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Original Research Article
Field level assessment of efficiency of microorganism enriched vermicompost with relation to potato cultivation
ABSTRACT

An effort was made to compare the efficiency of the microbiologically treated vermicompost with conventionally prepared vermicompost through an on-farm trial. All identified beneficial microbiological management practices were put together to produce a microbially enriched vermicompost and the results of application of this vermicompost was compared with those of traditionally prepared vermicompost under integrated plant nutrition system using potato (scientific name) as the test crop.

Key words: Bio-pesticide,Vermicompost, Potato, Trichoderma viridae, Azotobacter sp, Farm Yard Manure.
Abbreviation:NFB Nitrogen fixing bacteria, PSB Phosphate solubilizing bacteria, VC1 Microbially enriched vermicompost, VC2 Conventionally prepared vermicompost, FYM Farm yard manure.
INTRODUCTION 

Considering the beneficial roles of microorganisms nitrogen fixing bacteria (NFB), phosphate solubilizing bacteria (PSB) and Trichoderma viridae, it was decided to inoculate these three microorganisms in vermicomposting process for improving the quality of vermicompost. The efficiency of this microbially enriched vermicompost was assessed through an on-farm trial using potato (scientific name) as test crop.


Potato is an important tuber crop of India. It is a heavy feeder and high amount of nutrient inputs are generally used for potato cultivation of which organic manures form an important component. In the present study, the efficiency of microbially enriched vermicompost was assessed against FYM and traditionally prepared vermicompost under different combinations of mineral fertilizers, with regard to various growth and yield attributes of potato and also the residual fertility status of the soils. It has been hoped that the study will help in developing a clear concept about the efficiency of such microbially enriched vermicompost in producing crops and maintaining soil fertility.
Methodology

The study was carried out in a farmer’s field at Bahadurpur, Bolpur, Dist – Birbhum, situated in a red and lateritic soil zone of West Bengal. General properties of the soil have been presented in table-1. Seven treatments with three replicates (SHOULD ALLOW ANALYSIS OF STATISTICAL DIFFERENCES AMONG TREATMENTS – SEE TABLES OF RESULTS) for each were used for the study, laid in randomized block design. Details of the treatments have been shown in table -2. Potato variety Kufri Jyoti was cultivated in all the plots keeping other management practices similar.
STUDY DURATION?? CLIMATIC DATA??
Conventional vermicompost (VC2) was prepared by mixing vegetable market waste and cow dung @ 1:1 and incubating with Eisenia foetida @ 30 worms kg-1 of waste. For preparation of microbially enriched vermicompost, on the other hand, NFB (Azotobacter Sp.), PSB (Pseudomous Sp.) and Tichoderma viridae were added to the composting system after cessation of thermophilic stage @ 2 kg of culture materials having 106 and 105 nos. g-1  bacterial  and fungal population respectively, as  certified by the suppliers (which suppliers? Precision). The combination was followed by incubation with earthworms, as stated earlier.


To study the effects of different treatments on potato yield and yield components, observations were taken periodically from 30 days after sowing (DAS) till harvest on the following parameters.

a) Plant height

b) Leaf area index

c) Crop growth rate

d) Tuber bulking rate, and

e) Dry matter accumulation rate 

Finally, tuber yield rates under different treatments were determined at the end of the cultivation by following standard agronomic procedures.


Soil samples were collected from each of the plots and composite samples were prepared for each of the treatments. The samples were air dried, ground, passed initially through a 2 mm and finally an 80 mesh sieve and used for different analyses viz. pH (2:1 water : soil), organic carbon (Walkley and Black, 1934), easily mineralisable nitrogen (Subbiah and Asija, 1954), available phosphorus (Bray and Kurtz, 1945), available potassium (Jackson, 1973), CHECK RECENT PROCEDURAL REFERENCES  water holding capacity (Piper, 1966), microbial respiration (Nannipieri et al.,1990) and microbial biomass carbon (Vance et al., 1987)). DEFINE AVAILABLE N, P AND K. 
STATISTICAL ANALYSIS TOOLS???

