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Integrated nutrient module can uphold the growth and 

yield of Cape gooseberry (Physalis peruviana L.) 
 

Vivek Kumar, Manoj Kundu, Hidayatullah Mir, Sanjay Sahay, Veena 
Bharati and Madhvendra Bahadur Singh 
 
Abstract 
The current research work was conducted during 2019-20 in the Department of Horticulture (Fruit and 
Fruit Tech.), BAC, Sabour to standardize the integrated nutrient module in cape gooseberry. From the 
investigation, it was observed that the vegetative and physiological growth in terms of leaf size, ratio of 
chlorophyll a:b of the experimental cape gooseberry plants had improved significantly by 100% RDF + 
Azotobacter, PSB and KSB @ 10 g plant-1 each treatment. However, the reproductive growth with 
respect to precocity in flowering after bud break was obtained in 60% RDF + Azotobacter, PSB and KSB 
@ 10 g plant-1 each treatment (15.33 days) with par value in 50% RDF + Azotobacter, PSB and KSB @ 
10 g plant-1 each treatment. On the other hand, highest yield acre-1 was recorded in 90% RDF + 
Azotobacter, PSB and KSB @ 10 g plant-1 each treatment with par value in the module comprising 60-
80% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each. The quality attributes of ripped cape 
gooseberry fruit in terms of sugar: acid ratio was also improved significantly in 90% RDF + Azotobacter, 
PSB and KSB @ 10 g plant-1 each treatment with par value in the module comprising 60-80% RDF + 
Azotobacter, PSB and KSB @ 10 g plant-1 each (14.96-15.69). Hence, it can be concluded that the 
integrated nutrient module comprising 60% RDF of NPK + Azotobacter, PSB and KSB @ 10 g plant-1 is 
the best treatment to improve the production system of cape gooseberry. 
 
Keywords: Cape gooseberry, INM, KSB, PSB, Yield 
 
1. Introduction 
Cape gooseberry (Physalis peruviana L.), belongs to the family Solanaceae, is an important 
annual fruit crop. It is the rich source of vitamin. A (36 IU/100g), vit. C (11 mg/100g), Vit. B1, 
B2, B3, P (40 mg/100 g), Ca and Fe. Besides, antioxidants, it contain phenols, flavonoids, 
which also exhibit a high degree of antioxidant capacity against free radical. Due to annual 
nature of the crop, it gives return in shortest possible time and has great demand in fresh 
market as well as in processing industries to prepare sauces, puddings, pies, jams, chutneys, 
ice cream etc. But the main drawback in the large scale cultivation of this crop is the non-
availability of improved production technology resulting poor yield and quality. There are 
large number of low-cost production technologies are available in different fruit crops viz. 
application of recommended dose of fertilizers, micronutrients, PGRs etc (Khatoon et al., 
2021; Nandita et al., 2020; Khatoon et al., 2020; Kumari et al., 2019a; Kundu et al., 2013a; 
Kundu et al., 2013b; Kundu et al., 2013c) [12, 22, 13, 16, 18-20]. Among them adaptation of 
integrated nutrient module is one of the most viable option to improve the yield and quality of 
different crops.  
For optimum plant growth, nutrients must be available in sufficient and balanced quantities 
(Chen, 2006) [5]. Farming regions that emphasize heavy chemical application are led to adverse 
environmental, agricultural and health consequences (Shehata and El-khawas, 2003) [25]. One 
of the possible options to reduce the use of chemical fertilizers could be use of bio and organic 
fertilizers. Biofertilizers are products containing living cells of different types of 
microorganisms which when, applied to seed, plant surface or soil, colonize the rhizosphere or 
the interior of the plant and promotes growth by converting nutritionally important elements 
(nitrogen, phosphorus) from unavailable to available form through biological process such as 
nitrogen fixation and solubilization of rock phosphate (Rokhzadi et al., 2008) [23]. Beneficial 
microorganisms in biofertilizers accelerate and improve plant growth and protect plants from 
pests and diseases (El-yazeid et al., 2007) [7]. To increase the availability of phosphorus and 
nitrogen for plant, large amounts of fertilizers are used on a regular basis soon after application 
of a large proportion of phosphorus fertilizer is rapidly immobilized and becomes unavailable  
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to plants (Xiao et al., 2008) [28] and also, 25% of the applied 
nitrogen fertilizer is lost from the soil plant system through 
leaching, volatilization and de-nitrification (Saikia and Jain, 
2007) [24]. Symbiotic nitrogen fixer and phosphate solubilizing 
microorganisms play an important role in supplementing 
nitrogen and phosphorus to the plant, allowing a sustainable 
use of nitrogen and phosphate fertilizers (Tambekar et al., 
2009) [27]. The fixed phosphorus in the soil can be solubilized 
by phosphate solubilizing bacteria (PSB), which have the 
capacity to convert inorganic unavailable phosphorus form to 
soluble forms HPO4

