


Original Research Article
Influence of the microbes mediated organic production module on the yield and quality of the Khasi mandarin in the upper Brahmaputra valley zone

[bookmark: _GoBack]


ABSTRACT

Aims: To find out the effect of microbes mediated organic production modules on the yield and quality of khasi mandarin
Study design:. Randomised Complete Block Design 
Place and Duration of Study: : The present field experiment was carried out at Pangna Gaon, Margherita, Tinsukia district of Assam during 2022 to 2024 and the laboratory work was performed at the Department of Horticulture, School of Agricultural Sciences, Nagaland University, Medziphema
Methodology: It was carried out on 30 years plus old fruit trees with a planting distance of 5m x 5m. During the course of the experiment different doses of organic manures along with microbial consortium were applied in the month of January and September.The experiment was laid out in randomized complete block design with four replications and each replication consisted of two plants. 
Results: The pooled data of two years indicated that application of vermicompost (2kg per plant) along with microbial consortium (100 ml) resulted improvement in yield in comparison to other organic manure soil treatment. Even though the trees were beyond its productive age application of organic manure resulted maximum fruit yield (12.78 kg/tree), TSS (9.03⁰ Brix), ascorbic acid (34.76 mg/ 100 ml) and total sugar (6.67 %) and it can also be recommended as the best combination in terms of total cost involvement for the production of khasi mandarin in the upper Brahmaputra valley zone
Conclusion: It can be stated that vermicompost along with microbial consortium resulted in higher fruit quality attributes and overall yield. It should also be noted that vermicompost along with microbial consortium enhanced or activitated the microbial communities activity present in the rhizospheric region. The benefit: cost ratio was found to be higher also in the soil treatment with vermicompost along with microbial consortium thus making it sustainable for the farmers and also improving the soil health conditions.
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1. INTRODUCTION 
Among the Citrus fruits, Khasi mandarin covering an area 17.55 thousand ha, and production 236.01 thousands metric tons in Assam and an area of 117.89 thousand ha with 672.78 thousands metric tons production in N E India (Horticultural Statistics at a glance, 2017,) whereas Khasi mandarin occupies 1.77 thousand ha area, 27.97 thousands metric tons production in Tinsukia with highest productivity of 15.8 tons/ha (Horticultural Statistics at a glance, 2017) due to its location in the upper Brahmaputra valley zone. In the rhizospheric soil of khasi mandarin wide microbial diversity could be observed which are responsible for providing the necessary nutrient uptake even if there is no external input. The microbial diversity in the rhizosphere found to change according to plant developmental stages, genotypes, and soil environment. The interactions of microorganisms that coexist in the rhizosphere are dynamic, and fluctuations of metabolites exuded by plant roots help shape the composition of the root microbiota. In addition to providing the mechanical support and facilitating water and nutrient uptake, plant roots also synthesize, accumulate, and secretea diverse array of compounds (Walker et al., 2003). These compounds secreted by plant roots act as chemical attractants for a vast number of heterogeneous, diverse and actively metabolizing soil microbial communities. The chemicals which are secreted by roots into the soils are generally called as root exudates. The exudation of a wide range of chemical compounds modifies the chemical and physical properties of the soil and thus, regulates the structure of soil microbial community in the immediate vicinity of root surface (Dakora and Phillips, 2002). In fact, some of the exudates act as repellants against microorganisms while others act as attractants to lodge the microbes. The composition of these exudates is dependent upon the physiological status and species of plants and microorganisms (Kang et al., 2010).Moreover, these exudates also promote the plant- beneficial symbiotic interactions and inhibit the growth of the competing plant species (Nardi et al., 2000). Also, microbial activity in the rhizosphere affects rooting patterns and the supply of available nutrients to plants, thereby modifying the quality and quantity of root exudates. A fraction of these plant-derived small organic molecules is further metabolized by microorganisms in the vicinity as carbon and nitrogen sources, and some microbe-oriented molecules are subsequently re-taken up by plants for growth and development (Kang et al., 2010). For better quality, development and yield of fruits, fertile soil is considered as a basic requirement for citrus cultivation, and , with the extension of citrus cultivation particularly in sandy soil , and the continuous use of inorganic fertilizers for prolonged periods to compensate the used nutrients, leading to the deterioration of soil physical and chemicals characteristics particularly fertility thereby limiting the organic matter in the soil, more attention for using organic and biofertilizers arise ,as there is a strong relationship between soil organic matter content and citrus productivity (Ge et al., 2018). Taking the above into consideration, the present study entitled,                “Influence of the microbes mediated organic production module on the yield and quality of the Khasi mandarin in the upper Brahmaputra valley zone” was carried out with the objective to improve the rhizospheric microbial activity of the khasi mandarin with the application of organic manure along with microbial consortium in order to get higher yield and  good quality attributes of khasi mandarin fruits.
2. MATERIAL AND METHODS
	 The present investigation was carried out during the year of 2022 to 2024 at the Farmer’s Orchard located in the Pangna Gaon,Tinsukia, Assam at a distance of 346.2 km from the School of Agricultural Sciences, Medziphema. The orchard was situated at the interaction of 27⁰21’ North latitude and 95⁰44’ East longitude and at an altitude of 141 meter above mean sea level; with land size of about 2000 m2 placed at spacing of 5m x 5m .The quality analysis was further performed at the laboratory of the department of horticulture, school of agricultural sciences, Nagaland University. The experiment was performed in more than 30 year’s old established trees to check the influence of organic manure along with microbial consortium on yield and quality of the fruits. During the course of the experiment different doses of organic manures along with microbial consortium were applied in the month of January and September.The experiment was laid out in randomized complete block design with four replications and each replication consisted of two plants. Treatment details: T1- Control(conventional practice of citrus grower) T2- Control plus Microbial Consortium(100 ml per plant);T3- FYM (40 kg per plant); T4- FYM (20 kg per plant) plus Microbial Consortium(100 ml per plant); T5- Poultry Manure (4 kg per plant); T6- Poultry Manure (2 kg per plant) plus Microbial Consortium(100 ml per plant);T7- Pig Manure (8 kg per plant); T8- Pig Manure (4 kg per plant) plus Microbial Consortium (100 ml per plant) T9- Vermicompost (4 kg per plant);T10- Vermicompost (2 kg per plant) plus Microbial Consortium (100 ml per plant);  Quality parameters such as Juice Content, TSS, Total Sugar, Reducing Sugar, Titrable Acidity, Ascorbic Acid content were analysed and the data generated in two consecutive years were pooled and used to prepared analysis of variance table and accordingly SE(m) and C.D. at 0.5% were computed as described by Panse and Sukhatme (1967). Benefit: Cost Ratio was also determined after pooling the data over the years of experiment.

