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semi-arid region of Haryana
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ABSTRACT

An experiment was conducted during 2020-21 and 2021-22 at Horticulture farm of Chaudhary Charan Singh
Haryana Agricultural University, Hisar, Haryana to study the effect of different plant nutrients and organic substances on
growth, flowering, quality and yield attributes of the apple (Malus x domestica Borkh) cultivar Anna. The experiment
consists of 19 treatments laid out in a randomized block design. Among the various treatments used, T, (2.0% nitrogen
plus 15% cow urine) was found superior for the growth characteristics of plants, viz. plant height (2.87 m) and plant
spread (3.02 m). However, the number of days taken for flowering (70.83), fruit set (19.72 %), fruit weight (177.68
g), fruit diameter (6.40 cm), yield (11.25 kg/plant), TSS (11.45 °Brix), acidity (0.51%), total sugars (10.01%), total
phenol (70.72 mg GAE/g), total anthocyanin (19.11 mg/100 g) and total carbohydrate (155.55 mg/g) content were
significantly influenced by treatment T, (400 ppm Boron + 4% Humic acid) during both the years.
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The cultivated apple (Malus *x domestica Borkh)
belongs to the family Rosaceae is one of the most important
and widely grown fruits in temperate regions of the world
because of its high acreage, production, economic returns,
nutritional value and popularity. Anna is a low-chill cultivar
of domesticated apples that is cultivated for a dual purpose,
ripens early and suitable warm climate. The Anna apple
cultivated in warm climates since it blossoms even with
fewer chilling hours nearly 300 h than a conventional apple,
which requires more than 500 h (Babita 2015). Nutrient
supplies for the trees are essential factors for quality fruit
production. The appropriately stated nutrient requirements
for fruit trees and type of fertilizer use can significantly
affect growth and development of fruit tree. Therefore, a
balanced nutrient supply is essential for quality production.
Foliar fertilization offers several benefits. Furthermore,
foliar nutrients application to leaves prevents nutrient loss
as compared to soil application (Suman et al. 2017). Foliar
sprays of fertilizers and organic mixtures containing macro
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and microelements such as nitrogen, boron, zinc, humic
acid and cow urine are good for crop production, perform
well with quick plant response (Fernandez et al. 2013,
Nihad et al. 2023).

Plant nutrients such as nitrogen influence tree growth,
flower bud formation, yield and fruit quality (Raese et al.
2007). Boron is a non-metal micronutrient that significantly
affects plant growth and development, essential for cell wall
lignifications and stability and carbohydrate, phenol, indole
acetic acid and ribose nucleic acid metabolism (Ahmad
et al. 2009). Zinc is also an essential trace element plays
important role in various enzymatic processes. Humic acid
also improves plant growth in response to their interactions
with membrane transporters that are in charge of nutrient
uptake as well as membrane associated signal transduction
cascades that control growth and development (Jindo et
al. 2020). Cow urine contains macro and micronutrients
and influence plant growth and fruit quality (Sharma et
al. 2023). Therefore, this investigation was conducted to
study the coupled effect of foliar application of nutrients
and organic substances on growth, flowering, yield and
fruit quality attributes of apple cultivar Anna in semi-arid
region of Haryana, India.

