& Forest Research and Development

S Vol. 11, Issue 4, 2026, 535-555

Urmia University

Research Paper

Studying the effect of decay on the nutrient dynamics and the pattern of nutrient
remobilization between leaves and branches of Persian oak (Quercus brantii
Lindl) (case study: Begali plane tree area, Lorestan province)

Elham Malasadi!, Kambiz Abrari Vajari“? and Hamed Khodayari3

1- PhD. student of Forestry, Department of Forestry, Faculty of Natural Resources, Lorestan University, Khorram
Abad, I. R. Iran. (elham.malasadi@gmail.com)

2,*- (Corresponding author) Associate Professor, Department of Forestry, Faculty of Natural Resources, Lorestan
University, Khorram Abad, 1. R. Iran. (abrari.k@lu.ac.ir)

3- Associate Professor, Department of Biology, Faculty of Basic Science, Lorestan University, Khorram Abad,
I. R. Iran. (khodayari.h@lu.ac.ir)

Received: 15 August 2025 Revised: 12 October 2025 Accepted: 18 October 2025

Extended Abstract

Background and Objective: Persian oak (Quercus brantii Lindl.), the flagship species of the
Zagros forests, is facing a severe threat due to the phenomenon of oak decline. As a complex and
multi-factorial process, decline leads to a progressive deterioration in tree health by disrupting water
and nutrient uptake. This phenomenon is characterized by symptoms such as crown yellowing
(chlorosis), branch dieback, and the emergence of epicormic shoots. Since decline influences
nutrient dynamics within both soil and plant tissues, investigating nutrient resorption (specifically
nitrogen, phosphorus, and potassium) between leaves and twigs in healthy versus declining trees
serves as a key indicator for assessing tree vitality. Previous research has demonstrated that nutrient
concentrations in healthy trees are significantly higher than in those affected by decline, a
phenomenon that also directly impacts soil microbial communities and biogeochemical cycles. This
study aimed to evaluate the impact of decline on nutrient resorption in Persian oak and its
relationship with soil nutrient availability in the Chenar Begali region of Lorestan Province. The
primary hypotheses included a direct link between nutrient resorption in plant tissues and soil
properties, the correlation between nutrient concentrations and soil availability, and the significant
impact of decline on resorption processes. The findings of this study can contribute significantly to
understanding the mechanisms of decline and developing effective conservation strategies.

Material and Methods: The study area is located in Shorab Chenar Begali within the Dadabad
forests of Lorestan Province (33° 20' 32" N, 48° 15' 40" E), covering an area of 60 hectares.
According to the De Martonne aridity index, the region is characterized by a highly humid climate
with significant microclimatic diversity, where different slope aspects exhibit distinct weather
conditions. The soils are predominantly loamy-clay, derived from limestone parent materials. The
average annual precipitation is 510 mm, with temperatures ranging from -14.60°C to 47.00°C. In
this study, sampling was conducted on healthy and declining coppice-origin Persian oak trees across
four dieback classes (healthy, low, moderate, and severe dieback). Sampling was performed using
10 rectangular plots (0.1 hectares each) through a selective random method. In each plot, four trees
with homogeneous quantitative characteristics (diameter, height, and canopy cover) were selected.
Leaf and twig samples were collected from four crown directions during two periods (April and
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December 2023). After oven-drying the samples at 65°C for 72 hours and grinding them into a fine
powder, the concentrations of nitrogen, phosphorus, and potassium were measured at the laboratory
of the Department of Forestry, Faculty of Natural Resources, Lorestan University. Data were
analyzed using a two-way analysis of variance (ANOVA) at a 1% probability level, and mean
comparisons were performed using Duncan's Multiple Range Test.

Results: The results of the two-way analysis of variance (ANOVA) revealed that the main effects
of decline, plant tissue, and their interaction on nitrogen (N), phosphorus (P), and potassium (K)
concentrations were significant at the 1% probability level during both the initial and final stages
of the growing season. Tree decline significantly reduced the concentration of these elements in
both leaves and twigs; the most substantial reduction in N was observed in twigs with over 50%
dieback, while the greatest decrease in P occurred in leaves under similar dieback conditions.
Furthermore, while K concentrations were significantly higher in twigs than in leaves, decline
caused a 1.32 to 3.61-fold reduction in this parameter within damaged tissues. Nutrient resorption
of N, P, and K decreased as the severity of decline increased, with higher concentrations recorded
in twigs compared to leaves. Significant positive correlations were identified between leaf N
resorption and soil pH, organic carbon, and soil N at the beginning of the growing season, whereas
only the correlation with soil N persisted by the end of the period. Regression models further
confirmed the influence of soil variables on nutrient resorption. These findings indicate that decline
not only reduces nutrient concentrations but also impairs resorption efficiency, which could have
critical implications for plant nutrition management under stress conditions.

