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Aim: Land use change (LUC) affects the plant and soil functional properties and influences 
soil nutrients efficiency. This research was carried out to examine the effect of grassland 
conversion to dry farming on the efficiency of bio-mineral nutrients in semi-arid loamy soils 
of northwestern Iran.
Materials & methods: Animal manure (AM: 100 and 200 g. Kg-1), beneficial micro-organisms 
(UMOs: 1 and 2%), superabsorbent polymers (SAP: 10 and 30 g. Kg-1), and potassium nano-
silicate (PNS: 500 and 1000 mg. Kg-1) were used for grass Festuca ovina L. cultivated in 
grassland and dry farming soil at a completely randomized factorial design. 
Findings: Based on the results, LUC strongly affected the efficiency of soil nutrients, especially 
PNS (P ≤0.01), where the highest and lowest effects of different nutrients were observed under 
dry farming and grassland, respectively. A maximum difference of 24.0%, 45.0%, and 24.0% was 
observed in plant biomass, chlorophyll, moisture content, respectively, using 200 g. Kg-1 AM and 30 
g. Kg-1 SAP in the soil of grassland and dry farming. Also, a maximum difference of 71.0% and 67.0% 
occurred at soil phosphorus and organic matter, respectively, between grassland and dry farming.
Depending on the type and amount of fertilizer, converting the grasslands to rainfed areas 
significantly influences plant performance and soil improvement. Overall, grasslands show a better 
performance due to the undisturbed soil than rainfed areas under any rehabilitation program. 

Copyright© 2021, the Authors | Publishing Rights, ASPI. This open-access article is published under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, 
transform, and build upon the material) under the Attribution-NonCommercial terms.
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Introduction
land-use change (LUC) severely affects soil 
nutrients and plant growth. In general, LUC 
under anthropogenic activities drives global 
environmental change and sustainable 
development of ecosystems [1–4]. In the global 
issue, convert grasslands to rainfed areas 
is one of the world’s whispered LUC [5,6] the 
efforts to manage ecosystem services have 
increased. One such tool to help manage 
ecosystem services is the Integrated Valuation 
of Ecosystem Services and Tradeoffs (InVEST. 
On the one hand, LUC has a direct and 
significant impact on ecosystems function 
[7,8] and strongly affects soil performance, 
i.e., the maximum biomass production and 
environmental sustainability [9]. 
Due to the changes in soil physicochemical 
properties, soil can be destroyed under 
LUC [10], and the magnitude of LUC and its 
assessments vary with the period being 
examined and the geographical area [11]. 
Moreover, human-induced changes in LUC 
play a significant role in the ecological 
function of the earth [2], where soil and 
vegetation are severely influenced under 
LUC [12]. Therefore, inappropriate land use is 
one of the main reasons for soil loss [13] and 
vegetation change[14]. Cropping in rainfed 
areas exposes the land to erosion risks, 
and eroded land will eventually have poor 
productivity [15]. 
Significant differences in many of the soil 
properties have been reported under LUC 
[12,16]. Along with changes in soil and vegetation 
types, the efficiency of different soil nutrients 
can be strongly influenced through LUC. 
Nevertheless, there is no exact information 
about these changes under long-term change 
of grassland to rainfed areas. Using nutrients 
is one of the most important management 
practices for sustainable production of land 
that influences soil/plant and sustainable 
land-use systems, and therefore, is needed 
to maintain soil fertility for plant production 

[17]. In grassland and cropland, however, many 
different soil nutrients, i.e., mineral, biological, 
in/organic, and nano fertilizers, are used to 
increase production. However, the efficiency 
of the nutrients may be strongly influenced 
by LUC [18]. 
The use of nutrients is a costly method 
and should be noted in any rehabilitation 
program. However, depending on the type 
of nutrients and environmental conditions, 
their efficiency may be severely affected 
by land use. The main hypothesis of the 
present study is that depending on the type 
and amount of nutrients used, convert the 
grasslands to rainfed areas will significantly 
change the soil properties and physiological 
properties of plants. The research results are 
valuable for land management, especially 
in the long run. Therefore, the main 
objective of this study was to investigate 
the effect of bio-mineral nutrients; animal 
manure (ÁM), beneficial micro-organisms 
(UMOs), superabsorbent polymers (SAP), 
and potassium nano-silicate (PNS) on the 
growth properties of Festuca ovina and 
soil properties under converting grassland 
to a rainfed in Ardabil boozer’s semi-arid 
rangelands, northwestern Iran. 

Materials and Methods
Study area
The study was done in the research field of 
the University of Mohaghegh Ardabili, in 
northwestern Iran. The study site is located 
in semi-arid rangelands, where a large area 
of the rangelands have been converted to 
rainfed since 2005. The area lies between 
37°51′N and 47°45′ E longitude and 38°22′N 
and 48°23′ E latitude covering approximately 
1058 km2. Its altitude ranges from 1150 to 
4811 m above sea level. Mean annual rainfall 
and temperature is 500 mm and 5.9℃, 
respectively. The mean monthly temperatures 
vary from 3.9 ℃ in Áugust to 7.9 ℃ in Ápril. 
The topography of the area is typical of 
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mountains and plain. The area is covered by 
both annual and perennial species.
In converted lands, rainfed cultivation is 
done every year. In recent years, chemical 
fertilizers have also been used in some 
rainfed areas. Nevertheless, no nutrient 
has been used in the study site so far. 
Grass Festuca. ovina. L mainly covers 
the control area. The natural cover in 
the control area is managed without any 
intervention and only through livestock 
grazing. Thus, two adjacent sites were 
examined for the experiment under two 
land-use of grassland and rainfed. The 
research was performed based on design 
72 (36 in grassland and 36 in dryfarming= 
9 types and concentration of nutrients 
× 4 replication) plots (0.5×0.5 m) in two 
consecutive years of 2018-2019 [14]. 
Study species
F. ovina L. (English name: Sheep’s-fescue) 
was selected for an experiment with 
perennial and native grass in this area. 
This plant is suitable for grazing [19], which 
is used in seed mixes intended for turfing 
nutrient-poor soils and sowing in slopes, 

