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ABSTRACT: The present investigation was conducted at College of Horticulture, Mojerla, Sri Konda
Laxman Telangana State Horticultural University, Mulugu, Telangana State, India in rabi season of 2019-
20 with set of eight treatments. The treatmentsincluded 75 per cent and 50 per cent recommended dose of
nitrogen, phosphate and potassium, as well as Farm yard manure, vermicompost, and biofertilizers
(azotobacter and phosphorus solubilizing bacteria). Among the treatments 75 per cent Recommended dose
of Nitrogen Phosphorus potassium plus Farm yard manure (6 tons per hectare) plus ver micompost (1.5
tonnes per hectare) plus Azotobacter (10 kg per hectare) plus PSB (10 kg per hectare) is best for growth
recorded as minimum number of daysrequired for 80 per cent germination of seedlings (2.55 days), longer
plant height (46.50 cm), more number of leaves per plant (22.54), maximum leaf area (1350.16 cm?) and
higher chlorophyll content index (24.24), and yield parameters as maximum root length (14.26 cm), root
diameter (7.4 cm), root yield per plant (175.00 g) root yield per plot (7.70 kg), root yield per hectare (19.16
t), root to shoot ratio (4.00) and harvest index (0.92) with maximum availability of Nitrogen (352.37 kg ha’
1), Phosphorous (47.47 kg ha™), Potassium (365.95 kg ha™*) and Organic carbon (0.60 %) after the harvest
of the crop and the same treatment registered lowest pH (8.04) and EC (0.23dSm'™).

Keywords: INM, RDF, azotobactor, PSB, NPK content.

INTRODUCTION knowing how to use it wisely is critical (Dhakal et al.,
2016; Kumar et al., 2020). While chemical fertilizer
application aids in achieving maximum production, it
must be interpreted in view of its detrimental effects on
the environment as well as rising production expenses
due to its expensive cost (Dadarwal et al. (2009; Ranjan
et al., 2013; Kannan et al., 2013; Kumar €t al., 2014).
To raise cropping system output, increase the efficiency
of fertilizer input, and sustain soil health for a longer
length of time, organic material coupled with inorganic
fertilizers is applied to soils (Tambe et al., 2019).
Organic manure treatments, according to Kler et al.
(2002), result in a better physical, chemical, and
biological environment.

FY M isthe most often used organic manure. Apart
from enhancing the physical characteristics of the soil,
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Beetroot (Beta vulgaris L.) is recognized by many
common names such as Beet, Chard, and Spinach Beet
for its juice value and therapeutic benefits. (Y ashwant,
2015). E162, a food colouring ingredient extensively
used in manufacturing (Clifford et al., 2015), decreases
coronary heart disease and cancer (Jurgen et al., 2015).
Significantly lower systolic and diastolic blood
pressure. Several publications highlight the ongoing
discussion over the antihypertensive potential of
beetroot (Lidder et al., 2013 and Kapil et al., 2014).
Beet root is one of the real foods that stimulates energy
in athletes because it contains one of the greatest levels
of nitrates and sugar, (Y adav et al., 2016).

Fertilizer is one of the costliest crop inputs, therefore
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it provides macro and micronutrients (Sengar et al.,
2000). In recent years, vermicompost has been
discovered as one of the most important gears for
transforming biodegradable organic material into useful
manure. It's high in nitrogen, phosphate, potassium,
calcium, vitamins, natural phytoregulators, and a well-
balanced microbiome, al of which contribute to the
soil's natural fertility being restored. (Banik et al.,
2004). The use of organic manures, biofertilizers, and a
lower dose of chemical fertilizers in combination helps
to reduce pollution, boost product production and
quality, and maintain soil health (Ahmad et al., 2016).
With these considerations in mind, the current study
proposes to investigate the influence of integrated
nutrition management on beetroot (Beta vulgaris L.)
cv. crimson globe growth and yield under akaline
circumstances.

