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Influence of INM treatments on bean yield and 

quality characters of cocoa (Theobroma cacao L.) 

grown as intercrop in coconut plantations 
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Abstract 

An field experiment was conducted during 2016 and 2017 to investigate the impact of integrated nutrient 

management on bean yield and quality characters of cocoa at existing coconut gardens, Horticultural 

Research Station, Ambajipeta. The study was laid out in randomized block design with ten treatment 

replicated thrice. The bean characters like wet bean weight of 100 beans (296.39 g), dry bean weight of 

100 beans (154.92 g), bean length (2.26 mm), bean width (1.20 mm) and bean thickness (0.58 mm) were 

recorded highest in the trees treated with 75% RDF + 25% RDN through composted coir pith+ 50g 

Azospirillum + 50g PSB. The highest dry bean yield per tree of 3.57 kg and lowest pod index (15.72) was 

recorded in same treatment. The bean quality characters like shelling %, nib recovery % and fat % were 

recorded. The fat % and nib recovery % were highest in trees treated with 75% RDF + 25% RDN 

through composted coir pith+ 50g Azospirillum + 50g PSB with 52.43% and 85.94% respectively. 

However, the highest shelling % was recorded in control with 22.95%. The combined use of organic 

manures, bio-fertilizers and chemical fertilizers has been found not only in maintaining higher 

productivity but also in providing stable crop yields for sustainable crop production through integrated 

nutrient use. The above results indicated that, for getting higher productivity and quality, application of 

75% RDF + 25% RDN through composted coir pith+ 50g Azospirillum + 50g PSB is recommended in 

black alluvial soil of Andhra Pradesh for higher returns. 
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Introduction 

Cocoa (Theobroma cacao L.) the ‘Food of Gods’ is a tree originated in South America belong 

to the family Malvaceae (Alverson et al., 1999 and Bayer et al., 1999) [1, 3]. In India, it has 

been growing as intercrop in arecanut, coconut and oilpalm plantations and accounts to an area 

of 89,000 hectares with a production of 20,000 MT (NHB, 2018-19). In view of increasing the 

yield potential in cocoa, timely application of nutrient on various crop growth stages viz., 

vegetative, flowering, pod set, pod development and maturity is necessary (Krishnamoorthy 

and Rajamani, 2013) [13]. Balanced nutrition with different organic and inorganic ensures 

efficient use of all nutrients by the plant. There is a need for reduced consumption of chemical 

fertilizers and increased use of organic manures and biofertilizer for increased yields and 

quality of the beans and to protect the soil fertility. The growth and pod formation of a plant 

depends on nutrient status of the leaf, hence in the present work was made to find out suitable 

combination of organic, inorganic manures along with the biofertilizers on quality characters 

of cocoa beans under INM system. 

 

Material and methods 

The experiment was conducted at Horticultural Research Station, Ambajipeta, East Godavari 

District, Andhra Pradesh. The location falls under Agro-climatic zone-10, humid, East Coast 

Plain and Hills (Krishna-Godavari zone) with an average rainfall of 900 mm, located at an 

altitude of 34 m above mean sea level. The cocoa trees of fourteen year old were selected for 

the present study as intercropped in coconut plantation of thirty year old planted in a spacing 

of 8 × 8 m. The cocoa plants are intercropped with a spacing of 3 × 3 m in the coconut 

plantations. The study was laid out in randomized block design with ten treatments. The 

treatments are 75% RDF + 25% RDN through composted coir pith (T1), 75% RDF + 25% 

RDN through composted coir pith+ 50g Azospirillum + 50g PSB (T2), 50% RDF + 50% RDN  
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through composted coir pith (T3), 50% RDF + 50% RDN 

through composted coir pith+ 50g Azospirillum + 50g PSB 

(T4), 75% RDF + 25% RDN through FYM (T5), 75% RDF + 

25% RDN through FYM + 50g Azospirillum + 50g PSB (T6), 

50% RDF + 50% RDN through FYM (T7), 50% RDF + 50% 

RDN through FYM+ 50g Azospirillum + 50g PSB (T8), 100% 

RDF (T9) and Control (T10). The recommended dosage of N, 

P and K for cocoa is 100:40:140 g/tree/year. In inorganic 

fertilizer treatments (50%, 75% and 100% recommended dose 

of fertilizers) nitrogen, phosphorus and potassium nutrients 

were applied in the form of urea, single super phosphate and 

muriate of potash respectively. Nitrogen, Phosphorus and 

Potash was applied in two equal split doses i.e., first split 

during August (2016) and second split in November (2016). 

