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Abstract

In cashew, the recommended dose of fertilizers/manure per plant is effectively applicable up to 80-100 percent canopy
coverage depending upon the age of the plant, plant density, soil fertility level and varieties used. After 6-8 years, a cut
down of recommended doses of fertilizers or manures per plant is necessary depending on the nutrient build up in
cashew garden due to the addition of nutrients from the increased cashew biomass deposit. For the judicious use of
fertilizers and manures, prior soil testing is required for getting the nutrient status in the soil from time to time. A nutrient
decision support system (NDSS) was developed for cashew using Visual Basic package for determining the site specific
fertilizer and or manure requirement. The optimal fertilizer and manure requirement is based on the nutrient budgeting
and nutrient balance approach and it depends on plant density, age of the plant, canopy biomass fallout, canopy wash
nutrients, optimal yield of cashew, initial soil NPK, removal of NPK by plants and post soil NPK. The developed
decision support system which was validated using field data is having the flexibility of giving the optimal quantity of
inorganic fertilizers and or organic manures as selected by the user. The regression analysis of the measured optimal
values against the predicted values of the inorganic fertilizers and organic manures showed a reasonable fit between two
data sets (R2 = 0.95 for inorganic fertilizers and R2 = 0.94 for organic manures). The quantity of nutrient application to
rainfed cashew can substantially be reduced using the estimated quantity obtained from NDSS.
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Introduction

The environmental impacts such as drought,
soil erosion, nutrient depletion, soil and water
pollution, decreased river flows and declining
groundwater levels are becoming wide spread. These
changes may adversely affect land productivity,
aquatic ecosystems, beneficial organisms and human
health (NAAS, 2006; IFPRI, 2008; FAO, 2009).
Available data shows that 40 percent of agricultural
lands in the world are seriously affected by soil
degradation (IFPRI, 2008). In addition to this,
agriculture is influenced by climate change caused
by altered global carbon, nitrogen and hydrological
cycles. Therefore, attention is being focused on
sustainable agriculture in order to sustain agricultural
production and conserve the environment for future
generations.

Growing cashew plants (Anacardium
occidentale L.) along the barren hillocks reduce the
soil erosion, improve the groundwater level, carbon
build up and increase the net profit to farmers (Rejani
and Yadukumar, 2010). It is estimated that about 28
Mt of primary plant nutrients are removed from the
soil annually by agricultural crops in India, while
only 18 Mt or even less are applied as fertilizer,
leaving a net negative balance of about 10 Mt of
primary plant nutrients (NPK) (NAAS, 2006). The
data available from centres under the Project
Directorate of Cropping Systems Research
(PDCSR), Modipuram also indicated that inadequate
and imbalanced fertilization as a major causative
factor for low and declining crop response to
fertilizers. In West Coast region of India, cashew is
mainly grown as a rainfed crop along the steep slopes
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of barren hillocks where the fertile topsoil is eroded
and the substratum is exposed.  Hence, the nutrient
content of the soil and productivity of cashew
plantations are low in this region. The average
productivity of cashew in India is 0.90 t/ha and in
Karnataka it is 0.72 t/ha against the target of 1.0 t/
ha (DCCD, 2009). Though cashew is hardy and
drought tolerant, it responds well to water and
nutrients (O’Farrel et al., 2002; Yadukumar and
Rejani, 2004). The productivity of cashew for the
first ten years can also be increased (2 to 3 times)
by adopting high density planting system of cashew
(Yadukumar et al., 2001).

The present system of cashew nutrition is
based on general recommendation for a whole state,
without considering the variation in the inherent soil
fertility and the productivity of cashew. Fertilizer
dose increased the yield of high density cashew only
upto first six years (Yadukumar et al., 2011). The
fertilizer recommended is reasonable up to 80-100
percent canopy coverage which is normally achieved
during the initial 6-8 years after planting. After
certain stage of the crop, reduction in recommended
doses of fertilizers / plant may be necessary due to
the nutrient build up in soil due to the deposit of
cashew biomass fall out. Approximately, the quantity
of nutrients available from the cashew leaf deposit
and apple is 19.5 kg N, 10.8 kg P

2
O

5
 and 25.2 kg

K
2
O / ha (Agricultural Research Station, 1994).

