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Foreword 

The challenges of agriculture will not only be 

to meet the food needs of expanding South 

Asian population in the next 20 years, but to 

sustainably manage soil and water resources 

for present and future generations. This 

region has been experiencing demographic 

pressure which drives large number of people 

to get goods and services from a single unit 

of land. An expanding population and the 

urgency of eradicating hunger and malnutrition require for an 

effective actions to ensure sustainable growth in agricultural 

productivity and production for food and nutritional security.  

Now a days fertilizer consumption trend is increasing in South 

Asian Region which is alarming for land resources. Therefore, 

over consumption and also inefficient use of inputs such as water 

and fertilizer deteriorating the land led to stagnating crop yields 

and declining soil fertility. Recognizing this threat SAARC 

Agriculture Centre has initiated the program on Integrated Plant 

Nutrition System (IPNS) in sequence with proposed project 

proposal on “Role of IPNS for Sustainable Intensification of 

Agriculture in SAARC Countries” as a national, regional and 

global strategy to combat loss of farm productivity is a profitable 

investment for sustainable rural livelihood, food security and the 

environment.  

IPNS is the system where the fertilizer recommendation should be 

taken into account and depends on the cropping system pattern. 

Different land Use system support different cropping pattern and 

each cropping pattern have different IPNS system. IPNS enables 

the adaptation of the plant nutrition and soil fertility management 

in farming systems to site characteristics, taking advantage of the 

combined and harmonious use of organic, mineral and biofertilizer 

nutrient resources to serve the concurrent needs of food production 

and quality in an integrated manner, appropriate to each cropping 

system and farming situation in its ecological, social and economic 

possibilities which is urgently needed for South Asian Region. 
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This is the compilation of the country status reports presented by 

professionals form seven Member States (Bangladesh, Bhutan, 

India, Nepal, Maldives, Pakistan and Sri Lanka) in a consultation 

meeting organized by SAARC Agriculture Centre in collaboration 

with Bangladesh Agricultural University (BAU), Mymensingh, 

Bangladesh during 09-10 April 2017 in Bangladesh Agricultural 

University, Mymensingh, Bangladesh. The regional initiative is 

generated a variety of recommendations and project proposal, 

which can be implemented by Member States. This book on 

Integrated Plant Nutrient System, dealing with various aspects of 

plant nutrition, is an attempt to provide support to the ongoing 

efforts directed at enhanced and sustainable agricultural 

production. It seeks to bridge the scientific knowledge gap, and it 

presents updated information on plant nutrition of different 

countries. In helping stakeholders to improve their ability to 

identify and resolve constraints relating to plant nutrition, be they 

of a technical, economic, social or policy nature and to 

demonstrate on the field practical ways of increasing production 

through efficient plant nutrition, the guide should assist in 

achieving the goal of food security. 

I would like to acknowledge the contribution made by the focal 

point experts of SAARC member countries in preparing a 

comprehensive paper and participating in the consultation meeting. 

The contribution of Ms. Fatema Nasrin Jahan to the 

conceptualization, initiation, technical guidance, inputs, reviewing 

and editing of this publication is duly acknowledged. Special 

thanks are due to Dr. T.R. Gurung for his contributions in 

progressively shaping this document is most gratefully 

acknowledged. I personally hope that this publication will provide 

detail and comprehensive information on available resources and 

present status and also future activities related to IPNS system for 

fertility management and nutritional security in South Asian 

Region. I would welcome receiving feedbacks, comments and 

suggestions from readers for our future endeavors. 

 

Dr. S. M. Bokhtiar 

Director, SAC 
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Chapter 1 

Integrated Plant Nutrition System in SAARC 

Countries: Synthesis 
 

Fatema Nasrin Jahan and Tayan Raj Gurung
 

NRM Division, SAARC Agriculture Centre 

tayangurung@yahoo.com and fnnimmy@gmail.com 

Agriculture in South Asia 

South Asia is the home for 20% of the world population and more 

than 40% of the world’s poor live in the region. It has 28% of the 

world’s agricultural population and 3% of the world’s total land 

area. While the region is developing rapidly both industrially and 

economically, it faces difficult challenges to meet the growing 

demand of its burgeoning population in the face of climatic and 

other socioeconomic changes. The region is also challenged with 

rapidly degrading natural resources due to over exploitation, 

mismanagement, and climate change impacts. Region is facing the 

common challenge of increasing food production from same or 

less land, less water, and increased energy prices (Golam, 2016). 

South Asia is a region with limited land and water resources to 

support its huge population. The limitations are compounded by 

the topography in countries such as Nepal and Bhutan, soil 

conditions and aridity in countries such as Pakistan, and disaster-

prone areas in countries such as Bangladesh. The region is 

approaching the limits of sustainable use of those meager resources 

as well. In South Asia about 94% of the potential farm land is in 

use and by 2030 nearly 98% of all potential agricultural land 

would come under cultivation (FAO, 2002). 

The FAO/UNEP, study found that altogether 140 Mha, or 43% of 

the region's total agricultural land, suffered from one form of 

degradation or more. Of this, 31 Mha were strongly degraded and 

63 Mha moderately degraded. The worst affected country was 

Bangladesh (75%), Pakistan (61%), Sri Lanka (44%), Afghanistan 

(33%), Nepal (26%), India (25%) and Bhutan (10%). Soil fertility 

decline, due to lowering of soil organic matter and loss of 

nutrients, is substantial and widespread in the region. This is due 

mailto:tayangurung@yahoo.com
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primarily to the increased and incorrect use of fertilizers. 

Salinisation, or soil degradation caused by increase of salt in the 

soil, is caused by incorrect irrigation management or intrusion of 

sea water into coastal soils arising from over-abstraction of 

groundwater. It is severe on irrigated lands of the dry zone. It 

reduces crop yield and in severe cases causes complete 

abandonment of agriculture. 

Soil erosion is the most important factor of land degradation in 
South Asia. It is estimated that about 25% of areas in this region 
under crops and pasture are degraded by water erosion. Land 
vulnerable to degradation was estimated to 81% for India the 
highest in the region. The vulnerability to land degradation for 
Bangladesh, Sri Lanka, Pakistan, Nepal and Bhutan is estimated at 
63, 53, 39, 21, and 3% respectively. Land and soil degradation is 
the general scenario in the region but serious problems are specific 
to certain locations and sub regions identified as degradation 
hotspots across South Asia. 

Soil Fertility Status in South Asia 

In Bangladesh, soil fertility has declined. Consequently, more 
fertilizer requirement arises and new nutrient deficiency occurs. 
Chronologically Nitrogen (N), Phosphorus (P), Potassium (K), 
Sulphur (S), Zinc (Zn) and Boron (B) deficiency has arisen in 
Bangladesh soils. Magnesium (Mg) deficiency is also reported in 
Old Himalayan Piedmont Plain and Tista Floodplain soils. There is 
sporadic information of Copper (Cu), Molybdenum (Mo) and 
Manganese (Mn) deficiencies in crops. Deficiencies of Iron (Fe) 
and Chlorine (Cl) are not yet found. N is the most deficient 
nutrient element in this country's soils. More than 60% urea-N loss 
occurs in wet land rice culture. The highest nutrient mining takes 
place with K. Mining of P and S is minimum. Zn deficiency is 
particularly evident in calcareous and wetland rice soils, and B 
deficiency in light textured and high pH soils. A good soil should 
have at least 2.5% organic matter, but in Bangladesh 60% soils 
have organic matter less than 1.5% and 45% soils have less than 
1% organic matter (FRG.,2012). 

In Bhutan, generally the soil nutrient status is poor. The major 
concerns are a low pH and N, P status and imbalanced base 
nutrition. Soils on mountain slopes inherently exhibit low fertility 
due to high erosion potential, limited soil depth, and unfavorable 
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parent material. The pH of the soil is within the low to medium, 
exchangeable Al saturation % is low to very low, no aluminum 
toxicity, organic matter content is moderate, C:N ratio is good with 
values within the range of 11 to 14, P and K contents are low in 
most soils. However P deficiency is considered more severe in 
Bhutanese soils as the underlying geology is rich in K. 

In Indian soils are generally low in organic C. Indian soils are 

working with negative nutrient balance to the tune of 12-14 million 

tons per year and the negative balance is likely to increase in future 

even after using the full potential of fertilizer industry. The 

Nutrient deficiency in the country is mainly due to imbalance use 

of fertilizers NPK coupled with low addition of organic manures 

and micro and secondary nutrients.  

In Maldives no soil fertility tests have been officially carried out. 

This is largely due to the lack of resources, facilities and expertise 

in the related field.  

In Nepal is facing a serious problem of soil quality decline as a 

result of recent changes in agricultural practices and increasing 

resource constraints. The soil fertility status of Nepal as per the 

Soil Management Directorate (SMD) is acidic (66.68%) followed 

by neutral (23.14%) and alkaline (10%). 54.60% of the soil sample 

contains low organic matter content followed by medium (37.11%) 

and high (8.28%). N is the most limiting nutrients in the most hill 

areas. P and K content ranges from low to high. Emerging 

deficiencies of micronutrients especially Zn, B and Mo are 

increasing in extent in intensively cropped areas in different 

ecological belts of the country.  

In Pakistan the cultivated soils are calcareous and alkaline with 

pH 7.0 to 8.5. Deficiency of N in Pakistan soil is common. In case 

of P more than 90% soils have inadequate of P nutrient. In case of 

K, the picture is not as clear as of N and P. The reports state the 

deficiency of K exist up to 40% in soils, but crop responses to K 

are erratic and use is negligible. Among micronutrients, field-scale 

deficiencies of economic significance prevail in case of Zn, B, and 

Fe. The organic matter content of the majority of cultivated lands 

averages around 0.5%. About 84% soil samples analyzed have 

shown that organic matter content is very low (Ahmed and Rashid, 

2003). 
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In Sri Lanka Soil fertility decline could be mainly attributed to 

depletion in soil organic matter content and loss of plant nutrients 

via leaching and run off. Organic matter content is less than 1% in 

different region. P availability is low in soils, rich in K, 

micronutrients are rather limited in Sri Lanka soil.  

Fertilizer Use and Patterns in South Asia 

N consumption rate in South Asia 

Fertilizer consumption in South Asia has been increasing at a fast 

pace. It is the second largest fertilizer consuming region in the 

world. At the country level India is the second biggest consumer of 

fertilizer in the world next only to China. Its share in world 

consumption of N, P and K is 19.8, 18.4 and 9.1%, respectively. 

Moreover, South Asia would continue to remain deficit in all the 

three nutrients.  

 

Figure 1: N consumption rate in South Asia 

In Bangladesh inorganic fertilizers was introduced during early 

1950’s as a supplemental source of plant nutrients. Their use 

increased steadily from the mid 1960’s along with the introduction 

and expansion of modern varieties accompanied by the 

development of irrigation facilities. Of the three nutrients, N alone 

constitutes about 80% and P and K constitute the remaining 20%. 

As per the data (Figure-1), the use of N fertilizer consumption over 

the years from 1980-1981 to 2015-2016, was increased as the time 
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million metric ton which was increased up to 1.183 million metric 

ton during 2015-2016. From 1980 to 2016 the average N 

increasing rate was 55.26% in Bangladesh.  

In case of Bhutan, the consumption of N fertilizers increased by 

13% from 2000-2010 to 2010-2016.In India, the consumption of 

N fertilizer over a period has shown increasing trend. During 1980-

1989 to 2010-2016 the consumption of fertilizers was increased by 

47.53%. The graph shows that during 1980-1989 to 1990-1999 the 

consumption rate increased from 5.44 million metric ton to 9.67 

million metric ton. Whereas the consumption rate was gradually 

down to 12.70 million metric ton during 2000-2010 period and the 

rate was down from 77.75% to 31.33%. As compared with 2000-

2009, the Consumption rate was slightly increased during 2010-

2016.  

There is continuous increasing rate of N fertilizer consumption 

over decades in Pakistan. N fertilizer use increased from 1.101 

million metric tons during 1980-1989 to 3.06 million metric tons 

during 2010-2016. The average increasing rate is 42.47% from 

1980-1989 to 2010-2016.  

N fertilizer consumption rate in Sri Lanka has been increasing 

steadily during the last 15 years. During 2010-2016, the 

consumption rate is increasing 15% than last decade. The overall 

increasing rate was 5.28%. 

P consumption rate in South Asia 

 

Figure 2: P consumption rate in South Asia 
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The graph shows overall increasing trend of P consumption in 

South Asia. In Bangladesh, P consumption rate was 0.068 million 

metric ton during 1980-1989 which increased around 7.3% during 

1990-1999. The rate of increase is high from 2000 to 2016. Its 

estimated around 99% consumption was more during 2000-2016 

that was 0.113 million metric ton to 0.203 million metric ton. In 

Bhutan overall P consumption rate increased around 50% from 

last four decades. In India P consumption rate increased (72%) 

from 1980 to 1990. But the trend was decreasing in 2000 by 52% 

in consumption to previous decade and further decreased to 32% in 

2010. In Pakistan the consumption trend fluctuates over 4 

decades. From 1980 to 1990 the consumption rate increased by 

46% which further increased up to 58% during 2000-2009. It was 

observed that the P consumption trend was drastically reduced 

(11%) in the following decade. In Sri Lanka P consumption rate 

was increased by 31% during 2010-2016.  

K consumption rate in South Asia 

 

Figure 3: K consumption rate in South Asia 
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of consumption showed increasing trend. However Pakistan 

scenario was reverse to India and Bangladesh. The consumption 

rate was 1.101 million metric ton during 1980-1989 which 

decreased 33% in the following decade. In 2000-2009 the K 

consumption rate was 2.28 million metric ton that was same during 

2010-2016 K consumption rates. Sri Lanka showed the decreasing 

trend of K consumption like Pakistan.  

Best Practices of IPNS in South Asia 

Bangladesh 

The IPNS considers a cropping pattern, not a single crop. The 

major cropping patterns in Bangladesh include Boro - Fallow - T. 

Aman, Boro - T. Aus - T. Aman, Wheat - Fallow - T. Aman, 

Wheat - Mungbean - T. Aman, Maize - Fallow - T. Aman, Potato - 

Boro - T. Aman, Mustard - Boro - T. Aman, Onion/garlic - Jute - 

T. Aman, and Vegetables - Vegetables - T. Aman.  

Bhutan 

Rice based cropping system: Traditional management practices 

such as the sole reliance on farmyard manure or animal manure 

from tethering are not adequate to exploit the yield potential of the 

rice varieties, especially HYVs. Farmers usually apply FYM, 

tether their cattle in far away fields and also practices burning of 

crop residues in fields (Uden, 2010).  

The number of FYM baskets applied in paddy fields differs from 

place to place. Based on the numerous field experiments done by 

NSSC and present knowledge N 24-36 kg ac
-1

, P 14-14 kg ac
-1

 and 

K 8-16 kg ac
-1

 is the application ranges of both local and HYV 

variety of rice. 

To improve the soil structure and water holding capacity, farmers 

use FYM or compost prior to or during land preparation. 

Generally, 2-3 tons of FYM per acre is recommended, 

supplementing with N top dressing @ 14 kg ac
-1

 after 30-40 days 

of transplanting can lead to higher yields. Where ever possible, use 

of green manure like Sesbania aculeata (dhaincha) as a pre–rice 

manure in sub tropical areas.  
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Maize based cropping system: In eastern part of Bhutan, potato is 

usually intercropped with maize. Maize is usually sown about one 

month after potato. The centre (NSSC) has collected soil samples 

once after every two years to generate information on the soil 

nutrient status managed by farmers. The information on soil 

fertility management for these crops was also collected during soil 

sampling time. 

India 

Few best IPNS system packages for dominant cropping system 

including cereals, oilseeds, pulses and cash crops for different 

agro-climatic regions of India are as below: 

 Rice – Wheat cropping system: Rice : 40 kg N + FYM/Green 

Manure @ 15 t ha
-1

+ 20 kg Zinc sulphate (in Zn deficient soils) 

and Wheat : 120 kg N + 80 kg P2O5 (through SSP) + 40 kg 

K2O 

 Maize – Wheat cropping system- Maize : 60 kg N + 30 kg 

P2O5(through SSP) + 20 kg K2O + 10 t FYM + fresh 

Eupatorium/ Lantana Mulch @ 10 t ha
-1 

and Wheat : 80 kg N + 

30 kg P2O5 ( through SSP) + 15 kg K2O 

 Rice – Mustard- Rice : 40 kg N + 30 kg P2O5 ( through SSP) 

+ 40 kg K2O + FYM/GM @ 10 t ha
-1 

+ Azolla @ 10 t ha
-1

+ 20 

kg Zinc Sulphate once in 3 years + 5 kg borax + 1 kg 

ammonium molybdate + 5 kg copper Sulphate and Mustard : 

20 kg N + 10 kg P2O5 ( through SSP) + 25 kg K2O 

 Rice – Potato- Rice : 40 kg N + 20 kg P2O5 + 15 kg K2O + 

Azolla/GM @ 10 t ha
-1 

+ 20 kg Zinc Sulphate once in 3 years + 

5 kg borax + 1 kg ammonium molybdate + 5 kg copper 

sulphate and Potato : 50 kg N + 50 kg P2O5 + 30 kg K2O + 

FYM@ 10 t t ha
-1 

+ seed treatment with Azotobacter and PSB 

 Groundnut-Pigeon pea intercropping-100% RDF + lime @ 

2 t ha
-1 

+ FYM @ 2 t ha
-1 

+ Soil water conservation measure 

(furrows between groundnut and pigeon pea rows) 

 Kharif Pulses – Fallow- Pulses : 10 kg N + 20 kg P2O5 +10 

kg K2O + Rhizobium + 2.5 t FYM 
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Maldives 

In the Maldives, farmers are highly dependent on inorganic 

fertilizers. Sustainable land use practices are usually neglected in 

order to maximize the amount of income generated from the small 

plots of land allocated for crop production. Farmers have 

traditionally come up with their own random patterns for organic 

and inorganic fertilizer applications. These often contradict with 

the recommended levels of the Government. However banana and 

mango fields are often prepared prior to planting by using only 

organic material. It is not common to use inorganic fertilizers on 

such crops in Maldives. 

In order to improve soil structure and texture, soil conditioners are 

prepared in the Centre. This usually comprise of main compostable 

plant material available from the site and goat manure which 

comes from the goat farm in the Centre. Traditionally farmers have 

always been incorporating large amounts of organic material in the 

soil prior to cultivation. Soils in Maldives being highly alkaline) 

the importance of spreading compost and animal manure has 

always been emphasized.  

Nepal 

Cereal-based cropping systems: Rice, maize, wheat and millet 

are major food crops grown in Nepal. Rice-dominated cropping 

systems rice-wheat, rice-legume and rice-vegetable are in the 

Terai, as opposed to maize-dominated cropping systems maize-

wheat, maize/millet and maize-vegetable are in the Mountain and 

the Hill regions. Almost all farmers from both Terai and Hill grew 

improved varieties of wheat. Terai farmers applied 60 kg N, 15 kg 

P2O5, and 23 kg K2O ha
-1

 in the form of urea, DAP and K. Hill 

farmers usually applied 100 kg N, 17 kg P2O5 and 0 kg K2O ha
-1

. 

Hill farmers also applied about 5 t FYM ha
-1

.  

Application of farmyard manure is the most common practice of 

nutrient management in Nepal. In Hill maize based cropping 

system FYM is only major source of fertilizer. Legumes are widely 

grown across the hills and Terai of Nepal, with the most common 

being soybean, lentils, chick pea, black gram, cow pea, various 

beans, horse gram, field peas, and rice bean. They are mostly 

intercropped or relay cropped with cereals such as maize, millet, 
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and rice. They are also planted on terrace edges and rice paddy 

bunds. It reduces application of N fertilizer as legumes fix 

atmospheric N2.  

Pakistan 

Rice-Wheat Cropping System: In rice-wheat cropping, both the 

cereals in the system are exhaustive feeder of soil nutrients. 

Organic matter levels in the soils are low and inherent soil fertility, 

especially of N is poor. Soil structure is deteriorated due to 

puddling done for rice. For sustaining crop yields and rejuvenating 

soil health all the sources of plant nutrients both inorganic and 

organic have to be used in an integrated manner in a cropping 

system prospective.  

Maize-Wheat Cropping System: Generally organic matter is low 

in soils under maize-wheat system. Both the crops are nutrient 

exhaustive crops. Crop removal of nutrients exceeds nutrient 

addition. Nutrients are mined at a rapid pace. Fertilizer use is 

imbalanced. There are wide spread deficiencies of macro and 

micro-nutrients. Due to low organic matter, soil structure is 

deteriorated. For raising crop productive potential, benefits from 

all sources of nutrient both from organic and mineral fertilizer need 

to be harvested in integrated manure.  

Sri Lanka 

The most dominant cropping system in Sri Lanka is the rice-rice 

cropping system. The most commonly generated organic manure 

in rice-rice cropping system is rice straw. Straw could replace 

nearly one third of the N and the total supply of K in inorganic 

fertilizer terms. Although the substitution of K from rice straw is a 

clear fact the substitution of N as the N dynamics under different 

environmental and soil conditions would differ. The N supply form 

well water could exceed the total N recommendation made for chili 

and onion. Incorporation of the residue of the groundnut crop 

could save nearly one third of the N fertilizer requirement of the 

succeeding rice crop.  

In vegetable-vegetable cropping system, application of poultry 

manures at the rate of 10 t ha-1could save 50% of the 

recommended inorganic P and K fertilizers. The crop combination 
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was cabbage, tomato, pole bean and tomato in a two year period. 

Incorporation of the in situ grown black gram could increase the 

soil available P and exchangeable K content compared to the no 

black gram treatment. 

In rice–maize cropping systems in sandy soils in Sri Lanka, the 

highest increment was observed with poultry manure when 

combined used with inorganic fertilizer fallowed by cattle manure. 

Straw combined with inorganic fertilizer had given the lowest 

response.  

Use of leaf colour chart was introduced to Sri Lankan rice farmers 
and it was shown that the use of Leaf colour chart could nearly 
save 20 - 25% N (Sirisena et al., 2003) as it acts in two ways in 
saving N. Firstly by efficient utilization as it gives opportunity to 
apply the fertilizer on need based and secondly it identify the 
indigenous N supplying capability of the locality where the crop is 
grown.  

There are several best practices of IPNS adopted in Sri Lanka.  

1. Rice the staple crop of the country represents the major crop 
cultivated in Sri Lanka. It is very well accepted that rice crop 
removes nearly 105 kg K from one ha of land while yielding 
nearly 5 t of paddy. The present K recommendation to rice is 
only 30 kg for majority of rice lands.  

2. Mung bean- a pulse crop- has been introduced as an intercrop 
crop in the rice-rice system mainly in the dry and intermediate 
zones of the country. This introduction was very successful 
contributing to nearly 60% of the annual mung bean production 
in the country covering 11,000 ha of land.  

Recommendation/Way forward 

Bangladesh 

- Soil fertility and crop productivity can be well maintained 

through judicial use of manure and fertilizers and by following 

legume base crop rotation.  

- Emphasize livestock development to generate higher farmyard 

manure. 

- No tillage or minimum tillage practice should be encouraged to 

the farmers. 
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- Promote domestic wastes, farmyard wastes (cattle dung, 
feed/fodder refuse, harvested crop residues, poultry excreta 
etc.), farm wastes (crop residues, weeds, etc.) prepare compost 
at farm or house hold level. 

- Reduce cost of organic fertilizers and ensure quality and 
efficient distribution system, Public Private Partnership may be 
the principal option.  

- Awareness should be developed among the farmers in using 
organic matter/fertilizers and IPNS. 

Bhutan 

- Quantify and measure the deficit of plant nutrients from locally 
available organic sources.  

- Increase the quality production and proper management of 
compost can be a priority in future for Bhutanese farmers. 

- Promote use of balance application of chemical fertilizers 
along with making use of locally available organic resources 
should be promoted at larger scale.  

- Improve access to fertilizer resources. 

India 

- Development of IPNS module in farmers’ participatory 
research mode through cluster approach keeping in view the 
farmers resource availability. 

- Development of IPNS module for crops and cropping systems 
under drip fertigation involving nano materials such as nano-
rock P. 

- Agriculture will need to be progressively adapted to climate 
change and there is a need to recommend changes in IPNS 
strategies accordingly. 

- Crop diversification with leguminous crops vis-à-vis IPNS 
system for different regions. 

- Development of IPNS system for agro-ecoregions involving 
customized/fortified/coated fertilizers. 

- Convergence of various governmental schemes related to IPNS 
for ensuring synergy and achieving greater efficiency of 
implementation within a definite time frame. 
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- Distribution of bio-gas plant to each farm families for proper 

recycling of rural wastes into IPNS module of the region. 

- On-farm generation of enriched compost/ vermicompost/ bio-

fortified compost through rapo-composting techniques and 

promotion of city compost. 

Maldives 

- Develop the network for information dissemination from 

scientist to farmer’s level.  

- Increase the capacity for allocation of researcher/field officer to 

major agricultural areas to improve all kind of agricultural 

practices (Soil fertility management, soil testing, composting 

etc.) 

- To promote IPNS standards and regulations at national level. 

- Capacity Development to the scientist, field officer and farmers 

- Promote agricultural mechanization  

- Unavailability of Natural Resources (Agricultural land, good 

water source and geographical distribution) 

Nepal 

- To prepare compost at farm or house hold level as in Nepal 

organic manure mixed with bedding materials is the main 

source of nutrients promote domestic wastes, farmyard wastes , 

cattle dung, feed/fodder refuse, harvested crop residues, forest 

litter etc. 

- Production of quality organic manure in required amount is 

challenging job.  

- Cattle Shed Improvement program is one of the most effective 

program.  

- However, up scaling of IPNS program needs further study to 

improve quality of organic manure, animal health and milk 

quality especially for high hill.  

- Organic conversion period takes longer time which is risky for 

small farmers. Limited research and convincing information on 

how IPNS contributes to sustainable agriculture and over all in 

sustainable development. 
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Pakistan 

- Major stress is being planned on micronutrients and stress 

environment 

- Soil profile mapping using Geographic Information System 

(GIS) and Remote Sensing (RS) by coordinates of Global 

Positioning System (GPS) 

- Environmental impacts of fertilizers, industrial and city wastes 

- Refining analytical methods and critical limits for nutrients in 

various cropping patterns 

Sri Lanka 

- Effective programmes need to be formulated and implemented 

to educate farmers and also to effectively communicate the 

correct way of implementing the IPNS related technology in 

the field. 

- The poor understanding of the extension agents on the role of 

plant nutrients in crop yield formation could also be one of the 

problems in correctly convincing farmers. 

- There are no fine tuned technology existed for IPNS that fits 

every agro ecological niche which shows a greater fluctuation. 

Hence, it is necessary to develop right technology and plant 

nutrient management strategies for different settings. 

- Identification of untapped nutrient sources and investigations 

on nutrient conservation in soil - plant system is also important 

in improving the IPNM (Integrated Plant Nutrient 

Management) for future. 

- In Sri Lanka the livestock industry and crop husbandry are 

handled individually. Therefore there are no proper crop 

livestock integration exits presently. It is necessary to establish 

a good integration between crop husbandry and livestock 

husbandry for mutual benefits of each sector to the other 

sector. 
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Chapter 2 

Sustainable Soil Fertility and Crop  

Productivity in Bangladesh 

Mohammad Jahiruddin 

Department of Soil Science, Bangladesh Agricultural University 

Mymensingh, Bangladesh 

m_jahiruddin@yahoo.com  

Introduction 

Bangladesh is a “Land of Stories”. Everything of this land tells a 

story; a story of Bangladeshi people and their heart. Not only the 

livelihood of Bangladeshi people is deeply rooted in this land, but 

also their life is deeply incorporated in this land. Bangladesh has 

three types of land – floodplains (80%), terraces (8%) and hills 

(12%). The country has an area of 14.4 Mha, of which 8.6 Mha is 

cultivable land and 23.3 Mha is forest land (Krishi Diary, 2017). 

The country has diverse eco-regions (30 AEZs), land uses and 

management practices. Crops are intensively cultivated in 

floodplains. Rice is the principal crop covering about 75% of 

cultivable area.  

Inherent capacity of this country's soils to supply nutrients to 

plants is in declining trend. The principal reason is higher crop 

removal due to increasing cropping intensity (192%) coupled with 

increasing cultivation of modern varieties (HYVs and hybrids). 

Rijmpa and Jahiruddin (2004) have estimated negative balance for 

N, zero balance for P and highly negative balance for K across the 

soils of Bangladesh. Revitalization of soil health is imperative for 

sustainable ecosystem and sustainable crop production.  

Nevertheless, neither fertilizer nor manure alone can sustain soil 

fertility and crop productivity, their integration is essential to 

achieve sustainable crop yield without incurring loss to soil 

fertility. 

Soil Fertility Status in Bangladesh 

As the time advances, soil fertility in Bangladesh has declined 

(Table 1). Consequently, more fertilizer requirement arises and 
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new nutrient deficiency occurs. Chronologically N, P, K, S, Zn and 

B deficiency has arisen in Bangladesh soils. Mg deficiency is also 

reported in Old Himalayan Piedmont Plain and Tista Floodplain 

soils. There is sporadic information of Cu, Mo and Mn deficiencies 

in crops. Deficiencies of Fe and Cl are not yet found. N is the most 

deficient nutrient element in this country's soils. More than 60% 

urea-N loss occurs in wet land rice culture. The highest nutrient 

mining takes place with K. Mining of P and S is minimum. Zn 

deficiency is particularly evident in calcareous and wetland rice 

soils, and B deficiency in light textured and high pH soils. 

Table 1. Changes in soil fertility during 1998-2011 in Manikgonj 

(AEZ 9) (Hasan, 2014) 

Land 

Type 
Year pH 

OM 

(%) 

N 

(%) 

K 

(cmol 

kg
-1

) 

Ca 

(cmol 

kg
-1

) 

Mg 

(cmol 

kg
-1

) 

HL 1998 6.5-6.7 1.62 0.12 0.15 13.15 5.21 

2011 4.8-5.3 1.23 0.06 0.30 12.06 4.55 

MHL 1998 6.4-7.3 2.10 0.14 0.15 10.26 2.71 

2011 4.3-7.0 1.06 0.05 0.18 9.58 2.51 

MLL 1998 5.3-7.2 3.55 0.21 0.30 11.12 3.21 

2011 4.2-7.4 1.36 0.07 0.27 10.83 3.24 

LL 1998 5.2-7.4 3.16 0.22 0.26 13.01 4.41 

2011 4.4-7.4 1.65 0.08 0.26 12.59 3.36 

VLL 1998 5.7-5.9 4.67 0.23 0.27 10.08 3.11 

2011 5.5-6.2 1.97 0.10 0.25 9.65 3.09 

Soil Organic Matter Status in Bangladesh 

Soil Organic Matter (SOM) is a key factor regulating long-term 

soil fertility. A good soil should have at least 2.5% organic matter, 

but in Bangladesh 60% soils have organic matter less than 1.5% 

and 45% soils have less than 1% organic matter (FRG-2012). As 

reported by Ali et al. (1997), during 27 years from 1967-1995, the 

highest depletion of soil organic matter has occurred in Meghna 

River Floodplain (35%) followed by Madhupur Tract (29%), 

Brahmaputra Floodplain (21%), Old Himalayan Piedmont Plains 

(18%) and Gangetic Floodplain (15%) (Hasan., 2014) has also 

observed a declining trend of SOM in Manikganj (AEZ 9) during 
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1998-2011 (Table 1). Soil organic matter varies with land types, 

soil depths and reducing conditions. The SOM level increases as 

land elevation decreases showing the order of low land > medium 

low land > medium high land > high land and within a land type, 

the SOC content decreases with soil depths (Hossain et al., 2014).  

The long-term fertilizer trials in Bangladesh demonstrate that in 

the rice-rice (anaerobic-anaerobic) cropping system, the SOM 

content has slightly increased (BRRI, 2007-2008), while in the 

wheat-rice (aerobic-anaerobic) system, the level has decreased 

(BARI, 2007-2008). The long-term study at IRRI, Philippines over 

the period 1983-2008 also shows that in the rice-rice-rice system, 

the SOM tends to increase (Pampolino et al., 2008).  

Soil organic matter is constantly undergoing changes and needs to 

be replenished continuously to maintain soil fertility. The major 

sources of soil organic matter include cowdung, poultry manure, 

domestic wastes, city wastes, sewage sludge, industrial wastes, 

crop residues, green manure etc. There is a limitation of SOM 

sequestration in this country’s soils. The greatest limitation is the 

rapid microbial decomposition of SOM due to existence of sub-

tropical humid climate. The OM decomposition is faster in the 

summer and slower in the winter. Increasing Cropping Intensity 

(CI) due to frequent tillage operations also influences microbial 

activity and in turn higher decomposition of organic matter. The 

other limitations include removal of crop residues for use as fodder, 

fuel, fencing etc. and use of cowdung for cooking purpose. Little 

use of manure, minimum cultivation of green manure (e.g. 

Sesbania) and use of top soil for making bricks, roads and houses 

are negatively impacting C sequestration in soils.  

Integrated Plant Nutrition System (IPNS) 

The basic concept of Integrated Plant Nutrition System (IPNS) is 

the management of all available plant nutrient sources, organic and 

inorganic, to provide optimum and sustainable crop production 

conditions within the prevailing farming system. Thus the IPNS 

approach refers to an appropriate combination of mineral 

fertilizers, organic manure, crop residues, compost, N-fixing crops 

and bio-fertilizers taking into account of the local ecological 

conditions, land use systems and the individual farmer’s social and 
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economical conditions. Simply it is the combined application of 

organic manure and chemical fertilizers. 