The Azospirillum and PSB @ 50 g/tree was inoculated with 

the respective organic manures thoroughly and incorporated 

in the soil. All the treatments were imposed to the cocoa trees 

timely and maintained. The observations on quality 

parameters of beans of cocoa were recorded as per standard 

procedures laid out by Kaushik (2007) [10] and analysis carried 

out as per Panse and Sukhatme (1978). The weight of 100 wet 

beans and the average dry weight of 100 beans after 

fermentation in each treatment was calculated. The average 

yield of dry beans from tree was calculated from the mean dry 

weight of the beans per pod and the total number of pods in 

each treatment. The pod index was calculated from the 

number of pods required to produce one kg of dry beans in 

each treatment (Thondaiman et al., 2011). The average length 

and width of the single bean was calculated by taking the 

beans randomly from each pod in each treatment by using a 

standard scale and expressed in centimeters (cm). The average 

thickness of beans was measured in millimeters using the 

vernier caliper according to Kaushik et al. (2007) [10] in each 

treatment. The Shelling percentage of the bean was calculated 

by using the following formula, shell weight/ dry bean weight 

x 100. The nib recovery percentage of the bean was calculated 

by using the following formula nib weight/ dry bean weight x 

100. The fat content was estimated by petroleum ether 

extraction method using soxhlet apparatus (Elain apshara et 

al., 2008) by using the formula  

 
Where, 

 W1 – weight of the receiver (bottom flask) 

 W2 – weight of the flask + ether extractives 

 M – Moisture content of the sample 

 

Results and discussion 

The results varied significantly among the treatments. The 

highest wet weight of 100 beans (296.39 g) was recorded in 

T2 and lowest wet weight of 100 beans (153.59 g) was 

recorded in T10 (Table 1). The increase in fresh weight of 

beans might be on account of incorporation of composted coir 

pith and biofertilizers. This might also be due to proper 

supply of nutrients and induction of growth hormones which 

stimulated cell division, cell elongation leads to increase in 

number and weight of beans. The results were also reported 

by Baviskar et al. (2011) [2] and Dwivedi (2013) [7]. The 

highest dry weight of 100 beans (154.92 g) was recorded in 

T2, while lowest dry weight of 100 beans (110.65 g) was 

recorded in T10. This increase in dry weight of beans is due to 

integration of inorganic and organic sources of nutrient 

maximized supply of nutrients during entire period of pod 

growth, ultimately resulting in accumulation of more 

photosynthates leading dry weight and yield. Fawazi et al. 

(2010) in pear and Kumar (2010) in litchi also reported 

similar the results. The highest dry bean yield per tree of 3.57 

kg was recorded in T2 and the lowest dry bean yield per tree 

(0.97 kg) was recorded in T10. Yield is a complex trait and is a 

product of several other yield attributing characters. The 

increase in dry bean yield per tree could be attributed to 

increased rate of photosynthesis which could have further led 

to the better partitioning of assimilates. Higher values 

observed for these traits might be due to higher fertilizer use 

efficiency and higher uptake of macro and micronutrients. 

These findings are in agreement with that of Kaur et al (2007) 
[11] and Kundu et al. (2011) [14]. The highest pod index of 

26.78 was recorded in T10 and the lowest pod index (15.72) 

was recorded in T2 (Table 1). Lower pod index is preferred to 

have higher bean yield which was also reported by Karthik 

kumar, 2014, Murali and suresh, 2015 [21]. The highest bean 

length of 2.26 mm was recorded in T2 and the lowest bean 

length (1.94 mm) was recorded in T10. The bean width varied 

significantly among different treatments. The highest bean 

width of 1.20 mm was recorded in T2 and the lowest bean 

length (0.97 mm) was recorded in T10. The bean thickness 

varied significantly among different treatments, the highest 

bean thickness of 0.58 mm was recorded in T2 and the lowest 

bean thickness (0.46 mm) was recorded in T10 (Table 1). The 

increase in length, width and thickness of the bean is due to 

better filling of bean and their growth with increased uptake 

of nutrients from soil which had produced enough 

carbohydrates in the leaf for translocation to the sink for 

better filling of the beans.. This was also reported by Dalal et 

al. (2004) [4], Madhavi et al. (2008) [17]. 

