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ABSTRACT 

The present investigation entitled “Evaluation of cashew (Anacardium occidentale 

L.) genotypes under Bhubaneswar condition” was conducted during the year 2019-2020 at 

Cashew Research Station (AICRP on cashew), Odisha University of Agriculture and 

Technology, Bhubaneswar. Fifteen Cashew genotypes (V1- BH-27, V2- BH-105, V3-BH2-6, 

V4-BH-30, V5-BH-19, V6-RP-1, V7-RP-2, V8-VTH 711/4, V9-Kankadi, V10-M44/3, V11-

BBSR-1, V12-BPP-8, V13-NRCC Sel-2, V14-Dhana, V15-H-320) were planted during the year 

2014 following statistical design RBD (Randomized Block Design) and the experiment was 

replicated twice. All standard package of practices were followed to raise the crop. 

In the present investigation, vegetative parameters, yield attributes and mean annual 

nut yield plant-1 revealed a spectacular wide array of variations among the tested genotypes. 

Genotype, BH-19 recorded maximum plant height (5.25m), canopy spread (N-S) (6.25m) and 

ground coverage by canopy (26.54 m2) among the tested genotypes. Trunk girth (56.3 cm) and 

apple weight (101.50g) were recorded maximum in genotype, Kankadi. Maximum nut weight 

was recorded in genotype, VTH-711/4(13.22g). Sex ratio was recorded maximum in genotype, 

M-44/3 (0.38) while nuts panicle-1 was recorded maximum in genotype, RP-1(15.65). Shelling 

% varied from minimum 23.5% in genotype Kankadi to maximum 32.2 % in genotype 

Bhubaneswar-1. Significantly maximum mean annual nut yield (8.25 kg plant-1) as well as 

cum nut yield ( 18.45kg plant-1) were recorded in genotype, BH2-6 at 4th harvest. Studies on 

heterosis revealed that genotype, BH-19 exhibited best standard heterosis nut weight. For 

shelling % and nut yield genotype, BH2-6 was identified as superior over standard check. The 

phenotypic and genotypic coefficient of variation ranged from minimum 13.28% and 12.74% 

in trunk girth to maximum in 63.81% and 63.45% in nuts panicle-1 respectively. Heritability 

estimates were recorded high for parameters viz. nuts panicle-1 (98.85%), apple weight 

(98.76%), nut yield (97.53%) and nut weight (96.55%). The genetic advance ranged from 

minimum 0.14 in sex ratio to maximum 42.3 in apple weight. The parameters which exhibited 

high genetic advance were trunk girth (11.65), ground coverage by canopy (10.91) and nuts 

panicle-1 (8.34). The genetic advance (as % of mean) was varied from as low as 13.60 in 

shelling % to as high as 129.95 in nuts panicle-1. 

Among the fifteen tested cashew genotype, BH2-6 recorded the maximum mean 

annual nut yield (8.25kg plant -1), cum. nut yield (18.45kg plant-1)  and standard heterosis (32%) 

at 4th harvest (6 years old plant). Hence, the genotype may be evaluated further (upto six harvest 

) before recommendation for commercial cultivation in the state. Genotypes, RP-1, Kankadi, 

VTH-711/4 and BH2-6 recorded high heritability alongwith high genetic advance and genetic 

advance ( as % of mean) for the yield attributing parameters viz.  nuts panicle-1 (98.85%, 8.34, 

129.95%), apple weight (98.76%,42.3, 85.15%), nut yield (97.53%,3.79, 73.08%) and nut 

weight (96.55%,4.48,57.96%) respectively. So, there is scope for improvement by using 

these genotypes as parent in future cashew breeding programme. 
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INTRODUCTION 

Cashew (Anacardium occidentale L.) is a miracle nut crop for India’s 

economy. It belongs to family Anacardiaceae comprising of 75 genera and 700 

species (Nakasone& Paul,1998). Cashew is native to Brazil and was introduced into 

India by Portuguese with a prime objective to check soil erosion, but later on emerged 

as dollar earning crop of the country. Cashew produces nut (botanically a fruit) and 

apple (fleshy pseudo fruit) which are of world importance. Cashewnut kernel 

contains protein (21%), carbohydrates (22%), fat (47%), moisture (5.9 %), iron (5%), 

phosphorus (0.45%), calcium (0.05%) and other mineral elements. Cashew apple 

contains high amount of vitamin C (260 mg/100g) which is used to make squash, 

juice, wine (a fermented beverage “Feni” prepared from cashew apple in Goa). Other 

by product obtained from cashew nut of industrial importance is “CNSL”. It is 

derived from outer shell of nut. Main constituent of oil are anacardic acid and cardol. 

CNSL is mainly used in adhesive for plywood, paints, ship building industry, 

processing aids for rubber compound, modifiers for plastic materials, textile and resin 

industry. In addition, cashew extracts have been used as alternative medicines 

because they have anesthetic and bactericidal properties (Kubo et al., 2011; Kulis et 

al., 2012; Silva et al., 2013).  

This crop has very significant role in India’s economy. India ranks first in 

consumption and second in production and export of cashewnut (FAOSTAT, 2017). 

Presently the total cashew area in the country is 10.62 lakh hectare with raw nut 

production of 8.17 lakh metric tons and productivity of 753 kg ha-1 (DCCD, 2019). 

The production and productivity of cashew nut in the country is very low, India has 

to import large quantity of cashewnut from other countries to meet the demand of 

processing industries in the country. The states which are widely cultivating cashew 

at commercial scale are Kerala, Tamil Nadu, Goa, Maharashtra, Karnataka, Andhra 

Pradesh, West Bengal, Odisha and North Eastern states. Cashewnut is also a potential 

agricultural produce of Odisha and is now being cultivated in an area of 183.32 

thousand hectare with a production of 93.9 thousand metric tonnes. Major Cashew 

growing district of Odisha are Dhenkanal, Khordha, Jajpur, Cuttuck, Koraput, 

Ganjam, Nabarangpur and Nayagarh. The productivity of cashewnut in Odisha is 

only 513 kg ha-1, which is very less compared to the national average productivity 

(753 kg ha-1). 
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The major reason for low productivity of cashew in the state is due to presence 

of senile orchard and use of locally available planting material of seedling origin 

along with traditional method of cultivation. Thus, to improve the nut productivity, 

it is important to select genotypes with favourable traits from the existing gene pool. 

Cashew, being a highly cross pollinated crop, the seedling progenies are highly 

heterogeneous in nature. So, genetic variability is observed within the progenies both 

at genotypic and phenotypic levels (Samal, 2002). Morphological variability and 

character associated with high productivity of cashew was reported by Dela Cruz and 

Fletcher (1997). Cashew breeding is based on selection of important and useful 

phenotypic and agronomic characters such as nut weight, nut size, apple colour, size 

of apple, tree canopy, length of panicle and over all nut yield production (Mneney et 

al., 2001). The present investigation aims at identification of cashew genotype(s) 

with high yield potential to enhance the productivity of cashewnut in the state as well 

as in the country. Secondly the study was undertaken to know the extent of variability 

exist among the tested cashew genotypes. Thus the experiment was conducted with 

the following three objectives 

 To evaluate cashew genotypes for growth, yield attributes and nut yield 

 To identify the cashew genotypes for per se performance 

 To study the nature and extent of genetic variability of cashew genotypes 
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REVIEW OF LITERATURE 

In the chapter “Review of Literature” all efforts have been made to assemble 

research findings related to vegetative growth, yield attributes, nut yield, heterosis and 

genetic variability on cashew investigated in India and overseas. 

The details of “Review of Literature” are presented with the following broad 

headings 

2.1 Vegetative growth parameters 

2.2 Yield attributing parameters  

2.3 Nut yield 

2.4 Heterosis 

2.5 Genetic variability 

2.1 Vegetative growth parameters 

2.1.1 Plant height (m) 

Reddy et al. (2004) revealed that among the 52 cashew genotypes studied 

under Bapatla conditions, the plant height varied from 1.27 m (T.No. 30/1) to 2.62 m 

(T.No. 277) at the age of three years. Sindoni et al. (2005) conducted an experiment 

to evaluate the clones like CCP-76, CCP-06 and CCP-1001. They recorded plant 

height between 1.4m to 2.2 m and a tree crown diameter between 2.7m and 3.0m. 

Significant variation in tree height was observed among the entries under Chintamani 

conditions. The highest height of the plant was recorded in the entries NRCC-1(6.16m) 

and H-225 (6.16 m) followed by M 15/4 (5.98 m) and H-320 (5.90 m). Sharma et al. 

(2009) noted maximum height in the genotype CARS-10. Hanumanthappa et al. 

(2014) observed that the highest plant height (3.93m) and panicle width (26.97cm) 

were recorded in Ullal-1 and lowest plant height and panicle width were noticed in 

Ullal-3 and Vengurla-7.  

Tripathy et al. (2015) evaluated cashew varieties under Odisha conditions at 

6th and 7th year of planting. Amrutha, Madakkathara-2, K-22-1, BPP-4, VRI-3, Ullal-

4, UN-50 and Goa-1 recorded variation in plant height from 2.58 to 4.05m. Mohapatra 

et al. (2017) observed maximum plant height in genotype H 32/4 (5.87cm) closely 

followed by H 2/16 (5.43cm). Minimum height was recorded in genotype K-22-1 

(3.61m). Roy et al. (2018) reported that the plant height varied from minimum 3.47m 



4 
 

in RP-6 to maximum of 7.0 m in Tapanga. Genotype, Vengurla-7 recorded 

maximum tree height (5.45m) while genotype K22-1 (4.20 m) and VRI-3 (4.25 m) 

recorded the minimum plant height, indicating their suitability for high density 

planting (Chandrasekhar M et al., 2018). Sahoo et al. (2019) found that F1 progeny, 

BH2-6 recorded maximum plant height (5.35m) among the evaluated cashew 

genotypes. 

2.1.2 Trunk girth (cm) 

The trunk girth of cashew tree varied from 54.3 cm to 66.7 cm among the 

thirteen clones evaluated at Cashew Research Station, Bapatla, Andhra Pradesh, at the 

age of eight years (Reddy et al., 2002). Maximum trunk girth was recorded in variety 

H-1610 (84.3 cm) while Vengurla-2 (61.8 cm) recorded the least girth at the age of 

fifteen years (Vishnuvardhana et al., 2003). 

Reddy et al. (2004) noted that T.No. 71 (30 cm) recorded maximum girth 

which was at par with T.No. 277 (29.5 cm), T.No. 268 (29.0 cm), T.No. 4/5 (28.3 cm) 

and T.No. 2/3 (28.2 cm) under Bapatla conditions. Girth at collar region (45.84cm) 

was significantly high in Bhaskara, while the lowest girth at collar region (36.42 cm) 

was observed in Ullal-2 and Vengurla-4 (Hanumanthappa et al., 2014). 

Paikra (2016) reported highest trunk girth in H-68 (69.37cm) and lowest in 

VRI-2(41.62 cm) and the general mean trunk girth was 58.78 cm during the 

experiment conducted at IGKV, Jagdalpur, Chhattisgarh. BPP-8, Bhaskara, Vengurla-

7, NRCC Sel.-2 and Ullal-3 recorded trunk girth varied from (34.73 to 54.40cm) 

(Tripathy et al., 2015). Maximum trunk girth (1.9m) was found in AO Hat 006 and 

minimum in AO Hat 003 (0.45m) under an experiment performed at RARS, Hathazari, 

Chittagong, Bangladesh. (Ona et al., 2017). Roy et al. (2018) observed that the girth 

of plant was maximum in genotype RP-3(95.40cm) among thirty evaluated cashew 

germplasm. Sahoo (2019) observed that cross parent, Kankadi recorded maximum 

trunk girth (47.62cm) among the evaluated cashew genotypes at the age of 6th year of 

planting. 

 

2.1.3 Canopy spread (m) 

Hanamashetti et al. (2002) identified non-significant difference among 

varieties for canopy spread in N-S and E-W directions under high rainfall hill zone of 

Karnataka. Dorajeerao et al. (2002) recorded maximum spread of the canopy both in 

E-W (5.46 m) and N-S (5.37 m) directions in Tree No. 10/19, (5.42 m) at Cashew 



5 
 

Research Station, Bapatla, Andhra Pradesh. The plant spread in both the directions (N-

S & E-W) was recorded maximum in T.No. 268, T.No. 12/1, T.No. 4/5, T.No. 10/2, 

T.No. 2/5 and T.No. 277 (Reddy et al., 2004). Among the varieties Selection-1 

recorded the highest spread in both directions (6.37 m and 6.83 m respectively), 

whereas lower spread was observed in Vengurla-6 (3.63 m and 3.43 m respectively) 

under hill zone of Karnataka (Mahesha et al., 2005). 