Expected Benefits of IPNS 

1. Sustenance of soil fertility and organic matter level 

2.  Improvement of crop yield  

3.  Less requirement of fertilizers 

4.  Reduced adverse effect of fertilizers on environment (soil, 

water & air)  

5.  Minimization of nutrient loss (leaching, gaseous loss) 

IPNS calculation 

The Integrated Nutrient Management (INM) based fertilizer 

requirement can be calculated as follows (FRG.,2012): 

  A = B - C  

  A = Amount of nutrient needed from fertilizer source 

  B = Total need of a nutrient for a crop on soil test or AEZ basis 

  C = Amount of nutrient supply from manure application  

Example: Nutrient addition from manure and fertilizers for potato 

AEZ: 19, Land type: Medium High Land, Rainfed/Irrigated 

condition: Irrigated 

Table 2: Fertilizer application rate 

Manure / Fertilizer N P K S Zn B 

Recommended dose 

(kg ha
-1

) 
135 30 90 10 2 1 

Supply from manure 

(cowdung @ 5 t ha
-1

) 
30 10 20 - -  

Supply from fertilizer 105 20 70 10 2 1 
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IPNS in Cropping Patterns 

The IPNS considers a cropping pattern, not a single crop. The 

major cropping patterns in Bangladesh include Boro - Fallow - T. 

Aman, Boro - T. Aus - T. Aman, Wheat - Fallow - T. Aman, 

Wheat - Mungbean - T. Aman, Maize - Fallow - T. Aman, Potato - 

Boro - T. Aman, Mustard - Boro - T. Aman, Onion/garlic - Jute - 

T. Aman, and Vegetables - Vegetables - T. Aman.  

There are many research reports stating the benefits of IPNS to soil 

properties and crop yield. Some of the works are mentioned here. 

The IPNS approach can produce comparable or higher crop yield 

compared to sole fertilizer use, as shown in Figure. 4 (FRG-2012). 

 

 

 

  

 

 

 

 

Figure 4: Grain yield of crops in the wheat-rice and rice-rice systems 

under IPNS and other  nutrient management practices (results are the 

average of 12 years)  

As observed by Haque (2014), application of poultry manure (3 t 

ha
–1

) produced greater yield compared to cowdung (5 t ha
–1

) and 

city waste (5 t ha
–1

). Manure was added to the first crop and the 

residual effect was evaluated on the next crop. Application of 

IPNS considerably increased OM, N, P and S contents of soil after 

2-crop cycles shows in Table3. Cowdung slurry (5 t ha
–1

) can be a 

substitute of 18 – 32% N, 40 - 100% P and 13 - 34% K and poultry 

manure slurry (3 t ha
–1

) be a substitute of 15 – 21% N, 50 – 100% 

P and 8 - 18% K for the chemical fertilizers in the rice-based 

cropping systems.  
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Table 3. Effects of IPNS on grain yield and soil properties in the 

rice-rice pattern 

Treatments 

(2 year’s average) 

Grain yield  

(t ha
-1

) 

Soil properties 

Boro 

rice 

T. 

Aman 

OM 

% 

Total N 

(%) 

Avail. P 

(mg kg
-1

) 

Avail. S 

(mg kg
-1

) 

T1: MYG-CF 5.06d 3.84e 2.29 0.126 4.14 12.8 

T2: HYG-CF  5.88c 4.01d 2.24 0.127 4.34 13.1 

T3: CD + T2  6.26b 4.05d 2.60 0.138 4.98 13.5 

T4: CD-slurry + T2  6.25b 4.14cd 2.52 0.131 6.96 14.2 

T5: PM + T2  6.64a 4.36ab 2.44 0.131 6.34 15.0 

T6: PM-slurry + T2  6.85a 4.45a 2.50 0.135 8.36 16.2 

T7: City compost + T2  6.18bc 4.25bc 2.37 0.130 4.30 14.0 

T8: Control 2.68e 2.55f 2.25 0.122 3.80 10.1 

Means followed by same letter in a column are not significantly different at 5 % 

level by DMRT. 

Variety used: BRRI dhan29 for Boro rice and BINA dhan7 for T. Aman rice. 

Initial soil level: OM - 2.28%, Total N - 0.129%, Avail. P - 4.00 mg kg
-1

, Avail. S 

- 12.6 mg kg
-1

  

The IPNS benefits are also evidenced in the triple cropping system, 

as in potato-mungbean-T. aman rice system showed in table 4 

(Bilkis, 2015). Among the organic sources, trichocompost (5 t ha
–

1
) followed by vermicompost (5 t ha

–1
) containing treatments 

demonstrated better results in comparison with cowdung (original 

or slurry, 5 t ha
–1

), poultry manure (original or slurry, 3 t ha
–1

), and 

compost (5 t ha
–1

).  

Therefore, it is necessary to use manure and fertilizers in an 

integrated way so as to obtain economically profitable crop yield 

and for sustaining soil fertility. 
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Table 4. Effects of IPNS on crop yield and soil properties in the 

potato-mungbean-rice pattern  

Treatments Potat

o 

(t ha
-

1
) 

M.bea

n 

(t ha
-1

) 

T. 

Aman 

(t ha
-1

) 

OM 

(%) 

Total 

N 

(%) 

Avail. P 

(mg kg
-

1
) 

Avail. S 

(mg kg
-

1
) 

T
1
: Control  4.5e 0.605d 2.37d 1.82  0.092 2.90 13.7  

T
2
: HYG - CF  17.8d 1.22c 3.50c 1.78  0.101  4.42  14.4  

T
3
: CD + CF  19.0c 1.31bc 3.60bc 1.98  0.104  4.63  15.5  

T
4
: CD slurry + C 

F  

19.2c 1.39b 3.75ab 1.89  0.107  4.73  16.5  

T
5
: PM + CF  21.2b 1.38b 3.79ab 1.98  0.110  8.01  14.8  

T
6
: PM slurry + 

CF  

21.3b 1.43ab 3.87ab 1.93  0.115  8.54  16.7  

T
7
: TC + CF  23.8a 1.62a 4.14a 2.03  0.118  6.88  15.9  

T
8
: VC + CF  22.8a 1.45ab 3.99ab 2.02  0.104  6.01  15.4  

Means followed by same letter in a column are not significantly different at 5 % 

level by DMRT. 

CF = Chemical fertilizer, CD = Cowdung, PM = Poultry manure, TC = 

Trichoderma,  

VC = vermicompost  

Variety used: Diamant for potato, BINA moog8 for mungbean and BINA dhan7 

for T. Aman rice. 

Initial soil level: OM – 1.85%, Total N - 0.099%, Avail. P – 3.56 mg kg
-1

, Avail. 

S – 11.9 mg kg
-1

 

Fertilizer application has a great role on determining soil organic 

carbon. Accumulation of soil organic carbon (SOC) shows a linear 

trend with up to 80% of organic fertilization (Figure 5). Sole 

application of fertilizer causes decline in SOC (Iqbal et al., 2014) 
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Figure 5: Effects of organic - inorganic fertilization on soil organic 

carbon content 

Constraints of IPNS Adoption 

There are several constraints of IPNS adoption in Bangladesh. 

These are pointed out below. 

- There is inadequate availability of cowdung since the number 

of cattle in this country is not increasing due to lack of grazing 

land for expansion of boro rice cultivation and further about 

25% of cowdung is used as fuel for cooking purpose.  

- Decomposition of organic matter is rapid because of sub-

tropical humid climate which favor rapid microbial growth. 

Frequent tillage operations for increasing cropping intensity 

also influences higher organic matter decomposition. 

- Application of compost is costly when it is used at a 

recommended rate (5-10 t ha
-1

). Unlike chemical fertilizers 

(urea, TSP & MoP), there is no subsidy on organic
 
fertilizers. 

- Farmers are less interested in growing legume or green manure 

crop (lentil, blackgram, Sesbania etc.).  

- Farmers' awareness about the benefits of IPNS is minimum. 

Conclusion 

Since fertile soil is the fundamental resource for higher crop 

production, its maintenance is a pre-requisite for sustainable crop 

yield. Soil fertility and crop productivity can be well maintained 

through judicial use of manure and fertilizers and by following 

legume base crop rotation. Unless supported by IPNS, the crop 
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intensification would lead to soil degradation and threaten food 

security. More motivation and subsidies (on compost) are required 

for adoption of IPNS technology. Agricultural policy should be 

strengthened so that farmers get support and guidance to switch 

over to IPNS technology from sole chemical fertilizer use.  
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Introduction  

Bangladesh is situated between 20º34′ and 26º38′ north latitude 

and 88º01′ and 92º41′ east longitude. It is the fifth most populous 

country in Asia and ranks eighteenth in the global context. The 

country has a land area of 14.83 Mha, population over 162 million 

with a density of more than 1077 person km
-2

, which is one of the 

highest in the world. 

Primarily, the country is deltaic floodplain. The topography is flat 

with elevation not exceeding 10 meters above mean sea level. The 

non-undulated topography is broken in the southeast by the 

Chittagong Hill Tracts and hills in the northeastern part of the 

country. Floodplain and piedmont plains occupy almost 80 % of 

the land area. Slightly uplifted fault blocks (terrace) occupy about 

8 % and hills occupy about 12 % of the land. 

Total cultivable land is about 8.6 Mha and total cropped area is 

15.25 Mha. During the last five decades per capita arable land 

declined from 0.17 ha in 1960 to less than 0.06 ha. The cropping 

intensity in the country is 192%. Contribution of Agriculture is 

about 14.75% to the GDP (AIS-2017). 

During the last three decades, food grain production has increased 

considerably about 11 million metric ton in 1970-1971 to 36.06 

million metric ton (2014-2015). The major driving forces are 

substantial intensification of cropping, introduction of modern 

varieties and expansion of irrigated area and use of chemical 

fertilizers. 

Soil Fertility Status 

Soil Fertility is the capability of soils to supply elements essential 

for plant growth without a toxic concentration of any element. It is 
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the inherent capacity of a soil to supply 14 of the 17 essential 

nutrient elements to the growing crop. It is the quality of soil that 

enables it to provide compounds or elements in adequate amounts 

and in proper balance for the growth of specified plants when other 

growth factors like light, moisture, temperature and the physical 

conditions of the soils are favourable. The conditions of 

Bangladesh soils as regards of general fertility and health are 

briefly enunciated below. 

Causes of Fertility degradation in Bangladesh is being indicated as 

intensive Crop Cultivation without balanced inorganic and organic 

fertilizer, adulterated Fertilizers, poor knowledge and resource 

base of majority farmers, removal of crop residues from crop fields 

(mainly for fuel purpose) etc. 

The average pH of Bangladesh soils could be taken on the acidic 

side of the pH scale, between 5.5 and 6.5. The Gangetic alluvium 

soils, particularly the calcareous one, have pH greater than 7.0, in 

some cases reaches up to 8.5. These soils contain free carbonates 

and bicarbonates. Soils in plateaus, raised lands and hills are 

usually acidic in nature. Because of pH variations, the nutrient 

availability, particularly that of P and some micronutrients, is 

affected. Otherwise, low land rice cultivation is not affected by 

original soil reaction, as the pH tends to come to a value between 

6.5 and 7.5 on submergence. Liming is needed for crops other than 

tea in soils having pH less than 5.5.  

OM status of Bangladesh soil is one of the lowest in the world. The 

average OM content of Bangladesh soils is less than 1%. Soils of 

peat lands and some low-lying areas usually contain OM higher 

than 2% on an average. OM supply in the soil is one of the major 

constraints to the agriculture of the country. Most of the 

Bangladesh soils show an improved response when OM is 

incorporated along with inorganic fertilizers. One natural reason is 

that organic matter decomposition in soils with tropical climate, 

like Bangladesh, is high. Moreover, the addition of organic 

materials to soil through FYM, compost and organic residues has 

been reduced considerably because a major portion of these 

organic residues (cow dung & crop residue) is used up as fuel by 

the rural people.  
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Because of low level of OM, the N status of Bangladesh soils is 

substantially very low to low (≤ 0.18%) and most of the crops 

respond to N applications. In fact, N fertilizers are the most 

commonly used fertilizers in the country. The country has as many 

as 6 fertilizer factories producing mostly Urea fertilizer from 

natural gas. The available P in Bangladesh soils could be 

considered between low to medium (7.51-22.5 micro gramgram 

soil
-1

). Most soils respond to P- fertilization. P availability is pH 

dependent. The source of P supply in soils is inorganic fertilizers. 

This is not proportionate to the supply of inorganic N. 

Bangladesh soils are deficient in K. Average status is from low to 

medium 0.091-0.27 meq100 gm soil
-1

). Response to S application 

is common in most soils except the coastal saline soils, acid 

sulphate soils and some acidic soils. Irrigated crops in the northern 

districts respond significantly to S-application. About four Mha of 

land is supposed to be S-responsive (SRDI). Deficiencies of Ca 

and Mg are also prevalent in calcareous soils. 

During the recent past, soils, particularly those under constant 

water logging and irrigated conditions have been found to respond 

to Zn and B applications. The calcareous floodplain soils are one 

of them. About 1.7 Mha of land has been estimated to be deficient 

in Zn supply (SRDI data). Micronutrients other than Zn and B have 

not yet been reported remarkably in any soil for any particular 

crops. However, it has been suggested that in some peat land soils 

and other soils, Mn application might have a positive response. It 

has not yet been confirmed. Crop response to Mo application is 

also found positive in soils of some Agro-ecological Zones. 

A vast area of land in the coastal area is affected by seasonal 

salinity. As it is caused by marine water intrusion, the Ca:Mg ratio 

in the coastal saline soils is very low, which creates severe fertility 

problems. Most lands in saline areas are single cropped. 

The major reasons for the depletion of soil fertility in 

Bangladesh are listed below 

1. Adulterated Fertilizers, poor knowledge and resource base of 

majority of farmers, removal of crop residues from crop 

fields (mainly for fuel purpose) etc; 
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2. The increased intensity of cropping, specially changes in crop 
sequence with modern varieties; 

3. There is an imbalance in the supply of N, P and K. 
Comparatively large amount of Urea is being used with less 
amounts of Phosphatic and K fertilizers; 

4. Deficiencies of secondary and micronutrients are prevalent; 

5. Gradual decrease in soil organic matter and an increase in 
soil degradation (erosion, acidification, salinization, 
alkalinization, pollution, compaction etc.); 

6. Fertilizer subsidies that are not based on the soil and plant 
nutrient needs of the country; 

7. High population and rapid urbanization and declining man-
arable land ratio; and 

8. Global issues and uncontrolled increases in the price of 
chemical fertilizers. 

Soil Fertility Management in Bangladesh 

1. Soil fertility and fertilizer management: Soil fertility 
evaluation and GIS mapping at 5 years interval, increase N 
use efficiency, popularize integrated nutrient management for 
crop and cropping patterns and liming to increase soil pH at 
desired level, balanced fertilizer use and ensure quality 
fertilizers. 

2. Soil management in unfavorable ecosystem.  

3. Development of technologies to mitigate climate change 
impact.  

4. Land Resources inventory at semi-detailed soil survey to 
update existing database and detailed soil survey to prepare 
“Land and Soil Resources Utilization Guide” at union level 
(lowest administrative unit) and soil salinity survey at 5 years 
intervals.  

5. Soil testing is needed for accurate and effective fertilization 
of crops. Soil testing is essentially needed to ascertain actual 
quantity of soil contents of different plant nutrients already 
present in the soil. Needed inorganic fertilizer for the crop in 
right quantity may be computed after adjustment in 
consideration of the nutrients present in the soil. 
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6. Judicious crop rotation including a green manuring crop will 

add appreciable amount of organic matter in the soil. 

7. Integrated plant nutrient system (IPNS) system needs to be 

adopted. 

8. Generation of GIS based information on land and soil 

fertility.  

9. Technologies dissemination.  

10. Human resource development.  

11. Farmers’ service. 

Conversion of Agricultural Land to Non-Agricultural Land  

Bangladesh is a land scarce country where per capita cultivated 

land is very low. It is claimed that in every year huge amount of 

farm land in the country is being converted to non-agricultural 

uses. With the growth of a country’s economy, agricultural land is 

usually transferred to non-agriculture as the demand for the 

increased non-farm products and services. 

Table 5: Conversion of Agricultural land to non-Agricultural Land  

Land Use  1976 (%)  2000 (%)  2010 (%)  

Agricultural Land  91.83 87.69 83.53 

Non-Agricultural Land  8.17 12.31 16.47 

Conversion Rate of Agricultural Land to Non-Agricultural 

Land 

1976-2000 = 13,413 ha (0.14%) 

2000 - 2010 = 68,760 ha (0.73%) 

Need For Balanced Fertilization in Bangladesh Agriculture 

Use of imbalanced fertilizer is harmful and costly in all aspects of 

agricultural activities. It causes nutrient loss from soil mining 

which leads to decline soil fertility and land productivity and 

ultimate consequent is the declination in food production. 

Bangladesh has adopted a strategy for balanced fertilization to 

promote soil fertility and productivity for sustainable land use 
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system and to ensure stable supply of food grains from existing 

agricultural lands. 

Bangladesh is gradually moving away from the traditional 

agriculture to a dynamic and judicious fertilizer- dependent 

agriculture. Balanced fertilization strategy has to be considered as 

a basis of all activities of agriculture in Bangladesh. 

Balanced fertilization is aimed at 

1. Increasing crop yields 

2. Increasing crop quality 

3. Increasing farm income 

4. Correction of inherent soil nutrient deficiencies 

5. Improving soil fertility 

6. Avoiding damage to the environment and 

7. Restoring soil fertility and productivity of lands that have 

been degraded by wrong and exploitative activities in the 

past. 

Soil Nutrient Mining 

Soil fertility and environment are closely interlinked. Depletion of 

soil fertility means degradation of the environment and likewise, 

its improvement also leads to a better environment. The depletion 

of nutrients (fertility erosion) is widespread on the earth as well as 

in Bangladesh. The major forms and causes of nutrient depletion 

include excessive crop nutrient uptake and removal, erosion, 

leaching, gaseous loss, irreversible fixation in the soil and 

immobilization in the trunks and branches of tree crops. 

Table 6. Soil nutrient mining status in Bangladesh 

Location Dominant cropping pattern Total 

yield (t 

ha
-1 

yr
-1

) 

Nutrient 

mining  

(kg ha
-1 

yr
-1

) 

Palima, Tangail  Mustard-Boro -Transplanted 

Aman 

13.0 -190 

Polashbari, 

Gaibandh 

Mustard-Boro -Transplanted 

Aman 

10.2 -270 
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Location Dominant cropping pattern Total 

yield (t 

ha
-1 

yr
-1

) 

Nutrient 

mining  

(kg ha
-1 

yr
-1

) 

Narhatta, Bogra Mustard-Boro -Transplanted 

Aman 

9.5 -280 

Palima, Tangail  Wheat-Jute-T. Aman 7.0 -240 

Paba, Rajshah Potao-Jute-T. Ama 34.5 -350 

Thakurgaon Sugarcane intercropping 60.0 -80 

Joypurhat Sugarcane intercropping 107.0 -60 

Rajshahi Sugarcane intercropping 90.0 -62 

Bogra Boro-GM-T. Ama 11.0 -180 

Bogra Wheat-GM-T. Ama 7.5 -170 

Source: DANIDA/SFFP 

The Nutrient Balance System 

The nutrient balance system has two parts: inputs that add plant 

nutrients to the soil and outputs that export them from the soil 

largely in the form of agricultural products. Important input 

sources include inorganic fertilizers, organic manures (such as 

manure, plant residues, and cover crops), N generated by 

leguminous plants and atmospheric N deposition. Nutrients are 

exported from the field through harvested crops and crop residues, 

as well as through leaching, atmospheric volatilization and erosion. 

The difference between the volume of inputs and outputs 

constitutes the nutrient balance. Positive nutrient balance in the 

soils (occurring when nutrient additions to the soil are greater than 

the nutrients removed from the soil) could indicate that farming 

systems are inefficient and in the extreme, that they may be 

polluting the environment. Negative balance could well indicate 

that soils are being mined and that farming systems are 

unsustainable over the long-term. In case of negative nutrient 

balance, nutrients have to be replenished to sustain agricultural 

outputs and to maintain soil fertility for future. 

With the advancement of time, nutrient balance is becoming more 

negative. Again, land use with higher cropping intensity may show 

higher negative balances, (Table 6). On the other hand, the 
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addition of organic manure may help reduce negative balances; the 

magnitude depends on the types and amount of manure. Any 

reduction of removal of crop residues would have positive 

influence on nutrient balance and this is especially important for K. 

Although the nutrient balance value tells us a little about available 

nutrient status of a soil, it has important implications when 

considering the future long-term total status of a nutrient in soils. 

To minimize nutrient depletion, it is not justified to just increase 

the use of inorganic fertilizers, rather it is important to increase the 

use of organic sources of plant nutrients such as cowdung, poultry 

manure, compost etc (FRG-2012, BARC, Dhaka). 

Concept of Integrated Nutrient Management 

IPNS is the maintenance of soil fertility for sustaining increased 

crop productivity through optimizing all possible sources, organic 

and inorganic, of plant nutrients required for crop growth and 

quality in an integrated manner, appropriate to each cropping 

system and farming situation in its ecological, social and economic 

possibilities (Roy, 1986). 

The basic concept of IPNS is “the management of all available 

plant nutrient sources, organic and inorganic, to provide optimum 

and sustainable crop production conditions within the prevailing 

farming system”. Therefore the IPNS approach refers to an 

appropriate combination of mineral fertilizers, organic manures, 

crop residues, composts, N-fixing crops and bio-fertilizers taking 

into account of the local ecological conditions, land use systems 

and the individual farmer's social and economic conditions. In the 

IPNS practice it is important to consider the cropping pattern, not 

the single crop. Manure or fertilizer alone cannot sustain soil 

fertility and crop yield over time, their combination (i.e. IPNS) is 

essential for sustenance. 

IPNS approach refers to an appropriate combination of 

 Mineral fertilizers 

 Organic manures 

 Crop residues 

 Compost 
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 N-fixing crops and 

 Bio-fertilizers 

Local ecological conditions, land use systems and farmer’s social 

and economic conditions must also be emphasized in IPNS 

approach. 

The IPNS based fertilizer requirement can be calculated as follows: 

A=B-C 

Where, 

A = Amount of nutrient needed from fertilizer source 

B = Total need of a nutrient for a 

crop on soil test or AEZ basis  

C = Amount of nutrient supply from 

manure application 

Source: FRG-2012, BARC, Dhaka 

Goal of INM 

Sustainable agricultural production incorporates the idea that 

natural resources should be used to generate increased output and 

incomes, especially for low income groups without depleting the 

natural resource base. INM’s goal is to integrate the use of all 

natural and man-made sources of plant nutrients, so that crop 

productivity increases in an efficient and environmentally benign 

manner, without sacrificing soil productivity of future generations 

(Gruhn et al., 2000). INM relies on a number of factors, including 

appropriate nutrient application and conservation and the transfer 

of knowledge about INM practices to farmers through extension 

personnel. 

Benefits of INM 

Sufficient and balanced application of organic and inorganic 

fertilizers is a major component of INM. However, the following 

research findings on INM technology in different soils and crops, 

cropping system/patterns of Bangladesh clearly revealed the 

benefits of INM in respect of yield sustainability and improvement 

of soil fertility. 
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Table 7: Grain yield of wheat - Transplanted Aman obtained in 

integrated nutrient management at Dinajpur  

 

Note: Figures followed by same letters do not differ significantly at 5% level, 

FYM= Farm Yard manure, GM= Green Manuring crops. Source: BARI Annual 

Report. 

Table 8. Effect of rhizobial inoculums and chemical fertilizers on 

the yield and major yield contributing characters of cowpea at 

Joydebpur for 2002-2003 

Treatments Nodule 

number/10 
plants 

Dry 

weight of 

nodule/10 

plants 
(mg) 

Root 

weight/

10 

plants 
(g) 

Shoot 

weight/

10 

plants 
(g) 

Plant 

height 
(cm) 

1000 

seed 

weight 
(g) 

Stover 

yield  

(t ha-

1) 

Seed 

yield 

(t ha-

1) 

Yield 

increase 

over 

control 
(%) 

NPKS 12d 223c 4.24c 29.1a 27.2a 113.1 1.76a 1.03b 28.75 

PKS + 

Inoculum 

132a 582a 4.85a 28.4a 27.6a 114.5 1.68a 1.13a 41.25 

PKS 80c 456b 4.5b 22.2b 27.5a 112.1 1.69a 1.00b 25.00 

Inoculum 99b 567a 3.5d 24.43b 27.4a 112.0 1.22b 1.01b 26.25 

Control 29e 206c 2.62e 18.5d 27.1a 108.3 1.10b 0.80c - 

CV (%) 6.06 3.67 3.44 6.04 6.92 7.39 9.48 6.18  

Note: Means followed by a common letter are not significantly different at the 5 % level 

by DMRT. 

Source: Soil Science Division, BARI 

Treatment Wheat grain yield (t ha-1) T. Aman grain yield (t ha-1) Total 

grain 

yield 

(kg ha-1) 

1st year 2nd 

year 

3rd 

year 

4th 

year 

Avera

ge 

1st year 2nd 

year 

3rd 

year 

Avera

ge 

Control 0.93d 0.83 0.52d 0.20c 0.62 3.79c 3.24c 2.84e 3.29 3.91 

100% 

NPKSZn 

3.67a 3.30 3.61a 3.81a 3.60 4.88a 4.64a 4.18ab 4.57 8.16 

75% NPKSZn 2.60b 2.67 2.04c 2.99b 2.58 4.11bc 4.08b 3.58cd 3.92 6.50 

GM+50% 

NPKSZn 

2.90b2. 2.88 2.93c 3.08b 2.95 4.06bc 4.03c 3.73c 3.94 6.89 

GM+75% 

NPKSZn 

2.58b 3.21 3.31b 3.88a 3.25 4.52abc 4.40a 4.03b 4.32 7.56 

FYM+ 50% 

NPKSZn 

2.60b 2.80 2.87c 3.04b 2.83 4.04bc 3.70b 3.50d 3.75 6.57 

FYM+75% 

NPKSZn 

3.80a 3.21 3.74a 4.22a 3.74 4.76ab 4.65a 4.21a 4.54 8.28 
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Table 9: Yield and yield attributes of tomato as affected by organic 

manure and chemical fertilizer 

Tr. 

No 

Treatment combination Plant 

height 

(cm) 

Fruits/Pla

nt (no.) 

Fruit 

weight/pla

nt (kg) 

Yield  

(t ha-1) 

Yield 

increase over 

control (%) 
Chemical 

fertilizer 

PM CD 

Kg ha-1 t ha-1 

T1 100% RD 2.5 0 58.8 38.7a 2.79a 75.00a 276 

T2 100% RD of 

T1 

0 2.5 54.8 35.0abc 2.44bc 66.10bc 232 

T3 100% RD of 

T1 

0 0 55.9 36.0abc 2.38c 64.80bc 225 

T4 50% RD of T1 0 0 54.2 30.0bcd 2.27c 48.13d 141 

T5 50% RD of T1 5 0 55.9 36.0abc 2.58bc 68.14ab 242 

T6 50% RD of T1 10 0 57.0 36.7ab 2.70ab 70.81ab 255 

T7 50% RD of T1 0 10 54.6 32.3a-d 2.34c 60.27c 202 

T8 25% RD of T1 10 0 53.9 28.3cd 2.29c 52.12d 162 

T9 25% RD of T1 0 10 51.8 26.0de 1.80d 45.49de 128 

T10 0 10 0 50.7 25.7de 1.65d 40.69e 104 

T11 0 0 10 49.9 19.7ef 1.21e 28.77f 44 

T12 Native 

nutrient 

0 0 48.4 14.7f 0.85f 19.93g - 

CV (%) 6.7 13.8 7.5 7.3  

Note: Means followed by common letter(s) do not differ significantly at 5% level by 

DMRT. RD = Recommended dose of chemical fertilizer = N150P45K80S25Zn2B1 kg ha-1, 

PM- Poultry Manure, CD= Cow Dung 

Source: Soil Science Division, BARI 

Best Practices of IPNS 

- Balanced use of fertilizers and manures 

- Pattern based fertilizers application 

- Soil test based location specific fertilizer application 

- Cropping patterns with GM crops 

- Crop rotations 

- Yield goal basis fertilizer recommendation 

- Use of lime in acidic soil 

- Use of appropriate controls to minimize pests, diseases and 

weed infestations 
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Challenges in Adopting IPNS in Bangladesh 

- Lack of Organic matter 

- Competitive use of Organic resources 

- High cost of Organic matter 

- Land tenancy 

- High cropping intensity 

- Scarcity of agricultural labour 

- National Nutrient Balance is not being considered in fertilizer 
calculation 

- Unavailability of Bio-fertilizers in our country. BINA 
developed bio-fertilizer but it is not produced commercially 

Constraints 

- Farmers often have inadequate knowledge and funds, which 
compelled them to purchase and apply of fertilizers. Most of 
the farmers are aware of fertilizers but  do not use it in 
balanced proportion; 

- The linkage and interactions among researchers, extension 
services and NGO personnel are weak; 

- Degradation of lands due to intensive cropping/over 
exploitation by the enormous pressure of the ever increasing 
population; 

- Risks of water deficit in drought prone period are considered 
the most important deterrent to fertilizer use; and 

- During monsoon water erosion is a serious threat on soil 
fertility and productivity. 

Way Forward 

- Awareness should be developed among the farmers in using 
organic matter/fertilizers to their soils.  

- Training on preparing compost is necessary at farmer’s level. 
Domestic wastes, farmyard wastes (cattle dung, feed/fodder 
refuse, harvested crop residues, poultry excreta etc.), farm 
wastes (crop residues, weeds, etc.) can be used for preparing 
compost at farm or house hold level as it needs very little 
investment and returns much, such as good and quality harvest. 
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- To reduce cost of organic fertilizers and ensure quality and 

efficient distribution system, Public Private Partnership may be 

the principal option.  

- Huge agro-industrial wastes (sugarcane trash, oil cakes, 

bagasse, molasses, saw dust etc.), poultry Littre, and city 

wastes (solid wastes and sewage sludge) are available in the 

country which may be used as raw materials of organic 

fertilizers. 

- Commercial production of Bio-fertilizers. 

- Research findings showed very encouraging effects of IPNS 

technology on the higher  yield of many crops and cropping 

sequences of the country. 

- Agricultural policy measures should be strengthened so that 

farmers get proper support, encouragement and guidance to 

switch from conventional agriculture towards technology 

oriented agriculture. 
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Introduction 

Bhutan is a small, land locked country between China (Tibet) and 

India. It has an area of 38,394 square kilometers. It is located in the 

eastern Himalayas and is mostly mountainous and heavily forested. 

Today about 70.46% of the kingdom is covered with forests; 7% 

with year round snow and glacier; nearly 3% is cultivated or 

agriculture area; and 4% as meadows and pasture while rest of the 

land is either barren, rocky or scrubland (SYB, 2015).  

Table 10: The country is divided into three distinct climatic zones  

Belt Physical feature Altitude Climate 

Characteristic 

Temperature 

Southern  

belt 

Himalayan 

foothills 

150m-

2000m 

Subtropical 

climate 

High humidity 

and heavy 

rainfall 

15
0
C-30

0
C all 

year round 

Central 

belt 

River valleys 2,000m-

4,000m 

Cool winters, 

hot summers 

and moderate 

rainfall  

15
0
C-26

0
 

(June-

September) 

and -4
0
C-15

0
C 

(winter 

season) 

Northern 

belt  

Snowcapped 

peaks and alpine 

meadows 

Above 

4,000m 

Cold winter 

and cool 

summer  

 

Bhutan experiences all the four seasons. The spring starts from 

early March and last until mid-April. Summer commences in mid-

April with occasional showers and continues through the early 
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monsoon rains of late June. The summer monsoon lasts from late 

June through late September with heavy rains, high humidity, flash 

floods and landslides. Autumn starts from late September or early 

October to late November. The winter sets in from late November 

to March (SYB, 2015).  

The population and housing census of Bhutan 2005 enumerated 

634, 982 persons out of which 333,597 persons are male and 

301,387 are female. The urban population consists of 196,111 

persons while 438,871 are in the rural areas. The estimated 

population as of 2016 based on the PHCB 2005 population and the 

population growth rate used for the Population projection report is 

787,065. 

According to the labour Force Survey 2014, of the total employed, 

the agriculture sectors employs over 56.6%. The employed persons 

comprise of all those who had performed some work, paid in cash 

or kind. The total of 339,569 were employed and 9,174 were found 

to be unemployed out the total projection population of 755,710 in 

2014, making unemployment rate at the national level at 2.6%.  
 

 

Figure 7: Map of Bhutan showing districts 

 

Figure 8: Physical map of Bhutan 
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Agricultural Land Use  

The conversion of arable land and forest into other land uses is 

increasing at an alarming rate. The pressure is mostly from 

construction of farm roads, electricity transmission/distribution 

lines, industries and urbanizations. Land cover map of 2011 

reported the operated agriculture land at 2.93%. It is also noted that 

agriculture lands in rural areas are increasingly being left fallow 

due to rural urban migration. The NEC report (2016) stated that 

from 1998 to 2015, a total of 306.56 ha of wetland were lost to 

various purposes, mostly for urban development. 

Within the 2.93% of agricultural land, the dominant land use class 

is Kamzhing (non-irrigated agriculture land) at 61.9%, while 

chuzhing (wetland) is 27.86% (MoAF, 2011). Horticulture land 

accounts for 10.24% of the agricultural land and consists mainly of 

apples, citrus, areca nut and cardamom. The cadastral data of NLC 

(2016) reported that kamzhing are even higher and accounts to 

73.3% of all types of non-state land. The differences in the area of 

agriculture can be attributed to the different data types of land 

ownership which may differ from actual use as captured in 

satellite.  

Figure 9: % distribution of Agriculture (SYB, 2015) 

Soil Fertility Status of Bhutan  

Generally, the soil nutrient status of the Bhutanese soils is poor. 

The major concerns are a low pH and N, P status and imbalanced 

base nutrition. According to Roder and et al, Soils on mountain 

slopes inherently exhibit low fertility due to high erosion potential, 

limited soil depth, and unfavorable parent material. High rainfall, 

steep slopes, and poor parent material are characteristic for the 

28 

61 

5 2 1 3 
wetland 

dryland 

citrus orchard 
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environment in which Bhutanese mountain farmers practice 

subsistence agriculture. Bhutanese farmers produce reasonably 

good crop yields with minimal inputs of inorganic fertilizers. 

