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Pakistan: Solving Soil Erosion 
Ayesha, a middle-aged woman in Pakistan, watches as her crops yield less year after year. Monsoons bring rain in the summer, washing away the topsoil that holds the nutrients for plants growth, and dry winds blow the soil away through the late fall and winter. Her family has little access to clean water and struggles to receive proper medical treatment. Poverty haunts her family and many others, and it continues to impact many families in rural Pakistan. Her children are unable to get a proper education due to a lack of transportation and money, much like the 22.8 million other children ages 5-16 who are also out of school in Pakistan (“Education”).  She worries that she will not be able to help her kids, if her family will be able to find food for a healthy meal, or if the crops will grow. This is a fictional story but is a similar case for many families in rural Pakistan, as agriculture supplies 36% of the jobs in Pakistan, (O’Neill) and 62% of the population is considered rural (“Pakistan”).
Pakistan is located in South Asia, with a population of 252.4 million (“Pakistan”). Pakistan is neighbored by Afghanistan, China, India, and Iran. The average farm size was 6.42 acres, or 2.6 hectares in 2010 (Ahmad). For reference, the average farm size in the United States in 2010 was 418 acres (“Overview of U.S. Livestock…).Pakistan is in a temperate zone and the weather varies greatly. The coastal regions and along the plains of the Indus River is hot and dry, but farther north, closer to the Himalayas, the temperature begins to drop. There is little precipitation for much of the year, particularly for the southern part of Pakistan, besides in the summer monsoon season. Exact precipitation varies greatly year-to-year, but the average total is usually within the range of 200-400 mm (“Pakistan Average Precipitation”). For comparison, in Iowa the average yearly precipitation is 660-965 mm, depending on the region (Honey and Salisbury). The weather and climate in Pakistan is heavily influenced by the El Niño cycle, and flood-drought patterns are common (“World Bank Climate…). According to Britannica, three-fifths of the land is rough, mountainous grounds and plateaus, and two-fifths is a wide expanse of level plain. Forty-seven percent of this land is currently used for agriculture, while the global average is 38% (“Pakistan at a Glance”).  Pakistan has the ability to grow a variety of crops ranging from fruits to cotton to basic cereals. The most common crops grown on the land however include sugarcane, wheat, rice, maize, and cotton (“Agriculture Statistics…”). 
Families typically live with their extended family, with 6-7 people per household. There is a correlation between larger households and a higher risk of poverty, which can lead to malnutrition. There are three common types of houses in Pakistan: pukka, katchi, and semi-pukka. Pukka houses consist of more durable materials, such as bricks, cement, or stone, while katchi houses are made of less durable materials such as mud, bamboo, or reeds. Semi-pukka houses are built out of a combination of the two types (Burki and Zaring). The diet and cuisine in Pakistan is similar to regional foods and diets, especially Indian cuisine. Most meals consist of a meat or plant protein (commonly lamb, chicken, lentils, or beans), a carb such as rice, or a wheat-based flatbread, vegetables, and spices like those in Indian cuisine. They also commonly eat yogurt and fruits, often as a dessert or breakfast style food. Foods are commonly one-pot meals, stews, or fried (Munyon). As for employment, 70% of workers are employed informally, often through agriculture or tourism sectors (“Employment Overview in Pakistan”). Many people do not have access to education or healthcare. In 2024, less than 1% of Pakistan’s GDP is spent on healthcare (Ijaz), while the United States spent 17.3% in 2022, and the United Kingdom spent 11.1%(Vankeer). Pakistan spends very little on their health care, providing very little care compared to what is here is the United States or Europe. 50% of Pakistanis do not have access to basic healthcare services, and 42% have no health coverage access. This continues to worsen due to government policies that increase the price of medicines (Ijaz). Many schools do not have access to clean water, and only 36% of the water supply is considered safe for consumption (“Education”). Malnutrition affects many families in Pakistan, and over 20% of the population is undernourished, with detrimental effects to children and their growth. Half of all children under five are affected by stunted growth, a quarter of which is seen at ages as young as six months old (Gie). This can be traced back to chronic poverty, recurring disasters and extreme weather, and political and economic volatility (“Food Assistance Fact Sheet…)
A common problem is soil erosion, which occurs when water or wind removes soil particles, especially the fertile topsoil that contains nutrients such as Nitrogen, Phosphorus, and Potassium, causing a deterioration in soil quality (Al-Kaisi). Pakistan experiences high levels of soil erosion, affecting 76% of the land, partially due to weather caused by monsoons that bring both high winds and rain seasonally. Winds blow away dry topsoil, and heavy rains wash away and erode loose soil. Each year, 1 billion tons of fertile soil are lost due to soil erosion in Pakistan. (Yang, et al). Worsening climate change makes matters worse, causing more volatile and extreme weather such as droughts, floods, and other weather events that lead to an increase in wind and rain. Additionally, things such as deforestation, overgrazing, and other unsustainable farming practices can increase soil erosion (“What Is Erosion…”) by lessening the number of plants and roots available in the soil to keep it in place. Deforestation and overgrazing can deplete the soil of its nutrients, worsening crop yields. While at first glance, soil erosion does not have a direct and immediate impact on health, food security, and malnutrition, many connections lie just beneath the surface. 
