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Nutrient budgeting and nutrient balance under high density planting
system in cashew (Anacardium occidentale)
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ABSTRACT

The study on nutrient budgeting and nutrient balance was conducted to determine the optimal fertilizer requirement
for cashew (Anacardium occidentale L.) under high-density planting system in relation to yield and net profit. The six-
year old plantation of cashew Bhaskara variety under high-density planting system (625 trees/ha) was used. A negative N,
P and K balance of 113, 22 and 45 kg/ha/year was found in the control plot where no fertilizers were applied. A strong
positive N balance ranged from 137 to 251, P balance from 34 to 75 and K balance from 89 to 164 kg/ha/year were found
in trees with two-thirds and full doses of fertilizer treatments. In treatments with one-third dose of fertilizers, a positive N,
P and K balance of 40, 19 and 40 kg/ha/year were found. This indicates that in high-density planting system, existing
fertilizer schedule, viz. recommended dose of fertilizers (RDF) is on higher side and optimal dose of fertilizer required is
only one-third of the RDF. The yield and net profit in full dose and one-third dose of fertilizer treatments were on par. The
higher yield of 1.47 and 1.41 tonnes/ha/year and a net profit of ` 40 030 and ` 41 274/ha/year were obtained in these two
treatments. The application of one-third dose of fertilizer to soil instead of recommended dose of fertilizer not only helps
to reduce the input required and cost of cultivation but also the ecological hazards arising from excess inorganic fertilizer
application. Hence, one-third dose of fertilizer is optimal for cashew plantation under high-density planting system.
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It is estimated that about 28 Mt of primary plant nutrients
are removed annually by 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 some centres under
the Project Directorate of Cropping Systems Research
(PDCSR), Modipuram also indicate that inadequate and
imbalanced fertilization is a major causative factor for low
and declining crop response to fertilizers. In West Coast
region of India, cashew (Anacardium occidentale L.), the
perennial horticultural crop, is mainly grown as a rainfed
crop along the steep slopes of barren hillocks where the
fertile topsoil is eroded and the substratum is exposed.  Here,
the mean annual rainfall ranges from 3000 to 3500 mm with
80% of its contribution during monsoon season (June to
October). With the high intensity rainfall distributed over a

short duration, the runoff and soil erosion is quite high in
steep slopes. Hence, the nutrient content of the soil and
productivity of the cashew plantations are low in this region.
The average productivity of cashew in India is 0.86 tonne/ha
and in Karnataka it is 0.69 tonne/ha against the target of 1.0
tonne/ha (DCCD 2009). Though cashew is hardy and drought
tolerant, it responds well to water and nutrients (Sawke
1979, Veeraraghavan 1985, Richards 1993, Kumar et al.
1993, Yadukumar and Mandal 1994, Kumar et al. 1995,
Patrick et al. 2002, Yadukumar et al. 2001, Yadukumar and
Rejani 2004, Yadukumar et al. 2009). The productivity of
cashew can also be enhanced by adopting high density
planting system of cashew (Yadukumar et al. 2003). Kumar
et al. (1993) found the effect of nitrogen, phosphorus and
potassium on growth and yield of cashew in coastal soils of
Karnataka. Yadukumar (2007) conducted nutritional trials
and found that the recommended dose of fertilizer (RDF)
with 10 kg poultry manure per tree resulted in cashew nut
production of 1.2 tonnes/ha compared to 0.56 tonne/ha in
control without any manure.

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
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capacity is 33 % by volume and available moisture ranges
from 15 to 33% by volume.

The recommended doze of fertilizers varies with the age
of plants, tree density and fertility of the soil. The
recommended dose of fertilizer (RDF) for the normal density
planting of cashew at a spacing of 10 m × 5 m (200 trees/ha)
in Karnataka is 500 g N, 125 g P2O5, 125 g K2O/plant.
Similarly, for high density planting system at spacing of 4 m
× 4 m, it is 250 g N, 62.5 g P2O5 and 62.5 g K2O/plant. The
six year old cashew plants of Bhaskara variety with spacing
of 4 m × 4 m was used for the experiment. The recommended
dose of fertilizer (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
present experiment was laid out in random block design with
4 nutrient schedules comprising three manure treatments and
a control plot with five replications. The treatments were T1
with no fertilizer, T2 with 1/3rd of recommended dose, T3
with 2/3rd of recommended dose and T4 with full dose of
fertilizers.