National Soil Services Centre (NSSC) has conducted numerous on 

farm trials and carried out long term studies on nutrient status of 

soil for major crops grown in country. The overall soil nutrient 

status or chemical properties of the soils in Bhutan  

- The pH of the soil is within the low to medium 

- The exchangeable Al saturation % is low to very low indicating 

no aluminum toxicity 

- The organic matter content is moderate  

- The C:N ratio is good with values within the range of 11 to 14, 

typical for agriculture soils 

- P and K contents are low in most soils. However P deficiency 

is considered more severe in Bhutanese soils as the underlying 

geology is rich in K. 

- The % base saturation (BS%) are low to very low in most soils, 

indicating less fertile soils.  

- The cation exchange capacity (CEC) is low in most soils 

indicating low content of elements such as Ca and Mg in the 

soils. 

Table 11: Soil nutrient status under different cropping system  

Districts Geog pH OM 

% 

AvP (mg 

kg-1) 

AvK 

(mg kg-

1) 

Texture Crop Sample 

collected 

Trashigang  Kanglung  5.74 6.66 49.86 95.05 SL/SCL Potato –

maize 

140 

Khaling  5.67 6.00 57.64 174.61 SL/SCL/L Potato –

maize 

136 

Thrimshin

g  

5.97 4.46 29.66 97.66 SCL/ZL Potato –

maize 

60 

Yangneer  6.48 3.17 25.71 151.21 SCL/SL Potato –

maize 

54 

Pemagasth

el 

Nanong 6.18 6.59 27.94 108.46 SCL/SL/

CL 

Potato –

maize 

108 

Zobel 5.91 6.83 18.34 86.36 SCL Potato –

maize 

94 
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Districts Geog pH OM 

% 

AvP (mg 

kg-1) 

AvK 

(mg kg-

1) 

Texture Crop Sample 

collected 

Mongar Drametse 6.28 5.03 32.52 173.60 SCL/SL Potato –

maize 

98 

 Chaskar 5.87 6.13 27.48 180.08 CL/SCL Maize 92 

 Monggar 6.51 5.21 26.82 187.06 CL/SCL/

L 

Maize 53 

Chukha Chapcha 6.00 4.27 58.42 183.72 SL/SCL Potato  116 

Bumthang  Chumey 5.58 3.36 31.26 109.02 ZCL/SL/

L 

Potato  70 

Chokor 5.53 3.72 58.48 115.60 L/SL/SCL Potato  51 

Tang 6.13 3.10 18.25 129.10 SC/SL Potato  79 

Ura 5.92 4.52 13.96 120.33 L/ZCL/Z

L 

Potato  69 

Wangdue Gangtey 5.32 7.26 38.26 124.20 CL Potato  22 

 Phobjikha 5.42 6.49 32.64 136.62 CL/L Potato  49 

Gasa  Khatoe 5.50 5.07 4.01 145.23 SCL Potato  42 

Punakha  Teewang 5.32 2.41 10.38 90.24 SL Rice  7 

Guma 5.14 1.61 3.31 68.63 L Rice 10 

Zomi 5.63 2.04 14.71 37.67 L/SCL Rice 6 

Goenshari 5.64 4.14 31.64 106.38 SL Rice 6 

Shengana 5.50 2.29 5.70 49.49 SL/L Rice 10 

Chubu 5.21 2.00 3.10 84.30 SL Rice 5 

Kabji 5.32 2.11 10.61 41.94 SL Rice 16 

Limbukha 5.78 2.62 6.14 77.74 SL/CL Rice 7 

 Talo 6.37 2.98 9.51 149.54 L Rice 7 

Source: A guide to fertilizer recommendations for major crops version 2 (2013) 

Soil Fertility Management System  

(Traditional and modern, soil fertility and crop production)  

Soil fertility maintenance (SFM) on cultivated lands in Himalayan 

region depends heavily on inputs from all components of the 

agricultural system: forest; livestock and crops (Wangdi and 

Hocking, 2000). In Bhutan, plant nutrients are mostly from Farm 

Yard Manure (FYM), forest litters, growing green legumes and 

animal wastes. The manure application and management practices 

changes over time. The quantity and quality of FYM vary from one 
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location to another or among the households depending on 

household and livestock size. The sustainability of the traditional 

SFM system is very much dependent on the household labour 

availability and livestock number and management system. Farm 

labour shortage, decline in livestock size and increasing distance to 

forests for leaf litters are becoming more apparent, threatening the 

sustainability of the SFM system. Increased awareness among the 

farmers of the benefit of using inorganic fertilizers, increased 

access to fertilizers and farmers’ enhanced purchasing power have 

changed the SFM practice to a certain level. Under the current 

SFM system, in general, about 5 to 7 tons of FYM is applied per ha 

of cropped land. The nutrient content of a typical FYM (from 50% 

DM
4
) is 1.38% N, 0.29% P, 1.97% K and 2.35% Ca (RNRRC Bajo 

and SSF & PNM Project, 2001) corresponding to about 41 kg N 

ha
-1

, 9 kg P ha
-1

, 59 kg K ha
-1

 and 71 kg Ca ha
-1

 of cropped land. 

The amount of nutrients added through FYM alone is insufficient 

to ensure high yields and therefore inorganic fertilizer supplement 

is necessary. The national averages yields of various crops are still 

very low as compared to those from many other countries.  

Table 10: Major crops yield 

Crop Area (acres) Production (MT) Yield 

Paddy  49,585 80,261  1,627 kg acre
-1

 

Maize 56,805 83,714 1,474 

Potato  12008 49,359 4,111 

Citrus  1,903,935 trees  15,977 19 kg tree
-1

 

Apple  24,0526 trees  5,308 30 kg tree
-1

 

Source: Agriculture Statistic Book, year 2015, Department of Agriculture, 

MoAF.  

Fertilizer Use Pattern  

Inorganic fertilizers were first introduced in Bhutan in the early 

1960s. Fertilizers use has increased over the years mainly due to 

their increased availability with the improvement in road access 

and distribution systems; effective promotion of their use through 

agricultural extension programmes; and their effectiveness, 

providing substantial and cost effective yield increases (Norbu & 
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Floyd, 2001). The fertilizer distribution which is done by National 

Seed Centre (NSC) has increased over the years. This clearly 

indicates changing SFM system in Bhutan (Figure 10). However, 

the use of inorganic fertilizer in Bhutan is still very low as 

compared to many other countries.  

 

 

 

 

 

 

Figure 10: Fertilizer distribution by NS (MT) from 2012 to 2015. 

(Source; NSC Stock registers) 

Chemical fertilizers are mainly applied to major crops such as 

paddy, potato, chilli, apples and oranges (Figure. 11). Urea, 

suphala and SSP comprise bulk of the chemical fertilizers used 

while MoP, CAN, bone meal and borax are also applied in minor 

quantities.  

 

 

 

 

 

 

Figure 11: % of fertilizer applied to different crops 

Research and Extension on Soil Fertility Management  

During the Sustainable Soil Fertility and Plant Nutrient 
Management (SSF and PNM) project term in the Centre, the 
concepts of IPNS sites were introduced. The series of farmers’ 
participatory trials so called Farmer-Extension Fertilizer Use Trials 
(FEFUT) on balanced nutrient, improved crop varieties and 
introduced fodder species were conducted with wheat, rice, fodder, 
oats, pea, chilli, apples and pasture species in those IPNS sites. The 
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aim of these trials has been to conduct them in way in which any 
benefits that occur will be convincing to farmers. The result of 
these numerous trials indicate that it is usually more economical to 
use combination of single nutrient fertilizer (e.g Urea, SSP and 
MoP) than use of a compound fertilizer (e.g Suphala) 
supplemented with urea as top dress in any crop. It also indicated 
that application of fertilizer or manure in split dose at different 
stages of crop growth to avoid nutrient losses through leaching or 
volatilization. Urea is best applied in splits especially in light 
textured soils and in areas with high rainfall.  

Farmers have recorded yields of about 4 ton acre
-1

 (Recommended 
practice, RP) and 2 ton acre

-1
 (Farmer Practice, FP) in wheat. In 

rice, with the application of balanced nutrients, the yields from RP 
and FP were about 3 ton acre

-1
 and 1.9 ton acre

-1
 respectively. 

FEFUT trials in potato have shown yields of 9 ton acre
-1

 (RP) and 
5.7 ton acre

-1
 (FP) respectively. Through these trials, most of the 

farmers are more aware of the balance approach to SFM and the 
farmers have started applying balanced nutrients to most of the 
crops grown.  

The NSSC also carries out farmers’ training on soil and plant 
nutrient management on various crops. Over 415 farmers have 
been trained in 2015 with an aim to upgrade the knowledge and 
skills of farmers on integrated soil fertility management practices 
to ensure productive and sustainable crop production (NSSC, 
Annual report 2014-2015).  

The NSSC has also developed the simple training visual aids 
during the period of SSF and PNM project to assist field staff on 
training farmers on IPNS. The visual aids were aesthetically very 
attractive with pictures and it is still in use by field staffs and 
centre staffs during farmers trainings on soil fertility managements.  

IPNS in Predominated Cropping System  

Strategies to increase crop production include the distribution of 
HYV seeds, practices of double cropping of the paddy production, 
farm mechanization and use of fertilizer. The readily available and 
adoptable soil fertility management technologies are practicing the 
balanced fertilizer use, instead of top dressing urea only; legume 
cultivation; fodder and pasture cultivation (grass, cereals, legumes) 
for livestock feed hence manure production.  
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The participatory IPNS technologies like pre-rice green manuring 

in south, growing of pea in paddy fields, leaving land fallow in 

winter, FYM application, cattle tethering, use of weedicides, 

burning of crop residues and use of fertilizer are the commonly 

practices in Bhutan.  

Rice based cropping system: Wetland rice soil vary very much in 

texture and nutrient status. According to rice production practices 

field manual, soil fertility management is one of the biggest 

challenges for increasing rice production in the country. 

Traditional management practices such as the sole reliance on 

farmyard manure or animal manure from tethering are not 

adequate to exploit the yield potential of the rice varieties, 

especially HYVs. Farmers usually apply FYM, tether their cattle in 

far away fields and also practices burning of crop residues in fields 

(Uden, 2010).  

The number of FYM baskets applied in paddy fields differs from 

place to place. Based on the numerous field experiments done by 

NSSC and present knowledge, the following recommendations for 

paddy are made by NSSC:  

Table 13: Fertilizer Recommendations for paddy (Source: A guide 

to fertilizer recommendations for major crops version 2 (2013) 

Crop/district  Fertilizer Recommendations (kg acre
-1

) 

 High-resource farmer Low- resource farmer  

Paddy  N P2O5 K2O N P2O5 K2O 

Local variety 

Gelephu 32 20 8 20 16 8 

Paro  28 16 16 24 12 8 

Punakha 28 16 14 16 8 8 

Thimphu 30 16 12 20 16 8 

Trongsa 24 14 8 20 12 8 

Tsirang 36 16 8 20 16 8 

w/phodrang 24 14 14 16 12 8 

Improved varieties 

Gelephu 32 20 12 30 12 8 

Paro  32 20 8 32 16 8 
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To improve the soil structure and water holding capacity, farmers 

use FYM or compost prior to or during land preparation. 

Generally, 2-3 tons of FYM per acre is recommended, 

supplementing with N top dressing @ 14 kg acre
-1

 after 30-40 days 

of transplanting can lead to higher yields. Where ever possible, use 

of green manure like Sesbania aculeata (dhaincha) as a pre –rice 

manure in sub tropical area.  

Maize based cropping system: In eastern part of Bhutan, potato is 

usually intercropped with maize. Maize is usually sown about one 

month after potato. The centre (NSSC) has collected soil samples 

once after every two years to generate information on the soil 

nutrient status managed by farmers. The information on soil 

fertility management for these crops was also collected during soil 

sampling time. The results (average) from three surveys are 

presented below.  

 

Figure 12: FYM and Inorganic application rate on Maize – 

Potato based farming system in Eastern Bhutan 

  

Khaling 
Thrims

hing 
Nanong Zobel 

Dremet
se 

Kanglu
ng  

FYM (t/ac) 3.49 2.77 18.67 9.72 22.2 7.18 

Urea (kg/ac) 129 81.06 61 97.31 67 197 

Suphala (kgs/ac) 116.5 70.07 120 174 117 120 
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Tsirang 36 24 12 28 16 8 

w/phodrang 32 20 8 28 16 16 
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Potential for Future IPNS Development 

Integrated plant nutrient and soil fertility is no doubt a priority 

area. Considering the current farming systems, the IPNS approach 

to improve the productivity of crops and maintain a sound 

environment would be a sustainable approach. Current traditional 

method of soil fertility management is based on the integrated use 

of the forest as a source of fodder and leaf litter, livestock for dung 

and crops for crop residue. The application of such organic 

manures is done as per the availability not knowing the quantity of 

plant nutrient it supplies to the plant. Therefore, there is a need to 

quantify and measure the deficit of plant nutrients from locally 

available organic sources. Compost is one of the major sources for 

plant nutrients; therefore, the quality production and proper 

management of compost can be a priority in future for Bhutanese 

farmers. Most of the farmers still practice broadcasting method 

which needs to be replaced with modern technology such as urea 

deep placement technology for efficient use of fertilizers especially 

urea. Promotion of use of balance application of chemical 

fertilizers along with making use of locally available organic 

resources should be promoted at larger scale.  

Differential access to resources is likely to affect the ability of the 

household, and the strategies it adopts, to manage soil fertility. In 

order to address the soil fertility management constraints of all 

resource classes of farmers (households), the concerned IPNS site 

field staff should to develop with the test farmers from each 

household SFM categories interventions appropriate to the 

households.  

The centre has identified the following programs priority for the 

11
th

 Plan for the National Soil Services Centre (NSSC), under the 

Department of Agriculture:  

- Enhancing household and national food security 

- Enhancement of rural livelihood and income 

- Development of farm infrastructure 

 

 



Best Practices of Integrated Plant Nutrition System in Bhutan 

49 

Way Forward 

- Conduct long term studies on soil quality of major farming 

systems  

- Produce soil fertility maps for site specific soil fertility 

management 

- Assess soil carbon stock of major farming systems  

- Promote & strengthen organic sources of plant nutrients  

- Promote green manuring through farmer training & field 

demonstration trials 

- Number of stakeholders trained in improved composting & 

other techniques of SFM organically  

- Capacity building & provisional soil survey map produced 

using the soil classification manual 

- Refine land capability classification & land use suitability 

evaluation systems  

Conclusion 

Bhutan being mountainous country with limited arable land (8%), 

the use of HYV crops, practicing Integrated Plant Nutrient 

Management System and farm mechanizations are the only means 

to achieve the Ministry’s goal of food self sufficiency. The rate of 

fertilizer application per ha of cropped land has been increasing 

over the years. Higher rates of fertilizers are being applied in the 

regions where potato and apple are the main cash crops. With the 

increase in fertilizer distribution the gap between N and P, K has 

widened. This is mainly due to the popularity of urea and 

inadequate knowledge on the balance use of nutrients. This 

problem is being addressed especially at the extension level 

through on-farm trials, demonstrations and training. Despite 

increased fertilizer distribution over the years, absolute levels of 

chemical fertilizer use are low compared to a global level. 

Therefore, the country can comfortably make use of fertilizers to 

increase its crop productions, at least for some-time to come. Soil 

fertility management in Bhutan will always be driven by the 

integrated use of plant nutrient sources i.e. organic and inorganic 

and this of course is the Best Management Practice.  
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Ideally, any future soil fertility management related activities in 

Bhutan should be implemented in a way that addresses all those 

components of the farming system that are priorities for the 

farmers. The SFM/AF survey (2009), appears to confirm that soil 

fertility management is an issue to which the MoAF system must 

pay attention in the future, if agricultural production levels are to 

be sustained or increased. The prime responsibilities of the Soil 

Centre (NSSC) have been not only to address the problems on soil 

fertility and land management on agricultural lands but also non-

agriculture land (land conversion for construction), mining area. 

The ultimate success of these measures and the continued 

maintenance of the investment, however, are often dependent on 

the support and full participation of farmers and other relevant 

agencies.  
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Introduction 

Maintaining food and nutritional security without deteriorating 

natural resource base and environmental quality is the major 

challenge in 21
st
 century. Soil is one of the vital resources for 

agricultural development and sustaining life on the earth. About 

52% of the Indian population depends on agriculture for their 

livelihood. India presently supports 18% of the world’s human and 

15% livestock population with only 2.4% of the land mass. With 

increase in population from 361 million in 1951 to 1.21 billion in 

2011, there is tremendous demographic pressure on finite land 

resources. This has resulted in sharp decrease in per capita 

availability of agriculture land in India from 0.48 ha in 1951 to 

0.13 in 2011, and projected to decrease to 0.08 in 2035. Moreover, 

post green revolution; there are concerns about sustainability 

arising from the decline in soil chemical, physical and bio-logical 

health due to imbalance use of fertilizer, low addition of organic 

manure and soil degradation. It has been estimated that around 

120.4 Mha (36.5% of the total geographical area) of the country is 

affected by various kinds of land degradation (NAAS, 2010) 

comprising of water erosion (82.6 Mha), wind erosion (12.0 Mha), 

chemical degradation (24.8 Mha) and physical degradation (1.0 

Mha). Out of total degraded area, 104.2 Mha is arable land. 

Erosion induced loss in crop production in rainfed areas under 

major cereal, oilseed and pulse crops has been estimated as 13.4 

million tons (~16%), which in economic terms is equivalent to Rs. 

162.8 billion (Sharda, et al., 2010). Besides, over 5.3 billion tons of 

soil is lost annually through water erosion resulting in a loss of ~8 

mailto:pradipdey@yahoo.com
mailto:parthabiswas.1957@gmail.com
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million tons of plant nutrients (NPK). Similarly, the crop 

production loss due to salinity and alkalinity at the national level 

has been estimated to be 5.66 and 11.18 million tonnes, 

respectively. As per ICAR-CSSRI, in economic terms, this is 

equivalent to the annual monetary loss of Rs. 80,000 million and 

Rs.150,000 million due to salinity and alkalinity problems, 

respectively, assuming 2014-2015 as base year.  

Judicious and intensive use of soil resource is, thus, inevitable to 

satisfy human needs. Only a healthy soil can support healthy plant 

growth to provide nutritious produce to keep us healthy. From 

agricultural point of view, soil health is the capacity of a soil to 

function within ecosystem boundaries to sustain biological 

productivity, maintain environmental quality and promote plant, 

animal human health. A healthy soil would ensure proper retention 

and release of water and nutrients, promote and sustain root 

growth, maintain soil biotic habitat, respond to management, resist 

degradation and act as a buffer for environmental pollution (Brevik 

and Sauer, 2015). The United Nations Millennium Development 

Task Force on hunger has made Soil Health Enhancement as one 

of the five recommendations for increasing agricultural 

productivity and Figureht hunger. Accordingly, Integrated Nutrient 

Management (INM) hold merit for higher crop productivity in the 

country. IPNS strategies are now recognized to be the only 

practicable, efficient, economically feasible and environmentally 

benign way of managing nutrients in cropping systems that is the 

golden mean between purely organic and chemical farming for 

achieving the twin goals of sustainability of production and 

environmental protection. Even in case of problem soils, integrated 

use of chemical fertilizers, organic manures including green manure 

and recycling of crop residues, assumes greater significance of 

improve efficiency of chemical fertilizers in alkali soils, especially 

during post reclamation period. IPNS module along with current 

recommendation of low dose of lime (i.e., one-tenth to one-fifth of 

lime requirement) applied along with fertilizers in furrows at the 

time of sowing has been proved beneficial in acid soils. Amongst 

various soil physical properties, aggregate stability (Thakuria et al., 

2009, Bossuyt et al., 2001), infiltration and water transmission 

properties (Franzluebbers, 2002) are the most sensitive to INM 
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practices. Yield response with integration of residue management 

with fertilizers varies with soil characteristics, climate, cropping 

patterns, and level of management skills (Dey et al., 2014, Jat et 

al., 2014 Singh et al., 2015). Greater yields with residue 

application result from increased infiltration and improved soil 

properties, increased soil organic matter and earthworm activity 

and improved soil structure. 

Agricultural Land Use 

As per the land use statistics (2012-2013), out of the total land 
mass of 328.73 Mha in the country, about 181.95 Mha of land is 
agricultural land, which consists of 139.9 Mha net sown area, 3.2 
Mha miscellaneous tree crops and groves, 12.6 Mha culturable 
wasteland and 26.3 Mha of fallow land. Similarly, area under 
nonagricultural uses is about 26.3 Mha. Over the years, there has 
been a gradual increase in the area of land under non-agricultural 
uses. During the period 2001-2002 to 2012-2013, the area under 
non-agricultural uses has increased by 2.60 Mha (11%). During the 
same period, cultivable land has marginally declined by 1.60 Mha 
(0.9%) and net sown area has stagnated at about 140 Mha. As a 
normal process of urbanization and development, while the area 
under non-agricultural uses is increasing, agricultural land is 
decreasing at a slow rate due to various measures taken by the 
government to bring degraded/culturable wasteland under 
cultivation. The net sown area increased significantly, i.e., by 
about 18%, from 119 Mha in 1950-1951 to 140 Mha in 2012-2013, 
whereas the cropping intensity increased from 111% to 139% 
during the same period.  

Per capita availability of land has declined from 0.50 ha in 1951 to 
0.15 ha in 2011 and is likely to decline further. Agricultural and 
cultivable land has marginally declined from 185.16 Mha in 1980-
1981 to 181.95 Mha in 2012-2013 (Land Use Statistics 2012-2013, 
DES). During the same period, the land under nonagricultural uses 
has increased from 19.60 Mha to 26.45 Mha. Although during the 
1980s (between 1980-1981 and 1990-1991) the annual average 
increase in non-agricultural use was 0.16 Mha, during 1991-1992 
to 2000-2001 it rose to 0.23 Mha but dropped to 0.21 Mha during 
the most recent decade (2001-1002 to 2012-2013). However, with 
a view to conserve top soil, and to prevent soil erosion and land 
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degradation, the Government of India has been implementing 
various programmes across the country. Parts of the degraded 
lands developed under these programmes have been put to 
cultivation, leading to a net sown area of around 140 Mha in last 
two decades.  

Soil Fertility Status 

Indian soils are in general, low in organic C. Soil Organic Carbon 
(SOC) exerts major influence on a number of soil physical, 
chemical and biological attributes. It provides energy to soil biota 
which act as the primary driving agents of nutrient cycling, 
regulating the dynamics of soil organic matter, soil carbon 
sequestration and greenhouse gas emission, modifying soil 
physical structure and water regimes, enhancing the amount and 
efficiency of nutrient acquisition by the vegetation and enhancing 
plant health (Benbi, 2015). An increase of SOC stock by 1 Mg C 
ha

-1 
in the root zone can raise the crop yield by 15-33 kg ha

-1
 for 

wheat (Benbi and Chand, 2007), 160 for kg ha
-1

 for rice, 170 kg ha
-

1
 for pearl millet, 13 kg ha

-1
for groundnut, 18 kg ha

-1
 for lentil, 90 

kg ha
-1

 for sorghum, 101 kg ha
-1

 for finger millet and 145 kg ha
-1

 
for soybean, (Srinivasarao et al., 2013). Therefore, greater SOC 
content can result in higher foodgrain production in the country. 
Obligatory carbon N link hints at the importance of adoption of 
carbon sequestration measures in raising soil N fertility status and 
consequentially the crop production (Dey and Sekhon., 2016). 

Indian soils are working with negative nutrient balance to the tune 
of 12-14 million tons per year and the negative balance is likely to 
increase in future even after using the full potential of fertilizer 
industry. All these have resulted in emergence of multi-nutrient 
deficiencies in several districts in the country.  

ICAR - Indian Institute of Soil Science (ICAR-IISS), Bhopal has 
compiled soil-test data of available N, P and K status (Table 14) 
from different soil testing laboratories located in 19 states which 
showed that soils of about 59% area were low in available N, 36% 
were medium and 5% were high. Similarly, soils of about 49, 45 
and 6 % area were low, medium and high in available P 
respectively. Available K status showed that the soils of about 9, 
39 and 52% area were low, medium and high in available K 
respectively.  
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Table 14: State-wise available N, P and K status of soils  

State % Area 

Available N   Available P  Available K 

Low  Medium High Low  Medium High Low  Medium High 

Uttar Pradesh 98 2 0 97 3 0 0 61 39 

Uttarakhand 43 37 20 68 32 0 0 67 33 

Punjab 73 27 0 0 47 53 0 11 89 

Haryana 96 4 0 92 8 0 0 39 61 

Himachal 
Pradesh 

0 24 76 33 55 12 65 35 0 

Madhya 
Pradesh 

27 63 10 31 56 13 17 29 54 

Maharashtra 88 12 0 93 7 0 4 17 79 

Rajasthan 88 12 0 55 45 0 0 24 76 

Gujarat 68 21 11 34 66 0 0 37 63 

Chhattisgarh 59 41 0 50 50 0 29 30 41 

Bihar 36 58 6 29 68 3 23 73 4 

W.B. 40 60 0 30 60 10 10 09 0 

Orissa 57 43 0 44 56 0 11 58 31 

Assam 27 73 0 17 83 0 38 44 18 

Jharkhand 7 93 0 75 23 2 3 76 21 

Andhra 

Pradesh 

44 56 0 55 45 0 0 58 42 

Tamil Nadu 94 4 2 15 47 38 1 31 68 

Karnataka 20 61 19 27 69 4 8 14 78 

Kerala 17 77 6 0 76 24 0 82 18 

Total  59 36 5 49 46 6 9 39 52 

The assessment made under All India Coordinated Research 

Project on ‘Micro and Secondary Nutrients and Pollutant Elements 

in Soils and Plants’ revealed that nearly 24.7, 43, 12.1, 5.5, 5.4 and 

18.3% samples were deficient in Sulphur, Zinc, Iron, Manganese, 

Copper and Boron respectively across the country (Table 15).  
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Table 15: Deficiency of micro and secondary nutrients in soils of 

different states of India 

State DTPA-extractable micronutrients Hot water soluble 

B 

Available S 

No. of 

samples 

% samples deficient No. of 

samples 

% 

samples 
deficient 

No. of 

samples 

% 

samples 
deficient 

Zn Fe Cu Mn 

Andhra 

Pradesh 

6723 22.3 16.8 1.0 1.7 3216 2.8 3216 28.9 

Assam 5216 25.5 0.0 3.8 0.0 5216 11.9 5216 16.7 

Bihar 7304 41.4 12.3 1.8 7.8 3597 33.3 3597 42.8 

Gujarat 5470 23.1 23.9 0.4 6.3 5470 17.9 5470 42.0 

Haryana 5673 15.3 21.6 5.2 6.1 5673 3.3 5673 35.8 

Himachal 

Pradesh 

642 1.4 7.8 0.2 22.1 161 8.7 161 0.0 

Jharkhand 443 20.3 0.0 0.5 0.0 443 56.0 - - 

Madhya 

Pradesh 

7580 61.7 9.6 0.2 1.6 3330 2.4 6499 27.7 

Maharashtra 8278 54.0 21.5 0.2 3.8 489 54.8 8278 26.5 

Odisha 2349 22.7 1.8 0.3 1.1 2349 52.5 2349 31.1 

Punjab 2181 16.6 6.2 3.6 15.2 1083 17.5 300 52.3 

Tamil Nadu 31080 65.5 10.6 13.0 7.9 31080 19.9 28153 14.3 

Telangana 4799 26.9 17.0 1.4 3.8 2776 16.1 2776 31.8 

Uttar 

Pradesh 

4788 33.1 7.6 6.3 6.5 4323 16.2 3950 32.5 

Uttarakhand 2575 9.6 1.4 1.4 4.7 2575 7.0 2375 11.2 

West Bengal 2363 11.9 0.0 1.2 0.9 1849 46.9 1849 37.4 

All India 97464 43.0 12.1 5.4 5.5 73630 18.3 79862 24.7 

Recently, GPS and GIS based soil fertility maps of primary, 

secondary and micronutrients of 173 districts prepared from geo-

referenced soil samples and the digital maps have been uploaded in 

the ICAR-Indian Institute of Soil Science website for the benefit of 

different stakeholders. Assessment of soil N status in above 

districts revealed that all zones (east, west, north and south) of 

India were having low N-fertility status (Dey and Sekhon, 2016). 

The nutrient deficiency in the country is mainly due to imbalance 

use of fertilizers NPK coupled with low addition of organic 
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manures and micro & secondary nutrients. The limiting nutrients 

do not allow the full expression of other nutrients, lower the 

fertilizer response and crop productivity. The fertilizer response 

ratio (grain : nutrient) decreased nearly by four times (from 13.4 in 

1970 to around 3.2 in 2010) in irrigated areas of the country 

(Figure 14). While only 54 kg fertilizer nutrients were required per 

ha during 1970 to maintain the yield level around 2.0 t ha, over 

five times fertilizer nutrients (280 kg) is being required presently to 

sustain the same yield level, which is a matter of concern 

(Chaudhari et al., 2015).  

 

Figure 14: Response and contribution of fertilizer in food grain 

production in irrigated areas over the years in India. 

The nutrient use efficiency in Indian soils are also low ranging 

from 30-50% (N), 15-20% (P), 60-70% (K), 8-10% (S) and 1-2% 

(micronutrients). The increase in nutrient efficiency would not 

only help in reducing the negative nutrient balance but also curtail 

the input cost and acts as key to safe ground the environmental. 

Under this situation, integrated nutrient management not only 

reduce the nutrient gap between addition and removal but also 

ensures the higher nutrient use efficiency, sustainability of the 

system and minimize the environmental pollution. 
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Soil Fertility Management Systems 

Harnessing traditional knowledge in nutrient management 

As defined by the Convention on Biological Diversity, Article 8 

(j), traditional knowledge refers to the knowledge, innovations and 

practices of indigenous and local communities around the world; 

traditional knowledge is mainly of a practical nature, particularly 

in such fields as agriculture, fisheries, health, horticulture, and 

forestry. Farmers in different parts of the world especially in poor 

and marginal indigenous groups of south Asia and Africa are 

experimenting with the agricultural adaptation measures in 

response to climatic variability for centuries. There is a wealth of 

knowledge for a range of measures that can help in developing 

agri-technologies to overcome climate vulnerabilities. Research 

works from plateau region clearly demonstrate that indigenous 

people and their knowledge are central to the adaptive changes for 

sustainable agriculture using available natural resources essential 

to face the world’s changing climate (Dey and Sarkar, 2011). In 

one such practice for direct seeded rice, cow-dung is powdered and 

mixed thoroughly with the soil after broadcasting of rice seeds and 

then planking (leveling the land surface after cultivation with wood 

log) is done. This helps in, since N mineralization is essentially a 

microbial mediated process and with powdering and mixing, the 

process occurs faster. Research has shown that such practice helps 

better nutrient uptake by the young plants due to better 

mineralization of N from the manure under improved water 

holding capacity of the soil. There is a need to harness and manage 

such knowledge and fine-tune them to suit the modern needs. 

Nutrient management approaches 

Nutrient management in India over time has specific syndrome 

which can be summarized by abuse of N, disuse of K, overuse of P 

coupled with low or no addition of organic manure and micro & 

secondary nutrients. It suggests inherent flaws in nutrient 

management practices adopted by farmers that probably promotes 

imbalance in nutrient applications. Having said so, the nutrient 

management adopted by farmers of India can be broadly 

categorized into the following approaches: 
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 Blanket fertilizer recommendation: These recommendations 
prescribed for large areas, generally advocated by different 
State Governments, are based on agronomic fertilizer 
experiments without taking into account the spatial and 
temporal variability of soil in terms of plant nutrient supplying 
capacity. Although, in principle, these recommendations are up 
for periodical revisions, in practice, these recommendations are 
continued for decades resulting over/under use of fertilizers 
leading to economic/yield losses besides poor nutrient use 
efficiency. The blanket recommendation does not have the 
flexibility to factor in farmer resource endowment. Due to less 
complexity, these recommendations find advocacy with Line 
Departments. 

 Fertilizer application based on own/peer perception: This 
mode of fertilizerfertilizer application is based on resource 
availability and crop growth history in the location. Fertilizer 
price, commodity price, availability of water and 
fertilizerfertilizers, access to market and risk perception 
(abiotic and biotic) are main determinants of this type of 
fertilizer application which usually leads to imbalanced use of 
plant nutrients. Peer perception especially that of progressive 
farmers also taken into account for adoption of plant nutrient 
prescription without considering farmers own resource 
endowment.  

 Soil-test based fertilizer recommendation: This science-led 
plant nutrient recommendation is based on analysis of 
representative soil samples, correlation and calibration and 
finally fertilizer recommendation. In one its subset, it is based 
on nutrient index of low, medium and high soil fertility classes 
and developing the recommendation for the medium fertility 
class; for low or high fertility classes, the fertilizer 
recommendation for the medium fertility class is increased or 
decreased by 25% (Khosa et al., 2012). This classical approach 
is static and destructive, and relies mainly on the soil test data. 
However, some workers also reported the lack of correlation 
between soil-test based data for available nutrients and crop 
yield (Dobermann et al., 2002) or the approaches for 
developing integrated nutrient recommendations from soil test 
data (Tandon, 2012).  
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 Site-Specific Nutrient Management (SSNM): This plant-based 

approach for Asian irrigated rice systems was developed in the 

1990s by IRRI in collaboration with national partners. It 

focused on managing field-specific spatial variation in 

indigenous NPK supply, temporal variability in plant N status 

occurring within a growing season and medium-term changes 

in soil P and K supply resulting from actual nutrient balance 

(Dobermann et al., 1996). A modified QUEFTS model 

(Janssen, et. al., 1990, Witt et. al., 1999) was used for this 

purpose. It described the relationship between grain yield and 

nutrient accumulation as a function of climatic yield potential 

and the supply of the three macronutrients. In a situation of 

balanced nutrition, the QUEFTS model assumed a linear 

relationship between grain yield and plant nutrient uptake or 

constant internal efficiencies until yield targets reach about 70-

80% of yield potential.  

