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Abstract

Desertification poses a significant threat to ecosystems worldwide, particularly in arid and semi-
arid regions. In recent decades, this issue has been exacerbated by intensified human activities,
including agricultural expansion. This study investigates whether agricultural development, while
contributing to food security, has simultaneously driven environmental degradation. To address
this question, agricultural development was evaluated using key indicators such as crop yield and
production, infrastructure investment, institutional development, employment, and mechanization.
Desertification intensity was then assessed using the IMDPA model based on climate, soil, land
use change, and groundwater indicators. The research was conducted in the Balajam Plain of
Torbat Jam County, one of the primary agricultural regions in Khorasan Razavi Province, over
the period from 2011 to 2021. Results indicate that the region experienced notable progress in
agricultural development, including increased employment and income generation. During this
period, investments in the agricultural sector rose from 1,560 million rials to 14,800 million rials,
and approximately 24. 95 km? of land was levelled and rehabilitated. These efforts led to enhanced
production and yield per hectare for key crops, including wheat, barley, sugar beet, and fodder
corn. However, findings on desertification revealed concerning trends: 37% of the region fell into
the severe desertification category, while 63% was classified as moderate. The primary drivers of
desertification were identified as climatic factors, groundwater depletion, land use changes, and
soil quality degradation. These processes have resulted in the degradation of fundamental
ecological resources and pose a significant threat to long-term food security in the region.
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Extended Abstract

Introduction

Desertification is a serious threat to both natural and human environments. UNCCD (1994) defines
desertification as land degradation in arid, semi-arid and dry sub-humid areas that is caused by various factors,
including climatic variations and human activities. Despite being an international definition, it does not address
the decrease in biological diversity. Additionally, this process cannot be reversed and has expanded to other
biological climates, including the European continent, resulting in deficiencies that require attention. The
world's environment has become one of the most important concerns due to the changing land use since the
last century (22, 29). The sustainability of the environment is threatened by many agricultural activities, even
though agriculture is a vital factor in sustainable development and poverty reduction (19). The relationship
between food security and basic resources such as water, soil, as well as natural resources and the environment
is of particular importance (3, 9, 31). The expansion of desertification will occur when the productive capacity
of land resources decreases. The objective of this research was to evaluate these two effects, namely Examining
some criteria for agricultural development, as well as the key criteria for land degradation and desertification,
and emphasizing the issue of food security in Balajam Plain, Torbat Jam County, in Khorasan Razavi province.

Material and Methods

This study evaluated and analyzed positive criteria for agricultural development, including performance,
production, employment, and investment. The Iranian Model of Desertification Potential Assessment
(IMDPA) was used to assess desertification intensity based on key indicators such as climate, underground
water, soil, agriculture and landuse changes criteria (2,
5, 33, 41). This research was carried out between 2011 and 2021. Finally, the outcomes obtained from the food
security indicators supplied by FAO were compared and evaluated (16, 37, 40). No research has been
conducted to assess the positive and negative aspects of agricultural development, with a focus on food
security. This research was conducted in Balajam Plain in Torbat Jam county of Khorasan Razavi province.

Results

The foundation of economic, social, cultural, and political security is food security. Food security is based on
ecological security, which is the security of fundamental natural resources and genetic diversity. The
agricultural development sector has seen an increase in investment in institutions and human resources from
2011 to 2021. Over the past 10 years, from 2011 to 2021, agriculture has developed in Balajam Plain of Torbat
Jam County, and the amount of investment in this sector has also increased (Tables 4-7). The results showed
that the area under cultivation of crops in the Balajam plain has increased from 2011 to 2021, reaching from
50.25km? in 2011 to 77.76km? in 2021 (Table 8). The statistics on agricultural and horticultural crops indicate
that some crops have seen a decrease in production and yield, while others have seen an increase. The increase
in saffron cultivation has resulted in an upward trend in the added value of the products, which indicates
increased income and increased food security. The results showed that land use change, a decrease in soil
guality indicators and an increase in drought have reduced groundwater in terms of has reduced qualitatively
and quantitatively (Figures 2 and 5). According to the IMDPA model's findings, desertification intensity in the
study area has increased from moderate to moderate and severe in 2016 and 2021 (Figure 6). The desertification
in Balajam Plain increased in 2016 and 2021, and many areas of the study areas are now dealing with an
increased desertification phenomenon. The intensity of desertification in the Balajam Plain has increased
despite the development of the agricultural sector in the past 10 years.