RESULTS AND DISCUSSION


General properties of FYM, and two vermicomposts have been presented in table-3. As observed from the table, FYM showed lower contents of three major nutrients than the two kinds of vermicompost. Such superiority of vermicompost over traditional manure has been discussed by Kale (1993); Ghosh et al. (1999) and many other workers. Between the two vermicomposts, the microbially treated vermicompost showed slightly improved quality with regard to nutrient status. However, the total organic carbon value was marginally lower in this treatment, probably due to more accelerated decomposition of organic matter.

Initial properties of the soil under potato cultivation have been discussed earlier (where??, in a previous paper??). The soil was low fertile in nature with acidic pH. Similar natures of red and lateritic soils are well documented (Panda et al., 1991). The values showed varying levels of improvements on use of different combinations of organic manures and mineral fertilizers (Table-4). pH values of the soils increased marginally towards neutrality. However, the increments were not statistically significant over the initial value. Such increasing trends of pH values towards neutrality were attributed to the buffering action of organic matter, as stated by Kononova (1966). SIXTY YEARS SCIENTIFIC REFERENCES?? Vermicomposted materials showed slight higher pH values over the FYM treatment, probably due to more humified nature of the manure. The soil was initially poor in organic carbon, as is the characteristics of red and lateritic soils (Dev and Rattan, 1998). Use of organic manures tended to result in increments in organic carbon contents of the soil under different treatments. However, the changes were not statistically significant between the treatments. While the increments in organic carbon contents of the soils manures, the low rates of increments were attributed to rapid oxidation of organic matter under the tropical environment. Among the organic manures, use of two kinds of vermicomposts resulted in numerical increments in organic carbon values over the FYM treatment, although the variations were not statistically significant. This was attributed to occurrence of more labile forms of organic materials in FYM than vermicompost thus facilitating oxidation of organic matter in previous case.


The soil showed an initial easily mineralisable nitrogen value of 78.4 kg ha-1 which is well below the critical level of available nitrogen, as stated by Venkateswarulu (1976). Such low occurrence of available nitrogen in red and lateritic soils have been discussed by Panda et al. (1991). Use of different organic and mineral inputs helped to increase the availability of soil nitrogen levels substantially. Among the treatment, use of microbially treated vermicompost always showed numerically higher values of available nitrogen over the comparable treatments (STATISTICALLY PROVEN DIFFERNCES??). However, the increments were not statistically significant excepting as compared to FYM treatment. Available nitrogen content of the VC1 treated soils declined consistently with reduction of mineral fertilization. However, the values were always numerically higher than the corresponding treatments with conventional vermicompost (VC2). It was also interesting to observe that the residual available nitrogen status in treatment-1 (T1) using 100% recommended mineral fertilization and FYM @ 5t ha-1 was comparable or marginally lower than treatments 6 and 7 (T6 and T7) respectively where dose of mineral fertilization was reduced by 40% and was added along with vermicompost @ 5t ha-1. As shown in table-4, microbially treated vermicompost (VC1) showed slightly higher value of nitrogen in total as well as available forms. This behaviour may be due to inoculation of nitrogen fixing bacteria and also greater rate of degradation of the substrate. In addition, VC1 showed higher CEC values due to more intense humification of the organic materials. This helped to increase the CEC values of the soils when treated with VC1. Such behaviour probably helped to retain more amount of NH4+ form nitrogen in the soil exchange complex thus improving the available nitrogen status of the VC1 treated soils. 