 Targeted yield approach concept: This is Indian system of 

plant nutrient management. Ramamoorthy and his co-workers 

established the theoretical basis and experimental proof for the 

fact that Liebig’s law of the minimum operates equally well for 

N, P and K (Ramamoorthy et al., 1967). Among the various 

methods of fertilizer recommendation, the one based on yield 

targeting is unique in the sense that this method not only 

indicates soil test based fertilizer dose but also the level of 

yield the farmer can hope to achieve if good agronomic 

practices are followed in raising the crop. The differentiation of 

significant multiple regression equations provides a basis for 

soil test-fertilizer requirement calibration for maximum yield 

per ha, maximum profit per ha and maximum profit per rupee 

investment on fertilizer. The resultant fertilizer prescription 

equations have been tested in follow-up and frontline 

demonstrations conducted in different parts of the country. In 

these trials soil test based rates of fertilizer application helped 

to obtain higher response ratios and benefit: cost ratios over a 

wide range of agro-ecological regions (Dey and Srivastava, 

2013). Targeted yield concept strikes a balance between 

‘fertilizing the crop’ and ‘fertilizing the soil’. More than four 

thousand frontline demonstrations conducted by different 



Best Practices in Integrated Plant Nutrition System in India 

62 

centres of AICRP (STCR) clearly demonstrates the superiority 

of STCR-IPNS fertilizer recommendations for different crops 

over blanket recommendation and farmer’s practice in terms of 

higher yields with higher BCR/net returns (Dey and Santhi, 

2014, Dey, 2015a, Dey, 2016). Front Line Demonstrations 

conducted under Tribal Sub Plan (TSP) in Assam, Bihar, 

Chhattisgarh, Himachal Pradesh, Jammu & Kashmir, 

Jharkhand, Karnataka, Kerala, Madhya Pradesh, Maharashtra, 

Manipur, Odisha, Rajasthan, Tamil Nadu, Telangana, Uttar 

Pradesh and West Bengal also clearly brought out the 

superiority of STCR-based fertilizer recommendation for 

different crops over blanket recommendation and farmer’s 

practice. Tribal farmers with very little knowledge of modern 

agriculture could achieve yield target by practicing STCR 

technology within ±10% variations of the target set (Dey, 

2015b). 

Fertilizer Use Patterns 

The consumption of fertilizers in India in terms of NPK has 

increased substantially from a mere 1.1 million tonnes in 1966-

1967 in the pre-green revolution period to more than 25 million 

tonnes in 2014-2015. As per the International Fertilizer 

Association, India ranked second in total world fertilizer 

consumption in 2012. The all-India average consumption of 

fertilizers has increased from 69.84 kg ha
-1

 in 1991-1992 to 128.08 

kg ha
-1

 in 2014-2015. There is, however, wide inter-state 

variability in consumption of fertilizers, with states like Punjab, 

Haryana and Andhra Pradesh having per ha consumption of over 

200 kg and other states, like Odisha, Kerala, Madhya Pradesh, 

Jharkhand, Chhattisgarh and Rajasthan, reporting less than 100 kg 

ha
-1

 consumption.  

The crop-wise fertilizer consumption (NPK) in India is highly 

skewed with four crops namely rice, wheat, sugarcane and cotton 

consume 70% of the total fertilizers used in agriculture. With a 

view to encourage the balanced use of fertilizers, the Government 

introduced the Nutrient Based Subsidy (NBS) Policy from April 

2010 where a fixed rate of subsidy is announced on nutrients. The 

NBS covers three macro nutrients (N, P and K) and two micro 



Best Practices in Integrated Plant Nutrition System in India 

63 

nutrients (zinc and boron). Urea is the only fertilizer under 

statutory price control, whereas P and K fertilizers are covered 

under the NBS Policy since 1 April 2010, in which the maximum 

retail price (MRP) of fertilizers are fixed by fertilizer companies 

based on the prices prevailing in the international market. After the 

introduction of the NBS Policy, there has been a large increase in 

the prices of P and K fertilizers due to an increase in the 

international market. The ambit of NBS scheme may be made 

broader to consider nutrient use efficiency of fertilizers so that the 

focus is on efficient uptake of nutrients by plants. Water soluble 

fertilizers need to be promoted by bringing them under subsidy 

regime.  

Research and Extension on Soil Fertility Management 

The ICAR is addressing soil health and fertility related problems in 

the country through ICAR-Indian Institute of Soil Science (IISS), 

All India Coordinated Research projects on Soil Test Crop 

Response-STCR (25 centres), Micro- and Secondary Nutrients and 

Pollutant Elements in Soils and Plants-MSPE (22 centres), Long 

Term Fertilizer Experiments-LTFE (18 centres) and All India 

Network Project on Soil Biodiversity-Biofertilizers-SBB (18 

centres) The Council is recommending soil-test based balanced and 

integrated nutrient management (INM) through conjunctive use of 

both inorganic and organic sources of plant nutrients to improve 

soil health and fertility in the country. Salient research 

achievements of balanced fertilization and INM are as under which 

illustrates the efforts for furthering IPNS:  

- Recently, ICAR-IISS, Bhopal has developed a mini laboratory 

`Mridaparikshak' (applied for patent and trade mark in India) 

that can estimate 15 important soil parameters viz., pH, EC, 

organic carbon, available N, P, K, sulphur, zinc, iron, 

manganese, boron, copper, gypsum requirement, lime 

requirement, and calcareousness. This is a digital mobile 

quantitative soil test minilab to provide soil testing service at 

farmers' doorstep. It is compatible with soil health card. 

`Mridaparikshak' comes with smart soil-pro, an instrument for 

determining soil parameters and displaying of fertilizer nutrient 

recommendations. 
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- Software program based on fertilizer prescription equations 

have been developed district-wise for twelve states and 

uploaded on institute website. 

- Prepared GIS based soil fertility maps of 173 districts covering 

twenty states of the country.  

- On-line fertilizer recommendations based on fertilizer 

prescription equations for generation of STCR-IPNS 

recommendations of different crops have been developed.  

- Mobile based bilingual (Marathi and English) STCR App 

developed for fertilizerfertilizer recommendations of 

Maharashtra in collaboration with National Informatics centre 

(Govt. of India), Pune.  

- Delineated micro & secondary nutrients deficient areas in 

various states of the country and established critical limits for 

various crops; color atlas for micronutrient deficiency 

symptoms was published. 

- Deficiency and heavy metal toxicities symptoms were 

catalogued and characterized.  

- Identified soil quality indicators using Principal Component 

Analysis (PCA). 

- Developed model on soil carbon and N to predict soil carbon 

sequestration and its forms in soil under different management 

option.  

- Developed technologies to prepare various types of organic 

manures such as phosphor-compost, vermicompost, municipal 

solid waste compost, bio-enriched compost, city compost etc. 

from various organic wastes. A microbial bio-filter has been 

developed to reduce the heavy metal load in urban compost. 

- A rapid composting technology using lignocellulotic fungi has 

been developed to reduce the duration of composting from 4-6 

months to 45 days.  

- Developed improved and efficient strains of biofertilizers 

(Rhizobium, N2-fixer, PSB, KSB, ZnSB, Sulphur oxidizing 

bacteria etc.) specific to different crops and soil types; 

developed Consortia of biofertilizers consisting of Plant 

Growth Promoting Rhizobacteria (PGPR). 
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- Developed liquid biofertilizer technology with higher shelf life. 

The Government of India has taken several initiatives to facilitate 

promotion of IPNS through following programmes/schemes which 

being implemented by different Ministries/Departments ranging 

from single component/commodity based sectoral scheme to area 

based integrated approach. 

- A National Mission on Soil Health Card has been launched to 

provide soil tested based fertilizer recommendation to all the 

farmers in the country based on the twelve soil parameters.  

- The Government under the component of soil health 

management of National Mission on Sustainable Agriculture 

(NMSA) is promoting soil test based balanced and integrated 

nutrient management in the country through setting 

up/strengthening of soil testing laboratories, establishment of 

bio-fertilizer and compost unit, use of micronutrients, trainings 

and demonstrations.  

- A number of value added fertilizer materials fortified with 

secondary and micronutrients have been enlisted in Fertilizer 

Control Order (FCO) to promote balanced and efficient use of 

fertilizers.  

- Customised fertilizers specific to crop, soil and area specific 

are also promoted.  

- The Govt. of India took a historical policy decision of 

introduction of Nutrient Based Subsidy (NBS) on N, P, K and 

Sulphur containing fertilizers. Additional subsidy for fertilizers 

fortified with zinc and boron was paid at the rate of Rs. 500 

and Rs. 300 per tonne, respectively. It well help in ensuring 

efficient use of plant nutrients including secondary and 

micronutrients.  

- The Department of Fertilizers, Ministry of Chemicals & 

Fertilizers has declared subsidy on city compost @ Rs. 1500 

per ton to serve twin objectives of supporting government’s 

Swachh Bharat Abhiyan and providing manures to farmers.  

- The government is implementing National Biogas and Manure 

Management Programme aiming at setting-up of Family Type 

Biogas Plants at rural and semi-urban/households level for 



Best Practices in Integrated Plant Nutrition System in India 

66 

recycling of rural wastes linking sanitary toilets with biogas 

plants. 

- The Government under “Pradhan Mantri Krishi Sinchayee 

Yojana is promoting micro irrigation/fertigation.  

- Under Watershed Management Programme, the major activities 

taken up include soil and water conservation, rain water 

harvesting and storage. 

- The Government is also implementing programme under 

National Mission for Sustainable Agriculture (NMSA) for 

reclamation of Problem soils (viz., saline, alkali and acid soils).  

Best Practices of IPNS for Dominant Cropping Systems 

The basic concept underlying the principle of IPNS is to maintain 

or adjust plant nutrient supply to achieve a given level of crop 

production by optimizing the benefits from all possible sources of 

plant nutrients involving judicious and combined use of fertilizers, 

biofertilizers, organic manures (FYM, compost, vermicompost, 

biogas slurry, green manures, crop residues etc.), and growing of 

legumes in the cropping systems. Integration of locally available 

organic resources such as sulphitation press mud, a sugar factory 

byproduct, with inorganic fertilizers were found to significantly 

improve the crop yield of sugarcane under Uttar Pradesh condition 

(Singh et al., 2001 and 2003). The basic objectives of INM are to 

reduce the inorganic fertilizer requirement, to restore organic 

matter in soil, to enhance nutrient use efficiency and to maintain 

soil quality in terms of physical, chemical and biological 

properties. Studies in mineralization of N from enriched green 

manures under different water management practices (Dey and 

Jain, 1996) helps in precisely managing N synchrony for proper 

crop demand. IPNS packages for dominant cropping system 

including cereals, oilseeds, pulses and cash crops for different 

agro-climatic regions of the country (Sharma and Biswas, 2004, 

Dey, 2016) are as under: 
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Table 16: Best practices of IPNS for dominant cropping systems 

Western Himalayan Region 

Cropping 

System 

Generalized fertilizer 

recommendation  

IPNS package 

Rice – 

Wheat 

Rice : 120 kg N+ 40 kg 

P2O5 

Wheat : 120 kg N + 80 kg 

P2O5 + 40 kg K2O 

Rice : 40 kg N + FYM/Green 

Manure @ 15 t ha
-1 

+ 20 kg Zinc 

sulphate (in Zn deficient soils) 

Wheat : 120 kg N + 80 kg P2O5 

(through SSP) + 40 kg K2O 

Maize – 

Wheat 

Maize: : 120 kg N + 60 kg 

P2O5 + 40 kg K2O 

Wheat : 120 kg N + 60 kg 

P2O5 + 30 kg K2O 

Maize : 60 kg N + 30 kg 

P2O5(through SSP) + 20 kg K2O + 

10 t FYM + fresh Eupatorium/ 

Lantana Mulch @ 10 t ha
-1

 

Wheat : 80 kg N + 30 kg P2O5 ( 

through SSP) + 15 kg K2O 

Liming @ 3-4 q ha
-1

 in furrows at the time of sowing for soils having 

pH<5.5 

Eastern Himalayan Region 

Cropping 

System 

Generalized fertilizer 

recommendation  

IPNS package 

Rice – Rice Rice : 60 kg N + 30 kg P2O5 

+ 25 kg K2O 

Rice : 80 kg N + 40 kg P2O5 

+ 20 kg K2O 

Rice : 20 kg N + 20 kg P2O5 + 15 

kg K2O + FYM/GM @ 10 t ha
-1

+ 

Azolla @ 10 t ha
-1 

+ 20 kg Zinc 

Sulphate once in 3 years + 5 kg 

borax + 1 kg ammonium 

molybdate + 5 kg copper sulphate  

Rice : 60 kg N + 40 kg P2O5 25 kg 

K2O + Azolla @ 10 t ha
-1

 

Rice- wheat Rice : 80 kg N + 40 kg P2O5 

+ 50 kg K2O 

Rice : : 80 kg N + 40 kg 

P2O5 + 30 kg K2O 

Rice : 40 kg N + 20 kg P2O5 + 40 

kg K2O + FYM@ 5 t ha
-1

/GM + 

Azolla @ 10 t ha
-1 

+ 20 kg Zinc 

Sulphate once in 3 years + 5 kg 

borax + 1 kg ammonium 

molybdate + 5 kg copper sulphate 

Rice : 50 kg N + 20 kg P2O5 + 

FYM @ 5 t ha
-1

 

Rice – 

Mustard 

Rice : 80 kg N + 40 kg P2O5 

+ 50 kg K2O 

Mustard : 40 kg N + 20 kg 

P2O5 + 30 kg K2O + 10 kg S 

Rice : 40 kg N + 30 kg P2O5 ( 

through SSP) + 40 kg K2O + 

FYM/GM @ 10 t ha
-1

+ Azolla @ 

10 t ha
-1 

+ 20 kg Zinc Sulphate 

once in 3 years + 5 kg borax + 1 

kg ammonium molybdate + 5 kg 
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copper Sulphate 

 

Mustard : 20 kg N + 10 kg P2O5 ( 

through SSP) + 25 kg K2O 

Rice – Potato Rice : 80 kg N + 40 kg P2O5 

+ 25 kg K2O 

Potato : 100 kg N + 100 

P2O5 + 50 kg K2O 

Rice : 40 kg N + 20 kg P2O5 + 15 

kg K2O + Azolla/GM @ 10 t ha
-1 

+ 

20 kg Zinc Sulphate once in 3 

years + 5 kg borax + 1 kg 

ammonium molybdate + 5 kg 

copper sulphate 

Potato : 50 kg N + 50 kg P2O5 + 30 

kg K2O + FYM@ 10 t ha
-1 

+ seed 

treatment with Azotobacter and 

PSB 

Lower Gangetic plain 

Cropping 

System 

Generalized fertilizer 

recommendation  

IPNS package 

Rice – Rice Rice : 80 kg N + 60 kg 

P2O5 + 40 kg K2O 

Rice (HYV) : 120 kg N + 

80 kg P2O5 + 60 kg K2O 

Rice : 60 kg N + 40 kg P2O5 + 30 

kg K2O + FYM/GM @ 10 t ha
-1

+ 

20 kg Zinc Sulphate 

Rice : 90 kg N + 80 kg P2O5 + 60 

kg K2O + Azolla @ 10 t ha
-1

 

Rice – 

Wheat 

Rice : 80 kg N + 60 kg 

P2O5 + 40 kg K2O 

Wheat: 120 kg N + 60 P2O5 

+ 60 kg K2O 

Rice : 40 kg N + 45 kg P2O5 + 30 

kg K2O + FYM/GM @ 10 t ha
-1 

+ 

Azolla @ 10 t ha
-1

/BGA @ 10 kg 

ha
-1 

+ kg Zinc Sulphate 

Wheat: 90 kg N + 45 P2O5 + 45 kg 

K2O 

Jute – Rice – 

Potato 

Jute : 40 kg N + 20 kg P2O5 

+ 40 kg + K2O  

Rice : 60 kg N + 30 kg 

P2O5 + 30 kg K2O 

Potato : 180 kg N + 80 kg 

P2O5 + 120 kg K2O 

Jute : 30 kg N + FYM @ 5 t ha
-1

 

Rice : 30 kg N + 30 kg P2O5 + 30 

kg K2O + Azolla @ 10 t ha
-1

/ 

BGA@ 10 kg ha
-1 

+ 20 kg Zinc 

Sulphate 

Potato : 150 kg N + 40 kg P2O5 + 

100 kg K2O + FYM@ 5 t ha
-1

+ 

seed treatment with Azotobacter 

and PSB 

Middle Gangetic plain 

Cropping 

System 

Generalized fertilizer 

recommendation  

IPNS package 

Rice – 

Wheat 

Rice : 100 kg N + 60 kg 

P2O5 + 40 kg K2O 

Rice : 50 kg N + 30 kg P2O5 + 20 

kg K2O + Green Manure ( 
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Wheat: 120 kg N + 80 P2O5 

+ 40 kg K2O 

greengram/stover) 20 kg Zinc 

Sulphat ( in calcareous soils) 

Wheat: 90 kg N + 60 P2O5 + 30 kg 

K2O + FYM@ 10 t ha
-1

 

     OR 

Rice : 75 kg N + 45 kg P2O5 + 30 

kg K2O + BGA @ 15 kg ha
-1 

+ 

FYM @ 10 t ha
-1

+ 20kg Zinc 

Sulphate (in calcareous soils) 

Wheat : 100 kg N + 65 kg P2O5 + 

30 kg K2O 

Maize – 

Wheat 

Maize : 100 kg N + 60 P2O5 

+ 30 kg K2O + 40 kg S and 

16 kg borax ( in calcareous 

soil) 

Wheat : 120 kg N + 80 

P2O5 + 40 kg K2O 

Maize : 90 kg N + 60 P2O5 ( 

through SSP) + 30 kg K2O + GM + 

16 kg borax ( in calcareous soil) 

Wheat : 90 kg N + 60 kg P2O5 + 30 

kg K2O + FYM@ 10 t ha
-1

 

Groundnut-

Pigeonpea 

intercropping 

Groundnut: 10 kg N + 50 

P2O5 + 20 kg K2O 

Wheat: 10 kg N + 50 P2O5 

+ 20 kg K2O 

100% RDF + lime @ 2 t ha
-1 

+ 

FYM@ 2 t ha
-1 

+ Soil water 

conservation measure (furrows 

between groundnut and pigeon pea 

rows) 

Upper Gangetic plain 

Cropping 

System 

Generalized fertilizer 

recommendation  

IPNS package 

Rice – 

Wheat  

Rice : 120 kg N + 60 kg 

P2O5 + 40 kg K2O + 20 kg 

Zinc Sulphate 

Wheat : 120 kg N + 60 kg 

P2O5 + 40 kg K2O + 40 kg 

S 

Rice : 90 kg N + 30 kg K2O + 

FYM/GM (Sesbania/ Leucaena 

Lopping ) @ 10 t ha
-1

 

Wheat : 90 kg N + 60 kg P2O5 ( 

through SSP) + 30 kg K2O 

Maize – 

Wheat/ 

Mustard 

Maize : 100 kg N + 60 kg 

P2O5 + 40 kg K2O 

Wheat : 120 kg N + 60 kg 

P2O5 + 40 kg K2O 

Mustard : 80 kg N + 50 kg 

P2O5 + 40 kg K2O 

Maize : 50 kg N + 20 kg K2O + 

FYM @ 10 t ha
-1

 

Wheat : 120 kg N + 60 kg P2O5 

(through SSP) + 40 kg K2O 

Mustard : 60 kg N + 40 kg P2O5 ( 

through SSP ) + 30 kg K2O 

Sugarcane – 

Potato 

Sugarcane (Autumn 

planting) : 180 kg N + 60 

kg P2O5 + 40 kg K2O 

Potato ( Intercropping) : 

180 kg N + 60 kg P2O5 + 80 

Sugarcane (Autumn planting) : 100 

kg N + 45 kg P2O5 + 30 + 

Sulphitation pressmud/ GM + 

Incorporation of Potato foliage. 

Potato ( Intercropping): 135 kg N + 
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kg K2O 

 

20 kg P2O5 + 60 kg K2O + FYM 2 

10 t ha
-1 

+ seed treatment with 

Azotabacter and PSB * (In case of 

ratoon crop, incorporate sugarcane 

frash along with only 75 kg N) 

Sugarcane – 

Wheat 

Sugarcane( Autumn 

planting) : 180 kg N + 60 

kg P2O5 + 40 kg K2O 

 

Wheat( Intercropping) : 120 

kg N + 60 kg P2O5 + 60 kg 

K2O 

 

Sugarcane(Autumn planting) : 135 

kg N + 45 kg P2O5 + 30 t ( FYM/ 

Sulphitation pressmud ) /GM ( 

Sesbania /Sunhemp/cowpea @ 10 t 

ha
-1 

) 

Wheat (Intercropping) : 80 kg N + 

40 kg P2O5 + 40 kg K2O 

*(In case of ratoon crop, 

incorporates sugarcane frash along 

with only 75 kg N) 

Trans Gangetic Plain 

Cropping System Generalized fertilizer 

recommendation  

IPNS package 

Rice/ Maize/Bajra – 

wheat 

Rice: 120 kg N + 60 kg 

P2O5 + 60 kg K2O + 20 

kg Zinc Sulphate 

Maize: 120 kg N + 60 

kg P2O5 +30 kg K2O + 

20 kg Zinc Sulphate 

Bajra : 90 kg N + 60 kg 

P2O5  

Wheat: 180 kg N + 60 

kg P2O5 + 30 kg K2O  

Rice: 60 kg N + 30 kg K2O + 

FYM/poultry manure/GM @ 

10 t ha
-1

 

Maize: 70 kg N + FYM/GM 

(Sesbania/ cowpea) @ 10 t 

ha
-1

 

Bajra: 60 kg N + 30 kg P2O5 

FYM @ 10 t ha
-1

 

Wheat: 150 kg N + 30 kg 

P2O5 ( through SSP) + 30 kg 

K2O + 

Azotobactor/Azospirillium + 

PSB 

Cotton–wheat Cotton: 120 kg N + 30 

kg P2O5 + 30 kg K2O 

Wheat: 180 kg N + 60 

kg P2O5 + 30 kg K2O  

Cotton: 120 kg N 

Wheat: 150 kg N + 30 kg 

P2O5 ( through SSP) + 30 kg 

K2O + 

Azotobactor/Azospirillium + 

PSB 

Eastern Plateau & Hills 

Cropping System Generalized fertilizer 

recommendation  

IPNS package 

Rice –Winter 

Maize/Wheat/Pulses 

Rice : 60 kg N+ 30 kg 

P2O5 + 30 kg K2O + 20 

Rice : 30 kg N + 15 kg P2O5 ( 

through SSP ) + 15 kg K2O + 
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kg Zinc Sulphate 

Winter Maize : 120 kg 

N + 60 kg P2O5 + 30 kg 

K2O 

Wheat : 120 kg N + 60 

kg P2O5 + 40 kg K2O 

Pulses : 20 kg N + 40 

kg P2O5 + 20 kg K2O + 

Rhizobium + 20 kg S + 

micronutrient Mixtures 

FYM/GM @ 10 t ha
-1 

+ 15 kg 

BGA 

Winter Maize : 100 kg N + 45 

kg P2O5 (through SSP) + 20 

kg K2O 

Wheat : 90 kg N + 45 kg P2O5 

(through SSP) + 30 kg K2O 

Pulses : 10 kg N + 20 kg P2O5 

( through SSP) + FYM @ 2.5 

t ha
-1

+ Rhizobium + 500 g 

PSB 

Liming @3-4 q ha
-1

 in furrows at the time of sowing for soils having 

pH<5.5 

Central Plateau & Hills 

Cropping System Generalized fertilizer 

recommendation  

IPNS package 

Rice-Wheat/Mustard Rice : 100 kg N+ 30 kg 

P2O5 + 40 kg K2O  

Wheat : 120 kg N + 60 

kg P2O5 + 40 kg K2O 

Mustard : 60 kg N + 30 

kg P2O5 + 20 kg K2O  

Rice : 75 kg N + FYM/Green 

Manure @ 5 t ha
-1

 

Wheat : 90 kg N + 45 kg P2O5 

+ 30 kg K2O 

Mustard: 30 kg N + 15 kg 

P2O5 + 10 kg K2O FYM @ 10 

t ha
-1

. 

Soybean - Wheat Soybean : 20 kg N+ 60 

kg P2O5 + 20 kg K2O + 

B  

 

Wheat : 120 kg N + 60 

kg P2O5 + 40 kg K2O 

Soybean : 10 kg N+ 25 kg 

P2O5 ( through Boronated 

SSP) + 4t FYM+ Rhizobium 

+ 25 kg Zinc Sulphate in 

alternate years 

Wheat : 90 kg N + 45 kg P2O5 

(through SSP) 

Rice – Gram  Rice : 100 kg N+ 30 kg 

P2O5 + 30 kg K2O  

 

Gram : 20 kg N+ 40 kg 

P2O5 + 20 kg K2O + 

Rhizobium 

Rice : 25 kg N+ 15 kg P2O5 + 

pulse crop residue 

Incorporation + BGA @ 10 

kg ha
-1

 /Azolla @ 10 t ha
-1

 

Gram : 10 kg N+ 20 kg P2O5 

+ Rhizobium + 5t FYM + 500 

PSB 

Soybean-Chickpea 

(Rainfed system) 

Soybean: 20 kg N+ 60 

kg P2O5 + 20 kg S 

Chickpea: 30 kg N+ 60 

kg P2O5  

 

100% RDF + 2 t ha
-1

 FYM to 

soybean and 50% RDF to 

chickpea 
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Liming @3-4 qha
-1

 in furrows at the time of sowing for soils having 

pH<5.5 

Western Plateau & Hills 

Cropping System Generalized fertilizer 

recommendation  

IPNS package 

Soybean – wheat Soybean : 20 kg N + 60 

kg P2O5 + 20 kg K2O + 

B + S 

 

Wheat : 120 kg N + 60 

kg P2O5 +40 kg K2O  

Soybean : 10 kg N + 25 kg 

P2O5 (through SSP)+ 4 t FYM 

+ Rhizobium + 25 kg Zinc 

Sulphate in alternate year 

 Wheat: 90 kg N + 45 kg P2O5 

(through SSP)                                

Cotton – 

Fallow/Pigeon 

pea/wheat 

Cotton : : 100 kg N + 50 

kg P2O5 + 50 kg K2O  

 

 

Pigeon pea : : 20 kg N + 

40 kg P2O5 + 20 kg K2O 

+ Rhizobium + 20 kg S 

+ Micronutrient Mixture  

Wheat : 120 kg N + 60 

kg P2O5 + 30 kg K2O  

Cotton : : 50 kg N + 25 kg 

P2O5 + 25 kg K2O + seed 

treatment with Azotobacter + 

4 t FYM / in situ Green 

manuring ( cowpea) followed 

by mulching with subabul 

loppings . 

Pigeon pea : : 10 kg N + 20 

kg P2O5 (through SSP) + 10 

kg K2O + FYM @ 2.5 t ha
-1

 + 

Rhizobium + 500 g PSB 

Wheat : : 90 kg N + 30 kg 

P2O5 ( through SSP ) + 30 kg 

K2O + Azotobactor / 

Azospirillium + PSB 

Green gram-Safflower 

(Rainfed) 

Safflower: 40 kg N + 50 

kg P2O5 

Incorporation of green gram 

stalk before sowing of 

safflower along with 75% 

RDF of safflower + Soil 

moisture conservation 

measure (Summer ploughing 

and inter-culture with blade 

hoe) 

Fallow-sunflower 

(Rainfed) 

Sunflower: 60 kg N +80 

kg P2O5 + 50 kg K2O  

 

100% RDF+FYM @ 2 t ha
-1

 

+Soil moisture conservation 

measure (Opening furrow 

after every 6 rows) 
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Southern plateau and Hills , East Coast Plains and Ghats and West Coast 
Plains Regions  

Cropping System Generalized fertilizer 
recommendation  

IPNS package 

Rice-Rice Rice : 100 kg N+ 30 kg 
P2O5 + 30 kg K2O  

Rice : 120 kg N + 60 kg 
P2O5 + 40 kg K2O 

 

Rice: 75 kg N +15 kg. P2O5 + 
15 kg. K2O+ FYM/Green 
Manure @ 5 t ha

-1
 

Rice: 90 kg N + 60 kg P2O5 + 
40 kg K2O + 40 kg. 
K2O+Azolla @ 10 tha

-1
 BGA 

@ 10 kg ha
-1

 + 20 kg Zinc 
Sulphates 

Rice – Pulses  Rice : 100 kg N+ 30 kg 
P2O5 + 30 kg K2O  

Pulses : 20 kg N + 40 
kg P2O5 +2 0 kg K2O + 
Rhizobium 

Rice: 25 kg N+ 15 kg K2O + 
pulse crop residue 
incorporation + BGA @ 10 
kg ha

-1
 /Azolla @ 10 t ha

-1
 

Pulses: 10 kg N + 20 kg P2O5 
+ 10 kg K2O + Rhizobium + 
2.5 T FYM + 500 g PSB  

Fallow-Sunflower 
(Rainfed) 

Sunflower: 60 kg N +80 
kg P2O5 + 50 kg K2O  

Sunflower: 100% RDF+FYM 
@ 2 t ha

-1
 +Soil moisture 

conservation measure 
(Opening furrow after every 2 
rows) 

Castor monocropping 
(Rainfed) 

Castor: 60 kg N +80 kg 
P2O5 + 40 kg K2O + 20 
kg S 

Cowpea incorporation after 
first picking and 75% RDF of 
castor 

Liming @3-4 q ha
-1

 in furrows at the time of sowing for soils having pH<5.5 

Gujarat plains & Hills Regions 

Cropping System Generalized fertilizer 
recommendation  

IPNS package 

Groundnut/ wheat/ 

Mustard  

Groundnut : 20 kg N + 

40 kg P2O5 + 60 kg K2O  

Wheat : 120 kg N + 60 

kg P2O5 + 30 kg K2O  

Mustard : 60 kg N + 30 

kg P2O5 + 20 kg K2O  

Groundnut : 15 kg N + 30 kg 

P2O5 (through SSP) +45 kg 

K2O + Gypsum @ 250 kg ha
-

1
 in furrow + 25 kg Zinc 

Sulphate + 1 kg Boron  

Wheat: 70 kg N + 30 kg P2O5 

( through SSP) + 20 kg K2O 

+ Azotobactor/Azospirillium 

+ PSB 

 Mustard : 30 kg N + 15 kg 

P2O5 ( through SSP) + 10 kg 

K2O + FYM @ 10 t ha
-1
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Cotton – Castor  Cotton: 1 

00 kg N + 40 kg P2O5 + 

40 kg K2O  

Castor ( irrigated ) : 40 

kg N + 60 kg P2O5  

Cotton : 50 kg N + 25 kg 

P2O5 + 25 kg K2O + seed 

treatment with Azotobacter + 

4 t FYM 

Castor (irrigated ) : 25 kg N 

+ 50 kg P2O5 ( through SSP ) 

+ 1 t castor seed cake/FYM 

@ 5 t ha
-1

 + seed treatment 

with Azospirillium and PSB 

@ 5 kg ha
-1

 

Western Dry Regions 

Cropping System Generalized fertilizer 

recommendation  

IPNS package 

Kharif Pulses – 

Fallow  

Kharif pulses : 20 kg N 

+ 40 kg P2O5 + 20 kg 

K2O + Rhizobium 

Pulses : 10 kg N + 20 kg 

P2O5 +10 kg K2O + 

Rhizobium + 2.5 t FYM 

Pearmri millet – 

mustard  

Pearl millet : 50 kg N + 

30 kg P2O5 + 15 kg K2O  

 

Mustard : 60 kg N + 30 

kg P2O5 + 20 kg K2O + 

S 

Pearl mrimillet : 25 kg N + 

20 kg P2O5 (through SSP )+ 

10 kg K2O + Azotobacter/ 

Azospirillium  

Mustard : 45 kg N + 20 kg 

P2O5 ( through SSP) + 15 kg 

K2O + FYM @ 5 t ha
-1

 

Fallow-Mustard 

(Rainfed) 

Mustard: 80 kg N + 40 

kg P2O5 + 20 kg S 

Green manuring with 

Sesbania and FYM @ 2 t ha
-1

 

+ 75% RDF 

Maize-Raya (Rainfed)  Maize : 80 kg N + 40 kg 

P2O5  

Raya : 37 kg N + 20 kg 

P2O5  

100% RDF + S @ 20 kg ha
-1

 

+ Soil moisture conservation 

Measures (summer 

ploughing + maize residue 

application on surface) 

Challenges in Up Scaling IPNS 

- The biggest challenge is to provide IPNS package for each land 
holdings commensurate with farmers’ resource availability. 

- Even if there is no financial resource crunch, timely availability 
of fertilizers in adequate amount including micro & secondary 
nutrients, biofertilizers at farmers’ doorstep is questionable.  

- Soil test based fertilizers recommendations to nearly 14 crore 
land holdings with the existing soil testing facilities is an 
herculean task. 
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- On-farm generation of organic manure is becoming difficult 
due to shifting of animal based farming to mechanized 
agriculture, use of crop residues/cowdung as fuel for cooking 
and large scale crop residue burning.  

- Another outstanding issue with the manures is that while the 
composition of fertilizers is fairly standard, that of organic 
manures can vary several fold even within the same location or 
form lot to lot. As a result, decision of application rate for 
substituting a definite portion of fertilizer requires introduction 
of manure analytical facilities in the soil testing laboratories 
and should be included in soil health card. 

- Purchase of even 1 tonne compost would cost Rs. 8000/- which 
is not encouraging.  

- Lack of assured irrigation facilities. 

- Lack of farmers’ awareness on soil testing, soil physical and 
biological health, land degradation, soil water conservation, 
role of soil organic matter, micro and secondary nutrients is 
hindering promotion of IPNS in right spirit.  

- Poor research-extension-farmer linkages. 