MATERIALSAND METHODS

The present study was conducted at the College of
Horticulture, Mojerla, SKLH University, Mulugu,
Telangana State, India. During the final week of
October 2019 to the second week of January 2020, The
farm is located at an elevation of 401 meters above
MSL on 770.96' East longitude and 160.36' North
latitude, with a semi-arid climate. The experiment, was
designed in a randomized complete block design with
eight treatments and three replications with eight
treatments having three replications. The total eight
treatments consist of i.e., T1-75 % Recommended dose
of nitrogen phosphorus and potassium + Farm yard
manure (12t ha') + Azotobacter (10 kg ha
%) + Phosphorus solubilizing bacteria (10 kg ha'),  T,-
75% Recommended dose of nitrogen phosphorus and
potassium +Vermicompost (3 t ha') + Azotobacter (10
kg ha®) + Phosphorus solubilizing bacteria (10 kg ha'%),
Ts-75 % Recommended dose of nitrogen phosphorus
and potassum + Farm yard manure (6 t ha') +
Vermicompost (1.5 t ha') + Azotobacter (10 kg ha') +
Phosphorus solubilizing bacteria (10 kg ha), T,-50 %
Recommended dose of nitrogen phosphorus and
potassum + Farm yard manure (12 t ha®) +
Azotobacter (10 kg ha') + Phosphorus solubilizing
bacteria (10 kg ha'), Ts-50 % Recommended dose of
nitrogen phosphorus and potassium + Vermicompost (3
t ha') + Azotobacter (10 kg ha®) + Phosphorus
solubilizing bacteria (10 kg hal), T¢50 %
Recommended dose of nitrogen phosphorus and
potassium + Farm yard manure (6 t hal) +
Vermicompost (1.5 t ha') + Azotobacter (10 kg ha)+
Phosphorus solubilizing bacteria (10 kg ha), T-75 %
Recommended dose of nitrogen phosphorus and
potassium + Farm yard manure (12t ha') and Tg- 50 %
Recommended dose of nitrogen phosphorus and
potassium + Farm yard manure (12 t ha™®).

Crimson Globe was the variety under investigation. To
ensure spacing, seeds were seeded at a 45 cm x 15 cm
spacing and thinning was done 10 days following
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sowing. Urea, SSP, and MOP were used to provide
nitrogen, phosphorus, and potassium, respectively. As
per treatment before planting, a full dose of P and K
and half dose of N were applied as a basal dose, and the
remaining half dose of N was provided 30 DAS. Prior
to sowing, manures such as farmyard manure and
vermicompost were mixed into the plots according to
treatment. Seeds are treated with biofertilizers prior to
sowing (Azotobacter and PSB). Growth and vyield
characteristics were recorded on five plants per
treatment per plot in each. The minimum number of
days required for seedlings to germinate at 80% of their
potential, plant height, number of leaves per plant, |eaf
area, chlorophyll content index, root length, root
diameter, root yield per plant, root yield per plot, root
yield per hectare, root to shoot ratio, and harvest index
were al recorded. The data were statistically examined
using analysis of variance (ANOVA) for RBD
according to Panse and Sukhatme's standard approach
(1985).

A. Soil Nutrient Status

Soil samples were taken before the application of
integrated nutrient sources to the experimental location
to determine the soil's nutrient status. After the crop
was harvested, soil samples were taken from each
treatment plot at a depth of 30 cm using a screw auger
equipment. The soil samples were collected, well
mixed, and then air dried in the shade before being
ground in a wooden mortar with a wooden pestle and
sieved through a 2 mm sieve. After processing, the
samples were stored in clearly labelled corrugated
boxes and utilised to estimate available nitrogen,
phosphate, potassium, pH, electrical conductivity, and
organic carbon in the soil before and after crop harvest.
The akaline permanganate method was used to assess
available nitrogen (kg ha*) (Subbaiah and Asija, 1956).
Olsen's approach was used to calculate available
phosphorus (kg ha') (Olsen et al., 1954). Flame
photometry was used to determine available potassium
(kg ha®) (Jackson, 1967). The pH of the soil was
determined using the Beckman pH metre glass
electrode method (Jackson, 1967). The electrical
conductivity of the soil (dS mol™) was determined
using the Solubridge method (Jackson, 1967). The
percentage of soil organic carbon was calculated using
the Walkely and Black fast titration method (Walkley
and Black 1934).

