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Background and Objectives: Rangelands represent one of the most
expansive ecosystems globally and are instrumental in preserving
ecological equilibrium. Landform significantly influences soil formation
and plays a crucial role in the variability of soil properties. "Catena" is one
of the various landform types, consisting of five positions: summit,
shoulder, back, foot, and toe slopes. Topographic variations in the Catena
influence water and nutrient availability, root distribution, and soil
properties, ultimately affecting vegetation cover, biological processes, and
soil quality. In this context, the different positions of a Catena are key
factors in shaping the relationships between soil and root characteristics.
Although rangelands constitute a substantial portion of semi-arid
landscapes, comprehensive information on semi-arid rangeland soils,
particularly across different landform types, is scarce. Semi-arid
ecosystems are among the most sensitive and fragile regions due to their
specific climatic conditions. This study investigates how landform
influences root traits and soil enzymes in a semi-arid rangeland landscape
located in the mountainous region of northern Iran, thereby deepening our
understanding of the Catena concept. Roots (fine and coarse roots) occupy
a very large part of the components of the basement in different positions
of the Catena. The landform can have many effects on the biomass of roots,
which can vary in different situations. Catena positions determine soil
moisture and replenishment, which in turn affects the amount of root
biomass. The roots of plants are made up of two main parts: fine roots,
which are less than 2 mm in diameter, and coarse roots, with a diameter of
more than 2 mm. These two parts play an important role in the
underground structure of the soil and constitute a significant part of its
composition in natural ecosystems. Fine roots play a very important role in
the nutrient cycle. Coarse roots make plants strong due to their larger size
and have a slower rate of return to the soil compared to fine roots, but it
affects the performance of habitats. Biochemical activities are significantly
sensitive to other physical and chemical properties of soils, which
consequently makes them a suitable indicator for evaluating soil quality in
different landforms. Soil enzymes during the chemical catalysis process are
a strategy for replenishing plants and organic matter in the soil.
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Materials and Methods: For this purpose, the Gilkola region in the Kojur
district of Mazandaran province was selected as the study area. Initially,
three V-shaped and three A-shaped Catenas were determined in this area.
Within these landforms, sampling was conducted at each of the five
positions along the cross-section of the Catena. Soil samples were collected
from an area of 30x30 c¢cm at three depths: 0-15 cm, 15-30 ¢cm, and 30-45
cm. In total, 270 soil samples were collected from the studied structures
and transported to the laboratory for analysis. After transporting the soil
samples to the laboratory, coarse- and fine-roots were separated from the
samples (based on the depth of 0-45 cm) and washed with a 2 mm sieve.
Air-dried soil samples and root samples were placed in an oven at 70 °C
for 24 hours and dried. After sample preparation, root characteristics were
measured, including root biomass by weighing, carbon by combustion,
nitrogen by mineralization, phosphorus by Olsen method, potassium,
calcium and magnesium by atomic absorption method. Biochemical
activities of enzymes were incubated under standard conditions and in a
sufficient medium, and based on colorimetric measurement of the product
released from the enzyme, the enzyme activity rate was determined using
standard methods. Soil characteristics were analyzed using the F test and in
the form of a double-split plot design. Statistical analysis of all data was
performed using SPSS version 20 software. Also, multivariate analysis and
principal component analysis (PCA) were used to investigate the
relationship between the shape, positions and different depths of the catena
using the PC-ORD program.