Potential for Future IPNS Development 

- Development of IPNS module in farmers’ participatory 

research mode through cluster approach keeping in view the 

farmers resource availability. 

- Development of IPNS module for crops and cropping systems 

under drip fertigation involving nano materials such as nano-

rock P. 

- Agriculture will need to be progressively adapted to climate 

change and there is a need to recommend changes in IPNS 

strategies accordingly. 

- Crop diversification with leguminous crops vis-à-vis IPNS 

system for different regions. 

- Development of IPNS system for agro-ecoregions involving 

customized/fortified/coated fertilizers. 

- Convergence of various governmental schemes related to IPNS 

for ensuring synergy and achieving greater efficiency of 

implementation within a definite time frame. 
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- Distribution of bio-gas plant to each farm families for proper 

recycling of rural wastes into IPNS module of the region. 

- On-farm generation of enriched compost/vermicompost/bio-

fortified compost through rapid composting techniques and 

promotion of city compost. 

Conclusion 

Improving and maintaining soil fertility for enhancing and 

sustaining agricultural production is of utmost importance for 

India’s food and nutritional security. Though India is a food 

surplus nation at present, it will require about 4-5 million tones 

additional food grains each year to cater the food grain requirement 

of teeming millions of population. Sustaining such a rate of 

agricultural growth would require use of both chemical fertilizers 

and organics in an integrated manner. The results from several 

long term fertilizer studies conducted in different agro-ecological 

regions of India involving diversified cropping systems and soil 

types have shown that imbalance fertilizer use, particularly N 

alone, had a deleterious effect on soil productivity and health, 

mainly resulting from damaging effects from imbalance of P, K, S 

and micronutrients. Integrating organic manure with fertilizers 

doses not only sustained high productivity but also maintained 

fertility in most of the intensive cropping systems and soil types. 

The environmental effects of crop production are related to the 

amounts of plant nutrients required to produce a defined amount of 

grain. IPNS is environmentally beneficial due to enhanced 

efficiency of applied fertilizers and increases the yield resulting 

higher producer profits. Location-specific integrated nutrient 

management interventions need to be adopted. Such interventions 

should be rotation- or sequence- specific rather than being crop-

specific. Such interventions should be specifically refined for soils 

of recent origin, salt-affected, and light-textured soils. Region-

specific amalgamated technological prescriptions for IPNS 

strategies refined with targeted policy analysis are required for 

effective implementation and obtaining positive outcomes within a 

finite time horizon. This will provide a strong foundation for 

pragmatic policy formulation on use of IPNS and combating 

climate change. 
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Introduction 

For over half a million years food and the search for it have 

influenced both human and historical development. From the days 

people first become to settle in the small coral islands of the 

Maldives, agriculture at the lowest scale had begun. The purpose 

being to feed the small families. Also an alternative had to be 

found in addition to the rich proteins attained from the abundant 

seafood. It is evident that ancient Maldivians largely ate cereal 

crops like finger millet (Eleusine coracana), sorghum (Sorghum 

vulgare), common millet (Panicum maliaceum), foxtail millet 

(Setaria italic), maize (Zea mays) etc. different products made 

from the coconut palm (Cocos nucifera), bread fruit (Artocarpus 

altilis) Taro (Colocasia esculenta), sweet potato (Ipomoea 

batatas), cassava (manihot esculenta) and other related varieties 

were mostly popular in the southern islands where land and climate 

are both suitable. 

Our history tells us that back then people were reluctant to seek 

help from foreigners and travel abroad which restricted the art and 

craft of growing different varieties of crops. At the same time 

foreigners knew not much about these islands than as shipwreck 

waters which made them reluctant to come here. Finally when 

export and import of goods began, it was initiated and handled by 

foreigners who then imported other varieties of food sources like 

rice, tea, coffee, sugar etc. 

With over 1190 islands which are barely 1.5 meters above sea level 

divided and sorted into 26 atolls arranged in a double chain in a 

North-South direction, Maldives is the world’s most 

geographically dispersed. Poor transportation had made the 

movement of people and goods around the country very difficult. 

mailto:adam.adheel@fishagri.gov.mv
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Establishing a sustainable supply chain was almost impossible. 

Therefore some crops became exclusive to some areas and not all 

had the access to these food sources. The easier option was fish 

and products from the coconut palm. Being unable to achieve 

balanced diet severe cases of malnutrition followed, giving rise to 

high mortality rates. Especially among infants. 

Present Status of Maldives 

Agriculture and fisheries in the Maldives has evolved over the past 

50 years. Contemplating the scarcity of good agricultural land 

farmers turned to crops which can be grown easily and provide a 

reasonable yield over small plots of land. This meant that most 

farmers had to move on from the traditional cereal crops which 

now require larger area to grow to provide a good income and also 

support the growing population. Fresh and nutritious varieties of 

vegetables and fruits are slowly replacing and balancing the high 

protein diet of the Maldivians.  

Since the knowhow of agriculture and the information on suitable 

crop varieties to our climate started being disseminated by the then 

Agriculture ministry, (until November 1988 after which it merged 

with the fisheries ministry), a better food system has been laid with 

the goal of sustainability at sight. Nutrition and healthy diet 

information are now included in the school curriculum which is 

indeed where the real work for establishing a healthy community 

begins. Most parents are now more aware of what to and what not 

to feed their children at different age groups.  

Today with the rapidly developing technologies and globalization 

we are experiencing the impact of it on a positive note to food 

security and food diversity. Food is no longer regional and 

traditional in most parts of the world. A pizza or a sushi can now 

be found in any restaurant. We have gained better understanding of 

what grows not only in our environment but in others as well. With 

the help of mass media and marketing knowledge on food 

preparation, the knowledge has reached every corner of the planet. 

The supermarkets have now expanded their range of food supplies 

without a worry. From processed food for better preservation to 

fresh fruits and vegetables including exotic nuts almost everything 

is now readily available to most parts of the country. 
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Maldivians having had a rich culture and history, we can always be 

proud of never entirely having let go of the foods our forefathers 

used to suffice their hunger. Those food preparation practices are 

still popular and classified as tradition due to its rich history or 

simply just our taste buds never want to move on from them 

totally.  

Food Safety 

Over the years significant progress has been made in the area of 

food production around the globe. In order to feed a growing 

global population, intensive farming methods have been adopted 

on both crop and livestock causing impacts ranging from climate 

change to biodiversity loss and a range of different health concerns 

for humans. Maintaining food safety regulations ensure protection 

of the environment, our own health and welfare of farm animals. In 

the Maldives food preparation and handling practices has always 

been closely monitored by the Maldives food and drug authority 

(MFDA).  

With most of the food required by the country being imported from 

other countries, controlling the quality and safety with limited 

resources has always been a challenge. Sometimes there is little 

that can be done in controlling the import of livestock that has been 

drugged to always produce more. FAO (food and agriculture 

organization) predicts a rough doubling of meat and milk 

consumption by 2050. Potentially raising the number of farm 

animals slaughtered each year to around 120 billion and the 

practices becoming more intensive. 

The risk of E-coli (Escherichia coli) and salmonella infection is 

often greater in intensive production systems and long distance 

transport only further increases the risk. Most of our meat used for 

consumption often travels a long distance to get to the 

supermarkets. . To have a longer shelf life milk, juice, yoghurt, 

some forms of infant feed etc. often contain more preservatives 

than found in some other countries. 

Flaws can even be found in our own production systems. With 

more and more GM (genetically modified) crops being introduced 

to the farmers, in some cases the amount of fertilizer and pesticide 

use has also increased accordingly. With poor soils and climates 
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that favor rapid development of pests, it is almost impossible for 

the farmers to grow crops and attain a good yield without the usage 

of fertilizers and pesticide. In most cases the usage of these 

chemicals often exceeds the recommended levels which results in 

environment contamination and also leaves an unknown amount of 

chemical residue on the produce that goes to the market. 

Livestock farming has always been practiced in the Maldives at a 

very small scale. Fortunately intensive farming practices are not 

carried out where farm animals are drugged to increase production. 

Nevertheless vaccination programs are now being carried out by 

few farmers who have gained proper knowledge from the fisheries 

and agriculture ministry training programs. However with farmers 

gaining knowledge about treatments medicines that can be given to 

the animals that fall sick, measures need to be taken to prevent non 

therapeutic use of antibiotics. 

Tuna and other marine creatures have long since dominated a 

major part of a regular Maldivians diet. Frozen and processed Tuna 

along with few other marine products are amongst the only few 

things that we export to other countries. The export products are 

handled in very high standards and the quality is maintained 

throughout. However at the domestic markets, fish handling 

practices have seriously deteriorated with the fishermen failing to 

sell the days and then improvising to maximize profit. Several 

incidents of re-freezing a previously frozen fish have been reported 

and several cases might have led to health issues of the consumers 

who used the unhygienic fish. 

With our inability to produce enough food to suffice our 

population, food safety regulations need to tighten up on imported 

goods as well as on the goods we produce, in order to ensure the 

safety of the consumers and also our environment. 

Climate of Maldives 

Maldives is located on the equator and therefore experiences 

monsoonal climate. There are two distinct seasons, dry season 

(Northeast Monsoon) and wet season (Southwest Monsoon). In 

these two seasons the temperature varies hardly. Northeast 

monsoon extends from January to March. Since Maldives consists 

of small islands and are surrounded by sea, hot days are often 
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tempered by cooling sea breezes and balmy evening temperatures. 

Throughout the year, temperature remains almost same in the 

Maldives. However, daily temperature ranges from around 31 

degrees Celsius in daytime to 23° Celsius in night time.  

The wet season; southwest monsoon runs from mid-May to 

November. In this season Maldives experiences torrential rain.  

 

Figure 15: Data from Maldives meteorological services since 2000 

Agricultural Land Use 

In the Maldives agricultural activities are carried out mainly on the 

larger islands. In terms of land availability and soil fertility, the 

southern islands hold an edge over the northern islands. Down 

south of the country most of the inhabited islands are quite large in 

comparison to the northern islands, thus have more available area 

for agricultural activities. 

The land is managed by the council which is based on each island. 

The amount of land to be allocated for agriculture will be decided 

by the island councils, and the final land use plan of the island will 

be approved by the Ministry of Housing and infrastructure. 

Alterations can be brought about every now and then but will 

require approval from the main government. Usually in an average 

inhabited island, the amount of land given to a single farmer could 

vary from a range between 3000 - 10,000 square feet. In rare cases 

farming plots over 20,000 may have been given out as well. 
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Agriculture in the Maldives is not limited to inhabited islands only. 

There are commercial scale producers also on the uninhabited 

islands which are leased by the government on a long term basis, 

for the sole purpose of carrying out agricultural activities. Some of 

the larger islands could measure around 200 ha, while some of the 

smallest could be around 5 ha. Scheduled monitoring and 

performance evaluation trips are carried out by the Ministry of 

Fisheries and Agriculture to ensure the contracted works are 

carried out on the islands accordingly. 

Most of the islands are covered with dense vegetation. Especially 

the uninhabited islands have large trees and densely packed 

coconut palms. Land clearing for agricultural purposes requires 

additional approval from Ministry of Environment and energy. An 

environment impact assessment (EIA) has to be carried out prior to 

land clearing. Further activities could be carried out, only after the 

EIA has been approved.  

In the present situation, neither Ministry of Fisheries and 

Agriculture nor any island council possess or enforce any 

regulations to ensure sustainable land and soil management. With 

increasing intensive agricultural activities on the islands, and no 

sustainable land/soil management plans in place, our soil fertility is 

going from bad to worse which has created great demand for 

commercially used synthetic fertilizers and other soil additives. 

Soil Fertility Status and Management System 

In the recent past, no soil fertility tests have been officially carried 

out by the Ministry of fisheries and agriculture in any registered 

farm in the Maldives. This is largely due to the lack of resources, 

facilities and expertise in the related field. In the current situation, 

advice and guidance from the Agriculture ministry is provided 

based on experience and best practices adopted by other similar 

island nations. But the effort has been continuous on capacity 

building and acquiring necessary funds to carry out such activities. 

There are few islands which practice cultural practices like green 

manuring in the Maldives. Most of the farmers being subsistence 

growers, all year round cultivation is not carried out on most of the 

average sized islands. The demand for specific fruits and 

vegetables like watermelons and cucumbers rise during the 



Best Practices in Integrated Plant Nutrition System in Maldives 

87 

Ramadan period. Most subsistence growers target this period of the 

year to make some quick good money. But on the islands where 

the livelihood depends on agriculture, the level of agriculture is 

quite intensive. 

Based on feedback from farmers and field officers, reduction in 

soil fertility has been observed in the most intensive agricultural 

areas around the country. In some cases the increased and 

inappropriate use of synthetic fertilizers is quite staggering. 

Continuous and extensive use of animal manure and synthetic 

fertilizers and agrochemicals has resulted in contamination of 

ground water bodies in most of those islands. The effects on our 

fragile coral reef ecosystems, which our livelihoods depend on, are 

also at question due to inappropriate agricultural waste disposal 

methods. 

Modern and traditional methods of returning the nutrients back to 

the soil are continuously practiced during awareness and training 

programs. Also information is disseminated through extension 

material and officers all year round. 

Fertilizer Use Patterns 

As mentioned in the previous section, currently there is no 

structure or framework in place to regulate, control or even 

monitor the fertilizer usage by farmers. It appears to be quite 

random from regions, to individual growers. In some cases it has 

been observed farmers providing couple of doses of fertilizer per 

week while in other cases fertilizing is done twice a month. Some 

spray foliar fertilizers every other day, while other spray based on 

requirement and recommended directions of use. 

Research and Extension on Soil Fertility Management 

Continuous trials on crop management and soil fertility 

management is carried out by the Ministry, in Hanimaadhoo 

Agriculture Centre located up north of the country. Once again 

data on crop production and performance are taken, while no data 

on soil fertility is taken due to lack of resources and expertise.  

Nevertheless to ensure the soil does not get “exhausted”, crop 

rotation practices are carried out. A fallow period of around 2 years 
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is usually provided after a full year of cultivation. It has been 

observed that when cultivation begins after the resting period that 

was provided for the selected plots, it required less amount of 

external inputs into the soil, for the plants to have a healthy 

growing cycle.In order to improve soil structure and texture, soil 

conditioners are prepared in the Centre. This usually comprise of 

main compostable plant material available from the site and goat 

manure which comes from the goat farm in the Centre.  

In addition to these activities no other extra activities are carried 

out by the ministry in any other island or farming community. 

Best Practices in IPNS (by crop/by land use) 

In the Maldives, farmers are highly dependent on inorganic 
fertilizers. Sustainable land use practices are usually neglected in 
order to maximize the amount of income generated from the small 
plots of land allocated for crop production. It is difficult to 
convince farmers to practice cultural or modern methods to 
improve soil nutrient status without entirely depending on 
synthetic fertilizers.  

Limitations which include not knowing the soil nutrient capacity 
and requirement is a major hindrance in applying best IPNS 
practices. Farmers have traditionally come up with their own 
random patterns for organic and inorganic fertilizer applications. 
These often contradict with the recommended levels of the 
Ministry of Fisheries and Agriculture. However banana and mango 
fields are often prepared prior to planting by using only organic 
material. It is not common to use inorganic fertilizers on such 
crops in Maldives. 

In the past few years under a UNDP initiated project, large scale 
composting from organic waste material, though municipal waste 
management systems has started in the Maldives. This has created 
a positive response and realization for the local communities 
including farmers on the importance of managing waste and 
producing compost which has an economical value. This has 
triggered a decline on the import of compost and manure from 
foreign countries, and has increased the local production of 
compost. 
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Figure 16: Statistics of animal manure import 

(Statistics from Maldives Customs Services) 

Traditionally farmers have always been incorporating large 

amounts of organic material in the soil prior to cultivation. Soils in 

Maldives being highly alkaline (usually between 7 and 8) the 

importance of spreading compost and animal manure has always 

been emphasized. This helps in lowering the soil PH thus reducing 

the stress on inorganic fertilizer applications. It is often difficult to 

convince farmers on the effects of such technical implications 

related to plant nutrient uptake.  

Challenges in Up Scaling IPNS 

- Difficulty in information dissemina[tion due to geographical 

distribution. 

- Inability to allocate field officers to major agricultural areas to 

improve their practices 

- Lack of experts in relevant fields. 

- Lack of priority for IPNS at national level. 

- Lack of standards and regulations for agriculture 

- Lack of monitoring and supervising capacity 

- Lack of resources, expertise for sampling and testing. 

- Unavailability of sufficient land for agriculture 

- Scarcity of good water sources 

- No mechanism to convert waste water into usable water for 

agriculture. 
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Potential for Future IPNS Development 

In most of the islands in Maldives, N fixing trees (NFT) are quite 

common, while in some cases they are abundant. So there is a 

potential to develop an IPNS plan involving N fixing trees.  

No flowering plant grows without N, and few crops grow 

economically without added inputs of this plant nutrient. Many 

farmers’ and tree growers cannot afford to buy N fertilizers, so 

yields suffer. NFT live in a symbiotic, or mutually beneficial 

relationship with root microorganisms able to transform 

atmospheric N into a form usable to the trees, which in return 

provide carbohydrates to the microorganisms. Such a built-in, 

living N fertilizer factory often allows NFT to grow more rapidly 

with fewer inputs in N-poor soils than most non-N fixing trees. 

This N can be used not only for the NFT’s growth but as a green 

manure for other crops and trees. (FAO, 1987) 

Uses of NFT 

- Timber 

- Fuel wood 

- Forage 

- Food for people 

- Shade and support 

- Green manure 

- Shelter belts for erosion control 

Among the most common NFT genera in Maldives are the 

following 

- Casuarina (can be used as shelter belts and coastal prevention 

and land erosion) 

- Gliricidia ( can be used in alley farming, animal feed, timber 

and live fencing) 

- Leucaena (can be used for wood, animal feed also seed pods 

which as a commercial value) 

- Sesbania (Provides food, green manure and fodder) 

- Acacia (very good as green manure), (FAO, 1987) 
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Most of the NFT’s found in the Maldives can provide a future 

commercial value within the country or can be used as an export 

product. Preparing a plan around NFT to improve IPNS within the 

country could be a way forward for Maldives. 

Conclusion 

To achieve the goal of sustainability in the field of agriculture, 

IPNS can play a key role even in the Maldives. But to achieve that 

plenty of work need to be done in different sectors of agriculture. 

From capacity building to infrastructure development and securing 

of funds need to be addressed at the earliest. Integrated plant 

nutrition systems that are functioning well in our in countries with 

similar situations as us can be taken as a sample model and try to 

establish our first pilot project with their help. Our way forward 

may seem a bit difficult in the current situation, but establishing 

IPNS is probable. With the ever growing population in the south 

Asia region, food demand and prices are expected to rise in near 

future. Maldives being a country very much dependent on import, 

should focus more on increasing domestic productivity.  
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Introduction 

Many of the agricultural policies focus on agriculture 

commercialization to increase the productivity. The twenty-year 

Agriculture Prospective Plan (APP/Nepal, 1995) has emphasized 

sustainable increase agriculture production and crop productivity 

without deteriorating soil and environment, and the twenty-year 

Agriculture Development Strategy (ADS/Nepal, 2015) focus on 

increased organic matter content of the soil through improved 

cultivation practices. Soil fertility problem in Nepal is one of the 

most important limiting factors to increase crop productivity. The 

major soil fertility problems are acidity, organic matter depletion 

and nutrients deficiency. The shift of agriculture system from 

traditional farming to commercialize farming changes the balance 

and size of nutrient cycle. It demands high level of inputs that 

cannot satisfied with locally available resources. Furthermore 

traditional agricultural technology has lower efficiency for local 

resource utilization. Fertilizer use efficiency is low in all mineral 

fertilizers and organic manure when used singularly. Therefore, the 

integration of both traditional and modern technology is important 

for sustainable soil management. IPNS, a holistic approach aims 

sustainable soil management, improvement in crop production and 

productivity, optimum efficiency from the use of organic and 

inorganic plant nutrients and minimizing adverse impact to the 

environment. IPNS is based on cropping systems, nutrient 

calculated over an entire cropping system of 2-3 crops. Calculation 

sheets are used to estimate the approximate nutrient input required 

under specific soil conditions and yield expectations. The supply of 

required nutrients through integrated approach is adopted. Aspects 

that are taken into account include soil structure, moisture levels, 
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balancing pH, soil microbiology, enhancing organic matter levels, 

plant nutrient availability and potential losses, integrating legumes, 

erosion risks and reduction, type of crop, crop planting tie and 

method, crop density, protection, crop rotation, and estimation of 

crop nutrient requirements and production. 

Mineral fertilizers are expensive commodities and small and 

marginal farmers are not able to use these fertilizers in adequate 

amount. Use of organic manures alone cannot fulfill the crop 

nutrients requirement (Deore et al., 2010). On the other hand, Poor 

soil fertility status is due to imbalance and low amount of plant 

nutrients replenishment in the soil (Fujimoto, 1998). The declining 

trend in agricultural productivity indicates declining soil fertility in 

Nepal (MoAC, 2007). To maintain soil fertility using organic and 

biological fertilizers in combination with the mineral fertilizers has 

its own importance under integrated plant nutrient system (IPNS), 

which aims at maintaining soil fertility for sustainable and 

environmentally sound agricultural production. There is no 

universal IPNS application to all circumstances. The suitable 

combination of mineral fertilizers, organic manures, crop residues, 

and biofertilizer varies according to the cropping systems, land use 

systems, ecological, social and economic condition. A number of 

studied were carried out in the country to identify the best 

combination of various plant nutrients sources to sustain soil 

fertility. 

Agricultural Land Use and Soil Fertility Status  

Farming in Nepal is characterized by a close relationship between 

crop production, livestock and forestry. Nowadays the linkage 

between forests, livestock, and cropping systems is becoming 

weak. Soil fertility is largely maintained by the application of 

compost and manure, but in recent years a decline in soil fertility 

has been reported. Historical trends of increasing crop 

intensification, decreasing livestock numbers, increasing use of 

chemical fertilizers, reduced labour availability, and change in the 

climate over the last 30-40 years showed a decline in soil 

productivity. 

Out of total land in Nepal, about 21% is cultivated and there is 

very little chance of expanding the cultivable land, so the food 
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crisis must be solved by raising the productivity of existing arable 

land. Among the different means of increasing productivity of 

crop, ‘soil fertility improvement' is one of the key factors. 

Nepal is divided into three agro-ecological regions, Mountain, Hill 

and Terai. Terai is the most potential plain area for agriculture and 

are suitable for several tropical and subtropical cereals, vegetables 

and fruits where as hill having undulating terrain with sub-

temperate climate still suitable for many fruit trees, vegetables and 

cereals. Cropping systems in Terai is rice based and hill it is maize 

based. Declining trend or stagnation of majority of the crops has 

been reported in recent year. The reasons for declining or 

stagnation of the crops in Hill and Terai has been reported due to 

soil mining caused by crop intensification with nutrient demanding 

high yielding verities, acidity, nutrient loss through soil erosion, in 

adequate and imbalanced use of mineral fertilizers and depletion of 

soil organic matter. Hill farming is still compost based. Use of 

compost/FYM has been reduced considerable due to unavailability 

of fodder for animal caused by deforestation. Farmers in Terai 

reducing their cattle heads due to acute shortage of fodder and very 

less amount of animal waste are available for compost making. 

Whatever animal and farm waste in available some portion of them 

is also used for fuel purpose in Terai and very less organic matter 

is in used causing depletion in soil fertility. In hill farmers do not 

use animal dung for fuel purpose. The animal dung, mixed with 

leaves and twinges collected from forest is used for bedding 

materials and is heaped in the nearby cowshed or courtyards for 

composting. The efficiency of such compost is very poor. Due to 

expose to the sun and rain most of the nutrient is washed away 

causing pollution in environment on the other hands most of the 

leafy portion not decomposed properly also get washed away by 

the torrential rain without providing much benefit for higher 

production and to increased the soil fertility. 

Nepal is facing a serious problem of soil quality decline as a result 

of recent changes in agricultural practices and increasing resource 

constraints. Many researcher documented several constrains in soil 

fertility management in Nepal because of deforestation and other 

land use changes. These changes include non-agricultural uses of 

fertile land, land fragmentation and cultivation in marginalized 
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areas, cultivation on the slopes, overgrazing, burning of crop 

residues, imbalanced use of agrochemicals, and decline in use of 

organic manure. The pace of soil degradation issue is the highest in 

mountains because of the fragile environment and the steep slopes. 

Moreover, due to rugged mountainous topography, active tectonics 

and concentrated monsoon precipitation, Nepal is naturally highly 

vulnerable to soil erosion on slopes and flooding in the low-lands. 

In Nepal, high topography, climatic conditions, improper soil 

management practices, indiscriminate use of synthetic chemicals 

and the decline of traditional soil management practices are the 

major reasons for reduced soil fertility. Mismanagement has led to 

the degradation of thousands of ha of land through erosion, 

Stalinization, acidification, and pollution by heavy metals. 

Soil fertility status of Nepal fiscal year 2013/14 published by Soil 

Management Directorate (SMD), Hariharbhawan, Lalitpur 

Figureure out the status of soil in Nepal based on the soil sample 

analysis by SMD and its laboratories. Total 3890 soil sample were 

tested by SMD and its structure to determine the pH level. 

Majority of the sample i.e. 66.68% were found to be acidic 

followed by neutral (23.14%) and alkaline (10%). Out of 3923 

tested soil samples 54.60% of the soil sample contains low organic 

matter content followed by medium (37.11%) and high (8.28%). 

While considering the result of 3800 sample N content in the soil 

ranges from low to medium. Similarly P and K content ranges 

from low to high. However, the % of sample falling in higher 

range is declining year by year (source: Various report of SMD). N 

is the most limiting nutrients in the most hill areas. High crop 

productivity can only achieved by making sufficient N available to 

the crops (Weber, 2003). Researchers have noted the emerging 

deficiencies of micronutrients especially zinc, boron and 

molybdenum and are increasing in extent in intensively cropped 

areas in different ecological belts of the country. SMD have 

prepared soil fertility map of 48 districts out of 75 in coordination 

with its regional laboratories and respective District Agriculture 

Development Office. The status of soil nutrient content is declining 

throughout the nation but the rate of declining is higher in eastern 

part of Nepal. Deficiencies of plant nutrients are often limiting 
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yields, and improved management of plant nutrients is crucial for 

enhancing productivity. 

Soil Fertility Management Systems  

The two principal practices for maintaining soil fertility were the 

application of FYM and of chemical fertilizer, mainly urea and 

DAP. Green manuring, in-situ manuring, slicing terrace risers, 

burning plant residues, and the use of household and kitchen waste 

are rarely practiced. The use of chicken manure, and use of wood-

ash and rice husks for commercial vegetable production is getting 

popular. Dose of FYM usage was variable with more generally 

applied to lowland than to upland. Application rates and time 

varied considerably from place to place. FYM applied in 

conjunction with chemical fertilizer was the most popular method 

of fertilizer application. Use of effective microorganism for quality 

organic fertilizer production is limited. Leader farmers engaged in 

commercial vegetable production are using quality FYM or 

vermicompost. Nepal government is supporting farmers to produce 

quality FYM by Cattle Shed Improvement program and 

vermicompost production. Farmers are also encouraged to apply 

both mineral and organic fertilizer effectively. Very few farmers 

are using N fixing bacteria and beneficial fungus.  

Fertilizer Use Patterns 

Mineral fertilizer application in Nepal has supplied only a fraction 

of total nutrient requirements for the cropping systems. Nutrient 

consumption in Nepal is not only one of the lowest in Asia but is 

also highly imbalanced in terms of N, P, and K application. 

Diwakar et al., 2008 reported seven types of chemical fertilizers 

used in Nepal. They were Urea, Diammonium Phosphate (DAP), 

Murate of Potash (K), Ammonium Sulphate, Single Super 

Phosphate, Ammonium Sulphate and NPK. However Urea, DAP 

and K are only major chemical fertilizers used in Nepal and annual 

consumption is presented in Table 17. 
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Table 17: Chemical fertilizer consumption (Unit: Mt) 

Year Urea DAP K Total 

2010-11 95191 22001 2821 120013 

2011-12 97957 43146 3711 144813 

2012-13 108553 65722 2688 176963 

2013-14 145622 81520 5046 232188 

2014-15 190163 101797 6716 298676 

Source: Ministry of Agricultural Development, Statistical Information on 

Nepalese Agriculture, 2014-15 

Among the macronutrients, N availability remains the most 

limiting nutrient to growth of crops. Amendment of organic 

manures has been the traditional source of nutrients in farming 

systems of Nepal, but their rates are typically also inadequate for 

attaining high yield level. The amount of manures applied to the 

farmer’s fields vary considerably, depending on the priority of the 

crop species grown, distance of the fields from homestead, 

availability of organic matter, labor, the fertility status of the soil 

and availability of chemical fertilizers. The long-term experiment 

results show that combination of organic as well as inorganic 

fertilizers is necessary in order to produce higher yields as well as 

in maintaining soil fertility in the long run. 

Research and Extension on Soil Fertility Management 

There are some researchers conducted regarding IPNS. Soil 

Science Division with the support of Fertilizer Advisory 

Development Information Network for Asia and Pacific 

(FADINAP) conducted research in Terai and Hill since 2001 to 

2002. Research was conducted on cabbage, cauliflower and radish 

with compost and mineral fertilizer combination as treatment. 

Research result reveled that compost alone or in combination with 

mineral fertilizer has increased the yield significantly as compare 

to recommended dose of mineral fertilizer alone (Khadka et al., 

2011). Khadka et al., 2007 conducted an experiment on potato crop 

and three years results have shown that the combination of FYM 

and mineral fertilizer gave highest potato tuber yield. A field 

experiment was carried out in Kathmandu, Nepal during the year 
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2011 to evaluate the fertilizer value of human urine in different 

combination and compare the value with compost, urea and their 

combinations based on plant performance. California Wonder, a 

popular open pollinated sweet pepper (Capsicum annuum L.) 

variety was selected as an experimental crop. Research data 

indicated that plants fertilized with the combination of human 

urine and compost showed better growth and yield compared to the 

application of fertilizer sources alone (Shrestha et al., 2013). 

Extension of IPNS approach in Nepal is training of trainers and 

facilitator, conducting IPNS Farmers Field School and Farmer to 

Farmer training. In this approach indigenous knowledge and 

farmer’s experiences are acknowledged for technology 

development and transfer. Here farmer stimulate a process of 

learning by doing instead of teaching. Farmers make effort to 

identify problems and suitable solution in their own farm, and 

develop IPNS model. Facilitator helps to adopt IPNS model 

developed in their own farm and disseminate the accepted 

technologies to their neighbors. In Nepal, Regional Soil Testing 

Laboratories and District Agriculture Development Offices from 

government sector and some non-governmental sector help 

extension of IPNS technology to farmers. 

Integrated Plant Nutrition Management Systems in 

Predominant Cereal-Based Cropping Systems 

Rice, maize, wheat and millet are major food crops grown in 

Nepal. Rice-dominated cropping systems rice-wheat, rice-legume 

and rice-vegetable are in the Terai, as opposed to maize-dominated 

cropping systems maize-wheat, maize/millet and maize-vegetable 

are in the Mountain and the Hill regions. Study of Ladha et al., 

2009 revealed that for rice, farmers used on an average 63 kg N, 14 

kg P2O5, and 10 kg K2O ha
-1

 in the form of urea, DAP and K in 

Terai. Hill farmers usually applied on an average 85 kg N, 16 kg 

P2O5, and 0 kg K2O ha
-1

. Additionally, hill farmers applied about 

14 t ha
-1

 of FYM before planting. Almost all farmers from both 

Terai and Hill grew improved varieties of wheat. Terai farmers 

applied 60 kg N, 15 kg P2O5, and 23 kg K2O ha
-1

 in the form of 

urea, DAP and K. Hill farmers usually applied 100 kg N, 17 kg 

P2O5 and 0 kg K2O ha
-1

. Hill farmers also applied about 5t FYM 

• Mulching 

• residue management 
• tillage management-zero tillage 

• scheduling of irrigation 

• relay cropping 

• production technology eg SRI 
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ha
-1

. Study indicated that rice-wheat cropping system had a 

negative K balance. In Nepal, most farmers either don’t apply or 

apply a very small quantity of K to rice and wheat. Farmers use 

straw for animal feed and for other purposes. FYM is used for 

cooking purpose in Terai as a result recycling of K through straw 

or FYM is negligible.  

Maize is a staple summer crop grown in the hilly areas of Nepal, 

where the soil is fragile and fertility is declining over years due to 

high rates of soil erosion, increased cropping intensity and 

inadequate replenishment of soil nutrients. The recommended dose 

of fertilizer for maize is 6 t ha
-1

 FYM, 60 kg N, 30 kg P2O5, and 30 

kg K2O ha
-1

. However, maize is generally grown under rain-fed 

condition with basal application of low quantity of FYM only. 

Only a very low amount of urea is used as top dressing. As a result 

national average yield of maize is about 2.5 t ha
-1

. Correction of 

soil pH by using required dose of agricultural lime, application of 

organic as well as balance dose of mineral fertilizer is important 

for maize based cropping system. It also helps to perform better for 

subsequent crop. Hedgerow system with N fixing plants on terrace 

edges and riser are also important for soil and soil fertility 

conservation, and forage for livestock. 

Organic growers around the peri-urban areas apply organic manure 

and other locally available resources to fulfill crop nutrient 

requirement. Commercial vegetable growers in the peri-urban 

areas apply manure and chemical fertilizers but often not enough to 

maintain soil fertility balance. Farmers in rural areas use FYM 

only. The quantity of nutrient supplied to the crops is far below the 

crops requirement. Inclusion of legumes in the cropping system is 

important to add atmospheric N and make the soil healthy. 

Promotion of green manuring is to improve soil fertility and 

productivity 

Best Practices of IPNS 

Cattle Shed Improvement program is promoted throughout the 

country. The redesign and improvements in the cattle shed with 

focus on making the floor slightly sloped and as impermeable as 

possible. Shade is provided for manure heap to protect from 

evaporation, rain and runoff. Urine is collected to separate pit and 
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use as liquid fertilizer. Farmer with two cattle can save a 

significant amount of fertilizer roughly equivalent to purchasing 

100 kg of urea annually. This program is effective for additional N 

saved from improved FYM management and urine collection. 

