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Chemical quality parameters of Mandarin (Citrus reticulata Blanco.) fruits

influenced by different organic sources
Abstract

A field experiment was carried out during the year 2021-22 and 2022-23 on 12 years old
mandarin plants at the Instructional Farm, Department of Fruit Science, College of Horticulture and
Forestry, Jhalawar. The experiment was consisting of 21 treatments of different organic source of
NPK viz., vermicompost, cotton fortified vermicompost, neem cake, cotton cake, mustard cake and
bio fertilizers such as PSB and VAM with three levels of recommendation dose of fertilizers. The
experiment was laid out in randomized block design with three replications. Among different
treatments, treatment To (75 % RDF + 10 kg Vermicompost + 7.5 kg Neem Cake + 50 g PSB) was
found best with regards to maximum TSS, sugars per cent, sugar/acid ratio, ascorbic acid, juice per
cent. Therefore, based on two years experimentation, use of organic source of nutrients with bio-

fertilizers favoured biochemical compounds of Nagpur Mandarin fruits.
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1. Introduction

Mandarin (Citrus reticulata Blanco.) is considered to be one of the most important cultivated
species among citrus fruits. It belongs to the family Rutaceae and sub-family Aurantioideae. In the
genus of citrus, there are 162 species which is extensively grown in the tropical and sub-tropical
regions of the worldand most of the species are originated from South East Asia, mainly India and
China.

“Nagpur Mandarin” is one of the finest variety and very popular in India as well as in world
for its good qualitative fruits. It is a highly polyembryonic species in nature having medium sized
upright trees with evergreen growth habit and relatively few thorns. Leaves are medium in size,
lanceolate in form having prominent midrib and long narrowly winged petioles. Flowers are small to
medium, and fruit areglobose or sub-globose in shape having pale orange yellow colour peel which is
easily separating from the segments. Seeds are small, pointed with green cotyledons (10 to 15 in
numbers). Its single fruit contains 10 to 12 segments.Fruit have mild flavour, excellent quality and
juicy with 10-12° Brix TSSand 0.5 to 0.9 per centacidity.Mandarin juice is refreshing and nutritious

due to its ascorbic acid content, sweet acid taste and appealing colour.



Vermicompost is an eco-friendly natural fertilizer prepared from biodegradable organic
wastes, rich inmacro and micronutrients, vital plant promoting substances, humus farming substances,
N-fixers and humus forming microorganism (Bhandari et al. 2018). It is a stable fine granular organic
matter, which loosens the soil and provides passage for entry of air. It grows plants extremely well
and can also be used as structural additives for poorer soils to provide nutrients and minimize erosion.
Biofertilizers are microbial preparations containing living cells of different microorganisms which
have the ability to mobilize plant nutrients in soil from unusable to usable form through biological
process. They are environmental friendly and play significant role in crop production. The use of
organic manure along with biofertilizers and inorganic fertilizers has resulted in beneficial effects
ongrowth, yield and quality of various fruit crops (Bhandari et al. 2018). Biofertilizers have gone a
long way and are accepted as important nutrient inputs under both integrated nutrient management
strategy and organic management approach.

The efficiency of phosphate fertilizer is very low in soil and it is mostly unavailable to the
crop because of its low solubility. Phosphate Solubilizing Bacteria (PSB) is another important
biofertilizers which has capacity to solubilize the native phosphorus due to secretion of organic acid.
It also produces plant growth promoting substances like vitamin B12 and auxin.PSB is also produce
growth promoting substances which might enhance the crop growth. These hormones from PSB
might have increased the various endogenous hormonal levels in plant tissue, that may enhance
pollen germination and tube growth, which ultimately increased the fruit set. The oil-cakes such as
neem, mustard, cotton, castor, karanj, groundnut, mahua etc. are the natural fertilizers which are used
for the control of phytonematodes and as soil amendments. Qil-cakes are the best option against
phytoparasitic nematodes not only because of its ease of availability but also the economic feasibility
for the growers/farmers. Neem cake also decreases the pH of soil because it produces organic acids so
it is used to reduce the alkalinity of the soil (Krishnaraj et al. (2018). Cotton seed oilcake and mustard
oilcake are highly valued because both of them contain high amount of macro and micro nutrients
which released slowly in soil. Cotton seed in oilcakes and mustard oilcake are the residues that
remain after extracting the oil from the seeds of cotton and mustard, respectively. Both CSOC and
MOC are beneficial for soil health and safe for the environment (Yasmin et al. 2020).

