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Table 1. Allometric characteristics of Carpinus betulus trees.

(rr) g8 oolew (o Sl) wgm ) b () gl oslat
Crown area (m?) Diameter at breast height (cm) Height (m) Number
46.53 48 30 1
43.73 52 30.60 2
63.50 55 30.90 3
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Figure 1. Comparison of Na*, K" and Ca* in throughfall and litter flow with rainfall using t-test (P<0.05).

ot (T00Y) 0L 5 lSlacal (Yo e 0) OL1S0n
Y 5VV) 5
ole sl U 3 ke Jalse 5l S
S Aok sl YV L)l 2L (S s e
L d)ﬂ@? 5SSkl axdlas 5,40 adlaie s

VoY

il 5 b gl e Lol sl Ol ks
dor il sl 0L s 10l Jsb 53 05 Y
Sols g M 5 e il glasle > ol
(V SK8) ol Jlay 95 55 s 3 40 JL:.;;-\CJG.‘):
5 S () 0 5 las mE L«



O g (o> il

il sls Ol 6 b bl LT s
SN Ghls 5 e piie Oley sk s ole
(YY) OKen 5 mban (T IS5) Sl (515 mn
asl, cas  plie C’L.J a3 Sagh ) e
05 oYy Lole u")“‘j s (Y1) K
R LIES JNCI FRPPWP
2 gl s ol s s (AL s S s
b 03 S paendl Dlgm)y Olpe Dl s (Jl b
FR 5 e o 0> BOs SedS Ol
e it (glasle s ui)l_fclj bl OS5
Casby s bsesa Jases gla, 5SU (V1) S
525 bl Ko s Jise Jilse 5l oS
S el olie st @ dnl b e e 4
(V) s O Oley sb o il e (425
35 5o lem 5 Ol sap 2V s s Y css
S33f ol gp Sl il glacls s 2l
A e LSS S 0as o
s oedd Ol a5 S, 2l cladsle
(0) 35 g0 a5 331 Loty Sy 55 (6 500
sk o2 otV il St 5 5,5 Jdb S
el O3

sl Nas Wl il Ol Gt
RreS 3 (el 7)) e oo 3 2 s polis
Lo odaliv p,d ole s Lule ogil Ol
o5 ¥ 3 ol &_.,.j.i._ﬂ.bj) (835X K2
Aol ole 5> OF (2520 Olspe (e 5 35 e
(=Y I8 sls &) B C cﬁ,gs YE Sl b
s U3 el 5 ety e ol gl slie
33 fJ;JJ':S VY5 /O /B0 L S g el
(G358 K52y s

Mg olie b bl s bogsls g pacl
tK;A 55 M) Wb 5o O cudS 5 0 2Y

uivj'{).,l.ieMLi.a JAJJL‘QJ"‘“)D‘\:’}“:’ d)}]@;_-

Yoy

S s ol SHL ol Jsb oy ud Bl
Slasle 53 asil i e Jlse Sl (S Hl5
s b Sk s cl S5 LG Q) Wil cilse
Sl S o b Ot s S 5 e 5 2 oS
Sl 4 s L OV Wl 0Lk ST L G dels
S GuSeill e s Jle Uk s 0L cas
Oy Ol b do J5b 53 i bl 51 S
el e 3503 S30LL L zb > rols Aol
S ol ot absay € Sl (6 pols da
ol Al s BV 51 Ko (S ks 35
L O E ICT R P}
s s (00) 2U (Sidm 5 Slao s () ol
Sl e Jl Jib 5 b (3 Sl
oS 3 S 4 e Ll gl per S (TA)
335 LS:JJJQ%:}):) CL? 0 edddsle Lole

sls Ol oSls s3] b 5l b Sls anslis
3ol e pole il Ol Sl
YNE 5 OATs X8/0) slie b yge ole 3 oS
Ui eS Oeomen el JSs 2 p SALS
GINE i d) s e e 3 55 Gb pole sl
O s D?,A:s VN0 S 5 YAYY el
.(CJ ool Y K A sdalia

2 Pl s sobte il Ol e
Ll e O cle 8 ad edalin Jlo 5w slacls
Jlo s, lacle 53 5 iy (6 tmadl Sligy 559
Sl 5ot o OA) il s slaele 4 o
> DSy e ol il o) 53 plss
538 Ghae S5 5 (6 el Slsers 3 65
0595 )5 Sy p5 3L (FE) 353 0 laee o
S g Sor S sbadler 5 baasrls (V) ol
5 = OY) Olp,S , <=L<;A » b <YL s
Sl S 5 Sl s s Ul
ste b cKLA 03 lg5 o oS (VY) 3505 (6 ames]

Jbﬁw\)&)bcujb&‘\.l&ﬂu



VYAA(F) )lond dT) s S 5 g2 (5908 9 ogle (S sidg sy & putd

s 6;}; EVo/ e 5 VIE/Y) (S s p@:s
J-AJ ((JL&A L {‘,5}1:5 \‘Y’/i\‘ 9 “\/C\o) 9 (JL&A