MATERIALS AND METHODS

The experiment was conducted during 2020-21 and
2021-22 at the Horticulture farm (Precision Farming
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Development Centre, PFDC) of Chaudhary Charan Singh
Haryana Agricultural University, Hisar, (29° 10" N and
75°46" E and 215.2 m amsl) Haryana on Anna apple. The
soil of the study area belongs to the order Entisol a series
of sandy loam soils with a pH range of 6.5 to 7.2 with
high organic matter and good water holding capacity. The
plants were planted at 5 m x 5 m spacing. The experiment
consisted of 19 treatments, viz. T, Control; T, 1% Urea
(N) +2% Humic acid; T,, 1.5% Urea (N) + 3% Humic acid;
T;, 2.0% Urea (N) + 4% Humic acid; T,, 200 ppm Boron
2% Humic acid; Ts, 300 ppm Boron + 3% Humic acid;
T, 400 ppm Boron + 4% Humic acid; T,, 200 ppm Zinc
+ 2% Humic acid; Tg, 400 ppm Zinc + 3% Humic acid;
Ty, 600 ppm Zinc + 4% Humic acid; T, 1.0% Urea (N)
+ 5% Cow urine; T, 1.5% Urea (N) + 10% Cow urine;
T,,,2.0% Urea (N) + 15% Cow urine; T,5,200 ppm Boron
+ 5% Cow urine; T ,, 300 ppm Boron + 10% Cow urine;
T,5, 400 ppm Boron + 15% Cow urine; T, 200 ppm Zinc
+ 5% Cow urine; T,,, 400 ppm Zinc + 10% Cow urine;
T,g, 600 ppm Zinc + 15% Cow urine in randomized block
design replicated thrice. The foliar application of nitrogen,
zinc and boron were applied in the form of urea, borax and
zinc monohydrate, respectively, and humic acid and cow
urine were applied in liquid form. Foliar spray was done
3 times; at last week of November, 2¢ week of February
and 3" week of March.

The growth parameters i.e. plant height (m) and spread
(m) were taken during 3" week to 4" week of November
and June, respectively. Whereas, the flowering parameters,
days taken for flowering after spray and fruit set percentage
were observed during the period of February to April and
fruit parameters, viz. fruit diameter (cm), weight (g) and
yield (kg/plant) were observed after harvesting from last
week of June to 2nd week of July.

Number of fruit set

Fruit set (%) = x 100
Number of flowers

Fruit firmness was measured with the help of Effegi
hand-held penetrometer (Facchini, Alfonsine, Italy) driving
an Effegi probe with a convex tip into whole fruit and
expressed in kg/cm?.

Total soluble solids of the fruit juice were estimated
with Erma- Hand refractometer (0 to 32°Brix). Acidity was
estimated based on neutralization (NaOH 0.1 N) to pH 8.1
using phenolphthalein (1-2 drops) as an indicator and values
were expressed as per cent malic acid (Ranganna 1986).
Total sugars content of fruit juice was determined as per
the Lane and Eynon method (Ranganna 1986). The total
phenol content (TPC) was quantified according to the Folin-
Ciocalteu method and expressed in mg GAE/g fresh weight
(Singleton et al. 1999) and total anthocyanin content (TAC)
in fruits analysed using UV—visible spectrophotometer Cary
300 UV/Vis spectrophotometer. Total carbohydrate content
(TCC) was determined colorimetrically by using phenol-
sulphuric acid reagent (Herbert et al. 1971).

All parameters were analysed based on the pooled
data of both the years. Data were examined by analysis

of variance using Microsoft Excel software (Microsoft
Corporation, Roselle, IL, USA). Wherever, Fisher’s LSD test
was used to separate the mean effects and significance was
defined at P<0.05. Correlations among different parameters
were processed using Pearson’s coefficient (r) by using R
correplot package.

RESULTS AND DISCUSSION

Growth and flowering parameters: Foliar application
of nutrients and organic substances caused a significant
effect on growth and flowering parameters (Table 1). After
harvesting of fruits, treatment T, recorded higher plant
height (2.87 m) and spread (3.02 m) followed by T,,, T,
and T . While, lower plant height (1.96 m) and spread (1.98
m) were recorded in T, (control). The minimum days taken
for flowering after spray (70.83 days) and maximum fruit
set (19.72%) were recorded with treatment T, followed by
T, for days taken for flowering and T 5 for fruit set.