2- and H2PO- through the process of 
organic acid production, chelation and ion exchange reactions 
and make them available to plants. Therefore, the use of PSB 
in agricultural practice would not only offset the high cost of 
manufacturing phosphate fertilizers but would also mobilize 
insoluble in the fertilizers and soils to which they are applied 
(Banerjee et al., 2010) [3]. Biological nitrogen fixation is one 
way of converting elemental nitrogen into plant usable form 
(Gothwal et al., 2007) [9]. Nitrogen-fixing bacteria (NFB) 
transform inert atmospheric N2 to organic compounds 
(Bakulin et al., 2007) [2]. The ability of these bacteria to 
contribute to yields in crops is only partly a result of 
biological N2-fixation. The Mechanisms involved have a 
significant plant-growth promotion potential. In these 
relationships the bacteria receive non-specific photosynthetic 
carbon from the plant and, in turn, provide the plant with 
fixed nitrogen, hormones, signal molecules, vitamins, iron, etc 
(Mikhailouskaya and Bogdevitch, 2009) [21]. Previous studies 
showed that the combination of biofertilizers with organic or 
chemical fertilizers further enhanced the growth and yield of 
different crops (Kumar et al., 2019a; Kumar et al., 2019b) [14, 

15]. Further, the continuous application of biofertilizers years 
after year is also beneficial to improve the soil fertility status 
(Kumari et al., 2019b; Kumar et al., 2019b) [17, 15]. Hence, the 
present investigation was formulated to study the impact of 
INM module including different types of biofertilizers on 
growth and yield attributes of cape gooseberry.  
 
2. Materials and Methods 
For the current investigation, cape gooseberry (Physalis 
peruviana L.) was used as the experimental plants. The plants 
were planted at the main field at 60 × 45 cm spacing on 17th 
November 2019. Each and every experimental plants were 
applied with the nutrients as per the treatment details – T1: 
100% RDF (N:P:K @ 2.5:2.0:1.5 g plant-1); T2: 100% RDF + 
Azotobacter, PSB and KSB @ 10 g plant-1 each; T3: 90% 
RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each; T4: 
80% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each; 
T5: 70% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 
each; T6: 60% RDF + Azotobacter, PSB and KSB @ 10 g 
plant-1 each; T7: 50% RDF + Azotobacter, PSB and KSB @ 
10 g plant-1 each.  
Azotobacter, PSB and KSB were appliec at the root zone 
during transplanting. However, the application of N, P and K 
fertilizer in the form of Urea, DAP and MOP was done one 
day before transplanting. The lay out of the experiment was 
on Completely Randomized Block Design (CRBD) with three 
replications.  
Vegetative, physiological and reproductive growth of the 
plants was observed under field condition. After harvesting, 
yield was calculated and biochemical analyses of fruit were 
carried out. 
 
 

2.1 Vegetative and physiological growth of the plant 
Leaf length and breadth was measured manually with the help 
of measuring scale. Further, chlorophyll content (chlorophyll 
a, and b) of the leaves was analysed at vegetative stage and 
again at fruiting stage following the method of Barnes et al., 
(1992) [4] and the ratio of chlorophyll a: b was calculated 
thereafter. 
 