RESULTSAND DISCUSSION

A. Growth parameters

Beetroot Cv Crimson globe growth metrics were
significantly  affected by integrated nutrition
management as shown in Tables 1 and 2. Among the
integrated nutrient management treatments, T5-75 %
Recommended dose of nitrogen phosphorus and
potassium + Farm yard manure (6 t ha') +
Vermicompost (1.5 t ha') + Azotobacter (10 kg ha) +
Phosphorus solubilizing bacteria (10 kg ha') recorded
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minimum number of days required for 80 per cent
germination of seedlings (2.55 days) with maximum
plant height at 25, 50 and 75 days after sowing (16.65,
35, 46.50 cm respectively) with more number of leaves
per plant and leaf area at 25, 50 and 75 days after
sowing (9.33, 19.12, 22.54 respectively) and (854.20,
938.28, 1350.16 cm?) respectively with highest
chlorophyll content index at 25, 50 and 75 days after
sowing (14.60, 18.36 and 24.24 respectively). Organic
and inorganic fertilizers, nitrogen-fixing biofertilizers,
and phosphorus-solubilizing bacteria worked together
to increase the availability of al main and minor
nutrients in the rhizosphere which helps in increasing

the growth parameters. Reddy and Rao (2004) found
similar resultsin bitter gourd.

The availability of needed quantities of nitrogen, which
is contained in amino acids, nucleotides, nucleic acids,
a variety of coenzymes, auxins, cytokinin, and
alkaloids, produced the highest rise in plant height,
more leaves per plant, leaf area, and chlorophyll
content. The use of FYM may have increased microbial
activity in the root zone of the beet root crop, which
could aid in nutrient transformation The findings are
consistent with (Tovihoudji et al. (2015); Singh et al.
(2017); Dhakal et al. (2016); Nagar et al. (2016) in
their experiments.

Table 1: Influence of INM on number of daystaken for 80 % germination of seedlings (days), plant height
(cm) and No. of leaves per plant atdifferent growth stages of beet root Cv. Crimson Globe.

Ng;/z‘ bgeror;;jna;isgr?gfugl% 8 Plant height (cm) Number of leaves per plant
Treatments 25 days 50 days 75 days 25days | o days after 75days
after after after after . )
) ) ) ) sowing after sowing
sowing sowing sowing sowing
T, 3.13% 13.89% 28.7™ 37.57¢ 8.37° 17.83° 18.64%
T, 2.97® 15.73% 30.7% 44,64 8.53% 17.99 18.97%
Ts 255 16.65% 35.0° 46.50° 9.33° 19.12% 22,542
T, 3.07® 12.49% 26.6% 37.80% 8.03% 15.41° 18.30°
Ts 3.67™ 14.92% 27.6c% 40.63% 8.33% 17.67% 19.01%
Ts 2,870 15.2390¢ 32,280 40.60PC 8.070¢ 18.402 21.302
T, 3.92% 11.85° 24.9° 34.53% 7.45° 15.45° 18.24°
Ts 4.22° 10.19' 19.9° 32.07° 6.17d 13.62° 17.65°
SEm:+ 0.27 0.48 1.19 173 0.62 0.60
CD at 5% 0.81 1.45 3.62 5.25 1.89 1.82

Table 2: Effect of integrated nutrient management on leaf area (cm?) and chlorophyll content index at
different growth stages of beet root Cv. Crimson Globe.

L eaf area (cm?) Chlorophyll content index
Treatments 25 Days after 50 Days after 75 Days after 25 Days after 50 Days after .
sowing sowing sowing sowing sowing 75 Days after sowing

T, 763.62° 856.54° 1071.23% 10.39° 14.35° 19.27°

T, 807.15% 867.86% 1272.61% 11.95° 17.59% 22.75°

Ts 854.202 938.382 1350.162 14.602 18.362 24.242

T, 680.54° 805.66™ 1009.27% 9.40% 14.56° 19.92°

Ts 802.33% 856.86" 1061.84> 11.61° 16.57° 20.46°

Te 815.40% 876.22% 1161.91° 13.56% 17.13® 22.64°

T, 571.98° 754.16% 1022.93% 9.79° 13.43° 16.99°

Tg 520.58° 725.90° 960.13° 8.38¢ 11.52¢ 15.11°
SEm:+ 21.45 24.67 34.20 0.35 0.45 0.64
CD at 5% 65.06 74.83 103.74 1.08 1.36 1.95

B. Yield parameters

Root length and Root diameter (cm). The experimental
results demonstrated that the various treatments listed
in Table 3 had a significant effect on the yield
characteristics.

Among the integrated nutrient management treatments,
Ts-75 % Recommended dose of nitrogen phosphorus
and potassium + Farm yard manure (6 t ha®) +
Vermicompost (1.5 t ha') + Azotobacter (10 kg ha') +
Phosphorus solubilizing bacteria (10 kg ha™) recorded
root length (14.26 cm) (Fig. 1), root diameter (7.4 cm)
(Fig. 2). It's believed that improved plant growth in all
aspects resulted in more photosynthate translocation
from leaves (source) to roots (sink), resulting in
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increased root length and diameter. Similar results
were also reported by Dlamini et al. (2020) in beet
root.

