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Extended Abstract

Background: In dry ecosystems, especially in arid and semi-arid regions, which are fragile and
vulnerable ecosystems, forest destruction and land use change are considered one of the most
important factors affecting the variability of soil characteristics. In this regard, soil respiration, as
the main carbon control process in underground processes, is correlated with soil microbial
activity, availability of different substrates, soil nutrient content, root dynamics, soil temperature,
and moisture, and is considered a good indicator to estimate the productivity of ecosystems. The
long-term consequences of land degradation, soil properties, and microbial respiration, which
significantly affect global carbon dioxide emissions, are not fully understood. Thus, this study
aimed to investigate the effects of forest destruction and land use change on the physical,
chemical, and respiration properties of soils in semi-arid mountain ecosystems.

Methods: The current investigation was conducted in the mountainous area of Mikhsaz, Kajur
village, which is a part of the Nowshahr City region situated in Mazandaran Province, Northern
Iran. The altitude ranges from 1600 to 1700 meters above sea level, with a slope gradient of 10-
20%. The area experiences an annual precipitation of 365 mm and a mean annual temperature of
11°C. Soils are clay loam and are classified under the Alfisoils order according to the Soil
Taxonomy (United States Department of Agriculture, 2014). The examined region has the
potential for forests (including Carpinus orientalis Mill. and Quercus macranthera F&M.) and
rangelands (including Artemisia aucheri Boiss. and Astragalus podolobus Boiss. & Hohen). The
study area was predominantly covered with forests, but it has been transformed into three distinct
uses, forest, forest-woodland, and rangeland due to human activities during the last 30 years. In
each of the studied uses (forest, woodland, and rangeland), four sample plots with an area of four
hectares (200 x 200 meters) were considered at a distance of 4-6 km from each other. The selected
areas were similar in terms of bedrock (dolomite limestone), physiography (average height of
1650 meters above sea level, the slope of the area between 10 and 15%, and the dominant
geographical direction northward), climatic conditions (cold mountains), and management
conditions (without human intervention, fertilization, and livestock grazing). The soil was
sampled (in an area of 30 x 30 cm from two depths of 0-15 and 15-30 cm) from four corners and
the center of each of the sample pieces in summer. In total, five samples were collected in each
sample plot, and a total of 20 soil samples were collected from each depth of 0-15 and 15-30 cm
in each land cover. To investigate the difference or non-difference of the values of the studied
characteristics in the studied habitats, a split-plot design was used for physical and chemical
characteristics, and the one-way analysis of variance (ANOVA) was used for biological
characteristics with SPSS version 20 software. To determine the relationship between vegetation
and soil respiration, graphs were drawn using Excel software.

Results: Examining the changes in the physical and chemical characteristics of the soil showed
significant differences in the characteristics of micro-aggregate, macro-aggregate, soil stability,
weighted mean diameter of soil aggregates, carbon in micro-aggregate, carbon in macro-
aggregate, the ratio of carbon in micro to macro-aggregate, nitrogen in micro-aggregate, nitrogen
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macro-aggregate, dissolved organic carbon, dissolved organic nitrogen, and dissolved organic
matter among three land uses. Moreover, micro-aggregate, macro-aggregate, weighted mean
diameter of soil aggregates, carbon in micro-aggregate, carbon in macro-aggregate, nitrogen in
micro-aggregate, nitrogen in macro-aggregate, the ratio of nitrogen in micro to macro soil, and
dissolved organic matter, carbon and nitrogen showed significant differences in the two soil
depths. The results of the changes in soil elements in relation to soil carbon and nitrogen
characteristics in three uses of forest, woodland, and rangelands showed that nitrogen in micro-
aggregate (0.13, 0.09, 0.05 %), nitrogen in macro-aggregate (0.32, 0.16, 0.08 %), dissolved
organic carbon (52.16, 38.05, and 18.41 g kg™), and dissolved organic nitrogen (27.23, 17.85, and
12.9 g kg!) showed significant differences (p < 0.05) between the three uses in the first soil depth.
The results of soil microbial characteristics showed that the substrate-induced respiration in all
the treatments used in forest land use was significantly (p < 0.05) higher than the other two land
covers.

Conclusion: The findings of this study indicate that the physical, chemical, and biological soil
properties are influenced by above-ground vegetation, particularly in the topsoil layer. Therefore,
the removal of vegetation can lead to significant deterioration of soil properties in semi-arid
regions. Considering that the soil in semi-arid areas is highly susceptible to destruction, the
reduction and destruction of vegetation play an important role in intensifying these effects and
influencing the provision of ecosystem services in such areas. Furthermore, the relationship
between soil respiration and carbon dioxide emissions is intrinsically linked to climate change.
The results of this research also emphasize that the conversion of forest areas to other ecosystems
has led to changes in the carbon and nitrogen cycle and soil microbial respiration. The results of
this research can contribute to the development of sustainable management and restoration
programs for degraded areas in similar climates because the high quality of the soil of these forests
indicates the high potential of woody vegetation (especially Carpinus orientalis Mill. and
Quercus macranthera F&M.) for soil protection and biodiversity. These findings can be the basis
for designing educational programs for local communities to preserve natural ecosystems by
preventing land use changes and rehabilitating degraded areas. In general, these studies can help
improve environmental, economic, and social conditions in different regions. Finally, this study
emphasizes the urgent need to use sustainable management practices to prevent further
degradation and promote the implementation of restoration techniques in degraded forests.