3. RESULTS AND DISCUSSION
3.1 QUALITY ATTRIBUTES OF MANDARIN
The perusal of the data presented in Table 1 shows variations among the different treatment with respect to different biochemical parameters. The juice content varied from 51.83% - 58.93%. The TSS content varied from 8.12 ⁰Brix (T1) to 9.03 ⁰Brix (T10). The titratable acidity was found minimum in T10 (0.81 %) and maximum in T1 (0.92%). The ascorbic acid content was found highest in T10 (34.76 mg/100g) and lowest in T1 (29.64 mg/100g). The total sugar and reducing sugar was found maximum in T10 (6.67 %) and T10 (4.05%), respectively. The minimum total sugar and reducing sugar was found in T1 (5.54%) and T1 (3.80%), respectively. TSS: acidity ratio was found maximum in T10 (11.08) and minimum in T1 (8.82). As per the age group the quality attributes were found to be similar to that found by Hangsing et al. (2016) however the juice content was found to be more in the present investigation with maximum upto to 58.93%, this may be attributed due to its present physiographic environment such as the landforms, geological structures (Egashira et al., 1990) and also the location, climatic condition and external application. Organic manures along with the consortium have indeed played a major role as compared with T1 treatment which was basically fertilizers, the quality attributes were seen to be comparatively less in T1 than in other treatment.  Malsawmkimi et al. (2024) also performed similar kind of experiment which was totally organic based on 12 years old trees and they also observed similar quality attributes except for the ascorbic acid content which was found to be quite high. Similar data also reported by Das et al., (2004) with respect to percentage of total sugar and reducing sugar. Ascorbic acid content was found to be comparable with that reported by Yadav et al., (2003) 