2. Materials and Methods
2.1 Location



Jhalawar district is located at 23%4° to 24°52” N-Latitude and 75°29° to 76°56” E-Longitude in
South-Eastern, Rajasthan. Agro-climatically, the district falls in Zone V, known as Humid South
Eastern Plain. About 84.22 per cent population of the district is rural whose main occupation is
agriculture. Average rainfall in the region is 954.7 mm. Maximum temperature range in the summer
is 43°C- 48°C and minimum 3°C - 5° C during winter. Agriculture and forest lands occupy 73.5 per
cent area, respectively in the district.

2.2 Plant Material

Twelve years old mandarin cv. ‘Nagpur’ plants of uniform size and growth were selected at
Instructional Farm, Department of Fruit Science, College of Horticulture and Forestry, Jhalawar for
experimentation. For this experiment, a total of 126 plants were selected from the mandarin “A”
block during the year 2021-22 and 2022-23.

2.3 Experimental Details

The field experiment was laid out insimple Randomized Block Design (RBD) with three
replications. The experimentation comprising of 21 treatment combinations (To- Control (100 %
RDF), T1-75 % RDF, T2-75 % RDF + 10 kg VC, T3- 75 % RDF + 10 kg CFV, T4- 75 % RDF + 7.5
kg NC, Ts- 75 % RDF + 7.5 kg CC, Te- 75 % RDF + 7.5 kg MC, T7- 75 % RDF + 50 g PSB, Tg- 75
% RDF + 50 g VAM, To- 75 % RDF + 10 kg VC + 7.5 kg NC + 50 g PSB, T10- 50 % RDF + 50 g
PSB, T11- 50 % RDF + 50 g VAM, T12- 50 % RDF + 10 kg VC + 50 g PSB, T13- 50 % RDF + 10 kg
VC + 50 g VAM, T14- 50 % RDF + 7.5 kg NC + 50 g PSB, T1s- 50 % RDF + 7.5 kg NC + 50 g
VAM, T16- 50 % RDF + 7.5 kg CC + 50 g PSB, T17- 50 % RDF + 7.5 kg CC + 50 g VAM, T1s- 50 %
RDF + 7.5 kg MC + 50 g PSB, T1e- 50 % RDF + 7.5 kg MC + 50 g VAM, T20- 50 % RDF + 10 kg
VC + 7.5 kg NC + 50 g PSB). The Nagpur Mandarin plants were planted at a distance of 6 x 6 m2.
The trees were Twelve years old. The treatments consisted of different organic source namely
vermicompost, cotton fortified vermicompost, neem cake, cotton cake, mustard cake and bio
fertilizers such as PSB and VAM with three levels of recommendation dose of fertilizers. For
application of manure and fertilizers the top soil around the tree (equal to the leaf canopy of the tree)
is dug up to 30 cm and the fertilizers were uniformly mixed into the soil, then which was leveled.
Irrigation is supplied immediately after fertilizer application. The required quantity of inorganic
fertilizers @ 300: 200: 250 NPK g/ plant (full dose of P2Os and K>O and half does of Nitrogen) were
applied during the month of June by broadcasting under the spread of trees, 30 cm away from the
trunk and mixed with soil. Remaining half dose of Nitrogen was applied at the fruit set stage. The

whole amounts of the organic manure were applied as a basal dose on during the month of June.The



required quantity of oilcakes were powdered and applied to the treatment plant.Bio fertilizers such as
VAM and PSB were applied through soil inoculation on the onset of Monsoon.