Conclusion: This study demonstrates that decline leads to a marked reduction in nutrient
concentrations within leaf and twig tissues, with concentrations dropping sharply as dieback
severity intensifies. Decline also significantly impacted the net nutrient resorption of N, P, and K,
causing a substantial decrease in resorption efficiency as the trees deteriorated. Varying climatic
conditions, soil moisture deficits, and the translocation of nutrients from twigs to leaves are among
the primary factors driving these changes.
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Table 2. Results of two-way analysis of variance of the effect of deterioration and plant tissue on the
concentration of nitrogen, phosphorus and potassium at the end of the growth period

Sources of changes

351 a3 Ol s @L:,a

=l b Ols % Degrees of Freedom Sources of changes
Potassium Phosphorus Nitrogen
0.02# 0.38** 1.13% 3 I
Decay
003‘}: 032&, 1838““.; 1 g;AL‘.S C"JL'
Plant Tissue
0.06°* 0.15° 0.20°° 3 oeds

Decay x Tissue

.J\AJM;A ol \) Loy g&_{j c\.i dw.é@.ﬂja 6)‘3@#}&).5@# ‘:Jﬁ g_,..;);‘u s 9 % s
ns, * and ** indicate non-significance and significance at the 5 and 1 percent probability levels, respectively.
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Table 3. Comparison of mean (+ standard error) concentrations of nutrients in different deterioration
classes at the end of the growing season

(4o 53) el (Ao 3) i (Ao y3) O35 528 RO Jiss
Potassium (%) Phosphorus (%) Nitrogen (%) Plant Tissue Decay
S Wl
2.32+0.022 1.00+£0.02 2 2.25+£0.01%2
Leaf Healthy
PR
1.30+0.14 ¢ 0.85+0.04 2 1.47 +£0.03
Branch
S 5
2.0040.05 0.91+0.02 % 2.00 £0.01° S
Leaf Loys YO U Lan SaSis
L <o
0.81 £0.08 0.79 +0.01 @ 0.95+0.09 ¢ T 0-25% dryness
Branch
iy
1.50+0.11°¢ 0.81 +£0.02 2 1.30+0.01 ¢ P
Leaf dos Yoo Saslis
L <00
0.67+0.07 ' 0.77 £ 0.02° 0.61+0.03 e 25-50% dryness
Branch
S 5
1.00+0.0149 0.60+0.01°¢ 040+0.1¢ _
Leaf Loy 0 Sl e Saslas
L 0
0.36 +0.03 2 0.48 £ 0.02 ¢ 021+005" e More than 50% dryness
Branch

A KA b (gl e OVl S mie oy b glapSole O gt a3
Means with the same letter in each column are not significantly different from each other.

L b glle ole rUS & Jsl 5L ol sl Ol @b bgs Ll 4 @L:.Z
(& Jya) Fobe sl 5L » alS sl Jol S s s
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ssba el 5 Ad O 8 ebe Lt 5L I 2 A Sl 5 s W [ESee 5 ls pae

ool 5 b (O35 58 2liE pobie el UL LS 3l 5 Jlss ek s uibls 4 e —f o
Table 4. Results of two-way analysis of variance (ANOVA) for the effects of decline and plant tissue
on the net nutrient resorption of nitrogen, phosphorus, and potassium

Sl e il
Mean squares @33l a3 s b
ey hd Os Degrees of freedom Sources of changes
Potassium Phosphorus Nitrogen
ek ek ek J‘})
1403.00 72.22 83485.41 3
Decay
ok sk sk x.fhl'; C’ﬁb
201.26 228.78 656.26 1 )
Plant tissue
b x Jlgs
4.49 s 2.09 s 7.09 s 3

Decay x Tissue
s e QLA s G o Jla.:;-.ck.w).) GOl sme 5 Golasme plds S Say 5 % s
ns, *, and ** indicate non-significance and significance at the 5 and 1 percent probability levels, respectively.

