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Article Info ABSTRACT

Article type: Background and Obijectives: The study of changes in physical, chemical,
Full Length Research Paper  and biological properties of soil during various developmental stages of the
forest could be a suitable approach to improve the ecological services of
low-altitude forests. This study aimed to study the effect of various
developmental stages of mixed hornbeam stands on some physical,
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Shastkalateh forestry plan.

Keywords: Materials and Methods: 35 rectangular half-ha sample plots with

Dynamics of ammonium 50mx100m were considered to identify the different stages of

and nitrate, development. In each sample, tree species, shrub, diameter at breast height,

Forest structure,
Low altitude forest,
Microbial biomass carbon

and total height were measured. Finally, three developmental stages of
initial, optimal, and decay were determined with three replications for all
samples according to the Feldman index. In each of the nine samples, five
micro-samples of 20mx20m were selected; one in the center with four
others in the corner, then soil samples were taken to a depth of <15 cm in
each micro-sample in summer and autumn. A total of 270 soil samples
were analyzed.

Results: The results showed that there is no significant difference in soil
physical properties including sand, clay, silt, and bulk density at different
developmental stages during autumn and summer. However, in both
seasons, soil moisture content was significantly higher at the optimal stage
than at the other stages. The examination of soil chemical and biological
properties showed that the electrical conductivity, the organic carbon, the
carbon/nitrogen ratio, and the amount of ammonium and nitrate were
significantly different between various developmental stages in autumn. In
the summer, acidity, electrical conductivity, percentage of organic carbon,
total nitrogen, and microbial biomass of carbon, ammonium, and nitrate
showed significant differences between the different developmental stages.
The results of the principal component analysis showed that, in general, the
first and second main components accounted for 39.16% and 15.11% of the
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total changes, respectively. The acidity, electrical conductivity, and
percentage of organic carbon, ammonium, and nitrate showed a strong
correlation with the first axis. Although, soil moisture, ammonium, and
nitrate showed a positive correlation with microbial carbon biomass,
acidity, electrical conductivity and percentage of organic carbon showed a
negative correlation with microbial carbon biomass. Ammonium and
nitrate also showed a negative correlation with acidity while electrical
conductivity and percent organic carbon had a positive correlation with soil
moisture content.

Conclusion: Based on the results, it can be stated that in low-altitude
forests of mixed hornbeam stands, the developmental stages had a
significant effect on the chemical and biological properties of the forest
soil. Despite the existing report on soil physical properties caused by the
different development stages, in this study, this effect was not statistically
significant. The results include valuable information on the seasonal
dynamics of soil properties, the relationship between forest stands, and
changes in soil properties over time for low-altitude forests in Hyrcanian
forests during different stages of development. We found extreme
differences between the amounts of ammonium between two different
seasons, so we suggest that ammonification processes are essential along
with other soil biological properties, including soil enzyme activities,
which help enhance our knowledge of the fertility situation in the disclimax
of low-altitude forests.
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Figure 1. Geographic location of the study area.
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Table 1. Values (mean + standard error) of soil physical properties in different development stages.

(800) Oy fuas
Summer season (2020)

(\¥49) 50l b
Fall season (2019)

S W
Development stage

Sl (S Sl
Soil physical properties

29.06+1.96° 23.13+2.17° (Initial) J!
29.07+2.09* 25.07+3.03* (Optimal) o e
Sand (%)
28.13+2.44° 22.33+2.20° (Decay) s 5
34.80+2.02° 38.40+1.26 (Initial) J!
33.06+1.70° 36.40+1.75° (Optimal) o o2
Clay (%)
34.13+1.21° 37.40+1.03° (Decay) . 5=
36.13+2.47° 38.46+1.36° (Initial) «J !
_ )
37.86:2.14° 38.53+1.76° (Optimal) - e
Silt (%)
37.73+1.79° 40.26+1.57° (Decay) . 5
1.7620.15% 1.7040.12 (Initial) J!
1.740.18° 1.7640.11° (Optimal) | (ot s 09) s AB S0
Bulk density (g cm™®)
1.77+0.16° 1.87+0.10° (Decay) ., 5
18.89+0.95" 23.78+1.13" (Initial) 4J;!
24.07+1.18" 30.51+1.47% Optimal) | SLE s kst
Soil moisture (%)
21.45+1.21% 23.45+1.53" (Decay) . »
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* Non-identical Latin letters indicate a significant difference at the 5% level using Duncan's test between different stages in the
same season. The star indicates a significant difference between the two seasons for each stage using an independent t-test
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Table 2. Values (mean + standard error) of chemical and biological properties of sail in different development stages.

(Een) Ol Joad (Y44) 5ol ot S e Sl plard Slo yast
Summer season (2020) Fall season (2019) Development stage Soil chemical properties
7.27+0.05" 6.47+0.04" (Initial) +J
" " ) l;- a. |
7.06£0.04° 6.33+0.04° (Optimal) | S ol
. . pH
7.18+0.05% 6.37+0.05 (Decay) —.
231.27+11.98% 138.65+12.10" (Initial) 4
. . , : oy Sy
188.86+10.60° 127.77+15.76 (Optimal) | (5t o) S als
Electrical conductivity (ds/m)
256.13+10.93° 207.87+22.19° (Decay) —,
4.610.27* 1.87+0.2° (Initial) J!
3.87+0.17" 0.73£0.12" (Optimal) | S e
) ) Soil organic carbon (%)
5.05+0.17° 1.06+0.17" (Decay) . 7
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0.38+0.01° 0.39+0.02° (Optimal) | S D e
Total nitrogen (%)
0.52+0.03° 0.45+0.03° (Decay) . 7
12.73+1.32% 5.12+0.54* (Initial) +J5!
10.20+0.39" 1.80£0.28" (Optimal) .| 74 ?“"S = '_
. R Carbon to nitrogen ratio
10.44+0.76° 2.61+0.55" (Decay) —.
2082.36+127.79° 2178.57+294.87° (Initial) «J5!
1704.22+68.76" 2623.01+444.23° ©ptimal) g (A RS S e 25
(MBC) (mg/kg)
1937.21+129.52® 2369.04+221.02° (Decay) —. 5
0.29+0.04" 25.42+0.37" (Initial) «J5| > ) ,
N " . SIS e S he) o5 5]
0.330.04° 22.37+0.28" (Optimal) & | ' f '
(NH4™) (mg/kg)
0.72+0.26* 26.70+0.76" (Decay) . =
13.99+1.58" 29.31+0.88" (Initial) «J5! » ¢ 1y
. . , SIS pp S S
7.78+1.35° 28.29+0.27% (Optimal) & | ' _r
- " (NO3) (mg/kg)
13.88+1.72° 26.97+0.31° (Decay) . 5
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* Non-identical Latin letters indicate a significant difference at the 5% level using Duncan's test between different stages in the
same season. The star indicates a significant difference between the two seasons for each stage using an independent t-test
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Table 3. Results of principal components analysis for the studied variables.

JJQ)\}M)J a}ljdi)')\u.a;'-u)\.u.a e

Variance (P) The value of the eigenvalue index Axis
39.15 5.09 1
15.11 1.96 2

PCA graph of variables

Dim 2 (15.11%)

Moisture

G I B

05 1.0
Dim 1(39.16%)

ol slaad 3o 4 s s addllan 50 (sla e ST Y IS
Figure 2. Distribution plot of the studied variables in Principal components analysis.
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