Forage is collected from forest for feeding animals and forest 

supplies more than 50% of fodder to farm animals (CBS, 2001). 

Likewise, FYM and compost are major sources of crop nutrient in 

the system (Desbiez et al., 2004). In Hill maize based cropping 

system FYM is only major source of fertilizer. Several studies 

indicated that cattle shed improvement program helps to produce 

quality FYM. It is very effective to enhance efficient urine 

collection and use. Urine is generally used for vegetable 

production. 

Legumes are widely grown across the hills and Terai of Nepal, 

with the most common being soybean, lentils, chick pea, black 

gram, cow pea, various beans, horse gram, field peas, and rice 

bean. They are mostly intercropped or relay cropped with cereals 

such as maize, millet, and rice. They are also planted on terrace 

edges and rice paddy bunds. Depending on the species, they may 

be grown in rain-fed or irrigated fields during both winter and 

summer seasons. Legumes are grown for grain, vegetables, soil 

improvement, as green manuring and cover crops, for forage and to 

generate income. It reduces application of N fertilizer as legumes 

fix atmospheric N2. Maskey et al., 2001 studied contribution of N2-

fixation by winter and summer legume crops in Nepalese soil. 

Mean estimates of proportion of legume N derived from N2-

fixation for various species were 62% (soybean), 47% (mashbean), 

57% (groundnut), 78% (lentil), 79% (chickpea), 75% (pigeonpea), 

87% (grasspea) and 85% (fababean). Estimates of total N fixed 

(including roots) were 59 kg N ha
−1

 (soybean), 28 kg N ha
−1

 

(mashbean), 153 kg N ha
−1

 (groundnut), 72 kg N ha
−1

 (lentil), 

84 kg N ha
−1

 (chickpea), 412 N ha
−1

 (pigeonpea) and 80 N ha
−1

 

(grasspea and fababean).  

In a hilly agro-ecosystem of Nepal, various annual and perennial 

plants grown at the edge of steep field terrace and are refer as 

hedgerow plants. Variety of indigenous and introduced N2-fixing 

plants of legume and non-legume species grew in the vegetation of 

hedgerow plants (Neupane and Thapa, 2001). Improvement of 
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vegetation of hedgerow plants is beneficial through supplying 

quality green fodder to farm animals, stabilizing hilly fragile soil, 

trapping water and nutrients leached from the soil (Fagerström et 

al., 2002). Perennial hedgerow plants are the only source of fodder 

during dry winter season. Studies indicated that agroforestry has 

potential for increasing soil N through biological N2-fixation and 

nutrient retrieval from deep sub-soils (Pilbeam et al., 2000; 

Fagerström et al., 2002). 

Challenges in Up Scaling IPNS 

Nepal has the highest density of livestock per unit area with FYM 

or compost being the major source of nutrients for agriculture 

(Tripathi and Jones, 2010). Among important recent changes are a 

reduction in livestock numbers, forest degradation, and reduced 

availability of labour, development of community forest and stall-

feeding of cattle. Organic manure mixed with bedding materials is 

the main source of nutrients. Production of quality organic manure 

in required amount is challenging job. Cattle Shed Improvement 

program is one of the most effective program. However, up scaling 

this program needs further study to improve quality of organic 

manure, animal health and milk quality specially for high hill. 

Organic conversion period takes longer time which is risky for 

small farmers. Limited research and convincing information on 

how IPNS contributes to sustainable agriculture and over all in 

sustainable development. 

Potential for Future IPNS Development 

Human urine and faeces were used as manure in the form of 

“Nauga” and “Saaga” in Newar community of Kathmandu valley 

but with change in time period and occupation, these practices 

have been less visible at present (Shrestha and Shah, 2006). The 

use of urine in crop production is proved to be safe and used in 

different countries. Reuse of excreta on arable land secures 

valuable fertilizers for crop production and limits the negative 

impact on water bodies (WHO, 2006). So, Human urine could be a 

viable alternative to mineral fertilizer. Urine used as a fertilizer can 

help in the mitigation of poverty and malnutrition, and improve the 

trade balance of countries importing chemical fertilizers if adopted 
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at large scale. Food security can be increased with a fertilizer that 

is available free for all, regardless of logistic and economical 

resources. The sustainable sanitation not only close the loop, but 

managing the wastes and converting them into valuable resources-

energy and fertilizer, without any compromise on the health 

aspects. 

Conclusion 

IPNS has an integral part of nutrient management for Nepalese 

farming system to boost crop productivity. Use of compost/FYM 

as well as mineral fertilizer alone has its own limitation and 

constraints. So plant nutrient supplied by mineral, organic and 

biofertilizer to meet the nutrients demand of improved varieties of 

cereal, vegetables and other crops without depleting inherent 

fertility of the soil and without having effect on soil and 

environment. Using human urine and excreta as one of the viable 

source of fertilizer could be important for IPNS. Furthermore, 

IPNS needs further research and extension efforts to fully 

amalgamate it into the national extension system. 
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Introduction  

Integrated plant nutrient management is a holistic approach to 
optimizing plant nutrient supply. It includes: (1) assessing residual 
soil nutrient supplies, as well as acidity and salinity; (2) 
determining soil productivity potential for various crops through 
assessment of soil physical properties with specific attention to 
available water holding capacity and rooting depth; (3) calculating 
crop nutrient requirements for the specific site and yield objective; 
(4) quantifying nutrient value of on-farm resources such as 
manures and crop residues; (5) calculating supplemental nutrient 
needs (total nutrient requirement minus on-farm available 
nutrients) that must be met with “off farm” nutrient sources; (6) 
developing a program to optimize nutrient utilization through 
selection of appropriate nutrient sources, application timings and 
placement. The overall objective of IPNM is to adequately nourish 
the crop as efficiently as possible, while minimizing potentially 
adverse impacts to the environment. A detailed discussion of the 
IPNM concept can be found in the recent publication of Plant 
Nutrition for Food Security (Roy et al., 2006). 

Integrated Plant Nutrient Management Concept 

The basic concept underlying the principle of Integrated Plant 
Nutrient Management (IPNM) is the maintenance and possibly 
increase of soil fertility for sustaining increased crop productivity 
through optimizing of all possible sources, organic and inorganic, 
of plant nutrients required for crop growth and quality in an 
integrated manner appropriate to each cropping systems and 
farming situation within its ecological social and economic 
possibilities (Tandon and Roy, 2004). 

http://www.parc.gov.pk/index.php/en/research-institutes/130-narc/land-resources-research-institute/589-lrri-home
mailto:a.arshad62@yahoo.com
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Integrated Plant Nutrition System (IPNS) is a conceptual approach 

and is imbedded on a philosophy of social, economical, 

environmental and technological considerations, while IPNM is 

actually the technical and managerial aspects of achieving the 

objectives of IPNS under farm situation. Soil fertility improvement 

following the IPNS approaches will: 

- Raise soil productivity and food production, and will ensure 

food security at local level; 

- Enhance resilience of the land to erosion and degradation; 

- Enhance soil and agrobiodiversity; 

- Enhance soil capacity to sequestrate carbon and mitigate the 

effect of climate change;  

- Ensure prosperity and healthy environment for the future 

generation. (Roy, 2000) 

Components and Technology 

Agricultural research contributes towards component and 

technologies governing principle of crop production and of plant 

nutrition. Field research fills gaps and generates knowledge which 

is translated into extension messages and disseminated to farmers. 

The main components of integrated plant nutrient management are 

(i) soil (ii) balance and efficient use of mineral fertilizers (iii) 

organic fertilizer sources (iv) green manures (v) biofertilizers, and 

(vi) industrial waste and city garbage. These are briefly discussed 

in the follow up sections with their relevance to Pakistan 

conditions. 

Soil Resources 

Soil supplies all the known essential plant nutrients. However, due 

to crop intensification and cultivation of soils over the years there 

is continuous mining of the essential plant nutrients from the soil. 

Most of the soils in Pakistan have poor status of available plant 

nutrients and cannot supply optimum level for crop productivity. 

Soil fertility is depleting due to mining of essential plant nutrients. 

However, through good tilth and physical condition of soil, the 

nutrient availability can be improved. 
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Chemical Fertilizers 

Balance and adequate use of chemical fertilizers is very important 

component of crop production technology. Fertilizer usage over 

year increased significantly. 

Table 18. Fertilizer nutrient off take during 2014-2015 compared 

with previous years.  

(’000 tonnes) 

Nutrient  2010-11 2011-12 2012-13 2013-14 2014-15 

N  3134 3207 2853 3185 3309 

P  767 633 747 881 975 

K  32.3 21.2 20.8 23.7 32.9 

Total  3933 3861 3621 4089 4316 

% change   -1.8 -6.2 12.9 5.6 

N:P ratio 4.09 5.06 3.82 3.62 3.39 

Farmyard Manure (FYM) 

FYM consists of materials collected from animal droppings, 

beddings, and domestic sweep. The value of animal manures has 

been recognized since ancient times. Based on number of animals, 

the estimated contribution is shown in Table 18. However, it may 

be stated that about 50 % of animal dropping is not collected. Of 

the collected about 50 % is used as fuel. Thus, nutrients recycled to 

crops are about ¼
th 

of the total droppings. 

Table19. Livestock population, production of manure, and nutrient 

potential of manure in Pakistan 

Animal No. of 

animals 

(million 

heads) 

Dropping

s(million 

tonnes 

year
-1

) 

Urine Manure 

moisture 

(av. %) 

Total dry 

matter 

(million 

tonnes year
-

1
) 

Total N 

per year 

(’000 t) 

Total 

P2O5per year 

(’000 t) 

Total 

K2O 

year
-1

 

(’000 t) 

Cattle 23.77 208.3 103.6 79 43.7 1 159 477 1 242 

Buffalo 26.15 267.0 134.2 79 56.1 1 492 611 1 600 

Goat 59.15 33.1 21.5 65 11.6 595 204 512 

Sheep 24.46 17.7 9.3 65 6.2 252 80 217 

Poultry 357.18 8.1 0.0 54 3.7 120 68 31 

Others 4.84 21.0 6.0 60 8.4 143 47 149 

Total 495.55 555.2 274.6  129.7 3 761 1 213 3 049 

Sources: (i) Livestock Census, 1996. (Figureures modified/estimated for 2005). (ii) Hussain. 1996. 
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Green Manures 

Green manuring with N-fixing leguminous crops improves soil 

fertility (Buresh et al., 1993) and enhances availability of other 

nutrients (Hundal et al., 1988; Nagarajah et al; 1989). The 

prominent cropping systems in Pakistan are: 

- Rice-wheat 

- Cotton-wheat 

- Mixed cropping (sugarcane-maize-wheat-cotton) 

The three cropping systems i) rice-wheat, ii) cotton-wheat and iii) 

mixed cropping are very exhaustive. The cropping intensity is over 

150 %. The use of only Nous and phosphatic fertilizers is causing 

K, sulphur and micronutrient deficiencies restricting the yield 

potential. The sandwiching of green manuring crops in these tight 

cropping patterns is considered not only an excellent source of N, 

but the intervention improves physical condition of soil and 

availability of other nutrients. The studies have shown that the 

contribution of green manure legumes was quite high at low level 

of N application through fertilizers and dropped with increase in 

rates (RRI, 1998; Mian et al., 1988 and Bhatti et al., 1985). The 

studies of pre-rice green manuring of three years showed a 

significant impact on yield of next wheat crop and reducing its N 

requirements. The studies further concluded that green manure 

production technology along with zero tillage (Conservation 

Agronomy) can benefit the exhaustive rice-wheat cropping system 

through N fertilizer saving and increase in grain yields (Mann, 

2000, Zia et al., undated). Major green manure crops are dhaincha/ 

jantar (Sesbania aculeatea) and guar (Cyamopsis tetragonolaba). 

However, trials on sun hemp (Crotalaria juncea) and tropical 

jantar (Sesbania rostrata) have also been conducted. The N 

contribution from all these sources have been quantified from 70 to 

100 kg/ha (Hussain, 1996). In wheat-cotton system, there is 

generally no time for green manure except to try relay cropping. 

The farmers are also not prepared to sacrifice main crop. 

Crop Residues 

A huge quantity of crop residues such as wheat straw, cotton 

sticks, sugarcane trash/tops and rice husk, etc., are available. But 
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due to some economic compulsions such as need for animal fodder 

and fuel, the crop residues are partially recycled in the soil, or 

burned to clear field for next crop otherwise these may contribute 

in improving organic matter in the soil and thus keep it productive. 

Kallar grass is recognized as a salt tolerant grass capable of 

producing a good amount of biomass on degraded soils in summer. 

Table 20. Total Crop Residues and Available Crop Nutrients (‘000 

tons) 

Crop Quantity of 

Residues 

N P K 

 

Wheat 30,196 148.00 33.21 320.08 

Barley 400 1.88 0.52 4.04 

Rice 4,309 24.99 4.31 59.46 

Cotton 12,460 109.65 18.69 180.67 

Sugarcane  19,116 66.90 7.64 95.59 

Pulses (all) 2,267 4,987 5.67 29.42 

Groundnut 181 2.35 0.20 2.35 

Maize 1,270 7.32 3.94 16.64 

Millet 150 0.96 0.45 1.94 

Sorghum 224 1.35 0.67 0.25 

Other 

Crops 

6,125 55.29 18.18 58.85 

Grand 

Total 

76,698 468.74 93.48 771.94 

Grand Total of Nutrients 

(NPK) 

1,354.12 

1.4 million tons 

Filter Cake and Stillage 

Pakistan sugar industry is producing about 1 million tonnes of 

filter cake every year, which is a rich source of organic matter, 

macro and micronutrients. Some sugar mills have molasses-based 

distillery plants, which produce stillage that contains nutrients 

especially K. The major portion of filter cake is sold to the brick 
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baking industry and stillage is drained out thus causing loss of 

plant nutrients and environmental pollution. If all these materials 

are recycled by composting back to soil, it will provide essential 

plant nutrients for crop growth. 

Sewage Sludge, City Garbage, Industrial Wastewater etc. 

Sewage sludge, city garbage, industrial wastewater and effluents 

are also good source of plant nutrients. However, these materials 

require proper treatment to remove the toxic heavy metals before 

application to crops. It is estimated that the urban areas of Pakistan 

generate about 55 thousand tonnes of solid waste daily or about 20 

Mt Year
-1

(GOPa, 2005). However, this solid waste is not being 

properly managed and recycled for different useful purposes 

including pre-treatment and composting for crop nutrition. Sewage 

water is partially used for raising vegetables near the urban areas 

without any pre-treatment. If adequate treatment of above waste 

materials is managed before their application, they will not only 

supplement the chemical fertilizers but the chance of 

environmental pollution will also be minimized. 

Biofertilizers 

A broad term used for products (carrier or liquid based) containing 

living or dormant microorganisms like bacteria, fungi, 

actinomycetes, algae alone or in combination which on application 

help in fixing atmospheric N or solubilise/mobilize soil nutrients in 

addition to secretion of growth promoting substances for 

enhancing crop growth. ‘Bio’ means living and ‘fertilizer’ means a 

product which provides nutrients in usable form. Biofertilizers are 

also known as bio-inoculants or microbial cultures. Biofertilizers 

can be broadly classified into three categories. 

- N fixing biofertilizers: (Thizobium, Azotobacter, Azospirillum, 

Acetobacter BGA, Azolla) 

- P solubilising/mobilisingbiofertilizers (PSB or PSM): (P-

solubilising e.g. Bacillus Pseudomonas, Aspergillus etc. P-

mobiliser e.g. VA-mycorrhiza). 
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- Composting accelerators (i) Cellulolytic (Trichoderma), (ii) 

Lignolytic (Humicola). Plant growth promoting rhizobacteria: 

(Species of Pseudomonas). 

The Pakistan Agriculture Research Council (PARC), National 

Institute of Biotechnology and Genetic Engineering (NIBGE) and 

Provincial Agricultural Research Institutes are carrying out work 

on biological fertilization. All these institutions are isolating strains 

of rhizospheric bacteria, which have potential for mobilizing 

atmospheric N, both on legumes and non-legumes. In greenhouse, 

field and laboratory studies, effective microorganisms, in 

combination with NPK, green manure and FYM, have been shown 

to give yield responses of 18.3% in rice and 39% in wheat. 

Significant responses have also been reported in maize, peas and 

potatoes. NARC in collaboration with PATCO commercialized 

rhizobium specific for all legumes and cereal crops with 

commercial name of Biozote. One packet of 500 gms is being sold 

to farmers in all the four provinces at Rs.300 to farmers. The 

product namely Biozote P and Biozote Max is registered with 

Punjab Agricultural Department. On the average, yield 

improvement of 25-40 % was recorded (personal communication 

with Biological Section).  

At NIBGE, isolates were tested for their ability to produce Indole 

Acetic Acid (IAA) in the rhizosphere and it was found that certain 

Pseudomonas spp. were most active. IAA, like 2:4D, can produce 

nodule-like excrescence on wheat roots and has been shown to 

mobilize atmospheric N thereby. Thus the prospects of providing 

partial N nutrition of wheat by inoculation of soil with isolates of 

Pseudomonas appear promising (Malik, et al., 1993). NIBGE 

based on its facilities including different capacity fermenters has 

already marketed its bio-fertilizer for rice under the name 

biopower. This product has been used over 10000 acres of rice 

growing areas, and response of farmers has been excellent (Malik, 

K.A., 1997). Rashid et al., 1998 at Ayub Agricultural Research 

Institute reported that diazotroph bacterial inoculum increased 

wheat yield from 0 to 35 % with low to high N application. 
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At PARC, another important biological fertilization study is being 

conducted on microorganisms, which solubilize soil P. It has been 

found that strains of Aspergillus niger and Penicillium spp. have 

some solubilizing properties, not only in soil but also of P from 

rock P. 

NIBGE has also been carrying out experimentation with Azolla for 

rice nutrition. An earlier problem, that Azolla would not survive 

the summer temperatures of Pakistan, has been overcome and there 

are now several heat-tolerant strains available. Azolla has been 

combined with N fertilizer and rice rhizospheric diazotrophic 

bacteria in field trials, from which it was found that an Azolla 

cover with 30 kg ha
-1

 N gave maximum rice yield, although 

biological N fixation (BNF) assisted in providing N to the rice 

plants. 

At University of Agriculture, Faisalabad, Effective 

Microorganisms (EM) technology is being advocated, where claim 

has been made that this co-existing culture of five major types of 

beneficial microorganism has the potential to increase nutrient 

availability in the soil and thus crop productivity. However, many 

scientists have expressed their reservations about the product due 

to bio-safety concerns and lack of scientific evidence. 
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Figure 17: Yield scenario of Biozote Inoculation 

Agricultural Land Use  

Table 21: Land Utilization 2014-2015  

 Types of land Mha 

1.  Forest Area 4.55 

2.  Culturable waste  8.27 

3.  Current Fallow  6.68 

4.  Net Area Sown  15.40 

5.  Total Area Cultivated  22.06 

6.  Area Sown More Than Once  7.33 

 Total Cropped Area  22.73 

Source: Economic wing, Ministry of National Food Security and Research, 

Islamabad  
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Soil Fertility Status  

The cultivated soils are calcareous and alkaline with pH 7.0 to 8.5. 

The data generated by public and private sector research 

organizations in the country reflect the general agreement about 

the deficiency of N in all the soils. In case of P more than 90 % 

soils have inadequate soil P or can be called deficient. In case of K, 

the picture is not as clear as in case of N and P. The reports state 

the deficiency of K exist up to 40 % in soils, but crop responses to 

K are erratic and K use is negligible. Among micronutrients, field-

scale deficiencies of economic significance prevail in case of Zn, 

B, and Fe. The organic matter content of the majority of cultivated 

lands averages around 0.5%. About 84% soil samples analyzed 

have shown that organic matter content is very low (Ahmed and 

Rashid, 2003). 

Goals of Soil Fertility Management Program  

1. To sustain high crop productivity and crop quality in food 

and fiber production (not maximum yields, which typically 

require excessive nutrient inputs to achieve) and 

2. To minimize environmental quality and human health risks 

associated with agricultural production, important steps in 

minimizing human health risks and on- and off-farm impacts 

the following measures should be taken: 

- Avoid the use of all synthetically compounded 

materials (e.g., fertilizers and pest control agents, etc.) 

known to have an associated environmental quality or 

human health risk 

- Avoid creating non-point source pollution through 

surface runoff and leaching. Agricultural nutrients can 

degrade the quality of groundwater or the water in 

rivers, lakes, wetlands, and estuaries through 

eutrophication. 

- Prevent soil erosion and sedimentation of waterways. 

Soil loss reduces production capacity and soil entering 

waterways may degrade aquatic habitat.  
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- Close nutrient cycles as much as possible within the 

field and farm to reduce energy used and environmental 

impact of food and fiber production.  

- Close nutrient cycles at multiple scales (e.g., watershed, 

regional, and national scales).  

Components of a Sustainable Soil Fertility Management 

Program 

1. Improve and maintain physical and biological properties 

of soil  

a. Sustainable agricultural practices used to improve 

and sustain soil physical and biological properties  

i. Maintaining or building Soil Organic Matter 

(SOM) levels through inputs of compost and cover 

cropping has a large capacity to hold and release 

inorganic (crop- available) N and other essential 

nutrients. Organic matter inputs enhance the 

stability of soil aggregates, increase the porosity 

and permeability to water and air, and improve the 

water-holding capacity of soils. Building or 

maintaining the level of soil carbon provides the 

energy and nutrients necessary to stimulate the soil 

biological activity responsible for decomposition, 

the formation of soil aggregates, and more 

desirable soil structure.  

ii. Properly timed tillage stimulates the 

decomposition of SOM by increasing aeration (O2 

supply to aerobic microbes), breaking up 

compacted areas and large soil clods, and exposing 

a greater surface area of SOM for microbial 

breakdown. Appropriate tillage also increases 

water infiltration and good drainage  

iii. For irrigation-dependent crops, manage soil 

moisture between 50% and 100% of field capacity 

through soil moisture monitoring and moisture 

retention techniques such as mulching. 
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iv. Use of sound crop rotations, soil amending, and 

fertilizing techniques all serve to improve the 

quality of agricultural soils, which in turn affects 

soil quality and crop performance.  

2. Improve and maintain chemical properties of soil 

a)   Benchmarks of optimal soil chemistry  

i. Balanced levels of available plant nutrients, 

Reading and Interpreting Soil test Reports, for more 

on this subject)  

ii. Soil ph ~6.0–7.0: At this soil ph the greatest amount 

of soil nutrients are available to crops  

iii. Low salinity levels: the accumulation of salts in the 

soil may result in plant water and salt stress  

b)  Sustainable agricultural practices used to develop and 

maintain optimal soil chemical properties  

i. Provide a balanced nutrient supply for the crop: 
As plant growth is related to the availability of the 

most limiting nutrient, it is essential that we consider 

the balance (ratios) of soil nutrients available. Yield 

and quality may be limited if levels of some nutrients 

are too high while others are too low.  

ii. Conduct soil analysis with periodic monitoring: 

Soil analysis provides current quantitative 

information on the nutrient profile of a given soil. 

Soil analysis report data should be compared to 

established optimal benchmarks of soil fertility when 

developing soil amendment plans to assure adequate 

but not excessive nutrient applications. Comparing 

results from multiple years of sampling will show 

whether you are depleting or accumulating soil 

nutrients over time, and indicate whether changes in 

fertility management are needed.  

iii. Conduct plant tissue testing: In-season plant tissue 

testing provides current quantitative data on the 

nutrient profile of growing plants. Such data may be 
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compared with recommended nutrient levels and 

may be used to determine the need for mid-season 

supplemental fertilizing.However, be aware that 

most tissue testing information has been developed 

for systems using synthetic chemical fertilizers, and 

sufficiency levels may well differ for organic 

systems.  

iv. Nutrient activities for crop development: Along 

the central coast of California, crops are planted 

approximately 2–3 weeks after the incorporation of 

cover crops in late March–early April in order to 

synchronize the N demand of cash crops with the N 

liberated from cover crop decomposition. Important 

factors influencing the mineralization rate include:  

 The quality of the organic matter input: e.g., 

carbon : Nratio, lignins, tannins, polyphenols, etc. 

 Environmental factors such as soil temperature 

and moisture  

v. Avoid leaving fields bare to avoid wind and water 

erosion and nutrient leaching 

vi. Manage irrigation carefully to avoid runoff, erosion, 

and leaching of soluble Nutrients 

vii. Supply major nutrients primarily through organic 

matter and mineral soil amendments (e.g., cover 

crops, composts, limestone, rock P, etc.)  

viii. Allow sufficient time for fresh residue to break down 

before planting crops  

ix. Use in-season supplemental fertilizers (when 

suggested as necessary by soil test results, plant 

growth observations, or plant tissue testing) to 

prevent or address plant nutrient deficiencies. 

3. Minimize disease/pest susceptibility  

a) Sustainable agriculture practices used to minimize 

disease/pest susceptibility in organic farming systems 

i. Maintain soil nutrient levels and soil ph within 

optimal range to reduce possibility of plant nutrient 
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deficiencies or excesses. Plant nutrient deficiencies 

or excesses often lead to increased susceptibility to 

pests and pathogens.  

ii. Build and maintain soil organic matter to promote 

desirable soil physical properties and supply 

essential plant nutrients. Soil physical properties are 

an essential component of soil fertility, influencing 

aeration (gas exchange and mineralization), 

drainage, root penetration and development, and 

habitat for beneficial soil microbes that may impart 

disease-suppressive qualities to agricultural soils.  

iii. Maintain soil moisture within optimal ranges for 

plant growth and the avoidance of compaction and 

erosion.  

iv. Design appropriate rotations to break pest cycles, 

and include disease-suppressive crops or cover 

crops. Annually changing the place in the garden or 

field where crops are grown interrupts the host/pest 

cycle and thereby reduces or limits the development 

of populations of pest and pathogens.  

v. Plant polycultures. Planting a diversity of crops in a 

garden or farm reduces the carrying capacity of the 

land for a given pest population. 

Fertilizer Use Patterns  

There is continuous increase in the use of fertilizer crop wise. As 

data given in table 20, there was almost four time increase in 

fertilizer use in wheat crop during the year 2010-2011 as compared 

to fertilizer use in 1980-1981.Similary 100 % increase in fertilizer 

use in rice crop during 2010-2011 as compared to 1980-1981. 

There was tremendous increase of fertilizer use in cotton crop from 

172 thousand tons in 1980-81 to 983 thousand tons in 2010-2011. 

The total fertilizer usage in 2010-2011 was 3933 thousand tons as 

compared to 1079 thousand tons in 1980-1981. The data indicated 

increased trend in use of fertilizer. 
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Table 22: Fertilizer Usage Crop Wise (Pakistan) 

(‘000 nutrient tonnes) 

Year Wheat Rice Maize Cotton Sugarcane Others Total 

1980-81 517.92 129.48 75.53 172.64 97.11 86.32 1079 

1990-91 889.71 189.30 75.72 378.00 208.23 151.44 1893 

2000-01 1344.02 159.41 66.37 684.45 314.37 394.38 2963 

2010-11 1966.50 235.98 59.00 983.25 314.64 373.64 3933 

Source: National Fertilizer Development Centre (NFDC), Islamabad. 

Crop Productivity 

Wheat production in the country is 25 million tons while 

consumption is about 21 million tons. The remaining production is 

stored as strategic reserve. Due to high cost of production, wheat is 

not competitive in international price so no significant export of 

wheat is taking place. There are continuous efforts going on to 

enhance wheat productivity in the region. Good yielding wheat 

cultivars are being introduced in the production system. At policy 

levels, Government of Pakistan is providing subsidy on fertilizers. 

As a result fertilizer use of phosphatic and potassic fertilizer is 

increasing along with increase in wheat productivity. 

Table 23: Area Production and Yield of Wheat during 2014-2015  

Provinces  2014-2015 

 Area Mha Prod Mt Yield kg ha
-1 

Punjab  6.98 19.28 2762 

Sindh  1.11 3.67 3318 

KP 0.73 1.26 1720 

Balochistan  0.39 0.87 2265 

Pakistan  9.21 25.09 2725 

Source: Economic Wing, Ministry of Nation Food Security and Research, 

Islamabad  

Rice production in the country is around seven million tons and 

significant amount of production is being exported to Middle East 

and Far East countries. The country is earning foreign exchange 
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through rice export. The yield of rice is stagnant due to deficiency 

of nutrients in soil. There is a need to adopt integrated nutrient 

management strategy to enhance rice productivity. 

Area under Maize crop in the country is increasing dramatically 

due to partial failure of cotton crop and due to more demand of 

maize grains by poultry feed sector and price stability of maize in 

market as compared to wheat and rice. The maize production of 

hybrid crop is touching 10 to12 tons acre
-1

. As a result, maize grain 

production in the country is touching 4.9 million tons. Due to high 

profitability of maize per acre and sound production technology, 

more area will come under maize crop in coming years. 

Table 24: Area Production and Yield of Rice during 2014-2015  

Provinces  2014-2015 

 Area 000 

ha 

Prod 000 ton Yield kg ha
-1

 

Punjab  1878 3648 1809 

Sindh  782 3653 3393 

KP 56.9 131.0 2302 

Balochistan  174.3 571 3277 

Pakistan  2891 7003 2423 

Source: Economic Wing, Ministry of Nation Food Security and Research, 

Islamabad 

 

Table 25: Area Production and Yield of Maize During 2014-2015 

Against 2013-2014 

Provinces  2014-2015 

 Area 000 ha Prod 000 t Yield kg ha
-1

 

Punjab  673 4020 5975 

Sindh  3.20 3.40 1063 

KP 463 910 1965 

Balochistan  3.50 3.80 1086 

Pakistan  1143 4937 4321 

Source: Economic Wing, Ministry of Nation Food Security and Research, 

Islamabad 
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Research and Extension on Soil Fertility Management  

A. Research 

- Establishing critical limits for essential plant nutrient 

elements 

- Nutrient dynamics and their indexation 

- Standardization of analytical techniques 

- Soil test crop response calibrations for economic use 

- Plant nutrient balance sheets for future planning 

- Changes in soil test levels corresponding to fertilizer 

applications 

- Pooling and processing of research data to formulate 

general and site specific fertilizer recommendations for all 

major and minor crops 

- Yield constraint research 

- Build-up and residual studies on P and Zn 

B. Advisory 

- Assessing water quality and nutrient status for advisory 

services to farmers 

- Site specific recommendations and their refinement 

- Monitoring of quality inputs and irrigation waters 

- Improving Fertilizer Use Efficiency (FUE) and productivity 

through IPNS 

- Role of micronutrients in crop production 

Since inception 4.5 million soil, water, fertilizer and plant samples 

have been analyzed in these laboratories. Approximately 20% of 

total cultivated area of Punjab has been covered under soil testing 

services. Categorization of soil parameters, on the basis of pooled 

data is covered in achievements. Moreover, 0.140 million water 

samples were analyzed for their suitability for irrigation purposes. 

About 70% of these samples were found unfit for irrigation 

purposes. Advice for use of these brackish waters is continuously 

disseminated to farmers for better management of their soil and 

water resources. 



Best Practices in Integrated Plant Nutrition System in Pakistan 

121 

In Punjab, salinity and sodicity have been a great constraint in 

proper utilization of land resources. The calamity is of continuous 

nature and each year more fertile fields are rendered unproductive. 

It was, therefore, necessary to innovate technology to arrest trends 

disadvantageous to economical production of crops and to reverse 

this process through reclamation of salt-affected soils by using 

suitable soil amendments. Accordingly use of Gypsum has been 

properly demonstrated and recognized as an economical means for 

restoration of soil productivity. 

Achievements 

Technology Developed 

- Fertilizer plays a key role in crop production and contributes 

more than 50% in crop yield. New varieties demand respective 

technologies best suited to different Agro-ecological zones. 

The following remained the main focus to accelerate 

production. 

- Established the best time and method of fertilizers application 

for various crops to harvest potential yields 

- Investigated the needs of K for sugarcane, K, Zn, Fe, Cu for 

potatoes, Zn, for rice, B and Zn for cotton besides N&P 

- Worked out the economics of fertilizer use. The Value Cost 

Ratio (VCR) of recommended doses of different crops were 

calculated to be as 3:1 in cereals, 4:1 in sugarcane and cotton 

and 6:1 in potatoes 

- Application of P at 1st irrigation was found equally good to get 

optimum yield 

- Demonstrated the impact of balanced fertilization to increase 

profitability and arrest soil mining 

- Reclamation technology for problem soils was innovated and 

properly displayed 

- Developed quick test methodology for assessing P-fixation 

capacity of soil 

Research Achievements 

- Developed indexed, site specific fertilizer recommendation 

system for major cash / grain crops 
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- Delineated soil fertility status of Punjab soils and water quality 

of running tube wells 

- Established critical limits for macro and micro nutrients and 

standardized test methodologies 

- Identified different biological constraints with 50% 

contribution of fertilizer towards yield gap 

- Formulated nutrient recipes of all major and minor crops 

- Magnitude of deficiency for NPK is found to be 95%, 90% and 

30%, respectively throughout the province 

- The analytical data revealed that 57%, 50%, 21% and 1% soils 

in Punjab are deficient in Sine (Zn), Boron (B), Iron (Fe) and 

Copper (Cu), respectively. On the basis of available data, 

delineated soil profile mapping at district & province levels 

- Recently K dynamics in the soil were worked out in 

collaboration with International Potash Institute (IPI) for 

raising crop yields 

Future Plans 

- Major stress is being planned on micronutrients and stress 

environment 

- Soil profile mapping using Geographic Information System 

(GIS) and Remote Sensing (RS) by coordinates of Global 

Positioning System (GPS) 

- Environmental impacts of fertilizers, industrial and city wastes 

- Refining analytical methods and critical limits for nutrients in 

various cropping patterns 

Future of our agriculture finds hopes in following two approaches: 

1. Total Package Approach (TPA) 

2. Maximum Economic yield Approach (MEYA) 

Both of these can only be harnessed if soils resources are made a 

base for future planning. 