Discussion and Conclusion

FAO has emphasized the need to implement sustainable land management practices, food production, and
prevent the expansion of desertification in order to achieve food security and agricultural development (12).
Unsustainable agricultural development, climate change, soil degradation, and the reduction in the quantity
and quality of groundwater resources are among the human factors affecting desertification (24). The results
of some studies showed that agricultural development has improved food access and promoted food security
(28), but the results of this study showed that despite agricultural development and increased investment in the
Balajam Plain, desertification occurred between 2011 and 2021. The results of this study showed that land use
changes to agricultural lands, soil degradation, quantitative and qualitative decline in groundwater, and climate
change in the study area have caused desertification, and if current conditions continue, desertification will
intensify. Although agricultural development has expanded between 2011 and 2021, the adverse consequences



A Quantitative Assessment of The Impacts of ... 33

of desertification, land degradation, and the reduction of the ecological capacity of water and soil resources
have not been addressed. Therefore, implementing sustainable agricultural development is one of the important
strategies for sustainable land management according to FAO (12). In the years 2011 to 2021, investment in
agriculture and mechanization has increased and the cultivation pattern has changed. Currently, instead of
plants with high water requirements, plants with low water requirements but high economic potential are used.
Therefore, it is expected that by changing the cultivation pattern and achieving sustainable development in the
future, the expansion of desertification will be reduced in the study area. Investment in institutional
infrastructure, employment, and agricultural product yield all benefit from development in Balajam Plain, and
is a key example of creating food security in society. The negative impacts of agricultural development, such
as the quantitative and qualitative degradation of underground water, soil degradation, and the switch to
agricultural land use, as well as the climatic expansion of desertification, are visible. Agriculture and food
security are particularly important in the 7th five-year development plan of the country politicians, decision-
makers should also consider knowledge-based agricultural development management plans and methods
instead of source-oriented. According to these results, it can be seen that the Balajam Plain has been
experiencing an increase in desertification between 2011 and 2021. Therefore, agricultural development is
very effective in enhancing food security, and with development in this sector, food security will increase. But
the region's production of agricultural products has decreased due to the intensity of desertification. The
authors of this study suggest solutions such as - cultivating crops with low water requirements and modifying
planting patterns, - investing in implementing projects to combat desertification and developing knowledge-
based rather than resource-based agriculture.

Keywords: Ecological security; Land degradation; Land use changes; Human activities
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Fig 1. Geographical location of Balajam Plain in northeast Iran

Table 1. The evaluated criteria for agricultural development of the Balajam Plain from 2011 to 2021

Effect Criteria Index Reference FAO Indicators

Infrastructure development

Institutional development Access to improved water

Investment _— (37,16)  resources, the percentage of
Development of mechanization . .
arable land equipped with

Positive Human resource development irrigation

effects
Employment Employment
Pfrfqd_uction ad . itivated area Average value of food
erriciency (40, 22) production, diversity of food

Increase efficiency production per capita
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Table 2. Important criteria for evaluating the intensity of desertification in the Balajam Plain between 2011 and
2021 (2,5, 41)

Indice Sub Criteria Criteria
Annual rainfall Climate
Avridity Index
Drought
Groundwater level Quantity Groundwater
EC (umohs/cm) Quality
SAR
CL (mg/lit)
Soil texture Soil
EC (ds/m)
SAR
NDVI* Land use change

Table 3. Desertification intensity classes based on IMDPA model (2, 5, 33, 41)

Class Range Desertification intensity class
| 0-1.5 Low
I 1.6-2.5 Moderate
1l 2.6-3.5 High
v 3.6-4 Very High

Table 4. Infrastructural development in the agricultural sector of Balajam Plain from 2011 to 2021

Year New irrigation Water_transfer by Land leveling Advanced channel Investme_nt (million
network (km?) pipe (m) (km?) development (m) Rials)
2011 0.6 4000 0.45 700 -
2012 0.7 6000 0.65 800 1560
2013 1.05 9000 0.9 1000 2610
2014 2 14000 1.2 1200 3320
2015 29 20000 1.6 1600 5100
2016 3.6 27000 2 2050 6250
2017 7.4 3500 25 2550 7300
2018 9.15 27500 3 3050 9700
2019 10.8 50500 3.6 3600 11300
2020 12.1 63500 4.2 4200 13400
2021 134 77000 4.85 4800 14800
Table 5. Institutional development of the agricultural sector in the Balajam Plain of Nasrabad District from 2011
to 2021.
y Vegetable Rural Seed gov’:r%nn_wen ; Plant i%ﬂf;;:g;?l Investment
ear greenhouse cooperative processing - protection : (million
(m?) company workshop al service clinic production Rials)
center workshop
2011 3000 1 0 0 1 1 2350
2012 4000 1 0 1 2 1 3400
2013 5000 2 1 1 2 1 2050
2014 6500 2 1 2 2 1 2000
2015 7500 3 1 2 2 2 3300
2016 9000 3 1 2 3 2 2800
2017 11000 3 1 2 4 2 3400
2018 13000 3 1 2 5 2 3650
2019 15500 3 1 3 6 2 5400
2020 18000 3 1 3 6 2 5000
2021 21000 3 1 3 7 2 7700