2.4 Total Soluble Solids: Total soluble solids content of the fruit was determined by using a hand
refractometer of 0-30 per cent range. In this case one drop of fruit juice was put on the prism of the
refractometer and per cent TSS was recorded directly. The values were corrected at 20°C and
expressed as per cent total soluble solids of the fruits (A.O.A.C. 1990).

2.5 Total acidity (%): The acidity was determined by diluting the known volume of clean juice with
distilled water and titrating the same against standard N/1o0 NaOH solution using phenolphthalein as in
indicator until faint pink colour was appeared. The result was expressed in terms of per cent acidity of
the fruit juice (A.O.A.C. 1990).

2.6 Total sugars: Total sugars were estimated by taking 25 grams of clean juice, which were
thoroughly homogenized with distilled water in warring blender and the volume was made to 250 ml.
To this 250 ml solution, 2 ml of saturated lead acetate was added and kept as such for ten minutes.
Thereafter, 2 ml of potassium oxalate was added to remove the excess of lead. The solution was kept
as such for another ten minutes and then filtered. Hundred ml of this filtered solution was hydrolysed
by adding two ml of concentrated HCI, allowing it to stand overnight for completing the inversion of
sucrose. The excess of HCI was neutralized with saturated NaOH after the completion of hydrolysis
in the next morning. The solution so obtained was titrated against 10 ml of the boiling Fehling’s
solution (5 ml each of Fehling solution A and B) in a conical flask, using methylene blue as an
indicator. The end point was indicated by the appearance of brick red colour. The total sugars content
was expressed as percentage of juice weight as per the method of A.O.A.C. (1990), using formula as:

Fehling factor x Dilution

Total %) = 100
otal sugar ( A)) Titre value x Welght of Sample taken X

2.7 Reducing sugar: The clarified solution of juice was titrated against 10 ml of boiling Fehling
solutions (5 ml each of Fehling A and B) using methylene blue as an indicator, as per the method
ascribed in A.O.A.C.(1990). The reducing sugars content was expressed as percentage.

Fehling factor x Dilution

Reduci on) — 100
educing sugar (%) Titre value x weight of sample taken *

2.8 Non-reducing sugar: The amount of non-reducing sugar was obtained by subtracting reducing

sugar from the amount of total sugar and multiplying the resultant by factor 0.95.

Non-reducing Sugar % = (Total Sugar % — Reducing Sugar %) x 0.95



2.9 Ascorbic acid (mg/100 g): Ascorbic acid content of juice was determined by diluting the known
volume of clean juice with 3 per cent metaphosphoric acid to appropriate volume. A 10 ml of aliquot
was taken and titrated against 2, 6 dichlorophenol indophenol solution after standardization
(A.O.A.C. 1990) until light pink colour appeared. The result was expressed as mg ascorbic acid / 100
ml juice.

2.10 Juice percentage: The fruits of mandarin were cut into equal halves and their juice was
extracted with simple juice extractor. The juice was weighed with the help of balance and the
percentage of juice was worked out on the basis of total weight of fruit and weight of juice.

2.11 Juice pH: The pH of juice was recorded by electrode pH meter.

3. Results
3.1 Total soluble solids (°B)

From the Table 1 the data indicated that total soluble solid (°B) of Nagpur Mandarin was
significantly increased by the application of different organic and inorganic sources of NPK during
the year 2021-22 and 2022-23. The maximum TSS (°B) of fruits (11.6), (11.9) and (11.7) was
observed under the treatment Tg (75 % RDF + 10 kg Vermicompost + 7.5 kg Neem Cake + 50 g PSB)
which was closely followed by T2 (50 % RDF + 10 kg Vermicompost + 7.5 kg Neem Cake + 50 g
PSB) having values of (11.5), (11.8) and (11.7) during both the years 2021-22, 2022-23 and in pooled
analysis respectively. However, the minimum TSS (°B) of fruits (9.3), (9.4) and (9.4) was observed
under Tz (75 % RDF) during 2021-22, 2022-23 and in pooled analysis respectively.

