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Abstract; Atmospheric precipitation is an important vehicle for nutrient input and nutrient return in forest ecosystems; it
plays a significant role in nutrient biogeochemical cycling. In the present study, we investigated the amount of precipitation
and nutrient ion concentrations of atmospheric precipitation, throughfall, stemflow, and surface runoff in a 13-year-old

poplar plantation during the period of November 2013 to October 2014. The results showed that; The annual bulk
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precipitation from November 2013 to October 2014 was 1154.1 mm. The temporal fluctuations in precipitation amounts in
throughfall and stemflow were similar to those with bulk precipitation. Only 2.3% of the annual bulk precipitation was
partitioned into stemflow. After subtracting throughfall and stemflow, approximately 15.4% of the annual precipitation was
intercepted by the forest canopy. The highest annual average pH value was in throughfall, followed by bulk precipitation and
stemflow. The temporal fluctuations in different ion concentrations in bulk precipitation, throughfall, and stemflow were
similar. The ion concentrations in different kinds of precipitation were higher during November to January, which had less
bulk precipitation; whereas the ion concentrations were lower during February to September, which experienced greater bulk
precipitation. The dominant ions were SO -S and Ca® in bulk precipitation, throughfall, and stemflow. The order of ion
concentrations generally was stemflow > throughfall > bulk precipitation. The annual weighted average concentrations of
SOZ-S, Ca™, CI™, K", and Mg™ in throughfall were 1.9, 1.3, 1.4, 5.6, and 2.0 times that of the corresponding ions in
bulk precipitation, respectively. However, the annual weighted average concentration of K* in stemflow was 20 times that in
bulk precipitation; the concentrations of the other nutrient ions in stemflow were 2 — 6 times that of those in bulk
precipitation. The primary form of nutrient input was throughfall, and the majority of the nutrient ions input into the
plantation ecosystem through throughfall were Ca® and K" with 70.83 and 63.31 kg hm™ a™', respectively; and nutrient
output during hydrological fluxes occurred mainly through surface runoff and deep percolation, the most nutrient ions, which

were output of the plantation ecosystem, were C1” and Ca®* with 196.47 and 123.09 kg hm ™ a™'

, respectively, followed by
SO7-S, Mg™, Na“, and K*, whereas the NO;-N and NH;-N only accounted for < 1% of total nutrient ions that were
output from the ecosystem. For the annual nutrient element fluxes, inorganic N ( NO;-N and NH;-N) and K" had a positive
balance, and the other nutrient ions showed a negative balance. The net accumulations of inorganic N and K* were 10.9 and
56.4 kg hm™ a™' | respectively; the net losses of CI™, and Mg™, Ca™, SO -S, and Na' through surface runoff and deep

-1

percolation were 179.8 and < 50 kg hm™ a™', respectively.

Key Words: poplar plantation; biogeochemical cycling; hydrological fluxes; nutrient cycling; nutrient ion
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P2 RS FEB ORI AR AT AR R o ASTR] )RR ARG H) (P 45 ) 2 [ 25440 )
FIZ=1Y 2 FERMOK S AR, BIUN R SR K i MR, 22 R TR A W BT b 34 P i 28 a8 Kk
BT 25T R0 S R A A, RIS Ll A 35 R GE MR TR AR AR 5 b 3 U 9 0 R - M LIS 43 i T
7R RS LG S R K T A 18 35 43 X (8 R AR A A A RN % 4308 30 B S I B R T FE AR
MABRGEWBAIEI P R K HAWILTZ VR, B RR R AR 25 R GERE K 1500 e B SR R AR
PO AR ISR BAT HE BT S, O RS RRMAE S R G L W s BRAAL “2 A PR ML A 4 I o AR