Recyclable Cashew Biomass (RCB) available in
cashew garden viz., cashew leaf litter, cashew apples
and weed growth were converted to enriched
compost by adding 20% cowdung slurry. From 5.5
tonnes of RCB per ha available in the matured
cashew garden, approximately 3.5 tonnes of matured
compost can be prepared in a period of 6 months
with 63% recovery. This meets 46 % of N, 25% P
and 13 % K requirement indicating reduction in
external input of fertilizers to 1/3rd of RDF
(Yadukumar and Nandan, 2005).

Productivity linked prediction models have
been developed by Salam et al., (2008) to determine
the nutrient recommendation in cashew. In this
model, the fertlizer N is depending on the soil N
and nut yield; fertilizers P

2
O

5
 and K

2
O are depending

on the nut yield. Nutrient removal by various crops
from soils of different agro-climatic zones of Andhra

Pradesh was computed on the basis of nutrient
removal per specified economic yield (Singh et al.,
2001). The nutrient balance depending on total
fertilizer nutrients used in the zone for all the crops,
fertilizer use efficiency factor (N = 0.45; P = 0.25;
K = 0.70), nutrient addition through organic manures
and total nutrients removed by crops were
determined. In Rajasthan, the nutrient balance was
calculated with regard to nutrient status of soils,
removal of nutrients by different crops/varieties,
amount of N fixed by various legumes, and probable
contribution of organic manures (Gupta, 2001).
Kutra and Aksomaitiene (2003) conducted nitrogen
balance studies in soil for sugar beet and grain crops
at Lithuania by considering N input (N fertilizer +
N in precipitation) and output (N removal by crop +
N leaching). Yadukumar et al., (2003) determined
the optimal NPK requirement in cashew based on
nutrient budgeting, nutrient balance and yield in
cashew. The recommended dose of fertilizers varies
with the age of plants, plant density and fertility of
the soil. For the judicious use of fertilizers and
manures, prior soil testing is required for getting
the nutrient status of the soil from time to time and
hence the optimal amount of fertilizers to be applied
to the soil can be estimated. Hence, this study was
undertaken with the objective of developing a
decision support system model for determining the
site-specific optimal nutrient requirement in cashew.
The application of optimal manure to the soil will
reduce the input required, cost of cultivation and
finally the ecological hazards arising out of inorganic
fertilizer application. From the point of view of
sustainable agriculture, the adoption of optimal
fertilizer/manure dose is the need of the hour. The
developed DSS is having the flexibility of giving
the optimal quantity of 14 organic/inorganic
manures/their combinations as selected by the user.

Materials and Methods

The Study Area

The Decision Support System (DSS) was
developed at Directorate of Cashew Research
(DCR), Puttur, Dakshina Kannada, Karnataka during
2007-2010. The DSS developed in this study is based
on the data generated from nutritional trials
conducted at DCR. The nutrient budgeting and
nutrient balance concept has been developed and
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successfully tested in key cashew growing areas of
West Coast region of India and other major cashew
growing states of India by DCR and AICRP –
Cashew Centres (Yadukumar et al., 2003). The study
area, DCR Farm is situated at 90 m above the mean
sea level and is characterized by seasonally wet, hot
humid with dry season (January to May) during the
fruiting period of cashew. The average annual
rainfall is 3500 mm with 120-140 rainy days and is
distributed from May to November. The soil is
laterite and texturally sandy clay loam in the surface
soil. The soil is acidic with a pH 5.25, low to medium
in N content (150- 250 kg/ha) and low in P

2
O

5 
(2 to

10 kg/ha) and K
2
O (40 to 80 kg/ha) contents.

