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ABSTRACT 
 
Nutrient management plays a key role in the productivity and sustainability of land resources. 
Balanced application of mineral nutrition to the crops not only helps to realise increased yields but 
also to prevent land degradation. Cashew is generally grown as a rainfed crop in tropical regions 
with limited attention on nutrient management. Making an informed decision on the scientific aspects 
of the nutrient application in terms of the right amount, time and place of application are important 
for the growers. The mobile apps come handy in this direction because the farmers can themselves 
find out nutrient management schedule as per the field conditions. A mobile app for nutrient 
management in cashew was developed which takes care of varied field situations of farmers and 
was demonstrated in the farmer’s fields under participatory research mode. The app helped farmers 
to devise their own site-specific nutrient management. The field implementation for the site-specific 
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nutrient management with the help of a mobile app showed improvement in soil and leaf nutrient 
status as well as the raw cashewnut yield. The yield improvement was in the range of 58 to 67% 
and the BC ratio was increased by 9 to 47% compared to the initial status. The mobile app DCR-
Cashew Nutrient Manager was useful to empower the farmers, and field implementation was 
beneficial to improve the productivity, income and ecosystem sustainability by improving the nutrient 
balance in the soil. 
 

 
Keywords: E-extension; leaf nutrient; nutrient management; tropical soils. 
 

1. INTRODUCTION 
 
The decline in soil fertility causing the reduction 
in crop productivity has been largely attributed to 
the improper soil fertility management [1]. 
Continuous cultivation in the same piece of land 
without the addition of nutrients leads to 
depletion of soil nutrient reserves and causes 
degradation. As per the crop requirements and 
soil characteristics, the required supplementary 
nutrition is to be provided on an annual basis to 
maintain soil fertility and avoid depletion of 
nutrients [2]. The indiscriminate nutrient mining is 
the major cause of land degradation in many 
tropical countries [3]. The tropical regions are 
characterised by increased precipitation which 
facilitates washing away of basic cations and 
some nutrients and low cation exchange 
capacity, and these soils are also characterised 
by low organic carbon status [4]. These 
characteristics make these regions more 
vulnerable to the impact of faulty agricultural 
practices by humans and climatic change. The 
tropical regions are prone to increased effects of 
climatic change in terms of increased rainfall 
events and atmospheric temperature [5,6]. 
These might further aggravate the land 
degradation by facilitating the runoff, soil              
erosion, removal of fertile topsoil and loss of 
organic carbon [7,8]. The crop cultivation 
following scientific soil nutrient management 
practices can arrest soil degradation by 
maintaining a positive balance of nutrients in the 
soil. Because of the wide variability in soil 
characteristics, a universal management strategy 
suitable for every location cannot be devised. 
Therefore, nutrient management needs to be 
site-specific [9]. The application of fertilisers, if 
not in accordance with the requirement of the soil 
and crops can adversely affect the                        
ecosystem and productivity. Large scale 
deficiencies have occurred due to imbalanced 
use of chemical fertilisers. Meena et al. [10]  
reported the large scale deficiencies of nitrogen, 
phosphorus and zinc in the vertisols of Central 
India due to improper application of fertiliser 
nutrients.  

Cashew is an important tropical nut tree 
cultivated in nearly 34 countries [11]. The crop is 
cultivated in 1.06 m ha area mainly along the 
West Coast and East Coast regions of India [12]. 
It is largely cultivated as rainfed in red and 
lateritic soils. Majority of the cashew growing 
areas in India seldom receives fertiliser nutrients. 
The studies showed that a grownup cashew tree 
removes 2.847 kg N, 0.75 kg P and 1.265 kg K 
[13]. Cashew is a highly fertiliser responsive crop 
and 50 to 100% increase in yield is reported by 
adopting proper nutrient management schedule 
[14]. The general nutrient recommendation for 
any crop is based on standard cultivation 
guidelines. The scientific nutrient management is 
based on region specific fertiliser recommend- 
dation package developed by conducting 
research and applying based on soil or leaf 
nutrient status. But, the condition in the actual 
field varies from location to location. Different 
farmers may follow different spacing which leads 
to the varied number of trees per hectare. Some 
might adopt the high density or ultra density 
planting system. For a tree crop like cashew, the 
age of the tree also important in nutrient 
management. During the initial stages of the 
plantation, the tree requires fewer nutrients and 
as the tree grows, the dose is to be increased 
[15]. Some farmers may get their soil tested for 
assessing the soil nutrient status and some may 
not. It is difficult and not practical for the farmers 
to approach research institutions or extension 
personnel every time to get such site-specific 
nutrient recommendations customised for their 
plantations.  
 