T EA AN TR 1K 850 Z2T7 AU, JEHEA A — o B T O3 E AR A2 AR 2SR 3 2 Dr
BORF] THEEAEM, 250k, B TR AR T S SR ARG EMEOR AT I TR TIRA
WEFE " S T R AL R G TR N MR A 25 2 0 (0 W K LR S L35 4 R A 43, AR SC LA
13 AFLE AR N TR G REARSNET bR AR R 30 R0 3t 2R A0 30 458 R /K 2 BE R A B SR A R AR AT 1 3
BHLIE, BN T I N TR S R G770 A5 i IR B SR UEHE , o oo s N TR AT R 220 4t
2%,

1 R

FA AU A2 T 118°37'E,32°04' N, JRAL I ARty e XU X, AF B R A 1102 mm, 4R T i 14.4°C,
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Fig.1 Temporal fluctuations of precipitation amount in bulk precipitation, throughfall and stemflow
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Fig.2 Temporal fluctuations of pH value in bulk precipitation, throughfall and stemflow
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Fig.3 Temporal fluctuations of electrical conductivity in bulk precipitation, throughfall and stemflow
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Fig.4 Temporal fluctuations of concentration of elements in bulk precipitation
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3.7 WEBLREFRENS

WE 7 iR AR i B TR AR A A S AR AN I AL, B 12 5 19 B 70 B B I v 1 LAt isf 3
SO3 -S Fl Ca™ 73 i /& M FRAR U rh T 22 B BT B 1 N BH B 1, HOP- B3k B2 23 IR ARSI RR A 2.7 A5 0 3.5 i, HiAth
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Fig.5 Temporal fluctuations of concentration of elements in throughfall

B0 CL R NOS-N B4R A2 3 B 43 514 0.1576 mmol/L F1 0.0880 mmol/L, 435 & Ak AN TR B4 4.7 1355 Fi1
1.4 £ ;Na® K" F1 Mg FIAE IR 2746 5 4351124 0.0555 .0.1869 mmol/L 1 0.2570 mmol/L, 535 &R £ 2.
8.6.1 £ 5.3 A% ; M HLARARFL Y NH; -N 4E AT 2419 B2 54 0.0438 mmol/L, AARIMH Y 70% 7577
3.8 PE/KGE B 05 AR

2 1 MRANET AR BT R R AR L e S e R AR A SR R IR UR AR
FEFR A EBIR 2, %5750 8 TAFf A B o5 SV A B 09 LU 134 7E 90% LA T 38 3 B P W FHAR 1 37t 4
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Fig.6 Temporal fluctuations of concentration of elements in stemflow
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Horp Cl i g ik, i B35 179.8 kg hm ™ a™' 247, M EHLE IR0 B2FUE 5 10.9 kg hm ™ a™' | K {4t
iy A3k 56.4 kg hm™ a™',
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Fig.7 Temporal fluctuations of concentration of elements in surface runoff
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RO 283 e 22 4 BR AR T 220 0 C S, I 2 2 AR A e U v ) R L SR AR, IR DA R
BV BRI )y U RS . Laclau %824 IRy 78 b 557 S0 MR b v b R A2 0 0/ 0n , 38 3o b 242 T
R4 ] 2B AT, H Meiresonne 457 76 Hiy 357 JH 8 A7 A0 A TOMCEIF 78 Hh 2 B AT Hb 38 428 3 e PT343 56.4
mm £ 156.1 mm, AFFHEAFH  FEH R R IBE] T 169.6 mm, FUIEE BIRTEAR KA AL T 520
TRy, IS5 B AL S R AR B IR DG

x1 BRHAIREXEXIHNEIEETFERANSALE

Table 1 Annual input, output and input-output budget of elements in a poplar plantation

g 7 Mk /mm  CI° NO3-N  S07-S Na* NH;-N K* Mg?* Ca?*
Water flux Water amount kg hm™2 a™!