Singh L.S et al. (2010) observed that performance of Madakkathara -1 and 

VTH-30/4 were found superior for growth character. Maximum canopy spread was 

recorded in genotype, VTH-30/4 (20.70 m) followed by hybrid Dhana (1.24 m). 

Hanumanthappa et al. (2014) found that canopy spread (4.50m) was significantly high 

in Bhaskara, while the lowest canopy spread (3.67m) was observed in Ullal-2 and 

Vengurla-4. Widest canopy spread East-West and North –South direction were 

observed in genotype, Vengurla-4(5.25m & 5.15cm) and shortest was observed in 

genotype, VRI-2 (3.04 m & 2.89cm) respectively (Paikra, 2016). 

Ona et al. (2017) recorded highest plant spread in East-W direction in cashew 

genotype, AO Hat 001(13.8m) while lowest was recorded in AO Hat 003 (4.8m). Plant 

spread at N-S direction was maximum at AO Hat 007 (16.0m) and minimum in AO 

Hat 003 (4.2m). Chandrasekhar M et al. (2018) recorded that canopy spread in 

North-South direction was maximum in genotype Vengurla-7(8.75m) while 

canopy spread in East-West direction was noted maximum in variety, BPP-

8(8.75m).  

Jha (2019) reported that maximum canopy spread in N-S direction was 

observed in variety M15/4(3.75 m) while variety, BPP3/33 (3.95 m) recorded 

maximum canopy spread in East-West direction.  

2.1.4 Ground coverage by canopy 

Rejani et al. (2013) revealed that ground coverage by canopy was higher in 

Ullal-3 (59.7%) and Bhaskara (58.9%) and was lowest in VRI-3 (36.6%). Tripathy et 

al. (2015) found that percentage of ground cover by canopy was maximum with S3 

M3 (144.29%).  

2.2 Yield attributing parameters 

2.2.1 Sex ratio 

Hallad and Sulikeri (1992) recorded the highest sex ratio (perfect to staminate 

flower) of 0.1 in 6/21 Moodabidri, Mysore followed by 0.11 in 2/61, Alangudi, 

Madras. Sena et al. (1995) revealed that the sex ratio ranged between the genotypes H 
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1600 (0.093) to BBSR C II (1.038).  Lenka et al. (1999) studied thirteen cashew clones 

under Bhubaneswar condition. Staminate flower production reached peak between the 

weeks 3rd to 6th and perfect flower production in weeks 5th to 6th. The sex ratio in the 

first 3 weeks of flowering was high and then declined gradually after week 6th. 

Genotype, Vengurla-3 reported the highest percentage of perfect flowers (379.16 and 

42.47%, respectively), as well as lowest percentage of staminate flowers (57.52%). 

Sex ratio was recorded maximum in Vengurla-3 (0.73) while minimum was recorded 

in Ullal-2 (0.07) (Hegde et al., 2000). 

Lakshminarayana et al. (2002) recorded that M-44/3 was found superior for 

number of panicles m-2 and sex ratio. Paikra (2016) reported highest sex ratio (0.27) 

in genotype VRI-1, VRI-2 and H-367 and the lowest (0.21) in genotype, BPP 30/1.  

Sreenivas et al. (2016) reported that maximum sex ratio (0.17) was recorded by H 303 

and H 338 whereas, the minimum values were recorded by H 328 (0.11). Mohapatra 

et al. (2017) recorded highest sex ratio in genotype H 675(0.88) while lowest sex ratio 

was recorded in local check BPP-8 (0.18).  

2.2.2 Number of nuts panicle-1 

Cashew genotype, M-15/4 was found superior with regard to the number of 

nuts panicle-1. (Lakshminarayana et al., 2002). Poduval (2015) reported that cultivar 

‘H-303’ had maximum number of nuts panicle-1. Sethi et al. (2015) recorded maximum 

average number of nuts panicle-1 in H 303 (4.19). Genotype, H-68 (5.98) recorded 

highest number of nuts panicle-1 while the lowest was observed in genotype, NRCC 

Sel-1 (2.91) (Paikra, 2016). Under Bhubaneswar condition variety, Bhubaneswar-1 

recorded maximum nuts panicle-1 (9.0) among twenty five tested released 

cashew varieties, (Chandrasekhar M et al.,2018). 

2.2.3 Nut weight (g) 

Mahesha et al. (2005) reported heaviest nut weight in Selection-2 (9.76 g) 

which differed significantly with others (Vengurla-6 (8.57 g) and Selection-1 (8.48 

g)). The least weight of nut was recorded in genotype, Vengurla-2 (4.69 g). Mean nut 

weight was highest in Priyanka (11.0 g) followed by T.No 15/4 (8.90 g) at Cashew 

Research Station, Bapatla, Andhra Pradesh (Venkataramana et al., 2015). 

Tripathy et al. (2015), found that the cashew varieties such as BPP-8, NRCC 

Sel-2, Vengurla-7, Bhaskara and Ullal-3 recorded nut weight varied from 7.45 to 10.10 

g. According to Sreenivas et al. (2016) genotype H-94 recorded the highest nut weight. 
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Paikra (2016) observed highest nut weight in genotype H-367(10.07 g) and the lowest 

in genotype BPP 10/19(5.70 g).  

Gajbhiye et al. (2018) revealed that among the 12 types/hybrid tested, 

maximum nut weight was recorded in cashew genotype H-367(9.98 g). Chandrasekhar 

M et al. (2018) revealed that maximum nut weight (9.6 g) and kernel weight 

(3.02g) was recorded in variety, Vengurla-7 under Bhubaneswar condition 

during evaluation of twenty five released varieties of cashew. 

2.2.4 Apple weight (g) 

Narayanankutty (2000) observed that the average apple weight was more than 

70g in BRZ-241, Priyanka, H-1610, H-1593, Akshaya, BRZ-242, H3/17, Kanaka, V-

2, V-3 and Sulabha. Abdulsalam and Joseph (2003) observed that apple weight 

differed considerably between varieties. Apple weight was recorded minimum in the 

variety V-5 (27.13 g) and the highest in the variety, M 33/2 (87.31 g) under 

Madakkathara conditions. Ghatge et al. (2009) revealed that out of   30  F1  hybrids,  

H-1141 had  highest  weight  of  apple (72.72  g)  and  H-824  showed  maximum apple  

to  nut  ratio  (7.82).   

Hore et al. (2015) recorded maximum apple weight in H-303 (68.24 g), juice 

content (45.84 ml) and total sugar (10.54%). Anand et al. (2015) reported that the 

weight of cashew apple varied from 34.08g (Vengurla-4) to 75.44g (Jagannath). 

Sreenivas et al. (2016) noted maximum apple weight in genotype H-116. During a 

study at Directorate of Cashew Research, Puttur, Karnataka it was found that apple 

weight and apple volume was highest in Priyanka whereas Ullal-1 recorded lowest 

apple weight and apple volume respectively (Mog and Nayak, 2018).  

Gajbhiye et al. (2018) recorded highest apple weight in genotype H-367(91.33 

g). Among the twelve cashew genotypes average apple weight ranged from minimum 

46.20 g in BPP30/1 to maximum 98.70 g in H367 (Jha, 2019).  

2.2.5 Shelling % 

Maximum shelling % of 30.49 was recorded in the entry H-1594 followed by 

TN-139 (29.35) and minimum was in the entry TN-40 (24.95) (Shivareddy, 1996). 

Among the seven different cashew accessions studied at Agricultural Research Station, 

Chintamani, the shelling % varied from 33.5 (ARSC-15/8) to 22.2 (ARSC-12/4) 

(Lingaiah et al., 1997). 

Abdulsalam et al. (1997) found that the shelling % was highest with the variety 

Anakkayam-1 (37.00%) followed by M-44/3 (36.4%) and VTH-30/4 (36.0%) and the 
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lowest shelling % was in VTH-59/2 (28.1%) under Madakkathara conditions. Reddy 

et al. (2015) revealed that among fourteen cultivars/hybrids, H-320 performed better 

for nut weight (8.8 g), shelling (31.0%) and consistent nut yield over years under 

maidan parts of Karnataka. Sethi et al. (2015) found that among the tested hybrid 

significantly maximum kernel recovery was observed in A-71 (34.41%) followed by 

E-28 (34.21%), F-38 (33.52%), B-27 (33.42), F-16 (33.33%) and A-48 (33.20%). 

Minimum shelling % was recorded in J-1 (24.37%). Zachariah et al. (2015) revealed 

that hybrid “Poornima” recorded high nut weight as well as shelling (%) during 

evaluation under Kerala condition.  

Venkataramana et al. (2015) noticed that shelling percentage ranged from 

25.65 to 36.17% across the 40 germplasm lines evaluated at Cashew Research Station, 

Baptala. Maximum shelling was recorded in genotype BH-6(31.10%) followed by 

H1597 (31.00%) and H-675(30.40%). The lowest shelling was recorded in genotype 

H32/4(28.07%) (Mohapatra et al., 2017). 

Mog and Nayak (2018) reported that highest nut yield and shelling % was 

noted in Ullal-1 and Ullal-2 during the experiment conducted at Directorate of Cashew 

Research, Puttur, Karnataka. Gajbhiye et al. (2018) reported maximum shelling 

percentage in BPP 3/33 (31.15%) followed in H-255 (30.25%). Chandrasekhar M et 

al. (2018) noted that Kanaka recorded maximum shelling% (32.76%) among the 

twenty five released cashew varieties.  

2.3 Nut yield plant-1(kg) 

Dadzie et al. (2014)  noticed significant  differences  in  the performance  of  

the  clones  in  all  the  parameters  considered.  A few clones combined two or three 

traits (parameters) which were significantly different from the rest of the clones tested. 

Not a single clone was found to be significantly different from the rest in terms of all 

the parameters considered. However, a large proportion of the clones were found to 

produce yield far above average yield recorded by unselected cashew trees in farmer’s 

fields. Clones W-266 and W-278 seem outstanding for most of the parameters 

considered, though not exclusive. 

Reddy et al. (2015) assessed fourteen cultivars and recorded maximum yield 

in genotype H-320 (12.76 Kg tree-1) followed by NRCC-2 (10.82 kg tree-1). 

Cumulative yield over a period of 16 harvests was recorded maximum for H-320 

(144.85 kg tree-1) followed by NRCC Sel.-2 (127.34 kg tree-1). Tripathy et al. 

(2015),observed that the cashew genotypes such as Vengurla-7, Bhaskara, NRCC Sel-
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2, BPP-8 and Ullal-3 seem desirable for the reproductive traits such as  nut yield    

plant-1 (4.00-6.05 kg) and cumulative nut yield (8.011.86 kg plant-1) at 7th year of 

planting. Sethi et al. (2015) reported that H303 (106.8) was found having maximum 

cumulative nut yield (kg plant-1) at 14th harvest followed by NRCC Sel.-2 (100.0), H 

68 (93.1) and lowest in M 15/4 (37.5). Gajbhiye et al. (2018) revealed the maximum 

pooled yield (6 years) in H-303 (7.24 kg tree-1 and 1.48 t ha-1) with bold nut of 8.90g.  

Venkataramana et al. (2015) investigated forty germplasm lines of cashew at 

CRS, Bapatla. The highest annual mean nut yield was found in genotype T.No 275 

(26.15 kg tree-1) followed by T.No. 228 (14.76 kg tree-1). However, cumulative  nut  

yield  are  found  highest  with  BLA  39-4  (66.48  kg  tree-1) followed by T.No 5/1 

(60.04 kg tree-1) after ninth annual harvests. Chandrasekhar M et al. (2018) noted that 

nut yield was significantly maximum in variety, BPP-8 (16.75 kg plant-1) while 

that of lowest in variety Jharagram-1(1.60kg plant) at 7th harvest.  

Roy et al. (2018) recorded maximum nut yield in cashew genotype BH-

85(15.7kg plant-1) and minimum in RP-3(1.4 kg plant-1). F1 progeny, C2-6 recorded 

maximum nut yield (4.5kg plant-1) during the period of evaluation (Sahoo, 2019). 

