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Figure 1. Location of the investigated area in the province and country
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Table 1. The initially chemical composition of the leaf litters of the studied species (standard error +

mean) (mg/g)
e olelasls Sl bl sl ols
Pistacia atlantica Celtis australis Quercus brantii Nutrients
16.24+0.632 16.82+0.982 17.08+0.712 (2=
Magnesium
0
29.93+1.54° 26.82+0.83? 32.09+1.23? IS
Potassium
10.01+0.97° 14.92+0.822 7.98+0.87°¢ o
Calcium
11.76+0.882 11.95+0.802 11.81+1.432 St
Phosphorus
11.15+0.882 11.82+0.282 12.71+0.762 s
Nitrogen
374.45+4 520 345.97+0.67¢ 397.33+4.372 o
Carbon
33.58+0.32° 29.27+0.82° 31.26+1.21° D327 4 S
C:N ratio
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Numbers in each row with different letters indicate significant differences.
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Table 2. The average temperature and moisture of the soil in the studied treatments
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Figure 2. The average annual temperature in each of the altitudinal gradient
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Table 3. Two-way analysis of variance of the mass loss in the leaf litters in different altitude classes in

a period of 30 days
Sl e Sl sl as s =l Sl i molee
Pvalue F-value 7 o o S G
Mean square  Degrees of freedom Sum of Squares Source
CL&.I)\
0.000 25.732 87.107 2 174.215
Height
S N ey
0.000 11.208 37.942 8 303.536 S
Leaf litter type
SN g x gl
0.022 2.098 7.102 16 113.635 '
Height % Leaf litter type
Lo
3.385 54 182.800
Error
81 92.15.100 o

Total
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Figure 3. The amount of mass loss from leaf litters (standard error + average) at different altitude
levels in a period of 30 days .Quercus brantii= Q, Celtis australis= C, Pistacia atlantica= P, Quercus
brantii (Quercus brantii + Celtis australis) = Q(Q+C), Quercus brantii (Quercus brantii + Pistacia
atlantica) = Q(Q+P), Celtis australis (Celtis australis+ Quercus brantii) = C(C+Q), Celtis australis
(Celtis australis+ Pistacia atlantica) = C(C+P), Pistacia atlantica (Pistacia atlantica+ Quercus
brantii) = P(P+Q), Pistacia atlantica (Pistacia atlantica+ Celtis australis) = P(P+C).
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Table 4. Two-way analysis of variance of the mass loss in the leaf litters in different altitude classes in a period

of 60 days
Sla e 5ok 330 a3 Sl _ Sl et aslee
P-value F-value o S e FE
Mean square  Degrees of freedom Sum of Squares Source
&w)\
0.000 38.54889 62.98704 2 125.9741
Height
S,uY ey
0.000 21.11655 34.50342 8 276.0274 s
Leaf litter type
Sy ijxtw)l
0.000 3.55465 5.808127 16 92.93003
Height x Leaf litter type
o
1.633952 54 88.2334
Error
81 J
11255.89 Total
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Figure 4. The amount of mass loss from leaf litters (standard error + average) at different altitude
levels in a period of 60 days.
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atlantica) = C(C+P), Pistacia atlantica (Pistacia atlantica+ Quercus brantii) = P(P+Q), Pistacia
atlantica (Pistacia atlantica+ Celtis australis) = P(P+C))
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Figure 5. The amount of mass loss from leaf litters (standard error + average) at different altitude levels in a
period of 180 days
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Abstract

Background and objectives: In forest ecosystems, the decomposition of leaf litter is one of the most
important ways of entering nutrients into the soil, and the availability of soil nutrients is largely due to
the dynamics of nutrients and leaf litter decomposition in the forest. Decomposition of dead leaves
enables important ecological functions and affects the composition of the internal nutrients of trees.
Decomposition processes influence the formation of soil organic carbon stocks. It is necessary to
understand how climate change and global warming affect the decomposition process and thus the
amount of carbon stored in the soil. The space-for-time (SFT) approach makes it possible to compare
litter decomposition in current conditions and at different altitude levels, and to investigate the effects
of increased temperature on litter decomposition. The present research was conducted with the aim of
investigating the effects of increasing or decreasing temperature on the decomposition rate of leaf litters
in pure and mixed states.

Methodology: In the present research, by using the space-for-time approach, the decomposition rate of
leaf litters (in two pure and mixed states) in three tree species (Quercus brantii, Celtis australis and
Pistacia atlantica) was carried out in three altitude classes of 750, 900 and 1050 meters in the forests of
Dareh Shahr. The forests of this region have relatively severe topography and have mountains and hills
with steep and smooth slopes, and there are rocky outcrops in many parts of it. The average height of
the area is 1200 meters and the average slope is 15%. The average annual temperature is 21.40°C and
the average annual precipitation in this region is 426.3 mm. The climate type of the studied area is semi-
humid. To achieve the objectives of the research, the leaf litter of the studied species were randomly and
manually collected from the forest floor in the fall season of 2020. After preparing litter bags, a number
of 243 single-pocket and double-pocket litter bags were installed on the mineral soil at the litter
collection sites and during 180 days with intervals of 30, 60 and 180 days and the decomposition rate of
the leaf litters were measured. In order to measure the decomposition rate of the leaf litters, the primary
and secondary weight of the leaf litter was recorded and the weight loss of the leaf litter was calculated
through the weight relationships. To determine the initial quality of leaf litters, the nutritional elements
of leaf litters such as nitrogen, carbon, phosphorus, calcium, potassium and magnesium were measured.

Results: Based on the results, it was found that the studied leaf litters are similar in terms of magnesium,
phosphorus and nitrogen concentrations. Quercus brantii leaf litters had the highest amount in terms of
potassium and carbon concentrations. Also, Celtis australis leaf litters had the highest amount in terms
of calcium concentration. The quality ratio of C:N in Celtis australis litter was low, this issue shows the
high quality of this leaf litter. The results showed that in the studied time periods, litter type, height
above sea level (except for the period of 180 days) and the interaction effects of litter type and height
had significant effects on decomposition rate, so that increasing the altitude above sea level has led to
further decomposition process. Based on the findings of the research, it was found that in the period of
30 days, the highest amount of decomposition related to the combined treatments of Celtis australis
(Celtis australist+Pistacia atlantica) and Quercus brantii (Quercus brantii + Celtis australis) (14.61%
and 14.40% respectively) at the height of 1050 meters and the lowest was related to the treatment of
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Pistacia atlantica (4.52%) at the height of 750 meters. In the period of 60 days, the highest amount of
decomposition rate was observed in the combined treatment of Celtis australis (Pistacia atlantica +
Celtis australis) at the height of 1050 meters (15.41%) and the lowest amount of mass loss was observed
in the treatment of Pistacia atlantica at the height of 750 meters (5.31%). Also, at the end of the
incubation period, the highest amount of decomposition rate belongs to the combined treatment of Celtis
australis (Celtis australis+Pistacia atlantica) at the height of 1050 meters (16.12%) and the lowest is
related to the pure leaf litter of Pistacia atlantica at the height of 750 meters (10.12%).

Conclusion: In general, based on the findings of this research, with the increase in altitude above the
sea level, the rate of mass loss not only did not decrease, but also increased significantly (especially in
the first two months of incubation) compared to the lower altitude classes. Also, at the end of the study
period, only the interaction of height and type of litter was able to affect the amount of decomposition
of litter.

Keywords: Altitudinal gradient, litterbag, Mass loss, Temperature, Zagros forests.
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