roadsides, car parks, and restoration 
areas due to having a well-developed 
root. The primary usage of F. ovina usage 
is for cultivation as forage in rangelands 
revegetation programs[20]. 
Soil properties 
The research was performed based on 
placed 72 plots in two adjacent sites. Soil 
sampling was taken based on the random 
systematic method in plots. The depth of 
sampling was selected according to plowing 
depth for cereal cultivation in rainfed areas. 
Therefore, samples were taken in 0-30 cm 
of soil layers in the dry farming land and 
grassland. Soil samples were transferred 
to the laboratory and were prepared for 
analysis. Before the experiment and nutrients 
application, the soil physicochemical 
properties were investigated for two sites. 
Soil properties included pH (using Swiss 
Metrom 826 pH meter apparatus), EC 
(using PET 103 EC meter), organic matter 
(OM), phosphorus (P) (using Hach model 
dr2800 spectrophotometer), and potassium 
(K) (Using soil potassium filimeter) were 
measured (Table 1). 

Table 1) Physiochemical properties of soil in two land uses

Soil factor Grassland Dry farming

Sand (%) 55.95±8.05B 62.80±3.25A*

Silt (%) 21.19±4.42A 20.60±9.13Ans

Clay (%) 24.68±4.22B 17.66±6.25A*

pH 7.55±0.40B 8.13±0.15A*

EC (ds.m-1) 1.12±0.12A 0.78±0.10B*

P (Mg.Kg-1) 29.41±5.12A 21.4±4.42Ans

CaCO3 (%) 17.17±4.33A 16.73±5.21Ans

OM (%) 1.91±0.68A 1.03±0.43B*

K (Mg.Kg-1) 429.13±25.08A 371.73±32.55A**

**: Significant at 1% confidence, *: Significant at 1% confidence, ns: Not significant. Similar letters had no 
significant difference at first and second soil layers (p≤0.05)
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Treatments used in the research
Mineral, biological, organic, and nano treatments 
including animal manure (ÁM), beneficial 
micro-organisms (UMOs), superabsorbent 
polymers (SAP), and potassium nano-silicate 
(PNS) were used for the experiment.
Pars Emkan-Pazir Company, Iran, prepared 
material for UMOs. UMO comprises water, 
sugar molasses, aloe vera, photosynthetic 
bacteria, lactic acid bacteria, and yeast. 
The number of effective UMOs components 
was 120.  The decayed AM used in this 
experiment was obtained from the farm 
of the University of Mohaghegh Ardabili. 
AM moisture content = 13%, EC=40ds.m-1, 
pH=7.6, SP=75.1%, OC=5.3%, K=230, P= 23. 
The PNS was purchased from Sigma Aldrich 
Company and was prepared by Mina Tajhiz 
Aria. PNS was a white powder in form with a 
particle size of 1200 nm. PNS properties are 
presented in Table 2. The SEM image of PNS 
is shown in Figure 1.

Figure 1) Electron microscopy of PNS

SAP has no bad and harmful effect on 
humans, plants life, and the environment 
and absorbs water and then gradually gives 
back to the environment [21], which resulted 
in more water and nutrients availability in 
dry environments to reduce the effects of 
water scarcity [22]. The SAP was obtained 
from Shirvan Crystal Water Company. It was 
brown powders with a particle diameter of 

200–400 µm, with concentrations of 0, 10, 
and 30 g.kg-1 added to the soil. The properties 
of SAP are shown in Table 1.
Plant cultivation and treatments 
application 
Seeds of F. ovina were obtained from 
the Pakan Bazar Isfahan Company with 
purity percent of 95%, germination of 90-
100%, and 1000 seed weight of 0.9 gr. The 
experiment was conducted in a factorial 
experiment in randomized complete block 
design using 2 types of grassland soils 
and rainfed, applying 4 nutrients with 4 
replications in plots. Treatments were 
included AM fertilization (at three levels of 
0, 100 and 200 g.kg-1), UMOs (levels of 0, 1 
and 2%), SAP (levels of 0, 10 and 30 g.kg-

1), PNS (levels of 0, 500 and 1000 mg.kg-1). 
The required amount of each nutrient 
was determined based on the density and 
volume of soil for 30 cm depth in the plot. 
For the application of treatments, SAP and 
AM were mixed with soil at two levels at the 
time of cultivation at spring and added to 
plots according to the experimental design.
Thirty seeds of F. ovina were planted in each 
plot at a depth of about 1-2 centimeters in 
treated soil with SAP and AM treatments. In 
addition, for treatments of PNS and UMOs, 
the seeds were sown in untreated soil and, 
then the treatments were applied. In order 
to eliminate the effect of drought stress 
and to better understand the effects of 
treatments on plant performance, irrigation 
periods were used. The experimental plots 
were irrigated continuously based on 
field capacity. Then, after the seeds were 
germinated at the four-leaf stage, PNS 
was added to the plots at concentrations 
of 500 and 1000 mg.l-1. Adding the PNS 
was done twice a week until the end of the 
experiment.
Also, UMOs solution with 1 and 2% 
concentrations was added to plots three 
times until the end of the growth period 
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(UMOs was added in three stages since the 
plant had four leaves), with 10 days interval. 
After seed germination and growth, timely 
control of diseases, pests, and general 
conditions was carried out. The first 
irrigation was done on the same day, and the 
plots were irrigated during the experiment. 
The experiment lasted 6 months until the 
end of the summer. 
Measuring plant and soil properties 
Plant properties were measured two times 
through 2 years of experiment. In the first 
year, after 6 months (September), plant 
growth properties of chlorophyll index 
(measured by chlorophyllometer model 
502 PLUSSPAD, made in Japan), leaf area 
index (measured by a leaf surface gauge 
model; Delta MK2) plant biomass was 
measured. In the second year, vegetative 
properties and root length, biomass, and 
moisture were measured. Also, at the end 
of the experiment, soil physicochemical 
properties in experimental plots was 
measured again. 

