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Dryland crops are characterized by very low and highly variable and uncertain yields. Crop failures are 
quite common. These are mainly due to the following causes. 
 
1. Inadequate and uneven distribution of rainfall: In general, the rainfall is low and highly variable 

which results in uncertain crop yields. Besides its uncertainty, the distribution of rainfall during the 
crop period is uneven, receiving high amount of rain, when it is not needed and lack of it when crop 
needs it. 

2. Late onset and early cessation of rains: Due to late onset of monsoon, the sowing of crop are 
delayed resulting in poor yields. Sometimes the rain may cease very early in the season exposing 
the crop to drought during flowering and maturity stages which reduces the crop yields considerably 

3. Prolonged Dry spells during the crop period: Long breaks in the rainy season is an important 
feature of Indian monsoon. These intervening dry spells when prolonged during crop period reduces 
crop growth and yield and when unduly prolonged crops fail. 

4. Low moisture retention capacity: The crops raised on red soils, and coarse textured soil suffer 
due to lack of moisture whenever prolonged dry spells occur due to their low moisture holding 
capacity. Loss of rain occurs as runoff due to undulating and sloppy soils. 

5. Low Fertility of Soils: Drylands are not only thirsty, but also hungry too. Soil fertility has to be 
increased, but there is limited scope for extensive use of chemical fertilizers due to lack of adequate 
soil moisture. 

 

Direct and indirect problems in dryland agriculture 

 

1. Water scarcity: The most significant challenge in dryland agriculture is the limited availability of 
water. Crops rely on rainfall, which can be infrequent, unpredictable, and inadequate in dryland 
regions. This scarcity can lead to drought conditions, making it difficult to grow crops consistently. 

2. Soil erosion: Dryland areas are particularly susceptible to soil erosion due to wind and water. The 
lack of vegetation cover and the dry, loose soil structure contribute to the loss of the topsoil layer, 
which is crucial for plant growth. This erosion can deplete soil nutrients and reduce soil fertility over 
time. 

3. Soil salinity and alkalinity: In some dryland areas, high evaporation rates can lead to the 
accumulation of salts in the soil, making it saline or alkaline. This can hinder the growth of crops by 
affecting the soil's physical structure and reducing plants' ability to take up water and nutrients. 

4. Nutrient deficiency: Dryland soils are often low in organic matter and essential nutrients needed 
for crop growth, such as nitrogen, phosphorus, and potassium. The lack of these nutrients can limit 
crop yields and the overall productivity of the land. 

5. Pest and disease problems: Crops grown in dryland areas can be vulnerable to specific pests 
and diseases that thrive in dry conditions. Managing these pests and diseases can be challenging, 
especially with limited water for diluting pesticides or for implementing integrated pest management 
practices. 

6. Climate variability and change: Dryland farmers must cope with high levels of climate variability, 
including unpredictable rainfall patterns and extreme temperatures. Climate change is exacerbating 
these challenges, increasing the frequency and severity of droughts and heatwaves. 

7. Limited access to inputs and resources: In many dryland regions, farmers have limited access 
to seeds, fertilizers, and other inputs that could help improve crop yields. Economic constraints, 
poor infrastructure, and lack of knowledge can also limit the adoption of improved farming practices 
and technologies. 

8. Market access and infrastructure: Even when dryland farmers can produce crops, they often face 
difficulties in accessing markets to sell their produce due to poor infrastructure, such as roads, 
storage facilities, and communication networks. This can lead to post-harvest losses and reduced 
income. 
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Water scarcity in dryland agriculture 

 

Water scarcity in dryland agriculture is a critical issue that significantly impacts crop production and food 
security. This scarcity is primarily due to the limited and unpredictable rainfall, high evaporation rates, 
and often limited access to alternative water sources like rivers or groundwater.  
 
Impacts of water scarcity on dryland Agriculture 
 
1. Reduced crop Yields: Insufficient water leads to stress on crops, resulting in lower yields or even 

crop failure. This can severely impact the livelihoods of farmers and the food supply of the region. 
2. Shifts in cropping patterns: Farmers may be forced to switch to less water-intensive crops or 

abandon farming certain crops altogether, which can affect local economies and biodiversity. 
3. Soil degradation: Lack of adequate water can exacerbate soil degradation processes like 

salinization and erosion, further reducing the land's productivity. 
4. Increased vulnerability to droughts: Water scarcity makes dryland regions more susceptible to 

droughts, which can have devastating effects on agriculture, water supplies, and ecosystems. 
5. Resource conflicts: Competition for limited water resources can lead to conflicts between different 

water users, such as farmers, communities, and industries. 
 
