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Abstract

Background and Obijectives: Brant's oak (Quercus brantii Lindl.), the dominant tree species in
Zagros forests, has experienced decline of varying intensity. Investigating nutrient concentrations
in tree leaves helps study physiological responses to environmental stresses. This research
examines changes in leaf nutrients of healthy and unhealthy oak trees in Kohgiluyeh and Boyer-
Ahmad forests over two consecutive years (2020-2021), amid increasing oak decline in Iran's
South Zagros forests.

Methodology: Trees were selected from two 1-ha sites: Sarabtaveh (control) and Sisakht
(declined area). In the declined plot, five healthy and five unhealthy trees were chosen; in the
control plot, five healthy trees were selected. Leaf samples were collected at the end of the
growing season in 2020 and 2021 from the middle crown across four geographic directions (five
leaves per direction), yielding 20 leaves as a composite sample per tree. Essential elements and
micronutrients were extracted via digestion and measured using atomic absorption. Treatments
were compared using two-way ANOVA and Duncan's mean separation test in R software.
Results: Nitrogen (1-1.6%), potassium (0.2-1%), and phosphorus (0.1-0.2%) concentrations
varied across plots. Sampling year significantly affected most elements except magnesium.
Nitrogen decreased in the second year across all stands, significantly so in unhealthy trees of the
declined area. Phosphorus showed interannual fluctuations but no significant differences.
Potassium increased slightly in year two but showed no significant differences. Iron, zinc, and
manganese were significantly higher in 2021 than 2020 across stands. Nitrogen, phosphorus, and
potassium were higher in the declined area than the control during both years. Manganese, copper,
and zinc were highest in control healthy trees, intermediate in declined unhealthy trees, and lowest
in declined healthy trees.

Conclusion: Significant changes in most leaf elements between declining and healthy trees
indicate that oak decline, characterized by reduced nitrogen and phosphorus and increased
potassium, iron, zinc, and manganese, affects nutrient absorption. Leaf nutrient measurements
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reflect absorption dynamics and plant-environment stress relationships in forest ecosystems.
Observed changes likely stem from trees' defense mechanisms enhancing stress tolerance. Better
understanding of decline effects on tree nutrition can inform strategies to minimize oak decline

damage.
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Table 1. Characteristics of habitats (sample plots) studied

Site Year Sarabtaveh (Control) Sisakht (Declined)
The longitude of the center of the sample - 51° 34' 48" 51°23' 34"
plot
The latitude of the center of the sample - 30°34'9.9" 30° 53' 35"
plot
Altitude (m.a.s.l) - 1900 2260
Total annual precipitation (mm) 2020 769.4 727.2
Average monthly temperature (°C) 2020 15 14.1
Total annual precipitation (mm) 2021 671.8 627.8
Average monthly temperature (°C) 2021 15.2 14.7
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Brant’s oak trees in the Table 2. The results of two-way variance analysis of leaf elements of healthy and unhealthy

study stands
Test year Control and declined Healthy or Unhealthy The interaction of factors
Characteristic stands tree

F value P value F value P value F value P value F value P value

N (%) 172.12 #0.00 82.68 *0.01 0.09 0.76 0.15 0.70

P (%) 814.84 #0.00 0.63 0.43 10.88 0.30 0.93 0.34

K (%) 1549.37 #0.00 0.29 0.59 0.01 0.92 73.59 #0.01

Mg (mg/kg) 0.42 0.52 12.25 0.27 39.34 0.05 17.46 0.19
Fe (mg/kg) 96.84 *+0.00 156.51 *#0.00 20.79 0.16 65.83 *0.01
Zn (mg/kg) 3008.22 =000 3319.96 *0.00 0.44 0.51 153.2 +20,00
Cu (mg/kg) 1871.75 *+0.00 2034.22 *#0.00 40.98 0.05 227.01 *#0.00

Mn (mg/kg) 327.87 +0,00 682.2 *0.00 26.25 0.11 18.05 0.19

**: Significant at p<0.01; *: Significant at p<0.05
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Figure 1. Comparing the averages (+ standard error) of nutritional elements of leaves under the crown of

Brant's oak trees using Duncan's test in the two years studied
Different letters in each element indicate a significant difference between means (P<0.05).
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Figure 2. Comparison of averages (+ standard error) of leaf iron and magnesium elements under the crown of

Brant's oak trees using Duncan's test
Different letters in each element indicate a significant difference between means (P<0.05).
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Figure 3. Comparison of averages (+ standard error) of leaf Cu, Zn, and Mn elements under the canopy of

healthy Brant's oak trees using Duncan's test
Different letters in each element indicate a significant difference between means (P<0.05).
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