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Seasonal variations of nitrogen flux and composition in a wet deposition forest
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Abstract: In the last 150 years, human activities such as fossil fuel usage and centralized agricultural schemes have
resulted in the emission of large amounts of reactive nitrogen. Most of this reactive nitrogen falls to the ground via wet
deposition as precipitation or dust fall. Nitrogen deposition plays a key role in the nitrogen biogeochemical cycles. Hence,
quantification of nitrogen deposition in different areas is important for eco-security assessment. The Changbai Mountain
region is a typical temperature forest in China; however, data regarding nitrogen deposition in this region are scarce.
Investigation of nitrogen deposition in the Changbai Mountain region can provide a scientific basis for understanding nitrogen
cycling in similar natural ecosystems. We conducted our present study at the Changbai Mountain Research Station of Forest

Ecosystems. During 2009—2010, we collected rain and snow samples by using a rain gauge. We analyzed the concentrations
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of total nitrogen (TN) , inorganic nitrogen (TIN) , and total organic nitrogen (TON). We evaluated seasonal variations in
nitrogen deposition fluxes and composition. We showed that the average nitrogen concentrations varied from month to month
and were higher in winter than in summer. The amount and frequency of precipitation were the main impact factors. We
observed monthly variations in TN and TIN. TON accounted for the highest proportion of TN (30.03—92.88% ), whereas
NO* was the dominant form of TIN. The values of TN, TIN, and TON were 27.64 k¢ N hm™> a™', 11.05 kg N hm ™ a™",
and 16.59 kg N hm™ a™' | respectively. The amount of nitrogen deposition varied according to the amount of precipitation
and the nitrogen concentration of this precipitation. Our results indicate that nitrogen deposition in the Changbai Mountain
region has reached a moderate level compared with other parts of China. However, according to the proportions of wet and
dry nitrogen deposition, total nitrogen deposition has approached or even exceeded the critical load of nutrient nitrogen
deposition, and this poses an environmental risk. The nitrogen deposition during the growing season ( May to October)
accounted for 73.20% of the annual nitrogen deposition, namely, 16.59 kg N hm™ a™', and was important for stimulating

plant growth. Nitrogen deposition during the non—growing season can replenish the nutrition required by plants at the start of

the next growing season and therefore should also be considered.

Key Words: nitrogen deposition; wet deposition; seasonal variation; forest ecosystem; Changbai Mountain
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Fig.1 Variation of concentration of different nitrogen forms

2.2 BRI TE AN A FRAE

WFIEIT B4 A TIN Rl TN 4108 1622 SRR (B 2) o A TIN 4Lk %, NOS-N T i il 7E 4—10 A 1t
Bl Herp e 7 H T H B 1T NHG-N T L e (B BEAE 3 A TIN (5 TN (9 e i 76 5 %% (5—7
H) B, e (9—10 A ) He AL,

XF45H NH;-N NO;-N TIN TON FI TN - FE AT TAH G (3R 1) o BRAIE A AR BE B AH DG OC &M
& ,NH-N 5 NO;-N 1 TIN ¥ EAFRGR K IEA S (P<0.01) , #4h, TON 55 TN WA, 2B TON XfF TN
AR TTRRER 5
2.3 RAREK AU A ACRE

A5 T e X 77 W 9 Ak, AR 4% 1) 22 5 W (181 3) . NHI-N NO3-N il TIN #9551 ]
IR A 11 AR 7 A PRl 7 AU R K, i TON F1 TN 5 3 RUEME, 53 514 1.4,
TH o114 7 1IN DT 5k X 4 47 0 U0 % 5k STk 2R 40 3 8.21% (12.70% F122.11% , 3 (5 24 1)