Strategies to address water scarcity in dryland agriculture 
 
1. Water-saving irrigation techniques: Implementing efficient irrigation methods, such as drip or 

sprinkler systems, can significantly reduce water usage while maintaining crop yields. 
2. Rainwater harvesting: Collecting and storing rainwater for agricultural use can supplement limited 

water supplies and reduce dependency on erratic rainfall. 
3. Soil moisture conservation: Practices like mulching, cover cropping, and reduced tillage can help 

retain soil moisture and reduce evaporation. 
4. Drought-resistant crops: Planting crops that are tolerant to drought and heat can help sustain 

agriculture in water-scarce conditions. 
5. Improved water management: Developing policies and practices for sustainable water use, 

including water allocation, pricing, and user associations, can enhance water use efficiency and 
equity. 

6. Enhanced forecasting and monitoring: Utilizing weather forecasts, soil moisture sensors, and 
satellite data can help farmers make informed decisions about planting, irrigation, and harvesting 
based on water availability. 

7. Community and watershed management: Engaging communities in managing local water 
resources and watershed areas can lead to more sustainable and equitable water use. 
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Soil erosion in dryland agriculture 

 

Soil erosion in dryland agriculture is a significant problem due to the unique environmental conditions 

and challenges associated with these areas. Here are the key aspects concerning soil erosion in dryland 

farming: 

 

Causes of soil erosion in dryland agriculture 

 

1. Low vegetation cover: Dryland areas often have sparse vegetation cover due to low rainfall and 
harsh climatic conditions. This lack of natural cover leaves the soil exposed and more susceptible 
to erosion by wind and water. 

2. Wind erosion: In many dryland regions, strong winds can pick up loose, dry soil particles and 
transport them over long distances. This wind erosion not only removes the fertile topsoil but also 
can create sand dunes that bury fields and infrastructure. 

3. Water erosion: Though less frequent, heavy rain events in drylands can lead to significant water 
erosion. The impact is exacerbated because the sparse vegetation and hard, dry soil surface 
increase runoff, reducing water infiltration and carrying away topsoil. 

4. Unsuitable land use and farming practices: Overgrazing, deforestation, and improper 
agricultural practices, such as excessive tillage and inappropriate crop selection, can degrade soil 
structure, reduce organic matter, and increase vulnerability to erosion. 

5. Soil structure and composition: Dryland soils often have a structure that is more susceptible to 
erosion. They may be sandy and loose or have a crusty surface, both of which can be easily eroded 
by wind and water. 

 

Impacts of soil erosion 

 

1. Loss of topsoil: Erosion removes the nutrient-rich topsoil, which is critical for plant growth. This 
loss leads to decreased soil fertility, affecting crop yields and food security. 

2. Reduction in water availability: Soil erosion can reduce the soil’s ability to retain water, leading 
to lower soil moisture levels and increased susceptibility to drought. 

3. Decreased organic matter: Erosion decreases the amount of organic matter in the soil, which is 
essential for soil health and fertility. 

4. Siltation of water bodies: Eroded soil can end up in rivers, lakes, and reservoirs, leading to 
siltation that affects water quality and aquatic life. 

5. Infrastructure damage: Eroded soil can damage roads, buildings, and other infrastructure, leading 
to economic losses. 

 

Management and mitigation strategies 

 

1. Conservation tillage: Practices like no-till or reduced-till farming can help maintain soil structure, 
reduce erosion, and retain moisture. 

2. Cover crops and mulching: Planting cover crops and applying mulch can protect the soil surface 
from wind and water erosion while improving soil health. 

3. Windbreaks and shelterbelts: Planting trees and shrubs around agricultural fields can reduce 
wind speed and protect soil from wind erosion. 

4. Terracing and contour farming: These practices can help reduce water runoff and erosion on 
sloped land. 

5. Improved grazing management: Proper management of livestock, including rotational grazing, 
can help prevent overgrazing and soil compaction. 