Development of nutrient decision support system
(NDSS) for cashew

The nutrient decision support system
(NDSS) for cashew was developed based on the
nutrient addition and nutrient removal from the
system (nutrient balance). The key principle
includes the estimation of nutrient requirement and
it depends on optimal yield, net profit, nutrient
removal by trees, canopy biomass fallout, canopy
wash N, P, K, initial and post soil N, P and K. NPK
addition/deficit was estimated using the equation
(Richard, 1993).

(1)

(2)

(3)

where N, P
2
O

5
 and K

2
O are the nitrogen,

phosphorous and potassium (addition/deficit), N
i, 
P

i

and K
i
 are the initial soil N, P

2
O

5
 and K

2
O, N

CB,
 P

CB

and K
CB

 are the canopy biomass N, P
2
O

5
 and K

2
O,

N
AM

 P
AM

  and K
AM

 are the applied fertilizer N, P
2
O

5

and K
2
O, N

CW
 P

CW
 K

CW
 are the canopy wash N, P

2
O

5

and K
2
O,  Np Pp and Kp are the post soil N, P

2
O

5

and K
2
O, N

removal , 
P

removal
 and K

removal
 are the N, P

2
O

5

and K
2
O removal. The quantity of inorganic

fertilizers and or organic manures is also dependent
on the composition of nutrients in it (Thampan,
1995; Yadukumar et al., 2009). In the present study,
leaching is considered to be negligible since
fertilizer application is done at the end of the rainy
season. The optimal organic manure/inorganic
fertilizer requirement for rainfed cashew has been

estimated with varying plant density, age of plants,
initial and final soil test values of available N, P

2
O

5

and K
2
O.

Input data

1. Recommended dose of fertilizer and manure
for cashew

The recommended dose of fertilizers (RDF)
varies with the age of plants, plant density and
fertility of the soil. The RDF during first year after
planting (YAP) is 1/5th of the full dose, 2YAP is 2/
5th, 3YAP is 3/5th, 4YAP is 4/5th and fifth year
onwards is full dose of fertilizers. The RDF for
normal density planting (200 plants/ha) is 500 g N
and 125 g each of P

2
O

5
 and K

2
O per plant/year and

for high density planting (625 plants/ha) it is 250 g
N and 62.5g each of P

2
O

5
 and K

2
O /plant/year.

Yadukumar et al., 2009 recommended the dose of
organic manure/inorganic fertilizers to rainfed
cashew under normal density planting. It has been
reported that in high density planting system of
cashew (625 plants/ha), after 6-8 years, the cut down
of recommended doses of fertilizers/manures per
plant is necessary depending on the nutrient build
up in cashew garden (Yadukumar et al., 2011).

2. Nutrient balance data

The data such as nut yield, initial soil NPK,
NPK addition (canopy biomass fallout, fertilizer
application and canopy wash), NPK removal (by
the tree) and the post soil NPK were generated from
the nutrient balance studies in cashew conducted in
the NATP (National Agricultural Technology
Project) trial and other experiments conducted at
DCR (Yadukumar et al., 2003; Yadukumar et al.,
2011). The data corresponding to five fertilizer doses
(1/3rd RDF, 2/3rd RDF, RDF, 2 RDF and 3 RDF) and
four plant densities (200, 416, 500 and 625 plants/
ha) for a period of 10 years (after cashew planting)
were used in this study (Fig.1 to 2; Tables 1 to 5).

The nutrients present in a whole tree were
estimated by destructive sampling method
(uprooting the plant corresponding to age). Nutrient
analysis were done in leaf, bark, wood and root
samples collected and estimated for the total weight
of individual components to determine the separate
nutrient contributions. Chemical analysis of the
apples and nuts were also carried out as per the
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standard procedure. The nutrient removal by a plant/
year (in the 6th year) was determined based on change
in nutrient concentrations present in total
components of identical plants in the corresponding
year (6th year) and the previous year (5th year). In
the NATP trial at DCR, nutrient balance studies on
NPK have been conducted by considering the yield
factor also (Tables 1-4). The soil samples were
collected from a depth of 0-30 cm and 31-60 cm
and nutrient content of the soil samples before and
after manure application were determined using
standard procedures (Yadukumar et al, 2009).