3.2 Acidity per cent

From the Table 1 the data indicated that acidity per cent of Nagpur Mandarin was
significantly reduced by the application of different organic and inorganic sources of NPK during the
year 2021-22 and 2022-23. The minimum acidity per cent of fruit (0.63 %), (0.61 %) and (0.62 %)
was observed under the treatment Tg (75 % RDF + 10 kg Vermicompost + 7.5 kg Neem Cake + 50 g
PSB) which was closely followed by T20(50 % RDF + 10 kg Vermicompost + 7.5 kg Neem Cake + 50
g PSB) having values of (0.65 %), (0.62 %) and (0.63 %) during both the years 2021-22, 2022-23 and
in pooled analysis respectively. However, the maximum acidity per cent of fruits (0.92), (0.91 %) and
(0.91 %) was observed under T1 (75 % RDF) during 2021-22, 2022-23 and in pooled analysis
respectively.

3.3 Reducing sugar per cent

From the Table 2 the data indicated that reducing sugar per cent of Nagpur Mandarin was
significantly increased by the application of different organic and inorganic sources of NPK during
the year 2021-22 and 2022-23. The maximum reducing sugar per cent of fruit (6.23 %), (6.36 %) and



(6.30 %) was observed under the treatment To (75 % RDF + 10 kg Vermicompost + 7.5 kg Neem
Cake + 50 g PSB) which was closely followed by T2o (50 % RDF + 10 kg Vermicompost + 7.5 kg
Neem Cake + 50 g PSB) having values of (6.20 %), (6.33 %) and (6.27 %) during both the years
2021-22, 2022-23 and in pooled analysis respectively. However, the minimum reducing sugar per
cent of fruits (4.87 %), (4.88 %) and (4.87 %) was observed under T1 (75 % RDF) during 2021-22,
2022-23 and in pooled analysis respectively.
3.4 Non-reducing sugar per cent

From the Table 2 the data indicated that non-reducing sugar per cent of Nagpur Mandarin was
significantly increased by the application of different organic and inorganic sources of NPK during
the year 2021-22 and 2022-23. The maximum non-reducing sugar per cent of fruit (2.60 %), (2.65 %)
and (2.62 %) was observed under the treatment Tg (75 % RDF + 10 kg Vermicompost + 7.5 kg Neem
Cake + 50 g PSB) which was closely followed by T2 (50 % RDF + 10 kg Vermicompost + 7.5 kg
Neem Cake + 50 g PSB) having values of (2.58 %), (2.64 %) and (2.61 %) during both the years
2021-22, 2022-23 and in pooled analysis respectively. However, the minimum non-reducing sugar
per cent of fruits (2.01 %), (2.02 %) and (2.02 %) was observed under T1 (75 % RDF) during 2021-
22, 2022-23 and in pooled analysis respectively.
3.5 Total sugar per cent

From the Table 2 the data indicated that total sugar per cent of Nagpur Mandarin was
significantly increased by the application of different organic and inorganic sources of NPK during
the year 2021-22 and 2022-23. The maximum total sugar per cent of fruit (8.83 %), (9.02 %) and
(8.92 %) was observed under the treatment To (75 % RDF + 10 kg Vermicompost + 7.5 kg Neem
Cake + 50 g PSB) which was closely followed by T2o (50 % RDF + 10 kg Vermicompost + 7.5 kg
Neem Cake + 50 g PSB) having values of (8.78%), (8.97 %) and (8.88 %) during both the years 2021-
22, 2022-23 and in pooled analysis respectively. However, the minimum total sugar per cent of fruits
(6.88 %), (6.90 %) and (6.89 %) was observed under T1 (75 % RDF) during 2021-22, 2022-23 and in
pooled analysis respectively.
3.6 Sugar/acid ratio

