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India: Research on the problems and solutions of rice yield
Chapter 1. Background Introduction

Employing more than 50% of the population and accounting for 17%-18% of India’s GDP in 2018
[1], agriculture serves as India’s biggest pillar industry. Among all the agricultural products, rice is
the most valuable, with a total output value of 70.18 billion dollars in 2016 and 44 million
hectares of paddy fields. India is the second largest rice growing country in the world as well as
the world’s largest rice exporter. India produced 106 million tons of rice in 2016, which accounted
for 20.2% of global production [2]. United States Department of Agriculture (USDA) even
estimated the total production as 150 million tons for 2018-19 [3]. Vast planting acreage and
considerable amount of production bring India foreign exchange of more than $3.78 billion per
year.

However, even now, 70% of India’s farmer are not able to make ends meet. Indian rice yields per
hectare still remains relatively low, which inevitably causes poverty among rice farmers. Ranking
second globally in rice production though, India has been suffering from low rice yield per hectare
for quite a long period of time. The world average yield of rice per hectare is 4.25 metric tons,
while the yield varies from country to country. The highest yield per hectare reached an average of
9.82 tons in Australia. India, however, only produced 3.85 tons per hectare.

This article analyzes the issue of Indian rice yield based on India’s historical convention, natural
conditions, farmers’ scientific and cultural qualities and irrigation technology. In view of the above
problems, this article tries to explore the feasibility of increasing the yield of rice in India from the
aspects of improving farmers’ education level, extensively applying three advanced irrigation
technologies, further improving the land system and introducing improved variety of sea-rice.

Chapter 2. Analysis of Low Rice Yield

2.1 Low Scientific and Cultural Quality of Farmers

With the continuous progress of science and technology, advanced planting techniques, which are
crucially important in increasing rice yield, are springing up at great speed. However, to master
these techniques, farmers must first have knowledge about fertilizers, improved seeds, pesticides,
modern farm tools, soil and operation of new machines. Therefore, in order to make a quantitative
leap in rice yield, Indian farmers need to become “smart” first, which requires an effort to
popularize and improve farmers’ education.

Literacy is the fundamental premise of learning and applying new farming techniques. Although
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many education organizations use visual aids and verbal instruction to teach, if farmers are unable
to immediately digest what is taught on the spot, they can’t review the knowledge using reference
books in private. When farmers want to look up specific information, illiteracy forces them to ask
for verbal help, which is far more inefficient and inconvenient. Illiterate farmers are forced to
plant in traditional ways without innovating. This partly leads to the low annual growth rate of
yields. A research in 1990 estimated that at the present rate of development, India would not
achieve universal literacy until 2060. According to the census of 2020, India have a literacy rate of
81.3%, which means near 1/5 of their people there couldn’t even write their own names [4].
Although the government has taken measures to deal with this issue, India’s growth on literacy is
still regarded as “very slow”.

To become a “smart farmer”, being literate is insufficient. The ultimate goal is to master advanced
techniques through learning. India is currently promoting agricultural education in rural areas by
setting up schools in the State of Karnataka [5] to teach relevant planting and marketing methods.
However, there still remains quite a lot of problems, such as the lack of equipment and venues, the
poorly scheduled class contents and disparity between states. In some areas, the timing is
unreasonable. Farmers have to receive off the job training for a long time. Moreover, lack of
practice makes knowledge easily forgotten. Unable to transfer their hard-learned knowledge into
an increase in production and economic income, farmers feel less motivated to carry on their
education. What’s worse, due to the poor conditions of rural areas and the low income, people
with high agricultural qualifications seldom choose to be teachers in peasants’ school. Some
knowledge are too professional for farmers to understand, while many teachers at farming school
aren’t able to teach them in a pellucid way.

2.2 Historic Limitations

2.2.1 Limitations of Land Reform

Indian land policies have left the average Indian household with very little and fragmented land
possession, which has a serious impact on the efficiency of land use, leading to over cultivation
and low productivity.