Estimation of total biomass
In each treatment plot, two trees were cut and different

parts such as stem, branches, twigs and leaves were separated.
In case of roots, samples were taken at 30 cm cut size
laterally as well as vertically between two trees. The fresh
and dry weight of roots excavated was converted to tree
basis by calculating total root volume for such soils. The
bark and wood portions in stem and branches were sampled
and the ratio was worked out for each component.

Nutrient analysis of biomass
The nutrient analysis was done for leaf, bark, wood

and root samples obtained from dry matter samples collected
according to the methods explained above using mean ratio
of wood to bark in the whole branch samples. Total wood
and bark weight were calculated to determine the separate
nutrient contributions to the total. Chemical analysis of the
apples and nuts were done as per the standard procedures.
All plant samples were washed in tap water and dried at
75 °C for 48 hours in a forced ventilation oven, then
powdered and sieved using 1 mm mesh sieve. All samples
were digested with H2SO4 /H2O2 at 360 °C. The extracts
were analyzed for nutrients using Atomic Absorption
Spectrophotometer (AAS) for K, Ca and Mg. Nitrogen was
determined by using Kjeltech autoanalyser with Kjeldal
digestion of plant samples and the phosphorus was
determined by adopting Olson method.

Nutrient uptake
The nutrient uptake by whole tree basis was determined

based on mean macronutrient concentrations present in each
component. The total nutrient uptake is the sum of uptake by
all the components.

productivity of cashew. In high density planting system of
cashew, the fertilizer recommended is reasonable up to 80-
100% 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. It has been estimated
that by systematically recycling all the waste biomass
produced by coconut, it is possible to get back 20.7 kg N,
10.5  kg P2O5  and 30.8 kg K2O/ha/year (Yadukumar et al.
2003). Yadukumar and Nandan (2005) determined the
nutrient composition of organically recyclable biomass
compost with 20% cowdung slurry as N as 0.91 to 1.5 %,
available P as 0.34 to 0.6 %, K as 0.39 to 0.46%. 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; fertilizer P2O5 and fertilizer K2O are
depending on the nut yield. Nutrient removal by
various crops from soils of different agroclimatic zones of
Andhra Pradesh was computed on the basis of
nutrient removal per specified economic yield by Singh et al.
2001. He determined 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. In Rajasthan,  Gupta (2001)
calculated the nutrient balance 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.  In India, no study has been
taken up to determine the optimal NPK requirement based
on nutrient budgeting, nutrient balance and yield in cashew.
Hence, the study was undertaken with the objective of
quantifying the processes involved in nutrient enrichment
and nutrient depletion in cashew and to develop a system
model for determining the optimal nutrient requirement in
cashew. The application of optimal manure to the soil will
help to reduce the input required, cost of cultivation and
finally the ecological hazards arising out of inorganic
fertilizer application.

MATERIALS AND METHODS

The experiment was conducted at Directorate of Cashew
Research, Puttur, Dakshina Kannada, Karnataka during 2000–
2008 period and it was a part of the National Agricultural
Technology Project (NATP) on developing integrated
production packages for enhancing productivity of cashew.
The study area 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 and is
distributed from May to November. The soil is lateritic,
sandy clay loam. The soil moisture holding capacity at field
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Nutrient analysis of soil
Nutrient content of the soil before and after fertilizer

application were determined. Soil samples at three different
depths (0 to 90 cm) were oven dried at 70° C and powdered.
Nitrogen was determined using Kjeltek Auto-Analyzer,
phosphorus was estimated calorimetrically by Vanado
Molybdo Phosphate method (Jackson 1958). K was estimated
using flame photometer. Calcium, magnesium, ferrous, zinc,
manganese and Cu were determined using AAS (by wet
digest method).