The available data indicates that: 

1. Tremendous improvement has been seen in terms of improved 

production and savings on those farms following soil test based 

fertilizer recommendations 
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2. Problems soils have experienced restoration of health through 

reclamation techniques. 

Integrated Plant Nutrition Management Systems  

1. Best Practices of IPNS Practices for Rice-Wheat Cropping 

System 

In rice-wheat cropping, both the cereals in the system are 

exhaustive feeder of soil nutrients. Organic matter levels in the 

soils are low and inherent soil fertility, especially of N is poor. Soil 

structure is deteriorated due to puddling done for rice. For 

sustaining crop yields and rejuvenating soil health all the sources 

of plant nutrients both inorganic and organic have to be used in an 

integrated manner in a cropping system prospective.  

Table 26: Management of Chemical Fertilizers for Rice-Wheat 

Cropping System 

Fertilizers Management 

Practice 

Crop 

  Rice Wheat 

N Source Ammonium sulphate is 

the best source. Next to 

it is urea. CAN should 

not be used. 

CAN is the best 

fertilizer. Urea 

and ammonium 

sulphate can also 

be used. 

 Time of 

application 

Be applied in 3 splits i.e. 

1
st
 at 14-20 days after 

transplanting (DAT), 2
nd

 

at 35 DAT & 3
rd

 at 55 

DAT. 

3 splits. ⅓, 1
st
, ⅓at 

2
nd

 and ⅓ 3
rd

 

irrigation 

  Top dressing should be 

done after draining 

water. 

 

 Method Broadcast (BC) in 

muddy soil and apply 

irrigation after 12 hours 

BC and apply 

irrigation 

immediately. 

 Use of 

gypsum 

amendment 

If urea fertilizer is 

applied at transplanting 

its efficiency can be 

Efficiency can be 

increased by using 

300-500 kg 
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Fertilizers Management 

Practice 

Crop 

improved by applying 

300-500 kg gypsum ha
-1

. 

gypsum ha
-1 

P Sources DAP and TSP are best 

sources. For sodic soils, 

SSP should be preferred. 

Nitrophos is better 

than DAP and 

TSP 

 Time of 

application 

14-21 DAT At seeding 

 Method BC Banding with seed 

drill is more 

efficient. But can 

also be applied by 

BC. 

K Sources K2SO4/KCl K2SO4/KCl 

 Time of 

application 

3 split, at 14, 30 and 50 

DAT. 

2 splits at 1
st
 and 

2
nd

 irrigation. 

 Method BC BC 

Zn Sources Zn SO4,, ZnO - 

 Method of 

application 

Apply 5-10 kg Zn ha
-1

on 

nursery bed. 

Or 

Dip separated rice seed 

in ZnO suspension (1%) 

before seeding. 

Or 

Nursery root dipping in 

0.5-1% ZnSO4 or 1% 

ZnO suspension. 

Or 

BC ZnSO4@ 2-5 kg Zn 

ha
-1

, 7-10 DAT. 

- 

Boron Source Boric acid and Borax Boric acid and 

Borax. 

 Amount 1 kg B ha
-1

 1 kg B ha
-1
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Fertilizers Management 

Practice 

Crop 

 Time At transplanting, BC 

after mixing with sand. 

At seeding. BC 

after mixing with 

sand. 

  Spray 0.1% B solution 

thrice during vegetative 

growth period till 60 

DAT. 

Spray 0.1% B 

solution thrice 

during vegetative 

growth period 

period. 

Use of Organic Manures 

Green Manuring (GM) 

GM crops which can 

be grown in rice-

wheat system 

- Dhaencha (Sesbania aculeate) 

- Stem nodulated legume (Sesbania 

rostrata) 

 

Possibility of GM in 

the system 

 

- GM crops can be grown during the lag 

period of 60-75 days  between harvest 

of wheat crop and transplanting of rice 

after July 10. 

Time of seeding - Immediately after the harvest of wheat. 

- Can be established as relay cropping 

with wheat in March. 

Land preparation - 2-3 ploughings with one planking. 

Fertilizer required - Only apply 60 kg P2O5 ha
-1 

to the green 

manure crop for good growth. 

Incorporation of GM 

crop 

- Incorporate the GM crop with rotavator, 

45 to 60 DAS. Crop of 50-55 days old 

decomposes rapidly. 

Benefits - N fixation may range from 50 to 150 kg 

ha
-1

due to green manure depending 

upon in GM crop and management 

conditions. 

- GM crop can increase rice yield from 

10-70% depending upon the stage of its 

incorporation, crop species and their 

management. 
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Green Manuring (GM) 

- Residual effect of green manure on 

following wheat crop is small, ranging 

from 0-10%. 

Farm Yard Manure - It is very good source of plant nutrients. 

But its quantity is limited because of 

using of dung for fuel purposes.  

- When used it should be well rotten. It 

should not contain undecomposed raw 

materials. 

- In rice-wheat system it should be 

applied to rice during summer. 

- If 75 % N is taken from chemical 

fertilizer and 25 % from FYM it gives 

best results in terms of increasing crop 

yield and fertilizer use efficiency. 

Composts and 

Composting 

- Composting is bioconversion of organic 

wastes into an amorphous dark brown to 

black colloidal humus like substances 

under conditions of optimum 

temperature, moisture and aeration. The 

resultant material is called compost. 

Material for 

composting 

- Materials from crop wastes (rice and 

wheat straw), livestock wastes (manure, 

dung, urine and dropping from all types 

of animal and poultry), home (materials 

from food preparation such as 

vegetables, peelings and unwanted 

leaves, egg shells etc) can be used for 

composting. 

Methods of 

composting 

- (i) Pit method. 

- The site selected for the compost pit 

should be at high level near to cattle 

shed. 

- The pit should be protected from rains. 

- The pit should be about 1 m deep, 1.5 to 

2.0 m wide and of any suitable length. 

- The material is spread in layers which 

are often moistened.  
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Green Manuring (GM) 

- The process is repeated until layers of 

residue reach 30 cm above ground. 

- Contents of the pit are turned every 

fortnight and the compost is ready in 

about four month time. 

- (ii) Heap method. 

- During rainy season or in region with 

heavy rainfall the compost is prepared 

in heaps above ground. 

- The heap is usually commenced with a 

20 cm layer of carbonaceous material 

such as leaves, hay and chopped straw. 

- It is then covered with 10 cm of Nous 

material such as fresh grass, weeds, 

garbage, fresh or dry manure or digested 

sewage sludge. 

- The pattern of 20 cm carbonaceous 

material and 10 cm N material is 

followed until the pile is 1.5 cm high 

and they are normally wetted so that 

they feel damp. 

Use of compost 

starters and 

Accelerators. 

- These are used to hasten the process of 

composting. 

- These are either cellulytic or lignolytic 

micro-organisms or chemicals such as 

urea applied to narrow down C:N ratio, 

which in turn quicken the composting. 

- The use of such materials helps in 

preparing compost within 8-10 weeks 

and also reduce the bulk by 5-10 %. 

- Inoculation with mesophylliccellulytic 

fungi is know to reduce the time needed 

for the completion of process and 

improve the quality of the product. 

- Inoculation with azotobactor, addition 

of gypsum and rock P enhances the 

material value of compost. 

Enriched composting - Enrichment of compost with fixing 

bacteria and P solubilizing fungi is one 
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Green Manuring (GM) 

of the possible way of improving 

nutrient content of the final product. 

- Inoculation with Azotobactor and P 

solubilizing culture in the presence of 

1% rock P is beneficial impact to obtain 

good quality compost which is rich in N 

and available P2O5. 

- Enrichment of compost with 1% rock P 

and inoculation with Aspergillus and 

Azotobactor increased N content of 

compost from 0.59 to 0.73%. (25% 

increase) and increased available P from 

87.3 to 139.7 ppm (60% increase). 

- With further enrichment of 5% rock P 

and inoculation, N content of compost 

increased by 30.5%, available P;by 

125% and C/N ratio dropped by 30%. 

Precautions for using 

composts  

- Partially decomposed compost 

(immature) should not be used as they 

will reduce the yield. 

- Amount of compost being used should 

not be too much and should not exceed 

5 t ha
-1

 otherwise yield of the crop will 

be reduced due to immobilization of 

available N. 

- Only disease free enriched composts 

should be used. 

Crop Residues - Harvesting of rice and wheat with 

combine harvester leaves large amount 

of crop residues in the form of stubble 

in the field. 

- Decomposition of organic residues 

(stubble) turns unavailable nutrients to 

available form. 

- Wheat stubble decay in the field due to 

puddling operation done for rice. 

- Rice stubbles before seeding of wheat 

should be incorporated into field by 

rotavator. 
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Green Manuring (GM) 

- Wheat crop can be directly planted with 

zero tillage machine in field with 

standing stubbles and stubbles will 

decay by putting additional N (50 kg ha
-

1
) with 1

st
 and 2

nd
 irrigation. 

- Crop residue incorporation on long term 

basis will build up organic matter, K 

and Si in the field but will have little 

effect on N and P. 

Bio-fertilizers - Bio-fertilizers enhance soil fertility and 

yield of crops by rendering unavailable 

sources of elemental N, bound Ps and 

decomposed plant residues into 

available form in order to facilitate the 

plants to absorb the nutrients. 

- Bio-fertilizers contain micro-organisms 

which either fix N or solubilize 

native/applied P. 

- N fixing microbes are Azotobactor, 

Azospirillum blue green colgae Azolla. 

- P Biofertilizer contain bacteria such as 

Pseudomonas and Bacillus. 

- N and P bio-fertilizers are available and 

can be used for increasing crop 

productivity in the system. 

2. Best Practices of IPNS Practices for Maize-Wheat 

Cropping System 

Generally organic matter is low in soils under maize-wheat system. 

Both the crops are nutrient exhaustive crops. Crop removal of 

nutrients exceeds nutrient addition. Nutrients are mined at a rapid 

pace. Fertilizer use is imbalanced. There are wide spread 

deficiencies of macro and micro-nutrients. Due to low organic 

matter, soil structure is deteriorated. For raising crop productive 

potential, benefits from all sources of nutrient both from organic 

and mineral fertilizer need to be harvested in integrated manure. 

Package of IPNS practices for maize-wheat system is given as 

under: 
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Management of Chemical Fertilizers for Efficient Use of 

Nutrient 

Management of chemical fertilizers for wheat has already been 

discussed in proceeding section and for maize crop it is discussed 

as under. 

Table 27: Management of Chemical Fertilizers for Maize Cropping 

System 

Fertilizer Management 

Practice 

Maize Crop 

N Source CAN is best source, but ammonium 

sulphate and urea can also be used. 

 Time of 

application 

Should be applied in 3 split, 1
st
 as basal at 

seeding, 2
nd

 at ½ m height and 3
rd

 at pre-

tasseling stage.  

 Method  Band placement with drill is best. However 

can also be applied by BC. 

 Use of 

gypsum 

An amount of 300-500 kg gypsum per ha 

when applied with gypsum can improve 

efficiency of urea-N fertilizer. 

P Source Nitrophos should be preferred over DAP, 

TSP and SSP, SSP should be preferred for 

saline alkali soils. 

 Time of 

application 

At the time of seeding of the crop. 

 Method of 

application 

- Band placement with drill is the 

best method. However can also be 

applied by BC. 

- To further improve the efficiency 

of P sources should be well mixed 

with double the quantity of well 

rotten FYM before application.  

K Source Both KCl/K2SO4 can be used but KCl is a 

cheaper source. 

 Time of 

application 

Usually K fertilizers are applied at the time 

of seeding but their efficiency is improved 

if applied in 3 splits like N. 
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Fertilizer Management 

Practice 

Maize Crop 

Zn Source Zinc sulphate 

 Dose - 5 kg Zn ha
-1

 by soil application.  

- Foliar sprays of 0.1% Zn solution 

thrice during vegetative growth 

period.  

B Source Boric acid and Borax. 

 Dose - 1.5 kg B ha
-1

 by soil application. 

- Foliar spray of 0.1% B solution 

thrice during vegetative growth 

period. 

Use of organic manures 

Green manures All details are the same as given for rice-

wheat system. Guar (Cyamopsis 

tetragonoloba) can also be used as GM.  

Farm Yard Manure All details are same as discussed in rice-

wheat system. 

Compost - All details are the same as 

discussed in rice-wheat system. 

- Corn sticks after its proper 

chopping can be used for 

composting. 

Bio-fertilizer - Biofertilizer specific to maize crop 

is prepared by NARC and is 

available to farmers on their door 

step. 

Crop residue - Management of wheat crop 

residues has been discussed under 

rice-wheat system. 

- Maize crop residues should be 

incorporated like wheat residues 

and managed accordingly by 

application with N fertilizer 

application.  
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Challenges in Up Scaling IPNS 

Package of Technology 

Technology has not been developed to suit different farms and 

farming systems. There is need of commitment at research 

extension and national level for bottom up participatory approach 

and leadership. More allocation of resources is required to develop 

state of art technology. 

Low Availability of FYM 

Amount of FYM available for use in the field is low and 

insufficient for meeting the requirements of crops. Farmers lack 

proper knowledge about the preparation of FYM and composting. 

Most used as fuel. Alternate sources of energy are to be made 

available to farmers. 
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Limitations in Use of Green Manuring 

- Small size of holdings; 

- High demand for fodder; 

- Lack of proper knowledge about green manuring and legumes; 

and 

- Lack of organized research 

Limitation in Use of Crop Residues 

- The price of straw and stalks is very high and the farmers are 

not willing to leave crop residues on the soil surface or 

incorporate into the soil as they fetch a good income from 

straw and stalks; 

- Farmers dry crop residues and feed their cattle during winter 

when there is a shortage of fodder; 

- Farmers use crop residues as fuel energy source as they do not 

have access to other sources of energy; 

- Crop residues are used as a construction material in mud 

houses or cattle sheds. 

Limitation in Use of Biofertilizers 

- Application techniques and efficiency of strain 

- Packing the product in marketable form 

- Shelf life 

- Specified minimum population of concerned microbes 

- Good quality 

Conclusion  

Integrated Plant Nutrient Management (IPNM) through balanced 

use of mineral fertilizers, combined with organics and biosources 

may usher into new era for sustainable crop production to achieve 

food security, improving livelihood of small farmers and poverty 

reduction. The combined use of all these sources can lead to new 

green revolution. However, the national research institutions, 

universities, agriculture extension, private sector and government 

at policy level, all have to play their relevant role for technology 
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development, its transfer and adoption at farm level in different 

ecological regions. The future approach will be to shift from 

increased use of fertilizer towards optimizing integrated 

management of all sources to address issues of low productivity, 

efficiency, soil nutrient depletion and environmental concerns. 

Government of Pakistan in Medium Term Development 

Framework (MTDF/2005-10) has emphasized the importance of 

IPNM in fertilizer use and crop production strategies. It will get 

due attention at policy level. 
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Introduction 

Democratic Socialist Republic of Sri Lanka is an island situated in 

the Indian Ocean and lies between latitude 5
o
 55

'
 and 9

o
50

'
 N and 

longitude 74
o
42

'
 and 81

o
 3

'
 E. The total land area of the island is 

65,610 km
2
 from which 980 km

2
 is occupied by water. The 

population of the country is approximated to be 20 million with an 

annual growth rate 0.9 % (AgStat, 2015). Sri Lanka is located in 

the tropical belt of the climate map. There are three distinct major 

climatic zones are found in the country where the wet zone 

receives an annual rainfall of over 2000 mm, intermediate zone 

receives an annual rainfall of 1000 - 2000 mm and the dry zone 

receives an annual rain fall of less than 1000 mm. Based on the 

elevation, three climatic zones are further categorized in to low (0 

– 300 m), mid (300- 900m) and upcountry (>900 m) regions 

(Maraikar et al, 1996). There are 46 agro -climatic zones in Sri 

Lanka. 

The contribution of agriculture to Gross Domestic products (GDP) 

is estimated to be 9.9% and employment in the agriculture sector is 

28.5% (AgStat, 2015). Sir Lanka consists of two major agricultural 

sectors namely plantation sector and food crop sector. Plantation 

sector consists of perennial crops such as tea, rubber, coconuts and 

export agricultural crops such as coffee, cardamom, cinnamon etc. 

The food crop sector consist of rice- which is the major staple food 

in the country-, fruits, vegetables, legumes, other field crops and 

root and tuber crops. There are two main cropping seasons namely 

Maha and Yala in the country which prevails under the influence 

of two monsoons referred to as North East and South West. North 

East monsoon brings rain during the months of October to January 

(wet season) and South West monsoon from April to July (dry 
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season) respectively (Pannabokke, 1996). Due to the greater 

availability of water, Maha season is considered as the major 

cropping season.  

Agricultural Land Use 

Sri Lanka consists of 6,561,000 ha (AgStat, 2015) and out of 

which only about 3 m ha is arable (Mapa et al., 2002). When 

considers the present population the per capita availability of 

arable land approximates about 0.14 ha. In 1870 when total 

population was only 2.7 million, per capita land availability in Sri 

Lanka was 2.7 ha thus present per capita availability showing the 

heavy pressure on land that can be utilized for agriculture. Out of 

total land area, about 22% represents home gardens, 11% 

plantation crops, 14% paddy and 33.8% other food crops. Table 27 

gives the distribution of cultivable extents of different crops in Sri 

Lanka. 

Table 27: Cultivable extents of different crops in Sri Lanka in 2014  

Crop Extent 

Paddy 922,151 

Tea 229,262 

Rubber 207,628 

Coconut 295,552 

Vegetables 90,518 

Potato 4929* 

Sugarcane 12,107 

Field crops eg Chilli, onion, pulses, other grains and 

root and tubers 

216,741 

Fruits 134,011 

Cinnamon, Cardamom, Clove, pepper etc 106,356 

Department of Agriculture Ag stat 2015 *Department of Census and Statistics 

Soils of Sri Lanka 

Alfisols, Ultisols and Entisols are the dominant soil orders present 

in Sri Lanka. The dry zone is dominated by the presence of 

Alfisols where agricultural activities are predominant. Altogether 



Best Practices in Integrated Plant Nutrition System in Sri Lanka 

137 

there are thirteen great soil groups have been identified in Sri 

Lanka namely Rhodustalfs, Tropaqualfs, Haplustalfs, Haplustox, 

Tropaquents, Natraqualfs, Ustipsamments, Quartzipzammets, 

Pellusterts, Eutropets, Rhodults Troudults and Tropohemsts. 

(Panabokke, 1996). 

Food Crop Production 

Rice 

Sri Lanka cultivates nearly 922,151 ha of rice (AgStat, 2015) in 

two major seasons. 55% of the rice lands are in the low country dry 

zone, 20% in the low country wet zone accounts for another 20% 

of rice lands while the up country and the mid country account for 

another 25% of the lands. Presently, Sri Lanka produces 3.380, 780 

mt of rice and at present national average yield is 4.264 mt ha
-1 

(AgStat, 2015) and majority of the production originates from the 

rice lands in dry and intermediate zones.  

Other Field Crops (OFC) 

In Sri Lanka this crop group category includes all the other field 

crops except rice. Hence, other field crop group includes crops 

comprising of coarse grains, pulses, oil seed crops, spices such as 

chilli and onions. In year 2014, Sri Lanka produced 585,286 mt of 

Other Field Crops from an extent of 111,947 ha of land. (AgStat, 

2015). Unlike many other crops a fairly big extent of these crops 

are grown under rain fed conditions however there is an increase in 

trend of providing supplementary irrigation to majority of other 

field crops especially to onions, chilli and maize.  

Vegetables 

Approximately 90,518 ha of land are used for vegetable cultivation 

in Sri Lanka. (AgStat, 2015). There are mainly two groups of 

vegetables grown in Sri Lanka namely Low country and Up 

country vegetables. Okra (Abelmoschus esculentus), eggplant 

(Solanum melongena), luffa (Luffa acutangula), snake gourds 

(Trichosanthes cucumetina), bitter gourds (Momodica charantia), 

cucumber (Cucumis sativus), pumpkin (Cucurbita maxima), and 

leafy vegetables are the popular low country vegetables. The 

popular up-country vegetables are bean (Phaseolus vulgaris), 



Best Practices in Integrated Plant Nutrition System in Sri Lanka 

138 

carrot (Daucus carota), beetroot (Beta vulgaris), cabbage 

(Brassica olerccea), leek (Allium ampeloprasum), tomato 

(Lycopersicon esculentum) and radish (Raphanus sativus). Total 

productions of vegetable are around 1000 mt.  

Root and Tuber Crops 

Important root and tuber crops are potato (Solanum tuberosium), 

sweet potato (Ipomaaea batatas) and cassava (Manioc esculentus). 

Potato is mainly grown in the up country where as other two crops 

are cultivated in other parts of the island. In addition to these four 

crops, there are many Dioscorea spp are being grown in Sri Lanka.  

Fruit Crops 

Most commonly grown fruit crops in Sri Lanka are Banana, 

Mango, Papaw, Citrus (Orange and lime), Pineapple, Passion fruit, 

Avocado, Rambutan, Guava, Mandarin, Pomegranate and Water 

melon. Total extent of fruit crop cultivation s is 132,175 ha and 

fruit production was 823,447 mt (AgStat, 2015).  

Nutrient Management in Food Crops Cultivation 

Out of the 17 essential nutrients required for plant growth, Sri 

Lanka presently recommends the application of N, P and K mainly 

to all crops. From Micro nutrients only Zn is recommended for rice 

and B is recommended for Papaya. Mg has been recommended for 

Banana grown in the wet zone area only. However, application of 

organic manure has been recommended to all crop groups 

irrespective of the agro ecological regions to ensure better crop 

productivity.  

Soil Fertility Status of the Agricultural lands in Sri Lanka  

Soil fertility status of rice soils were assessed by Panabokke and 

Nagarajah (1964). There results revealed that majority of the soils 

are poorly supplied with P. The general content found in rice soils 

in that period was around 3-5 ppm P. However, present soil 

analytical data revealed varying contents of nutrients in different 

cropping systems. There is a very high nutrient build up can be 

observed in the systems in which vegetables are a component. 
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Content of Organic Matter 

Majority of the rice grown soils are low in organic matter content. 
Data of Panabokke and Nagarajah (1964) show an C:N ratio of rice 
soil to be changed from 8-25. Rezania (1984) reported the mean 
organic matter content around 1.85 though contents varied at 
different regions. Wickramasinghe and Wijewardana (2003) 
reported that 43% of the samples tested under the soil testing 
programme falls below 1% organic matter. Department of 
Agriculture promotes the application of organic manure among 
farmers in all parts of the island. Dissanayaka (2000) however 
reported a slight improvement in soil fertility in agricultural lands 
after introduction of IPNS technology. However, table 28 shows a 
variation in the content of soil organic matter in different cropping 
systems prevailing in the country. The increase inorganic matter 
content was much prominent in the intensively vegetable growing 
areas. Two major reasons could be attributed for this increase in 
this particular cropping system. The first reason for this buildup 
could be the continuous high rates of organic manure addition two 
times per year. Comparatively lower temperature in the region 
could be attributed as the second reason for this build up. Build up 
of organic matter status in other regions s is an uphill task owing to 
the location of the country in the tropical belt where degradation 
rates are comparatively greater.  

Table: 28: Soil Organic Matter content in major rice and vegetable 

growing districts  

     DOA Unpublished Data, 2012 & 2016 

Cropping System Ecological 

zone 

Mean organic matter 

content % 

Rice - Rice LCDZ 1.5 

Rice - Rice LCWZ 3.2 

Rice - Rice LCIZ 1.3 

Rice - OFC LCDZ 2.2 

Rice-Vegetable UCIZ 1.5 

Rice - Vegetable MCWZ 1.7 

Vegetable - vegetable UCIZ 3.5 

Vegetable - Vegetable UPWZ 7.7 

OFC-Fallow LCDZ 1.8 



Best Practices in Integrated Plant Nutrition System in Sri Lanka 

140 

Data in table 28 shows a comparatively high content of organic 

matter in the vegetable - vegetable cropping system of the Up 

country wet zone. In this region the annual organic manure 

addition exceeds 20 t ha
-1

 and the temperature lies between 12 - 

5
o
C. In all the other regions, day time temperature remains greater 

than 27
o
C and the annual addition of organic manure does not 

exceed 8 t ha
-1

.  

Distribution of Plant Nutrients 

Soil fertility decline could be mainly attributed to depletion in soil 

organic matter content and loss of plant nutrients via leaching and 

run off. Panabokke and Nagarajah (1964) reported that low 

available P in majority of the rice soils in Sri Lanka. According to 

their data most of the soils were below 5 ppm of Olsen P. 

Wijewardana et al (1999) also reported low available P in rice soils 

of the LCWZ amounting less than 20 ppm of available P in the 

region. Table 29 gives the mean content of the major plant 

nutrients in soils of different major cropping systems in a recently 

conducted study by the Department of Agriculture. Table 29 shows 

a clear plant nutrient build up in vegetable - vegetable cropping 

system and the vegetable based cropping systems. 

Table 29: Soil characteristics of the different cropping systems in 

the country  

Characteristic Rice - 

Rice 

Rice- 

Vegetable 

Vegetable - 

Vegetable  

Rice-OFC/ 

Vegetable- 

OFC 

pH 5.9 5.4 5.5 6.4 

EC 0.07 0.164 0.144 0.09 

P 6.6 55.8 69.8 10.9 

K 64.9 181.6 315.1 145.7 

 DOA Unpublished Data, 2012 

Rice - rice sequence shows the least build up of nutrients 

indicating a momentary equilibrium status. However, with the 

introduction of the vegetable component in to the system, data in 

table 29 shows and up surge of plant nutrient content indicating the 

excess application. 
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Phosphorous 

High P-fixing capacity in up-country vegetable growing soils has 
been reported by Withana and Kumaragamage (1993). 
Wijewardena et al. (1999) reported that majority of soil (73% 
sites), collected from vegetable growing areas in the LCWZ had 
available P below 20 mg kg

-1
 which is considered as the low 

content of P. Similarly, Kumaragamage et al. (1999) also reported 
the low P availability in soils of the LCWZ. However, present 
estimates show that vegetable growing soils in the low country wet 
and dry zone of Sri Lanka to contain appreciably high content of 
plant nutrients compared to rice growing soils. Build up of P is 
common in many intensive vegetable growing soils in Sri Lanka. 
This condition is caused by the indiscriminate use of organic and 
chemical fertilizers by the farmers. Build up of P in some potato 
and exotic vegetable growing soils in the up-country region 
particularly in UCWZ and UCIZ has been reported by 
Jeewananthan et al., 1995; Wijewardena, et al., 1996; 
Wijewardena, 1999. Similarly, occurrence of high available P due 
to use of high rates of deep litter as well as chemical fertilizers was 
observed in leafy vegetable growing soils in the LCWZ. According 
to the analytical data of the soil analyzed from rice growing soil in 
year 2016, high amount P was observed even in rice soils in LCDZ 
according to the current criteria set by the DOA.  

Table 30: Soil phosphorous content in major rice and vegetable 

growing districts  

Cropping System AEZ Mean Phosphorous content 

(ppm 

Rice –Rice LCDZ 10.1 

Rice Rice  LCWZ 9.6 

Rice – Rice LCIZ 5.4 

Rice – OFC LCDZ 10.9 

Rice-Vegetable UCIZ 31.3 

Rice -Vegetable MCWZ 28.8 

Vegetable - Vegetable UCIZ 77.3 

Vegetable – Vegetable UCWZ 69.8 

OFC-Fallow LCDZ 9.6 

     DOA Unpublished Data, 2012 and 2016 
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In Sri Lanka, most fruit crops are grown in home gardens under 

rain fed conditions. As a result, use of fertilizer for fruit crops is 

limited except for banana, pineapple, papaya and passion fruit. 

Hence, majority of fruit growing soils in Sri Lanka are not 

generally rich in nutrients. 

Potassium 

Sri Lankan soils are generally considered as rich in K. The 

predominant soil order of Alfisols is found in the low country dry 

zone where agriculture is the dominant industry. These soils 

contain an appreciable amount of K. Weerasinghe (1991) showed 

the non response of rice to K addition even on sandy Haplustalfs. 

Amarasiri et al (2011) reported that K fertilization can be reduced 

to minimum considering the K availability in Sri Lankan rice 

growing soils. Discussing further Amarasir et al (2011) described 

the availability of non exchangeable fraction of K in soils. Sirisena 

et al (2015) estimated the contribution of non exchangeable K 

towards K nutrition of rice grown in the Intermediate zone of Sri 

Lanka. In the UCIZ, exchangeable K values exceeding 300 mg kg
-1

 

have been found in soils fertilized for potato and vegetable crops 

for few decades (Wijewardena, 1999). However, Wijewardena et 

al., (1999) reported low exchangeable K in vegetable and tuber 

crops growing soils in the LCWZ. Hence, application of K 

fertilizers is necessary to improve the supply of K in LCWZ for 

vegetable and tuber crops growing soils. Kumaragamage et al., 

(1999) also observed low exchangeable K in LCWZ. Contrary to 

LCWZ, soils in LCDZ and LCIZ are containing reasonable amount 

of exchangeable K. However it should be noted that K in LCDZ is 

higher than in LCIZ. 

In both UCWZ and UCIZ, vegetable and tuber crops cultivation is 

intensive and highly commercialized. In the UCWZ, vegetables are 

cultivated throughout the year in rotation with potato. In the UCIZ, 

vegetables are grown under upland rain fed, irrigated and lowland 

rice-based cropping systems. Soils in the up-country contain 

reasonable quantity of K in exchangeable form (Wijewardena, 

1995). In addition, most farmers in the up-country utilize inorganic 

fertilizer mixtures in combination with large amount of organic 

manures with particular emphasis on poultry litter and cattle 
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manure. Table 31 shows the recent picture of K contents in soils 

collected from different cropping systems and diverse agro 

climatic zones.  

Table 31: Soil K content in major rice and vegetable growing 

districts  

Cropping System AEZ Mean K content (ppm) 

Rice –Rice LCDZ 62.1 

Rice – Rice LCWZ 57.0 

Rice –Rice LCIZ 63.1 

Rice – OFC LCDZ 145.7 

Rice-Vegetable UCIZ 189.1 

Rice –Vegetable MCWZ 190.4 

Vegetable-Vegetable UCIZ 278.7 

Vegetable-Vegetable UCWZ 315.1 

OFC-Fallow LCDZ 208.1 

DOA Unpublished Data, 2012 and 2016 

Micronutrients 

Studies on micronutrients are rather limited in Sri Lanka. 

However, an investigation conducted by Wijewardena and 

Kannangara (2003) reported that majority of vegetable growing 

soils of LCWZ contain adequate amounts of Zn (>0.6 mg kg
-1

), 

Mn (3.5 mg kg
-1

) and Fe (2.5 mg), but soils were deficient in Cu 

(<0.2 mg kg
-1

). Soils collected from different cropping systems 

were analyzed for micronutrients of Fe, Cu, Mn and Zn, in 2012 

and results revealed that majority of soils contain sufficient range 

of those nutrients except for Cu and Zn at few locations Table 32. 

However, low contents of micronutrients were observed in soils 

from Jaffna district compared to other areas. 
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Table 32: Soil Micronutrient (Fe, Cu, Mn, Zn) contents in major 

rice and vegetable growing districts  

Cropping System  AEZ Mean Micronutrient content (ppm) 

Zn Cu Mn Fe 

Rice-Rice LCDZ 0.12 0.53 6.8 1.06 

Rice-OFC LCDZ 0.93 1.86 22.4 13.0 

Rice-Vegetable UCIZ 0.84 1.2 24.6 16.3 

Rice-Vegetables  MCWZ 0.05 0.48 13.6 21.7 

Vegetables-

Vegetables  

UCWZ 3.3 0.88 10.7 30.7 

DOA Unpublished Data, 2012. AEZ : Agro Ecological Zone 

Soil Fertility Management System 

Sri Lanka being an agricultural country since ancient times, efforts 

taken in managing soil fertility was recorded first only in the 13
th

 

century AD (Siriweera, 1993). Although records does not describe 

the material added it is quite possible that it was cattle manure and 

other commonly available material. Inorganic fertilizer was 

introduced to Sri Lankan agriculture in early fifties. Since then the 

application of inorganic fertilizer played a major role in meeting 

plant nutrient needs of the commercially cultivated crops. 

However, still there are few farmers who used to grow crops 

without any inorganic fertilizers but attempting to manage their 

crop nutritional needs through organic sources. The up liftman of 

the organic agriculture movement at present encourages such 

growers. Traditional subsistence farmers who did chena cultivation 

never used any inorganic fertilizers in their cultivations. The burn 

and fallow system of jungles allow them to maintain their crops in 

newly cleared land without much difficulty for a period of 2 -3 

years. However, traditional farmers used to shift to new lands 

allowing the restoration of the first land after an initial period of 

use. However, at present use of slash and burn system is totally 

absent owing to the land pressure and the need of greater 

productivity for economic viability. 
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After the introduction of inorganic fertilizers and newly improved 

varieties new fertilizer recommendations have been introduced for 

each crop type. These recommendations were derived by extensive 

field experiments on the use of different nutrients. It is interesting 

note that the Department of Agriculture has recommended to apply 

organic manure at the rate of 10tha
-1

 with the use of inorganic 

fertilizers. 

Soil Test Based Fertilizer Recommendation 

Soil test based fertilizer recommendation programme was imitated 

in 1993 for food crops. It helps to restrict heavy use fertilizers and 

prevent the nutrient accumulation in the soil and save the 

additional expenditure use for excessive applications.  