Highest nut yield was recorded in variety, M15/4 (4.30 kg plant-1) followed by H 68 

(4.10 kg /plant). Lowest yield was recorded in variety BPP30/1(2.25 kg plant-1) at the 

3rd year harvest. Cumulative nut yield (kg plant-1) of three harvest highest nut yield 

was recorded in variety, M 15/4 (9.20 kg plant-1) followed by H 68 (9.00 kg plant-1), 

while that of lowest in variety BPP 30/1(5.15 kg plant-1). Hence, these varieties have 

the potential of producing higher nut yield than rest of the evaluated varieties (Jha, 

2019). 

2.4 Heterosis 

Cavalcanti et al. (2007) revealed that kernel weight, nut weight, plant height 

and canopy diameter are under  strong  additive  genetic control and do not present 

heterosis. The heritability of number of nuts and yield were higher in the broad than in 

the narrow sense. This indicates dominance and heterosis of these traits should be 

adequately exploited in cashew breeding programmes. Therefore, the best-suited 

breeding method to exploit heterosis is reciprocal recurrent selection using individual 

crosses between parents with high mean genotypic performance and high specific 

combining ability. 

Sankaranarayan et al. (2015) performed an experiment with thirty genotypes 

of cashew and found that heterosis over 100% in three cross combinations. For vigour 
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index, the maximum relative heterosis of 62.80 was observed in cross combination M 

44/3 × PU6. The parents M 44/3, M 3/2 and M 33/3 were good general combiners of 

germination % while M 10/4 and M 33/3 were the good general combiners for vigour 

index. 

Sethi et al. (2016) reported that  hybrids viz. A-71, C-30, B-27 and C-41 

exhibited better heterosis in terms of nut weight (-0.27 to 19.68%), kernel weight 

(18.89 to 32.26%) and overall nut yield (15.51 to 30.70% ) than rest of the tested 

hybrids. Sahoo et al. (2019) revealed that F1 progeny, BH2-6 was found to be the best 

heterotic progeny for nut yield with respect to mid parent, better parent and standard 

check. For nut weight F1 progeny, BH-105 showed best relative heterosis and 

heterobeltiosis followed by F1 progeny, BH2-6 for shelling %, F1 progeny, BH-30 

exhibited best heterotsis over mid parent, whereas BH-19 recorded best for 

heterobeltiosis and standard heterosis. 

2.5 Genetic variability 

Lenka et al. (1999) noticed that traits like sex ratio, number of staminate 

flowers panicle-1, number of perfect flowers panicle-1 and nut yield plant-1 recorded 

high estimates of genotypic coefficient of variation (GCV), heritability and genetic 

gain (advance). The best contributors to nut yield were number of flowering panicles 

m-2, number of nuts panicle-1 and nut weight. Number of staminate flowers and perfect 

flowers recorded positive association with nut yield both at the genotypic and 

phenotypic levels.  

Sankarnaryanan and Ahmad Shah (1999) revealed high genotype estimates for 

nut yield (88.87), followed by number of perfect flowers (45.67) and fruit set panicle-

1 (30.93). The highest heritability was noted in average nut and 100 kernel weight 

(82.22), however, with much lower genetic advance over mean. Number of perfect 

flowers panicle-1 and number of fruits panicle-1, recorded the highest genetic gain of 

68.6 and 49.22 respectively with moderate heritability of 53.06 and 59.54 per cent 

respectively. 

Lenka et al. (2001) revealed that the important selection criteria for 

improvement of nut yield in the cashew were number of staminate and perfect flowers, 

number of nuts panicle-1, nut weight and nut yield plant-1.  High estimates of genotypic 

coefficients of variation (GCV), heritability and genetic advance were recorded for nut 

yield plant-1, number of staminate flowers panicle-1, number of perfect flowers panicle-

1 and number of nuts panicle-1 indicating their reliability for effecting selections for 
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high nut yield. Number of flower panicles-1, nut weight and number of nuts panicle-1 

were the best  contributors  to  nut  yield  and  further  number  of  staminate  flowers  

and  perfect flowers  showed  high  positive  association  with  nut  yield  both  at  

genotypic  and phenotypic levels.  

Reddy et al. (2002) recorded the genetic and phenotypic variation, heritability 

and genetic advance for yield and yield attributes. For number  of  nuts  panicle-1,  

percentage  of  flowering shoots m-2, nut yield, kernel yield, kernel weight, 100- nut  

weight,  fruit  weight  and  stem  girth high PCV was recorded.  While high GCV was 

registered for nut yield, kernel yield, number of nuts panicle-1, % of flowering shoots, 

number of flowering shoots m-2, kernel weight, 100-nut weight, fruit weight and % of 

hermaphrodite flowers. Very high heritability (broad sense) estimates were recorded 

for  the  number  of  flowering  shoots m-2,  panicle length, fruit weight, % of flowering 

shoots m-2, 100-nut  weight,  kernel  weight and stem girth. The number of flowering 

shoots m-2 showed high heritability with high genetic advance.  

Genetic analyses carried out in Australia, of the hybrids of  NDR2-1 × Guntur, 

Guntur X CJ 1, CJ 1 × Guntur, Guntur × 1-2-13, 2-310 × Guntur, 5-14-4 × Guntur and 

1-3-4 × Guntur, indicated that the nut yield and yield related traits had relatively higher 

heritability, suggesting scope for further improvement by breeding (Blaikie et al., 

2002). The nut count and its weight tree-1 contributing most towards the total 

divergence. The heritability and the genetic advance estimates showed clearly  that  

total  nut  yield  tree-1  can  be  improved  through  individual  tree selection (Faluyi, 

2006).  

Ghatge et al. (2009) recorded high estimates of genotypic coefficient of 

variation, heritability and genetic gain (advance) for number of staminate flowers 

panicle-1, number of perfect flowers panicle-1, sex ratio and nut yield plant-1. The  best 

contributors to nut yield were number of flowering  panicles m-2,  nut  weight  and  

number  of  nuts  panicle-1 . Ushavani and Jayalekshmy (2009) observed that number 

of perfect flowers m-2 and number of nuts m-2had high heritability. 

Dasmohapatra et al. (2012) noticed the existence of considerable amount of 

genetic variability for all the characters of cashew. The sex ratio exhibited highest 

values of GCV and PCV fallowed by nut yield (kg tree-1), nuts panicle-1; however nut 

weight  and  flowering  shoots  m-2 of  canopy  showed  moderate  GCV  and  PCV.  

High heritability values were noticed for sex ratio, nut yield (kg tree-1), nuts panicle-1, 

nut weight and flowering shoots m-2 canopy, inferring that nut yield and its related 
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traits are reliable parameters for enhancing yield in cashew.  High  values  of  

heritability coupled  with  high genetic  gain  were  observed  for  sex  ratio,  nut  yield  

(kg  tree-1)  and nuts  panicle-1 indicating  that  they  can  used  directly  for  selection  

in  improvement  of cashew. Sethi et al. (2016) during an investigation reported that 

PCV was higher than GCV for all  the traits, PCV and GCV for  plant  height  (11.63  

and  10.31),  trunk  girth (15.42  and  14.04),  canopy spread  (14.50  and  12.67  in  

North-South direction,  14.67  and  13.46  in  East-West direction),  nut  weight (18.74  

and  17.82),  cashew  apple  weight  (27.94  and  26.02), shelling  %  (4.98  and  3.11)  

and  nut  yield  (kg  plant-1)  (50.13  and  47.02)  and  high heritability estimates  coupled 

with high  genetic  gain as % of mean was observed  for nut  weight  (34  to  99),  nut  

yield  plant-1,  nuts  panicle-1 (42.22), cashew apple weight (50.06) and nut yield plant-

1 (90.96). 

Vikram et al. (2016) found that the phenotypic coefficients of variation were 

higher than the genotypic coefficients of variation for all the characters. Higher GCV 

was observed for number of nuts panicle-1, number of panicles m-2, apple volume, 

apple weight and yield tree-1. High PCV was recorded for plant height, crown size, 

number of panicles m-2, number of nuts per panicle, apple volume, apple weight and 

yield per tree. Plant height, crown size, number of panicles m-2, number of nuts panicle-

1, apple volume, apple weight, nut weight, nut length and yield tree-1 indicated higher 

genetic gain. Sethi et al. (2016) performed an experiment with 71 cashew genotypes, 

found that number of perfect flowers revealed maximum variability (CV=50.83%) 

followed by sex ratio, apple weight and nuts panicle-1. Studies  revealed  that  the  traits  

like  sex  ratio, nuts panicle-1, yield  plant-1  and nuts m-2 have high heritability, high 

genetic advance together with high GCV . Therefore, these traits should be selected  

for crop improvement.  In  contrast;  plant  height, canopy spread (E-W), total laterals 

m-2, nut weight, trunk girth, flowering laterals m-2, flowering duration, kernel weight 

and apple weight  showed high heritability, moderate genetic advance and moderate 

GCV; indicated improvement of these characters would be expected (Chandrasekhar 

M et al., 2017) .  
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MATERIALS AND METHODS 

In this chapter the materials which are used and the methods followed to 

complete the research study is broadly discussed. 

3.1 Experimental Site 

The present investigation entitled “Evaluation of cashew (Anacardium 

occidentale L.) genotypes under Bhubaneswar condition” was performed during the 

year 2019-2020 at Cashew Research Station (AICRP on cashew), Odisha University of 

Agriculture and Technology, Bhubaneswar. The site is situated about 7 km from the 

College of Agriculture, Bhubaneswar. The latitude of the site is 20°15’N and 85°52’E 

and altitude is 25.5 m. It experiences a coastal humid climate as it is very close to Bay 

of Bengal (60 km away). 

3.2 Climate 

Climate of the research station is characterized by warm moist climate with mild 

winter. The mean annual rainfall of the region was 1423.6 mm. Major portion of rainfall 

(85%) is received from June to October. The mean maximum temperature varied from 

28.4°C to 37.2°C and the mean minimum temperature varied from 15.6°C to 26.6°C. 

The mean relative humidity was 81.58%. Maximum relative humidity was recorded in 

August and September while lowest relative humidity was recorded from the month of 

February to April during the research study. The maximum and minimum bright 

sunshine hour (BSH) per day was 8.4 and 3.5 respectively. Maximum sunshine hour 

was recorded in the month February (8.4 hours) while minimum in July (3.5 hours). 

The meteorological data recorded monthly during the cropping season at 

meteorological observatory of Odisha University of Agriculture and Technology, 

Bhubaneswar is presented in Table 3.1. 
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Table 3.1. Weather data of Cashew Research Station, Bhubaneswar from June, 

2019 to May, 2020 

Month/Year Temperature 

(°C) 

Relative 

humidity 

(%) 

Rainfall 

(mm) 

No. of 

rainy 

days 

Bright 

sunshine 

hours Mean 

Max. 

Mean 

Min. 

June ,2019 35.5 26.6 90 144.6 9 6.4 

July, 2019 32.2 25.2 88 317 18 3.5 

August, 2019 31.6 25.1 90 389 19 4.1 

September, 2019 32.1 24.8 91 241 17 5 

October, 2019 32.2 23.0 87 127 9 7.2 

November, 2019 30.4 19.4 80 48 2 7.3 

December, 2019 28.4 15.6 78 9 1 8.2 

January, 2020 28.7 15.6 76 0 0 8.2 

February, 2020 31.4 18.7 72 27 2 8.4 

March, 2020 34.9 22.2 75 28 3 7.7 

April, 2020 36.9 25.0 75 26 3 8 

May, 2020 37.2 26.2 77 67 5 7.8 

Total / Mean 32.63 22.28 81.58 1423.6 7.33 6.82 

 

3.3 Experimental Details 

Fifteen Cashew genotypes (V1- BH-27, V2- BH-105, V3-BH2-6, V4-BH-30, V5-

BH-19, V6-RP-1, V7-RP-2, V8-VTH 711/4, V9-Kankadi, V10-M44/3, V11-BBSR-1, 

V12-BPP-8, V13-NRCC Sel-2, V14-Dhana, V15-H-320) were planted in Cashew 

Research Station, Odisha University of Agriculture and Technology, Bhubaneswar, 

Odisha during the year 2014 following statistical design Randomized Block Design 

(RBD) and the experiment was replicated twice. The layout of experimental plot is 

illustrated in Figure 3.2. 

