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Abstract

Background and Objective: Evaluation of soil properties around plants in rangelands plays an important role in
understanding the effect of vegetation on soil properties and consequently rangeland management. The carbon to nitrogen
(C/N) ratio is a key factor in regulating the efficiency of nutrient use in plants. Besides, the C/N ratio has a direct effect
on the rate of decomposition of organic compounds, and consequently the persistence of carbon in the soil. The aim of
the present study is to determine and compare the soil organic carbon, total nitrogen, and C/N ratio in different habitats
and different life forms of plants native to arid and desert areas and cultivated in the rehabilitated rangelands of South
Khorasan province.

Methods: Soil samples were collected from the root zone at depth of 0—60 cm for five distinct habitats, and their organic
carbon, total nitrogen, and C/N ratio were determined.

Results: The results showed that the soil organic carbon content in the studied habitats varied in the range of 0.07-0.97
%. The highest mean of soil organic carbon was obtained for the soil of Nitraria schoberi habitat and its lowest mean
was obtained for the soil of Hymenocrater calycinus habitat. The total nitrogen content of the soil varied between 0.006
and 0.14 %. The soil C/N ratio varied from 3.61 to 71.50 with a mean of 15.02. The highest soil total nitrogen and organic
carbon were observed in the habitat of shrub and bush species with the phanerophyte life form.

Conclusion: It seems that shrub species with a higher canopy cover and biomass percentage and, as a result, more litter
fall, contribute more to the recycling of nutrients than herbaceous species. Cultivation of Nitraria schoberi in rehabilitated
rangelands increased soil carbon and nitrogen, therefore, the cultivation of this species is recommended in rangeland
restoration programs and carbon sequestration projects.
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Table 1. List of family, species, life form and chorotype in the study area

Ai:tti)(r)iv Spe/cies ) Family thjifim CET?‘IZE: Hibitat

] AL 4 o3 5= o il oS5

[Can) TS ac

Ac.sa Achillea Samo(?gjce; )Lg‘fé:feiSp - wilhelmsii Asteraceae He IT-ES-SS Protected area
Aesu Aellenia subaphylla (C.Meyer) Chenopodiaceae Ph IT Halophyte habitats
Am.sc Amygdalus scoparia Spach Rosaceae Ph IT Protected area
Ar.si Artemisia sieberi Besser Asteraceae Ch IT Protected area
At.ca Atriplex canescens L. Chenopodiaceae Ch PL Rehabilitated rangelands
Atle Atriplex lentiformis S.wats. Chenopodiaceae Ch IT Rehabilitated rangelands
Ca.po Calligonum polygonoides L. Polygonaceae Ph IT,SS Psammophyte habitats
Hy.ca Hymenocrater calycinus (Boiss) Benth. Lamiaceae He IT Protected area
Ni.sc Nitraria schoberi L. Nitrariaceae Ph IT Rehabilitated rangelands
Rh.co Rhus coriaria L. Anacardiaceae Ph IT Petropyhte habitats
Sa.ya Salsola yazdianus Assadi Chenopodiaceae Ch IT Halophyte habitats
Sc.or Scariola orientalis (Boiss.) Sojak. Asteraceae Ch IT Protected area
Sc.le Sclerorhachis leptoclada Rech. f. Asteraceae He En Protected area
Se.ro Seidlitzia rosmarinus (Ehrh.) Bge. ex Boiss. Chenopodiaceae Ch IT,SS Rehabilitated rangelands
St.ba Stipa barbata Desf. Poaceae He IT Protected area
St.pe Stipagrostis pennata (Trin.) De Winter Poaceae He ITM,SS Psammophyte habitats
Ta.st Tamarix stricta Boiss. Tamaricaceae Ph SS Halophyte habitats
Zy.at Zygophyllum atriplicoides Fisch. & C. A.Meyer ~ Zygophyllaceae Ph IT,SS Petropyhte habitats
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He: Hemicryptophytes, Ch: Chamaephytes, Ph: Phanerophytes, ES: Euro-Siberian, IT: Irano-Turanian, M: Mediterranean, En: Endemic, SS: Sahara
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Fig. 1. Geographical map of South Khorasan province and the studied habitats.
1: Rehabilitated rangelands, 2: Protected area, 3: Petropyhtes habitats, 4: Psammophyte habitats, and 5: Halophyte
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Table 2. Descriptive statistics of soil organic carbon content in the 18 studied habitats

Shapiro-Wilk

Coefficient of variation (CV, %) Standard deviation (SD) Variance Max  Min Species
’ : kS s Gl Sl s S alS 4
Sols san Cla_ﬂ okl