Results: The results of this research showed that the land form had
significant effects on the characteristics studied. The results showed that
the biomass (645.57 g/m?) and carbon (18.70%) of the coarse roots, fine
roots phosphorus (2.32%) and calcium (0.86%) of the fine roots were
higher in the V-shaped Catena than in the A-shaped Catena. Also, the
highest values of coarse root characteristics including biomass (801.16
g/m?), carbon (24.30%), phosphorus (1.62%), and calcium (0.46%) were
observed at the toe position of the Catena slope. The highest values of
biomass (35.92 g/m?), nitrogen (0.44%), phosphorus (2.32%), potassium
(1.39%), calcium (0.86%) and magnesium (0.69%) of the fine roots were
observed in the V-shaped Catena. fine root biomass (47.24 g/m?) and their
nutrients (34.30% carbon, 0.54% nitrogen, 3.02% phosphorus, 1.55%
potassium, 1.07% calcium, and 0.87% magnesium) were highest in the toe
slope of V-shaped Catena. In addition, the results of root measurements
showed that its biomass (502.39 g/m?), carbon (24.71%), nitrogen (0.38%),
phosphorus (1.89%), potassium (1.19%), calcium (0.62%), and magnesium
(0.45%) were highest in the V-shaped Catena, and also in the toe slope
position (636.81 g/m?, 29.30%, 0.44%, 2.32%, 1.30%, 0.77%, and 0.59%)
respectively. The results obtained from the measurement of the enzymes
studied showed that in the V-shaped Catena, the highest amounts of acid
phosphatase (ug PNP g' h™' 67.260), arylsulfatase (ug PNP g h™'
89.207) and invertase (ug Glucose g' 3 h™' 40.229) and the highest
amounts of urease (ug NH,* -N g™' 2 h™' 04.21), acid phosphatase (g PNP
g h™' 35.402), arylsulfatase (ug PNP g h™' 55.350) and invertase
(Mg Glucose g™' 3 h™' 77.307) were in the toe slope, respectively, and in the
0-15 cm layer of soil, respectively (ug NH," -N g™' 2 h™* 67.17), (ug PNP
g ' h™' 61.267), (ug PNP g ' h™' 22.213) and (g Glucose g ' 3 h™' 01.224)
had the highest activity.

Conclusion: The results of this study indicate that different positions of the
Catena, as a topographic unit, have a significant impact on soil properties,
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vegetation cover, and belowground activities. In the V-shaped Catena,
lower slope positions have better soil conditions, such as moisture retention
and nutrient availability, which provide favorable conditions for plant
growth and biological activities. In these areas, vegetation cover is better
than in the upper slope positions and helps protect the soil from erosion. In
contrast, in the upper slope positions, due to poor soil conditions,
vegetation cover is weaker, and soil erosion can disrupt biological
activities. The summit and shoulder positions of the Catena, due to their
natural restorative capacity, could be suitable targets for soil restoration
and rehabilitation operations. Indeed, it may be thought that the
accumulation of organic matter, leaching of nutrients, and creation of a
favorable microclimate can enhance biological activities, whereas the
reduction of vegetation cover in top positions has detrimental effects on
belowground components. The interaction between these variables can
provide valuable insights into soil fertility dynamics and ecosystem
functioning. In conclusion, the findings of this study demonstrate the
necessity of maintaining the foot and toe positions of the Catena to enhance
soil fertility and overall soil health. These findings could contribute to
improving natural resource management and nutrient cycling in the
mountainous regions of northern Iran.
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Crataegus melanocarpaM. B. (10 %)

Berberss puegerrima Bunge. (< 5 %)
Craasgus microphylla C. Koch. (< 5 %)
Rhaomnus paiiasi Fisch and C. A. Mey (< 5 %)
Medicago satvalL. (< 5%)

Crataegus melanocarpa M. B. (15 %)
Berberis integerrima Bunge. (< 5 %)
Cratasgus microphyila C. Koch. (5 %)
‘Bromus tomentolus Bioss. (< 5 %)
Festuca arundinaceae Schreb (< 5 %)
Alyssum minus (L) Rothm. (< 1%)
Agropyron longyaristanom Boiss. (< 1 %)
Asteragalus gossypinus Fisch. (< 1%)

Tiymus tanscaspicus Klokov. (< 5 %) >
Phlomis herbavenstiL. (<5 %) N
| Asteragaius gossypinus Fisch. (< 1 %) L
Teucrium polism L. (<1 %) <
| Xapuzhiwom spinoson L. (<1 %) ]‘

Cirsisom vulgare (Sav)) Ten. (< 1%)
Festuca anundinaceae Schreb (< 1 %)
Cousinia commzaze Bunge. (< 1 %)

b sl
Foot slope

Crataegus melanocarpa M. B. (10 %)
Berberis integerrima Bunge. (10 %)
Rhamnus pallasii Fisch.and C. A. Mey (5 %)
Bromus danthonias Trin. (15 %)
Sanguisorba minor Scop. (10 %)