Table 3.2: Cross details of tested cashew hybrids 

 
Hybrids Cross parents Hybrids Cross parents 

BH-27 RP-1 x VTH -711/4 BH2-6 RP- 2 x Kankadi 

BH-30 RP-2 x Kankadi BH-105 Bhubaneswar-1 x BPP-8 

BH-19 M-44/3 x VTH- 711/4   

 



 

 

Fig. 3.1 Mean of maximum and minimum temperature from June, 2019 to   

May,2020 

 

Fig. 3.2 Annual rainfall(mm) and no. of rainy days from June,2019 to May,2020 
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Fig. 3.3 Relative humidity from June,2019 to May,2020 

 

Fig. 3.4 Bright sunshine hour from June,2019 to May,2020 
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Figure 3.5 Layout of experimental plot 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.6 Field view of experimental plot
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3.4. Observation recorded 

3.4.1. Vegetative parameters 

3.4.1.1. Plant Height (m) 

For measuring the height of the plant from the ground level to the top of the 

tree vertically marked bamboo stick or PVC pole (in meters) were used. 

3.4.1.2. Trunk girth (cm) 

The circumference of the tree trunk was measured by using measuring tape 

(in centimetre) leaving 15 cm from the ground level. 

3.4.1.3. Canopy spread (m) 

Canopy spread was measured as average of two directions (East-West and 

North- South) spread which are being measured in meters using a measuring tape. 

3.4.1.4. Ground coverage by canopy (m2) 

Ground area covered by plant canopy was estimated by following formula 

Ground area covered by plant canopy = πr2 

Where, r = radius of canopy in meter (Canopy diameter/2= r) 

Canopy diameter = (length of canopy in E-W direction + length of canopy in 

N-S direction) 

3.4.2. Yield attributing Characters 

3.4.2.1. Sex Ratio 

Number of hermaphrodite and staminate flowers appearing in each of the four 

panicles selected in all the directions are counted and removed from the panicles 

every alternate day. Sex ratio was recorded till the end of flowering period. Mean of 

hermaphrodite flowers and staminate flowers per panicle is determined. The sex ratio 

was obtained by dividing mean number of bisexual flowers with the total number of 

flowers. 

3.4.2.2. Number of nuts panicle-1 

Ten inflorescences were selected during the peak fruiting stage from each 

genotype in all directions and number of nuts per panicle were counted.  

3.4.2.3. Nut weight (g) (Mean of 50 nuts) 

From selected genotype 50 raw cashew nuts were collected for drying in sun 

for 2-3 days. Weight of 50 nuts was recorded in grams. Mean weight of one cashew 

nut was obtained by dividing the total weight of nuts by number of nuts. 

3.4.2.4. Apple weight (g) (Mean of 10 apple) 
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From the individual tree 10 ripened cashew apples was collected and their 

weight was calculated in grams. Mean weight of one cashew apple was taken out by 

dividing the total weight of apples by number of apples. 

3.4.2.5. Shelling %(Mean of 50 nuts) 

From the selected varieties about 50 raw cashew nuts were taken and sundried 

for about 2-3 days. To shell these nuts shelling machine was used and weight was 

recorded in grams. Then the ratio of kernel weight and number of nuts was calculated 

and multiplied by 100 to get shelling %. 

3.4.2.6. Nut yield (kg plant-1) 

Total weight of raw cashew nuts obtained from each of the plants during the 

entire season, was calculated in kilogram and was expressed as nut yield plant-1 in 

kilogram. 

3.5 Statistical analysis 

The above mentioned traits were statistically evaluated in a randomized block 

design (RBD) by the methods given by Panse and Sukhatme (1985). Observations 

on ten parameters were recorded for variability and other genetic parameters in 

relation to yield attributing characters and nut yield. 

3.5.1. Analysis of variance 

The variance was evaluated at 5% level of significance. Standard errors of 

mean and critical difference (0.05) were calculated for comparing the mean value. 

The significance of difference between any two means tested through computation 

of critical difference (CD).  

The RBD analysis was done according to Yij  = μ + T1+βj+ eij i= 1, 2……… 

i = 1, 2… ............. r 

    Where: Yij = Yield corresponding to ith treatment in jth replication μ = General 

effect 

ti= Additional effect due to ith treatment 

∑ti= 0 

βjj = Additional effect due to jth replication, 

∑βj = 0 

eij= Random error component assumed to be independently normally distributed 

with mean zero and constant variance. 

Here, the null hypothesis is H0 (T1 = T2 =T3 ....................................... = Tv) i.e., all the 

treatments are equally effective against alternative hypothesis H1 (TI ≠T2 ≠T3≠ ≠ Tv) 
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Table 3.3: Analysis of variance (ANOVA) 

Source of 

variation 

Sum of 

squares 

Degrees 

of   

Freedom 

Mean Square F0 

 

Treatments SSTreatments 

 

a-1 
SS Treatments 

 

𝑎 − 1 

MSTreatments 

 

𝑎 − 1 
 

Blocks SSBlocks 

 

b-1 
SS Blocks 

 

𝑏 − 1 

 

 

Error SSE 

 

(a-1)(b-1) SSg 

 

(𝑎 − 1)(𝑏 − 1) 

 

 

Total 

 

SSr 

 

N-1 

  

 
 
Test statistics is F =    Tr. MS   Where, d.f. = (t-1), (r-1), (e-1) 

EMS 

Where, t = number of genotypes 

r = number of replications 

If calculated F is significant, i.e. H0 cannot be accepted, the testing of 

significant differences between individual treatments should be done, otherwise not. 

This can be done by computing critical differences (C.D) at 5% level of significance. 

Critical Difference 

To compare the means of various entries, we have to calculate the critical 

difference (C.D) by the formula given below. 

 

C.D = SE (diff.) × tα error d.f 

Where, SE (diff) = standard error of difference between treatments means to 

be compared and is equal to 

 

SE (diff) =   √
2𝐸𝑀𝑆

 

               𝑟 

With EMS as error mean sum of squares and ‘r’ as the number of replications and‘t’ 

as the tabulated value at 5% level of significance for the error degree of freedom. 
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Thus 
 
 

C.D = √
2𝐸𝑀𝑆

× t0.05, error d.f 

3.5.2. Heterosis 

Based on heterosis over mid parent (Relative heterosis), better parent 

(Heterobeltiosis) and standard variety (Standard heterosis) the selected cashew 

genotypes were evaluated for the yield attributing traits and nut yield tree-1 , using 

the following formula suggested by Briggle (1963) and Hayes et al. (1965). 

Relative heterosis =     𝐹1−𝑀P   100 

                                                   𝑀𝑃 

Heterobeltiosis     =    𝐹1−𝐵𝑃 𝑥 100 

                                             𝐵𝑃 

Standard heterosis = 𝐹1−𝐶𝑉 𝑥 100 

                                                           𝐶𝑉 

Where,  

F1 = Performance of F1 genotype 

BP = Better parent value 

CV = Check/standard variety 

MP = Mid parent value 

3.5.3. Co-efficient of variation 

For comparing the variability between two or more than two characters, co-

efficient of variation were calculated by using the formula given below 

C.V. = SD ×100 = √𝐸𝑀𝑆/𝑋×100 

             X    

Where, S.D. = standard deviation which is the square root of mean square due to 

error (EMS)  

X = Experimental mean   

From the structure of the analysis of variance  

Error variance = σe2 = ME 

Genotypic variance =σ2
g = MG - ME 

  r 

Phenotypic variance = σ2
p = MG = σ2

g + σ2
e 

 r  r  
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  The genotypic co-efficient of variation (GCV) and the phenotypic coefficient of 

variation (PCV) were calculated by the formula given by Burton (1952).  

       GCV=    
𝐆𝐞𝐧𝐨𝐭𝐲𝐩𝐢𝐜 𝐒𝐭𝐚𝐧𝐝𝐚𝐫𝐝 𝐃𝐞𝐯𝐢𝐚𝐭𝐢𝐨𝐧

𝐆𝐫𝐚𝐧𝐝 𝐌𝐞𝐚𝐧
   × 100 

       PCV=   
𝐏𝐡𝐞𝐧𝐨𝐭𝐲𝐩𝐢𝐜 𝐒𝐭𝐚𝐧𝐝𝐚𝐫𝐝 𝐃𝐞𝐯𝐢𝐚𝐭𝐢𝐨𝐧

𝐆𝐫𝐚𝐧𝐝 𝐌𝐞𝐚𝐧
 × 100 

3.5.4. Heritability (broad sense) 

The heritability estimates were used to measure the degree of correspondence 

between phenotypic value and breeding value. It is worked out by using the formula 

suggested by Lush (1949) and Burton and Devance (1953) and expressed in 

percentage according to Weber and Moorthy (1952).  

h2 (broad sense) = 
Genotypic variance

Phenotypic variance
 

h2 (broad sense in percentage) = 
Genotypic variance

Phenotypic variance
 × 100 

3.5.5. Genetic advance (GA) 

          GA = K. h2σp 

Where,   

K  =  Selection  differential  in  standard  units  (which is  2.06  per  5%  selection 

intensity).   

h2 = Heritability in broad sense  

σp = Phenotypic standard deviation   

GA expressed as percentage of mean =
GA

Mean
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RESULTS 

The results obtained from the present study entitled “Evaluation of Cashew               

(Anacardium occidentale L.) genotypes under Bhubaneswar condition” are assembled 

under following broad headings in this chapter. 

4.1 Vegetative growth parameters 

4.2 Yield attributing parameters  

4.3 Nut yield 

4.4 Heterosis 

4.5 Genetic variability 

4.1 Vegetative growth parameters 

4.1.1. Plant Height (m)  

From the Table 4.1.1 it is revealed that the plant height varied from 2.67m to 

5.25m. The maximum plant height was recorded by the cashew genotype BH-19 

(5.25m) followed by BH2-6 (5.15m) which were statistically at par. The lowest plant 

height was measured in the genotype Bhubaneswar-1 (2.67m). 

Table 4.1.1 Mean of plant height of tested cashew genotypes 

Genotypes Plant height (m) 

BH-27 3.70 

BH-30 4.32 

BH-19 5.25 

BH2-6 5.15 

BH-105 3.40 

Bhubaneswar-1 2.67 

RP-1 4.37 

RP-2 3.52 

M-44/3 3.45 

Kankadi 4.40 

VTH-711/4 4.30 

NRCC Sel.-2 3.45 

H-320 3.82 

Dhana 4.17 

BPP-8 3.37 

SEm(±) 0.17 

CD (P=0.05) 0.54 
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4.1.2. Trunk girth (cm) 

It is observed from the Table 4.1.2 that, maximum trunk girth was measured in 

the cashew genotype Kankadi (56.3 cm) closely followed by Dhana (55.2 cm) and BH-

19 (54.25 cm) which were statistically at par. Minimum trunk girth was recorded by 

the genotype NRCC Sel-2 (36.75 cm). 

Table 4.1.2 Mean of trunk girth of tested cashew genotypes 

Genotypes Trunk girth (cm) 

BH-27 44.15 

BH-30 49.50 

BH-19 54.25 

BH2-6 47.40 

BH-105 40.25 

Bhubaneswar-1 43.35 

RP-1 45.95 

RP-2 45.65 

M-44/3 41.35 

Kankadi 56.30 

VTH-711/4 47.50 

NRCC Sel.-2 36.75 

H-320 37.40 

Dhana 55.20 

BPP-8 49.05 

SEm(±) 1.22 

CD (P=0.05) 3.71 

 

4.1.3 Canopy spread (East-West) (m) 

From the Table 4.1.3 canopy spread in East-West (E-W) direction revealed 

differences among the tested cashew genotypes. The genotype, VTH-711/4 (5.6m) 

recorded maximum canopy spread in East-West direction followed by Kankadi 

(5.55m), BH-30 (5.42m), BH-19(5.37m) and RP-2(5.15m). Minimum canopy spread 

in East-West direction was observed in genotype M-44/3 (3.02 m). 
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Table 4.1.3 Mean of canopy spread (E-W) of tested cashew genotypes 

Genotypes Canopy spread (E-W)(m) 

BH-27 3.70 

BH-30 5.42 

BH-19 5.37 

BH2-6 4.35 

BH-105 3.42 

Bhubaneswar-1 4.20 

RP-1 4.35 

RP-2 5.15 

M-44/3 3.02 

Kankadi 5.55 

VTH-711/4 5.60 

NRCC Sel.-2 4.45 

H-320 3.25 

Dhana 4.62 

BPP-8 4.50 

SEm(±) 0.22 

CD (P=0.05) 0.67 

 

4.1.4. Canopy spread (North-South) (m)  

From the Table 4.1.4 it is revealed that canopy spread in North-South(N-S) 

direction was recorded maximum by the cashew genotype BH-19 (6.25 m) followed 

by Dhana (6.17m) which were statistically at par. Minimum canopy spread in North-

South direction was measured in genotype H-320 (3.2 m). 
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Table 4.1.4 Mean of canopy spread (N-S) of tested cashew genotypes 

Genotypes Canopy spread (N-S)(m) 

BH-27 3.25 

BH-30 4.30 

BH-19 6.25 

BH2-6 4.05 

BH-105 4.30 

Bhubaneswar-1 3.50 

RP-1 5.20 

RP-2 4.00 

M-44/3 4.15 

Kankadi 5.45 

VTH-711/4 4.30 

NRCC Sel.-2 3.60 

H-320 3.20 

Dhana 6.17 

BPP-8 4.35 

SEm(±) 0.16 

CD (P=0.05) 0.51 

 

4.1.5 Ground coverage by canopy (m2) 

Ground coverage by canopy (GCC) recorded in different cashew genotypes 

exhibited significant differences during the period of investigation (Table 4.1.5). 