Hi A Input

KAFEIK Precipition 1154.1 13.51 9.93 27.53 5.12 9.19 13.63 6.63 64.20
KA Throughfall 950.2 15.64 7.09 43.22 4.07 6.51 63.31 11.35 70.83
BT Stemflow 26.7 1.03 0.68 3.65 0.25 0.65 6.12 0.76 2.95
A Leaching amount 3.16 -2.16 19.33 -0.80 -2.02 55.80 5.48 9.58
1 A S Input amount 16.67 7.77 46.86 4.32 7.16 69.43 12.11 73.78
Hi i Output

HLFAZ L Surface runoff 169.6 9.69 2.16 11.19 2.18 1.04 12.42 5.27 33.28
138B9R * Deep percolation 59.4 186.78 0.72 76.52 20.17 0.14 0.63 17.49 89.80
i 1 i Output amount 196.47 2.87 87.71 22.35 1.18 13.05 22.76 123.09
- ) Input-Output -179.80 4.90 -40.85  -18.03 5.99 56.38  -10.65 -49.31

IRk = PR+ T~ UK S AR = O+ I s Bt = MR AR U+ LI IN  «  D9HF 50 em L0 1SR TR, £
PH B 74722 T Dy T TS A1 0 1) 55 3 A RIS 293 L 5 41 /K S8 T ek A ST AR

T2 BR ], AU A fig 78 BN AR K B e it , 55 T /K S0 s AR SO R 3K 438 T S AR
FRBAR TG WIRC A RGO, 454 Thomthwaite FIZE6 /A3 Al AR IS MR N T ARG 4FE 7
KRR 750 mm ZEAT, S AMRANI LY 65% 7547, WA K i K DLZE R BB i iz R 40 1 HIEB TR
KR A 59.4 mm AT Tian 250 (0 S 05 A FR AR AR S R G0 45 1 (396 mm) |, 3% 7 fE 5 R MR
B AR DA R SR AN [l A K
4.2 BEIKALE B RHE

Wb N T AR 25 R GEMRONE AR pH (o 7.3, 205 i )2 B TR AR RS pH (B4 55 R 7.9, T T
T pH {H4 6.9, WL ARTARIN I FIAKPI I . JE 625 451 7065 B & SR W JAH7 1L i R AR, 2R 250 ZEIE A
TARAFSE 34 % Bl —ARfEHUAEE . AR pH (E 3G AY R K AT BE SR ARSI o A 15 56 2 A 20 20 b A0
P R BH S F S A S A 38 207 S T A T st R SV AR AR 230 (4 MR B TG ALIRR 25, a2 1 IR
P pH fE 720

ARANET FR P F AR 3 A B ES 1 L SOT-S i BHES 7L Ca™ M 3, 340 1 o s I BH B ik 1
60% LA I, B Na™,NH;-N Fl NO3-N &b, bk P LA B8 - A 47 InASCT- 2407k B = RN 9 1.3—5.6 % B T v
2% B P B B s T ARAINRR , Herp KR ARANRE Y 20 5 2647, HiAth B8 1 R ARAN R Y 2—6 135 3 T3 8 7
W SRR 1.5—3.5 %,

o TR 2 0ok 968 J2 48 B T LAJBR VS I T RIARE 2% iR 2235 3R 4% A AL SRR , RIS T LA e A 40 240 B )
Y, ORI R B35 A A A i AR 2 B i T A RS R e R S B EE Rk A T
S it R ()2 T Y, A D 2 o R R R b YRR R B T T B SR OC R AR W SR S SR AR AR
BEFIAR T2 DY, 24 RA /K B I 6 78 35 0 T R 2 e S 0 - 2 4 R R, S T 4 R PR PN W A DG B R L b, AR
TR A —R o KK B M 228 &, 0D 1 AR IR K i, AR b T AR A B Pk B L AR R
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P JEAIL U B AR TR AR /K A 32 2 PR AT i 2 PR M JC AL R b et - o R A AR g B T 52

SR AR LG, A0 T A B R B R R RN K &t e JE R B S — SR T T Bl i — 20 b gk
B TR, HAR B RS T 24 H R AR, BRI 1 28 3 4 i i AR, SCRE A T R R R AR T 3 T L AR
4D e R TR ), S OB 37 PP S R P R TR AR N T S A ST A SRR, A5 2R K R
BT BEAE R KR R H /N, 2 FERR AR /NG H A 8 P BE R R, X R B Rt PR s i), 0T
R RS [) B, I 0 X AR et 2 S A T4 St P o ] 7 Y B S8, T i 2 o2 W0 ) 345, e KO R P 35 00 e R LU R E
4.3 FoEA S