2.2 Reproductive growth, yield and fruit quality attributes 
The duration from bud break to flowering was counted 
manually for each and every experimental cape gooseberry 
plants.  
On the other hand, all the fruits from an individual plant were 
picked manually in each harvesting and weighted them on 
digital weighing balance. At the end of last harvesting, 
yield/plant was calculated by adding the value of fruit weight 
in each harvesting. Thereafter, yield per acre area was 
calculated by using following formula- Yield acre-1 = Yield 
Plant-1 × No. of plants accommodates acre-1 area Thereafter, 
sugar:acid ratio of the ripped cape gooseberry fruits was 
determined by dividing the total sugar content with titratable 
acidity for ten individual fruits under each replication and 
average value was calculated thereafter. Sugar content in the 
ripe fruit was estimated by Lane and Eynone (1923) method. 
Data were analyzed using statistical software (OPSTAT, 
HAU, Hissar).  
 
3. Results 
3.1 Vegetative and physiological growth of the plant 
The experimental results revealed that the leaf length and 
breadth of the experimental cape gooseberry plants varied 
significantly under different nutrient modules (Table 1). Leaf 
length was measured maximum in the treatment comprising 
100% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 
(T2) followed by 90% RDF + Azotobacter, PSB and KSB @ 
10 g plant-1 each (T3) which was 4.96 and 1.76% higher than 
the contol (9.07 cm). However, with the reduction of RDF 
doses below 80%, the leaf length stared to reduce 
significantly and it was recorded minimum in 50% RDF + 
Azotobacter, PSB and KSB @ 10 g plant-1 each (T7) treatment 
(8.52 cm) followed by 60% RDF + Azotobacter, PSB and 
KSB @ 10 g plant-1 each (T6) and 70% RDF + Azotobacter, 
PSB and KSB @ 10 g plant-1 each (T5) treatment. Similarly, 
leaf breadth was also recorded maximum in the treatment 
comprising 100% RDF + Azotobacter, PSB and KSB @ 10 g 
plant-1 each (T2) which was 3.06% higher than the control 
(7.51 cm). However, it was recorded minimum in 50% RDF + 
Azotobacter, PSB and KSB @ 10 g plant-1 each (T7) treatment 
(7.24 cm) followed by 60% RDF + Azotobacter, PSB and 
KSB @ 10 g plant-1 each (T6) and 70% RDF + Azotobacter, 
PSB and KSB @ 10 g plant-1 each (T5) treatment.  
Chlorophyll a:b ratio of cape gooseberry at vegetative and 
fruiting stage was also differed significantly under different 
INM modules (Table 1). At vegetative stage, the ratio of 
chlorophyll a and b was recorded maximum in 100% RDF + 
Azotobacter, PSB and KSB @ 10 g plant-1 each (T2) treatment 
(3.95) with at par with the treatment comprising 90% RDF + 
Azotobacter, PSB and KSB @ 10 g plant-1 each (3.88). 
However, it was reduced drastically in 50% RDF + 
Azotobacter, PSB and KSB @ 10 g plant-1 each (T7), 60% 
RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each (T6) 
and 70% RDF + Azotobacter, PSB and KSB @ 10 g plant-1
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each (T5) treatment (3.41, 3.43 and 3.61, respectively). 
Similarly, chlorophyll a:b ratio at fruiting stage was also 
recorded maximum in 100% RDF + Azotobacter, PSB and 
KSB @ 10 g plant-1 each (T2) treatment followed by in 90% 
RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each (T2) 
treatment (4.35 and 4.24, respectively) while minimum in 
50% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 
(T7) followed by 60% RDF + Azotobacter, PSB and KSB @ 
10 g plant-1 each (T6) treatment (4.03 and 4.16, respectively). 
Further, an interesting resuls was obtained that the ratio of 
chlorophyll a:b was significantly higher during fruiting stage 
as compared to vegetative stage, irrespective of treatment 
differences. 
 
