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In order to address the challenge of poor nut yield of present cashew plantations
in India, a trial consists of twenty five released varieties of cashew from different
parts of India was laid out during 2008 under RBD with two replications having
six plants treatment. The results recorded over two years namely 2013 and 2014
revealed significant variations among the varieties for vegetative growth, nut yield
attributing parameters and nut yield. The cashew varieties such as Amrutha, BPP-4,
Madakathara-2, K-22-1, VRI-3, Ullal-4, UN-50 and Goa-1 were identified for dwarf
plant architecture, due to their cumulative plant height (2.58 to 4.05 m) and canopy
spread area (7.78 to 16.67 m?) at 6™ and 7" year of planting, which need further
evaluation. Similarly, both Priyanka and Dhana can be exploited for cashew apple
processing purpose due to their large and heavy cashew apples (68.00 to 76.50 g).
The shelling % demonstrated by majority of the varieties was within the acceptable
International Standard of more than 28.00%. The cashew varieties namely BPP-8,
Vengurla-7, Bhaskara, NRCC Sel-2, Ullal-3, Kanaka, Vengurla-4, Bhubaneswar-1,
VRI-3 and Dhana combined two or three traits which were significantly different from
rest of the varieties evaluated. However, cashew varieties such as BPP-8, Vengurla-7,
Bhaskara, NRCC Sel-2 and Ullal-3 seem outstanding for most of the parameters
considered namely trunk girth (34.73-54.40 cm), canopy spread area (12.06-37.73
m?), nut weight (7.45-10.10 g), nut yield plant ' (4.00-6.05 k) and cumulative nut yield
(8.011.86 k plant™) at 7% year of planting.

1. Introduction

yield potential, lack of production and protection technologies
etc. are the major causes. Even new plantation of cashew

Cashew (4Annacardium occidentale 1L.) treated as “Wonder
nut of the World” is native to Brazil having about 75 genera
and 700 species. Although cashew was introduced to India by
Portuguese as a crop of afforestration and soil conservation
purpose, but later on the crop was exploited commercially
due to its versatile uses. Though, India rank 1* in production,
processing and export of kernel in the world, however,
productivity of existing cashew plantation is very poor, hardly
722 k ha'! (Saroj et al., 2014). The leading states of cashew
production in India includes Maharastra, Goa, Karnataka,
Kerala, Tamil Nadu, Andhra Pradesh, Odisha and West
Bengal etc. Maharashtra is the largest producer of cashew
nuts among Indian states, accounting for 33% of cashew nut
production in India followed by Andhra Pradesh (17%) and
Odisha (15%) during 2011-12 (Saroj et al., 2014). Among the
several factor influence the cashew productivity in the country
as well as state of Odisha, use of traditional varieties of low

with high yielding varieties/hybrids, the low productivity is
contributed by improper planting density as well as nutrient
management practices. In India, usually cashew is grown as
a rainfed crop, cultivated in neglected land which otherwise
unsuitable for any other crop (Rejani and Yadukumar, 2010).
Use of traditional varieties having low yield potential, lack of
production and protection technologies etc. are some of the
factors that influence the cashew productivity in the country as
well as Odisha. Therefore, the low production and productivity
problems of cashew can be addressed effectively by planting
of superior cashew varieties with high yield potential under
proper package of practices. The research paper presents the
findings of a study, aimed at evaluating the potential yield of
twenty five released varieties of cashew developed at different
Cashew Research Stations of the country, their shelling %
and tree architecture (canopy area) under the agro-climatic
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conditions of Odisha, India.
2. Materials and Methods

A multi-locational released varietal trial of cashew was carried
out at Cashew Research Station, Ransinghpur, Bhubaneswar
under All India Coordinated Research Project on Cashew of
Orissa University of Agriculture and Technology, Odisha,
India (latitude 20° 45" N, longitude 86° 10" E and altitude
60 m) during 2008 to 2014. The soil of the experimental
plot was red lateritic in texture with pH of 4.8. Twenty five
released cashew varieties developed by different Cashew
Research Stations of the country were used in the study by
adopting Randomized Block Design (RBD), replicated twice
having six plants treatment!. The details of source of cashew
varieties are presented in (Table 1). The grafted plants of
desirable cashew varieties were transplanted during 2008 with
anormal spacing of 7.0x7.0 m? by adopting the recommended
package of practices. The nut yield was recorded on individual
tree basis from 2011 to 2014 commencing from last week of
March to May. The vegetative growth parameters such as tree
height, tree trunk girth, canopy spread (both N-S and E-W
direction) were recorded every year, however, presented only
for 2013 and 2014 in this paper. Similarly, nut yield attributing
parameters such as average nut weight, nuts panicle™!, nuts m?
and flowering laterals m? were recorded and calculated by

