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Tablel. Average values of tree properties (including standard error) in sampling plots

0 & galdnked {4 galankad Y 4 sadanked Y & galdnked ) 4 gesanked
Plots Plot4 Plot3 Plot2 Plotl
(a) oo ys gl
6.8(1.6) 7.2(1.9) 6.5(1.35) 7.842.7) 9.07 (1.21) YT
Tree height (m)
- ."Lﬂ . ‘ a
16.8(3.9) 15.6(4.8) 18.19(2.28)  19.18(4.2) 18.5(3.3) _ (rle) sz ﬂ_’b
Diameter at breast height (cm)
o w
21.7(4.1) 19.3(5.05) 23.77(2.5) 23.6(4.1) 23.6(3.4) (st )““ s
Root collar diameter (cm)
- ..'L” . ‘ -
235.4(100.8)  210(110.9)  285.9(67.5)  302.5(135) 278(95) (gt n ) e Az (ke e

Basal area (cm?)

@ﬁﬁuwmd)bﬂbﬁ Mf@).uﬂsl}.»
Cmﬂ‘ ol 43‘)‘2,U\ LSLQJ.(..:AJJ

ok 5 Ol ol w5 0550 3 el

i

—— o e i oL
4 Mitrogen ?hnaphms. Potassivm
,_,‘3
1,
0y =
1
I e . L e P |

Firala = T,

May2017 Soptembar Docomber Mareh May2018

DS O el 5 Ad (055 20 sobs oole - JSCs
Figure 1. Mean values of the N, P and K concentrations of young needles
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Table 2. Pairwise comparison of nutrients in young and old needles and repeated measures test results
(mean difference) at sampling season

S O35 Al 05 5
Young needles Old needles
ot 1 2 3 4 5 i 1 2 3 4 5
Seasons Seasons
1 - 1.65 1 1.1 -0.004 1 - 1.64' 1.15 1.11 0.008'
£ 2 -1.65‘ - -0.65' -0.55' -1.65' £ 2 -1.64: - -0.49 -0.53 -1.63
3z 3 -1 0.65 - 0.1 -1 2 Z 3 -1.15 0.49 - -0.04 -1.14
- 4 1.1 0.55' -0.1 - -1.1 - 4 -1.11 0.53 0.04 - -1.1
5 0.004 1.65 1 1.1 - 5 -0.008' 1.63 1.14 1.1 -
1 - -0.09 -0.006 -0.002 -0.004 1 - -0.09 0.02 -0.04  -0.002
. 2 0.09 - -0.08 0.08 0.08 . 2 0.09 - 0.11 0.13 0.09
1 o 3 0.006 0.08 - 0.004 0.002 1 =B 3 -0.02 -0.11 - 0.02 -0.02
4 0.002 -0.08  -0.004 - -0.002 4 0.04' -0.13 -0.02 - -0.04
5 0.004 -0.008  -0.002 0.002 - 5 0.002 -0.09 0.02 0.04 -
1 - 0.18 -0.78 -2.07 0.002 1 - 0.4 -0.24 -1.65 0.2
a3 2 -0.18 - -0.96 -2.25: -0.17 3 2 -0.4 - -0.64 -2.05: -0.19
i,’ N4 3 0.78 0'96. - -1.28 0.78¥ L X 3 0.24¥ 0'64. - -1.41 0.45.
4 2.97 2.25 1.28 - 2.07 4 1.65 2.05 1.41 - 1.86
5 -0.002 0.17 -0.78 -2.07 - 5 -0.2 0.19 -0.45 -1.86 -

O () e b (613 e gad Jomd 55 oy Slame UM dies AV lgy 5 Oliens ol Ol

Ol oS54 0 BY (5)ls a5 gad J gt

RGO P WP EY

Seasons: 1: spring, 2: summer, 3: autumn, 4: winter, 5: spring 2017. Superscripts showed significant differences (LSD test

p<0.05)
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Table 3. Pairwise comparison of nutrients in young and old twigs and repeated measures test results
(mean difference) at 5 sampling seasons

S =l Al 4l
Young twigs Old twigs
o 1 2 3 4 5 b=t 1 2 3 4 5
Seasons Seasons
1 - 1.01 0.93 12 0.004 1 - 0.97 1.2 1.34 -0.01
) 2 -1.01 - -0.08 0.19' -1.01 ) 2 -0.97 - 0.22 0.37 -0.98
% z 3 093 0.08 - 027" -0.93 33 z 3 -12 -0.22 - 0.14 1.21
” 4 -1.21 -0.19' -0.27 - -1.21 " 4 -1.34 -0.37 0.14' - 1.35
5 0.004 101 0.93 121 - 5 0.01 -0.98 -1.21 -1.35 -
1 - 0.006 0.05' 0.12' 0.01 1 -0.08 0.1 0.14 0.04
2 -0.006 - 0.04 0.11' 0.04 2 0.08 - 0.11 0.15 0.05
1o 3 005 om - 006'  -0.04 e 3 01 -om - 004  -0.06
4 -0.12' -0.11 -0.06' - -0.11 4 -0.14 -0.15 -0.04 - -0.1
5 -0.01 -0.04' 0.04 0.11' - 5 -0.04 -0.05 0.06 0.1 -
1 - 0.04 0.24 -1.47 0. 06 1 - -0.01 0.31 -0.07 -0.01
2 -0.04 - 0.2 -1.51 -0.03 2 0.01 - 0.32 -0.07 -0.004
JL ¥ 3 -0.24 -0.2 - -1.72 -0.24 JL X 3 -0.31 -0.32 - -1.04 -0.32
4 147 151 1.72 - 1.82 4 0.07 0.07 1.04 - 0.71
5 0.06 0.03 0.24 -1.82 - 5 0.01 0.004 0.32 -0.71 -