The reluctance of farmers for adoption of nutrient 
management practices may be due to several 
factors such as availability of resources, access 
to technical know-how, non-easiness of adoption 
etc [16,17]. It is estimated that almost 60% of the 
farmers lack access to information on advanced 
technologies [18]. The information and 
communication technologies (ICTs) are 
increasingly becoming popular to provide 
customised and accurate information to the 
farmers in a time-bound manner [19]. The usage 
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of smartphones and availability of internet at 
affordable prices offered ways to solve such 
dilemma of farmers through mobile apps. Mobile 
apps and software are developed for the faster 
and efficient reach of information to the farmers 
in the rural areas in various fields by government 
and private agencies. 
 
This paper present detail about a mobile app on 
cashew nutrient manager developed considering 
various field situations of cashew in India, and 
the results of the impact of its adoption in site-
specific nutrient management in the farmer’s field 
under a participatory research mode.  
 

2. MATERIALS AND METHODS 
 

2.1 Mobile App and Experimental Details  
 
A mobile app on nutrient management was 
developed. It was developed bilingual with both 
English and local language, Kannada, and was 
initially made available to the participating 
farmers only. This study was conducted in 
farmer’s fields in three districts of Karnataka in 
India, namely, Dakshina Kannada, Uttara 
Kannada and Udupi (Fig. 1). The experiment 
was initiated during the year 2018-19. Five 
cashew growing farmers were selected from 
each district and were instructed to follow the 
nutrient management schedule using the mobile 
app. The soil and leaf samples at the start of the 
experiment were collected during September 
2018. The samples were analysed for the status 
of essential nutrients as per the procedures 
outlined in subsequent sections. Soil health 
cards were developed and made available to 
farmers in digital format which could be 
downloaded through the app, by providing their 
national identification numbers (AADHAR). The 
financial supports were also provided to farmers 
for the necessary inputs. The app-based nutrient 
management was followed by the selected 
farmers for two years (2018-19 and 2019-20). 
Soil and leaf samples were collected after the 
two year period. 
 

2.2 Soil and Leaf Analysis 
 
The soil samples were collected from the top 15 
cm layer from each of the cashew plantations. 
The samples were air-dried in the laboratory and 
sieved through 2 mm sieve and used for 
analysis. Soil pH and electrical conductivity were 
measured in 1:2 soil – distilled water suspension 
using pH meter, and its supernatant using a 
conductivity meter respectively [20]. The soil 

organic carbon was estimated as per Nelson and 
Sommers [21]. The available nitrogen content in 
soil samples was analysed using methods 
described by Subbiah and Asija [22]. The 
extraction of available soil phosphorus was 
carried out using Bray’s extractant as per Bray 
and Kurtz [23]  and estimated using a UV-Visible 
spectrophotometer (Shimadzu UV-1900) [24]. 
The available potassium, exchangeable calcium 
and magnesium contents were estimated by 
extracting with neutral normal ammonium acetate 
[25] followed by determination using a Microwave 
Plasma Atomic Emission Spectrometer (MP-
AES) (AGILENT 4210 MP-AES). The 
micronutrient elements such as iron, manganese, 
zinc and copper were extracted using diethylene 
triamine penta acetic acid (DTPA) [26] and 
estimated using MP-AES. The methods used for 
the analysis of boron and molybdenum contents 
in soil was as per Dhyan et al. [27] . 
 