3.2 ECONOMICS OF KHASI MANDARIN CULTIVATION
The table no 2 clearly indicates that higher yield (5.11 t/ha) was found in T10 treatment followed by T8 treatment and the overall beneficial treatment was found to be T10 treatment with B: C ratio 3.176.  Improved yield might be due to the combined effect of vermicompost along with the microbial consortium as a result of availability of major and minor nutrients at all the essential stages of growth and development & improvement of physio-chemical properties of soil; increase in enzymatic activity, microbial population and also increase in plant growth hormones and it also helps to increase the biological nitrogen fixation, and availability of phosphorus which is required for strong vegetative growth & upon decomposition-release nitrogen and phosphorus contents and allele-chemicals leading to disease suppression. Further in T10 treatment cost of cultivation was less thus profitable B: C ratio could be observed. With respect to the age group of the trees T10 treatment could be the most considerable one. Even though yield was about 5.11 t/ha but as per national mandarin productivity, the yield was quite low that might be attributed due to environmental factor such as unpredictable pre-monsoon rains which hamper the flowering and fruit setting stage and  also physiographic environment which influence the uptake of the nutrient. Sharma and Singh, (2001) observed that biological oxidation of existing C continues at the same rate as in citrus soils. hence, the state of nutrition, size, and yield of citrus are closely related to the amount of soil explored by the root system (Avilan et al., 1987).
Table no 1:  Pooled data on fruit qualities attributes of Khasi mandarin
	Treatment
	Juice content (%)
	TSS(⁰ Brix)
	Ascorbic Acid (mg/100ml)
	Total Sugar(%)
	Reducing Sugar(%)
	Titrable Acidity(%)
	TSS : Acidity

	T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
	51.83
52.17
57.12
58.79
52.90
54.62
53.66
55.48
58.93
57.10
	8.12
8.18
8.20
8.42
8.27
8.40
8.33
8.83
8.83
9.03
	29.64
30.59
31.65
32.75
30.97
31.77
32.12
32.80
32.22
34.76
	5.54
5.83
5.94
6.00
5.79
6.02
6.21
6.42
6.05
6.67
	3.80
3.88
3.84
3.90
3.81
3.90
3.95
3.98
3.87
4.05
	0.92
0.89
0.87
0.85
0.85
0.86
0.88
0.83
0.83
0.81
	8.82
8.98
9.42
9.84
9.65
9.87
9.52
10.58
10.64
11.08

	SE(m)±
C.D. at 5%
	0.42
1.23
	0.12
0.25
	0.21
0.62
	0.07
0.21
	0.04
0.12
	0.01
0.02
	0.12
0.36



Table no 2:  Pooled data on economics of khasi mandarin cultivation
	Treatment
	Yield(t/ha)
	Total Cost
	Gross Return
	Net Return
	Benefit : Cost Ratio

	T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
	4.592
4.920
4.700
4.852
4.568
4.916
4.848
5.008
4.988
5.112
	72486
82486
120486
106486
70646
71046
73846
72646
75446
73446
	275520
295200
282000
291120
274080
294960
300576
300480
299280
306720
	203034
212714
161514
184634
203434
223914
226730
227834
223834
233274
	2.801
2.578
1.341
1.734
2.879
3.152
3.070
3.126
2.966
3.176



4. CONCLUSION
From the above experiment it can be stated that vermicompost along with microbial consortium resulted in higher fruit quality attributes and overall yield. It should also be noted that vermicompost along with microbial consortium enhanced or activitated the microbial communities activity present in the rhizospheric region because the vermicompost that was added was very much in minute quantities so overall alone it is not possible. In T1 treatment the accurate recommended doses of NPK was applied but still higher yield with respect to other treatments could not be observed as external application  of  chemical fertilizers had no influence on its productivities.  Rather by enhancing the microbial activities of rhizospheric soil by application of organic manure along with external application of microbial consortium helped to get better result.  The benefit: cost ratio was found to be higher also in the soil treatment with vermicompost along with microbial consortium thus making it sustainable for the farmers and also improving the soil health conditions. 
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