With a population that is 62% rural (“Pakistan”), agriculture accounts for 24% of the GDP, and half of the employed labor force (Agriculture Statistics…”). When soil is eroded and nutrient-deficient, Pakistani farmer’s crops will yield less, hurting them financially. Many families in Pakistan spend about 50% of their budget on food, with those who are in low-income classes spending a higher percentage than those in higher income percentiles (“Food Assistance…”). Foods like grains and wheat are cheaper and more readily available than foods with more nutritional importance, such as fruits, vegetables, and meats, which leads to a lack of necessary nutrients in their daily diet. For example, 49% of women and over 50% of children under age five are anemic (“Nutrition and Food Safety”). Anemia, the lack of or disfunction of red blood cells, can be caused by an array of things, including disease and health disorders from birth, but is commonly caused by iron, folate or b-12 deficiencies. Thirty-three percent of children are underweight (Asim and Yasir), and those in rural areas are more likely to be affected. Additionally, poor quality soil leads to poor quality crops with lower yields, increased need for additional fertilizers, and lower nutritional value. The unstable soil can contribute to the risk landslides, which destroys homes and increases poverty.  The erosive loss of fertile topsoil reduces food production, decreasing the availability of nutritious food once again. Soil erosion also impacts the environment. It causes degraded soil that holds less water, making the land more susceptible to flooding and drought. Flowing water pulls pollutants and sediment from its path and brings it into streams and rivers, which can hurt the natural vegetation and aquatic animals, such as fish, by blocking the penetration of light, increasing stress and rates of infection, and adding potential toxins and chemicals that may be held by the soil. Soil erosion impacts a variety of things, and many of its impacts are intertwined. Lower yields lead to high prices and low profits, and the lack of access to healthy foods or even proper amounts of food causes malnutrition and a lack of growth in children. The connectedness of all this creates a vicious cycle for Pakistanis. 
Many solutions for soil erosion are available, but the key is to find one that works for the specific situation, depending on agricultural practices in the region, climate,and topography. Methods used in one region may not work in another, at least not without adaptation. Pakistan has implemented methods and support to help soil erosion, including contour plowing and agricultural extension services. Contour plowing consists of tilling sloped land along the natural slope and curve of the land, rather than in straight lines. This method helps conserve rainwater and reduce erosion (“Contour Farming”), and the importance of this practice is not to be ignored, as it can reduce the impact of weather on crops by reducing soil erosion by up to as much as 50% (Soil Conservation: Contour Ploughing”). Extension services share new findings and research, and educate farmers on new technologies and practices, allowing for the most efficient and productive results (“Extension Services in Agriculture”). Something that has not been implemented however, and is different from existing ideas and solutions, is the use of cover crops. Cover crops are plants that are planted into the soil, often after a cash crop has been harvested. They help manage soil erosion through the root system which helps hold the soil in place. Growth of the cover crop over what would have been a barren field can suppress weed growth in a fallow period between crops. They can additionally increase organic matter and nutrients in the soil and increase crop resistance to extreme weather, such as flooding or droughts (Clark), which are currently affecting Pakistan (Moshiri).  Incredibly popular in the Midwest, eastern, and southern regions of the United States, the practice is tried and true in other locations. It has been increasing in popularity and the practice has spread to Europe, Asia, and Australia.
High wheat prices have been a major contributor to food insecurity in Pakistan in 2022 (“Pakistan”). The use of cover crops to increase soil productivity could result in increased yields. The increased yields would have the ability to feed more people and reduce the pressure that is pushing wheat prices higher. Since the farmers are selling more wheat, they still could make a profit. 