The shelling percentage varied significantly among different 

treatments, the highest shelling percentage (22.95%) was 

recorded in T10 (control), while the lowest shelling percentage 

(14.06%) was recorded in with T2. Highest shelling 

percentage was reported in control due to limited nutrients 

supply to the pods from the plant. The highest nib recovery 

percentage was recorded in T2 (85.94%), while the lowest nib 

recovery percentage (77.04%) was recorded in T10 (Table 2). 

The highest fat percentage of (52.43%) was recorded in T2 

and the lowest fat percentage (46.44%) was recorded in T10 

(Table 2). Improvement in pod quality (nib recovery % and 

fat %) is by continuous supply of nutrients, higher 

concentration of soil enzymes, soil microorganism, more 

friable and pours soils made by composted coir pith may be 

attributed to better vegetative growth of the treated plants and 

which resulted in higher quantities of photosynthates (starch, 

carbohydrates, etc.) and the translocation to the pod, thus 

increasing the various contents of pod hence quality 

improvement reflected in pod chemical character. Similar 

findings were also reported by Shukla et al. (2009) [28], Yadav 

et al. (2011) [30] and Dhaval and Naik (2010) [6]. 
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Table 1 Effect of different INM treatments on bean characters of cocoa (Theobroma cacao L.) 
 

Treatments 

Weight 

of the 

pod (g) 

Total 

beans 

per pod 

Wet weight 

of 100 beans 

(g) 

Dry weight of 

100 beans (g) 

Bean 

length 

(mm) 

Bean 

width 

(mm) 

Bean 

thickness 

(mm) 

Pod index 
Total dry bean 

yield/tree (kg) 

T1: 75% RDF + 25% RDN through 

CCP 
448.91 42.28 284.21 147.47 2.21 1.19 0.57 17.01 3.03 

T2: 75% RDF + 25% RDN through 

CCP + 50g Azospirillum+ 50g PSB 
485.26 42.41 296.39 154.92 2.26 1.20 0.58 15.72 3.57 

T3: 50% RDF + 50% RDN through 

CCP 
438.03 41.89 257.36 144.64 2.19 1.18 0.56 17.50 2.48 

T4: 50% RDF + 50% RDN through 

CCP + 50g Azospirillum + 50g 

PSB 

398.90 36.96 274.93 138.65 2.04 1.16 0.51 20.80 2.13 

T5: 75% RDF + 25% RDN through 

FYM 
398.49 40.78 229.43 133.81 2.18 1.08 0.48 19.24 2.26 

T6: 75% RDF + 25% RDN through 

FYM + 50g Azospirillum + 50g 

PSB 

410.00 37.34 256.43 137.77 2.11 1.14 0.53 19.49 2.34 

T7: 50% RDF + 50% RDN through 

FYM 
401.91 42.08 226.42 141.58 2.12 1.13 0.52 17.89 2.48 

T8: 50% RDF + 50% RDN through 

FYM + 50g Azospirillum + 50g 

PSB 

410.36 39.36 225.51 140.94 2.16 1.13 0.55 19.12 2.25 

T9: 100% RDF 390.56 41.91 228.41 140.07 2.07 1.08 0.50 17.98 2.26 

T10: Control 329.50 36.34 153.59 110.65 1.94 0.97 0.46 26.78 0.97 

SE m ± 21.52 0.05 12.97 3.56 0.05 0.03 0.01 0.61 0.11 

CD (P=0.05) 64.44 0.16 38.83 10.68 0.15 0.09 0.04 1.84 0.34 

CV (%) 9.06 1.48 9.23 4.44 4.25 4.81 5.32 5.57 8.26 

RDF- Recommended dose of fertilizers  RDN-Recommended dose of nitrogen  CCP- Composted coir pith 

FYM- Farm yard manure   PSB-Phosphate solubilizing bacteria 

 

Table 2: Effect of different INM treatments on bean quality parameters of cocoa (Theobroma cacao L.) 
 