Nutrient cycling and nutrient balance
Under two cashew plants in each treatment, a net was

tied at 20 cm above the ground level to collect canopy fall
out such as dried leaves, flowers, apples, nuts and immature
nut fall.  The canopy fallout was weighed once in a quarter
and finally calculated for the whole year. The samples
collected for individual components like leaves, flowers and
apples were dried, weighed and analyzed for nutrients
separately.  The nuts were analyzed for kernel nutrient content
and the shells were analyzed after separating kernels from
the nuts. The immature nuts were included with mature nuts
fraction for total nutrients removed by the nuts. After weighing
and sampling the cashew canopy biomass fallout (CBF), the
materials except nuts were applied back uniformly to the tree
as a nutrient source. The soil samples were air dried and
sieved using 2 mm sieve. For determining the N, Kjeldal
digestion and titration was used. The P was determined by
Olson extraction and spectrometer. Ca and Mg were
determined by extraction in neutral ammonium acetate and
analysis by atomic spectrometer.

NPK addition/deficit was estimated using the equation
(Richard 1993)

N = Ni + NCB + NAM + NCW – (NP + Nuptake) (1)
P = Pi + PCB + PAM + PCW – (PP + Puptake) (2)
K = Ki + KCB + KAM + KCW – (KP + Kuptake) (3)

where N, P and K are the nitrogen, phosphorous and potassium
(addition/deficit), Ni, Pi and Ki are the initial soil N, P and K,
NCB, PCB and KCB are the canopy biomass N, P and K, NAM
PAM  and KAM are the applied manure N, P and K, NCW PCW
KCW are the canopy wash N, P and K,  Np, Pp and Kp are the
post soil N, P and K, Nuptake , Puptake and Kuptake are the N, P and
K uptake.

Nut yield and economics
Cashew nut yield was recorded annually from eight

trees in each treatment for a period of seven years from 2000
to 2008.  The collected nuts were counted and weighed.
Fresh and dry weights of a sub sample of 100 nuts from each
tree were determined.  The dry weight was recorded after sun
drying the nuts for six days.  The weight per nut including
shell was determined at 14 per cent moisture as per the
Industrial standard (Kuppelwieser 1989). Then the nut yield/
tree was calculated. The data were subjected to statistical
analysis using AGRISTAT package.

RESULTS AND DISCUSSION

Total tree biomass
The total tree biomass at the end of 6th year was high

(34.3 kg) in the case of tree receiving full recommended dose
of fertilizers. It was low (24.78 kg) in trees receiving no
fertilizers (Fig 1). The biomass of each component is presented
treatment wise in Fig 2. The biomass of stem, branches and
leaves were more. Flower biomass was negligible and hence
it was not included while calculating total biomass.

Fig 1 Recyclable cashew biomass available in different treatments
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Fig 2 Biomass available from different parts of a 6-year-old cashew
tree
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Leaf and apple biomass
The total quantity of cashew leaf and apple biomass

obtained quarterly is presented in Table 1. The highest leaf
and apple biomass was recorded during first quarter (April to
June 2001) and then in fourth quarter (January to March
2002). The lowest biomass was recorded during second
quarter (July to September 2001). The leaf and apple biomass
collected annually was highest in treatment with
recommended dose of fertilizers and it was lowest in control
plot with no fertilizer. It was observed that 30.5 to 33.5 kg N,
2.95 to 3.27 kg P, 5.17 to 5.73 kg K, 8.12 to 8.99 kg Ca and
7.01 to 7.78 kg Mg/ha year was available from leaf biomass
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Table 2 Total nutrient contents (kg/ha) in canopy biomass fallout
(recyclable biomass)

Treatment Nutrient contents (kg/ha)
N P K Ca Mg

T1(No fertilizer) 24.00 2.49 4.37 6.87 5.93
T2 (1/3rd dose) 30.60 3.01 5.26 8.27 7.14
T3 (2/3rd dose) 30.50 2.95 5.17 8.12 7.01
T4 (Full dose) 33.50 3.27 5.73 8.99 7.78

collected yearly in treatments receiving 2/3rd of the full dose
of fertilizers (Table 2). In treatment with 1/3rd dose of fertilizer,
it was 30.60 kg N, 3.01 kg P, 5.26 kg K, 8.27 kg Ca and 7.14
kg Mg/ha respectively. In plot receiving no fertilizer
application (control), it was 24.00 kg N, 2.49 kg P, 4.37 kg K,
6.87 kg Ca and 5.93 kg Mg/ha per year respectively.  Similar
trend in nutrient contents in recyclable canopy biomass fallout
was observed after the application of fertilizers also and are
presented in Table 4, 5 and 6. The nutrient concentration in
different plant parts of a six years old plant are presented in
Fig. 3 to 6. The higher nutrient concentrations were observed
in leaf and branches. Among the leaves, K concentration was
higher in older leaves compared to immature leaves (Table 3).