6. Water harvesting and management: Techniques such as contour bunding, rainwater harvesting, 
and the construction of check dams can enhance water infiltration and reduce runoff. 
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Soil Salinity and Alkalinity in dryland agriculture 

 

Soil salinity and alkalinity are significant issues in dryland agriculture, negatively impacting soil health, 

crop productivity, and ecosystem balance. These conditions are particularly prevalent in arid and semi-

arid regions due to factors such as limited rainfall, high evaporation rates, and sometimes inappropriate 

irrigation practices. Here's a closer look at these issues and how they can be managed: 

 

Soil salinity in dryland agriculture 

 

Causes of soil salinity 

1. Natural accumulation: In drylands, the lack of rainfall and high evaporation rates lead to the natural 
accumulation of salts in the soil surface as there is insufficient water to leach them into deeper 
layers. 

2. Irrigation with saline water: Using water with high salt content for irrigation can significantly 
increase soil salinity levels. 

3. Poor drainage: Inadequate drainage can lead to waterlogging, which when evaporated, leaves 
behind salts in the upper soil layers. 

 

There are different causes of the development of soil salinity. The major forms are (i) natural or primary 

salinity and (ii) secondary or human-induced salinity.  

 

Primary salinity is occurred due to the long-term natural accumulation of salts in the soil or surface 

water. This is a natural process caused mainly by weathering parent materials containing soluble salts 

through the breakdown of rocks containing Cl– of Na+, Ca2+, and Mg2+ and sometimes SO4
2– and CO3

2–

. In addition, the deposition of sea salt carried in wind and rain also varies with the soil types.  

 

Secondary salinity occurs due to anthropogenic activities that disrupt the hydrologic balance of the 

soil between water applied (irrigation or rainfall) and water used by crops (transpiration). The water 

table has risen in many irrigated areas due to excessive amounts of applied water and insufficient 

drainage. Most of the irrigation systems of the world have caused secondary salinity, sodicity, or 

waterlogging. In irrigated lands, after irrigation, the water applied to the soil is consumed by the crop or 

evaporates directly from the moist soil. The excess salt is accumulated in the soil, called salinization 

(Fig. 1). It is sometimes recognizable by a whitish layer of dry salt on the soil surface. In addition, saline 

groundwater may also contribute to salinization. The water table rises with excessive irrigation and 

improper drainage, allowing the salty groundwater to reach the upper soil layers and rhizosphere. 
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Causes of salinity and sodicity in soil and water 

 

Based on the nature, characteristics, and plant growth relationships in salt-affected soils, two main types 

of soils have been coined by Szabolcs (1974). These are: 

 

a. Saline soils - The soluble salts are chiefly NaCl and Na2SO4 and sometimes also contain appreciable 

quantities of Cl– and SO4
– of Ca2+ and Mg2+. These soils contain sufficient neutral soluble salts to 

negatively affect most crop plants' growth. 

 

b. Sodic soils – These soils contain Na+ salts capable of alkaline hydrolysis, mainly Na2CO3. Previously 

these soils have also been termed ‘Alkali’. 

 

Impacts of soil salinity 

• Salinity can inhibit plant growth by affecting the soil-water balance, causing plants to exert more 
energy to extract water, leading to reduced growth and yield. 

• High salt levels can disrupt the soil structure, leading to decreased soil fertility and increased 
erosion. 

 

Impacts of soil sodicity 

• Sodic soils tend to have poor structure and low permeability, leading to reduced water infiltration 
and aeration. 

• Alkaline conditions can limit the availability of essential nutrients to plants and exacerbate 
micronutrient deficiencies. 
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Reclamation of salt-affected soil 

 

Soils with enough salt levels to significantly damage plants and reduce growth; thus, the reclamation of 

saline or sodic soils is necessary. Reclamation should be done in the fall or spring prior to planting. 

Several reclamation methods may be applied considering the soil, crop types, and climatic conditions. 

 

Irrigation water management 

 

One of the major causes of salinity in the soil is irrigation water. Therefore, ensuring good quality water 

is recommended as the first step of saline soil reclamation. Thus, before using water for irrigation, quality 

should be ensured.  