! Normalized Difference Vegetation Index (NDVI)
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Table 6. The state of mechanization in the agricultural sector of Balajam Plain in Nasrabad District

Year The variety of _Number of Number of grain Mechanization Inv_estmqnt
tractors implements harvesters level* (million Rials)
2011 215 340 0 1.2 1850
2012 220 346 0 1.27 2720
2013 236 366 0 1.35 13430
2014 242 371 0 1.41 3340
2015 252 377 0 1.47 5427
2016 287 390 0 1.53 18103
2017 306 408 0 1.6 19200
2018 339 416 0 171 24154
2019 349 437 1 1.89 28120
2020 370 464 2 2.1 47110
2021 396 488 2 2.13 53657

% The level of mechanization is Total power/Cultivated area

Table 7. Development of employment and active human in the agricultural sector of Balajam Plain, Nasrabad District

Agricultural expert Plant Professional driver of Permanent  Seasonal
Year Farmer L . : -
and technician pathologists  agricultural machinery labor labor
2011 1305 3 1 5 264 950
2012 1329 3 2 7 271 978
2013 1379 13 4 7 278 1046
2014 1415 13 4 8 291 1087
2015 1467 14 4 9 293 1135
2016 1519 14 5 13 298 1212
2017 1569 14 5 13 303 1231
2018 1608 16 6 16 321 1257
2019 1644 17 6 19 337 1301
2020 1683 18 7 21 341 1319
Table 8. Cultivated area, production and yield of agricultural products in the Balajam Plain
2011 2016 2021
Cultivated Production Yield  Cultivated Production Yield Cultivated Production  Yield
area (km?®  (ton)  (ton/km?) area (km?) (ton)  (ton/km?) area (km?) (ton) (ton/km?)
Wheat 3155 11044 350 18.90 7938 420 16.50 6600 400
Barley 13.20 4224 320 9.50 3325 350 9.40 2820 300
Sugar beet 4.35 18270 4200 3.50 21700 6200 3.10 16120 5200
Forage corn 3.15 16380 5200 2.20 11000 5000 1.20 7200 6000
Tomato 3.96 15048 3800 4.62 15708 3400 1.10 4950 4500
Potato 1.98 7326 3700 0.88 2904 3300 0.80 2800 3500
Saffron 5.10 1.02 0.2 8.65 2.42 0.28 12.80 5.38 0.42
Table 9. Climate indicators in the study area
Year Annual rainfall (mm) Average annual temperature (C) Avridity index
2011 168 16.38 10.25
2012 108.5 15.87 6.83
2013 915 16.38 5.58
2014 121.9 17.23 7.07
2015 117.3 16.3 7.19
2016 101.6 17.12 5.93
2017 178.1 16.54 10.76
2018 246 16.24 15.14
2019 203.5 15.52 13.11
2020 1115 17.22 6.47
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Fig 2. Desertification intensity map, based on the climate criteria with three indicators; annual precipitation,

aridity and drought in the study area (2011-A, 2016-B and 2021-C)

Table 10. Changes in the cultivated area of agricultural products in the Balajam Plain

Year Cultivated area (km?) Percent (%)
2011 50.26 28.36
2016 76.42 43.12
2021 77.67 43.83
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Fig 3. Map of changes in land use in Balajam Plain's agricultural lands during 2011(A), 2016(B), and 2021(C)

Table 11. Area and percent of desertification intensity classes based on the groundwater criteria

Year Desertification Intensity Class Area (km?) Percent (%)
Moderate 14.73 8.31
2011 _
High 161.80 91.31
2016 High 177.20 100
2021 High 177.20 100
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Fig 4. Desertification intensity map based on the underground water criteria for 2011(A), 2016(B), and 2021(C)

Table 12. The area and percent of desertification intensity classes determined by soil criteria.

Year Desertification intensity class Area (km?) Percent (%)
2011 Moderate 177.20 100
2016 Moderate 177.20 100
2021 Moderate 177.20 100
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Table 13. The area and percent of desertification intensity class of Balajam Plain based on IMDPA model
Year Desertification Intensity class Area (km?) Percent (%)
2011 Moderate 177.20 100
Moderate 133.25 75.20
2016 )
High 43.29 24.43
Moderate 111.96 63.18
2021 )
High 64.57 36.43
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