Table 1: Details of sources of cashew varieties used in the

study
Sl.no.  Name of cashew types Source
1. BPP-4, BPP-6, BPP-8 Bapatala,
Andhra Pradesh
2. Bhubaneswar-1 CRS, Bhubaneswar
3. Chintamani-1, Ullal-1, = Hogalagare, Karnataka
Ullal-3, Ullal-4
4. Jhargram-1 CRS, Jharagram,
West Bengal
5. Madakkathara-1, Madak- CRS, Madakkathara,
kathara-2, K-22-1, Kerala
Dhana, Kanaka,
Priyanka,
Amrutha, UN-50
6. Vengurla-1, Vengurla-4, RFRS, Vengurla,
Vengurla-6, Vengurla-7 Maharastra
7. VRI-3 RRS, Vridhachalam,
Tamil Nadu
8. Bhaskara, NRCC Sel-2 DCR, Puttur,
Karnataka
9. Goa-1 CRS, Goa
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adopting standard procedures. Canopy spread was estimated by
computing the average of the radius of the canopy measuring
from (both N-S and E-W direction) in the formula 7r> where,
7=3.142 and r=radius of canopy. The shelling % was calculated
using the formula Shelling %=(KWt/NtWt)x100, where KWt=
kernel weight and NWt=Nut weight. Nut weight and kernel
weight were recorded during each year and the mean was
used in the analysis of data. Similarly, nut yield tree! was
calculated by adding the total individual nut yield harvested
each time. Statistical analysis of all the recorded data were
done by adopting the standard procedure suggested by Panse
and Sukhatme (1978).

3. Results and Discussion

3.1. Vegetative growth attributing parameters

Statistical analysis of important vegetative growth parameters
such as tree height, trunk girth, canopy spread in both North
-South and East-West directions and canopy spread area among
the tested cashew varieties indicated significant variations
during the year, 2013 and 2014 (Table 2). These variations
on vegetative growth parameters were expected due to
diverse genotypes included in the present investigation. The
tree height varies from 2.58 m (Ullal-4) to 4.08 m (Kanaka)
during 2013 while 3.03 m (VRI-3) to 4.43 m (BPP-8) during
2014, respectively. The results also indicated dwarf tree height
with cashew variety, K-22-1 (3.11 to 3.28 m), VRI-3 (2.74 to
3.09 m) and Ullal-4 (2.58 to 3.98 m) during both the years of
observations which may be useful for high density planting
system in future, after proper evaluation.

Similarly, the tree trunk girth varies from 24.17 cm in Ullal-4 to
46.58 cm in BPP-8 during 2013 while 37.53 ¢cm in Amrutha to
57.33 cmin Jhargram-1 during 2014, respectively. The results
also indicated that during both the years of study, significantly
higher tree trunk girth were observed in cashew varieties such
as BPP-8, Chintamani-1, Jhargram-1, Dhana and Kanaka and
were statistically at par with the highest value for respective
years of observations.

The results on canopy spread in both North-South and East-
West directions as well as canopy spread cover also showed
significant variations among the varieties. These parameters
are very important for canopy management and to evaluate the
variety (s) suitable for high density planting system in cashew.
The canopy spread in East-West direction ranges from 3.0 cm
(Amrutha) to 5.32 cm (BPP-8 and Chintamani-1) during 2014
as well as 3.53 cm (Amrutha) to 6.55 cm (Vengurla-7) during
2014, respectively. Similarly, the canopy spread in North-South
direction ranges from 3.24 cm (Amrutha) to 5.44 cm (Dhana)
during 2013 while 2.4 cm (BPP-4) to 6.75 cm (Vengurla-7)
during 2014, respectively.
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Table 2: Vegetative growth attributing parameters of different cashew varieties under Odisha condition

Cashew types Tree height (m)  Trunk girth (cm) Canopy spread (m) Canopy spread areca
East-West North -South (m?)