Before the first land reform, India had been implementing a land policy know as “intermediary
landlord system”, which was a land tax system introduced by the British East India Company for
the purpose of colonizing India. Those intermediary landlords (known as “Zamindar” in Hindi),
were mainly tax collectors during the Mughal Empire, had no ownership of land at that time. In
1793, the Company implemented a new law in Birla Orrisa, Bangladesh, abolishing rural
communes’ hereditary ownership of land and recognizing Zamindar as the landowners. Zamindar
were to pay 9/10 of tax from that year on. [6]

After India’s independence in 1947, the Nehru government made agriculture the first priority of
the nation. During the ten years’ period from 1950 to 1960, a land reform legislation to abolish
intermediary landowners was enacted. One of the law’s purpose is to improve the production rate
of agriculture and to solve the food crisis. According to the law, the state was to purchase land
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from Zamindar, while tenants paid land price to the state so as to get the ownership of land.
Though the first reform eliminated the biggest landlord in India, it didn’t overthrow the feudal
land system. The dominating group is still Zamindar, who had received a total of 6.7 billion rupees
from government compensation and continue to possess their own private land (which was also
the most fertile). A small number of peasants became rich by purchasing and possessing a large
amount of land, whereas most tenants still remained poor for they couldn’t afford to pay the land
prices. As a result, many tenants had to work as farmhands in order to pay their debts.

At the end of 1961, the Indian Government introduced the “Land Holding Cap Act”, which
stipulated that surplus land should be collected and given to landless farmers or agricultural
cooperatives by the state. Nevertheless, due to the excessive flexibility of the limits on land area
(22-336 acres in Rajasthan) and even cap exemption (up to 20 types of land in Uttar Pradesh were
free from limits), so there was little land left for redistribution by 1972.

Although India’s land reforms have achieved a lot in redistributing the land and protecting
peasants’ interests, they failed to meet the ultimate goal of increasing productivity rapidly and
revitalizing the business of agriculture. Large gaps remained between the reform measures and
reality. Some measures were not implemented as they should. Before the land reform, Zamindar
were most rising bourgeoisie. Most of them lived in cities and leased their land to tenants and
didn’t manage the land themselves, only making a living by exploiting their tenants (the rent
Zamindar taken from the tenants are 23 times of which they handed to the state). Therefore, most
of the funds belonged to those who didn’t care about agricultural yield, while those who cared
didn’t have adequate economic supports to improve their planting methods. Thus, agriculture yield
(including rice) remained low during this period.

2.2.2 Influence of Caste System

India’s 157 million hectare’s land are divided into 146 portions. Highly fragmented land
distribution has been cited as an important reason for the low yield of India’s agricultural products,
including rice. One of the key reasons for this is the suppression brought by the caste system. The
so-called “Dalits”, or precaste, own less than 9% of the vast cultivation land. Most of them are
landless up till now. The landowning Dalits also face daunting challenge, the land they own
simply could not support the large population. Nearly 61% of the land owned by the untouchable
is less than 2 hectares per person, which are generally described as marginal land (less than 1
hectare) and small land (between 1 and 2 hectares). Medium-sized farmers with 2-10 hectares
make up only 1/3 of the untouchable class of farmers. This shows that the aftermath of the caste
system has not been completely eradicated in India.

2.2.3 The Drawbacks of Green Revolution

The Green Revolution in India refers to the period when Indian regarded achieving agricultural
industrialization by using modern technology and equipment (such as high-yielding variety seeds
HYV, tractors, irrigation facilities, pesticides and fertilizers) as its primary goal. The revolution
was part of the global Green Revolution initiated by the extraordinary agricultural scientist in the
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US, Norman Borlaug, which aimed to use technology to increase agricultural productivity in
developing countries. Under the leadership of Lal Bahadur Shastri ( who was the leader of the
Congress Party at that time), India began the Green Revolution in 1965. [7]

The Green Revolution strongly promoted the increase of rice yields in India, whereas the
limitations of it which failed to guarantee farmers’ income standard can hardly be ignored.
Therefore, the backward situation of rice cultivation wasn’t changed fundamentally. HYV seeds,
advanced irrigation systems and pesticides are too expensive for most Indian farmers to afford.
The high cost of planting forces farmers to take out loans with high interest rates. Excessive
borrowing often leads to a cycle of debt, which even affected farmers’ basic livelihoods. India’s
increasing suicide rate of farmers is one of the serious side effects. Moreover, India’s liberalization
in economy has led to foreigners owing much of the land.