3. Field validation of the nutrient decision
support system (NDSS)

The developed NDSS was validated for the
optimal doses of fertilizers and manures determined
(predicted values) with the measured values obtained
from the field experiments (under high density and

normal density planting systems). The results of
validation could be evaluated by means of mean
error (ME), mean absolute error (MAE) and root
mean squared error (RMSE). However, RMSE is
generally thought to be the best measurement of
error, if the errors are normally distributed (Rejani
et al., 2008). In this study, ME and RMSE were used
(Eqs. 4 and 5).

(4)

(5)

where, O = observed/measured optimal dose
of fertilizer/manure (kg), P = predicted optimal dose
(kg) and n = total number of observed/measured
data. A linear regression analysis of the measured
and predicted doses of fertilizers and manures were
also done.

Table 1. Nutrient balance studies on Nitrogen

Nutrient addition (kg/ha) Nutrient removal (kg/ha)
Treatments Initial Canopy Fertilizer Canopy Total Post N Total N balance

soil N biomass appln. wash N (A) soil N uptake (B) (kg/ha)
fallout (A-B)

T1(No fertilizer) 160 24.00 - 25.00 209 155 157 302 -93
T2 (1/3rd dose) 165 30.60 104.2 30.00 330 156 162 318 +12
T3 (2/3rd dose) 158 30.50 208.3 35.00 432 215 184 399 +33
T4 (Full dose) 163 33.50 312.5 39.00 548 241 212 453 +95

Table 2. Nutrient balance studies on Phosphorus

Nutrient addition (kg/ha) Nutrient removal (kg/ha)
Treatments Initial Canopy Fertilizer Canopy Total Post P up Total P balance

soil P biomass appln. wash P (A) soil P take (B) (kg/ha)
fallout (A-B)

T1(No fertilizer) 7.5 2.49 - 2.5 12.5 10.5 23 33.5 -21.0
T2 (1/3rd dose) 9.0 3.01 26.0 3.0 41.0 15.0 23 38.0 +3.0
T3 (2/3rd dose) 8.2 2.95 52.0 3.0 66.2 29.0 33 62.0 +4.2
T4 (Full dose) 7.2 3.27 78.0 3.0 91.5 29.2 34 63.2 +28.3

Table 3. Nutrient balance studies on Potassium

Nutrient addition (kg/ha) Nutrient removal (kg/ha)

Treatments Initial Canopy Fertilizer Canopy Total Post K up Total K balance
soil K biomass appln. wash K (A) soil K take (B) (kg/ha)

fallout (A-B)

T1(No fertilizer) 160 4.37 - 4.5 169.0 121 73 194 -30
T2 (1/3rd dose) 169 5.26 26.0 5 205.2 119 84 203 +2.2
T3 (2/3rd dose) 157 5.17 52.0 5 219.7 120 95 215 +4.7
T4 (Full dose) 155 5.73 78.0 6 244.7 119 114 233 +11.7
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Fig. 1. Total recyclable cashew biomass from a matured cashew plant/
year with different levels  of fertilizers

Fig. 2. Nutrients removal in a matured cashew plant in relation to
fertilizer levels

Table 4. Variation in nut yield with fertilizer doses

                    Nut yield (kg/ha/year) Nut weight
Treatment 2001-2002 2002-2003 2003-2004 2004-2005 2005-2006 2006-2007 2007-2008 Mean (g/nut)

T1(No fertilizer) 544 1132 1640 1090 1380 954 620 1051 7.45
T2 (1/3rd dose) 912 1398 2080 1590 1879 1216 800 1411 7.70
T3 (2/3rd dose) 1017 1131 1820 1380 1875 1397 838 1351 7.95
T4 (Full dose) 1166 1429 1960 1610 1989 1308 830 1470 8.12
CD (=0.05) 302 415 214.9 266.4 295.7 227.3 87.9 137.1 NS