Available P2O5 content of the soil was also low, as is the character of red and lateritic soils (Panda et al., 1992). Use of recommended doses of mineral fertilizers along with FYM @ 5t ha-1 resulted in only marginal increment in the residual available phosphorus status of the soil after potato cultivation. The values, however, showed considerable increment when the soil was treated with the two kinds of vermicompost at the same rate (5t ha-1) and also same dose of mineral fertilizers. Between the two vermicomposts, again, the microbially treated vermicompost (VC1) resulted in significantly higher available P2O5 over the corresponding FYM treatment while the increment was distinct but not statistically significant for conventional vermicompost treatment. The values declined consistently with reduction in the doses of mineral fertilizers. However, the residual availability of P2O5 remained substantially higher in the microbially enriched vermicompost even after reducing the P fertilization by 40%. This behaviour was attributed to higher availability of P in the microbially enriched vermicompost. In addition, enrichment of PSB in this vermicompost increased the occurrence of this microorganism in the soil after it’s application and thus helped to improve the residual availability of P in the soil.


Similar was the behaviour of available potassium status of the soils also. Use of vermicompost tended to increase the availability of K over the treatment with FYM and the residual available K values were comparable to 100% of mineral fertilization + FYM treatment (T1) even at 60% of recommended mineral fertilization + vermicompost treatments. Between the two vermicomposts, the microbially enriched vermicompost (VC1) always maintained higher available K values, as compared to conventional vermicompost. This behaviour was attributed to more intense humification and, thereby, opening of more cation exchange sites in this vermicomposts, which tended to retain more K+ ions in exchange phase (CITATION??).


Low water holding capacity is a major problem of red and lateritic soils. To improve this property, use of organic materials is generally advocated (Saha and Chattopadyay, 2010). In the present study, use of different organic manures resulted in marginal increment in water holding capacity of the soil but the variation were not statistically significant (Table 5??4). As discussed earlier, the moderate rate of organic manuring in this study could not retain appreciable amount of organic C in the soils under the tropical environmental condition. This resulted in minor increments in water holding capacity of the soil under different treatments. However, the primary results indicate that there is a good possibility of increasing the water holding capacity of these poorly productive soils through larger and/or repeated use of vermicompost. Between the two vermicomposts, the microbially enriched vermicompost (VC1) showed slightly better but non-significant effect on increments in water holding capacity among all the treatments. 

Microbial respiration (MR) and microbial biomass carbon (MBC) values indicate the activity and occurrence of different microorganisms in a system. MR values were found to be the highest in case of T1 (NPK100% + FYM) treatment.  The microbial activities proceeded slowly but consistently in case of FYM than the two vermicomposts where humification has already neared maturity. This behaviour resulted in higher MR value in FYM treated soil as compared to the vermicompost treated one. Between the two kinds of vermicomposts, VC1 always showed significantly higher MR values than VC2, owing to inoculation of different microorganisms in VC1. However, in both the cases, the MR values declined consistently with reduction in the dose of mineral fertilizers, probably due to lowering in ready availability of nutrients.


MBC values showed comparatively higher values over FYM treatment under all the vermicompost treatments. This was probably due to proliferation of different microorganisms during vermicomposting which got mixed with soils and improved their MBC values. Between the two kinds of vermicomposts, VC1 showed comparatively higher MBC values than VC2, obviously owing to containing larger population of inoculated microorganisms in VC1, as discussed before. MBC is generally considered to be an important indicator of soil health with regard to microbial activities (Harada and Inoko, 1980). The results of the study indicate that VC1 was more effective in maintaining a better soil health condition with regard to this attribute.

The results of the present study have shown the influences of vermicompost in improving the soil health with regard to various soil health indicating parameters (INTRODUCE THIS SOIL HEALTH PARADIGM IN INTRODUCTORY STATEMENTS). Between the two kinds of vermicompost, again, microbially treated vermicompost showed better residual benefits over the conventional vermicompost with regards to maintenance of soil health. NOT EVIDENT FROM THIS STUDY?? RESIDUAL EFFECTS EVALUATED?? WHERE??
The plant heights increased steadily throughout the period of study maintaining higher rates during first 50 days of cultivation after which the rate of increments in plant height declined (Table-6). The treatment T2 with NPK100% + VC1 maintained highest plant height over all other treatments during the entire period of study. Use of two kinds of vermicompost helped to maintain similar plant heights, as compared to T1 (100% NPK + FYM) even after reducing the mineral fertilization dose by 40%. Between these two vermicomposts, the microbially enriched vermicompost (VC1) maintained numerically superior values for plant height over the treatments with conventional vermicompost. However, the differences were not statistically significant always.
The results of periodic studies on leaf area index (LAI) have been presented in table-7. In general, the LAI values of potato increased rapidly during first 75 DAP and then showed a declining trend. Use of microbially enriched vermicompost maintained statistically significant increments in LAI values over the corresponding treatments with traditional vermicompost. It was interesting to observe that even after reducing the mineral fertilization by 40%, the values were comparable with T1 (100% NPK + FYM). Apart from high nutrient status of microbially enriched vermicompost, this behaviour may be attributed to formation of different growth promoting substances by the beneficial microorganisms present in VC1.