Table 33a: Application rate of TSP for potato and vegetable crops 

based on soil test level 

Soil test level P  

mg/kg
-1

 
Potato Cabbage Tomato Brinjal 

<20 270 270 270 325 

20-30 200 135 135 165 

>30 70 70 60 85 

  

Table 33b: Application rate of MOP for potato and vegetable crops 

based on soil test level 

Soil test  level K 

mg/kg
-1 Potato Cabbage Tomato Brinjal 

<160 250 150 130 170 

160-400 130 90 90 110 

>400 – – – – 

By encouraging farmers to adopt soil test based fertilizer 

recommendations it is hoped that the buildup of nutrients in the 

upcountry soils can be reduced and the productivity of soils can be 
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improved. Presently there are 12 soil testing laboratories located in 

different parts of the country encouraging farmers to use soil test 

based fertilizer recommendations. In 2016 Department of 

Agriculture issued fertilizer recommendations for rice based on 

soil test values on Agrrarian Service Centre basis. These 

recommendations were developed after an extensive soil testing 

programme covering all the agrarian service centers of the country. 

Nutrient Management In Rice 

Paddy consumes approximately 70% of the chemical fertilizers 

imported into Sri Lanka. Urea, MOP, TSP and ZnSO4 are the main 

inorganic fertilizer used for paddy cultivation today. Department of 

Agriculture has formulated blanket recommendation of inorganic 

fertilizer and these recommendations are periodically updated. It 

has been demonstrated that crop yield could not be obtained with 

excessive application of chemical fertilizers and the use of organic 

manure is very important in increasing soil fertility and 

productivity. The significant yield increase was observed by 

Nagarajah, (1990) when organic manure was applied with 

recommended chemical fertilizer. The main sources of organic 

manure applied in paddy cultivation are rice straw, cow dung, 

poultry manure, paddy husk and partially burnt paddy husk etc.  

Table 34. Fertilizer recommendation for paddy in Sri Lanka 

Water 

source 

 Climatic 

Zone 

UREA TSP MOP Zn SO4 

Kg ha
-1 

Irrigated Dry and 

Intermediate 

225 55 60 5 

 Wet 140 35 50 5 

Rain fed Dry and 

Intermediate 

175 35 50 5 

 Wet 100 55 110 5 

Nutrient rates have been formulated considering the yielding 

ability under each climatic setting and considering the most 

common abiotic stress factors. 
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Nutrient Management In Fruit Crops  

Although, Department of Agriculture recommended fertilizer for 

many fruit crops such as Avocado, Banana, Citrus, Durian, Grapes, 

Guava, Jak, Mango, Mangosteen, Papaya, Passion fruit, Pineapple, 

Rambutan and Strawberry etc., proper nutrient management 

practices are not often followed in the majority of fruit crops 

grown in Sri Lanka. Except commercial growers, most small-scale 

farmers rarely use chemical fertilizers for fruit crops. Banana, 

Pineapple, Papaw, Mango and Passion fruit are the commonly 

growing commercial fruits in Sri Lanka which are being frequently 

fertilized. It is a requisite to establish plant test based fertilizer 

application technique for fruit crops Sri Lanka. Majority of the 

fruit growing soils in the low country wet zone were observed to 

contain adequate amount of Zn, Mn and Fe while Cu was found 

most limiting factor (Wijewardena et al., 2001). Combined use of 

recommended NPK and organic manure for papaya increased the 

crop yield in papaya (Jayasundara et al., 2005). 

Nutrient Management In Vegetables  

Vegetables are more intensively cultivated in the mid and 

upcountry and a more than 50 % of the production originates from 

this region. Vegetables accumulate a large bio mass in a short time 

and remove large quantities of plant nutrients (Maraikar et al., 

1996). Fertilizer recommendations for vegetables were first 

formulated by the Department of Agriculture in 1980. Experiments 

conducted in the up country clearly showed the benefits of using 

manures (10 t ha
-1

) jointly with chemical fertilizers (Wijewardena, 

1993). Despite having these recommendation famers tend to use 

excessively high quantities of fertilizer and manures in vegetable 

cultivation. This has led to the buildup of excessively high contents 

of P and K in vegetable growing soils. (Kendaragama et al., 2001) 

Table 35 shows the present soil status of vegetable growing soils.  
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Table 35: Characteristics of vegetable growing soils in the 

upcountry region 

District pH EC Available P  

mg kg
-1 

Exchangeable K 

mg kg
-1  

Nuwara Eliya 5.5 0.14 69.8 315.1 

Welimada 5.3 0.16 55.8 181.6 

This scenario has led the authorities to recommend single nutrient 

fertilizers backed by soil testing. The excessive nutrient loading 

has led to nutrient imbalances and decrease in productivity making 

some of the farmers to remove their top soil and bring soil from 

uncultivated areas (Maraikar et al., 1996). Scientist have warned 

that this situation could lead to pollute streams and reservoirs 

(Amarasiri, 2015) leading to eutrophication.  

Nutrient Management in Other Field Crops (OFC) 

Unlike in the case of vegetables the use of organic manures is 

minimal in OFC cultivation. This is mainly due to the 

unavailability of sufficient quantities of organic manure materials 

in the region where OFC s cultivated. However, having realized 

the importance of the application of organic manures farmers who 

cultivate cash crops such as Onion is used to apply organic 

manures. Though farmers used inorganic fertilizers for crops like 

chilli, onion, maize they seldom use fertilizers when growing 

groundnuts, millets, sesame. However, fairly large extents of lands 

under OFC are still rain fed and the use of inorganic fertilizers 

under rain fed condition is minimal in Sri Lanka. 

Current Status of Fertilizer Use in Sri Lanka 

Use of chemical fertilizers for food crops in Sri Lanka started in 

early fifties. However, widespread use of chemical fertilizer for 

food crops was commenced in the year 1960. In order to promote 

balanced use of plant nutrients, fertilizer mixtures containing N, P 

and K nutrients had been recommended during early stages. 

However, the Department of Agriculture (DOA) started the use of 

single nutrient fertilizers in 1993 instead of fertilizer mixtures for 
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food crops grown in Sri Lanka. The main reason for shifting to 

single nutrient fertilizer was to apply only the deficient nutrient 

and to minimize the adulterations of mixture using various inert 

materials. 

Table 36: Fertilizer consumption by different crop sectors (mt) in 

2013 

Fertilizer Paddy Tea Rubber Coconut OFC EAC* Others 

Urea 192,311 113,735 7,440 12,369 14,826 19,325 49,659 

TSP 49,136 - - 811 10,285 76 31,503 

MOP 54,761 43,318 5,998     

Sulphate of 

Ammonia  

 30,961 22 625 -   

ERP  28,259 6,651   18,122 2,074 

Kiezerite  34,506 728 116  2,928 7,694 

Dolomite   2,115     

Zinc 

Sulphate 

 2,249  63    

DAP - 92 24 18 70 0 11 

SOP  69 22 9    

Commercial 

Epsom Salt 

 69 28     

Others    13,303    

Total 296,208 253,327 23,350 50,002 32,068 53,004 147,728 

Source: AgStat-2015, * EAC – refers to spices and beverage crops. 

According to the fertilizer use data in year 2011, 70% of the 

fertilizers imported were used by the paddy sector and 20% used 

by the tea sector. However, in year 2013 paddy sectors used almost 

35% of fertilizers imported to Sri Lanka and 30% used by the tea 

sector.  

Research and Extension 

Research on soil fertility management is basically performed by 

the respective crop research institutes. Plant nutrient management 
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strategies and options are basically determined for the optimum 

production of the crop yield. Studies on plant nutrient management 

and fertilizer requirements are periodically assed with respect to 

different crops in diverse agro ecological regions. While studies on 

fertilizer responses on new varieties are undertaken, experiments 

are also being performed on assessing different nutrient flows in 

different agro ecosystem. On farm studies are conducted to assess 

the field level fertilizer response taking in to consideration of the 

indigenous supply of nutrients. However, with the latest awareness 

on environmental concerns emphasis has been given to recommend 

nutrient sources considering the environmental and health 

implications. Thus the qualities of imported fertilizer materials are 

being strictly monitored.  

Agriculture extension is mainly handled by a group of technical 

officers who are also part of the same department thus transferring 

technology from research to extension is comparatively easy. 

Extension agents conduct demonstrations, farmer training classes 

etc for the farmers in transferring the technical message. 

IPNS in Different Cropping Systems 

It is important to follow ecologically-aware plant nutrition 

management practices to improve soil fertility. IPNS helps the 

balanced use of fertilizer for crop production. Also, when adding 

fertilizer to a crop, it is essential to consider assessing the 

contribution from different sources such as soil, water, organic 

manure, rain etc. to the nutrient pool. 

Many studies conducted had shown that in many cropping systems 
the integrated nutrient supply and management through sensible 
use of organic and chemical fertilizers would lead to sustainable 
crop production as well as overall soil improvement. Hence, the 
use of this technology is advantageous and it helps to improve 
fertilizer use efficiency, improvement of long-term soil fertility as 
well as increase the benefit-cost ratio (Wijewardena and Yapa, 
1999). 

The most dominant cropping system in Sri Lanka is the rice-rice 
cropping system. The most commonly generated organic manure 
in rice-rice cropping system is rice straw. Amarasiri and 
Wickramasinge (1988) studied the K contribution from rice straw 
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to flooded rice. Study revealed that the N content of rice straw may 
range from 0.66–0.84% while K content ranged from 1.30–2.03%. 
Their results suggested that straw could replace nearly 1/3 of the N 
and the total supply of K in inorganic fertilizer terms. Although the 
substitution of K from rice straw is a clear fact the author has 
precaution the substitution of N as the N dynamics under different 
environmental and soil conditions would differ. Recycling has not 
impaired the supply of K, soil K status or the crop yield and nor 
made a significant improvement in the content of soil organic 
matter.  

Nagarajah et al (1988) studied the water quality in farm wells in 
Jaffna peninsula and reported high contents of NO3

-
 in those water. 

Taking into accounts of the contents, they calculated the N supply 
form well water could exceed the total N recommendation made 
for chilli and onion. 

Weerasinghe et al (2001) showed the importance of incorporating 

different organic manure in improving soil fertility status of sandy 

soils in the rice-rice cropping system. Working on the same soil 

Weerasinghe and Lathiff (1999) showed that incorporation of the 

residue of the groundnut crop could save nearly ⅓of the N 

fertilizer requirement of the succeeding rice crop.  

In vegetable- vegetable cropping system of the UPIC 

Wijewardahan (1999) reported that by application of poultry 

manure at the rate of 10tha
-1

 could save 50% of the recommended 

inorganic P and K fertilizers. The crop combination the author has 

used was cabbage, tomato, pole bean and tomato in a two year 

period.  

Nijamudeen et al (2003) showed the importance of Black gram as 

an in-situ green manure with maize crop. They showed that 

incorporation of the in situ grown black gram could increase the 

soil available P and exchangeable K content compared to the no 

black gram treatment. 

De Silva et.al (2005) showed the importance of incorporation of 

organic manures in rice –maize cropping systems in sandy soils in 

Sri Lanka. The highest increment was observed with poultry 

manure when combined used with inorganic fertilizer fallowed by 

cattle manure. Straw combined with inorganic fertilizer had given 

the lowest response. Authors further observed slight improvement 
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in soil nutrient status when inorganic fertilizer is combined with 

organic manures in sandy soils (Table 37). 

Table 37: Combined use of organic manures on different soil 

properties in sandy soils  

Treatments Crop pH Avai. P (ppm) Exch. K (ppm) Organic Matter 

% 

Initial Final Initial Final Initial Final Initial Final 

Straw +NPK Maize 

Rice 

4.9 

4.7 

5.0 

4.9 

7.0 

6.0 

8.0 

8.0 

67.5 

69.2 

70.5 

73.4 

0.8 

0.9 

0.9 

1.1 

Cattle 

Manure 

+NPK 

Maize 

Rice 

4.8 

4.5 

5.0 

4.7 

14.0 

11.0 

17.0 

14.0 

37.5 

39.8 

41.8 

44.3 

1.1 

1.3 

1.3 

1.5 

Poultry 

Manure 

+NPK 

Maize 

Rice 

4.7 

5.5 

5.3 

5.9 

18.0 

26.0 

23.0 

32.0 

45.0 

52.6 

50.2 

57.8 

0.6 

0.6 

0.5 

0.5 

Compost + 

NPK 

Maize 

Rice 

4.9 

5.0 

5.1 

5.1 

13.0 

9.0 

17.0 

12.0 

45.0 

48.8 

49.1 

53.6 

0.9 

1.1 

1.1 

1.1 

NPK Maize 

Rice 

4.8 

4.3 

4.6 

4.4 

11.0 

12.0 

12.0 

13.0 

37.5 

35.2 

38.3 

36.3 

0.4 

0.3 

0.4 

0.3 

Source: Silva et al., 2005 

Application of 5 t ha
-1

 rice straw + 15 t ha
-1

 green manure + 45 t 

ha
-1

 cattle manure along with chemical fertilizers continuously for 

11 years continuously maintained higher crop yield level compared 

to inorganic fertilizer alone treatment in rice- rice cropping system 

(Sirisena et al., 2016) in the LCIZ.  

Use of leaf colour chart was introduced to Sri Lankan rice farmers 

and it was shown that the use of Leaf colour chart could nearly 

save 20- 25% N (Sirisena et al., 2003) as it acts in two ways in 

saving N. Firstly by efficient utilization as it gives opportunity to 

apply the fertilizer on need based and secondly it identify the 

indigenous N supplying capability of the locality where the crop is 

grown. The Department of Agriculture has distributed nearly 

10,000 leaf colour charts among farmer groups to promote its use. 

and it was shown b include leaf colour chart for rice and maize 

Feasibility of Using the same colour chart for Maize was reported 

by Renuka and Senevirathna (2016). 
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Best Practices of IPNS 

There are several best practices of IPNS adopted in Sri Lanka. Rice 

the staple crop of the country represents the major crop cultivated 

in Sri Lanka. It is very well accepted that rice crop removes nearly 

105 kg K from one ha of land while yielding nearly 5t of paddy. 

The present K recommendation to rice is only 30 kg for majority of 

rice lands. These recommendations take in to the consideration of 

the K replenishing ability of soils together with the K contents in 

irrigation water. Despite using a lower K recommendation, crop 

yield levels are not showing a declining trend. Only the rain fed 

lands in the wet zone are recommended with a high rate of K 

amounting to 55 kg still lower than the total crop removal of K. 

The high K recommendation for this region has been adopted to 

mitigate the influence of iron toxicity which is the prevalent aboitic 

stress in the region. Thus, this can be considered as an incidence of 

using integrated plant nutrient management as an option to 

mitigate abiotic stress as well. 

Mung bean- a pulse crop- has been introduced as a sandwiched 

crop in the rice-rice system mainly in the dry and intermediate 

zones of the country. This introduction was very successful 

contributing to nearly 60% of the annual mung bean production in 

the country covering 11,000 ha of land. Being a legume, mung 

bean fixes its own N and no fertilizer is added to the sandwiched 

crop which uses only the residual fertility left in the ground after 

rice resulting efficient utilization of P and K in soil. 

Use of compost in agriculture is being popularized to promote the 

use of organic manure usage in the country. The Sri Lanka 

Standard Institute has set up the standards for compost in Sri 

Lanka. Department of Agriculture provides nutrient quality 

analysis report of compost samples. In 2016, the Department of 

Agriculture has introduced fertilizer recommendations for rice 

based on the Agrarian Service Centers. The recommendations were 

developed using an extensive soil survey to identify the different 

soil test values in each agrarian service centers. There are 

altogether 550 agrarian service centers exits in Sri Lanka. Prior to 

this attempt, the adopted fertilizer recommendation for rice was a 

general one covering a large ecological region in which variations 

in soil test vales were not taken into consideration. Agrarian 
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Service Centre based fertilizer recommendation could be 

considered as an extended use of soil test based fertilizer 

recommendations for rice. This agrarian service center basis 

recommendation revealed that P fertilizer can be totally removed 

from 133 ASC region. ASC regions while and it can be partially 

applied to 233 ASC regions. The total P recommendation was 

needed only for 184 ASC regions. For K the total K 

recommendation was required only several ASC regions while 24 

regions do not need any external application of K for rice crop.  

Challenges in Up Scaling 

IPNS though existed as the most efficient plant nutrients 

management system, it s acceptance among famers remain low. 

Major reason for that can be identified as their knowledge on the 

subject. Farmers are of the opinion that external apply of fertilizer 

is a must and crop yield and quality are proportional to the amount 

of fertilizer added. It is a challenge to educate farmers to the level 

that they understand what is needed is the supply of optimum 

quantity of nutrients to form the required yield. The little attention 

paid by the extension staff in reaching the farmers as well as the 

poor technical knowledge of the grass root level officers also 

affects the quality of farmer education. The effort taken by the 

respective authorities is further diluted owing to the effort of the 

marketing forces operating in fertilizer marketing as they basically 

go only by the theory of Liebig's law of minimum to convince 

farmers to apply more fertilizer. Therefore effective programmes 

need to be formulated and implemented to educate farmers and 

also to effectively communicate the correct way of implementing 

the IPNS related technology in the field. The poor understanding 

of the extension agents on the role of plant nutrients in crop yield 

formation could also be one of the problems in correctly 

convincing farmers. 

It is necessary to enhance the research focus to develop correct 

IPNS practices fitting different agro ecological settings. There are 

no fine tuned technology existed for IPNS that fits every agro 

ecological niche which shows a greater fluctuation. Hence, it is 

necessary to develop right technology and plant nutrient 

management strategies for different settings. In order to develop 
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these practices, studies should be undertaken to identify different 

nutrient flow paths, recycling systems, and identifying suitable 

biomass generating crop species specific to different farming 

conditions. Identification of untapped nutrient sources and 

investigations on nutrient conservation in soil - plant system is also 

important in improving the IPNM for future. 

In a sound IPNM system the livestock component plays an 

important role. However, in Sri Lanka the livestock industry and 

crop husbandry are handled individually. Therefore there are no 

proper crop livestock integration exits presently. It is necessary to 

establish a good integration between crop husbandry and livestock 

husbandry harvesting mutual benefits of each sector to the other 

sector as such an arrangement ensure the interdependence of both 

sector improving soil fertility. Weerasinghe et al., (2001) 

suggested for a good livestock - crop integration to enhance soil 

fertility status in sandy rice soils. 

Nutrient contents of animal manures in Sri Lanka have been 

estimated including the contents of microutrients (Maraikar and 

Amarsiri., 1988; Maraikar and Nambuge., 2001). Plant nutrient 

contents of many of the green manure species were also estimated 

(Gunapala and Amarasiri., 1989) However, it is necessary to carry 

out studies on their release pattern under different cropping 

systems and agro ecological settings ennobling the use of these 

materials with greater efficiency. Since the quality of green 

manures affect the characteristics of their N release it is necessary 

to determine the quality of these species in addition to their 

nutrient content. 

The role of microbes and soil biological phenomenon are too not 

well understood at present and there is a greater need of 

understanding the role of soil biology in nutrients flow movements.  

The lack of regulatory laws on the usage of fertilizer and soil 

nutrient build up does not encourage farmers using the residual soil 

fertility for crop production. Since the fertilizer cost is only a 

fraction of the total cost of production farmers give little attention 

to the money spend on fertilizer.  
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Potential For Future Development 

IPNS is basically a plant nutrient conservation strategy developed 

at various levels of operation. Sri Lanka imports its total fertilizer 

requirement and hence improvement and adoption of IPNS is very 

important in Sri Lankan context. Further the removal of fertilizer 

subsidy in the form of kind to coins influence farmers to think 

economics of applications. Hence it is expected that in future 

farmers will inclined more towards efficient fertilizer management 

practices. Further, the government of Sri Lanka is especially keen 

on expanding the soil test based recommendations and promoting 

the service laboratory network. The improvement in access for 

testing soils and plant will help the farmers and extension agents in 

effectively and convincingly practicing the IPNS at local levels. 

The need of improving soil health ensuring its ecosystem services 

is a need in the future to safeguard the well being of the citizens. In 

that respect IPNS has a greater role to play as use of organic 

materials in recalcitrant form assist to mitigate climate change. 

Conclusions 

Use of IPNS is widespread in Sri Lankan agriculture. However its 

degree of adoption depends on the availability of different 

alternative nutrient sources in different ecological regions. Rice 

being the most abundantly grown crop in Sri Lanka practice and its 

K use under the integrated system. Soil test based fertilizer 

recommendation system has successfully used recently to develop 

fertilizer recommendation at agrarian centre level. A fair amount of 

research work has been conducted on the use of IPNS however 

their adoption remains limited. Consequently, there is a need of 

fine tuning these IPNS practices to fit into each and every agro 

climatic niche to ensure there successful use. Farmer education 

remains a major obstacle in promoting IPNS especially in cash 

crop cultivation and the excessive use of fertilizer and manures 

totally neglecting the IPNS principles in this sector has led to the 

unnecessary nutrient build up in soil. 
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Proceedings of 

SAARC Regional Consultation Meeting on 

“Best Practices of Integrated Plant Nutrition System (IPNS) in 

SAARC Countries”  

Date: 09-11 April, 2017 

Venue: Bangladesh Agricultural University, Mymensingh, 

Bangladesh 

Jointly organized by  

SAARC Agriculture Centre (SAC), Dhaka Bangladesh and 

Bangladesh Agricultural University (BAU), Mymensingh, Bangladesh 

 

Inaugural Session 

Inaugural session of the meeting started with the registration of 

participants which was followed by introduction of participants. 

Representatives of the seven Member States (Bangladesh, Bhutan, 

India, Maldives, Nepal, Pakistan, Sri Lanka) of the SAARC 

attended the meeting.  

Dr. S.M. Bokhtiar, Director, SAC welcomed to the participants 

and made thanks for the guest and organizing institution. Director, 

SAC in his introductory remarks briefed the importance of the 

meeting in different aspects covering IPNS in different region, and 

brief introductory of SAARC Agriculture Centre. Chief Guest Mr. 

Md. Fazle Wahid Khondaker, Addl. Secretary (research), 

Ministry of Agriculture Govt. of the People’s Republic of 

Bangladesh, Guest of honor Mr. Tareq Ahmed, Director General 

(SAARC and BIMSTEC), Ministry of foreign Affairs, Bangladesh, 

Chief Patron Prof. Dr. Md. Jasim Uddin Khan, Pro-Vice 

Chancellor, BAU, Chairperson Prof. Dr. Md. Anwarul Abedin, 

Head, Dept. of Soil Science, BAU was present in the inaugural 

program. 

In the inaugural session, all focal points addressed themselves first. 

Then chief guest and guest of honor both were opined the 

outcomes of the meeting in terms of policy and technology transfer 

guidelines, plant nutrition system of different countries will have 

far reaching consequences within the member states. The 

objectives of this meeting was  
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Objectives  

1.  To identify the successful practices of Integrated Plant 

Nutrition System for different land use systems  

2.  To assess the role of inorganic fertilizer and organic manure 

in IPNS under different land use system  

3.  To identify the issues and prospects of mainstreaming IPNS.  

The inaugural session was concluded with vote of thanks proposed 

by Dr. Tayan Raj Gurung, Senior Program Specialist (NRM), 

SAARC Agriculture Centre.  

Technical Session – I: Country Presentations 

Chairman: Prof. Dr. Lutful Hasan, Coordinator, CASR, BAU  

Rapporteur: SPS (Crops) and SPO (NRM), SAC 

The session began with the opening remarks by the Chairman Prof. 

Dr. Lutful Hasan, Coordinator, CASR, BAU followed by an 

invitation to the speakers for making the country presentations. 

During the session, there were four presentations including 

Keynote paper.  

Dr. Partha Pratim Biswas, Principal Scientist (Soils), NRM 

Division, ICAR, New Delhi presented the Keynote paper-I in the 

meeting. He showed his presentation that SAARC region accounts 

for a quarter of the global population nearly 1.7 billion and the 

region will touch about 55 % of the entire global population by 

2050. Agriculture providing employment to over 50 % of the 

population in the region and Farming in the region is dominated by 

resource poor smallholders (< 2 ha). The key challenges for 

upscalling IPNS system in the region can be taken few initiatives 

by the government to provide Soil Health Card, Soil health 

management component of National Mission on Sustainable 

Agriculture (NMSA) - promoting INM through setting 

up/strengthening of soil testing laboratories, establishment of bio-

fertilizer and compost unit, use of micronutrients, trainings and 

demonstrations. National Food Security Mission (Crop Division) 

and NMSA schemes (RFS Division), National Biogas and Manure 

Management Programme, Subsidy on city compost, Nutrient 

Based Subsidy (NBS) on N, P, K and Sulphur, Soil & water 

Conservation/Watershed Management, Micro irrigation/ 

Fertigation.  
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Md. Kamaruzzaman, Principal Scientific Officer, Soil Resource 
Development Institute, Regional Office, Rajshahi presented 
Agricultural statistics with land type, soil textural class, drainage 
and water recession class. He also showed the major cropping 
patterns on IPNS system. In soil fertility status he presented the 
NPKSZnB and micronutrient status in diferrent AEZ of 
Bangladesh. He also showed the details of IPNS system in 
Bnagladesh. Best practices of IPNS, challenges and way forward 
also showed in the presentation.  

Ms. Tashi Uden, Senior Research Officer. National Soil Service 
Centre, Department of Agriculture, Simtokha, Thimphu, Bhutan 
presented the overview of IPNS in Bhutan.  

Dr. Pradip Dey , Project Coordinator (STCR), Indian Institute of 
Soil Science (IISS), Bhopal showed the Indian overall scenario of 
IPNS program.  

Presentations were followed by detailed and open discussion, and 
queries were addressed. During the discussion, Chairman of the 
session Prof. Dr. Lutful Hasan, Coordinator, CASR, BAU 
highlighted the importance, challenges and upscalling of IPNS 
program. On the question part Prof. Bahadur Miah, prof. BAU 
emphasize for the research based program like how much 
reduction of chemical fertilizer is replacing by organic fertilizer, 
should be concerned about chemical fertilizer company. Also 
question comes from BARI and BSMRAU participants for 
upgradation of IPNS program. 
 

Technical Session – II: Country Presentations 

Chairman: Dr. SM Bokhtiar, Director, SAC  

Rapporteur: SPS (Crops) and SPO (NRM), SAC 

Chairman of the session invited the speakers for country 

presentations. During the session, there were five presentations 

from representatives of Maldives, Nepal, Pakistan and Sri Lanka. 

A keynote paper was also included in this session. 

Dr. M. Jahiruddin presented the keynote on Integrated Plant 

nutrition system: key to sustained soil fertility and crop 

productivity. He showed major cropping patterns in and soil 

fertility status of Bangladesh. Soil fertility decline example such as 

AEZ9, SOC (%) decreases with land elevation, Fertilizer 
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management in Bangladesh, IPNS concepts and principles, IPNS 

practices under different land use systems in different cropping 

sysytem pattern with constarins and challenges of Bangladesh 

regarding IPNS practice.  

Mr. Adam Adheel, Horticulture officer, Ministry of fisheries and 
agriculture, Maldives presented the status report of Maldives, 
explained the history of agriculture as Maldives is fully dependent 
on fisheries sector, only at the lowest scale has begun now for 
cultivation. Their agriculture is fully dependent on import but now 
government take new target to make some achievement for food 
production as they do not have enough land for cultivation and 
lands are also not fertile. Now they are using 26 ha for crop 
production, their climatic condition is not good for crop 
production, rainfall low, land is not fertile and no organic matter in 
the soil, and almost all are sandy soil. Maldives land is managed by 
council and they give the land as a contract for 10 years, if owners 
are failed to cultivate crop then council take back their land. There 
is no concrete policy, renovation approach and any IPNS program, 
no fertility test kit, low graduate in agriculture of soil. They do not 
have any soil test facility, to get the information of soil they 
depend on the field visit and field expertise opinion. They need 
capacity building and infrastructure development program for 
setting up demonstration field training to the farmers. But they 
have success story on papaya production. Now they export papaya 
to other countries also.  

Dr. Janardan Kharka, Senior Soil Scientist, Soil management 
directorate, Nepal explain their land situation. He expresses that 
more than 60% soil are acidic and 10% alkaline of Nepal soil. Also 
they face big trouble on pH and Organic matter problem. They do 
not have any standard soil test lab, only few. Now government take 
initiatives to establish mini soil laboratory in each district. Soil 
erosion is a big problem in Nepal and also the total amount of 
rainfall. Cattle urine is using for vegetable production. On rice 
based cropping system they use chemical fertilizer, But maize 
based cropping system they use organic fertilizer specially in 
mountain and hilly area. The need crop residue cycling procedure, 
quality FYM production, policy for operation of govt. Subsidy on 
Organic Matter, reuse technology of excreta management of cattle 
and human as a form of liquid fertilizer.  
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Dr. Arshad Ali, Director, LRRI, NARC, Pakistan stated the issue 

of soil fertility of Pakistan. He highlighted that low soil fertility, 

high soil p
H
, Imbalanced fertilizer use, high cropping intensity, 

Low fertilizer use efficiency, High fertilizer prices especially P and 

K fertilizers. Deficiency of Micronutrients, Limited availability of 

biological inoculants, Minimal recycling of crop residues, 

Inadequate/improper use of farm yard manures, Lack of 

appropriate farm machinery for fertilizer and crop residue handling 

etc. He explained estimated population of livestock in pakistan, 

their droppings and its NPK value, solid waste generation in some 

major cities of pakistan and biozote technology. Uses of 

biofertilizer and selection procedure. Also showed the success 

story of pgpr and psb strain with reduced fertilizer levels that field 

study at NARC. Showed successful biozote inoculation on legume 

crops, rice, cotton, soybean.  

Dr. Priyantha Weerasinghe, Head, Soil science and Additional 

Director Horticultural Research and Development Center, 

Peredineya, Sri Lanka, showed soil pattern of Sri Lanka. Also he 

explained the organic matter, K, P and micro nutrient status on 

different cropping system pattern. Success story of Rice – rice 

system, Mung bean (Vigna radiata) sandwiched crop, Soil test 

based recommendations ASC regions, No P 133 regions; No K 24 

regions etc.  

Discussion:  

Dr. Chaitanya Kumar Das, Director, DAE, expressed that IPNS 

serves great opportunity to feed our country as well as South Asia. 

Chairperson of this session mentioned that we are in vulnerable 

condition in terms of climate change but we have to produce our 

own food demand, not go to export food from out side. So IPNS is 

the very effective technology for South Asia.  

Dr. Pradip Dey, India wanted to share liquid fertilizer technology 

and Dr. Arshad ali wanted to share poultry manure technology 

throughout SAARC region.  
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Technical Session – III: Brainstorming on identification of 

challenges and way forward  

Chief Guest: Prof. Dr. Md. Ali Akbar, VC, BAU 

Special Guest: Dr. Jalal Uddin, EC, BARC 

Rapporteur SPS (Crops) and SPO (NRM), SAC 

In the session on Problems and Way Forward Dr. Gurung 

appreciated the initiatives taken by each country for coming 

forward and contributing respective resources to benefit each other 

in IPNS program. He requested all the participants to interact and 

come out with the Action Plan. The whole team was divided into 2 

groups that research and extension. The research group was 

chaired by Prof. Dr. Jahiruddin and Dr. Biswas chaired the 

extension group. After long discussion and brainstorming with the 

participants both team prioritized the problem of IPNS program 

and implementation for each country.  

Recommendation from Group -1 (Research) 

For proven IPNS practices, IPNS refers to the combined use of 

manure and fertilizer. 

Promising Organic Sources 

 Crop residue retention (30-40% by height)  

 Organic wastes: kitchen wastes, vegetable waste etc.  

 Compost: Tricocompost, vermicompost etc. 

 Green manure: in between two crops e.g. Sesbania  

 Biofertilizer: Rhizobium, PGPRB etc.  

 Farm Yard Manure: Cowdung and Poultry manure 

IPNS Challenges are  

 Contribution of organic sources to nutrient supply 

 Fertilizer equivalent of organic sources 

 Nutrient use efficiency of various IPNS practices 

 Establishment of network and collaboration for IPNS research 

 Development of IPNS modules involving nano /customize 

/fortified fertilizers  
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Proposed Project Proposal 

Role of IPNS for Sustainable Intensification of Agriculture in 

SAARC Countries 

Recommendation from Group -2 (Extension) 

1. Challenges in promotion and expanding IPNS practices in 

farmer field 

 Refinement of IPNS technology based on farmers resource 

availability 

 Lack of farmers awareness on INM  

 Poor research-extension-farmer linkages 

 Availability of seeds of Green manuring crops 

 Use of City/MSW compost  

 Collection of human and cattle urine for agricultural use 

 Availability of biofertilizer strains at farmers doorstep.  

 Introduction of legumes in cropping system 

 Affordable micro-irrigation /fertigation  

 Convergence, integration and coronation of Government of 

plans, policies and programs run by different ministries/ 

department 

 Competitive use of crop residues  

2. Scaling up IPNS in Farmers Field 

 Conducting frontline demonstrations on IPNS with due 

consideration of farmers’ resource availability.  

 Production and supply of city compost and bio-fertilizers 

through inorganic fertilizer industries.  

 Capacity building/training for IPNS technology  

 Promotion of soil testing/compost /biofertilizers through 

Brand Ambassador using print and electronic media. 

 Development of mobile apps on IPNS 

 Promoting IPNS technology through TV and FM Channels  
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3. Sharing Technology 

 Soil test kit/Minilab developed by IISS, Bhopal, India 

 Model for collection of human/cattle urine developed in 

Nepal 

 Biozote developed in Pakistan for seed treatment 

 Liquid Biofertilizer consortia and rapid composting 

technique developed by IISS, Bhopal, India  

The entire deliberations of the session were refined after further 

discussions. After that chief guest and special guest deliberated 

few words about this program. They all appreciated for initiative of 

such type of program which is very interactive and time based 

program to conservation our agriculture with integrated nutrient 

management system.  

Program was closed with handover ceremony of mementoes and 

certificates to the guests and participants.  

 

Field Trips 

11 April, 2017 (Tuesday) 

The participants were first taken to the Soil Science Department 

and laboratory. Dr. Abedin, Head, Soil science explained the 

laboratory and facilities available for the academic works. Later 

they were taken to the Bangladesh Institute of Nuclear Agriculture 

(BINA) where a detail presentation on the activities of BINA was 

presented.. After that participants visited the BAU Germplasm 

centre, maintained by Professor M A Rahim.  
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