Keywords: Aggregate Stability, Forest, Land Use Change, Soil Properties, Substrate Induced
Respiration
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Figure 1. The location of the studied area in the north of Iran, Mazandaran Province (a), showing sample plots in the
area (b) and the sampling plan for each studied habitat (c).
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1- Generalized Linear Model
2- Analysis of Variance
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Table 1. Analysis of variance for soil’s physical and chemical characteristics in different studied land uses (forest,
woodland, and rangeland) and soil depths (0-15 and 15-30 cm)

Bos X (2S5 by Gos PLS Ly (Sources) gl
Land cover x Depth Depth Land cover i

2 1 2 (df) cool3l anys

0.27" 27.68" 8.30™ (Micro-aggregate) 4il.S139,So

0.82m 38.05™ 15.56™ (Macro-aggregate) «lassg,Slo

0.00™ 1.29™ 0.72" (Micro/ Macro-aggreg) g,Slo 4y 5,540 &S5 Cous

0.00™ 0.76™ 44.74™ (Aggregate stability) &l )\l

0.44 10.05™ 8.16" (Weighted Mean Diameter of Soil Aggregates) 4S5 ¢,k S35 (xike

1.35™ 4.09" 10.90" (C in Micro-aggregate) 4lasbg,So0 55 )8

0.11m 10.71™" 7.82% (C in Macro-aggregate) las'5.g,Slo ;5 oy,

0.36™ 2.65™ 6.53" (C in Micro/ Macro-aggregate) &liS1 g,Slo &y 5,540 3 (32,5 Cons

0.81m 5.42" 13.75™ (N in Micro-aggregate) &S5 4,Sue 53 (45955

5.64M 23.67 16.95* (N in Macro-aggregate) 4l.S'5.9,Slo )5 \59 5

1.18™ 3.88" 2.49™ (N in Micro/ Macro-aggregate) 4115 9,5l 4y 5,500 )3 ()59 Camss

6.79™ 0.32m 347 (C/N in Micro-aggregate) a5las'5-,Suo 53 59y 4 (pyS Couass

0.43" 0.65" 427 (C/N in Macro-aggregate) &liSB5,Slo 13 (5555 4 (32,5 Cams

0.16" 11.36™ 46.51" (Dissolved organic matter) Jglxo  JI o3lo

4.16" 38.22" 27.63" (Dissolved organic N) Jgloxe JI 59,25

0.93" 34.05™ 73.46" (Dissolved organic C) Joloo JT o8
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Table 2. Means (+ standard error) of physical and chemical characteristics of the soil in the main effects of different

studied land uses (forest, woodland, and rangeland) and soil depths (0-15 and 15-30 cm)

YN0 Ges VO—+ Ges
SB el SB gy ol S sl Prde @y SR> sl Sk gl Shs
15-30 cm soil 0-15 cm soil Rangeland Woodland Forest Soil properties
depth depth

20.48 +2.15b 35.61 £2.39a  21.62+2.27b 26.72 +2.95b 35.79£3.37a
10.48 = 0.88b 19.43+1.37a  10.55+1.05b 14.00 = 1.30b 20.33 +1.8%a

(Micro-aggregate) (ao ) 415 g, Seo
(Macro-aggregate) (do3) alisg,Sle

0.74 +0.07a 0.74+0.11a 0.62 £ 0.07a 0.70 + 0.06a 0.90+0.18a (Micro/ Macro-aggregate) g,Slo 4 9,Su0 4S5 s
59.86 + 1.79a 58.12+2.14a  49.15+2.16¢ 56.18 +2.05b 71.64 + 1.46a (Aggregate stability) (ao)s) Slss glul

+ + + + + (10y3) GSE (gl 355 Sl
0.22 £ 0.02b 0.31 +£0.02a 0.21 £ 0.02b 0.25+0.03b 0.35+0.03a Weighted Mean Diameter of Soil Aggregates
0.79 £ 0.09b 1.04+0.11a 1.01 +0.18b 2.05+0.21a 1.96 + 0.26a (C in Micro-aggregate) (o)) aliS18 g,Suo 43 13255
1.29 £ 0.14b 2.07+0.21a 0.63 + 0.08b 0.79 +0.13a 1.32+0.13a (C in Macro-aggregate) (io,d) alasBg,Slo )5 op)S

C in Micro/ Macro-) &l )5l 4 9,See 13 (32)S o
436+ 1.0la 7.90 + 2.16a 5.15+2.05b 11.36 £2.77a 1.88 +0.32b (aggregate
C in Micro/ Macro-aggregate