3.2 Reproductive growth, yield and fruit quality attributes 
The duration from bud break to flowering was recorded 
earliest in 50% RDF + Azotobacter, PSB and KSB @ 10 g 
plant-1 each (T7) with similar duration in 60% RDF + 
Azotobacter, PSB and KSB @ 10 g plant-1 each (T6) treatment 
(15.33 days). However, late flowering after bud break was 
observed in the treatment comprising 100% RDF + 
Azotobacter, PSB and KSB @ 10 g plant-1 each (T2) which 
took 1.33 extra days as compared to control (20.00 days). 
Further, the earliness in flowering after bud break was also 
observed in 90% RDF + Azotobacter, PSB and KSB @ 10 g 
plant-1 each, 80% RDF + Azotobacter, PSB and KSB @ 10 g 
plant-1 each, and 70% RDF + Azotobacter, PSB and KSB @ 
10 g plant-1 each treatment (16.33, 16.67 and 16.00, 
respectively). 
The yield of cape gooseberry was also improved significantly 
under different INM modules as compared to control (Table 
2). It was recorded maximum in 90% RDF + Azotobacter, 
PSB and KSB @ 10 g plant-1 each (T3) with at par yield in 
80% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 
(T4), 70% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 
each (T5) and 60% RDF + Azotobacter, PSB and KSB @ 10 g 
plant-1 each (T6) treatments (12.08, 11.94, 11.75 and 11.75, 
respectively). However, the yield was recorded minimum 
control with at par result in 50% RDF + Azotobacter, PSB 
and KSB @ 10 g plant-1 each (T7) treatment (7.85 and 7.96 
tonnes acre-1).  
The sugar: acid ratio was recorded maximum in 80% RDF + 
Azotobacter, PSB and KSB @ 10 g plant-1 each (T4) followed 
by 90% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 

each (T3), 70% RDF + Azotobacter, PSB and KSB @ 10 g 
plant-1 each (T5) treatments (16.62, 15.69 and 15.60, 
respectively) with miniumum in control (10.48) which was 
statistically at par with 50% RDF + Azotobacter, PSB and 
KSB @ 10 g plant-1 each (T7) treatment (11.15). 
 
4. Discussion 
The increases vegetative with respect to leaf length and 
breadth and physiological growth with respect to the ratio of 
chlorophyll a:b of the experimental cape gooseberry plants 
under integrated nutrient module might be due to the effect of 
bio-fertilizers to enhance the nutrient uptake process 
especially nitrogen which ultimately plays significant role in 
integration of several amino acids (Awasthi et al., 1998). 
These amino acids are subsequently provide the framework 
for mitochondria, chloroplast and other photosynthetic 
structure to accelerate different biochemical reactions 
resulting improved vegetative and physiological activities 
within the plant system. It confirms the earlier observations of 
Gajbhiye et al. (2003) [8] and Singaravel et al. (2008) [26] in 
tomato and okra. Further, these improved vegetative and 
physiological growth of Azotobacter along with PSB and 
KSB inoculated cape gooseberry plants might helped to 
improve the reproductive growth of cape gooseberry under 
the present research work. Similar results were also obtained 
earlier by Kumar et al. (2019a) [14] in strawberry. 
In addition, the increased physiological growth of biofertilizer 
treated cape gooseberry plants helps to accumulate maximum 
amount of carbohydrate within the photosynthetic organs of 
the plant. Further, the treatments of biofertilizers also 
accelerate the translocation process of stored carbohydrates 
from source (leaf) to sink (growing fruits) resulting 
improvement in the crop yield. It confirms the earlier findings 
of Kumar et al. (2019b) [15] in strawberry and Hazarika and 
Aheibam (2019) [10] in lemon.  
On the other hand, quality attributes of ripped cape 
gooseberry fruits under the current experiment were improved 
significantly due to the multi-inoculation of biofertilizers. The 
improvement of Sugar: Acid ratio in combined application of 
bio-fertilizers along with reduced NPK doses might be due to 
the increased production of sugars from protein hydrolysis 
and ascorbic acid oxidation (Hazarika et al., 2015) [11] which 
confirms the previous report of Kumar et al. (2019a) [14] in 
strawberry and Dey et al. (2005) [6] in guava. 