2.3 Constraints of Science and Technology

2.3.1 Constraints of Irrigation

Uneven distribution of water source and inefficient irrigation have exacerbated India’s water crisis.
In 2013-14, only 36.7% of India’s farmland was irrigated. Irrigation in rural areas is especially
inadequate. A large amount of farmers there even rely on rain to water their rice.

Rice is a water-intensive crop that has long supported India's huge population. As India’s
population density increases year by year, the demand for rice steadily increases, which requires
more efficient techniques in rice irrigation.

Despite the great irrigation demand, most Indian farmers still stick to traditional irrigation
techniques such as flooding or canal irrigation, causing a loss of nearly half of the water used as
well as an excessive pollution of the river by pesticides and herbicides (in fact this is what
happens in India at present).

2.3.2 Constraints of Backward Fertilizer Technology

India’s fertilizer industry is quite undeveloped. As a result, Indian rice productivity rank relatively
low around the globe. According to a report by FAO in 2017, the anemia rate of Indian women
within childbearing age (15-49) is 51.4%. The malnutrition rate of Indian children under 5 years
old is 21% and the rate of poor physical development is 38.4%. [8]

2.3.3 The Threat of Land Salinization

There are 700 hectares of saline-alkali land in India, accounting for 0.7% of the world’s
saline-alkani land and ranking 6 in the world. [9] Soil salinization has become quite a threat for rice
production in southern India, where the weather is often dry. Water underground rise to the soil
surface and evaporates into the air, leaving the salt separating out into the soil. The climate in
southern India appears to be semi-arid most of the year, leading to a sparse amount of rainfall



5

which joins high tropical temperature in contributing to excessive evaporation and eventually soil
salinization. Salinization can reduce upto 50% of the rice yield, causing many regions in the south
to give up cultivation.

Chapter 3. Solutions

3.1 Ways to Improve Farmer Education

3.1.1 Government Support

Throughout the world, the government gives preference to farmers’ education in terms of funds,
policies etc. The US government allocated a large amount of funds to promote farmers’ education
at a growth rate of around 8% per year from 1955. In 2002, the US government enacted a new
agricultural law, providing an increase in agricultural subsides of $51.9 billion in the 6 years from
2002 to 2007, reaching $118.5 billion in total. In Egypt, the national education fund accounts for
5% of national income. Egypt government allocates 330,000 Egyptian pounds to qualified
agricultural education agencies and colleges every single year [10]. India government has also paid
attention to farmers’ education since its independence, but its effort hasn’t stood out among those
big countries. Indian government allocated 283 million rupees to agriculture in the budget of
2020-21, which accounts for 1.3% of GDP ($2.85 trillion) of 2019-20. India has decided to put
more emphasis on agriculture from 2020, aiming at doubling farmers’ income by 2022. However,
the relevant policies adopted by government mainly focus on the liberalization and internalization
of agricultural market as well as farmers’ credit and less about the development of farmers’
education. In order to invigorate agricultural production, it is essential and basic to improve
peasants’ level of science and technology. The government of India should pay more attention to
establishing agricultural (including rice planting) schools and employing agricultural elites as
tutors, offering them preferential policies and generous salaries. For example, they can set up
computer labs based on one village, small agricultural schools based on several villages as well as
large agricultural schools based on cities. They can also set up agricultural education in normal
schools to train excellent teachers for the schools mentioned above. Rural farmers can attend
agricultural courses during the stack season of rice planting at schools or regularly watch
educational videos recorded by experts at home or at the computer labs in their villages.Balancing
development of agricultural education in various states should also be taken into consideration.
States owning advanced technology, experience and funds could support and cooperate with
weaker states (for example Maharashtra helping Assam) to achieve a win-win result (the emerging
form of video conferencing makes this kind of communication and cooperation more convenient).
To solve the problem of funds, government can encourage enterprises to invest in government
agricultural education programs and give the invested enterprises preferential policies they need as
a reward. Donations for the sake of setting up agricultural schools can also be held among citizens.
To encourage the government to more proactively execute relevant solutions, citizens can send
mails to the government website or the private websites of members of the house of parliament.
They can also speak to their local grass-roots officials.
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3.1.2 Specific measures