Root yield. Among the treatments, T, treatment, 75 %
Recommended dose of nitrogen phosphorus and
potassum + Farm yard manure (6 t hal) +
Vermicompost (1.5 t ha') + Azotobacter (10 kg ha') +
Phosphorus solubilizing bacteria (10 kg ha') recorded
highest root yield per plant (Fig. 3) (175.00 g) root
yield per plot (7.70 kg), root yield per hectare (19.16 t)
root to shoot ratio (4.00) and harvest index (0.92).
Highest yield in all roots parameters which was due to
the maximum root length and root diameter. The
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application of an ideal amount of NPK and organic
manures aids the bio-physical activities of crop plants
that convert proteins and carbohydrates into roots. The
synergistic impact of NPK and FYM / vermicompost
also improves growth metrics. and, as a result, yields.

The results are in accordance with the findings of Das
et al. (2015); Singh et al. (2017) in carrot and Paul et
al. (2018); Dlamini et al. (2020) in beet root and Antil
and Devrgj (2019).

Fig. 2. Widest root diameter in T3 treatment.

Fig. 3. Heaviest root weight in T3 treatment.

T treatment -75 % Recommended dose of nitrogen phosphorus and potassium + Farm yard manure (6t ha™) +
Vermicompost (1.5t ha®) + Azotobacter (10 kg ha™) + Phosphorus solubilizing bacteria (10 kg ha*)

Table 3: Influence of INM on root length (cm), root diameter (cm), Root yield (g plant™), Root yield
(kg plot™), Root yield (t ha™) of beet root Cv. crimson globe.

Root

Root length . Root yield Root yield Root yield | Root to shoot .
Treatments (cm) dle(ltr:r;ne;er (g plant™) (kg plot?) (t ha®) ratio Harvest index

T, 10.6% 5.94% 144.86° 6.29° 15.75% 2.719 0.74%

T, 12.37 6.82% 162.34% 713 17.54% 3.58P¢ 0.81P¢

Ts 14.26 7.442 175.00? 7.70° 19.16 4.00% 0.922

T, 9.49% 5.31° 146.13° 5.73 14.33¢ 2479 o.71%€

Ts 11.93% 6.37™ 154.95™ 6.35° 15.90¢ 3.41® 0.76™

Ts 13.97° 6.71%° 173.06% 7.35% 18.41% 3.97P¢ 0.85°

T, 9.54% 5.41° 128.20° 4.94° 11.601 2.24% 0.731

Ts 8.60° 4.43° 104.71° 4.39° 10.319 1.78e 0.65¢
SEm:+ 0.47 0.26 443 0.18 0.49 0.22 0.02
CD at 5% 142 0.79 13.43 0.55 1.47 0.68 0.07

Soil nutrient status. Table 4 shows that the original
soil sample from the experimental site had a pH of 7.52,
0.35 percent organic carbon, and accessible N, P, and K
contents of 24211, 282, and 2423 kg ha’,
respectively. The results obtained on soil nutrient status
after the experiment reported in Table 5 revealed that,
among the treatments, T3 treatment 75 %
Recommended dose of nitrogen phosphorus and
potassum + Farm yard manure (6 t ha') +
Vermicompost (1.5t ha') + Azotobacter (10 kg ha) +
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Phosphorus solubilizing bacteria (10 kg ha') recorded
maximum availability of Nitrogen (352.37 kg hal),
Phosphorous (47.47 kg ha"), Potassium (365.95 kg ha
1y and Organic carbon (0.60 %) after the harvest of the
crop and the same treatment registered lowest pH
(8.04) and EC (0.23dSm’™%).

The use of biofertilizers in combination with FYM and
vermicompost reduced nitrogen loss and enhanced
biologica nitrogen fixation, resulting in the soil
receiving more nitrogen, potassium, and organic
carbon. Similar findings were reported by (Kafle et al.
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2019).

Similarly, PSB solubilizes insoluble p in to soluble
form, resulted in availability of more phosphorus
content in the soil after harvest of the crop. Due to the

combined effect of organic, inorganic and biofertilizers
led to maintain optimum pH in the soil rather than other
treatments. These findings are according to Ambede et
al. (2008) and Rai et al. (2016).