http ; //www.ecologica.cn



134 JAREW] A5 K AR R AR 2 R R UR Z R DRI B A2 R 2= 19 AR AR 161

[ INOs-N [ INHsN [JTON [JTIN
wb_ 100 b— — — — — — — — — —1 — —
£ 80 80
: H -
‘E‘ 60 || || 60 | 1
g L B = |
N 40 L 40 L -
& miin ||
T —| | 20 —
0
11121 2 3 4 5 67 8 9 10 1121 2 3 45 6 7 8 9 10
H 4+ Month
B2 TIN 1 TN A#iRERAH
Fig.2 Composition of monthly average concentration of TIN and TN
43.02%, TFEHEIE] NH-N F1 NO;-N Y BT 5 £1 SRATDRENELRMER
44F TIN B Tk R 08 10.33% .8.47% A1 33.99% . Table 1 Correlation of the concentration of different nitrogen forms
ZAF TN Vil H 27.64 kg N hm™> a™', TIN Fl TON f1y NHi-N - NOG-N- - TIN TON N
VUM 914 11.05 kg N hm™ a™' F1 16.59 kg N hm> "7 !
NO3-N 0.508 1
. v ke - . 3
a”' ,TON LR F 4K, 5 60.02% ., TIN # NOS-N/NH- ol 010+ 1

N By 1.867, TIN H1LL NOJ-N A E, FHIESHS ton  -0112 -0.032  —0.059 1
gk 5 A& 10 AR ARSI 11 A ZIRAE 4 N 0.3 0393 038  0.897°" 1
AA AR KT, WA KRR DTN 16.59 kg N hm™ HURIE P<O.OL KT R, © FIRE P<0.05 KT 1B

_ A=A . n=12)
a”' | H AR R TT R L BAE] 73.20% (
44
6 —O—TIN —A— NH "N
—e—TON —o0— NO;-N
5 F —A— TN 3
i & .
B
z 5,1
§ '
1 L
0r 0+
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1mM121 2 3 4 5 6 7 8 910 1m121 2 3 4 5 6 7 8 9 10
H 4 Month

3 ZRAAMKEETN
Fig.3 Change of nitrogen deposition amount of every month
SRS IE AR DT 1t B Sk 0 7% i D] 2 55RO s SO A 7 v 45 T 25 R A8 T e 3 R e kT 1149 /)
AX(E T, E4,32), Hi, BARKIES AN H W EEAE 7 A BRAR B TR & 25 0 I (E , F202H Ti%

H BRI K (18 4)
3 g

E A WFFE R, AR E] 5 TR P 1, Al B A B AR K 25 2 R R DR 2= A2 AL py =
ZPIFRS . Torsten 55 4 3 WA Hh & 41 i T 52 AR TIN vk J38 RITC I et 4 2 32 3 B K o 1 S o 1o

http ; //www.ecologica.cn



162 A EF E MR 35 %
300 25 -
250 ]
B 20
2
E 200 |- g _ _
E oy _
1 § gE BT [
2E 150 [ 2 8
gz &3
3 E 10
& 100 8
=9
5K
N HHH
0 ,_ll—l._.l_\ﬂ ﬂ 0
112 1 2 3 4 5 6 7 8 910 112 1 2 3 4 5 6 7 8 910
H#» Month

B4 MR E K SPEKE R Bk SR

Fig.4 Precipitation and frequency of monthly precipitation during the supervised period

Stephan 45 & BUE [l 1 58 AR MK 202 1T H TON A3 B A9 25 M2 10, O HL TON B8 S B2 52 33 PR IE AR G OC &
(R*=0.58)"""" , ABFFEEE AR K 1 1L XK i R R B A7 78 W I8 1 22458 1k, JE R R i R R e B
%, kA REK P R AR B (18] 1) o X 2R T E A KR AR B s (18] 4) , AU K
REARRAER, 0 EAS A 2R BT BRI T BRAE T 1R b DX A R IR 2 MR 5 22 114 A1 AL AR
R FBEERK P AREER RN A EERE"

R2 BRSEANEESHEKZEREXME
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x 8 P<0.05, = * FsR P<0.01