 
Table 1: Effect of integrated nutrient module on vegetative and physiological growth of cape gooseberry (Physalis peruviana L.) 

 

Treatment 
Vegetative growth Physiological growth 

Leaf Length 
(cm) 

Leaf breadth 
(cm) 

Chlorophyll a/b ratio 
at vegetative stage 

Chlorophyll a/b ratio 
at fruiting stage 

T1 - 100% RDF (Control) 9.07 7.51 3.73 4.15 
T2 - 100% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 9.52 7.74 3.95 4.35 
T3 - 90% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 9.23 7.58 3.88 4.24 
T4 - 80% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 9.18 7.55 3.69 4.22 
T5 - 70% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 8.95 7.45 3.61 4.17 
T6 - 60% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 8.78 7.44 3.43 4.16 
T7 - 50% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 8.52 7.24 3.41 4.03 

CD (p˂.05) 0.25 0.21 0.11 0.12 
SE (m) 0.08 0.07 0.25 0.07 
SE (d) 0.12 0.10 0.35 0.10 

CV (%) 1.56 1.57 11.73 3.01 
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Table 2: Effect of integrated nutrient module on reproductive behaviour and yield and fruit quality of cape gooseberry (Physalis peruviana L.) 

 

Treatment Duration from bud break 
to flowering (Days) 

Yield 
(Tonnes acre-1) 

Sugar: 
Acid ratio 

T1 - 100% RDF (Control) 20.00 7.85 10.48 
T2 - 100% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 21.33 9.83 13.80 
T3 - 90% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 16.33 12.08 15.69 
T4 - 80% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 16.67 11.94 16.62 

T5 - 70% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 16.00 11.75 15.60 
T6 - 60% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 15.33 11.77 14.96 
T7 - 50% RDF + Azotobacter, PSB and KSB @ 10 g plant-1 each 15.33 7.96 11.15 

CD (p˂.05) 2.32 0.68 2.11 
SE (m) 0.74 0.22 0.68 
SE (d) 1.05 0.31 0.96 

CV (%) 7.45 3.62 8.36 
 

5. Conclusion 
Combined application of Azotobacter, PSB and KSB @ 10 g 
plant-1 each along with reduced NPK is very effective tool for 
improving physiological as well as reproductive growth of 
cape gooseberry plants with increased yield of better quality 
fruits. Treatment comprising 90% RDF of NPK + 
Azotobacter, PSB and KSB @ 10 g plant-1 (T3) is found most 
suitable for improving the yield and quality of cape 
gooseberry fruit with at par result in 80% RDF of NPK + 
Azotobacter, PSB and KSB @ 10 g plant-1 (T4), 70% RDF of 
NPK + Azotobacter, PSB and KSB @ 10 g plant-1 (T5) and 
60% RDF of NPK + Azotobacter, PSB and KSB @ 10 g 
plant-1 (T6) treatments. Hence, it can be concluded that the 
integrated nutrient module comprising 60% RDF of NPK + 
Azotobacter, PSB and KSB @ 10 g plant-1 (T6) is the best 
treatment to improve the production system of cape 
gooseberry in sustainable manner for long run with reduced 
application of mineral fertilizers.  
 
6. Acknowledgements 
Authors are heartily thankful to Hon’ble Vice Chancellor, 
Bihar Agricultural University (BAU), Sabour, Bhagalpur, 
India, for providing all the necessary facilities; Director of 
Research, BAU, Sabour for his continuous support and 
valuable suggestions. Further, the financial support from PG 
Research Contingency, Bihar Agricultural College, BAU, 
Sabour, Bhagalpur, India, is thankfully acknowledged. 
 
7. References 
1. Awasthi RP, Godara RK, Kaith NS. Interaction effect of 

VA-micorrhizae and azotobacter inoculation on 
micronutrient uptake by peach seedlings. Journal of 
Horticulture 1998;11:1-5. 