AR

M s S s fle s v ars bl

J.':’U,L‘M.: Lﬁ'i)‘:'u‘ LC,.}\J:...«\ 0595 43 oJ:J.J:v JSUSM.:

ol o3 et ppd O il s s Wil e 2o DSl eys0 opl 5 e AN s WOl

du.:.:\ ‘5LAJ:-4 )‘u‘i'iu;')l" CU \Ji) .,LJDL: 093 JLA bj.w e)jbjbﬂhﬁjj&‘ﬁ &ﬁuiw

(Yo) ! eﬁJ.JIYA.:J‘,aL& BL) v.wals B V.:wut:.i ‘V-’M JM.>J LS"}":"’T) CU B

—_ all
a3 90 b) (o 312 30, i a) (&
iy EN
1‘,’5 80 1 ~ & 25 4
Q%ﬂ 70 1 ‘_2;:‘7 b T
e @< L
w g 609 1 M‘)"’fn‘-o c )
,“JQJ_) 50 9 : i Az 15 4 Cd d
2 i =
%L ] be b be 35 0] i e Hoal
SH 01w | « G S B o & H Il |
2044 ¢ [ 59 " H e H H H |
10 i | A H 0 i | H H I i
o dothi e DLUUE LS YR ANDE KT S )
L ok < =m0 & D oig 5o g
FRNER AL LR & ST REEE T
PRI 287 2g°=° 28
= J e <=ll:s1 = ':‘.:‘E 2.-“'—- W
a5 ] =
<=
30 1
. d) G v o~ 4 € (z
1T 251 ab 15 a
s 8 <8
3 = 20 4 3 -3 |
v, 2 v & =
™ < " H b
1\5 15 1 SV I =
%3 i ¥ 4 d f Cdp
w 4 H 1 | 5
> & 10 : D0 R I de ;
5 g 4 1 1 f n H
) i : = H i hbe Hop K g;
o LHE i B d o L0 A H Y n il H I ] B
FE RS MENSEE RRASSEITRI L]
A FA=7 Rg = c 3 FFLA=R Qg0 = 3
_-‘).Tgig{’;oggﬂg; :)\fgi’.%aaéggsﬁm
E>32 <4 - = T =3 <3 b=
< 2 <s
=~ F) (s 50 = e) (s
3 3=~ a
- 5 : 1T 4571 o
o A - £ 8 40 4
4\.__ 4 \—'l',>’
) Z o 351 a
. o= 30 o
- 3 a B T -
e ;¥ 2 ]
& .
= =8 2 b 41, 20 1 a o
= b = 15 qabe ab
be B J
1 bcbc bc be be l‘;) abc
EE |
C
0 - 0 L

IR e A - = oy s — 1= n -
A akrT XIS E] R I SRR I
a a2 = Ny = 9 < ) S .;Q"i.zﬁ X8 z g 2°
Hie3w 208248285 Sje3 w2 02808 F s
‘T S 2 < Q == T o 3 < 9 ==
o © T “ o @ T 2l

< = <=

(6 %) ) aﬁ,ﬁy‘g(cgg_) <) C‘S u‘-.?“:‘j )ér:uJS‘g ("-““L’*z gva_J.w 6‘.&[)};‘5 ()L_au J‘frﬂ):l: Q‘J,’.‘Jﬁ o._gjL_.a—Y JS.&
A 5340 slezsl rhaw 53 43 by il ls LT b5 S eslizul b

Figure 2. Mean variation + (Std) of Na’, K" and Ca*" in TF (a, b, ¢) and LF (d. e, f) using one way analysis
at 95% confidence level.
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Abstract

Background and Objectives: Nutrient cycles in forests are tightly linked to the hydrological cycle
because water acts as the main solvent and transporting agent for nutrient from the aboveground tree
canopy to the underlying soil. The aim of this research was to evaluate the monthly and annual
changes in chemical properties (calcium, sodium and potassium) of the canopy and litter leaching of
hornbeam (Carpinus betulus L.) trees during a year compared to nutrients in rainfall (RF).

Materials and Methods: This study occurred from January 2012 to February 2013 in a mixed
natural stand at Shastkalate Forest Research Station of Gorgan University of Agricultural Sciences
and Natural Resources. In a 5000 m” area in the study site 3 healthy trees with free and symmetrical
crown and stem were selected for sampling of RF, throughfall (TF) and litterfall (LF) chemistry. RF,
TF and LF were sampled after each rainfall within a year. The collectors were emptied after each
rainfall (as soon as rain ceased) and were thoroughly rinsed with deionized water and dried before
being replaced. To analyze the chemical content of RF, TF and LF, samples were transported to the
laboratory of Gorgan University of Agricultural Sciences and Natural Resources and stored at 4 °C.
The concentrations of sodium (Na+), potassium (K+) and calcium (Ca>") were determined using flame
photometer. In order to compare amount of nutrients in TF and LF with RF and to investigate monthly
nutrient dynamics of TF and LF, t-test analysis and the one way variance analysis were used.

Results: Results showed that Na™ amount in TF (116.37 kg ha™'year), and K™ and Na" amounts in
LF (158.45 and 78.79 kg ha™'year” respectively), were significantly lower than K and Na* (217.72
and 172.82 kg ha'year") in RF (P<0.05). Also amounts of nutrient leaching of TF and LF in various
months were different significantly. The highest leaching amounts of Na’, K~ and Ca®" were
observed for TF, 24.51, 58.30 and 3.14 kg. ha™', respectively. However highest amounts of Na* and
Ca®" were measured in October for LF; 19.93 and 4.17 kg. ha™, respectively. Also the lowest
leaching of Na”, K and Ca®" of TF (0.84, 3.22 and 0.15 kg ha™ respectively) and LF (0.45, 0.52 and
0.03 kg ha™ respectively) were measured in September.

Conclusion: In this complex process, in crown cation exchange, the absorption tendency of
hornbeam crown was higher than its cation diffusion from leaf and branch tissues, so hornbeam

crown tends to absorb nutrition from RF to meet its nutrient need.
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