From the Table 3 the data indicated that sugar/acid ratio of Nagpur Mandarin was
significantly increased by the application of different organic and inorganic sources of NPK during
the year 2021-22 and 2022-23. The maximum sugar/acid ratio (14.00), (14.8) and (14.4) was
observed under the treatment Ty (75 % RDF + 10 kg Vermicompost + 7.5 kg Neem Cake + 50 g PSB)
which was closely followed by T2(50 % RDF + 10 kg Vermicompost + 7.5 kg Neem Cake + 50 g
PSB) having values of (13.6), (14.5) and (14.1) during both the years 2021-22, 2022-23 and in pooled



analysis respectively. Treatment T16 (50 % RDF + 7.5 kg Cotton Cake + 50 g PSB), T17 (50 % RDF +
7.5 kg Cotton Cake + 50 g VAM), T4 (50 % RDF + 7.5 kg Neem Cake + 50 g PSB) and T1s (50 %
RDF + 7.5 kg Neem Cake + 50 g VAM) were also found at par. However, the minimum sugar/acid
ratio (7.5), (7.6) and (7.6) was observed under T1 (75 % RDF) during 2021-22, 2022-23 and in pooled
analysis respectively.

3.7 Ascorbic acid (mg/100 g)

From the Table 3 the data indicated that Ascorbic acid (mg/100 g) of Nagpur Mandarinwas
significantly increased by the application of different organic and inorganic sources of NPK during
the year 2021-22 and 2022-23. The maximum Ascorbic acid(52.50 mg), (53.66 mg) and (53.08
mg)per 100 g was observed under the treatment To (75 % RDF + 10 kg Vermicompost + 7.5 kg Neem
Cake + 50 g PSB) which was closely followed by T2 (50 % RDF + 10 kg Vermicompost + 7.5 kg
Neem Cake + 50 g PSB) having values of (50.83 mg), (51.95 mg) and (51.39 mg) during both the
years 2021-22, 2022-23 and in pooled analysis respectively. However, the minimum Ascorbic acid
(mg/100 g) (41.00 mg), (41.60 mg) and (41.30 mg) was observed under T1 (75 % RDF) during 2021-
22, 2022-23 and in pooled analysis respectively.

3.8 Juice per cent

From the Table 4 the data indicated that juice per cent of Nagpur Mandarin was significantly
increased by the application of different organic and inorganic sources of NPK during the year 2021-
22 and 2022-23. The maximum juice per cent (46.20 %), (46.94 %) and (46.57 %) was observed
under the treatment Ty (75 % RDF + 10 kg Vermicompost + 7.5 kg Neem Cake + 50 g PSB) which
was closely followed by T20 (50 % RDF + 10 kg Vermicompost + 7.5 kg Neem Cake + 50 g PSB)
having values of (45.87 %), (46.60 %) and (46.23 %) during both the years 2021-22, 2022-23 and in
pooled analysis respectively. Treatment T1s (50 % RDF + 7.5 kg Cotton Cake + 50 g PSB), T17 (50 %
RDF + 7.5 kg Cotton Cake + 50 g VAM), T14 (50 % RDF + 7.5 kg Neem Cake + 50 g PSB) and T1s
(50 % RDF + 7.5 kg Neem Cake + 50 g VAM) were also found at par. However, the minimum juice
per cent (35.30 %), (35.63 %) and (35.47 %) was observed under T1 (75 % RDF) during 2021-22,
2022-23 and in pooled analysis respectively.