Statistical analysis
The data were checked for normality using 
the Kolmogorov-Smirnov test. ANOVA and 
Duncan tests were used to compare soil 
and plant growth results under different 
bio-mineral nutrient treatments. T-test 
also was performed between grassland 
and rainfed data. The data analysis was 
performed using statistical SPSS ver: 
17.01 software, and graphs were designed 
in excel software.

Findings
Effect of LUC on  nutrients efficiency
The combined analysis of variance showed 
the effects of UMOs, PNS, SAP, and AM 
treatments under soil grassland and rainfed 
area on growth indices of the plant. At 
first, plant height and biomass significantly 
changed under different soil nutrients. 
However, the most crucial change was 
observed under two land use at a 1% 
probability level. Using PNS (L;1000 mg.kg-1), 
plant height increased 35 and 101% in 

Table 2) The properties of PNS and SAP used in the experiment (Source; Shirvan Crystal Water and Sigma Al-
drich Company claim for PNS and SAP, respectively)

PNSSAP

RatePropertiesRateProperties

84.9947 (g.l-1)Molar massBrown pow-
derShape form

White powder or crystalShape form<5Amount of moisture

2.225 g.cm-3 (16 in Celsius)Density-Smell and toxicity

380 CelsiusMelting point0.8Average mass density (g.cm-3)

380 CelsiusBoiling point6-7pH water solution

1.587 RembouheralFracture coeffi-
cient200-400Particle Size (micrometer)

 730 g.l-1 (0 ºC) 921 g.l-1 (25 ºC)
1800 g.l-1 (100 ºC)Solubility in water500 water absorption capacity

(Equilibrium absorption) (g.g-1)

95.06 Jules On Mole KelvinSpecific heat ca-
pacity

1200Particle Size (nm)
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Table 3) Statistical analysis for soil and plant properties under different bio-mineral nutrients in two soil types

Plant propertiesSoil properties

FMSSOVFMSSOVVariable

2.35 ns29.0 PH1.18 ns0.35pH

So
il 

ty
pe

3.12 **66.06 AB79.24  **32396.15EC

15.44 **51975.66AMC92.12  **212.21OM (%)

45.395 **1540.21 RB6.37  *1.41P (ppm)

8.886 **547.19RL26.55  **20612.39K (ppm)

47.634 **2163.08RMC---

2.364 *55.12LAI---

1.238 ns31.07Chl---

3.95 **48.75 PH1.35  ns0.49pH

Fe
rt

ili
ze

s

6.95 **13.47 AB67.58  **27627.47EC

6.55 **51849.06AMC142.06  **327.25OM (%)

4.25 **241.28 RB3.36  *12.07P (ppm)

4.95 **305.39RL66.39  **51491.94K (ppm)

5.00 **2524.63RMC---

2.09 **48.83LAI---

3.67 **92.21Chl---

2.98 *36.80 PH1.94 ns0.72pH

So
il 

ty
pe

* F
er

til
iz

es

5.52 **10.71 AB7.18  **2938.29EC

3.99 **30628.10AMC30.39 **70.00OM (%)

3.67 **208.29 RB1.90 ns7.10P (ppm)

3.70 **227.82RL15.40 **11943.40K (ppm)

2.39 *1507.46RMC---

1.02 ns23.89LAI---

1.21 ns30.51Chl---
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rainfed areas and grassland soil, respectively. 
In addition, plant biomass under SAP (L;30 
g.kg-1) application showed an increase of 23 
and 67% in the rainfed area and grassland 
soil, respectively (Figure 2). 

Figure 2) Effect of different nutrients on plant height 
and areal biomass in grassland and dry farming 
(comparisons were made in pairs for each treatment 
with a specific concentration)

A comparison of plant chlorophyll cultivated 
in rainfed areas and grassland under 
nutrients treatments showed different 
results. Figure 3 showed that the highest 
chlorophyll content was related to SAP 
treatment with a concentration of 30 g.Kg-

1. However, soil type had a significant effect 
and increased chlorophyll from 4 and 3.6 
to 11.9 and 9.0 in the soil of grassland and 
rainfed areas, respectively. There was a 
difference of  32%  in chlorophyll content in 
plants under two types of soils. Moreover, 
the leaf area index showed a similar change 
under different treatments, even UMOs at 

two levels also had a positive effect, and 
the most change was observed in the soil of 
grassland (Figure 3).

Figure 3) Changes in plant chlorophyll and leaf 
area index under land-use change and different 
nutrients.

Also, root length and biomass showed 
significant differences (P<0.01) concerning 
different nutrients under two soil types. 
Álthough different nutrients influenced 
root properties, the soil of land use type 
significantly changed root length and 
biomass. Generally, root length fluctuated, 
and the maximum length was observed 
in the soil of the rainfed area under PNS 
(1000 mg.Kg-1). However, the maximum root 
biomass was observed in the soil of grassland 
under SAP (30 g.Kg-1) treatment. Type of 
soil had a maximum effect of 66% in SAP 
treatment. AM (200 g.kg-1) also significantly 
increased root biomass (46%), particularly 
in the soil of grassland (Figure 4).
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Figure 4) Changes in root length and biomass con-
cerning different nutrients under two soil types.