Table 5. Variation of cashew nut yield (kg/ha) with different fertilizer treatment and spacing (2003-10)

Treatments 2003-04 2004-05 2005-06 2006-07 2007-08 *2008-09 2009-10

S1M1 154.4 111.2 558.0 493.6 626.0 1145.0 2352.0
S1M2 241.2 122.6 464.0 502.3 730.0 1174.0 1440.0
S1M3 300.4 180.4 458.0 539.3 800.0 1250.0 2064.0
Mean S1 232.0 138.0 493.3 511.7 718.6 1189.7 1952.0
S2M1 299.6 216.7 628.0 1129.6 1293.0 350.0 1699.0
S2M2 485.8 244.2 745.0 985.6 1077.0 390.0 2469.0
S2M3 615.7 319.1 807.0 1163.3 1029.0 520.0 2387.0
Mean S2 467.0 260.0 726.6 1092.8 1133.0 420.0 2185.0
S3M1 207.2 285.5 927.0 1259.3 1353.0 540.0 2615.0
S3M2 420.0 313.4 1251.0 1173.5 1000.0 610.0 2500.0
S3M3 482.4 362.5 1240.0 801.3 1007.0 620.0 2174.0
Mean S3 369.8 320.4 1139.3 1078.0 1120.0 590.0 2430.0
CD- spacing (p=0.05) 48.8 56.6 200.0 295.5 164.86 180.57 178.45
Sub-effects (mean)
M1 220.40 204.47 704.33 960.83 1090.67 678.33 2222.00
M2 382.33 226.73 820.00 887.13 935.67 724.67 2136.33
M3 466.17 287.33 835.00 834.63 945.33 796.67 2208.33
CD-fertilizer (p=0.05) 87.65 81.04 NS NS NS NS NS

Source: Yadukumar et al., 2011
Note: Year of planting - 2000; S1, S2 and S3 - Plant densities viz., 200, 416 and 500 plants/ha; M1, M2 and M3 - Manure doses viz., 75 kg N, 25 kg each of
P

2
O

5
 and K

2
O (M1), 150 kg N, 50 kg each of P

2
O

5
 and K

2
O (M2), 225 kg N, 75 kg each of P

2
O

5
 and K

2
O/ha/year (M3)

*During 2008-09, detopping was done at 2.5 m height in high density planting system

Results and Discussion

Development of nutrient decision support system
for cashew

A nutrient decision support system was
developed for cashew using Visual Basic software

(Fig.3). The developed DSS gives the fertilizer
requirement for plants corresponding to different age
of plant, vigour of the plant, plant densities, initial
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soil N, P
2
O

5
 and K

2
O contents. The interpretations

were made on the basis of suggested optimum level
of N as 272-544  kg/ha, P as 12.4 to 22.4 kg/ha and
K as 113-280 kg/ha (Arora, 2002).

Optimal organic manure/inorganic fertilizer
requirement with varying density and age of
plant

The optimal organic manure/inorganic
fertilizer requirement with varying plant density and
age was estimated. The requirement corresponding
to 6th year shows that the fertilizer/manure
requirement per plant reduced with increased plant
density (Table 6). This was mainly due to the nutrient
build up in the soil due to the increased biomass fall
out in the high density planting system. The
recommended doses of organic/inorganic manure
requirement with N, P

2
O

5
 and K

2
O content of 160,

12 and 110 kg/ha/year (less fertile soil) in the 6th

year with vigorous canopy type and optimal yield
were 800 g urea, 312 g rock phosphate (RP), 105 g
muriate of potash (MOP) and 10 kg cow dung
respectively. In case of soil test based application,Fig. 3. The developed nutrient decision support system for cashew

Table 6. Optimal organic/inorganic manure requirement with varying plant density

 Source of fertilizer/manure Plant density (D-plants/ha) corresponding to optimal yield (Y-kg/ha)