3.9 Juice pH

From the Table 4 the data indicated that juice pH of Nagpur Mandarin was significantly
increased by the application of different organic and inorganic sources of NPK during the year 2021-
22 and 2022-23. The minimum juice P"(3.38), (3.42) and (3.40) was observed under the treatment Tq
(75 % RDF + 10 kg Vermicompost + 7.5 kg Neem Cake + 50 g PSB) which was closely followed by
T20 (50 % RDF + 10 kg Vermicompost + 7.5 kg Neem Cake + 50 g PSB) having values of (3.36),



(3.41) and (3.39) during both the years 2021-22, 2022-23 and in pooled analysis respectively.
However, the maximum juice pH (3.09), (3.13) and (3.11) was observed under T1 (75 % RDF) during
2021-22, 2022-23 and in pooled analysis respectively.

4. Discussion

The integrated nutrient management increased TSS and total sugars due to gradual supply of
nutrients and organic manures throughout the growth period which increased the metabolites in
improvement in soil moisture availability, organic carbon, and nutrient status of the soil and decrease
acidity of fruits may be attributed to their conversion into sugars and their derivatives by the reactions
involving reversal of glycolytic pathway or might be used in respiration or both (Bhandari 2018).
Similar findings were also reported by Dwivedi (2013). Vadak et al., (2014) reported that VAM
converts the unavailable nutrient from rhizosphere soil to available forms resulting increased uptake
of nutrient. Besides increased nutrient absorbing area of root, so increase in the chemical quality of
fruits may be due to beneficial and stimulatory effect of nitrogen and other nutrient.

The improvement in ascorbic acid in Nagpur mandarin fruits might be due to enhanced
catalytic activity of multiple enzymes which participate in bio- synthesis of ascorbic acid and its
precursor from sugars. The similar results are in accordance with the findings of Binepal et al., (2013)
in guava, Khera and Bal (2014) in lemon and Debbarma and Hazarika (2016) in acid lime.

The maximum juice recovery per cent of fruits could be attributed to synergistic combination
of, organic inorganic and bio fertilizer sources (PSB and VAM) which might be resulted in
improvement of soil structure, enhanced availability of nutrients, root proliferation, augmentation of
favorable soil micro-organism in a holistic manner. Water is the main component of juice vesicles
and juice recovery output, its increased availability in clayey vertisols within some limits was apt to
increase juice content percentage favorably. The results of present investigations are elaborated by
similar results in sweet orange by Singh et al., (2000).

Organic amendments impact the pH of mandarin juice by improving nutrient balance, soil
health, and the plant's resilience to environmental stress. The inclusion of organic amendments and
balanced nutrient application reduces the accumulation of organic acids in the fruit, leading to higher
juice pH. This increase in juice pH not only improves flavor by reducing sourness but also contributes
to better consumer acceptance and extended shelf life. Same results were found by Ramesh, et al.,
(2021), Verma et al., (2022) and Sharma et al., (2020).

5. Conclusion



From the investigations, it was observed that the maximum fruit TSS, sugar per cent
(reducing, non-reducing and total sugar), sugar/acid ratio, ascorbic acid and juice per cent were
recorded under treatment To (75 % RDF + 10 kg Vermicompost + 7.5 kg Neem Cake + 50 g PSB)
which was closely followed by T2 (50 % RDF + 10 kg Vermicompost + 7.5 kg Neem Cake + 50 g
PSB). Therefore, based on two year experimentation, it may be concluded that the organic use of

source of nutrients with bio-fertilizers favoured chemical quality of Nagpur Mandarin.
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Table 1:-Effect of different organic sources on total soluble solids (°Brix) and acidity per cent of