The moisture content of plant areal parts and 
roots showed differences under different 
bio-mineral nutrients in the soil of grassland 
and rainfed areas. Generally, SAP treatment 
had the most positive effect on the moisture 
content of plant areal parts and roots. 
 However, in areal parts,  the highest value 
was observed under SAP-30g.Kg-1, in which 
grassland significantly increased moisture 
content from 36.0% to 46.0% concerning 
rainfed area (35.5% to 40.0%). Different 
nutrients had a positive effect on moisture 
content, but the effect of rainfed and grassland 
soil was more noticeable (Figure 5). 
Effect of nutrients on soil properties under LUC
Comparing soil factors under treatments 
showed that UMOs, PNS, SAP, and AM had 
positive and significant effects on soil EC, 
OM and K except for pH (P<0.01). However, 
grassland and rainfed areas lead to a 
significant change in soil properties in which 
the most positive changes occurred in the 

soil of grassland (Table 3).
SOV= Source of variations, MS= Mean 
Square, PH= Plant height, AB= Areal bio-
mass, AMC= Areal moisture content, RB= 
Root biomass, RL= Root length, RMC= Root 
moisture content, LAI= Leaf area index, 
Chl= Chlorophyll.

Figure 5) Changes in moisture content of plant areal 
parts and roots with different nutrients and different 
land uses

Although soil pH changed under different 
treatments, there was no significant 
difference between different nutrients and 
control at 1%. Results showed that the 
highest value occurred under PNS treatment 
with 500 mg.Kg-1 concentration in grassland 
and the lowest amount was obtained in AM 
treatment (200 g.Kg-1) under rainfed areas. 
In addition, the results of treatments on EC 
showed that the highest amount occurred 
under AM (200 g.Kg-1) in grassland, and the 
lowest amount was for 500 mg.kg-1 of PNS 
treatment in grassland (Table 3, Figure 6).
Depending on the soil texture, excessive 
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water in the soil dilutes the solute con-
centration and decreases the electrical 
conductivity of the soil. As a result, as the 
amount of SAP in the soil increases, the EC 
decreases, which is inconsistent with the 
results of our research.
The effect of treatments on organic matter 
content showed that the highest amount was 
related to AM of 200 g.kg-1 under grassland 
and the lowest amount was for SAP (L1 and 
L2) in rainfed areas. Moreover, the effect of 
treatments on soil K showed that the highest 
amount was related to AM (concentration 
of 200 g.kg-1) under grassland and the 
lowest amount was for UMOs treatment at a 
concentration of 1% under rainfed. P content 
also changes under different nutrients. 
However, the soil type of grassland had the 
most positive effect on P (Figure 6).

Discussion
Based on the results, using bio-mineral 
nutrients, LUC showed different effects on 
soil and plant properties. PNS had positive 
effects on the plant height, chlorophyll, 
areal parts, and root biomass. It seems that 
potassium availability in the soil leads to an 
increase in the efficiency of plants in nutrient 
uptake, and more performance will result. 
Similarly, the significant and positive effects 
of NPs on plant physio-morphological, 
including chlorophyll content, root length, 
and plant biomass, have been reported by 
Abad et al. and Clément et al. [23,24]. Generally, 
PNs application increases plant resistance to 
diseases, pests, and stresses [25] and improves 
plant enzyme activity and its biomass [26]. 
However, in this study, using PNS, plants 
cultivated in grassland soil showed higher 

Figure 6) Change in soil EC, P, K, and OM under different nutrients and land use (Comparisons were made in 
pairs for each treatment with a specific concentration)

(g.kg-1)(g.kg-1)(g.kg-1)
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performance than rainfed areas. PNs could 
be used to improve the establishment 
and growth of plant species in rangeland 
restoration projects [42, 43, 44, 45]. However, 
the maximum improvement will happen in 
natural lands with minimum LUC. 
Using SAP, almost all plant properties, 
i.e., chlorophyll and biomass, significantly 
changed. The maximum increase in plant 
properties occurred under grassland use. 
Generally, it seems that SAP acts as a small 
water tanker due to its ability to absorb 
large amounts of water and leads to improve 
plant properties and performance [22, 28-30]. 
The SAP solutions also prevent the leaching 
of nutrients from the roots and, therefore, 
create a suitable condition to increase 
the photosynthetic material transfer and 
improve plants’ establishment, viability, 
and productivity [46,47,48,49, 50, 51, 52], especially 
in harsh environments [47]. The conversion 
of natural lands destroys the soil structure, 
and under these conditions, the maximum 
efficiency of SÁP will not be achieved.  
Moreover, the increase in leaf area and oth-
er plant growth indices under UMOs appli-
cation could be profound effects of growth 
regulators synthesized and promote the 
ability to utilize nutrients in the soil opti-
mally. Therefore, the lowest values were re-
lated to plants cultivated in the soil of rain-
fed areas. The UMOs improve the process of 
nutrition movement, absorb the elements 
[31], and positively affect the establishments 
and performance of plants under environ-
mental stress conditions [32–34, 53]. The UMOs 
application is one of the alternatives of nu-
trient supply methods in the soil through 
biological activities, resulting in more plant 
performance [35–38, 54]. However, though using 
UMOs, the maximum improvement in plant 
properties, especially in root length and leaf 
area index, was observed in grassland soil. It 
seems that the performance of the soil mi-
crobial community can be severely affected 