2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
BPP-4 3.24 3.32 3533  45.25 4.03 4.56 2.41 3.26 11.57 16.67
BPP-6 3.68 3.83 3642  46.70 4.59 4.77 4.50 5.13 16.19 19.22
BPP-8 3.77 443 46.58  51.25 5.32 6.41 5.32 6.28 22.19 31.72
Bhubaneswar-1 3.11 3.97 37.08  48.05 3.82 4.83 3.89 4.92 11.69 18.62
Chintamani-1 3.80 4.13 4583  51.08 5.32 5.68 5.42 6.13 22.63 27.37
Jhargram-1 3.90 4.13 4558  57.33 5.18 6.14 5.24 6.37 21.52 30.85
Madakkathara-1 3.69 3.72 41.27  50.35 3.94 4.60 3.72 4.81 11.54 17.38
Madakkathara-2 3.39 3.47 39.40  40.50 3.23 3.75 3.54 4.03 9.22 11.88
K-22-1 3.11 3.28 37.80  41.60 3.88 4.14 3.94 4.64 12.17 15.10
Dhana 3.72 4.04 45.02  54.50 5.02 5.96 5.44 6.51 21.47 30.56
Kanaka 4.08 4.25 4230  53.25 4.39 5.04 4.54 4.90 15.67 19.38
Priyanka 3.15 3.70 34.83  45.82 4.26 5.19 4.39 5.74 14.68 23.43
Amrutha 2.67 3.44 2840  37.53 3.01 3.53 3.24 3.87 7.87 10.87
Vengurla-1 3.36 3.60 41.63  45.88 5.19 5.26 4.89 5.60 19.93 23.15
Vengurla-4 3.20 3.79 34.13 4833 3.88 5.34 3.88 4.83 11.92 20.45
Vengurla-6 3.07 4.09 3475 4430 3.35 5.01 3.43 5.50 9.06 21.70
Vengurla-7 3.28 4.18 38.08 5440 3.88 6.55 3.94 6.75 12.06 34.73
VRI-3 2.74 3.09 35.10  40.00 3.65 4.54 4.00 4.45 11.48 15.87
NRCC Sel-2 3.58 3.93 39.75  47.17 4.55 5.72 4.04 5.06 14.50 22.82
Ullal-1 3.82 3.92 42.10  50.00 4.85 5.40 5.21 5.82 19.87 24.74
Ullal-3 3.63 3.84 3473 40.67 4.52 5.34 4.34 4.96 15.51 20.84
Ullal-4 2.58 3.98 24.17 4538 3.05 4.16 3.15 4.20 7.78 14.24
UN-50 3.84 4.05 4040  41.67 3.74 4.12 3.89 4.13 11.40 13.47
Goa-1 3.05 3.27 36.63  39.35 3.53 4.10 3.55 4.38 10.01 14.16
Bhaskara 3.59 4.09 42.83 51.54 4.35 5.80 4.34 5.49 15.01 25.02
SEm+ 0.18 0.11 2.88 2.35 0.33 0.29 0.34 0.59 2.03 2.12
CD (p=0.05) 0.53 0.31 8.41 6.87 0.98 0.85 1.01 1.72 5.95 6.18

Generally, cashew produces flowers at the peripheries of the
canopy and as such early canopy merger affects cashew nut
yield. Therefore, genotypes with large canopy may require
larger plant spacing. The results of the years, 2013 and 2014
clearly indicated that significantly cumulative lower canopy
spread were recorded in varieties namely BPP-4, Madkathara-2,
K-22-1, VRI-3, Ullal-4, UN-50 and Goa-1 (7.78-12.27 m?
and 10.87-16.67 m?) at 6" and 7" year of planting. It can be
concluded that all these varieties may be evaluated further to
study their suitability in high density planting system or for
their use in future breeding programmes. On the other hand,
the results revealed significantly higher canopy area with the
varieties such as Jhargram-1 (21.52 and 30.85 m?) and Dhana
(21.47 and 30.56 m?), which were statistically at par with

highest canopy area of Chintamani-1 (22.63 m?) as well as
Vengurla- 7 (34.78 cm) during 2013 and 2014, respectively.