0.99 1.00 15.00 0.03 0.001 023 0.17 Ac.sa
0.31 0.88 20.01 0.10 0.010 0.60 0.38 Ae.su
0.81 0.96 5.26 0.01 0.000 020 0.18 Am.sc
0.17 0.82 17.91 0.06 0.003 044 0.27 Ar.si
0.04* 0.76 10.59 0.06 0.003 0.61 0.46 At.le
0.03* 0.80 2.09 0.01 0.000 047 045 At.ca
0.27 0.86 2233 0.05 0.002 026 0.16 Ca.po
0.24 0.90 33.03 0.05 0.003 023 0.11 Hy.ca
0.39 0.92 14.31 0.12 0.014 090 0.60 Ni.sc
0.30 0.91 2.44 0.01 0.000 042 040 Rh.co
0.30 0.89 9.41 0.05 0.003 0.61 0.46 Sa.ya
0.18 0.86 18.19 0.03 0.001 023 0.14 Sc.le
0.99 1.00 8.98 0.02 0.000 025 019 Sc.or
0.05 0.78 22.94 0.05 0.002 027 0.16 Se.ro
0.03* 0.77 24.66 0.06 0.003 026 0.16 St.ba
0.99 1.00 14.73 0.04 0.001 027 0.18 St.pe
0.47 0.92 43.36 0.23 0.054 097 0.23 Ta.st
0.41 0.94 32.41 0.06 0.003 0.28  0.07 Zy.at

<0.001*** 0.89 56.79 0.20 0.039 0.97  0.07 General

% p<0.05, ¥*: p <0.01, ***: p <0.001
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Table 3. Descriptive statistics of soil total nitrogen content in the 18 studied habitats

Shapiro-Wilk

P W Coefficient of variation (CV, %) Standard deviation (SD) Variance Max  Min Spe/cies )
s s o oL e Slrs Gl il ool s aws S S
0.99 1.00 0.000 0.000 0.000  0.010 0.010 Ac.sa
0.99 1.00 25.227 0.014 0.000  0.076  0.039 Ae.su
0.99 1.00 0.000 0.000 0.000  0.020 0.020 Am.sc
0.36 0.89 43.398 0.014 0.000  0.060 0.020 Ar.si
0.05 0.78 15.467 0.007 0.000  0.061 0.040 Atle
0.04* 0.81 24.490 0.002 0.000  0.011 0.006 At.ca
0.99 1.00 23.472 0.003 0.000  0.016 0.008 Ca.po
0.06 0.85 0.000 0.000 0.000  0.010 0.010 Hy.ca
0.02* 0.80 7.930 0.008 0.000  0.108 0.087 Ni.sc
<0.001%** 0.59 0.000 0.000 0.000  0.020 0.020 Rh.co
0.10 0.83 14.361 0.007 0.000  0.060 0.040 Sa.ya
0.82 0.96 0.000 0.000 0.000  0.010 0.010 Sc.le
0.99 1.00 17.891 0.005 0.000  0.030 0.020 Sc.or
0.68 0.94 22.786 0.002 0.000  0.013 0.008 Se.ro
0.97 0.98 24.052 0.003 0.000  0.013 0.008 St.ba
0.99 1.00 13.925 0.002 0.000  0.013 0.009 St.pe
0.02* 0.76 46.657 0.033 0.001 0.140 0.040 Ta.st
<0.001*** 0.70 41.571 0.005 0.000  0.020 0.008 Zy.at
<0.001*** 0.82 83.676 0.026 0.001 0.140 0.006  General
*: p<0.05, ¥*: p<0.01, ¥**: p <0.001
o 3oge 85 WA L3 S (CN) S 03550 4 JT 00 S o oo 55 SLTLF g
Table 4. Descriptive statistics of soil organic cabon to total nitrogen (C/N) ratio in the 18 studied habitats
Shapiro-Wilk Coefficient of variation (CV, %) Standard deviation (SD) Variance Max  Min Species
’ : s Sone il RETRTRPHEI I SN JE
Sold e Ch“ ol
0.99 1.00 15.00 3.00 9.00 23.00 17.00 Ac.sa
0.31 0.88 33.58 3.24 10.52 1395 5.00 Ae.su
0.81 0.96 5.26 0.50 0.25 10.00  9.00 Am.sc
<0.001*** 0.75 27.49 3.08 9.49 1541 717 Ar.si
0.01%* 0.72 11.04 1.27 1.61 14.00 10.00 At.le
0.53 0.93 2241 12.33 152.06  71.50 42.58 At.ca
0.81 0.96 23.81 4.40 1932 20.83 10.63 Ca.po
0.24 0.90 33.03 5.02 2520  23.00 11.00 Hy.ca
0.26 0.91 20.74 1.77 3.14 1034  5.56 Ni.sc
0.02 0.82 2.44 0.50 0.25 21.00 20.00 Rh.co
0.12 0.84 14.69 1.69 2.85 1450 9.33 Sa.ya
0.98 0.99 18.19 3.42 11.70  23.00 14.00 Sc.le
0.99 1.00 12.14 1.02 1.04 10.00 7.33 Sc.or
0.00%* 0.63 3.94 0.81 0.66 22.00 20.00 Se.ro
0.44 0.91 2.36 0.48 0.23 20.83  20.00 St.ba
0.99 1.00 2.17 0.44 0.20 20.83  20.00 St.pe
0.46 0.92 18.81 1.45 2.11 9.69 5.75 Ta.st
0.09 0.90 40.68 6.14 37.66  23.00 3.61 Zy.at
<0.001%** 0.69 63.36 9.52 90.62 7150 3.61 General