2. Bakulin MK, Grudtsyna AS, Pletneva A. Biological 
fixation of nitrogen and growth of bacteria of the genus 
Azotobacter in liquid media in the presence of 
Perfluorocarbons. Applied Biochemistry and 
Microbiology 2007;4:399-402.  

3. Banerjee S, Palit R, Sengupta C, Standing D. Stress 
induced phosphate solubilization by Arthrobacter sp. and 
Bacillus sp. Isolated from tomato rhizosphere. Australian 
Journal of Crop Science 2010;4(6):378-383. 

4. Barnes JD, Balaguer L, Manrique E, Elvira S, Davison 
AW. A reappraisal of the use of DMSO for the extraction 
and determination of chlorophylls a and b in lichens and 
higher plants. Environmental and Experimental Botany 
1992;32:85-100. 

5. Chen J. The combined use of chemical and organic 
fertilizer and or biofertilizer for crop growth and soil 
fertility. International Workshop on Sustained 

Management of the Soil-Rhizosphere System for 
Efficient Crop Production and Fertilizer Use. October, 
Thailand, 2006, 16-20. 

6. Dey P, Mathura R, Kumar S, Vishal NBD, Reddy NN. 
Effect of biofertilizer on physico-chemical charecteristics 
of guava (Psidium guajava L) fruit. Indian Journal of 
Agricultural Science 2005;75(2):95-96. 

7. El-Yazeid AA, Abou-Aly HA, Mady MA, Moussa SAM. 
Enhancing growth, productivity and quality of squash 
plants using phosphate dissolving microorganisms (bio 
phos-phor) combined with boron foliar spray. Research 
Journal of Agriculture and Biological Sciences 
2007;3(4):274-286. 

8. Gajbhiye RP, Sharma RR, Tewari RN. Effects of 
biofertilizers on the growth and yield parameters of 
tomato. Indian Journal of Horticulture 2003;60(4):368-
371. 

9. Gothwal RK, Nigam VK, Mohan MK, Sasmal D, Ghosh 
P. Screening of nitrogen fixers from rhizospheric 
bacterial isolates associated with important desert plants. 
Applied Ecology and Environmental Research 2007;6(2): 
101-109. 

10. Hazarika TK, Aheibam B. Soil nutrient status, yield and 
quality of lemon (Citrus limon Burm.) cv. ‘Assam lemon’ 
as influenced by biofertilizers, organics and inorganic 
fertilizers. Journal of Plant Nutrition 2019;42(8):853-63. 

11. Hazarika TK, Nautiyal BP, Bhattacharyya RK. 
Conjunctive use of bio-fertilizers and organics for 
improving growth, yield and quality of banana cv. Grand 
Naine. Indian Journal of Horticulture. 2015;72(4):461-65. 

12. Khatoon F, Kundu M, Mir H, Nahakpam S. Efficacy of 
foliar feeding of brassinosteroid to improve growth, yield 
and fruit quality of strawberry (Fragaria × ananassa 
Duch.) grown under subtropical plain. Communications 
in Soil Science and Plant Analysis 2021;52(8):803-814. 

13. Khatoon F, Kundu M, Mir H, Nandita K, Kumar D. 
Foliar Feeding of Brassinosteriod: A Potential Tool to 
Improve Growth, Yield and Fruit Quality of Strawberry 
(Fragaria × ananassa Duch.) under Non-Conventional 
Area. International Journal of Current Microbiology and 
Applied Sciences 2020; 9(3):733-741. 

14. Kumar S, Kundu M, Rakshit R. Effect of bio-fertilizer on 
growth, yield and quality of strawberry (Fragaria × 
ananassa Duch.) cv. Camarosa. Bulletin of Environment, 
Pharmacology and Life Sciences 2019a;8(2):S99-S107. 

15. Kumar S, Kundu M, Das A, Rakshit R, Siddiqui Md. 
Rani RW. Substitution of mineral fertilizers with 
biofertilizer: an alternate to improve the growth, yield 
and functional biochemical properties of strawberry 
(Fragaria× ananassa Duch.) cv. Camarosa. Journal of 

http://www.thepharmajournal.com/


 

~ 1048 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 
Plant Nutrition 2019b;42(15):1-20. 