Total nutrients uptake in six year old cashew trees
The nutrients uptakes in plant receiving different doses

of fertilizers are shown in Fig 3 to 7. The nutrient uptake was

Fig 6 Nutrient distribution in different plant parts receiving RDF
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Fig 4 Nutrient distribution in different plant parts receiving 1/3rd

RDF
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Fig 3 Nutrient distribution in different plant parts receiving control
treatment
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Fig 5 Nutrient distribution in different plant parts receiving 2/3rd RDF
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Table 1 Total leaf and apple biomass/tree/year

Leaf biomass (tonnes/ha) Total leaf Apple biomass (tonnes/ha) Total apple Total biomass
Treatment          Quarter biomass Quarter biomass (tonnes/ha)

1 2 3 4 (tonnes/ha) 1 2 3 4 (tonnes/ha)

T1(No fertilizer) 1.87 0.31 0.94 3.12 1.00 0.087 1.087 4.19

T2 (1/3rd dose) 2.00 0.63 1.13 3.76 1.25 0.500 1.750 5.51

T3 (2/3rd dose) 2.00 0.50 1.19 3.69 1.31 0.543 1.850 5.54

T4 (Full dose) 2.15 0.69 1.25 4.09 1.56 0.475 2.030 6.12



18 [Indian Journal of Agricultural Sciences 83 (1)

Fig 7 Total nutrients present in whole tree in relation to fertilizer
levels
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more in leaves and branches compared to roots, apples,
kernels and shells. In cashew plants receiving different doses
of fertilizers, the N content was in higher quantity followed
by P, K, Mg and Ca (Fig 7). The nutrient uptake in plants
treated with full dose of fertilizer was 339g N, 55g P and
182g K/tree/year, 2/3rd was 295g N, 55g P and 168g K/tree/
year, 1/3rd was 275g N, 36g P and 134g K/tree/year and
control treatment was 251g N, 36g P and 117g K/tree/year.
It was found that the total nutrient uptake in plants increased
with increased application of fertilizers (Fig 7). The N, P and
K uptake in kg/ha with different fertilizer levels are presented
in Table 4, 5 and 6. Grundon (2001) conducted studies to
estimate fertilizer requirement of cashew in Northern Australia
and found that an eight year old cashew tree removes 610g
N, 58g P and 394g K/tree/year. Mohapatra et al. (1973) and
Beena et al. (1992) also quantified the nutrient removal by
cashew.

Soil nutrients
The nutrient content in soil increased significantly after

the application of fertilizers. The general build up of nutrients
in soil was mainly due to yearly application of fertilizers
(Table 4, 5 and 6). It was found that even in control plot the
general build up in nutrient contents in soil was found which
is mainly due to yearly increasing leaf deposit in the plot
which added additional nutrients to the soil resulting

Table 3 Concentration of nutrients in cashew leaves of 6 years old
cashew tree

Samples N(%) P(%) K(%) Ca(%) Mg(%)

Leaves
Immature 2.15 0.25 0.68 ND ND
Matures 2.10 0.29 0.72 0.16 0.16
Old 1.50 0.22 0.69 ND ND
Mean 1.92 0.25 0.68 0.16 0.16

ND, Not determined

Table 4 Nutrient balance studies on nitrogen

Treatment Nutrient addition (kg/ha) Nutrient removal (kg/ha) N balance

Initial Canopy Fertilizer Canopy Total Post soil N Total (kg/ha)
soil N biomas fallout application wash N (A) N uptake (B) (A-B)

T1(No fertilizer) 160 24.00 25.00 209 165 157 322 –113
T2 (1/3rd dose) 165 30.60 156.25 30.00 382 170 172 342 +40
T3 (2/3rd dose) 158 30.50 312.15 35.00 536 215 184 399 +137
T4 (Full dose) 163 33.50 468.75 39.00 704 241 212 453 +251

Table 5 Nutrient balance studies on phosphorus

Treatment Nutrient addition (kg/ha) Nutrient removal (kg/ha) P balance

Initial Canopy Fertilizer Canopy Total Post P Total (kg/ha)
soil P biomas fallout appllication wash P (A) soil N uptake (B) (A-B)