under LUC. Therefore, rainfed land use may 
interfere with the biological components of 
the soil through the effect of tillage on soil 
micro-organisms [18].
The AM application also had positive effects 
on plant properties and performance, 
confirmed Naseri et al. and Marschner et 
al. [38,39]. The AM can improve soil quality, 
increase plant yield and nutrients to 
extreme environmental conditions [40]. It 
seems that AM application improves soil 
condition in terms of water and nutrition 
availability and leads to more performance 
in F. ovina. Similar to this finding, Rezae et 
al. [41] reported a positive effect of AM on 
plant weight and performance in different 
species. Anwar et al.[42] also, it mentioned 
that AM improves soil physical conditions, 
provides suitable bedding for root growth, 
and increases plant access to nutrients. 
Therefore, the maximum improvement 
occurs in soils with minimal disturbance 
in which cultivated plants in grassland soil 
showed the maximum changes.
 Soil properties also showed significant 
changes under both nutrients and LUC. Based 
on the results, the efficiency of different 
nutrients on soil properties depends 
strongly on the soil of land use. The factors 
of K, P, OM, EC, and pH showed fluctuations 
under different treatments. Generally, under 
grassland conditions, the positive changes 
in soil properties were more than in rainfed 
areas. 
Under LUC, continuous conventional 
tillage can adversely affect soil physical 
attributes such as bulk density and texture, 
influencing critical functions such as water 
infiltration[43-47]. Therefore, it seems that at 
first, LUC can cause a significant change in 
soil physical properties, i.e., soil infiltration, 
and then influenced chemical properties, 
i.e., C and N [46–54]. Therefore, using different 
nutrients, LUC showed noticeable effects on 
soil properties, especially EC, and ultimately, 
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a minimum change in soil chemicals will 
change the soil conditions [57]. 
Zangooei et al. [57] mentioned that the use of 
SAP reduced the EC of the soil. Reduction of 
EC is because the SAP can absorb and retain 
many water and physiological solutions. 
Excessive water in the soil dilutes the solute 
concentration and decreases the EC of the 
soil. It seems that as the amount of SAP in the 
soil increases, the EC will decrease due to the 
decrease in soil ingredient concentration. 
Moreover, using nutrients (i.e., PNS and AM), 
the highest and lowest K value was related 
to grassland and rainfed areas, respectively. 
Although the application of other nutrients, 
i.e., AM, showed a different effect on P and 
K, especially in natural rangelands [58,59], this 
study also indicated that AM under grassland 
had a higher efficiency in soil properties i.e., 
organic matter. Our findings are consistent 
with the other findings of the effect of ÁM 
on soil elements in which increased nutrient 
use increased soil fertility [54]. 
Similarly, Allahdadi et al.[55] AM application 
increases the population of soil micro-
organisms. As a result, the nutrient 
circulation will be done faster, and their 
absorption (especially phosphorus) will 
increase under minor disturbance. Land-use 
potentially impacts the soil properties, i.e., 
organic matter [56]. The LUC from grassland 
to rainfed areas increases respiration, and 
managed grasslands are an effective strategy 
for soil improvement [57], especially in lands 
under perennial grasses cover [58].
Soil P content also significantly changed under 
different nutrients under LUC. The soil under 
grassland had two times more P content than 
rainfed areas. It is well-known that under 
natural conditions, all types of P will change, 
but under LUC, only increased levels of 
inorganic P will occur by fertilization [59], and  
LUC can affect the amount of P loss [60].
In general, natural grassland can contrib-
ute to many ecosystem services to humans 

[27], and its convert to rainfed land is one of 
the vast LUC in arid and semi-arid areas [47], 
which is a significant driver of global envi-
ronmental change and sustainable develop-
ment [61-64]. The LUC increases soil functions, 
e.g., biosynthesis process and oxidative 
phosphorylation that reduces the ecosys-
tem stability [65], and changes in native land 
covers for agriculture activities represent 
a threat to their ecological efficiency [66]. 
Most importantly, using any type of nutri-
ents, including organic, inorganic, mineral, 
and biological nutrients, natural grassland 
has the highest plant performance. In this 
regard, comprehensive knowledge and un-
derstanding of LUC ecology are critically 
linked to natural and human effects on the 
environment for sustainable production 
[48,67], and administrative realignments or 
a refocusing of public outreach messaging 
might be alternative approaches to promot-
ing grassland conservation [15]. 

Conclusion
According to the results of this study, LUC 
from grassland to rainfed areas significantly 
influenced the efficiency of different 
bio-mineral nutrients. In addition, the 
application of PNS, SAP, UMOs, and AM had 
different and significant effects on growth 
indices of F. ovina and soil properties under 
two land uses. The most positive change and 
improvement in soil and plant properties 
were observed in the soil of grassland. 
Moreover, improving a soil property (i.e., 
the organic matter under AM application) 
under LUC depends strongly on the type and 
amount of nutrients used. 

Acknowledgments
The authors would like to thank the soil 
laboratory of the University of Mohaghegh 
Ardabili for guidance and providing facilities 
during the research period.
Ethical Permissions: None declared.

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
21

.9
.4

.4
.6

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

23
-0

5-
22

 ]
 

                            11 / 14

https://dorl.net/dor/20.1001.1.23222700.2021.9.4.4.6
https://ecopersia.modares.ac.ir/article-24-49020-en.html


Effects of Converting Grassland to Rainfed ...

ECOPERSIA                                                                                                              Fall 2021, Volume 9, Issue 4

276

Conflict of Interests: Authors declare they 
have no conflict of interest.
Authors’ Contributions: Moameri M. (First 
author), Introduction author/Methodologist/
Original researcher (20%); Jahantab E. (Second 
author), Methodologist/Original researcher/
Statistical analyst (20%); Yazdanshenas H. (Third 
author), Methodologist/Original researcher/
Discussion author (20%);  Taghizadeh F. (Fourth 
author), Methodologist/Original researcher/
Discussion author/ Ássistant researcher (20%); 
Ghorbani Á. (Fifth author), / Methodologist/
Original researcher/Statistical analyst (20%).

References
1. Álturk B., Konukcu F. Modeling land use/land cover 

change and mapping morphological fragmentation 
of agricultural lands in Thrace Region/Turkey. 
Environ. Dev. Sustain. 2020; 22(7):6379–6404. 

2. Verma P., Singh P., Srivastava S.K. Impact of land-use 
change dynamics on sustainability of groundwater 
resources using earth observation data. Environ. 
Dev. Sustain. 2020; 22(6):5185–5198. 

3. Speziale L., Geneletti D. Applying an ecosystem 
services approach to support land-use planning: a 
case study in Koboko district, Uganda. Ecol. Process. 
2014; 3(1):10p. 