Significantly maximum GCC was recorded in genotype BH-19 (26.54 m2) followed 

by Kankadi (23.76m2) and Dhana (22.89m2) while the minimum GCC was recorded 

in genotype, H-320 (8.20 m2). 
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Table 4.1.5 Mean of ground coverage by canopy of tested cashew genotypes 

Genotypes Ground coverage by canopy (m2) 

BH-27 9.48 

BH-30 18.56 

BH-19 26.54 

BH2-6 13.84 

BH-105 11.73 

Bhubaneswar-1 11.63 

RP-1 17.93 

RP-2 16.43 

M-44/3 10.10 

Kankadi 23.76 

VTH-711/4 19.23 

NRCC Sel.-2 12.47 

H-320 8.20 

Dhana 22.89 

BPP-8 15.38 

SEm(±) 0.96 

CD (P=0.05) 2.91 

 

4.2 Yield attributing parameters 

4.2.1. Sex ratio 

 A perusal of Table 4.2.1 revealed significant differences among the genotypes 

with respect to sex ratio. Maximum sex ratio was recorded in genotypes M-44/3 

(0.38) followed by RP-1 (0.29) and BH2-6 (0.29) while minimum sex ratio was 

recorded in genotype, Kankadi (0.10). 
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Table 4.2.1 Mean of sex ratio of tested cashew genotypes 

Genotypes Sex ratio  

(Number of hermaphrodite flowers : total 

number of flowers) 

BH-27 0.19 

BH-30 0.27 

BH-19 0.23 

BH2-6 0.29 

BH-105 0.21 

Bhubaneswar-1 0.28 

RP-1 0.29 

RP-2 0.17 

M-44/3 0.38 

Kankadi 0.10 

VTH-711/4 0.13 

NRCC Sel.-2 0.18 

H-320 0.15 

Dhana 0.17 

BPP-8 0.19 

SEm(±) 0.01 

CD (P=0.05) 0.04 

 

4.2.2. Nuts panicle-1 

Data recorded on number of nuts panicle-1 (Table 4.2.2) revealed that 

maximum nuts were counted in genotype RP-1 (15.65) closely followed by RP-2 

(15.55) which were statistically at par. The lowest nuts panicle -1 was recorded in 

cashew genotype Kankadi (1.0). 
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Table 4.2.2 Mean of nuts panicle-1 of tested cashew genotypes 

Genotypes Nuts panicle-1 

BH-27 4.16 

BH-30 5.90 

BH-19 5.75 

BH2-6 5.90 

BH-105 5.25 

Bhubaneswar-1 7.35 

RP-1 15.65 

RP-2 15.55 

M-44/3 6.90 

Kankadi 1.00 

VTH-711/4 2.00 

NRCC Sel.-2 5.90 

H-320 5.05 

Dhana 5.65 

BPP-8 4.25 

SEm(±) 0.31 

CD (P=0.05) 0.93 

 

4.2.3. Nut weight (g) 

The result obtained on average nut weight presented in Table 4.2.3 revealed 

that the highest nut weight was recorded in genotype VTH-711/4 (13.22g) followed 

by Kankadi (11.96g) while minimum nut weight was recorded in genotype RP-2 

(5.17 g). The genotypes which recorded > 7.0g nut are Kankadi ( 11.96g),  BH-19 

(8.31g), BH-27(8.13g), BH-105(7.75g), BPP-8(7.67g), Dhana(7.5g) and H-

320(7.3g). 
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Table 4.2.3 Mean of nut weight of tested cashew genotypes 

Genotypes Nut weight (g) 

BH-27 8.13 

BH-30 6.80 

BH-19 8.31 

BH2-6 8.05 

BH-105 7.75 

Bhubaneswar-1 6.01 

RP-1 5.22 

RP-2 5.17 

M-44/3 5.62 

Kankadi 11.96 

VTH-711/4 13.22 

NRCC Sel.-2 7.41 

H-320 7.30 

Dhana 7.50 

BPP-8 7.67 

SEm(±) 0.29 

CD (P=0.05) 0.89 

 

4.2.4. Apple weight (g) 

The result obtained on average apple weight presented in Table 4.2.4 revealed 

that the highest apple weight was recorded in genotype Kankadi (101.50g) followed 

by VTH-711/4 (92.0g) while minimum apple weight was measured in genotype 

Dhana (29.0 g). 
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Table 4.2.4 Mean of apple weight of tested cashew genotypes 

Genotypes Apple weight (g) 

BH-27 51.50 

BH-30 42.50 

BH-19 44.50 

BH2-6 50.00 

BH-105 47.00 

Bhubaneswar-1 41.00 

RP-1 29.50 

RP-2 36.00 

M-44/3 33.50 

Kankadi 101.50 

VTH-711/4 92.00 

NRCC Sel.-2 51.50 

H-320 41.50 

Dhana 29.00 

BPP-8 54.15 

SEm(±) 1.63 

CD (P=0.05) 4.95 

 

4.2.5. Shelling % 

Shelling % of tested cashew genotypes varied from 23.5% (Kankadi) to 32.2% 

(Bhubaneswar-1) among the tested cashew genotype. Bhubaneswar-1(32.2%) 

recorded highest shelling followed by RP-2 (32.05%) which were statistically at par. 

The genotypes which recorded shelling above 30.0% are NRCC-Sel-2 (30.06%), BH-

19 (30.35%), VTH-711/4 (30.50%), RP-1 (30.53%), BH-30 (30.78%) and BH2-6 

(31.07%) (Table 4.2.5). 
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Table 4.2.5 Mean of shelling % of tested cashew genotypes 

Genotypes Shelling % 

BH-27 29.38 

BH-30 30.78 

BH-19 30.35 

BH2-6 31.07 

BH-105 29.14 

Bhubaneswar-1 32.22 

RP-1 30.53 

RP-2 32.05 

M-44/3 28.52 

Kankadi 23.50 

VTH-711/4 30.50 

NRCC Sel.-2 30.06 

H-320 28.75 

Dhana 29.45 

BPP-8 28.67 

SEm(±) 0.36 

CD (P=0.05) 1.10 

 

4.3  Nut yield (kg plant-1 at 4th harvest)  

A perusal of Table 4.3 revealed significant differences among the genotypes with 

respect to nut yield (kg plant-1). Significantly maximum nut yield was recorded in 

genotypes BH2-6 (8.25kg plant-1). Minimum nut yield was recorded in genotype, 

Kankadi (1.37 kg plant-1). Other genotypes which recorded nut yield above 6 kg plant-

1 are BH-30(6.25kg plant-1), RP-2(6.25kg plant-1), BPP-8(6.25kg plant-1), Dhana 

(6.30kg plant-1), BH-19(7.45kg plant-1) and BH2-6(8.25kg plant-1). Similarly, genotype 

BH2-6 recorded maximum cum. nut yield (18.45kg plant-1) followed by BH-

19(16.48kg plant-1) and Dhana (14.35 kg plant-1). 
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Table 4.3 Mean of annual nut yield (at 4th harvest) of tested cashew genotypes  

Genotypes Yield (kg plant-1at 4th 

harvest) 

Cum. nut yield 

(kg tree-1) (for 4 

harvests) 

BH-27 5.30 10.48 

BH-30 6.23 12.92 

BH-19 7.45 16.48 

BH2-6 8.25 18.45 

BH-105 5.75 12.81 

Bhubaneswar-1 5.40 12.36 

RP-1 5.20 11.8 

RP-2 6.20 13.41 

M-44/3 3.28 10.33 

Kankadi 1.37 2.18 

VTH-711/4 3.25 4.24 

NRCC Sel.-2 5.20 10.22 

H-320 2.40 6.03 

Dhana 6.30 14.35 

BPP-8 6.24 13.87 

SEm(±) 0.20 - 

CD (P=0.05) 0.63 - 

 

4.4  Heterosis 

The results on heterosis for the yield attributing parameters viz.  nut weight, 

shelling% and nut yield are presented in the Table 4.4.1 to 4.4.3.  

4.4.1 Heterosis for nut weight (g) 

Relative heterosis, heterobeltiosis and standard heterosis estimates for nut 

weight is presented in Table 4.4.1. 

The magnitude of heterosis for nut weight over mid parent ranged between  

(-) 20.56% (BH-30) to 13.30% (BH-105). The heterobeltiosis ranged from -43.14% 

(RP-2) to 1.04% (BH-105) and standard heterosis ranged from -11.34% (BH-30) to 

8.34% (BH-19). Genotype BH-105 exhibited maximum positive relative heterosis 

(13.30) and heterobeltiosis (1.04) among the tested hybrids. Positive standard heterosis 

was recorded by all the tested cashew hybrids except the genotype BH-30 which  



 

 

Six years old plant of cashew hybrid BH2-6      Fruiting of mother plant of cashew  

    hybrid BH2-6 

 

                  Bearing nuts in cluster          Nuts of hybrid BH2-6 

 

 
    Apple of cashew hybrid BH2-6 

Fig. 4.1 Performance of the best hybrid BH2-6  

                

Kernel of cashew hybrid BH2-6 
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recorded negative standard heterosis (-11.34) during evaluation. Hybrid BH-19 

recorded maximum standard heterosis (8.34) followed by BH-27(5.99) and BH2-6 

(4.95).  

Table 4.4.1 Heterosis for nut weight of tested cashew hybrids 

Hybrids Relative heterosis Heterobeltiosis Standard heterosis 

BH-27 -11.82 -38.50 5.99 

BH-30 -20.56 -43.14 -11.34 

BH-19 -11.78 -37.14 8.34 

BH2-6 -5.95 -32.69 4.95 

BH-105 13.30 1.04 1.04 

*Nut weight of standard variety :7.67g 

4.4.2 Heterosis for Shelling % 

Relative heterosis, heterobeltiosis and standard heterosis estimates for shelling 

% is presented in Table 4.4.2. 

Relative heterosis for shelling % ranged from minimum -4.27% (BH-105) to 

maximum 11.88% (BH 2-6). Hybrids BH2-6 (11.88%) recorded maximum relative 

heterosis followed by hybrid BH-30 (10.83%) and BH-19 (2.84%). Negative 

heterobeltiosis was recorded for all the tested genotype which varied from -9.55(BH-

105) to -0.49(BH-19) for shelling. The magnitude of standard heterosis for shelling % 

ranged from minimum 1.63% (BH-105) to maximum 8.37% (BH2-6). 

 

Table 4.4.2 Heterosis for shelling % of tested cashew hybrids 

Hybrids Relative heterosis Heterobeltiosis Standard heterosis 

BH-27 -3.70 -3.76 2.47 

BH-30 10.83 -3.96 7.35 

BH-19 2.84 -0.49 5.85 

BH2-6 11.88 -3.05 8.37 

BH-105 -4.27 -9.55 1.63 

*Shelling % of standard variety: 28.67 
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4.4.3 Heterosis for nut yield (kg plant-1) 

Relative heterosis, heterobeltiosis and standard heterosis estimates for nut yield 

is presented in Table 4.4.3. 

The magnitude of relative heterosis for nut yield ranged from minimum-1.20% 

(BH-105) to maximum 129.23% (BH-19). The magnitude of heterobeltiosis was 

recorded minimum in hybrid BH-105(-8.0) and maximum in cashew hybrid BH-

19(96.05%). Standard heterosis for the tested hybrids ranged from minimum -15.2% 

(BH-27) to maximum 32% (BH2-6). Regarding standard heterosis hybrids BH2-6 

recorded maximum (32.00%) while genotype BH-27 recorded the minimum value (-

15.20%).  