Spray of nitrogen in the form of urea was positively
associated with growth characteristics because nitrogen
is the primary structural component of proteins, enzymes
and photosynthetic systems, plays a crucial role in plant
growth. Plant height and spread were enhanced by the foliar
application of cow urine because cow urine is a source of
macronutrients and other essential elements (Gopal and
Gurusiddappa 2022). Foliar applications of these treatments
help in quick absorption of nutrients by the plant. The
different enzymes and hormones present in cow urine
also led to better plant growth. The present findings are
supported with the results of Singh ef al. (2012) in apricot
cv. New Castle and Banyal and Banyal (2019) in apple cv.
Red Delicious.

Flowering characteristics were positively affected
by boron due to its multiple functions in pollination and
improving flowering (Alloway et al. 2008). Humic acid
was also increased floral stimulus synthesis in an inductive
cycle due to its florigenic activity (Bhatt and Singh et al.
2022). The similar results found with mango cv. Kesar by
Ngullie et al. (2014).

Fruit and yield attributes: The fruit and yield attributes
of apple were highly influenced by different foliar
applications of nutrients and organic substances (Table 2).
Treatment T, significantly recorded higher fruit diameter
(6.40 cm), weight (177.68 g), firmness (12.06 kg/cm?) and
yield (11.25 kg/tree) at harvest stage followed by T and
T, and lowest were observed in Tj,.

Fruit weight and diameter increased with foliar
application of micronutrients and organic substances due
to increase in cell size and intercellular space. The similar
findings reported in Florida Prince and Desert Red peach
by El-Shewy and Abdel-Khalek (2014). Fruit firmness was
significantly affected because boron helps in lignification and
maintenance of membrane integrity (Matas ez al. 2009). The
increase in fruit weight and diameter as a consequence of
humic acid application after fruit set was probably attributed
to the uptake of mineral nutrients by the plant, however, the
possible hormone-like activity of the HA-S in the humic
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Table 1 Effect of different nutrients and organic substances on
plant growth and flowering attributes of apple cv. Anna
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Table 2 Effect of different nutrients and organic substances on
fruit physical properties and yield of apple cv. Anna