4. Bonilla-Bedoya S., López-Ulloa M., Vanwalleghem 
T., Herrera-Machuca M.Á� . Effects of land-use change 
on soil quality indicators in forest landscapes of the 
Western Amazon. Soil Sci. 2017; 182(4):128–136. 

5. Yang D., Liu W., Tang L., Chen L., Li X., Xu X. Estimation 
of water provision service for monsoon catchments 
of South China: Applicability of the InVEST model. 
Landsc. Urban Plan. 2019; 182:133-143.

6. Lark T.J. Protecting our prairies: Research and 
policy actions for conserving America’s grasslands. 
Land Use Policy 2020; 97(1):1-7.

7. Muleta T.T., Kidane M., Bezie A. The effect of land 
use/land cover change on ecosystem services 
values of Jibat forest landscape, Ethiopia. Geo. J. 
2020; 1–17. 

8. Negrete-Yankelevich S., Cultid-Medina C.A., Fuentes-
Pangtay T., Á� lvarez-Sánchez J., Cram S, Garc\’\ia-
Pérez J.A. Disentangling the effects of legacies from 
those of current land use on soil properties in Los 
Tuxtlas Biosphere Reserve, Mexico. Appl. Soil Ecol. 
2020; 153:103578.

9. Wang Y., Li F.Y., Song X., Wang X., Suri G., Baoyin T. 
Changes in litter decomposition rate of dominant 
plants in a semi-arid steppe across different land-
use types: Soil moisture, not home-field advantage, 
plays a dominant role. Agr. Ecosyst. Environ. 2020; 

303:107119. 
10. Lepcha N.T., Devi N.B. Effect of land use, season, 

and soil depth on soil microbial biomass carbon of 
Eastern Himalayas. Ecol. Process. 2020; 9(1):1–14. 

11. Briassoulis H. Analysis of land-use change: 
theoretical and modeling approaches. Edited by 
Scott Loveridge and Randall Jackson. WVU Research 
Repository 2019.

12. Anand J., Gosain A.K., Khosa R. Prediction of land 
use changes based on Land Change Modeler and 
attribution of changes in the water balance of Ganga 
basin to land-use change using the SWAT model. 
The Sci. Total Environ. 2018; 644 (1):503–519. 

13. Meng Q., Fu B., Tang X., Ren H. Effects of land use 
on phosphorus loss in the hilly area of the Loess 
Plateau, China. Environ. Monit. Assess. 2008; 
139(1–3):195–204. 

14. Kozovits A.R., Bustamante M.M.C. Land-use change, 
air pollution and climate change—vegetation 
response in Latin America. Dev. Environ. Sci, 2013; 
13(1):411–427.

15. Doidge M., Hennessy D.A., Feng H. The role of 
economic returns in land-use change: Evidence 
from farm-level data in the US Northern Great 
Plains. J. Soil Water Conserv. 2020; 75(5):669–679. 

16. Mukumbuta I., Shimizu M., Hatano R. Short-term 
land-use change from grassland to cornfield 
increases soil organic carbon and reduces total soil 
respiration. Soil Tillage Res. 2019; 168(1):1–10. 

17. Neufeldt H., Resck D.V.S., Ayarza M.A. Texture and land-
use effects on soil organic matter in Cerrado Oxisols, 
Central Brazil. Geoderma. 2002; 107(3–4):151–164. 

18. Willy D.K., Muyanga M., Mbuvi J., Jayne T. The effect 
of land-use change on soil fertility parameters in 
densely populated areas of Kenya. Geoderma. 2019; 
343(1):254–262. 

19. Gullap M.K., Erkovan H.I., Koc A. The effect of bovine 
saliva on growth attributes and forage quality of 
two contrasting cool-season perennial grasses 
grown in three soils of different fertility. Rangeland 
J. 2011; 33(3):307–313.

20. Kwietniewski H. Walory uzytkowe odmian 
gazonowych Festuca ovina wysiewanych w siewie 
czystym i mieszankach na trawnikach ozdobnych. 
Ánnales Universitatis Mariae Curie-Skłodowska 
Sectio E. Agr. 2006; 61(1):389–396. 

21. Vundavalli R., Vundavalli S., Nakka M., Rao D.S. 
Biodegradable nano-hydrogels in agricultural 
farming-alternative source for water resources. 
Procedia Mater. Sci. 2015; 10(1):548–554. 

22. Sajedinia H., Saidi M., Ghanbari F., Bagnazari M. Effects 
of Superabsorbent Polymer on Yield and Some 
characteristics of Tomato under Various Irrigation 
Regimes. J. Agr. Sci. Susta. Prod. 2018; 28(4):163–174. 

23. Clément L., Hurel C., Marmier N. Toxicity of TiO2 
nanoparticles to cladocerans, algae, rotifers and 
plants-effects of size and crystalline structure. Che-

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
21

.9
.4

.4
.6

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

23
-0

5-
22

 ]
 

                            12 / 14

https://dorl.net/dor/20.1001.1.23222700.2021.9.4.4.6
https://ecopersia.modares.ac.ir/article-24-49020-en.html


Moameri M. et al.

ECOPERSIA                                                                                                              Fall 2021, Volume 9, Issue 4

277

mosphere, 2013; 90(3):1083–1090. 
24. Rafiei F., Nourmohammadi G., Chokan R., Kashani Á., 

Haidari H. Abad S. Investigation of superabsorbent 
polymer usage on maize under water stress. Glob J. 
Medic. Plant Res. 2013; 1(1):82–87. 

25. Han H-S., Lee K.D. Effect of co-inoculation with 
phosphate and potassium solubilizing bacteria 
on mineral uptake and growth of pepper and 
cucumber. Plant Soil Environ. 2006; 52(3):130-137. 

26. Cumplido-Nájera C.F., González-Morales S., Ortega-
Ort\’\iz H., Cadenas-Pliego G., Benavides-Mendoza 
A., Juárez-Maldonado A. The application of copper 
nanoparticles and potassium silicate stimulate the 
tolerance to Clavibacter michiganensis in tomato 
plants. Sci. Hortic. 2019; 245(1):82–89.