Table 4.4.3 Heterosis for nut yield of tested cashew genotypes 

Hybrids Relative heterosis Heterobeltiosis Standard heterosis 

BH-27 25.59 1.92 -15.20 

BH-30 64.04 0.00 0.00 

BH-19 129.23 96.05 19.20 

BH2-6 116.53 32.00 32.00 

BH-105 -1.20 -8.00 -8.00 

*Nut yield of standard variety: 6.25 kg plant-1 

On the basis of above presented data (Table 4.4.1 to 4.4.3), superior genotypes 

for nut weight, shelling % and nut yield were identified. For nut weight BH-19 hybrid 

exhibited best standard heterosis. For shelling % and nut yield BH2-6 was identified as 

superior genotype over standard check while, BH-19 exhibited best heterobeltiosis for 

nut yield. So, this genotypes may be evaluated further (up to 6th harvest as per variety 

release norm in cashew) before recommendation for commercial cultivation in the state. 

4.5 Genetic variability 

Data presented in Table 4.5.1 to Table 4.5.3 represent the genotypic coefficient 

of variance, phenotypic coefficient of variance, heritability %, genetic advance and 

genetic advance value (as % mean) for eleven parameters of fifteen tested genotypes. 

4.5.1. Genotypic and Phenotypic coefficient of variance 

Wide range of variation were seen both in phenotypic and genotypic coefficient 

of variation among all the component parameters of cashew genotypes. Table 4.5.1 

clearly shows that phenotypic coefficient of variance was higher than the genotypic 

coefficient of variance for all the parameters. The phenotypic and genotypic coefficient 
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of variance ranges from minimum 13.28% and 12.74% in trunk girth to maximum in 

63.81% and 63.45% in nuts panicle-1 respectively. The other traits which recorded high 

phenotypic co-efficient of variation(PCV) and genotypic co-efficient of variation 

(GCV) are apple weight (41.85% & 41.59%), nut yield (36.37% & 35.92%), ground 

coverage by canopy (35.41% & 34.36%) and sex ratio (34.62% & 32.94%). 

Table 4.5.1 Genotypic and phenotypic coefficient of variations of different 

component characters in cashew 

Characters Genotypic coefficient 

of variation 

(GCV) 

Phenotypic coefficient of 

variation 

(PCV) 

Plant height(m) 17.07 18.23 

Trunk girth(cm) 12.74 13.28 

Canopy spread (E-W)(m) 18.27 19.60 

Canopy spread (N-S)(m) 21.45 22.13 

Ground coverage by 

canopy(m2) 

34.36 35.41 

Sex ratio 32.94 34.62 

No. of nuts panicle-1 63.45 63.81 

Nut weight(g) 28.63 29.14 

Apple weight(g) 41.59 41.85 

Shelling % 6.81 7.03 

Nut yield(kg plant-1) 35.92 36.37 

 

4.5.2. Heritability % 

Heritability estimates were recorded high for parameters like nuts panicle-1 

(98.85%), apple weight (98.76%), nut yield (97.53%), nut weight (96.55%). Other 

parameters which recorded moderate heritability % were ground coverage of canopy 

(94.13%), canopy spread (N-S) (93.98%), shelling % (93.91%) and trunk girth 

(92.02%). Canopy spread (E-W) (86.86%) recorded the lowest heritability among the 

eleven parameters. 

 

 

 

 



34 
 

Table 4.5.2 Heritability % of different component characters in cashew 

Characters Heritability % 

Plant height(m) 87.66 

Trunk girth(cm) 92.02 

Canopy spread (East-West)(m) 86.86 

Canopy spread (North-South)(m) 93.98 

Ground coverage of canopy(m2) 94.13 

Sex ratio 90.57 

No. of nuts panicle-1 98.85 

Nut weight(g) 96.55 

Apple weight(g) 98.76 

Shelling % 93.91 

Nut yield(kg plant-1) 97.53 

 

4.5.3. Genetic advance and Genetic advance (as % mean) 

Estimation of genotypic and phenotypic coefficient of variation revealed a wide 

range of variation for component character in cashew. The genetic advance ranged from 

0.14 in sex ratio to 42.3 in apple weight. The parameters which exhibited high genetic 

advance were trunk girth (11.65), GCC (10.91) and nuts panicle-1 (8.34). Rest of the 

traits such as plant height (1.30), canopy spread (East-West) (1.56), canopy spread 

(North-South) (1.88), nut yield (3.79), shelling% (4.03) and nut weight (4.48) expressed 

low value for genetic advance. 

Similarly, the genetic advance (as % mean) was varied from as low as 13.60 in 

shelling % to as high as 129.95 in nuts/panicle. Other traits which showed moderate 

genetic advance (as % mean) were apple weight (85.15%), nut yield (73.08%), GCC 

(68.68%), sex ratio (64.59%) and nut weight (57.96) (Table 4.5.3).   

Studies on variations and genetic parameters from the above mentioned data 

(Table 4.5.1 to 4.5.3) revealed that traits like nuts panicle-1, apple weight, nut yield, 

GCC, sex ratio and nut weight showed high heritability coupled with high PCV & GCV, 

genetic advance and genetic gain as % of mean. So, the genotypes, RP-1, Kankadi, VTH-

711/4, BH2-6, BH-19 and M-44/3 may be selected for future breeding programme in 

cashew.  
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Table 4.5.3 Genetic advance and Genetic advance (as % mean) of different 

component characters in cashew 

Characters Genetic advance Genetic advance(as % mean) 

Plant height(m) 1.303 32.92 

Trunk girth(cm) 11.65 25.19 

Canopy spread (E-

W)(m) 

1.56 35.08 

Canopy spread (N-S)(m) 1.88 42.84 

Ground coverage by 

canopy(m2) 

10.91 68.68 

Sex ratio 0.14 64.59 

No. of nuts panicle-1 8.34 129.95 

Nut weight(g) 4.48 57.96 

Apple weight(g) 42.30 85.15 

Shelling % 4.03 13.60 

Nut yield(kg plant-1) 3.79 73.08 
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DISCUSSION 

Cashew is the major edible tree nut with increasing demand in the global market. 

The nut and the fruit, both have multiple uses thus, the cashew producing countries are 

focusing more on boosting the production. Cashew has very important role in India’s 

economy as India leads in consumption and second largest producer and exporter in the 

world (FAOSTAT, 2017). Cashew is a potential crop in Odisha as farmers are widely 

adopting cultivation of cashew due to its valuable nut. Considering the importance of 

cashew in Odisha’s economy, an attempt was made to evaluate the fifteen cashew 

genotypes under Bhubaneswar’s agro-climatic condition. The results presented in the 

previous chapter under different sections are discussed here in this chapter. 

5.1 Vegetative parameters  

Vegetative parameters such as plant height, trunk girth, canopy spread and 

ground coverage of canopy were found statistically significant among the fifteen tested 

cashew genotypes. It is revealed from the Table 4.1.1 that the plant height varied from 

minimum 2.67m (Bhubaneswar-1) to maximum 5.25m (BH-19). Genotype, Kankadi 

(56.3 cm) recorded maximum trunk girth closely followed by Dhana (55.2 cm) and BH-

19 (54.25 cm) which were statistically at par. Minimum trunk girth was recorded by 

the genotype NRCC Sel-2 (36.75 cm) (Table 4.1.2). The canopy spread were found 

statistically significant among the fifteen tested cashew genotypes in both the directions 

i.e. East-West (E-W) and North-South (N-S). Canopy spread in East-West direction 

ranges from 3.02m in genotype M-44/3 to 5.60m in genotype, VTH-711/4 (Table 

4.1.3). From the Table 4.1.4, it is revealed that canopy spread in North-South direction 

was recorded minimum in genotype H-320 (3.2m) and maximum in the genotype BH-

19 (6.25 m).  Ground coverage of canopy (GCC) were found statistically significant in 

different cashew genotypes. Maximum GCC was recorded in genotype BH-19 (26.54 

m2), while the minimum GCC was recorded in genotype, H-320 (8.20m2) (Table 4.1.5). 

Similar differences in vegetative growth parameters in cashew was also reported by 

Tripathy et al. (2015), Mohapatra et al. (2017), Roy et al. (2018), Chandrasekhar et al. 

(2018), Jha (2019) and Sahoo et al. (2019). The variations in vegetative growth 

parameters in different cashew genotypes may be due to genetic as well as 

environmental effect. Response of cashew genotypes to different cultural practices 

followed during the crop growth period also influence the vegetative growth parameters 

in cashew.     
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5.2 Yield attributing parameters and nut yield 

The data recorded on sex ratio revealed significant wide variations among the 

cashew genotypes (Table 4.2.1). Maximum sex ratio was recorded in genotypes M-44/3 

(0.38) followed by RP-1 (0.29) and BH2-6 (0.29) while minimum sex ratio was 

recorded in genotype, Kankadi (0.10). Sreenivas et al. (2016) revealed that sex ratio 

ranged from 0.11 in genotype H-328 to 0.17 in genotype H-303 & H-338. Data recorded 

on number of nuts panicle-1 revealed that maximum nuts were counted in genotype RP-

1 (15.65) closely followed by RP-2 (15.55) which were statistically at par. The lowest 

nuts panicle-1 was recorded in cashew genotype Kankadi (1.0) (Table 4.2.2). Maximum 

nut weight was recorded in genotype VTH-711/4 (13.22g) while, minimum nut weight 

was recorded in RP-2 (5.17g) (Table 4.2.3). The result obtained on average apple 

weight presented in Table 4.2.4 revealed that the highest apple weight was recorded in 

genotype Kankadi (101.50g) followed by VTH-711/4 (92.0g) while minimum apple 

weight was measured in genotype Dhana (29.0g). Shelling % of tested cashew 

genotypes varied from 23.5% (Kankadi) to 32.2% (Bhubaneswar-1) among the tested 

cashew genotype (Table 4.2.5). Similar variations with regards to nuts panicle-1, nut 

weight, apple weight and shelling % were reported by Sethi et al. (2015), 

Venkataramana et al. (2015), Paikra (2016), Gajbhiye et al. (2018) and Mog & Nayak 

(2018). Sex ratio, nut panicle-1, apple weight and shelling % are the varietal traits which 

are also greatly influence by weather parameters. Nuts panicle-1 and nut weight are 

inversely proportional to each other in cashew. The cashew genotype(s) which has 

medium nut weight (8.0 to 10.0g), 6 to 8 numbers of nuts panicle-1 and high nut yield 

(10 kg plant-1 at 6th harvest) are preferred for commercial cultivation. 

Yield is the ultimate target of any varietal evaluation programme. In cashew, 

nut yield is the produce of commerce. In the present investigation it is revealed that 

(Table 4.3) genotype, BH2-6 (8.25 kg) recorded significantly maximum nut yield 

among the tested genotypes at 4th harvest (6 years old plant).  This genotype also 

recorded the maximum cumulative nut yield (18.45 kg plant-1) at 4 harvest among the 

tested genotypes which indicates that the genotype BH2-6 is showing consistency in 

production of nuts over the years. It seems the genotype has the stability in yield 

performance over different environments. Hence, it is suggested to evaluate the 

genotype till 6th harvest before release for commercial cultivation in the state. 

Genotypes which recorded nut yield above 6.0 kg plant-1 are BH-19 (7.45kg plant-1), 

Dhana (6.30kg plant-1), BH-30 (6.25kg plant-1), RP-2 (6.25kg plant-1) and BPP-8 

(6.25kg plant-1). Similar variations in mean annual nut yield were reported by Dadzie 

et al. (2014), Tripathy et al. (2015), Reddy et al. (2015) and Roy et al. (2018). This 
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variation in nut yield may be due to the difference in genetic potential among the 

genotypes, influence of weather parameters and cultural practices followed during the 

crop growth stage. 

5.3 Heterosis 

In the present investigation, superior genotypes for nut weight, shelling % and 

nut yield were identified. For nut weight, BH-19 hybrid exhibited best standard 

heterosis. For shelling % and nut yield BH2-6 was identified as superior genotype over 

standard check while, BH-19 exhibited best heterobeltiosis for nut yield. This is in 

accordance with the findings of Cavalcanti et al. (2007), Sankarnarayan et al. (2015), 

Sethi et al. (2016) and Sahoo et al. (2020). 