AHFFEH TIN \ TON FI1 TN (3TFE 43 30 11.05.16.59 kg N hm™ a™ ' F127.64 kg N hm ™ a™" ik HREEAIF
F T IZHIX 2007 4-F1 2008 4F 1 A= K Z2 A 1] (4—9 F ) KB A TR, 45 3R % B LR AR VTR & 43518
17.9 kg N hm™ a™' 1 15 kg N hm ™ a7 | 5ARMSRE A — 225, HEE RN — 7 1H e h TARF 7T 5
D91 44 55 41T 2007 ,2008 F1 2010 45 Y RE7K 54351 8 755. 5,509 F1810. 3 mm, I KRBT 5
MoK B RBE(F2), RS TIN VRS Torsten 25 ARIE 1M AH) T ZEAK TIN WU (9. 1—16. 6
kg N hm™ a™ ) AHARLNST HIE T 75 [ B 50 2R AR TIN SR UTRE B (13.3—27.7 kg N hm™ a™") Y R FR [ B 7 bk
TIN TR (26. 2 kg N hm™2 a™) ™' Lu 1 Tian (2007 ) #5728, v 3t 2 20 4E A9 AR DTRE B2
9.88 kg N hm™ a™' it KMH A 62.25 kg N hm ™ a2 1200 X ZUB DT 2 TR R AL T P 45K SF, R And& Tt
Rt o5 ATCRE L08R 309%0—60% Ak 32420 K 3 1 Ml X AR TR R TR 43k 39. 48—69. 09 kg N hm ™2 ™', 4R
PE AR B AT 45, AR b X RDTRE E TR I A AT 204 56 kg N hm ™ a™' 20 BRI A XIS A A R TR
EL 420 B o A X ) R AR I S B A7, A AE — o B PR XU R

KAPEKRAOSHE Y 00 A KA 25 BN A 0 A 250 S, LR K B 2 S 7E — e R b e T R R o
MR (£ 2) , Wl A R B R Y ek (b 27 BRI, R A= 2Rmas ™ [

http ; //www.ecologica.cn



134 JAREW] A5 K AR R AR 2 R R UR Z R DRI B A2 R 2= 19 AR AR 163

KA X 1958 4F LK AR K & AR R B0 0 R A 1100

B 5) BTGt TR BT ol sk g
SFHOPRIBITERIGHEIE, MFRAUEREERE o2 Tl 0% o 5o, o0
Fk B SRIE (] 5), HB S B bkt B2 Sl oo B0 Ce T e,
R (B 1) TRESHINIE A R B R 2 ol o+ 005
Weht, LI TR R A A TR B L 100 | b ony bt s baton S8
T, LA BT A5 A7 1 T M0 2%, 46 KA A 5 il o o s 1o o0 2000
ThE I 2L, S BT S R R R A B Year
TR S ARk 0 AR, 5 ETHEABREEEKBTHES

HEFl K 1 NHE-N F1 NOS-N K #P i A 138 TCHL%(  Fig 5 Change trend in average annual precipitation and

FEO b P TR LR A R TR gy Precipitation tn winter

XAEAERK (11 H—R4E 4 H) Kk H NH;-N 1 NO; -

N YL A 1.39 kg N hm ™ a™' i1 1.48 kg N hm > a™', H 54K AL B HA L, A6 A K F Bk i R 800 55
FysE kS (E 5) o R, i AR K BERIBUIFEE R AESRGE D EE WA E WAL, DA KA
R TR T RIIE,

4 it

(D) KA X K BTk h & R SR Bk B Z ) 2203k, B B B 24, & TIN il TN
H AR 22 AR TN 4R L TON 2R 3(30.03%—92.88% ) , TIN 41iH NOS-N He#mg i, Bk 547
AR AL S5 1 A DG (P>0.05)

(2) KL X NH;-N \NO3-N  TIN ‘TON FI TN f4F TR =550k 3.85.7.20,11.05,16.59 kg N hm™ a™'
M127.64 kg N hm™a™', TN H1LL TON 3, TON (i TN /4 60.02% ., TIN L NO;-N A3, 5 TIN £ 65.12%, %
Hh X ROR IR 2 O A T3 [ P A5k, 5 R AR A TR TR H ], 4% DR 9 4F /U DT R e O #2304 IX.
B SRR DRI A0, AR — 2 R EE XU