The leaf samples from different cashew 
plantations were collected and processed as per 
the procedures described by S Mangalassery et 
al. [28]. The dried and ground samples (about 
0.5 g) were digested using a mixture of sulphuric 
acid and perchloric acid in 10:4 ratio on sand 
bath for 2-3 hours for nitrogen analysis. The 
digest so obtained was subjected to distillation 
using 40% sodium hydroxide using a nitrogen 
analyser (Pelican – Kelpus Classic DX VATS) to 
liberate ammonia that was quantitatively 
absorbed in boric acid and the nitrogen content 
was obtained by back titration with standard acid. 
The estimation of all other elements was carried 
out in the acid extract of leaf samples prepared 
by digesting the ground leaf samples with a 
mixture of nitric acid and perchloric acid in 9:4 
ratio. The digest were diluted appropriately and 
analysed for K, Ca, Mg, Fe, Mn, Zn and Cu using 
MP-AES. The P, B and Mo were estimated using 
UV-Visible spectrophotometer using methods 
described by Dhyan et al.  [27]. 
 

2.3 Cashewnut Yield and Economics 
 
The farmers were instructed to record the data 
on the yield of raw cashewnuts. The data on raw 
cashewnut yield were collected from the farmers. 
The fallen nuts were collected from the field at 
weekly intervals during the harvest season, the 
nuts were separated from cashew apple and 
dried under the sun for 3 days and weighed as 
raw cashewnut yield. The economics were 
worked out based on discussion with farmers 
and considering the cost of various inputs used 
and the sale price of the produce. 
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2.4 Farmer’s Response 
 

A questionnaire was prepared and farmers were 
interviewed for recording their views on the 

usefulness of the developed app, user-
friendliness etc. The response was collected on 
scale 1 to 10, one being extremely unlikely and 
10, extremely likely. 

. 

 
 

Fig. 1. Location map of the study area 
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2.5 Statistical Analysis 
 
The statistical analysis was performed in 
Microsoft Excel. The average values for soil and 
plant analysis data for each district was 
computed for the pre and post period of the 
experiment. The standard error and standard 
deviation was computed and provided wherever 
applicable. 
 

3. RESULTS 
 

3.1 Analysis of the Pre-Existing Situation 
and the Need for a Mobile App  

 
The field conditions of growing cashew vary 
widely among different farming situations. The 
soil fertility status in terms of availability of 
nutrients is one of the determinants which decide 
the rate of application of fertilisers. In soils that 
are rich in nutrients, only the nutrition to match 
the crop removal be given. Whereas, in soils that 
are deficient in nutrients, the nutrient dose needs 
to cover the balance of nutrients in the soil to 
ensure sustainability. Another factor deciding the 
rate of nutrients is the planting density. The 
normal planting distance recommended for 
cashew in India is 7.5 m x 7.5 m. Under high 
density planting, the spacing needs to be 4 m x 4 
m. Whereas, the ultra high density planting 
recently being popularised, to reduce the pre-
bearing period and to increase the profitability 
per unit of land, follow spacing as low as 2.5 m x 
2.5 m. The fertiliser requirements of the trees 
vary under various planting systems also. 
Besides, based on the age of the trees also, the 
quantity of the nutrient to be applied is to be 
modified. Yet another dilemma for the farmers is 
the type of fertiliser available in their local 
market. The scientific recommendations are 
always on a nutrient basis. However, the nutrient 
content varies from fertiliser to fertiliser. 
Sometimes the different nutrient elements are 
bundled in one complex fertiliser. All these 
factors make the calculation of fertiliser to be 
applied for cashew, by farmers a difficult task. 
They need to approach the learned extension 
workers or researchers each time for getting the 
information on nutrient/fertiliser calculations, 
which may not be feasible every time. Ultimately, 
the farmers end up applying the fertiliser on a 
lumpsum without consideration of actual field 
situations. The fertiliser calculator module of the 
app was developed to address these issues. 
 
The cashew is predominantly grown in humid 
tropical regions and the soils are mainly acidic. 

Application of liming materials to correct the 
acidity is important to correct the soil pH to a 
favourable level so that nutrients are readily 
available for absorption by plants. No application, 
under and over-application of liming materials 
can adversely affect the nutrient availability. The 
lime calculator module of the mobile app was 
developed to help the growers in the lime 
requirement calculations. 
 
The foliar application of nutrients is recom 
mended as a quick way to correct the 
deficiencies to meet the urgent nutrient 
requirement during the critical phases of plant 
growth such as flowering, fruiting and nut 
development in cashew. It is also helpful to 
correct the micronutrient deficiencies, as the 
micronutrients are required in very small 
quantities and soil application is difficult. The 
foliar nutrition calculator included in the app is 
intended to aid the farmers in finding out the 
correct dosages of nutrients to be used in foliar 
application. 