% p<0.05, % p<0.01, ***: p <0.001
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Table 5. Analysis of variance of the effect of habitat on soil organic carbon (C), total nitrogen (N) and C/N ratio in the 18 studied
habitats (transformed data)

Eta-squared P Mean square Elf Sum of squares u_f 5
Bl sdos (Sl im0 o Sl e Kle (o33l 4y Sla e p e Property
Between groups
0.87 0 37.75 0.15 17 2.52 les S o
Within groups
0.00 96 0.38 e S 033 C
Total
113 2.90 Js
Between groups
0.91 0 54.25 0.03 17 0.46 laos S o
Within groups
0.00 96 0.05 Loy S 050 N
Total
113 0.51 Js
Between groups
0.81 0 24.76 5.55 17 94.32 bos S e
Within groups
0.22 96 21.52 laes S 0555 C/N
Total
113 115.84 Js

A edalie (A 31 S) (Taust)

JSa e sl Ol (B doir) bl 4 e
DS & O35 S 3 S 0305 I o0S Ol et
Osee (9= 0.00) ool I3 inn oyt 5530 die > St
> 3b5 s JS 055,50 5 N op S 2 s JS3 250
(2> 0.06) sl Javs 320 ON G s 5 (0.14
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S (imad Sl (o) b sin S e OlaLS o2y,
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5 Sl yn) Codals 5 cuy B Ol WK, S
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Fig. 2. Mean comparison of soil organic carbon contents in the studied habitats (original data). The bars with at least one similar
letter are not significantly different (p < 0.05).
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Fig. 3. Mean comparison of soil nitrogen contents in the studied habitats (original data). The bars with at least one similar letter are
not significantly different (p < 0.05).
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Fig. 4. Mean comparison of soil C/N ratio in the studied habitats (original data). The bars with at least one similar letter are not
significantly different (p < 0.05).
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Table 6. Analysis of variance of the effect of life form on soil organic carbon (C), total nitrogen (N) and C/N ratio in the 18 studied
habitats (transformed data)

Eta-squared P . Mean square <’if Sum of squares ; 5
Bl osdee (Solopme mlans Slupe Kle @il arss Sla e g peres Property
Between groups
0.15 0.00 9.61 0.21 2 0.43 s S e
Within groups
0.02 111 2.47 laos S 05,3 logC
Total
113 2.90 s
Between groups
0.19 0.00 12.80 0.05 2 0.10 s S
Within groups
0.00 111 0.41 laos S 05,3 logN
Total
113 0.51 s
Between groups
0.09 0.01 5.21 4.97 2 9.95 s S
Within groups
0.95 111 105.89 laos S 05,3 logC/N
Total
113 115.84 s
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Fig. 5. Mean comparison of soil organic carbon content (A), total nitrogen (b) and C/N ratio (C) in the studied life forms (original data).
He: Hemicryptophytes, Ch: Chamaephytes, Ph: Phanerophytes; The bars with similar letter are not significantly different (» <0.05).
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Table 7. Results of multinomial regression analysis for predicting soil organic carbon content through total nitrogen content

P MSQ
Sl sxe o F Slae ke Sla e pgerme (31T

SSQ

df

0.00 533.47
0.11 2.58
0.15 2.10
0.00 3.58

3.30

0.02

0.01

0.02

0.01

3.30

0.02

0.01

0.60

0.51

1

27

83

Linear
P
Quadratic
APl
Cubic
S el
Deviation
Sl il
Residual
oLl

tstucent(112) = 18.00, p = 7.68€-35, Ppearcon = 0.86, Cloge, [0.81, 0.90], Mo

R |

0.10 4

N (%)

0.05 4

0.00 4

0.00 0.25
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Fig. 6. Scatter diagram of total soil nitrogen (N) vs. soil organic carbon (OC) in the study area
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Table 8. Regression coefficients of the linear relationship between total soil nitrogen and soil organic carbon contents

Pr(>t]) tvalue Standard error Estimate

Sold e c]a.» t i s kel gl )
0.00 9.81 0.01 0.14
0.00 18.00 0.36 6.57

Intercept

e 51 2,2

Js 055 20
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