27. Ceotto E. Grasslands for bioenergy production. A 
review. Agron. Sustain. Dev. 2008; 28(1):47–55. 

28. Khadem S.A., Galavi M., Ramrodi M., Mousavi S.R., 
Rousta M.J., Rezvani-Moghadam P., Effect of animal 
manure and superabsorbent polymer on corn leaf 
relative water content, cell membrane stability and 
leaf chlorophyll content under dry condition. Aust. 
J. Crop Sci. 2010; 8(4):642-647. 

29. Khorramdel S., Gheshm R., Amin G.A., Esmaielpour 
B. Evaluation of soil texture and superabsorbent 
polymer impacts on agronomical characteristics 
and yield of saffron. JSR. 2014; 2(1):120-135.

30. Kenawy E-R., Saad-Allah K., Hosny A. Mitigation 
of drought stress on three summer crop species 
using the superabsorbent composite Gelatin-gp 
(ÁÁ-co-ÁM)/RH. Comm. Soil Sci. Plant Ánal. 2018; 
49(22):2828–2842. 

31. Amini R., Dabbafg M.N.A., Ghorbani F.S. Using 
physical, cultural and chemical methods in integrated 
weed management of potato (S. tuberosum). J. Agr.
Sci. Susta. Prod. 2016; 25(4):105-118.

32. Megali L., Schlau B., Rasmann S. Soil microbial 
inoculation increases corn yield and insect attack. 
Agron. Sustain. Dev. 2015; 35(4):1511–1519. 

33. Bzdyk R.M, Olchowik J., Studnicki M., Oszako 
T., Sikora K., Szmidla H., The Impact of Effective 
Microorganisms (EM) and Organic and Mineral 
Fertilizers on the Growth and Mycorrhizal 
Colonization of Fagus sylvatica and Quercus robur 
Seedlings in a Bare-Root Nursery Experiment. 
Forests. 2018; 10(9):1-13. 

34. Nagananda G.S., Das A., Bhattacharya S., 
Kalpana T. In vitro studies on the effects of 
Biofertilizers(Azotobacter and Rhizobium) on 
seed germination and development of Trigonella 
foenum-graecum L. using a novel glass marble 
containing liquid medium. Int. J. Bot. Stud. 2010; 
6(4):394–403.

35. Shah H.S., Saleem M.F., Shahid M. Effect of different 
fertilizers and effective micro-organisms on 
growth, yield and quality of maize. Int. J. Agr. Biol. 
1998; 4(3):378–379.

36. Erdogan U., Turan M., Ates F., Kotan R., Çakmakçi R., 
Erdogan Y., Effects of root plant growth-promoting 
rhizobacteria inoculations on the growth and 
nutrient content of grapevine. Commun. Soil Sci. 
Plant Anal. 2018; 49(14):1731–1738. 

37. Shokouhian A.A., Einizadeh S. Impact of 
effective micro-organisms and nitrogen levels 
on morphological characteristics and yield of 
strawberry cv. Paros. Hort. J. 2018; 32(1):51-60. 

38. Naseri R., Mirzaei A., Response of yield and yield 
components of Safflower (Carthamus tinctorius 
L.) to seed inoculation with Azotobacter and 
Azospirillum and different nitrogen levels under 
dryland conditions. American-Eurasian J. Agr. & 
Environ. Sci. 2010; 9(4):445–449. 

39. Marschner H., Kirkby E.A., Cakmak I. Effect of mineral 
nutritional status on shoot—root partitioning of 
photoassimilates and cycling of mineral nutrients. 
J. Exp. Bot. 1996; 47(1):1255–1263. 

40. Ding S., Xue S., Liu G. Effects of long-term fertilization 
on oxidizable organic carbon fractions on the Loess 
Plateau, China. J. Arid Land. 2016; 8(4):579–590. 

41. Rezae M., Baradaran R. Effects of biofertilizers on 
the yield and yield components of pot marigold 
(Calendula officinalis L.). Iranian J. Medic. Arom. 
Plants. 2013; 29(3):635-650. 

42. Anwar M., Patra D.D., Chand S., Alpesh K., Naqvi 
A.A., Khanuja S.P.S. Effect of organic manures and 
inorganic fertilizer on growth, herb and oil yield, 
nutrient accumulation, and oil quality of French 
basil. Commun. Soil Sci. Plant Anal. 2005; 36(13–
14):1737–1746. 

43. Sun D., Yang H., Guan D., Yang M., Wu J., Yuan F. 
The effects of land-use change on soil infiltration 
capacity in China: A meta-analysis. The Sci. Total 
Environ. 2018; 626(1):1394–1401.

44. Lizaga I., Quijano L., Gaspar L., Ramos M.C., 
Navas A. Linking land-use changes to variation 
in soil properties in a Mediterranean mountain 
agroecosystem. Catena 2019; 172(1):516–527. 

45. Abbasi Khalaki M., Moameri M., Asgari Lajayer 
B., Ástatkie T. Influence of nano-priming on seed 
germination and plant growth of forage and 
medicinal plants. Plant Growth Regul. 2021; 
93(1):13-28.

46. Follett R.F., Stewart C.E., Pruessner E.G., others. Great 
Plains climate and land-use effects on soil organic 
carbon. Soil. Sci Soc. Am. J. 2015; 79(1):261–271. 

47. Malik A.A., Puissant J., Buckeridge K.M., Goodall 
T., Jehmlich N., Chowdhury S., Land use driven 
change in soil pH affects microbial carbon cycling 
processes. Nat. Commun. 2018; 9(1):1–10. 

