 60.58% greater than in PONO. The dry wiasteem and roots also increased significantly
with N loading. No significant effect of P loadingas observed on biomass parameters, nor any

significant interaction of N and P loading.

Needle gas exchange parameters
N application caused the photosynthetic paramedterscrease significantly. Increase of the N
supply from 0 to 100 kg N Haled to increases ifsa; Js, Vemax Jmax aNdAmax (Table 3). In contrast, P
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application had no significant effect on any ofsg@arameters. There were significant increasd®ift
and chlorophyll content with P application (Table ®Je found a positive correlation éf,with the
content of N, of K and of Mg in needles (Fig. 2 Kignificant effect of N and P application on LMA

was observed (Table 3).

Needle nutrients

The needle N concentration was increased by N lgadind varied from 1.16 g frto 1.62 g rif
(Table 2). Furthermore, the needle P concentratiarying from 33.02 mg thto 46.27mg i) increased
significantly with P application. Needle K also ieased significantly with N application (it rangiedm
18.28 mg nf to 3.88 mg rif). Needle Mg increased significantly from 4.95 mg tm 10.16 mg mi with
N loading. The needle C/N ratio decreased sigmifigawith N application (from 41.08 to 28.094"),
and there was no large difference in the LMA witle tN and P treatments. The concentration of
chlorophyll (Chl), increased significantly with M@ P application (it ranged from 109.67 m¢ o

176.65 mg ).

Discussion

Effects of nitrogen and phosphorus loading on needle gas exchange parameters

Although we are suffering from high N depositiorzuta 2006), we should find the way for
sustainable forest management as well as produestfeesources (Yi et al. 2007). In northeast Asia,
many efforts are provided for several kinds of gpecies, such as Korean pine (Yi et al. 2007), (iteel
(Choi 2008), Sakhalin spruce (Kayama et al. 200@panese larch (Kayama et al. 2009), etc. These
researches provide essential relationship betweand\P concentration in needles accompanied by the
role of symbiotic micro-organisms (Choi 2008; Kayaet al. 2009). N treatments increased the growth
of the hybrid larch Fover the whole range of N applications. Theseltesuggest that N continued to be
the limiting factor on the growth of the i our experiment. N application increased thetpsynthetic
parameters together with the chlorophyll, Mg andctd¢fitent in needles. N application would usually
reduce the soil pH (e.g. Schulze et al. 2005; Marec 1995); when the pH is below 7, soil P will be

found in the soil solution mainly as,PlO, or HPQ?, which can generate phosphate withdtd Mdg*



cations (Schulze et al. 2005; BassiriRad 2005) fdllon pH was observed in the present study Wth
addition, probably because of the large bufferiagacity of brown forest soil.

The photosynthetic ratls, is correlated significantly with leaf N (Matyssekd Schulze 1987a;
Evans 1989), and also with leaf Mg. Leaf Mg is esakebmponents of chlorophyll, and are usually
positively correlated with the photosynthetic régeg. Marschner 1995; Lambers et al. 2008; Schulze e
al. 2005). Needle K and Mg are also used in adjgstie osmotic potential of cells, and stabilizthg
pH in needles (Wu and Berkowitz 1992; Yi et al. 2D0These results imply that N deposition in soll
cannot by itself give rise to the nutrient imbalamt needles given the uptake of other macro-misiby
seedlings, or the resulting increase in growth pAstosynthetic production in larch is strong depegd
on the arrangement of needles in a crown (MatyasekSchulze 1987b), N application leads to greater
photosynthetic capacity in the,Rvhich induces an increase in the whole-plant laigsn This increase
may give rise to the enzyme activity which may fdlpf transporting more nutrients, especially kda
Mg, which are limiting factors for photosynthesisereby allowing further improvement in growth by
utilizing N uptake by the roots of the tree (Quakt2004; Kayama et al. 2009).