 
3.2 Scenarios Available in the Mobile App 
 
The overview of the developed mobile app is 
given in Fig. 2. The various modules available in 
the mobile app are listed in Table 1. The fertiliser 
calculator module helps the growers to find out 
the site-specific nutrient requirement for their 
field. The farmers need to input information such 
as spacing followed, adoption of high density or 
ultra high density planting, the area under 
plantations, age of the trees, the recommended 
fertiliser schedule for their region, information on 
soil testing and the details thereof, and the type 
of fertiliser available with them. This app not only 
permits the calculation of major nutrients but also 
micronutrients. Another speciality of the app is, it 
is open-ended, in the sense that if some items 
such as the fertiliser available with the farmers 
are not listed in the drop-down menu, they can 
manually enter the details and nutrient content 
and calculate the dosage. 
 
The lime calculator module in the mobile app 
helps the growers to calculate the lime 
requirement for their field. It works based on the 
lime requirement method of Woodruff [29]. The 
grower needs to input the pH of the Woodruff 
buffer treated soil, the radius of the canopy and 
the liming material to be used.  
 
The foliar nutrition calculator module in the 
mobile app indented to help the farmers in 
calculations related to the foliar application of 
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major and micronutrients. Farmers can select the 
required nutrients from the dropdown menu and 
the dosage as per the prevailing 
recommendation is taken automatically. The 
additional inputs required from the farmer are 
spacing, area, age of the tree and capacity of the 
tank.  
 
Yet another important module in the mobile app 
is the deficiency symptoms. The images of the 
major deficiency symptoms of nutrients in 
cashew are made available in the app. The 
farmers can relate the deficiency symptoms of 
their fields with any of the pictures, and on 
clicking the image in the app, the information 

such as the description of the symptoms and 
various management alternatives will be 
displayed.  
 
The other modules in the app include the option 
to download soil health card, by giving the 
unique national identification number (Aadhar 
card number) and year of soil testing. Whereas 
the paper-based soil health card is difficult to 
track, this digital soil health card gives the 
opportunity to download anytime and anywhere. 
Some useful converters are also included in the 
mobile app to aid in essential calculations by the 
farmers. The overview of different modules of the 
mobile app is given in Fig. 3.  

 

 
 

Fig. 2. The overview of the mobile app, “DCR-Cashew Nutrient Manager” 
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1.1     

 
Fig. 3. The different modules of the mobile app, “DCR-Cashew Nutrient Manager” 
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3.2.1 Soil nutrient status 
 

The status of major nutrients such as N, P and K 
in the soil before initiation of the experiment and 
two years of implementation is provided in Fig. 4. 
The available nitrogen content ranged from 
174.0 to 326.1 kg ha

-1 
and 189.4 to 358.2 kg ha

-1
 

during the pre and post-experimental periods 
respectively. Among the three districts, the 
nitrogen status was high for the Udupi, followed 
by Uttara Kannada and Dakshina Kannada. The 
per cent improvement in soil status for available 
nitrogen by following the mobile app based site-
specific nutrient management ranged from 7.7 to 
15.7%. The range in available soil P status 
during the pre and post periods of the 
experiment was 8.5 to 27.1 and 8.9 to 28.6 kg 
ha

-1
 respectively and the per cent increase due 

to adoption of the improved management 
practices was in the range of 4.7 to 8.7%. 
Similarly, the mobile app-based site-specific 
management led to a 9.8 to 23.4% increase in 
soil K status compared to the initial status. The 
adoption of site-specific nutrient management 
with the help of mobile app benefitted in 
improving the soil status of nutrients such as Ca, 
Mg, Fe and Mn (Fig. 5). The Ca and Mg contents 
in soil, two years after the adoption of site-
specific nutrient management was increased by 
4.3 to 6.9 and 7.0 to 10.9% respectively over the 
initial status. However, the per cent increase was 
less for Fe and Mn. The Fe and Mn status 
showed an increase in the range of 1.2 to 4.0% 
and 1.1 to 3.0% respectively. The status of Zn, B 
and Mo in soil was decreased by 1.1 to 9.9%, 3.8 
to 13.6% and 12.1 to 25.9% respectively (Fig. 6).  
 