() AR ZFERUIFEE N 16.59 kg N hm™ a™", H &FERIIFFER W LFIAE] 73.20% , KR VTR F
TR PEAE A A B A S R, MEEA R Z2 M AT TR S kb se U ARAR A= KW A T it 73 49 ) ) AR 2
B HA SRR 2,

22 3L HR ( References)

[ 1] #7%, 5N, 7B, 2208, Gundersen P. ZULHN ZRMAEYI AR, AE25"24 , 2003, 23(9) : 1891-1990.

[ 2] Galloway ] N, Townsend A R, Erisman ] W, Bekunda M, Cai Z C, Freney, J R, Martinelli L A, Seitzinger S P, Sutton M A. Transformation of
the nitrogen cycle: recent trends, questions, and potential solutions. Science, 2008, 320(5878) . 889-892.

[3] JiaYL, YuGR, He NP, Zhan X Y, Fang HJ, Sheng W P, Zuo Y, Zhang D Y, Wang Q F. Spatial and decadal variations in inorganic nitrogen
wet deposition in China induced by human activity. Science Report, 2014, 4, Article number: 3763, doi: 10.1038/srep03763.

[ 4] Aber] D, Goodale C L, Ollinger S V, Smith M L, Magill A H, Martin M E, Hallett R A, Stoddard J L. Is nitrogen deposition altering the nitrogen
status of northeastern forests?. BioScience, 2003, 53(4) : 375-389.

[5] GuoJF, Yang Y S, Chen G S, Lin P. Dissolved organic carbon and nitrogen in precipitation, throughfall and stemflow from Schima superba and
Cunninghamia lanceolata plantations in subtropical China. Journal of Forestry Research, 2005, 16(1): 19-22.

[ 6] MscH, THam, IRE, Xasy, MR, B TR SN E RS W AR IR TR S —— DU T TR MO . A 25220,
2010, 30(24) : 6872-6880.

[ 7] Fang YT, Gundersen P, Vogt R D, Koba K, Chen F S, Chen X Y, Yoh M. Atmospheric deposition and leaching of nitrogen in Chinese forest
ecosystems. Journal of Forest Research, 2011, 16(5) ; 341-350.

[ 8] Pregi®, Bbied, SRECF. UM IR TR T, FREER%, 2008, 29(1) : 38-46.

http ; //www.ecologica.cn



164 JAE = 35 %

[23]

[24]

Liu X J, Duan L, Mo J M, DuE Z, Shen J L, Lu X K, Zhang Y, Zhou X B, He C E, Zhang I S. Nitrogen deposition and its ecological impact in
China: An overview. Environmental Pollution, 2011, 159(10) : 2251-2264.

Parel H W. Coastal eutrophication in relation to atmospheric nitrogen deposition: Current perspectives. Ophelia, 1995, 41(1) : 237-259.

Fan J L, HuZ Y, Wang T J, Zhou J, Wu C Y H, Xia X. Atmospheric inorganic nitrogen deposition to a typical red soil forestland in southeastern
China. Environmental Monitoring and Assessment, 2009, 159(1/4) . 241-253.

e, [IREZE, MROC, R0, X%, AR, %o, BRIE AR A S K KA R TRIIFERN 258 5. 8%, 2014, 34(3);
738-745.

Liu X J, Zhang Y, Han W X, Tang A H, Shen J L, Cui Z L, Vitousek P, Erisman J W, Goulding K, Christie P, Fangmeier A, Zhang F S.
Enhanced nitrogen deposition over China. Nature, 2013, 494(7438) ; 459-462.

B s, BRI AL . LAt P RERAERRE AR, 2000 308-322.