Cover crops are a method that comes with many variables. Implementation, crop type, and cost can all easily vary from one situation to another. To help accommodate this, various cover crops could be tested first, in a way such as trial plots, in conjunction with Pakistan agricultural extension services. Once it is determined that cover cropping is a beneficial practice to the region, it can begin to spread across the country, and farmers can be educated on the benefits and the process via the government and extension services. The government and corresponding agencies would need to be willing to adopt and share this process with citizens for this to be successful. Third party groups, such as the Sustainable Agriculture Foundation or the Sustainable Agriculture & Food Systems Funders (SAFSF) could help fund and implement this solution. “The Sustainable Agriculture Foundation (SAF) transforms smallholder agriculture in Asia and Africa by improving farmer incomes, food security, and climate resilience” (SAF). “SAFSF helps funders and investors strengthen connections within the sustainable agriculture and food systems community, foster collaboration with their peers, and build capacity to be more effective in their philanthropy and in their advocacy for change.” These groups have impacted many countries already in agriculture and sustainability and can help spread the solution through Pakistan. 
Poverty, limited government involvement and assistance, and cultural traditions have been barriers for improvement in Pakistan. Through funding from the SAFSF, these problems could be overcome. Citizens could be informed of how they could better manage their crops for the best yield, improve soil quality, and reduce flooding and mudslides.
When it comes to choosing a specific plant to plant, personal preference and individual situation come into play. Over 90% of soils in Pakistan are deficient of Nitrogen (Arain), which leads to a recommendation of planting legumes rather than grasses, because, in simple terms, they pull nitrogen from air, and it can be brought back into the soil. Nitrogen is one of three common nutrients in soil, and is a component of nucleic acids, proteins, and chlorophyll, helping with photosynthesis and leading to the green color of grass. Legumes, such as peas, clover, and vetch, form a symbiotic relationship with bacteria called rhizobia that convert atmospheric nitrogen into ammonia that plants can use.  Grasses like cereal rye and brassicas (such as radishes) take up nitrogen from the soil preventing it from being washed away by erosion but do not return the nitrogen to the soil until the plant decomposes.  Varying plants will require specific conditions, seeding rates, time and method of termination of the crop, and offer varying rates of nitrogen fixation and root systems. (michigan ext. Office).   Various types of beans, clovers, or alfalfa (Wiersma, et al) could be intercropped with wheat, which allows farmers to still maintain two growing seasons. An important benefit of alfalfa or similar plants is the ability to graze livestock on it. This helps the cover crop pay for itself. Another potential idea, that does take away a growing season, is to plant a legume on its own instead of a cash crop. While this causes a season without income, and may not work for some, it does allow the land a longer period of rest and allows the legumes to increase nitrogen and organic mass levels. As previously mentioned, drought-flood patterns are common, so there is no telling the amount of water that will be available ahead of time, leaving no guarantees of the results of the various methods. 
One of the most important factors of a project such as this is the financing, cost, and effect on economics. Cover crops can have a large upfront cost when compared to alternative methods. Here in the United States, that cost is often offset for farmers by government funding, programs, etc. Something to remember with cover crops is that it is an investment, working towards better soil productivity, and they will likely pay for themselves, whether in one year or multiple years (Clark). The cost of cover crops can be offset by increased yield, lowered need for additional nutrients, and the ability to graze livestock on the cover crop, eliminating or decreasing the cost of livestock feed. The use of cover crops to increase soil productivity can result in increased yields. Increased yield increases income from the crop and can help reduce the price of grain in the Pakistani economy by increasing the supply. A less sure way to reduce costs and increase profits is additional government programs/funding. Another option is microfinancing, which involves giving small loans to help those who may not be able to or need to get a large ordinary bank loan, (“Microfinance: Finca”) could help farmers be able to pay for cover crops, especially since cover crops have the potential to pay off in the future. Another possible way if funds were available, incentivizing farmers with additional money upon implementation of cover crops would help increase implementation rates. to help increase soil productivity and decrease erosion. 
Being a plan that relies on mainly citizens to implement, there are many variables that could go wrong. For example, the ability to spread information to farmers who may be in an area that is lacking in means of communication, whether due to distance or lack accessible electricity, internet, or electronic devices. However, in farming communities, news and information are often shared by word of mouth. The biggest concern with this solution is the traditional/cultural methods of farming that the farmers are more comfortable with and may want to continue with. To this problem, there is no clear solution. Often, however, when the benefits of something become known, it can sway the opinions of those who originally disagreed. Additionally, through education programs, farmers will be more aware of the why behind the change, and how it affects them and others. Another important thing to consider is if farmers have the means and equipment to implement cover cropping, but limited data is available for this. 
Soil erosion impacts both food insecurity and environmental conditions. By reducing wind and water erosion through introducing cover crops that help retain soil via root systems, increasing nutrients and organic matter, and resistance to both rain and drought (Clark), cover crops can help reduce the impact of soil erosion. They will increase yields and supply, lowering the price of grain (a staple food), while also allowing farmers to sell more grain, and potentially graze cattle on as well.  This will reduce poverty and malnutrition, reducing the number of children each year who are anemic, stunted, and undernourished. 
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