 

Drainage 

 
Proper drainage is one of the efficient ways to minimize the sodicity problem. Good drainage facilitates 

facilitate Na+ removal from the rhizosphere. Drainage can also be improved by altering the topography 

or installing tile drains. From a salinity perspective, the leaching of accumulated salts from the crop root 

zone and associated deep drainage is a cause for concern.  

 

Tillage  

 

Tillage is the agricultural preparation of the soil by mechanical agitation of various types, such as 

digging, stirring, and overturning. Tillage often is necessary to physically break up sodium-rich layers 

and mix amendments into the soil. Tillage is especially useful for reclamation of sodic soil where the 

soil structure is greatly hampered.  

 

Mulching 

 

As saline water evaporates from the soil, it leaves behind salts. Good mulch under the crop helps reduce 

surface evaporation, maintains moisture near the soil surface, and lessens the build-up of soil salinity. 

In some instances, salt crusts formed at the surface can be removed by mechanical means. Salt 

scraping is the simplest and most economical way of reclaiming saline soils in small agricultural farms. 

Scraping can minimize the salts temporarily; however, they can reappear with a continuous feed of 

groundwater to the surface.  

 

Leaching 

 

Leaching is the removal of excess salt from the soil. This is the most effective procedure for removing 

salts from the root zone of soils. Leaching is most often accomplished by ponding fresh water on the 

soil surface and allowing it to infiltrate.  

 

Using proper fertilizer 

 

Using proper fertilizers is crucial in managing soil salinity, especially in dryland areas where salinity can 
be a major constraint to crop production. The right fertilizer strategy can help plants cope better with 
salty conditions and improve soil health. 

• Low-sodium fertilizers: Choose fertilizers with low sodium content to avoid exacerbating soil 
salinity. 

• Sulfate-based fertilizers: Sulfates can help displace sodium ions from soil particles, making them 
easier to leach away. For example, gypsum (calcium sulfate) is commonly used to improve soils 
affected by high sodium levels. 

• Potassium fertilizers: In saline soils, potassium can be depleted due to competition with sodium 
ions. Potassium supplements can help improve plant tolerance to salinity. 

• Nitrogen fertilizers: Nitrate-based fertilizers (such as calcium nitrate) are preferable in saline 
conditions compared to ammonium-based ones, as they can help improve plant growth without 
contributing to soil acidity or salinity. 
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Saline conditions can also affect the availability of micronutrients. Applying chelated forms of 
micronutrients (like iron, zinc, and manganese) can improve their uptake by plants in high-salinity 
conditions. 
 
By implementing these fertilizer strategies along with proper soil and water management practices, you 
can mitigate the effects of soil salinity and improve crop yields in dryland agriculture. Remember, the 
key is to balance the nutrient supply with plant demand while minimizing contributions to soil salinity. 
 

Salt index of some fertilizers 

 
 

Different chemical fertilizer has various chemical constituents and different types of reactivity with soil. 

More importantly, all fertilizers have a salt index which indicates what the fertilizer contributes to soil 

salinity. When irrigation water or soils are saline, changing to fertilizers with similar nutrients but a lower 

salt index may help. For example, (muriate of potash) KCl has a salt index of 120.1 but K2SO4 has a 

lower salt index of 42.6. However, Information on the salt index of each fertilizer should be available 

from the fertilizer manufacturer, which is still unavailable in developing countries. 
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Soil amendment 

 

Soil amendments are materials, such as gypsum or calcium chloride, that directly supply soluble 

calcium for the replacement of exchangeable Na+, or other substances, such as H2SO4 and elemental 

sulfur (S), that indirectly, through chemical or biological action, make the relatively insoluble CaCO3 

commonly found in sodic soils, available for replacement of Na+. Organic matter (i.e., straw, farm, and 

green manures), decomposition, and plant root action also help dissolve the calcium compounds found 

in most soils, thus promoting reclamation, but this is a relatively slow process.  

 

Reclamations of salt-affected (saline-sodic and sodic) soils by chemical amendments have become 

cost-intensive, require high capital investment, and are not always a practical solution to the problem 

of soil salinity and sodicity.  

 

Therefore, biotic approaches such as the cultivation of salinity- and sodicity-tolerant plants and crops 

on salt-affected soils, i.e., ‘biosaline agriculture’, maybe another alternative (Pessarakli and Szabolcs 

2010).  