3.2. Nut yield attributing parameters

During both the years of observations, the average nut weight,
nuts panicle! as well as nuts m? area showed significant
variations among the tested cashew varieties (Table 3 and 4).
indicating the genetic potential of the varieties. The average
nut weight varies from 5.60 g and 4.70 g (BPP6) to 10.10 g
(Vengurla-7) and 8.75 g (Priyanka) during 2013 and 2014,
respectively. Significantly maximum nut weight of 10.10 g
(Vengurla-7) and 8.75 g (Priyanka) was recorded than rest
of tested varieties during 2013 and 2014, respectively. The
varieties such as Priyanka, Ullal-3 and Ullal-4 during 2013

K, © 2015 PP House 568



Tripathy et al., 2015

while BPP-8, Madkathara-2, Dhana, Amrutha, Vengurla-1,
Vengurla-4, Vengurla-6, Vengurla-7, Ullal-1, Ullal-4 and
UN-50 during 2014 recorded significantly higher nut weight
than rest of the varieties and were statistically at par with

Table 3: Nut yield attributing parameters of different cashew varieties

respective highest values in each year. In cashew, it has been
established that the nut weight is highly influenced genetically
and environmentally. Manoj et al. (1993); Abdul Salam (1998)
reported the variations in nut weight of among cashew types.
According to Dorajeerao (1998), cashew the nut weight is a
varietal character and was negatively associated with number

under Odisha condition .
- - of nuts panicle™.
Cashew Flowering Nuts Apple Shelling %
types laterals m?  panicle’  weight (g) Flowering laterals m? area is another important character
2013 2014 2013 2014 2013 2014 2013 2014  contribute towards the nut yield in cashew (Parameswaran et
BPP4 1283 18 28 55 43 33 2509 2575 al., 1984). Thf? p'resent sFudy indicated significant variations
BPP-6 053 1525 27 65 33 34 266 o6g Among the varieties ranging from 8.88 anq 13.13 (Ullal-4) to
20.16 (Jhargram-1) and 23.80 (VRI-3) during 2013 and 2014,
BPP-8 14.66 19 4 5.5 62 695 2943 289 . .. .
respectively. Although no statistically parity was observed
Bhuba 1492 1888 4 65 45 345 3077 3068 during 2013 for flowering laterals m, but the varieties such as
nes.war-l BPP-8, Bhubaneswar-1, Chintamani-1, Jharagram-1, Priyanka,
S:;Eti 162 1913 3435 3 3430223045 NRCC Sel.-2 and Goa-1were statistically at par with VRI-3
Jhar- 2016235 1 15 50 595 2869 284 Table 4: Effect of nut weight and nut yield in different cashew
gram-1 varieties under Odisha condition
Madak- 1567 1825 33 55 50 36 27 286 Cashew Nutweight nutyield  Cumulative Cumula-
kathara-1 types (2) plant? nut yield tive nut
Madak- 1525 1563 455 45 525 43 27.82 2825 (kgtree)  yield (kg
kathara-2 at4"™ harvest ha')at4®
K-22-1 142 155 297 55 53 475 2657 295 harvest
Dhana 142 1688 2 5 74 68 30.56 29.85 2013 2014 2013 2014 2013 2014
Kanaka 1437 18.13 3.05 25 59 515 3031 299 BPP-4 83 6.2 1 333 1.9 523 1067.35
Priyanka 11~ 19.75 235 25 7575 765 2713 2795 BPP-6 56 47 08 276 127 403 822.45
Amrutha 1248 2025 3 45 3875 525 3031 308 BPP-8 87 717 403 6 586 11.86 242041
Ven 1483 1825 3.15 45 3465 495 2971 29.85 Bhuba 6.8 6 1.68 397 3.15 712 1453.06
gurla-1 neswar-1
Ven 1695 1413 315 55 53 415 3028 29.69 Chinta- 78 68 148 26 207 4.67 953.06
gurla-4 mani-1
Ven 119 1775 3 4 58 49 2798 295 Jhar- 63 64 073 196 129 325 663.27
gurla-6 gram-1
Ven 1158 1925 335 55 58 33 3035 302  Mada 71 57 137 41 238 648 132245
gurla-7 kka
VRI-3 1685 238 29 45 34 24 29779 294 thara-1
NRCC 16.74 2063 25 55 51 33 29.65 30.7 Madak- 725 7.8 1.11 146 157 3.03 618.37
Sel-2 katha-
Ullal-1 123 1863 3.1 35 45 395 2973 298 ra-2
Ullal3 1026 1675 31 2 53 63 294 2965 K221 74 67 095 227 173 4 81633
Ullal-4 888 1313 25 35 49 56 3022 3085 Dhana 89 78 167 46 268 728 148571
UN-50 1381 185 135 35 6625 525 3109 2987  Kamaka 63 615 179 38 336 716 1461.22
Goa-1 1331 1925 4 55 615 495 3160 30.55 Priyanka 10 875 155 151 264 4.15 846.94
Bhas 15.62 1813 3.15 6.5 63 46 3045 29.85 Amrutha  6.65 8 092 13 1.77 3.07 626.53
kara Ven 76 83 133 171 225 396 808.16
SEm=+ 082 172 031 047 422 313 072 053 gurla-1
CD 204 501 091 138 1233 9.13 211 154 Ven 87 765 168 43 338 7.68 156735
(p=0.05) gurla-4
Continue...
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Cashew  Nutweight nutyield  Cumulative Cumula-
types (2) plant’! nut yield tive nut
(kg tree™) yield
at4" harvest (kg ha')
at4n
2013 2014 2013 2014 2013 2014  harvest
Ven 91 79 135 268 252 52 1061.22
gurla-6
Ven 10.1 85 347 6.05 427 1032 2106.12
gurla-7
VRI-3 71 66 132 46 32 78 1591.84
NRCC 87 79 2095 515 3.66 881 1797.96
Sel-2
Ullal-1 7 81 1.13 244 178 422 86122
Ullal-3 94 73 3165 4 404 804 164082
Ullal-4 93 78 07 213 16 373 76122
UN-50 875 82 1095 218 185 4.03 82245
Goa-1 76 65 1375 243 282 525 107143
Bhas 745 69 2425 525 46 9.85 201020
kara
SEm+ 027 04 042 032 - - -
CD 08 117 125 094 - - -
(p=0.05)