Crop growth rates (CGR) of potato during the period of cultivation have been presented in table-8. The CGR increased throughout the period of study with maximum growth rates being observed between 50 and 70 DAP. Use of microbially treated vermicompost (VC2) appeared to be superior to other organic inputs and maintained at par CGRs with T1 (100% NPK + FYM) even after 40% reduction in mineral fertilization. VC1 treatments also maintained marginally higher CGR values over the corresponding treatments using VC2. However, the increments were mostly numerical and not statistically significant. 

Tuber bulking rates (TBR) of the potato plants under different treatments at 50-70 and 70-90 DAP have been presented in table-9. In this case also, use of VC1 resulted in superior TBR values as compared to FYM treatment and also conventional vermicompost. As has been discussed earlier, use of microbially treated vermicompost showed increased availability of P. This property and also the beneficial role of inoculated PSB in dissolving phosphorus form insoluble forms helped to maintain higher availability of phosphorus in VC1 treated soils. Such increased availability of phosphorus in microbially enriched vermicompost showed a positive effect on tuber bulking rate of potato in the present study. Substantial yield increments in potato due to inoculation of PSB have been reported by Gaur (2006) also.

Similarly, dry matter accumulation rate (Table-10) was also favourably influenced by the use of microbially enriched vermicompost (VC1). Use of VC1 in combination with NPK fertilizers maintained significantly higher dry matter accumulation rates over the corresponding treatments using FYM and traditional vermicompost. After 90 DAS, use of VC1 along with 40% reduced dose of mineral fertilizers showed significantly higher dry matter accumulation as compared to use of FYM with 100% of recommended mineral fertilization. 

All these beneficial effects of microbially enriched vermicompost on soil quality and, thereby, the growth and yield attributes of potato were reflected in yield levels of the crop also in  (Table-11). Fresh tuber weight of potato per plant was found to be the highest in case of the treatment with microbially enriched vermicompost (VC1) along with 100% recommended fertilization. Even after reducing the dose of mineral fertilizers by 40%, VC1 helped to maintain slightly higher level of production of potato per plant, as was observed with FYM and 100% recommended fertilizer (Figure-1). As compared to traditional vermicompost (VC2), VC1 always showed numerical superiority over corresponding treatments with VC2. However, the differences were not found to be statistically significant.  Fresh tuber yields of potato in ton per ha cultivated area under different treatments have also been shown in table -11. The microbially treated vermicompost (VC1) along with 100% NPK fertilization resulted in statistically significant higher yield of potato over the corresponding treatment with FYM and numerically superior yield over the corresponding treatment with traditional vermicompost (VC2). It was also interesting to observe that even after reduction of mineral fertilization to 40%, the VC1 treatment showed potato yield level statistically comparable with 100% mineral fertilization along with VC2 or FYM thus exhibiting the superiority of microbially enriched vermicompost over traditional vermicompost or FYM. As discussed earlier, this behaviour may be attributed to higher availability of the three major nutrient elements in VC1 due to more intense degradation, addition of some amount of phosphorus and increased retention of potassium in available form. These beneficial microbes are known to produce various kinds of plant growth promoting substances (Rovira, 1965) vitamins, hormones, etc. (Subbah Rao, 1999) which also play important roles in the well beings of the crop. In addition, humic and fulvic acids released during the course of vermicomposting, are known to improve the growth as well as nitrogen fixing ability of Azotobacters inoculated in this study, and to increase the crop production. However, this was a one year study. Considering the appreciable residual benefits of such vermicompost on soil health, it is suggested that some long term study on crop yield and soil health may be taken up under a few cropping systems. 