 

Potential use of halophytes in saline environments 

 

Halophytes are plants capable of completing their life cycle under highly saline conditions. Many 

scientists defined halophytes based on different criteria. Schimper (1903) described halophytes as 

plants capable of normal growth in saline habitats and also able to thrive on ‘ordinary’ soil. Walter (1961) 

has classified the halophytes into 3 types; (i) salt excluding, (ii) salt excreting, and (iii) salt accumulating.  

 

Walter’s Classification of halophytes 

 

Types of halophytes Characteristics and examples 

Salt excluding  

 

In these plants, the root system possesses an ultrafiltration mechanism, 

which leads to establishing such species as the dominant component of 

the mangrove vegetation.  

Salt excreting  These plants regulate internal salt levels through foliar glands.  

Salt accumulating  

 

They accumulate high salt concentrations in their cells and tissues and 

overcome salt toxicity by developing succulence.  

 

Based on ecological aspect, halophytes can be classified as (i) obligate, (ii) facultative, and (iii) habitat-

indifferent halophytes.  

 

• Obligate halophytes grow only in salty habitats. They show sufficient growth and development 
through an increased salt supply. Many Chenopodiaceae belong to this category.  

• Facultative halophytes can establish themselves on salty soils, but their optimum lies in a salt-
free or at least low-salt condition. However, they can tolerate salt. Most Poaceae, Cyperaceae, 
Brassicaceae, and many dicotyledons like Aster tripodium, Glaux maritima, Plantago maritima 
etc., belong to this group.  

 

Potential use of halophytes under saline condition 

 

The study of halophytes can be useful from three perspectives.  

• First, the mechanisms by which halophytes survive and maintain productivity in saline water 
can be useful for developing tolerant varieties in conventional crops.  

• Second, halophytes grown in an agronomic setting can be used to evaluate the feasibility of 
high-salinity agriculture.  

• Third, halophytes may become a direct source of new crops. 
 

Recently, a new environmentally safe and clean technique known as phytoremediation has been 

introduced to address the salinity problem. This includes the introduction of salt (ion) removing species 
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to control salinity and to maintain the sustainability of agricultural fields. Several halophytic plant species 

have been tried in the past for their possible use in the reclamation of salt-affected soils.  

 

Phytoremediation has shown to be advantageous in several aspects:  

 

• No financial involvement in purchasing chemical amendments,  

• Accrued financial or other benefits from crops grown during amelioration,  

• Promotion of soil structure and other qualities,  

• Greater plant-nutrient availability in the soil after phytoremediation,  

• Environmental considerations in terms of carbon sequestration in the post-amelioration soil. 
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Nutrient deficiency in dryland agriculture 

 

Nutrient deficiency in dryland agriculture is a critical issue that can significantly impact crop growth, 

yield, and overall farm productivity. In arid and semi-arid regions, several factors contribute to the 

widespread occurrence of nutrient deficiencies. 

 

Causes of nutrient deficiency in dryland agriculture 

1. Low organic matter: Dryland soils often have low levels of organic matter due to limited vegetation 
and biomass production. Organic matter is crucial for supplying nutrients and improving soil 
structure and moisture retention. 

2. Leaching: In areas where there is sufficient rainfall, nutrients can be leached away from the root 
zone before plants can use them, particularly in sandy soils common in dryland regions. 

3. High pH levels: Many dryland soils are alkaline, which can reduce the availability of certain 
nutrients like phosphorus, iron, manganese, copper, and zinc. 

4. Erosion: Wind and water erosion common in drylands can remove topsoil, which is the most 
nutrient-rich part of the soil. 

5. Overuse and misuse of fertilizers: Improper application of fertilizers can lead to nutrient 
imbalances, where one nutrient is in excess at the expense of others. 

6. Crop Removal: Repeated harvesting without adequate replacement of nutrients can deplete soil 
nutrient reserves. 

 

Common nutrient deficiencies and their symptoms in crops 

 

1. Nitrogen: Yellowing of older leaves, stunted growth, and poor yield. 
2. Phosphorus: Dark green or purplish coloring in older leaves, delayed maturation, and weak root 

systems. 
3. Potassium: Browning or yellowing of leaf edges, weak stems, and reduced resistance to pests and 

diseases. 
4. Calcium: New leaves are distorted or irregularly shaped; blossom end rot in tomatoes. 
5. Magnesium: Yellowing between the veins of older leaves, while veins remain green. 
6. Iron: Yellowing between the veins of young leaves, while veins remain green. 