during 2014. Similarly higher flowering laterals m? was also
reported by Dorajeerao et al. (2002).

In cashew nuts panicle?! has +ve correlation with nut yield
(Anitha et al., 1991; Manoj et al., 1994). The result of present
study indicated that wide variations with nuts panicle™ ranging
from minimum of 1.00 and 1.50 in variety Jharagram-1 to
maximum of 4.55 in variety Madakkathara-2 and 6.50 in
BPP-6, Bhubaneswar-1, Bhaskara during 2013 and 2014
respectively. During both the two years of study, the cashew
varieties such as BPP-8, Bhubaneswar-1 and Goa-1 recorded
significantly higher nuts panicle’! and were statistically at par
with the highest value of 4.55 in Madakkathara-2 while BPP-6,
Bhubaneswar-1 and Bhaskara during 2014 respectively. Hence
these varieties should be used in further breeding programme.

The average weight of cashew apple recorded in the present
study also indicates significant variations among the genotypes.
The average apple weight varies from 31.00 g in variety,
Chintamani-1 to 75.75 g in variety, Priyanka during 2013 while
that of 24.00 g in VRI-3 to maximum of 76.50 g in Priyanka
during 2014. Considering the heavier apple weight of both
the years both Priyanka and Dhana were identified as better
varieties may be useful for processing industries, which need
further studies in this aspect in future. Sena et al. (1995) also
reported the variation in cashew apple weight.