16. Kumari P, Ahmad MdF, Kundu M, Jha AK, Rakshit R. 
Fertilizer requirement of papaya (Carica papaya L.) for 
commercial cultivation under Bihar condition. 
International Journal of Chemical Studies 
2019a;7(3):1730-1732. 

17. Kumari R, Kundu M, Das A, Rakshit R, Sahay S, 
Sengupta S et al. Long-term integrated nutrient 
management improves carbon stock and fruit yield in a 
subtropical mango (Mangifera indica L.) orchard. Journal 
of Soil Science and Plant Nutrition 2019b;20:725-737. 

18. Kundu M, Joshi R, Rai PN, Bist LD. Effect of Plant Bio-
Regulators on fruit growth, quality and productivity of 
pear [Pyrus pyrifolia (Brum.) Nakai] cv Gola under tarai 
condition. Journal of Applied Horticulture 
2013a;15(2):106-109. 

19. Kundu M, Joshi R, Rai PN. Bist LD. Response of 
Different Plant Bio-Regulators (PBRs) on Vegetative and 
Reproductive Growth of Pear [Pyrus pyrifolia (Brum.) 
Nakai] cv Gola under Subtropical Plains. Environment & 
Ecology 2013c;31(1A):310-313. 

20. Kundu M, Rai PN, Bist LD. Effect of Plant bio-regulators 
(PBRs) on growth, flowering, fruiting and quality in low 
chill pear [Pyrus pyrifolia (Brum.) Nakai] cv Gola. 
Pantnagar Journal of Research 2013b;11(2):234-238.  

21. Mikhailouskaya N, Bogdevitch I. Effect of biofertilizers 
on yield and quality of long- fibred flax and cereal grains. 
Journal of Agronomy Research 2009;7:412-418. 

22. Nandita K, Kundu M, Rani R, Khatoon F, Kumar D. 
Foliar Feeding of Micronutrients: An Essential Tool to 
Improve Growth, Yield and Fruit Quality of Sweet 
Orange (Citrus sinensis (L.) Osbeck) cv. Mosambi under 
Non-traditional Citrus Growing Track. International 
Journal of Current Microbiology and Applied Sciences 
2020;9(3):473-483. 

23. Rokhzadi A, Asgharzadeh A, Darvish F, Nour-
mohammadi G, Majidi E. Influence of plant growth-
promoting rhizobacteria on dry matter accumulation and 
yield of chickpea (Cicer arietinum L.) under field 
condition. Am-Euras. Journal of Agriculture and 
Environmental Sciences 2008;3(2):253-257. 

24. Saikia SP, Jain V. Biological nitrogen fixation with non- 
legumes: an achievable able target or a dogma. Current 
Science 2007;92(3):317-322. 

25. Shehata MM, El-khawas SA. Effect of biofertilizers on 
growth parameters, yield characters, nitrogenous 
components, nucleic acids content, minerals, oil content, 
protein profiles and DNA banding pattern of sunflower 
(Helianthus annus L. cv. Vedock) yield. Pakistan Journal 
of Biological Science 2003;6(14):1257-1268. 

26. Singaravel R, Suhatiaa K, Vembu G, Kamraj S. Effect of 
liquid biofertilizer on the nutrient content and uptake of 
okra. Asian Journal of Soil Science 2008;3(2):217-219. 

27. Tambekar DH, Gulhane SR, Somkuwar DO, Ingle KB, 
Kanchalwar SP. Potential Rhizobium and phosphate 
solubilizers as a biofertilizers from saline belt of Akola 
and Buldhana district (India). Research Journal of 
Agriculture and Biological Sciences 2009;5(4):578-582. 

28. Xiao CQ, Chi RA, Huang XH, Zhang WX. Optimization 
for rock phosphate solubilization by phosphate-
solubilizing fungi isolated from phosphate mines. 
Ecological Engineering 2008;33:187-193. 

http://www.thepharmajournal.com/