Cousinia commuzats Bunge. (< 5 %)
Alyssum minus (L) Rothm. (< 1 %)

Cirsium vulgare (Savi) Ten. (< 1 %)
Crataegus melanocarpa M. B. (10 %)
Berberis integerrima Bunge. (< 5 %)
Crataegus microphylla C. Koch. (< 5 %)
Sanguisorba minor Scop. (<5 %)

Alyssum minus (L) Rothm. (< 5 %)

Festuca arundinaceae Schred (< 1%)
Cousinia commuzas Bunge. (< 1 %)

Back slope

Crataegus melanocarpa M. B. (10 %)
Berberis intsgerrima Bunge. (5 %)

Crataegus microphyila C. Koch. (5 %)

Alysswn minus (L) Rothm. (10 %)

Cirsison vulgare (Sav)) Ten. (< 5 %)
Dichanthium annulatum (Forssk.) Stapf (< 5 %)
Cousinia commutate Bunge. (< 5 %)

Crataegus melanocarpa M. B. (< 5 %)
Crataegus microphyila C. Koch. (< 5 %)
Cirsison vulgare (Savi) Ten. (< 5 %)
Dichanthium awnulatum (Forssk.) Stapf (< 1 %)
Cirsison vulgare (Savi) Ten. (< 1 %)

Cratasgus melanocarpa M. B. (5 %)
Cratasgus microphyila C. Koch. (5 %)
Festuca ovinaL. (5 %)

Stackys laxa Boiss. & Bubse. (5 %)
Cousinia commuzate Bunge. (< 5 %)
Alyszum minus (L) Rothm. (< 1 %)
Crataegus melanocarpa M. B. (< 5 %)
Cousinia commutate Bunge. (< 5 %)
Alyszum minus (L) Rothm. (< 5 %)
Phiomis olivieri Benth. (< 1 %)
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Figure 3. Description of land covers at different positions of VV-shaped and A-shaped catenas.
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Table 1. The effect of different shapes and positions of catena on root characteristics.

U518 il (slacand po X IS5 S slacgsd 4o LS < Wiy, Glaaasiia
Catena shape x Catena positions Catena positions Catena shape Root properties
1.091™ 12.753** 11.358** o e

Coarse root biomass

gy e S

0.216™ 13.867** 4.549%
Coarse root Carbon
0.022" 1.908™ 2877 e e
Coarse root Nitrogen
0.402" 0.354™ 0.004™ R 005 A 4 LS e
Coarse root C.N ratio
1.217" 6.378%* 8.382%* T A
Coarse root phosphorus
WG L
0.030™ 1.068"™ 1.782" It R
Coarse root potassium
0.527™ 5.730%* 8.320%* e g
Coarse root calcium
0.172" 5.55% 1.228™ RIS
Coarse root magnesium
1.169™ 7.942%% 8.694%* o 25
Fine root biomass
0.024™ 3.095* 2.308™ o oS
Fine root Carbon
0.316™ 6.390%* 4.524% e
Fine root Nitrogen
0.770" 1.237" 0.645™ g Q3978 4 S e
Fine root C.N ratio
1.027™ 25.178** 12.988** o A
Fine root phosphorus
.. b
0.964"™ 5.745%* 10.084** e
Fine root potassium
0.440™ 15.286** 8.321%* R
Fine root calcium
0.612™ 18.490%* 4.316* R
Fine root magnesium
2452+ 23.312%* 22.673%* 02
Root biomass
0.098™ 11.834** 5.826% R
Root carbon
0.165™ 6.605** 6.490** 0 0
Root nitrogen
1.154™ 1.021™ 0.416™ 0 D00 S e
Root C.N ratio
1.806™ 29.238** 20.377** 0 A
Root phosphorus
: L
0.871™ 6.612%* 11.542%* el e
Root potassium
0.732™ 17.027%* 13.013** s
Root calcium
0.706™ 22.088%* 5.000* 0

Root magnesium
%1 Sz claM 25 Solsgme D Yl CEM 23 Sl (Sl o e "
" non-significance, * significance at the 5% probability level, ** significance at the 1% probability level
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Table 3. The effect of different shapes and positions of catena on biochemical characteristics.