D=625 and D=500 and D=416 and D=200 and
Y=1251-1875 Y=1150-1500 Y=957-1248 Y=500-600

Organic/inorganic manure requirement

kg/plant kg/ha kg/plant kg/ha kg/plant kg/ha kg/plant kg/ha

Inorganic manure Urea 0.39 245.80 0.42 209.00 0.47 195.00 0.64 127.60
DAP 0.05 36.70 0.06 31.00 0.15 61.20 0.19 37.20
MOP 0.11 71.50 0.11 54.00 0.10 41.50 0.05 10.50
FYM 10.00 6250.00 10.00 5000.00 10.00 4160.00 10.00 2000.00

Inorganic manure Urea 0.41 260.00 0.44 221.00 0.44 184.60 0.61 121.30
RP 0.13 84.50 0.14 70.60 0.06 26.60 0.08 16.20
MOP 0.11 71.50 0.11 53.50 0.10 41.50 0.05 10.50
FYM 10.00 6250.00 10.00 5000.00 10.00 4160.00 10.00 2000.00

Compost RCB+ 20% cow 22.20 13881.20 23.20 11605.00 24.20 10075.30 30.70 6142.00
dung slurry

Vermi-compost Vermi-compost alone 16.60 10410.90 17.40 8703.70 18.20 7556.50 23.00 4606.50
FYM Farm Yard Manure alone 35.50 22210.00 37.10 18568.00 38.70 16120.50 49.10 9827.20
Poultry manure Poultry manure alone 10.70 6663.00 11.10 5570.40 11.60 4836.20 14.70 2948.20
Neem cake Neem cake alone 5.10 3203.00 5.30 2678.00 5.60 2325.00 7.09 1417.30
Neem cake + FYM Neem cake 3.68 2301.90 3.90 1956.90 4.10 1725.00 5.60 1129.00

FYM 10.00 6250.00 10.00 5000.00 10.00 4160.00 10.00 2000.00
Castor cake Castor cake alone 4.70 2948.00 4.90 2465.00 5.10 2140.00 6.50 1304.40
Castor cake +FYM Castor cake 3.40 2118.50 3.60 1801.00 3.80 1587.60 5.20 1039.00

FYM 10.00 6250.00 10.00 5000.00 10.00 4160.00 10.00 2000.00
Pongamia cake Pongamia cake alone 9.07 5668.00 8.70 4381.00 8.40 3516.00 9.30 1865.00
Pongamia cake+FYM Pongamia cake 4.84 3030.30 5.10 2576.20 5.50 2271.00 7.40 1486.00

FYM 10.00 6250.00 10.00 5000.00 10.00 4160.00 10.00 2000.00
Groundnut cake Groundnut cake alone 5.90 3701.00 6.10 3094.00 6.50 2686.00 8.10 1637.00
Groundnut Groundnut cake 4.20 2660.00 4.50 2261.30 4.80 1993.40 6.50 1304.50
cake + FYM  FYM 10.00 6250.00 10.00 5000.00 10.00 4160.00 10.00 2000.00

(Note: Estimation with N, P
2
O

5
 and K

2
O as 160, 12 and 110 kg/ha/year respectively in the 6th year with vigorous canopy type and optimal yield)
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for less fertile soil it was 416 g Urea, 135 g RP, 114
g MOP and 10 kg FYM and for medium fertile soil,
it was 103 g urea, 131 g RP, 12 g MOP and 10 kg
FYM. The recommended doses and optimal
quantities of urea, RP and MOP corresponding to
different ages of cashew plants under high, medium
and normal density planting systems in case of low
and medium fertile soils were found to vary
considerably (Table 7).  Hence, the soil test based
nutrient application using DSS was found to be very
effective in cashew garden. Increase in cashew yield
due to N application was reported by Veeraraghavan
et al. (1985) and Ghosh (1988). Positive effect of
phosphorus on cashew yield was reported by Sawke
et al. (1985). Significant positive effect of potassium
on yield of cashew plant was reported by Ghosh
(1988) and Ghosh (1990).  Increased nut weight and
nut yield due to application of higher levels of NPK
was reported by Ghosh and Bose (1986), Harishu

Kumar and Sreedharan (1986), Ghosh (1990) and
Kumar et al. (1993, 1995).