Conclusion
An on-farm trial on potato was carried out to assess the efficiency of a microbiologically enriched vermicompost over the traditional vermicompost and also FYM. The yard study carried out in the second phase of the work programme has shown the efficiency of inoculated NFB and PSB in increasing the availability of nitrogen and phosphorus in vermicompost. However, the increment in available phosphorus appeared to be less prominent than nitrogen. In another study, inclusion of Trichodema viridae in the vermicomposting system proved to be effective in accelerating the degradation of more resistant organic materials. Trichoderma viridae is also known to be able to solubilise phosphorus from insoluble form and also to act as a bio-pesticide. Hence it was decided to include these three microorganisms viz. NFB, PSB and Trichoderma viridae in the vermicompost for enriching this organic manure. The on-farm trial revealed use of microbially enriched vermicompost to be superior to traditional vermicompost and also to FYM for maintaining soil fertility as well as microbial activity. This benefit of microbially enriched vermicompost was reflected in various growth and yield attributes of potato and finally in the yield levels of the crop. The cultivation of potato under treatment with microbially enriched vermicompost along with different doses of mineral fertilizers resulted in higher yields of the crops, as compared to corresponding treatments with traditional vermicompost. Even in combination with 60% of the recommended NPK fertilizer application rate, the potato yield for microbially enriched vermicompost appeared to be comparable (WITH A STATISTICAL PROOF?? NOT SEEN) to the yield obtained with FYM along with 100% recommended fertilization.
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Figure Legends

1.Changes in potato yield (%) under different combinations of vermicompost and mineral fertilizers over conventional nutrient management practice(T1)
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Table-1. Initial soil condition of the trial field:

	Treat.
	Sample no.
	O.C.%
	EM N2 (kgha-1)
	Available
P2O5
(kgha-1)
	AvailableK2O (kgha-1)
	M.B.C.µg g-1 of oven dry sample
	M. Respiration m.g. CO2 g-1 oven dried sample
	W.H.C.%
	pH

	Farmers practice

1
0.25
78.4
10.11
107.8
70.81 
0.55
34.01
5.55

	1
	0.25
	78.4
	10.11
	107.8
	70.81 
	0.55
	34.01
	5.55


TABLE PRESENTATION TO BE IMPROVED. INITIAL SOIL BIOCHEMICAL COMPOSITION???
Table -2. Details of treatments used for the on-farm trial

	Treatments
	treatment combinations

	T1
	NPK100 + FYM @ 5t ha-1

	T2
	NPK100 + VC1 @ 5t ha-1

	T3
	NPK100 + VC2 @ 5t ha-1

	T4
	NPK80 + VC1 @ 5t ha-1

	T5
	NPK80 + VC2 @ 5t ha-1

	T6
	NPK60 + VC1 @ 5t ha-1

	T7
	NPK60 + VC2 @ 5t ha-1


NPK100, 80, 60 = Percent of recommended N:P2O5:K2O fertilizer dose (200:200:150) for potato; FYM = Farm Yard Manure; VC1 = Microbially enriched vermicompost; VC2 = Conventionally prepared vermicompost
Table -3. Quality of FYM and two vermicomposts used for on-farm trial

	
	FYM
	VC1
	VC2

	pH
	6.8
	6.9
	6.9

	Easily mineralisable organic carbon (%)
	29.8
	23.2
	21.1

	Available nitrogen (%)
	0.06
	0.08
	0.09

	Available phosphorus (%)
	0.04
	0.05
	0.06

	Available potassium (%)
	0.05
	0.06
	0.06


DEFINE AVAILABLE N, P AND K IN THE METHODOLOGY SECTION.
Table-4. Some chemical properties of the soils after potato cultivation