mandarin (Citrus reticulata Blanco.) cv. Nagpur Mandarin

R — —
Treatments Total soluble solids (°Brix) Acidity per cent

2021-22 | 2022-23 | Pooled 2021-22 | 2022-23 | Pooled




To 9.43 9.51 9.47 0.91 0.90 0.90
T 9.33 9.43 9.38 0.92 0.91 0.91
T2 9.97 10.16 10.06 0.82 0.79 0.80
Ts 9.90 10.09 9.99 0.85 0.83 0.84
Ta 10.13 10.33 10.23 0.79 0.76 0.78
Ts 10.23 10.43 10.33 0.78 0.75 0.77
Ts 10.03 10.22 10.13 0.81 0.78 0.79
T7 9.87 10.13 10.00 0.86 0.84 0.85
Ts 9.80 9.99 9.89 0.87 0.85 0.86
To 11.57 11.92 11.74 0.63 0.61 0.62
Tao 9.73 10.01 9.87 0.88 0.86 0.87
Tu 9.53 9.71 9.62 0.89 0.87 0.88
Ti 10.53 10.73 10.63 0.76 0.73 0.75
Tis 10.70 10.90 10.80 0.75 0.72 0.74
Tu 11.13 11.34 11.24 0.68 0.65 0.66
Tis 11.00 11.21 11.10 0.69 0.66 0.68
Tis 11.27 11.59 11.43 0.66 0.63 0.64
Tuw 11.23 11.45 11.34 0.67 0.64 0.66
Tis 10.90 11.11 11.00 0.70 0.67 0.69
Tao 10.83 11.04 10.94 0.71 0.68 0.70
Tao 11.50 11.83 11.66 0.65 0.62 0.63
SE (m) + 0.11 0.26 0.16 0.05 0.02 0.01
C.D. at 5% 0.31 0.74 0.47 0.16 0.07 0.05




Table 2:—Effect of different organic sources on reducing sugar, non-reducing sugar and total sugar per cent of mandarin (Citrus

reticulata Blanco.) cv. Nagpur Mandarin

Reducing sugar per cent Non-reducing sugar per cent Total sugar per cent

Treatments 2021-22 2022-23 Pooled 2021-22 2022-23 Pooled 2021-22 2022-23 Pooled
To 4.90 4.92 4.91 2.03 2.05 2.04 6.93 6.98 6.95

T1 4.87 4.88 4.87 2.01 2.02 2.02 6.88 6.90 6.89

T2 5.50 5.62 5.56 2.29 2.34 2.31 7.79 7.95 7.87

T3 5.43 5.55 5.49 2.26 2.30 2.28 7.69 7.85 7.77

Ta 5.53 5.65 5.59 2.37 2.41 2.39 7.90 8.06 7.98

Ts 5.60 5.72 5.66 2.43 2.48 2.46 8.03 8.20 8.11

Ts 5.53 5.65 5.59 2.31 2.36 2.33 7.84 8.01 7.92

Tz 5.40 5.51 5.46 2.25 2.29 2.27 7.65 7.81 7.73

Ts 5.30 5.41 5.36 2.21 2.26 2.23 7.51 7.67 7.59

To 6.23 6.36 6.30 2.60 2.65 2.62 8.83 9.02 8.92
T1o 5.17 5.28 5.22 2.15 2.20 2.18 7.32 7.47 7.40
Tu 5.03 5.14 5.09 2.07 2.11 2.09 7.10 7.25 7.17
T2 5.83 5.96 5.89 2.45 2.50 2.47 8.28 8.46 8.37
T3 5.90 6.02 5.96 2.46 2.51 2.48 8.36 8.53 8.44
T 6.10 6.23 6.16 2.55 2.61 2.58 8.65 8.84 8.74
Tis 6.07 6.19 6.13 2.54 2.60 2.57 8.61 8.79 8.70
Ti6 6.17 6.30 6.23 2.58 2.63 2.60 8.74 8.93 8.83
T 6.17 6.30 6.23 2.57 2.62 2.60 8.74 8.92 8.83
Tis 6.07 6.19 6.13 2.53 2.59 2.56 8.60 8.78 8.69
T1o 5.97 6.09 6.03 2.49 2.54 2.51 8.45 8.63 8.54
Ta0 6.20 6.33 6.27 2.58 2.64 2.61 8.78 8.97 8.88
SE (m) £ 0.15 0.07 0.14 0.14 0.12 0.13 0.10 0.17 0.17
C.D. at 5% 0.45 0.22 0.40 0.40 0.37 0.37 0.30 0.51 0.50