The nutrient removal in 6 year old cashew
plants treated with full dose of fertilizer was 339g
N, 55g P and 182g K/plant/year, 2/3rd was 295g N,
53g P and 168g K/plant/year, 1/3rd was 275g N, 36g
P and 134g K/plant/year and control treatment was
251g N, 36g P and 117g K/plant/year. Among three
fertilizer doses viz., 1/3rd, 2/3rd and full dose of
fertilizers, 1/3rd dose was found to be appropriate
for sustainable cashew nut yield during 2001-2008
(Table 4). A nutritive balance of -93, -21 and -30 kg
N, P and K respectively, per ha per year was found
in control plot where no fertilizers were applied. A
strong positive N balance ranged from 33 to 95, P
balance ranged from 4 to 28.3 and K balance ranged
from 4.7 to 11.7 kg/ha were found in plants with
two third and full doses of fertilizer treatments,
respectively. In treatments with one-third dose of

Table 7. Optimal organic/inorganic manure requirement (kg/plant) corresponding to optimal yield and varying plant age

Source of fertilizer/manure Optimal organic/inorganic manure requirement corresponding to plant age
(A-years) and optimal yield (Y-kg/ha)

A=1;Y= A=2; Y= A=3; Y= A=4;Y= A=5;Y= A=6;Y= A=7;Y= A=8; Y=
negligible 125-312 313- 500 501-625 626-1250 1251-1875 1876-1938 1939-2063

Inorganic manure Urea 0.000 0.124 0.218 0.289 0.344 0.393 0.442 0.492
DAP 0.000 0.000 0.012 0.038 0.049 0.058 0.068 0.077
MOP 0.000 0.000 0.000 0.057 0.087 0.114 0.141 0.168
FYM 8.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000

Inorganic manure Urea 0.000 0.126 0.223 0.304 0.363 0.416 0.469 0.528
RP 0.000 0.010 0.029 0.089 0.113 0.135 0.157 0.179
MOP 0.000 0.000 0.000 0.057 0.087 0.114 0.141 0.168
FYM 8.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000

Compost RCB+ 20% cow 5.000 11.000 14.800 17.900 20.100 22.200 24.200 26.200
dung slurry

Vermi-compost Vermi-compost 3.750 8.300 11.100 13.400 15.100 16.700 18.200 19.700
Farm Yard FYM alone 8.000 17.700 23.700 28.600 32.200 35.500 38.700 42.000
Manure (FYM)
Poultry manure Poultry manure alone 2.400 5.300 7.100 8.500 9.680 10.700 11.600 12.600
Neem cake Neem cake alone 1.150 2.500 3.400 4.100 4.600 5.100 5.600 6.000
Neem cake + FYM Neem cake 0.000 1.100 1.970 2.700 3.200 3.700 4.150 4.200

FYM 8.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000
Castor cake Castor cake alone 1.060 2.300 3.100 3.800 4.200 4.700 5.100 5.600
Castor cake +FYM Castor cake 0.000 1.000 1.800 2.400 2.960 3.400 3.800 4.600

FYM 8.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000
Pongamia cake Pongamia cake alone 1.500 3.300 4.500 6.600 7.900 9.070 10.200 11.300
Pongamia cake+FYM Pongamia cake 0.000 1.460 2.600 3.500 4.200 4.800 5.400 6.000

FYM 8.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000
Groundnut cake Groundnut cake alone 1.300 2.900 3.900 4.800 5.300 5.900 6.500 7.000
Groundnut cake + FYM Groundnut cake 0.000 1.280 2.280 3.100 3.700 4.300 4.800 5.300

FYM 8.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000

(Note: Estimation with N, P
2
O

5
 and K

2
O as 160, 12 and 110 kg/ha/year respectively with 625 plants /ha, vigorous canopy type and optimal yield)
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fertilizers, a positive N, P and K balance of 12, 3
and 2.2 kg/ha/year was found. Grundon (2001)
reported that an eight year old cashew plant removes
610g N, 58g P and 394g K/plant/year in Northern
Australia. Mohapatra et al., (1973) and Beena et al.,
(1995) also quantified the nutrient removal by
cashew.