0.06 = 0.00b 0.09 + 0.00a 0.04 + 0.00b 0.08 + 0.00a 0.11+0.01a (N in Micro-aggregate) alaSk-,Suo )3 59y
0.08 £0.01b 0.19 +0.02a 0.06 +0.01c 0.13+0.01b 0.22 +0.03a (N in Macro-aggregate) 4181598k ;> ()39 55
1.844£023b  2.60+£0.30a  2.00+£029  1.85+0.28a 2.82+0.41a WS 5 5Le 4 95500 )3 (13955 Capd

N in Micro/ Macro-aggregate

21.43+33la 19.51 +1.66a  25.97 +3.83b 15.15 + 1.82ab 20.30 +3.42a Sy S » ‘:’55).:”; 4 S G
C/N in Micro-aggregate

A5l 3 59555 & (2 e
C/N in Macro-aggregate

(Dissolved organic C) (p,55kS y £,5) Jsle J cyS
(Dissolved organic N) (o,55L5 » p.5) Jsle J1 55555
(Dissolved organic matter) (p,55kS 5 p,5) Jslo J o0lo

19.38 +2.87a 16.66 +1.75a  22.17 + 4.20b 20.80 + 2.06a 11.09 + 1.41a

26.58 +3.20b 36.54+2.73a 1395+ 1.26¢ 31.88+3.11b 48.84 +3.90a
9.11 £ 0.86b 18.03 + 1.62a 7.13£0.61c 1333+ 1.18b 2.025+2.29a
35.70 +3.58b 54.57+3.83a  21.09+1.69¢ 4522 +3.64b 69.10 + 4.86a
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Table 3. Means ( = standard error) of physical and chemical characteristics of the soil in the interaction effects of

studied land uses x soil depths

X Sy sl

X Sy g p)lS Bos X e gy X prde g0 X e gp) X [Six g)S
oAb Gos D=+ Ges & o sl 10+ D=+ Gos ¥oo10 Gos e s )
SB getls (B gl (Sl Sk gpels SB el S g yin 5l SE sl Sy
Rangeland x15-  Rangeland x 0- Woodland x15- Woodland x Forest x 15-30 0-15 X’Fw ¢ Soil properties
30 cm soil 15 cm soil 30 cm 0-15 cm soil cm - i (;)resh
depth) depth soil depth depth soil depth cm soil dept

155022732 27.75+3.15a 1885+2.87a  3460+4.60a  27.15+491a  44.15+3.85a (02) £1SLg 5o
Micro-aggregate
72040862 13.9043.76 a 955+055a  1845+221a  1470+2.19a  2595+2.06a (10,3) bS5 Lo
Macro-aggregate
06840122 0.57+0.05a 0.72£0.09a 068+003a  082+0.17a 0.98+0.01 a 55k 4 9,50 A s
Micro/ Macro-aggregate
50.16£240a  48.14+3.66a  5699+2.62a  5537+321a  7243+188a  70.85+227a [103) 451 5l
Aggregate stability
(30)9) 4l (g)d 559 (1Ske
01740032 0.25+0.02a 0210052 028+003a  0.28+005a 0424003 a Weighted Mean Diameter of
Soil Aggregates
148+0.11a 0.75£0.13a 242+0.114a 106£032a  230+0.16a 133£0.20a (10p3) S 5500 3 038
C in Micro-aggregate
0.55=0.15a 148 £0.29 a 1.68£0.17a 242£037a  1.63£030a 230043 a (o) w55 S1o > )8
C in Macro-aggregate
295193 a 735+£361a 874+£204a  13.98+516a  139£033a 23740550 B sl d oS o oS s
C in Micro/ Macro-aggregate
0.04=0.00a 0.05=0.00a 0.07£0.01a 0.09£00la  0.08=0.02a 013001 a SIS 5800 2 00
N in Micro-aggregate
0.040.01a 0.08=0.01 a 0.10£0.03 a 0.16£0.03a  0.11=£0.05a 0.32+0.054a ALg,8ke 5 0395t
N in Macro-aggregate
95l & 9)Se )3 ()98 S
1.69+0.41 a 231£0.01a 1.80=0.44 a 191£0.03a  205£038a 3.58=0.054a Sl
N in Micro/ Macro-aggregate
26.14+680a  2580+3.76a 896+2.18a  2134£223a  29204621a 11401062  “PSE50 0 0 & oS Cund
C/N in Micro-aggregate
21314742a  23.04+415a  2325+362a  1836+195a  13.594239a 858+ 136a  CSEaSL ) 0 & 0nF Cund
C/N in Macro—aggr?gate
9.51+0.87a 1841+1.92a 25.72+4.95a 38.05+335a  44.52+6.16a 52.16+4.75a (p55S 2 p5) Jobre I 08
Dissolved organic C
5.25+0.56d 9.12 +0.92cd 881+ 1.04cd  17.85£1.59  1328+197bc  27.23%3.54a (05945 3 £.5) Jsbre I 05955
Dissolved organic N
1476=1.04a  2742+256a  3454£507a  5590+408a 57.81£66la  8039+632a (PSS 2 25) Jsbre Jl eole

Dissolved organic matter
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Figure 2. Mean (+ standard error) soil microbial respiration in different land uses (forest, woodland, and rangeland)
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Figure 2. Mean (+ standard error) soil microbial respiration in different land uses (forest, woodland, and rangeland)
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