48. Zangooei Nasab S.H., Emami H., Astaraei A.R., Yari 
A.R. Effects of stockosorb hydrogel and irrigation 
intervals on some soil physical properties and 
growth of Haloxylon seedling. Soil Man. Sust. 2013; 
3(1):167–182. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
21

.9
.4

.4
.6

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

23
-0

5-
22

 ]
 

                            13 / 14

https://dorl.net/dor/20.1001.1.23222700.2021.9.4.4.6
https://ecopersia.modares.ac.ir/article-24-49020-en.html


Effects of Converting Grassland to Rainfed ...

ECOPERSIA                                                                                                              Fall 2021, Volume 9, Issue 4

278

49. Bell J.M., Robinson C.A., Schwartz R.C. Changes in 
soil properties and enzymatic activities following 
manure applications to a rangeland. Rangeland 
Ecol. Manag. 2006; 59(3):314–320. 

50. Islam M.R., Nahar B.S. Effect of organic farming on 
nutrient uptake and quality of potato. JESNR. 2012; 
5(2):219–224. 

51. Moameri M., Ghorbani A., Abbasi Khalaki M. 
Effects of nanopriming and bioprimingon on 
growth characteristics of Onobrychis sativa L. 
under laboratory conditions. Rangeland J. 2018; 
12(1):101-110. 

52. Moameri M., Alijafari E., Ghorbani A. Effect of some 
growth facilitators on the growth parameters 
Onobrychis sativa Lam. in greenhouse. J. Plant Res. 
(Iranian Journal of Biology) 2020; 32(4):886-895. 

53. Abbasi Khalaki M., Ghorbani A., Esmali Ouri A., 
Shokouhian A.A. Some Facilitators Effects on Alfalfa 
and Sainfoin Growth in Restoration of Dry-Farming 
Lands (Study Area: Balekhlichay Watershed, 
Ardabil, Iran). ECOPERSIA, 2021; 9(1):43-51.

54. Maerere A.P., Kimbi G.G., Nonga D.L.M. Comparative 
effectiveness of animal manures on soil chemical 
properties, yield and root growth of amaranthus 
(Amaranthus cruentus L.). Afr. J. Environ. Sci. Tech. 
2001; 4(1):14-21. 

55. Allahdadi I., Yazdani F., Akbari G.A., Behbahani 
S.M. Evaluation of the effect of different rates of 
superabsorbent polymer (Superab A200) on 
soybean yield and yield components (Glycine max 
L.). In: 3rd Specialized training course and seminar 
on the application of superabsorbent hydrogels in 
agriculture, IPPI, Iran. 2005:20–32.

56. Mueller C.W., Koegel-Knabner I. Soil organic carbon 
stocks, distribution, and composition affected by 
historic land-use changes on adjacent sites. Biol.
Fertil Soils. 2009; 45(4):347–359. 

57. Larionova A.A., Yermolayev A.M., Blagodatsky S.A., 
Rozanova L.N., Yevdokimov I.V., Orlinsky D.B. Soil 
respiration and carbon balance of gray forest soils 
as affected by land use. Biol. Fertil. Soils. 1998; 
27(3):251–257. 

58. Nocentini A., Monti A. Land-use change from poplar 

to switchgrass and giant reed increases soil organic 
carbon. Agron. Sustain. Dev. 2017; 37(4):21-24. 

59. Neufeldt H., Da Silva J.E., Ayarza M.A., Zech W. Land-
use effects on phosphorus fractions in Cerrado 
oxisols. Biol. Fertil. Soils. 2000; 31(1):30–37. 

60. Chambers J.C. Seed movements and seedling fates in 
disturbed sagebrush steppe ecosystems: implications 
for restoration. Ecol. Appl. 2000; 10(5):1400–1413. 

61. de Oliveira T.E., de Freitas D.S., Gianezini M., 
Ruviaro C.F., Zago D., Mércio T.Z., Agricultural land 
use change in the Brazilian Pampa Biome: The 
reduction of natural grasslands. Land Use Policy 
2017; 63(1):394–400. 

62. Rodrigues A.S.L., Ewers R.M., Parry L., Souza C., Ver, 
Issimo A., Balmford A. Boom-and-bust development 
patterns across the Amazon deforestation frontier. 
Sci, 2009; 5933(324):1435–1437. 

63. Árulbalaji P. Ánalysis of land use/land cover changes 
using geospatial techniques in Salem district, Tamil 
Nadu, South India. SN. Appl. Sci. 2019; 5(1):1p. 

64. Campbell J.H., Morris L.A. Land use and soil legacy 
in the lower coastal plain: A case study of wormsloe 
state historic site, Georgia. J. Soil Water Conserv. 
2018; 73(4):386–399. 

65. Karami P., Amiri O., Joneidi Jaafari H. The Effect of 
Change in Land Use on the indicators of Ecosystem 
Function and Soil Erosion via Landscape Function 
Analysis Method (LFA). Env. Eros. Res. J. 2017; 
7(1):20–34. 

66. Benavides I.F., Solarte M.E., Pabón V., Ordoñez A., 
Beltrán E., Rosero S., The variation of infiltration 
rates and physical-chemical soil properties across 
a land cover and land use gradient in a Paramo of 
southwestern Colombia. Soil Water Conserv. 2018; 
73(4):400–410. 

67. Qadir J., Singh P. Land use/cover mapping and 
assessing the impact of solid waste on water quality 
of Dal lake catchment using remote sensing and GIS 
(Srinagar, India). SN. Appl. Sci. 2019; 1(1):1-14.

68. Farajollahi A., Asgari H.R., Ownagh M., Mahboubi 
M.R., Salman Mahini A. Socio-economic factors 
influencing land-use changes in Maraveh Tappeh 
region, Iran. ECOPERSIA 2017; 5(1):1683-1697. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
21

.9
.4

.4
.6

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

23
-0

5-
22

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

https://dorl.net/dor/20.1001.1.23222700.2021.9.4.4.6
https://ecopersia.modares.ac.ir/article-24-49020-en.html
http://www.tcpdf.org