T1(No fertilizer) 7.5 2.49 2.5 12 10.5 23 33.5 –22
T2 (1/3rd dose) 9.0 3.01 41.7 3.0 57 15.0 23 38.0 +19
T3 (2/3rd dose) 8.2 2.95 83.3 3.0 97 59.5 34 63.5 +34
T4 (Full dose) 7.2 3.27 125.0 3.0 138 29.2 34 63.2 +75

Table 6 Nutrient balance studies on potassium

Treatment Nutrient addition (kg/ha) Nutrient removal (kg/ha) K balance

Initial Canopy Fertilizer Canopy Total Post soil K Total (kg/ha)
soil K biomas fallout application wash K (A) K uptake (B) (A-B)

T1(No fertilizer) 140 4.37 4.5 149 121 73 194 –45
T2 (1/3rd dose) 149 5.26 83.3 5 243 119 84 203 40
T3 (2/3rd dose) 137 5.17 166.7 5 314 120 105 225 89
T4 (Full dose) 135 5.73 250.3 6 397 119 114 233 164
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enrichment of soil fertility. This indicates that in high density
planting system application of full dose of fertilizers is not
necessary for at least six years after planting. Also, no
significant change in yield was found due to application of
one third and full dose of recommended fertilizer nutrients.
However application of one third to full doses of fertilizer
nutrients resulted in significantly more yield than control
treatment plot without fertilizer application (Table 7).

Nutrient cycling balance and nutrient requirement
The two years mean value for total dry weight of canopy

biomass fall out was 55% as leaves, 27.3% as apples, 5.6%
as kernels and 12.1 % as shells. The major portion of N, P,
K, Ca, and Mg of canopy biomass came from leaves, branches,
kernels and apples. Using the mean values for canopy biomass
fallout, rainfall and soil nutrient contents developed in plant
system, nutrient balance sheet was prepared (Table 4, 5 and
6). It was found that larger amount of nutrients are available
for recycling into the system. The largest input of N, P and
K were from leaves and apples. K was more from apples and
Ca and Mg were more from leaves. A negative N, P and K
balance of 113, 22 and 45 kg/ha/year was found in control
plot where no fertilizers were applied. A strong positive N
balance ranged from 137 to 251, P balance ranged from 34
to 75 and K balance ranged from 89 to 164 kg/ha were found
in trees with two third and full doses of fertilizer treatments.
In treatments with one-third dose of fertilizers, a positive N,
P and K balance of 40, 19 and 40 kg/ha/year were found.
This indicates that in high density planting system of cashew,
the existing fertilizer schedule is on the higher side and the
optimal dose of fertilizer required was only 1/3rd of the
recommended doses of fertilizers.

Variation of cashew yield in response to fertilizer and
manure application

The application of fertilizers at 1/3rd to full doses (T2 to
T4) resulted in significantly more yield (nut and apple
production) compared to control treatment (T1) where
fertilizers were not applied (Table 7). Among those treatment
plots receiving fertilizer doses, no significant difference in
yield and net profit were found.  This indicates that two third
and above recommended doses of fertilizers is not necessary
and the quantity of fertilizers to be applied can be curtailed
to one third without causing any financial loss. The nut

characteristics indicated that nut weight has improved
substantially in treatment plots receiving fertilizers (T2 to
T4) compared to treatment receiving no fertilizer. The dry
weight of apple increased 75 to 100% in treatment plots
receiving fertilizers (T2 to T4) compared to control (T1).

Increase in cashew yield due to N application was
reported by Veeraraghavan et al. (1985) and Ghosh (1988).
Positive effect of phosphorous on cashew yield was reported
by and Sawke et al. (1985). Significant positive effect of
potassium on yield of cashew tree 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. (1995).

Economics of high density planting of cashew
Economics worked out indicated that the profit was

` 4 127/ha/year and 40 030/ha/year in treatments with 1/3rd

and full dose of fertilizers and in control treatment it was
only ` 32 325/ha/year. The net profit in plants with 1/3rd and
full dose of fertilizers were on par. This indicates that 1/3rd

dose is sufficient to meet nutrient requirement and to get
almost same yield (Table 7). The cost benefit ratio was high
in control treatment since no manure application costs were
involved. Kumar et al.  (1993) reported that the application
of 500:125:125 g NPK/plant/year produced higher nut yield
of 6.23 to 7.8 kg/tree, and a net return of ` 21 740/plant/year.