Cashew yield response to fertilizers and manure

The application of fertilizers at 1/3rd to full
dose resulted in significantly higher yield compared
to control treatment where fertilizers were not
applied (Table 4). Among those treatment plots
receiving fertilizer doses, no significant difference
in yield and net profit was found. Increased manure
dose increased the yield of cashew upto six years
under high density planting system and upto eight
to nine years under normal density planting system
(Table 5). For example, under high density with
increased manure dose, the yield during 6th year
increased from 927 to 1240 kg/ha whereas under
normal density with increased manure dose, the yield
during 9th year increased from 1145 to 1250 kg/ha.

In case of organic cultivation with a choice
for less quantity manure, the user can select poultry
manure or cakes like castor cake, neem cake,
groundnut cake, pongamia cake etc. In case of
availability of other organic manures, the user can
choose vermicompost, biomass compost, FYM or
FYM combination with cakes. Yadukumar et al.,
2009 presented recommended quantities of organic
manure for a mature cashew plant along with its
nutrient content. In case of inorganic cultivation the
user can select urea, DAP and MOP with FYM or
urea, RP and MOP with FYM. The developed
decision support system was found to be feasible for
determining the nutrient requirement in inorganic and
/organic form for rainfed cashew garden grown along
the West Coast region of India. Adoption of this model
in field condition will help to maintain sustainable
yield and balanced nutrient level in the soil thereby
minimising the ecological hazards arising due to non-
judicious application of inorganic fertilizers.

Validation of the nutrient decision support system
for cashew

A scatter plot (1:1 plot) and a regression
analysis of the measured optimal values against the

Fig. 4. (a & b). A 1:1 plot and linear regression between measured
and predicted values of inorganic fertilizers and organic
manures

Table 8. Results of validation of NDSS

Errors Inorganic fertilizers Organic manures
with FYM

ME 0.04 0.14
RMSE 0.07 1.10

predicted values of the organic manures and
inorganic fertilizers with FYM are illustrated in Fig.
4 (a & b) which can be safely considered to be a
reasonable fit between two data sets (R2 = 0.95 for
inorganic fertilizers with FYM and R2 = 0.94 for
organic manures). Further, Table 8 reveals that the
mean error (ME) and root mean square error
(RMSE) for optimal doses corresponding to
inorganic fertilizers with FYM and organic manures
during validation are reasonably low and are within
acceptable limits. Hence the developed decision
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support system can be successfully used for finding
the site specific nutrient requirement for rainfed
cashew.

Conclusions

The findings of the present study indicated
that for judicious use of fertilizers and or manures,
prior soil testing is highly essential from time to time.
The decision support system developed using Visual
Basic provides the site specific optimal fertilizer/
manure requirement of cashew based on the nutrient
budgeting and nutrient balance approach. The
developed DSS is having the flexibility of giving
the optimal quantity of inorganic fertilizers and or
organic manures as selected by the user and the
NDSS was validated for field data. The regression
analysis of the measured optimal values against the
predicted values of the inorganic fertilizers and or
organic manures showed a reasonable fit between
two data sets (R2 = 0.95 for inorganic fertilizers with
FYM and R2 = 0.94 for organic manures). The
application of optimal fertilizer and manure to the
soil instead of recommended dose of fertilizer will
help to reduce the input required, cost of cultivation
and finally the ecological hazards arising in case of
inorganic fertilizer application. Overall, the adoption
of optimal nutrient application is strongly
recommended for the sustainable management of
cashew gardens.
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