SIR7EY e AP RS Bl K A SR MAE S R G IR TR Z RKEER, 2 B
R BT, DRI, KSR K B HR i VR N TR 25 RS IR 0 1 o5 LA B, AR 2 9540
) EZIE S, AT R AR R ) 37555 A B 7 K R SR i A B 90% LA L5 28K, BOARRE T
F TR B AR/ IN  (EA T 0 35 e BE 3¢5, I HLRE B B MOARARR , X H AR K DL AR B A 38 1) 2
et B mE

PR FBIARIIN A Na® \NH;-N Fl NO;-N 4865 A 2 357 B 5 /55 T AR P TR IR T30, S Ath 25 U sz, 28 B
Na FITEAL N A% A LIRS A 35 i HAl B 1 i A LIARIN BRI T o £, X—45 R 5 HER%E >
PR LB X B BFFE L B Meiresonne %5122 76 3 K A N TRk AP 8RS — 3K,

FEKE A TR AT BT DL SOT-S \Ca™ F K™ 3, =3 43 il i B T3 A R 20% .29% 11 31% , [l i =

B TEARSEH A I, 38 AR A R RIRE T i A B R TR A S R G B CHLA SR 43 o 15.0 kg hm™
a”' W %5 T Hamdan F1 Schmidt"*® 7E 1 E KHFSE A KM (Acer macrophyllum) (4.0 kg hm™ a™") FIEH# 7 10
¥ ( Pseudotsuga menziesii) (3.1 kg hm™ a™" ) B4, o i TWE 3R M IX ZR AR (8.1 kg hm™ a™') 1) {BAR T35 K H)
R NTAR(19.2 kg hm™ a™) (2}

ABIFFEFR , s N T ARGE S AR AN 38K 738 e B JC LR i 4.05 kg hm™ a7t D T REK S
A, BT DAL AR BN SR BRE . A3 T 5K B I 2 B TTHLE e SR AE B RS A R
M =R AW IR E U HHK B e B BB RAR D T AZIE AT B X
5 I T DL KRR AT OG0 TB 8 R AR R K BE IR 3k U, 28 5 77 AR ROk 438 U VAU
0 LI RN BE RBUR AR R A GR IR IC RRYAIETE HA R TART = ad 7K 53i8 T i
e B AL (NH;-N 5 NO3-N Z ) fij th & 2 A 0.86 kg hm ™ a™' (£ 1),

WS HLR IR 9649 TR0 A5 0 11 25 S, S AT 25, FEHLEL (NN A1 NOG-N) 1 K 05 Ak T4
h, 2R (R 1) o VLA FERIETRAREAK 1 K™ FZORBETARNE, HA SR8 73RN
FAbR o G R f e K, 35 179.8 kg hm™ a™' SXATREIAY Cl&—FMEMEITR A 5 B woR] T aliwk
ORI R BT LA A B K 5 G AR B, SOTT-S Nat  Mg™ Bl Ca™ B4 Hh B/, MK T 50 kg
hm™2a™',

T AR BRI AR R0 A BE S B UAR T K B T, 55 T 2 A WK S 07 B RIAH OGS AR SCHY +- 358
K538 T ikt B BAG S ) Y e 28 R HICER AR Sk, RS 5 B R AR U A Il S YR 50 em )R BT
IS P28k B2 DL R AR SR AR K o B T B R TR, BT DL R K A 4E 8 SO RS & i Al e S S PR O A
TE—E 25 AN ARSON # 5U X HY 13 AR 2R R N TARBKAFESEAT 10005, s R AF A R Y
JryBRAE | 4 J5 A B A B I 5 [RDR B[R] 30 [ Y T AR5, A4 T 1 il 3K A AR N CARAE 28 R S8 /K A0 R AIE
B TRHE, s N TARA e 2 BRI S %
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