Lohse K A, Hope D, Sponseller R, Allen J] O, Grimm N B. Atmospheric deposition of carbon and nutrients across an arid metropolitan area.
Science of the Total Environment, 2008, 402(1) : 95-105.

Berger T W, Untersteiner H, Schume H, Jost G. Throughfall fluxes in a secondary spruce ( Picea abies) , a beech ( Fagus sylvatica) and a mixed
spruce-beech stand. Forest Ecology and Management, 2008, 255(3/4) : 605-618.

Solinger S, Kalbitz K, Matzner E. Controls on the dynamics of dissolved organic carbon and nitrogen in a Central European deciduous forest.
Biogeochemistry, 2001, 55(3) . 327-349.

KU, LR, TR WHTTKEAR P RRMAR R TR, 200, 2014, 33(3) : 741-747.

Yu W T, Jiang C M, Ma Q, Xu Y G, Zou H, Zhang S C. Observation of the nitrogen deposition in the lower Liaohe River Plain, Northeast China
and assessing its ecological risk. Atmospheric Research, 2011, 101(1/2) . 460-468.

k. BRA T POHR A AR LR R T S R R SR ATTE[ D] b, BB S A BE, 2009 30-31.

Rothe A, Huber C, Kreutzer K, Weis W. Deposition and soil leaching in stands of Norway spruce and European Beech: Results from the Hoglwald
research in comparison with other European case studies. Plant and Soil, 2002, 240( 1) . 33-45.

Du CY, Zeng GM, Zhang G, Tang L, Li X D, Huang D L., Huang L, Jiang Y M. Input-output budgets for inorganic nitrogen under acid rain in a
subtropical evergreen mixed forest in central-south China. Water, Air, and Soil Pollution, 2008, 190(1/4) . 171-181.

Lii C Q, Tian H Q. Spatial and temporal patterns of nitrogen deposition in China: Synthesis of observational data. Journal of Geophysical Research:
Atmospheres, 2007, 112(D22), doi: 10.1029,/2006JD007990.

Liu X J, JuX T, Zhang Y, He C E, Kopsch J, Zhang F S. Nitrogen deposition in agroecosystems in the Beijing area. Agriculture, Ecosystems and
Environment, 2006, 113(1/4) . 370-377.

Huang P, Zhang J B, Zhu A N, Xin X L, Zhang C Z, Ma D H. Atmospheric deposition as an important nitrogen load to a typical agroecosystem in
the Huang-Huai-Hai Plain. 1. Measurement and preliminary results. Atmospheric Environment, 2011, 45(20) : 3400-3405.

MW, Sedle, BedE, JE P, Y SMB A E b E A E SR A DRI LU AR HAARIAERR, 2003, 43(6) : 849-853.
Goulding K W T, Bailey N J, Bradbury N J, Hargreaves P, Howe M, Murphy D V, Poulton P R, Willison T W. Nitrogen deposition and its
contribution to nitrogen cycling and associated soil processes. New Phytologist, 1998, 139(1) . 49-58.

Oczkowski A J, Pellerin B A, Hunt C W, Wollheim W M, Vorosmarty C J, Loder T C. The role of snowmelt and spring rainfall in inorganic
nutrient fluxes from a large temperate watershed, the Androscoggin River Basin ( Maine and New Hampshire ). Biogeochemistry, 2006, 80(3) :
191-203.

JHER], E4Tk, XIFEX, k4, Fik. BRI =1 RN BRI R G R A B A SR, KBE IR, 2009, 20(1) : 99-104.
Williams M W, Brooks P D, Mosier A, Tonnessen K A. Mineral nitrogen transformations in and under seasonal snow in a high-elevation catchment
in the Rocky Mountains, United States. Water Resources Research, 1996, 32(10) : 3161-3171.

Geatz G W, Needelman B A, Weil R R, Megonigal J P. Nutrient availability and soil organic matter decomposition response to prescribed burns in

Mid-Atlantic Brackish Tidal Marshes. Soil Science Society of America Journal, 2013, 77(5) . 1852-1864.

http ; //www.ecologica.cn