Conclusions
The application of optimal 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. For the
judicious use of fertilizers, prior soil testing is required for
getting the nutrient status in the soil from time to time. In this
nutrient budgeting and nutrient balance study, optimal manure
requirement for cashew under high density planting system
was determined based on initial soil NPK, NPK uptake by
trees, post soil NPK, yield and net profit. A negative N, P and
K balance of 113, 22 and 45 kg/ha/year was found in control
plot where no fertilizers were applied. A strong positive N
balance ranged from 137 to 251, P balance ranged from 34
to 75 and K balance ranged from 89 to 164 kg/ha were found
in trees with two third and full doses of fertilizer treatments.

NUTRIENT BUDGETING AND NUTRIENT BALANCE

Table 7 Nut and apple yield in relation to fertilizer application (mean of 7 years)

Treatment Nut yield (kg/ha/year) Nut weight  Apple yield

2001–02 2002–03 2003–04 2004–05 2005–06 2006–07 2007–08 Mean (g/nut)      (kg/ha/year)

T1(No fertilizer) 543.8 1 132 1 640 1 090 1 380 954 620 1 051 7.45 1 089
T2 (1/3rd dose) 912 1 398 2 080 1590 1879 1216 800 1 411 7.70 1 753
T3 (2/3rd dose) 1 017 1 131 1 820 1380 1875 1397 838 1 351 7.95 1 858
T4 (Full dose) 1 116 1 429 1 960 1610 1989 1308 830 1 470 8.12 2 035

302 415 214.9 266.4 295.7 227.3 87.9 137.1 NS 564

19
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In treatments with one-third dose of fertilizers, a positive N,
P and K balance of 40, 19 and 40 kg/ha/year were found.
This indicates that in high density planting system of cashew,
the existing fertilizer schedule is on the higher side and the
optimal dose of fertilizer required was only 1/3rd of the
recommended doses of fertilizers. The cashew nut yield and
net profit from full dose and 1/3rd dose treatments were on
par. The cashew nut yield was 1.47 tonnes/ha/year in treatment
with full dose of fertilizer and 1.41 tonnes/ha/year in 1/3rd

dose treatment. Similarly, the net profits from these two
treatments were ` 40 030/ha/year and ` 41 274/ha/year
respectively. In control plot without any fertilizer application,
the net profit was only ` 32 325/ha/year. From the point of
view of sustainable agriculture, treatment with 1/3rd dose of
fertilizer is optimal for cashew.

ACKNOWLEDGEMENTS

The authors thank Dr M Gopalakrishna Bhat, Director,
Directorate of Cashew Research, Puttur for providing facilities
to conduct the experiment. The authors also express their
sincere gratitude to National Agricultural Technology Project
(NATP) for the funding they provided for the smooth
conducting of the experiment.

REFERENCES

Beena B, Salam M A and Wahid P A. 1995. Nutrient off take in
cashew (Anacardium occidentale L.). Cashew 9(3): 9–16.

DCCD 2009. Directorate of Cashew and Cocoa Development.
Available online. http://dacnet.nic.in/cashewcocoa/stat.htm#stat.

Ghosh S N and Bose T K. 1986. Nutritional requirement of cashew
(Anacardium occidentale L.) in lateritic tract of West Bengal.
Indian Cashew Journal 18(1): 11–16.

Ghosh S N. 1988. Effect of nitrogen, phosphorous and potassium
on flowering duration, yield and shelling percentage of cashew
(Anacardium occidentale L.). Indian Cashew Journal 19(1):
19–23.

Ghosh S N. 1990. Studies on the NPK requirement of cashew
(Anacardium occidentale L.) in lateritic tract of West Bengal.
Cashew 4: 6–9.

Grundon N J. 2001. A desktop study to predict the fertilizer
requirements of cashew trees in Northern Australia. CSIRO Land
and Water, Atherton, Technical Report 32/01, December 2001.

Gupta A K. 2001. Nutrient mining in different agro-climatic zones
of India - Rajasthan. Fertiliser News 46(9): 39–46.

Harishu Kumar, P and Sreedharan C. 1986. Nut characters as
influenced by different levels of NPK in cashew (Anacardium
occidentale L.). Indian Cashew Journal 18(2): 15–17.