0L () Cadle b (15 i sad b 55 o Jl3gime U] iz AV Slgy 5 Ol 5l Ol

Ole e Fa 0 BY (6ol palped J sl

RGPS WA 1Y

Seasons: 1: spring, 2: summer, 3: autumn, 4: winter, 5: spring 2017. Superscripts showed significant differences (LSD test

p<0.05)
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Table 4. Mean values of soil parameters (%, including standard error) and T. test results (sig) in two
sampling depth of soil

=50 _ P _ _
T 0 eSSk el Sk i e s S
=
ST s e S, S (e ) (e )
tei(tjtljlre pH N (%) P (mg.kg? P(mgkg? OM (%) OC (%) EC(ds.m)
Jsl G
3 736 (000'313) 217.1 5.32 2.19 131 1.03 T
Loam (003 (65.96) (4.44) (0.22) (0.14) (0.06) First
depth
5 747 0.09 172.3 3.56 1.04 0.58 0.69 £92 o=
Loam (0.03) (0.0066) (35.73) (4.16) (0.12) (0.06) (0.03) Second
depth
- 066  0.015 0.132 0.27 0.001 0.00 0.001 p. value

L Lol 51 S o i polis Ll ba Stewron

Lled 45\)\0 J).X}-)bc;tbdsv\.&wﬁsj

T

3K o u_ll_l.b ols cble ;;'Wa.ﬁ
33 el 5 s sla S5 b alS clacil

Table 5. Linear regression models of N, P and K concentrations in needles and twigs with soil

parameters
c. (’Jé R - J}' e ;;ll"&‘ j.pL& JAP'I T :
e Second depth e First depth Nutrients an
Correlation Correlation tissue
N=11.98+0.4EC+1.6C/N- O i
0.7 -
0.8-K+0.9N Nitrogen T
P=0.33- -
0.78 P=-1.2+0.6PH 0.69 1.68C/N+2.39P- S .
2 96K-1.1N Phosphorous Young
K=4.43-0.63PH-0.68 s needles
0.7 P+0.9N .
. Potassium
P=1-0.9EC-0.29PH- o o3
0.93 P=0.94- 0.8EC 0.9 0.8C/N s et
) Phosphorous ks
o
0.7 K=16.3+0.8 EC e Old
Potassium needles
0.7 P=10.23- 0.6EC 0.73 P=0.35-0.7EC a D
Phosphorous ks
L'»'.l
0.75 K=-2.1+0.6K = O_ld
Potassium twigs

oY
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Table 6. Net retranslocation percentage of macronutrients in plant tissues (needles and twigs) (%,
including standard error) in spring and fall

el Wl b Jlslsl O Julsl SR SEH AL il
K retranslocation P retranslocation N retranslocation Season Plant tissue
13.3 -12.6 -56.4% S -
(3.2) (9.5) (15.8) Spring Al 05
6.72 40.198 18.22 b Young needles
(11.4) (14.3) (9.8) Eall
56.92 24.72 14,522 Sl
(12.6) (13.9) (5.3) Spring Aok O g
13.12 -37.82 18.92 b Old needles
9.2) (10.8) (6.9) Fall
52.72 8.92 21.32 e
(23.4) (5.2) (10.6) Spring A 4l
0.2 10.8° 65.92 b Young twigs
(5.7 (4.3) (7.2) Fall
242 -67.72 18.32 Sl
(25.07) (5.5) (1.5) Spring ki 4l
2.8 -14.52 48.3° b Old twigs
(5.6) (10.4) (12.2) Eall

e e LS 1) Ao )3 80 Oluabl o L Sls oy ol gme ot sline Loy >

Superscripts showed significant differences (Duncan test p<0.05)
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Table 7. Net retranslocation percentage of macronutrients in plant tissues (needles and twigs) (%,
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dissolved organic nitrogen (DON) and
DOC/DON ratio in arable soils based on a
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Abstract

Retranslocation of nutrients from senescing leaves to young and permanent parts of tree bodies is one
of the main strategies to confront with nutrient loss from the soil especially in sites with nutrient poor
soils. The aim of this study is to investigate retranslocation of nitrogen, phosphorous and potassium in
pinus brutia. For this purpose we selected Makhmalkooh afforested forest at Lorestan province and
sampling was carried out at 5 times. In each plot, young and senescent needles and twigs were
sampled and nutrient retranslocation were measured. Within each plot, we also collected a composed
sample of soil and soil physico-chemical properties were measured. Our results showed that net
retranslocation was done at two growing seasons (spring and fall) and September to November.
Results also highlighted correlations between nutrients concentration in plant tissues and some of the
soil properties like electrical conductivity, organic carbon and pH. This emphasis on close relationship
between nutrient's soils concentration and plant retranslocation. In conclusion, based on the results of
this study, soil properties such as soil fertility, nutrient concentration in the senescent needles, annual
precipitation and drought periods at summer are key factors that influence on nutrients retranslocation.
The retranslocation results in Makhmalkooh forest reinforced the hypothesis that forest adapted to
climate and edaphic condition and can be used as a guide for management plans to assist in nutritional
decisions making of forest trees.

Keywords: Afforestation, Concentration, Senescent needles, Soil properties.
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