Focusing on smaller perspectives, tutors should teach in a more pellucid way rather than directly
infusing professional knowledge which are difficult for farmers to absorb and internalize. Also, to
popularize agricultural education, each village could adapt various ways of publicity (e.g. leaflets,
board newspapers, CDs, libraries...). Cooperating with qualified agencies to help peasants take
part in degree courses is also a good idea. After all, the more intelligent farmers are, the higher
agricultural productivity they can produce.

When it comes to high-theoretical techniques, an efficient way is to gather key peasants like
demonstration households, young farmers and village cadres for centralized training. Those people
can then teach the knowledge they learned to other peasants around them. The government can
also launch a project in cooperation with agricultural universities to recruit students each year,
sending them to rural areas to equip local farmers with advanced planting techniques.

3.1.3 Practice

Practice is a powerful means to ensure learning effects. In British agricultural education system,
the ratio of practice and theory education is at least 2:3, showing the importance of practice.
Campus farms and production workshops, at the basis, should be built with the support of
government. Offering farmer students with internships to rice enterprises is also an effective way
in peasants’ education.

3.1.4 Supervision Mechanism

Establishing operational supervision mechanism is also quite important. In many developed
countries, to be qualified to work as professional farmers, students have to first pass an
examination. German farmers aren’t allowed to get preferential policies and loans offered by
government before they get “Green Certificate”, a qualification for professional farmers. To
ensure the quality of farmers’ education, qualification examinations are widespread among
developed countries. [10] Most countries holds an elimination rate of 1%-2%. Hungary possesses a
particularly strict accreditation system, with some schools failing 20%-50% students. Assessment
and examination are the internal driving force for the smooth progress of peasants’ education.
After the Indian farmers receive education, written and operational exams are indispensable. Each
state should set up an assessment outline according to the actual situation and in this way,
gradually form a sound assessment system.

3.2 Ways to Reform Land System

First, nationalizing and then redistributing a portion of land can be experimented to ease the
conflict between landlords and peasants. With the subsides allocated by governments and
voluntary investment by villagers, collective production by township enterprises (especially in
untouchable areas) can facilitate consolidation of scattered land and therefore improve rice yield.
By giving out dividends, villagers’ production can increase. Farmers could also be encouraged to
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lease their land to professionals. In this way, paddy fields can be collected and then cultivated with
higher technology standards. Next, government should encourage enterprises as cooperative
partners so as to promote diversified development of rice production. [11] Enterprises can try
contract operations among small or marginal farmers. Meanwhile, physical infrastructure should
be constructed to attract business investment in rural areas. But before labour force in primary
industry drops to a relatively low level, the direct participation of cooperative enterprises in rice
production should be controlled.

3.3 Ways to Improve Agricultural Technology

3.3.1 Irrigation Technology

(1) Controlled Irrigation

Positive Effects of Controlled Irrigation

Proper irrigation techniques can be used to increase the efficiency of farm inputs and at the same
time help the plant grow healthier. “Controlled Irrigation” is a irrigation method operated through
testing irrigation conditions such as soil environment and water demand. “Controlled” means
“irrigation carried out accurately according to crops’ demand”. Controlled irrigation is able to
reduce water used in rice production by 16-35% as well as increase the efficiency of the plants in
using soil nutrients and applied fertilizers. [12] Considered to be a technology with high technical
content and remarkable effect in improving rice yield, Controlled irrigation is attracting rising
attention around the globe. From the following two tables, we’re able to see the positive effect of
control irrigation on rice production. [13]

Note: Shallow irrigation’s “Shallow” here means the depth of water is shallow. This method
requires irrigating once every 3-5 days to a depth of less than 10mm to just keep the soil wet.
Shallow&Wet irrigation is a kind of irrigation method combining shallow irrigation and wet
irrigation which dries field at proper times. It requires irrigating up to 30-50mm each time and not
watering again until the field is completely dry. Intermittent irrigation means not irrigating
continuously. Instead, water every 4-6 days to 30-50mm.