08



g LS o 218 polie JEEEL 68 g 435 2bg 2 Jlgy edsy 26 (o)

Jiss Slib 3 ik ol Ll JEHL Aoy Glas sbadl #) (il aglie 0 S5l

Table 5 - Comparison of the mean (+ standard error) of the percentage of net nutrient transfer in the
deterioration classes

el At O35 5 Jis
Potassium Phosphorus Nitrogen Decay
L
49.86+1.812 595+2432 80.41+2.542 PJ
Healthy
doys 1 =Y0 SuSis
37211610 3.19+1.30 % 6533 £2.97" 2T S
0-25% dryness
Aoy YO0 SaSlis
2528 +1.92°¢ 2.98 +1.21 b 54.60 £2.01°¢ > o
25-50% dryness
Ao 0 | . é § n .
1438 + 1.15¢ 2.30+0.94° 35.50 +3.40 ¢ 220 Sl S

More than 50% dryness
LSS b (g ls e BB S e g L glapS0ls 05 8 5
In each column, means with the same letter do not differ significantly from each other.

ot JUst 5L ks OLES izean :S0ks i ol
3 e S 5l 4l e 3 lty 5 ped (O35 550
(A dsa)

LS il s gl obe Jalls JUshL dws Glas olail £) 1 Sle amglie =1 Jsd

Table 6. Comparison of the mean (+ standard error) of the percentage of net nutrient re-transport in
plant tissue

o et O35 PR
Potassium Phosphorus Nitrogen Plant tissue
S
-28.79 + 4,04 2.0240.60° 53.75£5.19° 7
Leaf
-3458+3.11°2 4.66+1.01°% 64.24+4.01°
Branch

AL SIS b (gl e Ml S e oy b gla e S0le Dt a5
In each column, means with the same letter do not differ significantly from each other.
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Table 7. Correlation between leaf and branch nutrient remobilization and soil physicochemical
properties at the beginning of the growth period

ey b SIEPES s Sl EC  pH P AL 3L
Potassium Phosphorus Nitrogen Organic carbon Lime Food elements  Plant tissue
0.44 0.49 0.88" 0.93" 034 051 078" e
Nitrogen
0.39 0.92 0.72 0.90 0.65 0.54 0.83™ s 7
Phosphorus Leaf
ey
0.17 0.44 0.62 0.47 0.32 0.53 0.87 ;
Potassium
0.78 0.90 0.80 0.92 035 043 084 e
Nitrogen
0.80 0.84 0.82 0.77 034 042 082 - o
Phosphorus Branch
b
0.40 0.71 0.86 0.39 0.65 0.50 0.25 ;
Potassium
* and ** significant at the 5 and 1 percent probability level Ao K s gy Jlel a3l e g

3 S 2 0 ey s Ois s gl ole bt S5 Ga Sy boarli w5 S glie
oJ\AL«iﬁ J;G d}.«\}- )b 6\}- LS[ALé/ﬁjjv-uﬂ 45 J).v L)'" )‘ uSl;— M) a))J LSL@.L‘ )b 6[}-
(4 Jsis) el G St 055,20 b S 055 20 Jashil Seaes

Ly oy sl 53 S oland 55 o Sis b asli w5 Sy olde juobie JEEHL e (Siewes -A Jodr
Table 8. Correlation between leaf and branch nutrient remobilization and soil physicochemical
properties at the end of the growth period

— S 05358 S ons Sl o s pote LS L
Potassium  Phosphorus  Nitrogen Organic carbon  Lime Food elements  Plant tissue
0%,
0.85 0.80 0/65" 0.72 038 009 0.12 I
Nitrogen
W S
0.80 0.72 0.70 0.70 0.92 0.11 0.23 s 7
Phosphorus Leaf
L
0.60 0.31 0.53 0.66 0.77 0.29 0.36 =
Potassium
0.77 0.72 0.66 0.65 082 023 031 Nt
Nitrogen
0.79 0.54 0.6 0.71 0.66 008 0.14 - e
Phosphorus Branch
ey
0.78 0.78 0.69 0.63 0.85 0.09 0.28 ;
Potassium
* Significant at the 5% probability level. Ao gy Jlazl e 3 s e
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Table 9. Regression model of nutrient transport between plant tissues and soil properties

R e S 5 Al L ole Jusl L RO
Regression equation Retransport of nutrients Plant tissue
0.92 N=66.51 + 58.5 OC - 2.92 CaCO;s 2
Nitrogen
W S
0.90 P=-1.49 +5.89 OC - 7
Phosphorus Leaf
L
0.87 K=24.90 - 7.50 P e
Potassium
0.68 N=1.65 CaCOs N
Nitrogen
0.62 P=-11.57 +0.06 K - e
Phosphorus Branch
[t
0.73 K=47.80 - 2.29 CaCO; e
Potassium
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