	Treatments
	pH
	O.C. ( %)
	Easily mineralisable N2 ??? (kg ha-1)
Atmospheric Nitrogen ???
	Av.?? P2O5 (kg ha-1)
	Av.?? K2O 

(kg ha-1)

	NPK100%+FYM@5t ha-1
	5.65
	0.33
	138.11
	11.26
	135.50

	NPK100%+VC1@5t ha-1
	5.74
	0.34
	183.75
	15.27
	150.30

	NPK100%+VC2@5t ha-1
	5.71
	0.33
	164.64
	14.21
	146.90

	NPK80%+VC1@5t ha-1
	5.63
	0.34
	174.16
	13.90
	148.30

	NPK80%+VC2@5t ha-1
	5.68
	0.36
	146.51
	12.84
	143.90

	NPK60%+VC1@5t ha-1
	5.72
	0.34
	146.93
	14.74
	140.95

	NPK60%+VC2@5t ha-1
	5.68
	0.35
	140.84
	12.10
	136.50

	S.Em. +*
	0.22
	0.02
	12.73
	1.29
	12.18

	C.D.*
	0.55
	0.05
	32.49
	3.26
	30.67

	C.V.
	6.73
	9.75
	14.09
	16.64
	14.74


* Meaning??
Table -5. Some physical and microbiological properties of the soils after potato cultivation (Mean of 3 replicates)
	Treatments
	W.H.C.%
	M. Res.
	M.B.C.