3.2.2 Leaf nutrient status 
 
The nutrient status in the index leaves of cashew 
before the initiation of the experiment and two 
years after the implementation of site-specific 
nutrient management using mobile app is given 
in Table 2. The initial leaf nutrient status with 
respect to N, P, K, Ca and Mg in different 
farmers fields varied from 0.53 to 1.51%, 0.04 to 
0.18%, 0.27 to 0.62%, 0.41 to 0.96% and 0.27 to 
0.48% respectively. The corresponding values 
for these nutrients, two years after the adoption 
of site-specific nutrient management ranged from 
0.65 to 1.91, 0.04 to 0.21, 0.30 to 0.75, 0.47 to 
1.05 and 0.29 to 0.52% respectively. The 
adoption of improved management practices led 
to increased plant nutrient status. Compared to 
the initial leaf status, the post-adoption phase 

showed 22.2 to 45.5% increase in leaf nitrogen 
status, 6.2 to 12.5% increase in leaf P status, 
and 9.2 to 31.7% increase in leaf K status. 
Similarly, the Ca and Mg status registered a 
comparative increase of 5.6 to 15.8% and 6.3 to 
10.9% respectively. Unlike soil, the leaf status of 
all the micronutrients found to be increased with 
the adoption of improved management practices 
based on site-specific nutrient management 
followed by farmers with the help of the mobile 
app. For Fe and Mn, the increment in leaf status 
in comparison to the initial values was in the 
range of 8.3 to 12.0 and 2.2 to 6.6% respectively. 
The leaf nutrient status with respect to Zn, Cu, 
Mo and B showed an increase in the range of 8.7 
to 19.1, 3.1 to 9.0, 0.53 to 2.0 and 5.06 to 11.8% 
respectively due to the adoption of mobile app 
based site-specific nutrient management over 
the initial status where mostly fertiliser 
application was neglected by the farmers. 

 
3.3 Cashewnut Yield and Economics 
 
The effect of the adoption of site-specific nutrient 
management practices on yield and the benefit-
cost ratio is presented in Fig. 7. In different 
regions the average baseline raw cashewnut 
yield recorded was in the range of 0.96 to 2.5 kg 
tree

-1
 with the baseline benefit-cost ratio of 1.09 

to 1.99. The adoption of mobile-based site-
specific nutrient management was found to be 
beneficial to increase the average raw 
cashewnut yield in farmer’s fields in different 
districts to range from 2.61 to 6.45 kg tree

-1
 and 

benefit-cost ratio from 1.37 to 2.83.  

 
3.4 Farmer’s Response 
 
The response of farmers towards the usefulness 
of the mobile app technology on 1 to 10 scales is 
provided in Fig. 8. The average score for the 
usefulness of the mobile app was 8.8. The 
farmers found the app very convenient to use 
(score 7.8) and user friendly (7.1). From the skill 
enhancement point of view, the average score 
obtained was 8.1. On average the farmers 
scored 8.1 out of 10 towards the chance of 
continued use of the app in future. In the lateral 
knowledge dissemination, all the participating 
farmers passed on the information about the 
mobile app to neighbours and friends with the 
number of people reached by them in the range 
of 46 to 92 Nos. About 66.7% of farmers 
perceived the app require further improvement. 
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Table 1. The main features of the mobile app “DCR-Cashew Nutrient Manager” 
 

Sl. No. Module in the app Usefulness 
1.  Fertiliser calculator It helps to calculate the quantity of fertilisers as per the field situations of farmer and as per the fertiliser 

availability 
2. Lime calculator This module enables to calculate the liming materials required to neutralise soil acidity 
3. Foliar nutrition calculator It aids the growers in calculating the doses of nutrients to be applied as foliar spray  
4. Download soil health card This module help the farmers to download soil health cards by providing their unique national identification 

number (Aadhar card number) and year of soil testing 
5. Useful converters Some basic conversion factors are provided 
6. Deficiency symptoms The pictures of prominent symptoms of nutrient deficiency in cashew are provided. On clicking each image the 

description of symptoms and various remedial options are displayed. 
 