5.4 Genetic variability 

For efficient selection of superior genotype from the base population it is 

important to have knowledge about genetic variability. The present result stated that the 

eleven traits of fifteen genotypes of cashew showed significant variations which denote 

the presence of abundant genetic variability in the tested genotypes. Table 4.5.1 clearly 

shows that phenotypic coefficient of variance and genotypic coefficient of variance 

ranges from minimum 13.28% and 12.74% in trunk girth to maximum in 63.81% and 

63.45% in nuts panicle-1 respectively. The other traits which recorded high PCV and 

GCV are apple weight (41.85% & 41.59%), nut yield (36.37% & 35.92%), GCC 

(35.41% & 34.36%) and sex ratio (34.62% & 32.94%). Heritability estimates were 

recorded high for parameters like nuts panicle-1 (98.85%), apple weight (98.76%), nut 

yield (97.53%), nut weight (96.55%). Canopy spread (E-W) (86.86%) recorded the 

lowest heritability among the eleven parameters. The genetic advance ranged from 0.14 

in sex ratio to 42.3 in apple weight. The parameters which exhibited high genetic 

advance were trunk girth (11.65), GCC (10.91) and nuts panicle-1 (8.34). Similarly, the 

genetic advance (as % mean) was varied from as low as 13.60 in shelling % to as high 

as 129.95 in nuts panicle-1 (Table 4.5.3). Thus, traits like nuts panicle-1, apple weight, 

nut yield, GCC, sex ratio and nut weight showed high heritability along with high PCV 

and GCV, genetic advance and genetic gain as % of mean. So, the genotypes, RP-1, 

Kankadi, VTH-711/4, BH2-6, BH-19 and M-44/3 may be selected for future breeding 

programme in cashew. Results of the present study corroborates with the findings of 

Lenka et al. (2001), Reddy et al. (2002), Faluyi(,2006), Ghatge et al. (2009), Ushavani 

and Jayalekshmy (2009), Dasmohapatra et al.(2012), Vikram et al. (2016) and Sethi et 

al. (2016). 
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SUMMARY AND CONCLUSION 

The major cause of low productivity of cashew in India as well as in Odisha 

is the use of non-descriptive planting materials. The present investigation was 

therefore undertaken for identification of high yielding cashew genotypes suitable 

for cultivation under the agro-climatic condition of Odisha. 

The salient findings arising from the present investigation are as follows.  

 The plant height was recorded maximum in cashew genotype BH-19 (5.25m) 

while minimum in genotype Bhubaneswar-1 (2.67 m). 

 The maximum trunk girth was measured in the cashew genotype, Kankadi 

(56.3 cm). Minimum trunk girth was recorded by the genotype, NRCC Sel-2 

(36.75 cm). 

 In East-West direction canopy spread was recorded maximum in genotype, 

VTH-711/4 (5.6m) while minimum in genotype M-44/3 (3.02 m). 

 Significantly maximum canopy spread in North-South direction was recorded 

by the cashew genotype BH-19 (6.25 m) followed by Dhana (6.17m) which 

were statistically at par. Minimum canopy spread in North-South direction 

was measured in genotype H-320 (3.2 m). 

 Significantly maximum ground coverage by canopy (GCC) was recorded in 

genotype BH-19 (26.54 m2) followed by Kankadi (23.76m2) and Dhana 

(22.89m2) while the minimum GCC was recorded in genotype, H-320 (8.20 

m2). 

 Sex ratio was recorded maximum in genotypes M-44/3 (0.38) while 

minimum in genotype, Kankadi (0.10). 

 Maximum nuts panicle-1 were counted in genotype RP-1 (15.65) closely 

followed by RP-2 (15.55) which were statistically at par. The lowest nuts 

panicle -1 was recorded in cashew genotype Kankadi (1.0).  

 Highest nut weight was recorded in genotype VTH-711/4 (13.22g) followed 

by Kankadi (11.96g) while minimum nut weight was measured in genotype 

RP-2 (5.17g). 
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 The highest apple weight was recorded in genotype Kankadi (101.50g) 

followed by VTH-711/4 (92.0g) while minimum apple weight was measured 

in genotype Dhana (29.0 g). 

 Genotype, Bhubaneswar-1(32.2%) recorded highest shelling % while 

genotype Kankadi (23.5%) recorded the minimum shelling %.  

 Significantly maximum nut yield was recorded in genotypes BH2-6 (8.25 kg 

plant-1) while minimum nut yield was recorded in genotype, Kankadi (1.37 

kg/plant) at 4th harvest. 

 Similarly, genotype BH2-6 recorded maximum cum. nut yield (18.45kg plant-

1) followed by BH-19(16.48kg plant-1) and Dhana(14.35 kg plant-1). 

 The magnitude of relative heterosis for nut weight ranged between -20.56% 

(BH-30) to 13.30% (BH-105).   

 The heterobeltiosis for nut weight ranged from -43.14% (RP-2) to 1.04% 

(BH-105) while standard heterosis ranged from -11.34% (BH-30) to 8.34% 

(BH-19).  

 Relative heterosis for shelling % ranged from -4.27% (BH-105) to 11.88% 

(BH2-6).  

 Negative heterobeltiosis was recorded for all the tested genotype which 

varied from 9.55(BH-105) to -0.49 (BH-19). 

 The magnitude of standard heterosis for shelling % ranged from minimum 

1.63% (BH-105) to maximum 8.37% (BH2-6). 

 The magnitude of relative heterosis for nut yield ranged from minimum -

1.20% (BH-105) to maximum 96.05% (BH-19).  

 The magnitude of heterobeltiosis for nut yield ranged between -8% (BH-105) 

to 129.23% (BH-19).  

 Standard heterosis ranged between -15.2% (BH-27) to 32% (BH 2-6).  

 For shelling % and nut yield BH2-6 was identified as superior genotype over 

standard check while, BH-19 exhibited best heterobeltiosis. 

 The phenotypic and genotypic coefficient of variance ranges from minimum 

13.28% and 12.74% in trunk girth to maximum in 63.81% and 63.45% in 

nuts/panicle respectively.  

 Heritability estimates were recorded high for parameters like nuts/panicle 

(98.85%), apple weight (98.76%), nut yield (97.53%), nut weight (96.55%). 
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 Canopy spread (E-W) (86.86%) recorded the lowest heritability among the 

eleven parameters. 

 The genetic advance ranged from 0.14 in sex ratio to 42.3 in apple weight. 

The parameters which exhibited high genetic advance were trunk girth 

(11.65), GCC (10.91) and nuts/panicle (8.34). 

 Similarly, the genetic advance (as % mean) varied from as low as 13.60 in 

shelling % to as high as 129.95 in nuts/panicle. 

  Evaluation of fifteen cashew genotypes during the fruiting season 

2019-20 revealed that genotype, BH2-6 recorded the maximum mean annual nut 

yield (8.25kg plant-1), cum nut yield (18.45 kg plant-1) and standard heterosis 

(32.0%) at 4th harvest (6 years old plant). Hence, the genotype may be evaluated 

further (upto six harvest) before recommendation for commercial cultivation in 

the state of Odisha. Studies on variability revealed that genotypes, RP-1, 

Kankadi, VTH-711/4 and BH2-6 recorded high heritability alongwith high 

genetic advance and genetic gain (as % of mean) for the yield attributing 

parameters viz.  nuts panicle-1 (98.85%, 8.34, 129.95%), apple weight 

(98.76%,42.3, 85.15%), nut yield (97.53%,3.79, 73.08%) and nut weight 

(96.55%, 4.48,57.96%) respectively. So, there is scope for improvement by using 

these genotypes as parent in future cashew breeding programme. 

 



i 
 

REFERENCES 

Abdulsalam M and Joseph PM. 2003. Apple and juice yield potential of cashew 

varieties, Journal of Plantation Crops, 31(3): 18-22. 

Abdulsalam M, Pushpalatha PB, Usha KE, Suma A and Jagadeeshkumar TN. 1997. 

Comparative performance of 18 cashew varieties (Anacardium occidentale 

L.) in the oxisols of Kerala, Cashew Bulletins, 34(9): 11-17. 

Anand A, Sahu GS and Mishra N. 2015. Physico-chemical Characteristics of Cashew, 

Research Journal of Agricultural Sciences, 6(3): 656-658. 

Annual Report 2009-10, All India Coordinated Research Project on Cashew, 

Directorate of Cashew Research, Puttur, Karnataka. pp109. 

Annual Report 2012-13, All India Coordinated Research Project on Cashew, 

Directorate of Cashew Research, Puttur, Karnataka.pp 107. 

Annual Report 2015-16. All India Coordinated Research Project on Cashew ICAR 

- Directorate of Cashew Research, Puttur, Page 1-213 ISSN 0972 – 2645.  

Bhat, M.G., Thimmappaiah, sundararaju, D. and Swamy, K.R.M. (2010). 

Experimental manual on cashew, National Research Centre for Cashew, 

Puttur. pp 8-16. 

Blaikie SJO, Farrell PJ, Muller WJ, Wei X, Scott NS, Sykes SR and Chacko EK. 2002.  

Assessment and selection of new hybrids from the Australian cashew 

breeding program. Australian Journal of Experimental Agriculture, 42 (5): 

615-623. 

Briggle LW. 1963. Heterosis in wheat-a review. Crop science Pp: 126-129. 

Burton GW and Devenace. 1953. Estimating heritability in tall feschue (Fechuta 

crudinaneca) from replicated clonal material, Agronomy Journal, 45(9): 478-

481. 



ii 
 

Cavalcanti JJV and Wilkinson MJ. 2007. The first genetic maps of cashew. Euphytica, 

157: 131-143. 

Chandrasekhar M, Sethi K, Tripathy P, Das TR, Dash M and Roy A. 2018. Studies on 

variability, heritability and genetic advance for quantitative and qualitative 

traits in cashew (Anacardium occidentale L.), e-planet, 16 (2): 139-146. 

Chandrashekhara M. 2017. Performance study of cashew (Anacardium occidentale L) 

varieties under Bhubaneswar condition. M.Sc. (Agri.) Thesis, Odisha 

University of Agricultural and Technology, Bhubaneswar. 

Dadzie AM, Adu-Gyamfi PKK, Opoku SY, Yeboah J, Akpertey A, Opoku-Ameyaw 

K, Assuah M, Gyedu-Akoto E and Danquah WB. 2014. Evaluation of 

potential cashew clones for utilization in Ghana. Adv. Biol. Chem., 4 (8) No. 

04. 

Dasmohapatra R, Rath S and Pattnaik AK. 2012. Performance of Cashew entries/ 

varieties under eastern coastal plain of Odisha, Environment and Ecology, 

30(3): 770-772. 

Dasmohapatra R, Rath S, and Pattnaik AK. 2012b. Variability, Heritability and Genetic 

Advances for Morphological and yield traits in Cashew, Environment and 

Ecology, 30(3): 982-984.  

Dela Cruz F and Fletcher RJ. 1996a. Identification of superior cashew trees for 

Northern Australian conditions. Proceedings, Fourth Annual Research 

Conference. The University of Queensland Gatton, October, pp. 60. 

Dorajeerao AVD, Ravishankar C, Reddy MLN and Dayanand T. 2002. Morphological 

and yield characteristics of certain promising clones of cashew under Bapatla 

conditions, South Ind. Hort., 50(1-3): 151-158. 

Faluyi MA. 2006. Genetic variability among nut yield traits and selection in cashew 

(Anacardium occidentale L), Plant breeding, 9 (3):257-261. 



iii 
 

FAOSTAT (2017). Area harvested and production in principal cashew producing 

countries. Available at: <http://www.fao.org/faostat/en/#home. Accessed 15 

January 2020. 

Gajbhiya RC, Pawar SN, Salvi SP, Zote VK and Haldavanekar PC. 2018. Performance 

of different cashew (Anacardium occidentale L.) genotype under Konkan 

region of Maharashtra, International Journal of Chemical Studies, 6(5): 

1939-1942. 

Ghatge KD, Kore VN and Bendale VW. 2009. Variability status in some F1 hybrids 

for cashew   apple   and   cashew   nut   characters, Ecology, Environment 

and Conservation Paper, 15(3): 599-602. 

 Hallad JS and Sullikeri GS. 1992. Studies on flowering behaviour in different cashew 

cultivars, The Cashew, 6(4): 8-9.  

Hanamashetti SL, Hegde NK and Basavaraj N. 2002. Performance of cashew varieties 

under high rainfall hill zone of Karnataka, Proceedings of Symposium on 

Plantation crops, pp. 351 -353. 

Hanumanthappa M, Patil Ravindra S, Sudhir Kamath KV, Vinod VR, Dhananjaya B 

and Shankar M. 2014. Performance of different cashew cultivars in Coastal 

Karnataka, Environment and Ecology, 32(3): 891-895. 

Hayes J K, Immer R R and smith D C 1965. Methods of plant breeding. 2nd edition, 

McGraw Hill Book Company, Inc. New York pp 329-332. 