3.3. Shelling %

The result observed from two years data showed significant
difference among the released cashew varieties (Table 3).
This ranged from 25.09% (BPP-4) to 31.60% (Bhaskara)
during 2013 while 25.75% (BPP-4) to 30.85% (Ullal-4) during
2014. The observed difference could be exploited for further
breeding programmes. Further, the results for the both the years
showed that most of the varieties approached 30 shelling %
except the varieties like BPP-4, BPP-6, Madakkathara-1 and
Priyanka (25.42% to 27.80%), which produced low % shelling.
In cashew, the clones which produce more than 30% shelling
could be used as potential breeding parent to improve upon
shelling % of some high yielding clones with low shelling %
through hybridization programme of cashew.

Statistical analysis of the nut yield plant (kg) of the twenty
five tested cashew varieties over a period of two years indicated
significant difference in nut yield (Table 4). Comparatively low
nut yields of the present study was primarily due to the early
bearing stage of the crop, which of course showing increasing
trend when compared the nut yield of 2013 with 2014. During
2013, the average nut yield plant' ( kg) varies from 0.7 (Ullal-4)
to 4.03 (BPP-8) while 1.30 (Amrutha) to 6.05 (Vengurla-7)
during 2014. However, during both the years, the variety BPP-
8 and Vengurla-7 recorded significantly maximum nut yield
plant™! than rest of the varieties. The study also showed that the
varieties such as BPP-8, Vengurla -7, Ullal-3 recorded average
nut yield of more than 3 kg plant! year! during 2013 while
BPP-8, Vengurla-7, NRCC Sel.-2 and Bhaskara recorded more
than 5 k yield plant’'. Hence these varieties have the potential
for producing higher nut yield than rest of the varieties. The
overall yield performance of the varieties also indicated that the
varieties such as BPP-8, Vengurla-7, NRCC Sel-2, Ullal-3 and
Bhaskara were consistently high compared to other varieties.
Significant variations in nut yield tree' among the different
types were also reported by Gowda et al. (1989); Dasmohapatra
et al. (2012); Dadzie et al. (2014).

The result on cumulative nut yield (k plant!) over 4* harvest
ranges from 1.27 (BPP-6) to 5.86 (BPP-8) during 2013 while
3.09 (Amrutha) to 11.86 (BPP-8) during 2014. The varieties
recorded the cumulative nut yield of above 3 k plant! during
3™ harvest are BPP-8, Bhubaneswar-1, Kanaka, Vengurla-4,
Vengurla-7, VRI-3, NRCC Sel-2, Ullall-3 and Bhaskara
ranging from 3.15 to 5.86. Similarly, the varieties producing
cumulative nut yield of more than 6 k plant ' in 4™ harvest were
BPP-8, Bhubaneswar-1, Madakkathara-1, Dhana, Kanaka,
Vendurla-4, Vengurla-7, VRI-3, NRCC Sel. -2, Ullal-3 and
Bhaskara (6.48 to 11.86).

Regarding cumulative nut yield (k ha') at 4" harvest, the

K © 2015 PP House 570



Tripathy et al., 2015

results indicated wide variations among the varieties under
agro-climatic conditions of Odisha. The cumulative nut yield
varies from minimum of 618.37 k ha"' in Madakkathara-2 to
maximum 0f2420.41 kg ha'' in BPP -8. The top ten nut yielding
varieties (kg ha') at 4™ harvest stage identified in the present
study were BPP-8 (2420.41), Vengurla-7 (2106.12), Bhaskara
(2010.20), NRCC Sel.-2 (1797.96), Ullal-3 (1640.82), VRI-3
(1591.84), Vengurla-4 (1567.35), Dhana (1485.71), Kanaka
(1461.22) and Bhubaneswar-1 (1453.06). The results of present
investigation corroborate the findings of by Samal et al. (2006)
under Odisha condition.

4. Conclusion

Potential promising clones or varieties such as BPP-8,
Vengurla-7, Bhaskara, NRCC Sel.-2 and Ullal-3 which produce
consistent nut yield over the period may be recommended for
cultivation under agro-climatic condition of Odisha, the East
coast regions of India. Furthermore, shelling % demonstrated
by majority of the clones or varieties is within the acceptable
International Standard.

5. Future Research

It is suggested that further studies should be undertaken on
hybridization among the best different cashew varieties in order
to transfer all the relevant traits into a single hybrid in order to
develop suitable cashew type (s) for nut yield, processing or
suitability to high density planting system as per the breeding
objectives.
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