Fig Ⅰ. Rice yield per unit under 6 kinds of irrigation methods



8

Fig Ⅱ. Main components of rice crops grew under the six varieties of irrigation methods
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The table above shows the influence of different irrigation techniques on the main components
and corresponding amount of rice yield (the theoretical output is equal to the product of the first
three items). As can be seen from above, controlled irrigation possesses the highest theoretical
yield among the six methods, which indicates that this way of irrigation is the most conductive to
improving production, followed by film hole irrigation.

Notes on Controlled Irrigation

Make the field smooth first in order to facilitate irrigation. Then, pour in a relatively small amount
of water and rake the field smooth. Fertilizers and herbicides should be applied at last.

It takes about 6-8 days for rice to turn green. During this period, the upper limit of water level is
25-30mm. After transplanting rice seedlings, their roots haven’t recovered from injury caused by
transition and thus have a weak ability of absorbing nutrition. Therefore, it’s important to
guarantee water supply.

Field drying should be conducted from the beginning of tilling. In the early stage of tilling, each
unit should get 10-15m³water for each irrigation. When the rice enters into reproductive period,
the lower limit value of water content should be brought down to avoid it tilling too much. The
photosynthesis and metabolism is strong at the period of heading and flowering. During this time,
the rice needs more water and it is also important to maintain a balance between H2O and O2 for
the sake of protecting roots. At this stage, water should be irrigated to saturation. The lowest limit
is 70%-80% of the upper. This period normally lasts for 10-15 days of irrigation and then comes
3-5 days of field drying. As for expensive irrigation equipment needless to be fixed to the ground,
a certain amount of money can be collected to purchase public-used equipment from each
household willing to use those facilities. The government should strengthen the road traffic
construction and the capability of transportation of the transport lines to rural areas so as to ensure
the logistics of equipment delivery.

If water management is neglected during the filling period, rice field will be likely be significantly
reduced, for the carbohydrates on rice leaves accounts for 60%-80% of the total. Irrigation is
needed every 3-4 days during this stage. [13]

(2) Film Hole Irrigation

Film hole irrigation is a new surface irrigation method developed on the basis of the cultivation
technology of film cover. Films are spread on the furrows so as to carry and infiltrate water
through the irrigation holes.

The production efficiency of traditional irrigation is 0.40kg/m³, which is only 45% of film hole’s
efficiency. Accordingly, film hole irrigation can greatly improve the production efficiency as well
as save precious water.

Fig Ⅲ. Water-use efficiency of the six varieties of irrigation methods
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India belongs to the tropical monsoon climate zone, having distinct wet and dry seasons. During
the period when there’s hardly any rainfall, the high temperature and little precipitation result in
high evaporation, posing great challenge to the irrigation of rice. Film hole irrigation method is
just a suitable key to this existing problem. Film hole is also less expensive, which makes it
suitable for promotion in rural India.

(3) Drip Irrigation

India suffers from severe water shortage, especially in its southern regions such as Tamil Nadu.
The lack of water resources has seriously hampered domestic rice production. Despite the
pessimistic current situation, practice has shown that drip irrigation is capable of reducing water
consumption and increasing rice yield. Take 69 years Mr. Arthasarathy who won the Innovative
Farmer Award in Hyderabab for example, by applying drip irrigation at a large scale in rice
cultivation, he has not only saved 45% of water but also increased rice yield by 50%. [10]

Drip irrigation equipment mainly includes valves, pipes, connectors and driplines. There are two
types of drip irrigation, micro-sprinkler irrigation as well as subsurface drip irrigation. The latter
use irrigation strips buried under the roots of row crops like rice. Showing remarkable effect on
saving water, drip irrigation is more and more popular among water-starved areas.