Jackson M L. 1958. Soil Chemical Analysis, p 363. Prentice Hall
Inc., USA.

Kumar D P, Hegde M and Khan M M. 1993.  Effect of nitrogen,
phosphorus and potassium on growth and yield of cashew in
coastal soils of Karnataka.  Cashew Bulletin  30(12): 9–12.

Kumar D P, Khan M M and Venkataramu M N. 1995. Effect of
NPK and growth regulators on harvesting, nut yield, shelling
per cent and kernel grade of cashew. Journal of Plantation
Crops 23(2): 96–104.

Kuppelwieser W. 1989. Processing and analysis of cashews. Technote

No.63, Department of Primary Industries and Fisheries, Australia,
2 p.

Mohapatra A R, Kumar K V and Bhat, N T. 1973. A study on
nutrient removal by the cashew tree. Indian Cashew Journal
9(2): 19–20.

NAAS. 2006. Low and declining crop response to fertilizers. Policy
Paper No. 35, National Academy of Agricultural Sciences, NASC
Complex, Pusa Campus, New Delhi, 8 p.

Patrick O’Farrell, John Armour and David Reid. 2002. The effect of
nitrogen on cashew in north Queensland 1995-99. RIRDC
Publication No W02/001, RIRDC Project No DAQ-257A.

Richards N K. 1993. Cashew Research in Northern Territory,
Australia, 1987-1991. Technical Bulletin No. 202. Government
of Australia, p 65.

Salam M A, John P J, Joseph M, Poduwal M, Kumar P, Yadukumar
N and Bhat M G 2008. Quantitative estimation of soil fertility and
fertilizer recommendations (QUEFC) for Cashew (Anacardium
occidentale L.). Journal of Plantation Crops 36(2): 86–94.

Sawke D P, Gunjale R T and Limaye, V P. 1979. Effect of NPK
fertilization on growth and production of cashewnut. Proceedings
of International Cashew Symposium, Cochin.

Sawke D P, Gunjale, R T and Limaye V P 1985. Effect of nitrogen,
phosphorous and potash fertilization on growth and production
of cashewnut. Acta Horticulturae 108: 95–9.

Singh H P, Sharma, K L, Ramesh V and Mandal U K. 2001.
Nutrient mining in different agro-climatic zones of India - Andhra
Pradesh. Fertiliser News 46(8): 29–42.

Veeraraghavan P G, Celine V A and Balakrishnan S. 1985. Study on
the fertilizer requirements of cashew (Anacardium occidentale
L.). Cashew Causerie 7(2): 6–8.

Yadukumar N and Mandal R C. 1994. Effect of supplementary
irrigation on cashewnut yield.  Water management for plantation
crops - Problems and prospects. Centre for Water Resource
Development and Management, Calicut, Kerala, pp 79–84.

Yadukumar N. 2001. Soil test based indications of cashew crop
response. Proceedings of XV biennial workshop on All India
Coordinated research Project on Cashew, held on 18-20 October,
2001 at National research Centre for Cashew, Puttur, DK,
Karnataka, pp 80–4.

Yadukumar N, Raviprasad T N, Nagaraja K V, Haldankar P M,
Godase S K, Susanamma K, Gajendran G, Mahalingam T, Lenka
P C, Mohapatra R N, and Bandyopadhyay B. 2003. National
Agricultural Technology Project. Final Report on developing
integrated production packages for enhancing productivity of
cashew. National Research Centre for Cashew, Puttur, D K,
Karnataka. 95 p.

Yadukumar N and Rejani R. 2004. Evaluation of soil and water
conservation techniques coupled with manuring in cashew grown
under medium slope. Journal of Plantation Crops 32(Suppl.):
190–5.

Yadukumar N and Nandan S L.  2005. Recycling organic waste of
cashew plantations by aerobic composting. Journal of Plantation
Crops, 33(2): 99–102.

Yadukumar N 2007. Organic farming in cashew. Proceedings of the
National Seminar on Research, Development and Marketing of
Cashew, 20-21 November, Goa, pp 36–46.

Yadukumar N, Rejani, and Prabhakar B. 2009. Fertigation for
efficient water and nutrient management in high density cashew
plantation. Journal of Plantation Crops 37(2): 102–10.

YADUKUMAR ET AL.

20



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