Table 2. Leaf nutrient status in cashew before and after implementation of the mobile app based nutrient management 
 

 Nutrient  Initial status Two years after implementation 
Districts Dakshina Kannada Udupi Uttara Kannada Dakshina Kannada Udupi Uttara Kannada 
N (%) 0.85±0.17 1.09±0.08 0.96±0.11 1.13±0.21 1.41±0.13 1.29±0.15 
P (%) 0.11±0.02 0.07±0.01 0.09±0.01 0.12±0.02 0.08±0.01 0.10±0.01 
K (%) 0.46±0.03 0.54±0.04 0.43±0.05 0.54±0.04 0.63±0.05 0.53±0.07 
Ca (%) 0.88±0.03 0.64±0.08 0.71±0.08 0.98±0.04 0.71±0.08 0.78±0.08 
Mg (%) 0.35±0.04 0.38±0.04 0.40±0.03 0.38±0.04 0.41±0.05 0.44±0.03 
Fe (mg kg

-1
)  264.38±38 199.78±46 303.63±46 289.53±41 220.22±50 335.58±51 

Mn (mg kg-1) 252.20±37 247.54±56 303.14±67 266.12±39 259.73±59 317.21±70 
Zn (mg kg

-1
) 24.32±2.3 22.74±4.5 20.98±2.5 28.37±2.7 25.61±4.7 24.13±2.8 

Cu (mg kg
-1

) 18.62±3.7 20.48±1.4 18.97±2.2 19.75±3.9 21.87±1.6 19.85±2.2 
Mo (mg kg

-1
) 2.07±0.22 2.09±0.27 1.85±0.22 2.09±0.22 2.13±0.28 1.88±0.23 

B (mg kg-1) 15.33±2.7 12.15±2.2 11.57±3.3 16.72±3.0 13.02±2.4 12.74±3.7 
Values are Mean±Standard Error 
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Fig. 4. N, P and K content in soil before intimation of experiment and two years after 
implementation 

 

 
 

Fig. 5. Ca, Mg, Fe and Mn content in soil before intimation of experiment and two years after 
implementation 
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Fig. 6. Zn, B and Mo content in soil before intimation of experiment and two years after 
implementation 

 

 
 

Fig. 7. Raw cashewnut yield (kg) per tree and benefit-cost ratio (BCR) before intimation of 
experiment and two years after implementation 
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Fig. 8. Farmer’s response about the usefulness of the mobile app (on 1 to 10 scale, one being 

extremely unlikely and 10, extremely likely) 
 
4. DISCUSSION 
 
4.1 Impact of Mobile App Based Nutrient 

Management on Soil and Plant 
Nutrient Status 

 
The public extension activities are mainly 
constrained by limited manpower, burdening the 
extension personnel with non-extension duties, 
changes in priorities of the government etc [30]. 
Moreover, the remoteness of the agricultural 
farms away from the extension personnel or 
research institution was one of the hindrance in 
transfer of technology in agriculture [31]. The 
lack of resources prevents farmer to reach out to 
the research or extension functionaries also. 
Providing farmers with relevant information on 
advanced technologies in a timely manner is 
important for the production and economic point 
of view. Nowadays, information and 
communication technologies (ICT) are being 
increasingly used in the dissemination of 
agricultural technologies in the developing world 
[32,33]. Among the ICTs, smartphones have 
become ubiquitous and serve as an effective 
agent for the dissemination of information to a 
large number of clients, in cost effective and 
time-efficient manner [34]. Smartphones are 
being increasingly used by people around the 
world. In India, the smartphone users are 
reported to double by 2022 with an annual 
compound growth rate of 12.9%. As per Negi 
and Sharma (2019), the number of smartphone 
users by 2022 shall be 859 million compared to 

468 million in 2017. Increasing penetration of 
smartphones coupled with availability of cheaper 
mobile data can be beneficial to reach advanced 
technologies to the farmer clients at a faster 
pace and in a form customised to their needs. In 
this study, a mobile app was developed to fill the 
extension gap in the area of nutrient 
management in cashew. The adoption of nutrient 
management practices by cashew farmers 
reported to be poor with an adoption index of 
only 30% [35,36]. The diverse field situation 
found not to go well with a generalised 
recommendation. The developed mobile app 
takes care of varied field conditions and intends 
to aid the grower in finding out recommendation 
specific to their field, by themselves.  
 