Hegde MV, Hegde RV and Sullikeri GS. 2000. Flowering behaviour and sex ratio in 

cashew cultivars under transitional tract of Karnataka, The Cashew, 14 

(1):38-38 

Hore JK, Murmu DK, Chattopadhayay N, Alam K. 2015. Evaluation of cashew 

germplasms in West Bengal, Acta Horticulture, 1080: 135-141. 



iv 
 

Jha PK. 2019. Performance of released cashew nut (Anacardium occidentale L.) 

genotypes under Jharkhand condition. Journal of Pharmacognosy and 

Phytochemistry, 8(4): 1254-1256. 

Kubo I, Nitoda T, Tocoli FE and Green IR. 2011. Multifunctional cytotoxic agents from 

Anacardium occidentale. Phytother Res., 25: 38-45. 

Kulis M, MacQueen I, Li Y and Guo R. 2012. Pepsinized cashew proteins are 

hypoallergenic and immunogenic and provide effective immunotherapy in 

mice with cashew allergy. J. Allergy Clin.Immunol., 130:716-723. 

Lakshminarayana Reddy M, Gouse Mohammed and Prasanna Kumar B. 2002. 

Evaluation of high-yielding clones under Bapatla conditions for nut yield and 

other characters, The Cashew, 16(4):26-31.  

Lenka PC, Mohapatra KC, Dash S and Mishra NK. 2001. Genetic variability and 

character association in cashew, Horticultural Journal, 14(2): 105-110. 

Lenka PC, Samal S, Mohapatra KC and Dash DK. 1999. Studies on genetic variability 

and correlation studies in cashew types, Orissa Journal of Horticulture, 

27(1): 92-96. 

Lingaiah HB, Krishnappa KS, Gowda TNV, Raju GTT, Madhuprasad VL and 

Shankarnarayana V. 1997. Chintamani-1, A promising cashew variety for 

Maidan parts of Karnataka, The Cashew, 11 (1): 33-35.  

Lush JL. 1949. Heritability of quantitative characters in farm animals. Heriditas (suppl.) 

35, 256-261. 

Mahesha US, Hanamashetti SI and Hedge NK. 2005. Performance of cashew 

(Anacardium occidentalae L.) varieties under hill zone of Karnataka, The 

Cashew, 19(3): 5-7. 

Mneney EE, Mantell SH and Mark Bennet. 2001. Use of random amplified 

polymorphic DNA (RAPD) markers to reveal genetic diversity within and 



v 
 

between populations of cashew (Anacardium   occidentale L.), Journal 

Horticulture Science Biotechnology, 76: 375 -383. 

Mog B and Nayak MG. 2018. Leaf Morphological and Physiological Traits and their 

Significance in Yield Improvement of Fifteen Cashew Varieties in West 

Coast Region of Karnataka, Int.J.Curr.Microbiol.App.Sci, 7(7): 1455-1469. 

Mohapatra M, Dash DK, Tripathy P, Sethi K and Muhkerjee SK. 2017. Performance 

of re-released Cashew (Anacardium Occidentale L.) genotypes under 

Bhubaneswar condition, International Journal of Current Agricultural 

Sciences, 7 (1): 160-162. 

Nakasone, H. Y. and Paul, R.E.1998. Tropical Fruits. CAB International, Oxon, pp-

443. 

Narayankutty MC. 2000.  Development pattern, storage behavior and variability in 

processing characters of cashew apple. Thesis on Ph.D. (Horticulture), 

Kerala Agriculture University, Trichur, 182.  

Nayak M and Paled M. 2018. Trends in Area, Production, Yield and Export-Import of 

Cashew in India-An Economic Analysis, Int.J.Curr.Microbiol.App.Sci., 

7(12): 1088-1098. 

Oheler, J. G. Cashew Communication I, Tesink, Zutphen, Amsterdam.  

Ona AF, Amin M, Emteas MA, Ahmad H and Jamaluddin AFM. 2017. Performance 

of eight Cashew Nut (Anacardium occidentale) germplasm in Bangladesh, 

International Journal of Business, Social and Scientific Research, 5(4): 175-

182. 

Paikra MS. 2016. Studies on genetic divergence in Cashew (Anacardium occidentale 

L.). M.Sc. (Agri.) Thesis, Indira Gandhi Krishi Vishwavidyalaya, Raipur. 

Panda PK, Sethi K and Mukherjee SK. 2020. Evaluation of cashew genotypes for nut 

yield and yield attributing characters under Bhubaneswar condition of 

Odisha, The Pharma Innovation Journal, 9(7): 231-233. 



vi 
 

Panse, V.G. and Sukhatme, P.V. (1985). Statistical Methods for Agricultural Workers 

Indian Council of Agricultural Research Publication. 87-89. 

Poduval M. 2015. Performance of Cashew (Anacardium occidental L.) cultivars under 

red and laterite zone of West Bengal, Acta Horticulture, 1080: 156-163. 

Reddy ML, Kumar BP and Mohammed G. 2002. Growth performance of Cashew Nut 

(Anacardium occidentale) genotypes during pre-bearing stage under Bapatla 

conditions, The Cashew, 18 (3): 19-21. 

Reddy ML, Kumar BP and Mohammed G. 2004. Growth performance of genotypes 

during pre-bearing stage under Bapatla conditions, The Cashew, 8(2): 15-19. 

Reddy MLN, Mohammed G and Prasannakumar B. 2002. Evaluation of high yielding 

clones under Bapatla conditions for nut yield and other characters, The 

Cashew, 16(4): 26-31. 

Reddy MNN, Rajanna KM, Vidya M and Babu V. 2015. Performance of cashew 

cultivars under maidan parts of Karnataka, Acta Horticulturae, 1080: 197-

199. 

Reddy NS, Lingaiah HB, Krishnappa KS and Anjanappa M. 2002b. Genetic variability 

in Cashew genotypes. Current Research University of Agricultural Sciences, 

Bangalore, 31(9/10): 153-155. 

Rejani R, Adiga J and Yadukumar N. 2013. Performance of different varieties of 

cashew under high density planting system, Journal of Plantation Crops, 41: 

28-33.  

Roy A, Dora DK, Sethi K, Sahu S, Dash DK and Parida A. 2018. Studies on Biometric 

Parameters of Cashew under Bhubaneswar Condition, International Journal 

of Current Microbiology and Applied Sciences, 7(12): 365-370. 

Sahoo S, Sethi K, Dash M and Tripathy P. 2019. Evaluation of F1 hybrids of cashew 

(Anacardium occidentale L.), Internat. J. agric. Sci., 16 (1): 79-85. 



vii 
 

Sahoo S. 2019. Evaluation of F1 progenies of Cashew (Anacardium occidentale L.) for 

nut yield and yield attributes. M.Sc. (Agri.) Thesis, Odisha University of 

Agricultural and Technology, Bhubaneswar. 

Samal S. 2002. Evaluation of Genetic Relationship and Variability in cashew 

(Anacardium occidentale L) through morphological, biochemical and 

molecular analysis. PhD Thesis. Utkal University. India. 

Sankaranarayanan R and Shah Ahamad. 1999. Genetic divergence and combining 

ability in cashew, The Cashew, 13(3): 28-40. 

Sankaranarayanan R, Ahmad SH, Sekar V. 2015. Crop improvement studies in cashew 

(Anacardium occidentale), International Symposium on Cashew Nut, Acta 

Horticulturae, 1080-26: 201-208. 

Sena DK, Lenka PC and Rath S. 1995. Studies on floral characters of different cashew 

types, The Cashew, 9(2): 5-7. 

Sethi K, Lenka PC and Tripathy SK. 2015. Evaluation of Cashew (Anacardium 

occidentale L.) hybrids for vegetative parameters and nut yield, Journal of 

Crop and Weed, 11(1): 152-156. 

Sethi K, Lenka PC, Tripathy P, Mukherjee SK and Dash AK. 2016. Studies of Heterosis 

in Cashew (Anacardium occidentale L.), International Journal of Bio-

resource and Stress Management, 7(3):432-436. 

Sethi K, Lenka PC, Tripathy SK, Mukherjee SK and Das AK. 2015. Evaluation of 

cashew (Anacardium occidentale L.) hybrids for nut and apple parameters. 

Res. Environ. Life Sci., 8(4) 549-552. 

Sethi K, Tripathy P and Mohapatra KC. 2016. Variability and heritability of important 

quantitative characters in cashew (Anacardium occidentale L.), Environment 

and Ecology, 34 (4):1795-1798. 

Sethi K, Tripathy SK and Lenk PC. 2016. Harnessing genetic variation among 

experimental Cashew hybrids, International Journal of Horticulture, 6(21). 



viii 
 

Sharma D, Sahu KR and Singh J. 2009. Studies on flowering behaviour in cashew, 

Indian Journal of Horticulture, 66(4): 429-43. 

Sharma D, Sahu KR, Dikshit and Pandey TD. 2009. Performance of cashew genotypes 

under agro-climatic conditions of Bastar, Journal of Agriculture issues, 

14(1):47-50. 

Shivareddy N. 1996. Genetic divergence in cashew (Anacardium occidentale L.), M.Sc. 

Thesis, Univ. of Agri. Sci., Bangalore, Karnataka. 

Silva RA, Dihl RR, Santos DN and Abreu BRR. 2013. Evaluation of antioxidant and 

mutagenic activities of honey-sweetened cashew apple nectar, Food Chem 

Toxicol, 62: 61-67.  

Sindoni M, Chirinos J, Hidalgo P and Valderrama M. 2005. Morphological 

characterization and phonological aspects of clones of early dwarf cashew 

(Anacardium occidentale L.) in Anzoategui, Venezuela, Proceedings of the 

Inter-American Society for Tropical Horticulture, 49: 104-105. 

Singh LS, Medda PS, Bhattacharjee H and Satya P. 2010. Performance of six genotypes 

of cashew (Anacardium occidentale L.) under terai agro-climatic zone of 

West Bengal, The Asian Journal of Horticulture, 5(1): 131-133. 

Singh LS, Poduval M, Medda PS, Pariari A and Bhattacharjee H. 2008. Flowering 

behavior of six varieties of cashew under terai agro-climatic zone of West 

Bengal, The Cashew, 22(2): 5-10. 

Sreenivas M, Reddy LM, Dorajeerao AVD and Paratpararoa M. 2016. A study on 

morphological, nut and kernel parameters among certain F1 hybrids of 

cashewnut, Plant Archives, 16(1): 437-440. 

Sreenivas M, Reddy LM, Dorajeerao AVD and Paratpararoa M. 2016. Influence of 

flowering parameters on nut yield in F1 hybrids of cashewnut, Plant 

Archives, 16(1): 313-316. 



ix 
 

Tripathy P, Sethi K and Mukherjee SK. 2015. Evaluation of released cashew varieties 

under Odisha condition, International Journal of Bio-resource and Stress 

Management, 6(5):566-571. 

Tripathy P, Sethi K, Patnaik AK and Mukherjee SK. 2015. Nutrient Management in 

High Density Cashew Plantation under Coastal Zones of Odisha, 

International Journal of Bio-resource and Stress Management, 6(1):093-

097. 

Ushavani D and Jayalekshmy VG. 2009. Genetic analysis in cashew (Anacardium 

occidentale L.), Journal of Plantation Crops, 37(3): 190-195. 

Venkataramana KT, Kumar BP, Reddy ML, Chinnabbai C, Babu KH. 2015. 

Performance of germplasm lines of cashew in Andhra Pradesh, Acta 

Horticulturae, 1080: 217-220. 

Vikram HC and Hegde NK. 2016. Genetic Variability in Cashew (Anacardium 

occidentale L.) under Northern Transition Zone of Karnataka. Environment 

and Ecology, 34 (3): 1519-1522. 

Vishnuvardhana, Thirumalaraju GT, Raghuramulu Y, Lingaiah HB, Shivappa and 

Janakiraman N. 2003. Performance of cashew entries / varieties under 

eastern dry zone of Karnataka, The Cashew, 17(2): 18- 21. 

Weber CR and Moorty BR. 1952. Heritable and non-heritable relationships and 

variability of soil content and agronomic characters in F2 generations of 

soybean crosses, Agronomy Journal, 44: 2. 

Weber CR and Moorty BR. 1952. Heritable and non-heritable relationships and 

variability of soil content and agronomic characters in F2 generations of 

soybean crosses, Agronomy Journal, 44: 2. 

Zachariah G, Mathew J, Jayalekshmy VG and Ragesh G. 2015. Comparative 

performance of cashew hybrid 'Poornima' with some released cultivars, Acta 

horticulturae, 1080:181-185. 

https://dccd.gov.in/ (20/1/2020). 

https://dccd.gov.in/