Stomatal conductance increased with N applicafi@ble 3), which may increase the photosynthetic
rate (e.g. Matyssek and Schulze 1987a; Evans 1989¢an find no reason why; whitg,;and needle P
concentration showed significant positive correlatiP application did not enhance the photosyrtheti
parameters or growth of the.FTo understand how N deposition affects these tribesdynamics of

further nutrients must evidently be studied.

Afforestation by Hybrid larch F;

Recently many trails are carried out for foresteregration and rehabilitation with conifers in
degraded area in northeastern part of Asia (Yi.2@D7; Choi 2008; Kayama et al. 2007; 2009; Riyu e
al. 2009). They try to use endemic tree speciegpractical forestry and restoration for keeping
biodiversity. However, we also examine to use h/barch k as for increasing wood stock for restricted
area for commercial forestry, too (Kita et al. 2D0Bor this objective, we try to study on further
possibility to use Fas a promising planting stock (Kita 2011).

Regardless of our hypothesis that extra N apptiogtresumably causes nutrient imbalance, together

with a decline in growth of the;Fwe did not find any decline in the Bue to N saturation, even with an
10



extreme amount of N loading of the soil (Izuta 20®6wever, P loading did not have significant efée

on the hybrid larch f It is possibly because of the soil already ineti@nough phosphate; the P effects
were not shown significantly though we suppliedTBlje 1). Another possible reason is that the hybrid
larch R needs less P than N, however, this speculatiodsnge be tested. Interestingly, our previous
study found that the growth &f kaempferi (a pollen parent to the Fmproved with N loading in brown
forest soil (Watanabe et al. 2006). In addition,kibta et al. (2010) found that P, rather than Nthis
most important factor determining the growthLofimelinii (a mother tree to the, Fseedlings, but the;F

is sensitive to N in brown forest soil. Extensivetananalysis shows that the N utilization capacity i
highly species-specific (e.g. Aerts and Chapin 20@60d the relation of the nutrient economy in e
trees to that in its parents is little understoad(Ryu et al. 2009).

A loading of 100 kg N Hais believed to be far beyond the requirementslanitp, simulating the
maximum value predicted around Tokyo, the most padluegion in Japan (Nakaji et al. 2002, Kimura et
al. 2009). Recently, we found severe nutrient imbeé in the planting stock of Blanted in serpentine
soil treated with a simulated acid rain of ammonisutfate for 3 years (Watanabe et al. 2012). These
results suggest that except serpentine soil tHe & superior species for afforestation than typadese
larch, not only because of its resistance to droagl frost stress (Ryu et al. 2009), but also besaf

its strong preference for N loading to soil, whislincreasing in Asian countries.
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Table 1. Soil characteristics for four levels of pplication (0, 20, 50 and 100 kg NHaand two levels
of P (0 and 50 kg P Hx

pH CIN (ggh TN (g kg') avaliable-P (g kd)

PONO 494 (0.13) 13.68 (0.19) 3.72 (1.90)  0.15 (0.07)

PON20 5.09 (0.07) 13.64 (0.08) 3.89 (0.82)  0.18 (0.02)

PON50 5.04 (0.12) 1250 (0.79) 4.24 (7.86)  0.13 (0.07)
PON100  5.03 (0.13) 12.03 (0.62) 4.48 (6.20)  0.14 (0.08)
P50NO 5.14 (0.10) 11.87 (0.19) 4.06 (1.88)  0.20 (0.16)
P50N20  5.08 (0.08) 11.63 (0.57) 4.49 (5.74) 0.22 (0.13)
PSON50  5.10 (0.09) 11.99 (1.13) 4.21 (11.29) 0.17 (0.04)
P50N100  5.20 (0.03) 11.20 (0.88) 4.66 (8.83)  0.28 (0.05)

N n.s. * *k n.s.
P * *k% * **%
NxP n.s. n.s. n.s. n.s.