Treatments Shelling % Nib recovery% Fat (%) 

T1: 75% RDF + 25% RDN through CCP 15.23(22.96) 84.76(67.00) 51.63(45.91) 

T2: 75% RDF + 25% RDN through CCP + 50g Azospirillum+ 50g PSB 14.06(21.98) 85.94(67.98) 52.43(46.37) 

T3: 50% RDF + 50% RDN through CCP 14.14(22.07) 85.86(67.89) 50.55(45.29) 

T4: 50% RDF + 50% RDN through CCP + 50g Azospirillum + 50g PSB 14.47(22.33) 85.53(67.62) 50.55(45.29) 

T5: 75% RDF + 25% RDN through FYM 14.61(22.46) 85.39(67.50) 50.31(45.16) 

T6: 75% RDF + 25% RDN through FYM + 50gAzospirillum + 50g PSB 14.36(22.25) 85.64(67.70) 49.51(44.70) 

T7: 50% RDF + 50% RDN through FYM 14.79(22.60) 85.21(67.35) 49.69(44.80) 

T8: 50% RDF + 50% RDN through FYM + 50g Azospirillum + 50g PSB 14.20(22.12) 85.79(67.83) 49.43(44.65) 

T9: 100% RDF 14.15(22.08) 85.84(67.87) 49.41(44.64) 

T10: Control 22.95(28.60) 77.04(61.36) 46.44(42.94) 

SE m ± 0.50 0.50 0.48 

CD (P=0.05) 1.52 1.52 1.44 

CV (%) 3.83 1.31 1.85 

RDF- Recommended dose of fertilizers  RDN-Recommended dose of nitrogen  CCP- Composted coir pith 

FYM- Farm yard manure   PSB-Phosphate solubilizing bacteria 

Figures in the parenthesis indicates arc sine transformed values 

 

References 

1. Alversson WS, Whitlock BA, Nyffele R, Bayer C, Baum 

DA. Phylogeny of the core Malvales: evidence from 

Ndhf sequence data. American Journal of Botany. 1999; 

86(10):1474-1486. 

2. Baviskar MN, Bharad SG, Dod VN, Barne VG. Effect of 

integrated nutrient management on yield and quality of 

sapota. Plant Archives 2011; 11(2):661-663. 

3. Bayer C, Fay MF, De Bruijn AY, Savolainen V, Morton 

CM, Kubitzki K, Alverson WS, Chase MW. Support for 

an expanded family concept of Malvaceae within a 

recircumscribed order Malvales: a combined analysis of 

plastid atpB and rbcL DNA sequences. Botanical Journal 

of the Linnean Society 1999; 129:267-303. 

4. Dalal SR, Gonge VS, Jogdande ND, Moharia A. 

Response of different levels of nutrients and PSB on fruit 

yield and economics of sapota. PKV Research Journal. 

2004; 28:126-28. 

5. Deswal IS, PatiL VK. Effects of N, P and k on the fruit of 

watermelon. Journal of Maharashtra Agriculture 

University. 1984; 9(3):308-309. 

6. Dhaval RP, Naik AG. Effect of pre-harvest treatment of 

organic manures and inorganic fertilizers on post harvest 

shelf-life of sapota cv. Kalipatti. Indian Journal of 

Horticulture. 2010; 67(3):381-386. 

7. Dwivedi V. Effect of integrated nutrient management on 

yield, quality and economics of guava. Annals of plant 

and soils research 2013; 15 (2):149-51. 

8. Fawzi MIF, Shahin FM, Elham, Daood A, Kandil EA. 

Effect of organic and bio-fertilizers and magnesium 

sulphate on growth yield, chemical composition and fruit 

quality of "Le-Conte" pear trees. Nature and Science. 

2010; 8(12):273-280. 

9. Karthik kumar RB. Performance evaluation and 

adaptability behavior of plus trees of cocoa (Theobroma 

http://www.chemijournal.com/


 

~ 3052 ~ 

International Journal of Chemical Studies  http://www.chemijournal.com 

cacao L.). Ph.D. (Hort.) Thesis. Tamil Nadu Agricultural 

University, Coimbatore. 2014. 

10. Kaushik N, Kumar K, Kumar S, Kaushik N, Roy S. 

Genetic variability and divergence studies in seed traits 

and oil content of Jatropha (Jatropha curcas) accessions. 

Biomass Bioenergy. 2007; 31:497-502. 

11. Kaur B, Lal RL, Misra KK. Effect of organic manure on 

growth and yield of litchi (Litchi chinensis Sonn.) cv. 

Rosr scented. Progressive Horticulture. 2007; 39(1):28-

31. 

12. Khan MAA, Hameedunnisa B. Effect of INM on 

available nutrient status of young acid lime (Citrus 

aurantifolia Swingle) orchards of A.P, India. Asian 

Journal of Horticulture. 2007; 2(2):64-67. 