Table 4: Physical and chemical characteristics of the soil befor e experiment.

Particulars Values Method of analysis
Physical properties
Sgnd (%) 123% Bouyoucoshydrometer
St (%) 7.2% (Piper,1950)
Clay (%) 21.6% '
Textural class Sandy Loam
Chemical Properties
pH (1:2.5 soil: water suspension) 7.52 Beckman pH meter glass el ectrode method (Jackson, 1967)
Electrical conductivity (dS mol™) 0.18 Solubridgemethod (Jackson, 1967)
Organic carbon (%) 0.35 Walkley and Black (1934)
AvailableNitrogen (kg ha') 24211 Alkalinepermanganate method (Subbaiahand Asija, 1956)
AvailablePhosphorus (kg ha™) 28.2 Olsen’s method (Olsenet al., 1954)
Availablepotassium (kg ha™) 242.3 Flame photometry (Jackson, 1967)

Table5: Influence of INM on available NPK (K g ha™), soil pH, EC (dS/mol) and Organic carbon (%) in soil
after harvest of the beet root cv. crimson globe.

Available Available Available Electric Oraanic carbon
Treatments Nitrogen Phosphorus potassum soil pH conductivity 9 (%)
(Kg ha') (Kgha') (Kgha') (dS/mol) °
T 283.03¢ 38.16°9€ 321.319€ g.33%€ 03P 0.42%€
T 307.75° 42.12°¢ 340,69 8.17°¢ 0.30% 0.49°
Ts 352.372 47.472 365.952 8.04° 0.23* 0.60°
T, 253,679 36.18e 314.95%€ 8.36° 0.36P¢ 0.41%
Ts 305.08° 41.79°cd 332,74 8.23%d 033" 0.46%d
Te 339.302 43.93% 352.73% 8.10% 0272 054P
T, 240.35¢ 37.75% 307.99° .38 0.350 0.38"
Ts 216.08° 34.45° 307.68° 8.501 0.38° 0.339
SEm= 528 135 6.01 0.04 0.02 0.01
CD at 5% 16.01 211 18.04 0.12 0.06 0.04

T1-75 % Recommended dose of nitrogen phosphorus and potassum + Farm yard manure (12 t ha') + Azotobacter (10 kg ha
%) + Phosphorus solubilizing bacteria (10 kg ha), T»-75% Recommended dose of nitrogen phosphorus and potassium +Vermicompost (3t ha') +
Azotobacter (10 kg ha™) + Phosphorus solubilizing bacteria (10 kg ha®), Ts-75 % Recommended dose of nitrogen phosphorus and potassium +
Farm yard manure (6 t ha®) + Vermicompost (1.5 t ha®) + Azotobacter (10 kg ha®) + Phosphorus solubilizing bacteria (10 kg ha®), T,-50 %
Recommended dose of nitrogen phosphorus and potassium + Farm yard manure (12 t ha®) + Azotobacter (10 kg ha) + Phosphorus solubilizing
bacteria (10 kg ha™), Ts-50 % Recommended dose of nitrogen phosphorus and potassium + Vermicompost (3t ha') + Azotobacter (10 kg ha?) +
Phosphorus solubilizing bacteria (10 kg ha-1), Ts-50 % Recommended dose of nitrogen phosphorus and potassium + Farm yard manure (6 t ha™)
+ Vermicompost (1.5 t ha) + Azotobacter (10 kg ha)+ Phosphorus solubilizing bacteria (10 kg ha), T-75 % Recommended dose of nitrogen
phosphorus and potassium + Farm yard manure (12t ha) and Tg- 50 % Recommended dose of nitrogen phosphorus and potassium + Farm yard

manure (12 t ha™)

CONCLUSION

According to the results of these experiments, beet root
with 75 percent recommended dose of NPK plus Farm
yard manure (6 t ha') plus Vermicompost (1.5t ha)
plus Azotobacter (10 kg ha®) plus Phosphorus
solubilizing bacteria (10 kg ha) followed by treatment
50 percent RDNPK plus Farm yard manure (6 t ha®)
plus Vermicompost (1.5 t ha') plus Azotobacter (10 kg
ha™) plus Phosphorus solubilizing bacteria (10 kg ha?)
appears to be a viable combination for improving
beetroot Cv. Crimson Globe growth and yield
characteristics under alkaline conditions.
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