SESTEANS

SO L wﬂ

5blas al wﬂ

Slessl o5

A)apl él.hjri.:.c
Invertase Arylsulfatase Acidphosphatase Urease Main variables
enzyme enzyme enzyme enzyme
oy b
35.052** 8.850** 10.315** 2.873® o
Catena shape
LK glacaas
42.736** 42.294** 64.181** 28.043** SEmEs
Catena positions
B lacamdse X KS
1.991"™ 2.810% 1.331™ 0.467"™ Sl X S5
Catena shape x Catena positions
Sk
7.194** 3.592* 5.061** 13.520** o
Soil depth
S Gas X 315 K2
0.143™ 0.298™ 0.009™ 0.128™ o Jod
Catena shape x Soil depth
Sl Ges X 5 glacaas
0.237" 0.278™ 0.584"™ 0.438"™ o TR SR
Catena positions x Soil depth
0.153" 0.036™ 0.044™ 0.042" S e X LIS lacnd e X UE [

Catena shape x Catena positions x Soil depth

%1 Sz ch.« 03 Gl e -

75 Jlaz| T 53 (Suls s ) (b pls "

" non-significance, * significance at the 5% probability level, ** significance at the 1% probability level

Urease Acid phosphatase
3Toyg! 30 L sl
5 il .
S a b = a
T 15 c < 300 b b b ab p
L I i I I I : i : -
+ 5 . Z 100 = .
< A~
I 0 op 0
Pz . = .
A A 5 = N R N D N S S ¢
ER LI L VLR AP S
I T AR & & I C A I N
&K X o P &S & & &
&K T TS S & ¢«
Arylsulfatase Invertase
S Wam Jof 30 59%)
= 500 T 350 2 2
L 400 2 @ 300 a
= b T, 250 ab
L, 300 a a g o 200 by p b
& 200 b c a g 150
o Bl TREERINIT
o)
2 adl e 5
> R N S = @ S I S
& Ky ‘”\yc‘ym'/&a @"ﬂ)\“é\@é\ o & & «i““yéy chz‘& A & 0°
& @bo %é&o o&b %\OQ \éo (}OQ ¥ Obo %@Q oéb e\OQ &G}c %\OQ AN
N«/é“ig@ T & < F& T T

Lot g Baatis p WIS il sl g b JSE 1 Gl oladl £) :Kle alis -4 IS
Figure 4. Comparison of means (+ Standard Error) of the effect of different shapes and positions of catena on
biochemical characteristics.
..\2.5\.3& asjlae S48 5&;,.“.9 3 WS i 6\.&;’.’,\:’5}0 ‘JQ o uuﬁ:ﬁ.ﬂ (P<O/05) )bg;'uu o;\&s eMAC}LﬁJ w:lf.’l‘ 6\.&&‘3)9-
The English letters indicate significant differences (P<0.05) in characteristics between the shapes, positions of
the catena, and the studied depths.
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Figure 5. The relationship between different shapes and positions of catena (left image) with root and
biochemical characteristics (right image) in principal component analysis; V-shaped catena (VS: summit
slope, VSh: shoulder slope, VB: back slope, VF: foot slope, VT: toe slope); A-shaped catena (AS: summit slope,
ASh: shoulder slope, AB: back slope, AF: foot slope, AT: toe slope); root (R C: total carbon, R N: total
nitrogen, R P: phosphorus, R K: potassium, R Ca: calcium, R Mg: magnesium, R C/N: carbon to nitrogen
ratio); fine root (FR C: total carbon, FR N: total nitrogen, FR P: phosphorus, FR K: potassium, FR Ca: calcium,
FR Mg: magnesium, FR C/N: carbon to nitrogen ratio); coarse root (CR C: total carbon, CR N: total nitrogen,
CR P: phosphorus, CR K: potassium, CR Ca: calcium, CR Mg: magnesium, CR C/N: carbon to nitrogen ratio).
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