13. Krishnamoorthy C, Rajamani K. Effect of Fertigation 

through Drip and Micro Sprinkler on Plant Biometric 

Characters in Cocoa (Theobroma cacao L.). Pakistan 

Journal of Biological Science. 2013; 16:1950-1956. 

14. Kundu S, Datta P, Mishra J, Rashmi K Ghosh B. 

Influence of biofertilizer and inorganic fertilizer in 

pruned mango orchard cv. Amrapali. Journal of Crop and 

Weed. 2011; 7(2):100-103. 

15. Lal G, Jat RG, Dhaka RS Goyal SK. Physico- chemical 

attributes of Umranber (Zizyphus mauritiana Lamk.) as 

affected by application of nitrogen and potassium. 

Journal of Eco-physiology. 2001; 4 (1/2): 61-63. 

16. Latha S, Singh RP. Effect of nitrogen level and growth 

regulators on growth, yield and quality of chilli 

(Capsicum annuum L.) var. PANT C-1. Journal of 

Vegetable Science. 1993; 21(1):40-43. 

17. Madhavi A, Maheswara PV, Girwani A. Integrated 

nutrient management in mango. The Orissa Journal of 

Horticulture. 2008; 36(1):64-68. 

18. Motamayor JC, Risterucci AM, Lopez PA, Ortiz CF, 

Moreno A, Lanaud C. Cacao domestication I: the origin 

of the cacao cultivated by the Mayas. Heredity. 2002; 

89:380-386. 

19. Minimol JS, Shija TK, Nanthitha V, Sunil KM, Suma B, 

Krishnan S. Seasonality of cocoa: Weather influence on 

pod characters of cocoa clones. International Journal of 

Plant Sciences. 2015; 102-107. 

20. Mrinalini Raghava, Tiwari JP. Effect of boron on growth, 

quality and shelf life of fruits of guava (Psidium guajava 

L.) cv. Sardar. Progress in Horticulture. 1998; 30(1-2): 

68-72. 

21. Murali K, Suresh J. Evaluation of different Cocoa Clones 

under different ecological condition of Tamil Nadu for 

Flowering, Pod Set and Yield. Journal of Environmental 

Science. 2015; 7:95-100. 

22. Naik MH, Hari Babu R. Feasibility of Organic Farming 

in Guava (Psidium guajava L.). Acta Horticulturae. 2007; 

735:365-372. 

23. Ram RA, Pathak, RK. Integration of Organic Farming 

Practices for Sustainable Production of Guava: A Case 

Study. Acta Horticulturae. 2007; 735:357-363. 

24. Rathore RS, Chandra A. Effect of application of nitrogen 

in combination with zinc sulphate on nutrients content, 

quality and yield of ber (Zizyphus mauritiana Lamk.) cv. 

Gola. Orissa Journal of Horticulture. 2002; 30(1):46-50. 

25. Singh V, Dashora LK, Karatha KM, Ahalawat TR Barad 

AV. Growth, flowering, fruiting and yield of guava 

(Psidium guajava L.) cv. ‘SARDAR’ grown under high-

density-planting system as influenced by various organic 

and inorganic sources. Asian Journal of Horticulture. 

2008; 3(2):382-385. 

26. Saravanan S, Parkesh Ch, Rakesh K, Singh J. Influence 

of different levels of NPK on growth, yield and quality of 

phalsa (Grewia subinaequalis L.). Asian Journal of 

Horticulture. 2013; 8:433-435. 

27. Sharma A, Bhatnagar P, Jain MC. Effect of integrated 

nutrient management on growth attributes in custard 

apple cv. Arka Sahan. Asian Journal of Horticulture. 

2014; 9(1)43-47. 

28. Shukla AK, Sarolia DK, Kumari B, Kaushik RA, 

Mahawer LN Bairwa HL. Evaluation of Substrate 

Dynamics for Integrated Nutrient Management under 

High Density Planting of Guava cv. Sardar. Indian 

journal of Horticulture. 2009; 66(4):461-464. 

29. Thangaselvabai T, Suresh S, Prem J Sudha KR. Banana 

Nutrition – A Review. Agriculture Revision. 2009; 

30(1):24-31. 

30. Yadav AK., Singh JK, Singh HK. Studies on integrated 

nutrient management in flowering, fruiting, yield and 

quality of mango cv. Amrapali under high density 

orcharding. Indian journal of Horticulture. 2011; 

68(4):453-460. 

http://www.chemijournal.com/