Site-specific nutrient management envisages to 
apply only the need-based nutrients based on 
actual field situation to improve the crop 
productivity, farm income and to sustain the soil 
productivity [37,10] The studies on site-specific 
nutrient management showed its beneficial 
effects to increase farm income by 100 USD per 
hectare [33]. Web-based or mobile app based 
decision support system is being increasingly 
popular for helping the farmers for self 
computation of the rate of fertiliser and to assist 
in its proper application in accordance with 
his/her field conditions. Some such decision 
support systems are Rice Crop Manager for rice 
[38] and Quantitative Evaluation of Fertility of 
Tropical Soils (QUEFTS) [39]. In the present 
study, the adoption of the mobile app based site-
specific nutrient management practices helped to 
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increase the soil nutrient status with respect to 
majority of the nutrients. The micronutrients such 
as Zn, B and Mo was decreased following the 
adoption of site-specific nutrient management. 
Plants roots tap more of the limited 
micronutrients from soil to meet the requirement 
of increased growth and production stimulated by 
the increased supply of major and secondary 
nutrients [40]. This indicates the emerging need 
for soil application of micronutrients and research 
efforts to standardise the dosage for soils in this 
tropical environment.  

 
4.2 Impact on Yield and Economics 
 
The increased response of cashew to applied 
manures and fertilisers were reported by many 
workers [41-43,15]. The application of nutrients 
at the critical stages of plant growth benefits the 
plant in effective sink development. This is 
corroborated by the increased leaf nutrient status 
recorded after the implementation of site-specific 
nutrient management programme compared to 
the initial status. The beneficial effects of soil test 
based nutrient management to improve the 
yields of a number of field crops were 
demonstrated in a number of field crops by Wani 
et al. [44]. They obtained a yield increase to the 
tune of 30-55% in sorghum and 10-50% in 
maize. In cashew, 50-100% increase nut yield by 
the nutrient management alone has been 
reported by Babu et al. [14]. In the present study, 
the yield improvement was in the range of 58 to 
67% and the BC ratio showed an increase of 9 to 
47% compared to the initial status. The study 
showed that the adoption of site-specific 
manures and fertilisers was cost-effective. 
 

4.3 Farmers Response 
 
Farmer’s knowledge, awareness and perceptions 
are the key factors deciding the adoption of soil 
fertility management programmes in their field 
[45]. Technology adoption by the farmers also 
depends on the dissemination of information 
from the research institutions to the clients 
through effective extension system. However, 
many factors hinder achieving the desired 
efficiency in knowledge dissemination [46]. 
Attanandana et al. [47] stressed the need to 
empower farmer leaders in dissemination of site-
specific nutrient management. Like any other 
agricultural technologies, the continued use of 
ICTs and mobile app-based technology 
dissemination also depends on its convenience 
and user-friendliness. In the present study, the 
majority of farmers find the app useful to improve 

their self-reliance on scientific nutrient 
management. 
 

5. CONCLUSIONS 
 

The study presented in this paper elaborated 
about the mobile app, DCR-Cashew Nutrient 
Manager, developed to empower the cashew 
farmers to devise site-specific nutrient 
management suited to their field conditions. The 
mobile app take cakes care of most of the 
possible field situations of a cashew farmer and 
reduces his/her reliance on scientists and 
extension workers for nutrient management. The 
farmer participatory research using the site-
specific nutrient management schedule derived 
using the mobile app by the farmers showed that 
nutrient status in soil was improved for the 
majority of the essential nutrients except for zinc, 
boron and molybdenum. Providing need-based 
nutrition to the crop was beneficial to increase 
the nutrient uptake as indicated by the increased 
leaf nutrient contents. The continued adoption of 
location-specific nutrient management 
programme was helpful to improve the nut yield 
in cashew and net income by the farmers. The 
study demonstrated the potential of mobile app 
based site-specific nutrient management to 
empower the farmers for the effective adoption of 
advanced scientific technologies with the 
resultant improvement in income and ecosystem 
sustainability. 
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