	NPK100%+FYM@5t ha-1
	32.16
	1.62
	73.87

	NPK100%+VC1@5t ha-1
	38.62
	1.22
	104.50

	NPK100%+VC2@5t ha-1
	37.54
	0.90
	82.50

	NPK80%+VC1@5t ha-1
	38.94
	0.90
	86.96

	NPK80%+VC2@5t ha-1
	38.25
	0.65
	81.74

	NPK60%+VC1@5t ha-1
	34.32
	0.85
	98.67

	NPK60%+VC2@5t ha-1
	33.52
	0.62
	74.20

	S.Em. +
	2.53
	0.077
	4.98

	C.D.
	6.37
	0.19
	12.55

	C.V.
	11.92
	13.89
	10.02


  Table -6.  Plant height (cm) of potato under different treatments 

	Treatments
	30 DAP
	50 DAP
	75 DAP
	90 DAP

	NPK100%+FYM@5t ha-1
	19.6
	39.76
	50.2
	60.12

	NPK100%+VC1@5t ha-1
	26.7
	46.2
	56.45
	64.25

	NPK100%+VC2@5t ha-1
	22
	42.3
	54.3
	62.05

	NPK80%+VC1@5t ha-1
	22.2
	43.6
	55.1
	63.55

	NPK80%+VC2@5t ha-1
	21.7
	42.1
	52.5
	61.85

	NPK60%+VC1@5t ha-1
	19.9
	40.41
	51.54
	61.16

	NPK60%+VC2@5t ha-1
	17.4
	38.2
	49.4
	58.7

	S.Em. +
	0.74
	1.60
	1.69
	2.04

	C.D.
	1.88
	4.04
	4.26
	5.13

	C.V.
	6.05
	6.65
	5.56
	5.73


Table -7. Leaf area index of potato under different treatments

	Treatments
	30 DAP
	50 DAP
	75 DAP
	90 DAP

	NPK100%+FYM@5t ha-1
	0.84
	1.89
	2.29
	1.13

	NPK100%+VC1@5t ha-1
	1.55
	3.01
	3.62
	2.15

	NPK100%+VC2@5t ha-1
	1.30
	2.30
	3.18
	1.98

	NPK80%+VC1@5t ha-1
	1.41
	2.32
	3.38
	2.01

	NPK80%+VC2@5t ha-1
	0.99
	1.97
	2.95
	1.92

	NPK60%+VC1@5t ha-1
	0.78
	1.89
	2.85
	1.63

	NPK60%+VC2@5t ha-1
	0.71
	1.78
	2.09
	1.07

	S. Em. +
	0.06
	0.11
	0.17
	0.09

	C.D.
	0.15
	0.29
	0.44
	0.24

	C.V.
	9.71
	9.51
	10.59
	10.11


Table-8. Crop growth rate (g m-2 day-1) of potato under different treatments

	Treatments
	30-50 DAP
	50-70 DAP
	70-90 DAP

	NPK100%+FYM@5t ha-1
	3.78
	14.01
	3.78

	NPK100%+VC1@5t ha-1
	5.91
	17.24
	5.28

	NPK100%+VC2@5t ha-1
	5.36
	16.63
	4.92

	NPK80%+VC1@5t ha-1
	5.60
	17.14
	5.18

	NPK80%+VC2@5t ha-1
	5.02
	15.47
	4.77

	NPK60%+VC1@5t ha-1
	4.46
	14.39
	4.34

	NPK60%+VC2@5t ha-1
	3.02
	13.49
	3.48

	S.Em. +
	0.38
	0.87
	0.36

	C.D.
	0.96
	2.19
	0.92

	C.V.
	14.02
	11.17
	11.52


Table -9. Tuber bulking rate (g m-2 day-1) of potato under different treatments

	Treatments
	50-70 DAP
	70-90 DAP

	NPK100%+FYM@5t ha-1
	52.98
	45.42

	NPK100%+VC1@5t ha-1
	71.86
	55.98

	NPK100%+VC2@5t ha-1
	64.22
	53.78

	NPK80%+VC1@5t ha-1
	66.10
	54.88

	NPK80%+VC2@5t ha-1
	66.25
	50.36

	NPK60%+VC1@5t ha-1
	59.38
	49.8

	NPK60%+VC2@5t ha-1
	48.25
	42.15

	S.Em. +
	3.62
	2.82

	C.D.
	9.12
	7.11

	C.V.
	10.36
	9.72


Table -10. Dry matter accumulation (g m-2) of potato under different treatments
	Treatments
	30 DAP
	50 DAP
	70 DAP
	90 DAP

	NPK100%+FYM@5t ha-1
	79.8
	155.6
	425.8
	460.5

	NPK100%+VC1@5t ha-1
	118.1
	236.32
	577.96
	642.42

	NPK100%+VC2@5t ha-1
	102.2
	209.45
	532.12
	590.45

	NPK80%+VC1@5t ha-1
	107.5
	219.76
	552.61
	615.69

	NPK80%+VC2@5t ha-1
	95.3
	195.65
	494.95
	550.32

	NPK60%+VC1@5t ha-1
	91.8
	180.9
	458.78
	505.62

	NPK60%+VC2@5t ha-1
	85.4
	145.85
	405.7
	455.52

	S.Em. +
	4.73
	8.81
	12.18
	15.39

	C.D.
	11.90
	22.18
	30.66
	38.74

	C.V.
	8.43
	7.95
	4.56
	4.62


Table-11. Yield of potato under different treatments

	Treatments
	Yield

	
	g plant-1
	t ha-1

	NPK100%+FYM@5t ha-1
	218.43
	24.27

	NPK100%+VC1@5t ha-1
	254.97
	28.33

	NPK100%+VC2@5t ha-1
	241.47
	26.83

	NPK80%+VC1@5t ha-1
	244.08
	27.12

	NPK80%+VC2@5t ha-1
	231.66
	25.74

	NPK60%+VC1@5t ha-1
	226.36
	25.15

	NPK60%+VC2@5t ha-1
	204.84
	22.76

	S.Em. +
	8.80
	1.47

	C.D.
	22.15
	3.70

	C.V.
	6.58
	9.90
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Figure -1. Changes in potato yield (%) under different combinations of vermicompost and mineral fertilizers over conventional nutrient management practice (T1)
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Figure 4.6.1. Changes in potato yield (%) under different combinations of vermicompost and mineral fertilizers over conventional nutrient management practice (T1)



		





		