Data are average values (standard deviation) atddurom soil samples; the four levels of N (0, 20 and 100 kg N ha-1) are denoted NO, N20, N&D an

N100; the treatments with P (0 and 50 kg P ha-d danoted PO and P50; ANOVA:P< 0.05; **, P<0.01; ***, P<0.001; n.s., not significant
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Table 2. Needle nutrients, C/N ratio, chlorophylh({ content and LMA of the hybrid larch, F

grown with application of the four N levels and tRdevels.

N(g m?) P(mg n) K(mg m?) Mg(mg ni?) CIN(g g") Chl. (mg n¥) LMA (g m?)
PONO  1.16 (0.22) 36.43 (7.32) 21.26 (9.79) 495 (1.24) 41BF5) 109.67 (21.72) 90.70 (11.05)
PON20  1.22 (0.41) 33.02 (12.32) 18.28 (4.06) 6.13 (1.30) 2B7A2.65) 109.85 (7.33) 75.82 (2.30)
PONSO  1.21 (0.32) 3872 (2.11) 27.85 (1.80) 6.11 (0.66) BH@62) 128.87 (35.54) 82.97 (14.58)
PON100  1.62 (0.14) 35.98 (3.31) 29.78 (9.03) 9.42 (3.56) 0®B03.81) 161.87 (20.91) 94.54 (4.53)
P50NO  1.26 (0.11) 45.87 (9.34) 21.07 (2.97) 5.86 (0.93) @®7¥17) 137.24 (14.30) 93.33 (10.58)
PSON20  1.15 (0.13) 46.27 (12.85) 21.96 (3.87) 6.10 (0.45) .8860.88)  133.68 (12.04) 84.08 (10.21)
PSON50  1.25 (0.15) 42.14 (1.76) 25.69 (12.17) 7.85 (3.96) .8BI6.91) 155.61 (20.14) 82.66 (7.29)
P50N100  1.38 (0.39) 38.15 (3.99) 34.88 (8.74) 10.16 (2.02)8.02 (1.89)  176.65 (33.45) 90.72 (2.88)
N *k n.s. * * i xk n.s.
P n.s. * n.s. n.s. n.s. * n.s.
NxP n.s. n.s. n.s. n.s. n.s. n.s. n.s.

Data are average values (standard deviation)ptidévels of N (0, 20, 50 and 100 kg N ha-1) aeaied NO, N20, N50 and N100; the treatments with P

(0 and 50 kg P ha-1) are denoted PO and P50; ANOVR: 0.05; **, P<0.01; n.s., not significant
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Table 3 Photosynthetic parameters of hybrid larckdedlings raised under the four N levels and two P

levels loading.

Data were the average values (standard devidtam)jevels of N (0, 20, 50 and 100 kg N ha-1) meferred as NO, N20, N50 and N100 respectively; the

treatments of P supply (0 and 50 kg P ha-1) redeseePO and P50 respectively; ANOVAP* 0.05; **, P<0.01; n.s., not significant

19



Legends for Figures

Fig. 1 Needle, stem and root dry mass of the hybrid I&cfaised with application of the four N levels
and two P levels. All the data are average valsesard error); four levels of N (0, 20, 50 an® k§ N
ha") are referred as NO, N20, N50 and N100 respegtivieé treatments of P supply (0 and 50 kg P)ha

referred as PO and P50 respectively? ¥, 0.05; **; n.s., not significant

Fig. 2 Relations between light and G®aturated net photosynthetic rafg.{) and needle N, P, K and
Mg contents of the hybrid larch, Freated with four N levels and two P levels. Ealift pndicates the
value in each individual seedling. Regression foreall treatments was obtained using the reducejbm
axis regression method. Open triangle stands fps®lidl cycle stands for P50.

[y = 4.15x+2.08, R= 0.23 for needle N v\, (P < 0.001); y = 5.81x +7.162,% 0.01 for needle P

vs. A (P = 0.042); y = 172.72x +3.06,2R: 0.39 for needle K v, (P < 0.043); y = 690.45x +

2.51, R = 0.61 for needle Mg vé\., (P =0.015) ]
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