 
Management strategies for nutrient deficiency in dryland agriculture 

 

1. Soil testing and analysis: Regular soil tests can identify nutrient deficiencies, enabling targeted 
fertilizer applications to address specific needs. 

2. Organic amendments: Incorporating organic matter, such as compost or manure, can improve soil 
health and increase nutrient availability. 

3. Balanced fertilization: Applying the right amounts of fertilizers based on soil tests can prevent 
nutrient imbalances and ensure that plants have access to the nutrients they need. 

4. Crop rotation and cover crops: These practices can enhance soil structure, organic matter, and 
nutrient cycling, reducing the risk of nutrient deficiencies. 

5. Micro-nutrient amendments: In cases of specific micro-nutrient deficiencies, applying the deficient 
nutrients directly can correct imbalances. 

6. Water management: Efficient water use through improved irrigation practices can reduce leaching 
and improve nutrient uptake. 

7. Erosion control: Practices such as windbreaks, contour farming, and cover cropping can reduce 
soil erosion and nutrient loss. 

8. pH management: Liming acidic soils or applying sulfur to alkaline soils can help bring soil pH to 
levels that maximize nutrient availability. 
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Pest and disease problems in dryland agriculture 

 

Pest and disease pressure in dryland agriculture presents unique challenges compared to more humid 
regions. Due to the arid and semi-arid climates, certain pests and diseases thrive, while others are less 
prevalent. Understanding and managing these pressures is crucial for maintaining healthy crops and 
ensuring food security in these areas. 
 
Common pests in dryland agriculture 
 
1. Insects: Certain insects thrive in dry conditions, such as spider mites, thrips, and various types of 

beetles. These pests can damage crops by feeding on leaves, stems, and roots, leading to reduced 
growth and yields. 

2. Rodents: Mice, rats, and other rodents can be problematic, feeding on seeds, young plants, and 
stored grains. They can also damage irrigation equipment and structures. 

3. Birds: Some bird species feed on sown seeds and young sprouts, leading to reduced stand density 
and crop yields. 

 
Common diseases in dryland agriculture 
 
1. Root rot and wilt diseases: Fungi such as Fusarium and Verticillium can cause root rot and wilt 

under dry conditions, especially when soil moisture is inconsistent. 
2. Powdery mildew and rust: While generally associated with humid conditions, these diseases can 

also affect plants in dryland areas, particularly when night-time dew forms on plants. 
3. Viral diseases: Transmitted by insects, viral diseases can be a problem in dryland crops, 

exacerbated by the stress plants are under due to the harsh growing conditions. 
 
Management strategies 
1. Integrated pest management (IPM): This approach combines biological, cultural, physical, and 

chemical tools to minimize the economic, health, and environmental risks associated with pests 
and diseases. Examples include crop rotation, selecting resistant varieties, and using natural 
predators or biopesticides. 

2. Proper irrigation management: Over-irrigation can lead to conditions that favor the development 
of root rot diseases, while under-irrigation can stress plants, making them more susceptible to pests 
and diseases. Efficient water management can help mitigate both issues. 

3. Monitoring and early detection: Regular monitoring of crop conditions can help detect pest and 
disease outbreaks early, allowing for timely interventions. This can include visual inspections, traps, 
and the use of weather and disease forecast models. 

4. Sanitation and crop residue management: Removing plant residues and weeds can help reduce 
the sources of pests and pathogens. Sanitizing tools and equipment can also prevent the spread 
of diseases. 

5. Biological control: Using natural enemies of pests, such as predators, parasitoids, and pathogens, 
can help control pest populations without the need for chemical pesticides. 

6. Chemical control: When necessary, the targeted use of pesticides can be an effective way to 
manage pests and diseases. However, this should be done judiciously to avoid the development of 
resistance and to minimize environmental impacts. 

7. Seed treatments: Treating seeds with fungicides or insecticides can provide early protection 
against soil-borne diseases and seed-eating pests. 

8. Cultural practices: Crop rotation, intercropping, and maintaining optimal plant density can reduce 
pest and disease pressures by disrupting their life cycles and reducing their habitat. 