The following pictures show the basic components of drip irrigation.



11

Fig Ⅰ. Drip Irrigation Components [14]

Fig 2. Component of Drip Tube [15]

Drip Irrigation can increase rice yield by 50%, up to 12 tons per hectare. With the traditional way
of irrigation, the level of harmful arsenic soars because of flooded rice roots. Drip irrigation is able
to reduce arsenic absorption by up to 90% by keeping the roots from submerged.

As was mentioned above, drip irrigation is an exceptional water-saver. It has been proved to save
water by 50%, and thereby increase rice yield by 25%. By using conventional irrigation method, it
takes 5,000 m³water to produce 1 ton of rice, while drip irrigation only requires 1,500 m³water. In
addition, drip irrigation can reduce evaporation, runoff and infiltrate of irrigation water which
should be absorbed by rice plants.

Because of the high cost of drip irrigation technology, farmers with rich experience can be
selected to ration the equipment of drip irrigation at a low price. When the increase of rice
production brought by drip irrigation has significantly increased their income, government can
collect taxes from them for the use of technology, thus accumulating funds for the promotion of
drip irrigation technology. The government can also reduce the cost of drip irrigation by recruiting
and subsidizing high-tech companies which are willing to improve this technology. Peasants and
citizens could try to improve the existing irrigation techniques and post their accomplishments to
the local governments in order to reduce the cost as well as help government promote the
technologies.



12

Fig Ⅲ. Sketch of Drip Irrigation [16]

Last but not least, drip irrigation sends water and nutrients directly to the rice roots, avoiding
underwater pollution.

3.3.2 Adoption of Fine Breed: Sea-Rice

Sea-rice is a rice variety situated between wild and cultivated rice, mostly planted in coastal flat
areas. Sea-rice is able to adapt to quite harsh conditions, taking pride in its strong resistance to salt
and alkaline, water logging, pest disease and lodging.[17] By applying sea-rice at a large scale in
land with salt and alkaline, the survival rate of rice can be greatly increased, thereby improving
rice yield. The following experiment conducted by Guangdong Ocean University successfully
proved the remarkable resistance of sea-rice to salt stress.

Fig Ⅳ. Categories of Ingredients [18]

Fig Ⅴ. Experimental Procedure [18]

With the increase of salt content in soil, the chlorophyll content of all four varieties dropped, while
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different kinds of seeds reacted differently to the same content of salt in soil. [18]

As soil salinity increases，the change of soluble sugar content varies; the soluble sugar content of
JX99, IR29 and Pokkali all rise, while that of FL478 first rises and then descends. Under the salt
stress of 0~3g·kg -1, the soluble sugar content of salt-sensitive rice ‘IR29’ was significantly higher
than that of sea-rice.However, when the stress rises to 4-5g·kg -1 , it’s sea-rice (Pokkali and JX99)
which has higher soluble sugar content. This indicates that salt stress promotes the synthesis and
accumulation of soluble sugar in sea-rice plants, as the soil salt content increases, more soluble
sugar is accumulated in sea-rice in order to alleviate the damage to crops caused by salt stress.

Chapter 4. Summary

At present, India faces a large population and rising population density. As the most important
staple food of India people, rice must be provided in sufficient quantity and quality, which
requires the improvement of rice yield. The increase not only solves the problem of starvation, but
also promotes the transformation and upgrading of Indian agriculture, and therefore boost national
economy through exportation. This article tries to analyse the reason for peasants’ low scientific
and cultural qualities from the perspective of history and convention. Then, based on Indian
current regulations, give advice to promoting farmers’ education in order to increase rice yield
nationwide. In addition, by comprehensively applying the three irrigation methods mentioned in
above paragraphs, this article is dedicated in increasing rice yield in some key parts of India.
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