Table 3:-Effect of different organic sources on sugar/acid ratio and ascorbic acid of

mandarin (Citrus reticulata Blanco.) cv. Nagpur Mandarin

Treatments Sugar/acid ratio Ascorbic acid (mg/100 g)

2021-22 2022-23 Pooled 2021-22 2022-23 Pooled
To 7.6 7.8 7.7 41.17 41.77 41.47
T 75 7.6 7.6 41.00 41.60 41.30
T2 9.5 10.1 9.8 42.50 43.44 42.97
Ts 9.0 9.5 9.3 42.33 43.26 42.80
Ta 10.0 10.6 10.3 43.17 44.12 43.64
Ts 10.3 10.9 10.6 43.33 44.29 43.81
Ts 9.7 10.3 10.0 42.67 43.61 43.14
T7 8.9 9.3 9.1 42.33 43.05 42.69
Ts 8.6 9.1 8.9 42.00 4277 42.38
To 14.0 14.8 14.4 52.50 53.66 53.08
Tao 8.3 8.7 8.5 41.83 4257 42.20
Tu 8.0 8.4 8.2 41.67 42.37 42.02
T 10.9 11.6 11.2 45.10 46.09 45.60
Tis 11.1 11.8 11.5 46.37 47.39 46.88
Tu 12.8 13.7 13.2 49.17 50.25 49.71
Tis 12.5 13.3 12.9 49.00 50.08 49.54
Tis 13.4 14.3 13.8 50.07 51.17 50.62
T1 13.1 13.9 13.5 49.63 50.73 50.18
Tis 12.3 13.1 12.7 48.67 49.74 49.20
Tao 11.9 12.7 12.3 47.17 48.20 47.69
T2o 13.6 14.5 14.1 50.83 51.95 51.39

SE (m) + 0.32 0.33 0.44 2.52 1.40 1.26
C.D. at5% 0.93 0.95 1.27 7.22 4.02 3.60




Table 4:—Effect of different organic sources on juice per cent and juice pH of mandarin

(Citrus reticulata Blanco.) cv. Nagpur Mandarin

Treatments Juice per cent Juice pH
2021-22 | 2022-23 | Pooled 2021-22 2022-23 Pooled

To 35.87 36.44 36.15 3.10 3.14 3.12
Ta 35.30 35.63 35.47 3.09 3.13 3.11
T2 39.70 40.34 40.02 3.19 3.23 3.21
Ts 38.37 38.98 38.67 3.16 3.20 3.18
T4 40.87 4152 41.19 3.22 3.26 3.24
Ts 41.40 42.06 41.73 3.23 3.27 3.25
Ts 40.50 41.15 40.82 3.20 3.24 3.22
T7 37.83 38.44 38.14 3.15 3.19 3.17
Te 37.13 37.73 37.43 3.14 3.18 3.16
To 46.20 46.94 46.57 3.38 3.42 3.40
Tao 36.77 37.35 37.06 3.13 3.17 3.15
Tu 36.40 36.98 36.69 3.12 3.16 3.14
T 41.80 42.47 42.13 3.25 3.29 3.27
Tis 42.43 43.11 42.77 3.26 3.30 3.28
Tu 44.77 45.48 45.12 3.33 3.38 3.36
Tis 44.07 44.77 44.42 3.32 3.36 3.34
Tis 45.30 46.02 45.66 3.36 3.40 3.38
Tw 45.03 45.75 45.39 3.34 3.38 3.36
Tis 43.50 44.20 43.85 3.31 3.35 3.33
Tao 42.83 4352 43.18 3.30 3.34 3.32
T20 45.87 46.60 46.23 3.36 3.41 3.39
SE (m) + 0.20 0.57 0.69 0.02 0.02 0.01
C.D. at5% 0.58 1.65 1.99 0.07 0.06 0.05