Treatment Plant Plant Days taken Fruit Treatment Fruit Fruit Fruit Yield
height spread  for flowering set diameter  weight  firmness (kg/plant)
(m) (m) after spray (%) (cm) (2) (kg/cm?)
T, 1.96+ 1.98+ 97.00 + 12.92 + T, 506+ 14015+ 830z 6.65+
0.04°*  0.03" 00P 0.041 0.10M" 1.04m 0.05 0.22)
T, 255+ 270+ 86.17 + 16.26 + T, 535+ 14983+ 943+ 8.22 +
0.25bcd  ,02de 1.59% 0.27¢ 0.17%eh 2.18 0.24hi 0.10ghi
T, 278+ 2.86+ 87.67 + 14.90 + T, 533+ 14745+ 999+ 8.16 +
0.15b¢  0.02b¢ 0.88kIm 0.15% 0.057eh 0.19% 0.02feh 0.15hi
T, 283+ 295+ 88.33 + 14.57 T, 526+ 14474+ 1026+  8.03 +
0.06°®  0.012° 0.60m +0.11¢h 0.14fh  1.15km . 0gefe 0.00h
T, 222+ 233+ 79.50 + 16.93 + T, 554+ 167.07+ 11.18+  9.66 +
0.24de 0.011 1.00¢fe 0.24¢d 0.18dcfe 1.59¢fe 0.10bd  .00cde
T, 224+ 240+ 73.00 + 19.57 + T, 635+ 17617+ 11.82+ 11.04 +
0.179¢  0.02hi 0.76%0 0.24? 0.08? 0.732 0.173 0.682
T, 233+ 245+ 70.83 + 19.72 + T, 640+ 177.68+ 12.06+ 1125+
0.14¢de  0.03h 1.012 0.15% 0.16 1.492 0.092 0.012
T, 237+ 256+ 82.67 + 16.50 + T, 547+ 16273+ 1102+ 925+
0.10%9¢  0.012 1.168h 0.24de 0.03¢fe 3.65¢h 0.09¢de 0.21¢f
T, 266+ 279+ 75.83 + 17.08 + Ty 596+ 17276+ 1138+ 10.17 +
0.15b<d  .04¢d 1.20bed 0.26¢ 0.09b¢ 0.73b¢d  0.062bc  (.22bed
T, 269+ 278+ 7433 + 18.37 + T, 620+ 17376+ 1140+  10.70 =
0.02b¢d  .03¢d 1.01b¢ 0.26° 0.0320 1.622b¢  (.90abe 0.132b
To 257+ 276+ 90.67 + 1422 + To 522+ 146.17+ 834+ 7.96 +
0.03bed . 04de 1.36mn 0.17h 0.05¢h 0.55ik! 0.42i 0.03hi
T, 285+  3.00 + 93.17 + 14.17 + T, 519+ 14433+ 835+ 7.59 +
0.112 0.04? 0.60m° 0.06" 0.16% 1.50kIm 0.05 0.111
T, 287+  3.02+ 95.17 + 14.08 + T, 518+ 14232+ 842+ 7.37 +
0.13? 0.04? 1.960p 0.000 0.068h 2.01m 0.05 0.061
T, 226+ 238+ 81.00 + 17.30 + Ty, 551+ 16457+ 1040+ 946+
0.04d  0.02hi 1.04feh 0.00¢ 0.12defe 1.05% 0.03def 0 5def
T, 239+ 258+ 7733 + 17.20 + T, 578+  169.55+ 1079+ 992+
00cde 0.02f¢ 1.16¢de 0.19¢ 0.17¢de 1.15¢de  1ede  (21bede
T)s 241+ 259+ 74.16 + 19.20 + Ts 585+ 17076+ 11.11+ 1047 +
0.12¢9c  0.01fe 0.72b¢ 0.16 0.09¢d 1.62¢de  (.15bed  ( 57abe
T 247+ 267+ 84.83 + 15.17 + T 538+ 15674+  9.08 + 8.78 +
0.11¢d 0.03¢f 0.831k 0.07f 0.06f¢h 0.461 0.08i 0.17feh
T, 277+ 2.86+ 83.67 + 1543 + T, 540+ 15979+ 9.57 + 9.05 +
0.35b¢  0.02b¢ 1.59hii 0.14f 0.05feh 1.29hi 0.09¢hi 0.21¢fe
T 281+ 293+ 78.33 + 16.80 + T 562+ 16840+ 9.92 + 9.80 +
0.042>  (.04% 0.88def 0.31¢ 0.15¢def (28def o ofeh  (34cde
CD (P=0.05)  0.07 0.09 3.25 0.55 CD (P=0.05) 0.32 438 0.72 0.80

Treatment details are given under Materials and Methods.
*Within each column, values followed by same letter do not differ
significantly at P<0.05 by LSD test. Data are the mean + standard
error for 2020 and 2021.

Treatment details are given under Materials and Methods.
*Within each column, values followed by same letter do not differ
significantly at P<0.05 by LSD test. Data are the mean + standard
error for 2020 and 2021.
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Table 3  Effect of different nutrients and organic substances on biochemical attributes of apple cv. Anna

Treatment TSS content Acidity Total sugars TPC TAC TCC
(°Brix) (%) (mg GAE/g FW) (mg/100 g) (mg/g FW)
T, 9.40 £ 0.07% 0.72 + 0.01! 7.76 £0.08™  60.05+0.75"  13.70 £ 0.20%  135.99 +0.13!
T, 1036 +0.045  0.68 + 0.01M 8.10+0.079  63.36+0.14%" 1576+ 037" 141.84 + 0.76"
T, 10.59 + 0.16¢f 0.62 +0.01f 8.34+0.0480 6431 +0.67T  16.10+0.068"  143.19 + 1.21¢h
T, 10.76 + 0.06% 0.61 + 0.01° 8.44+£0.058"  64.61 £0.57°  16.53 +0.08%  143.77 + 1.06'¢"
T, 10.93 +£0.07¢¢  0.56 +0.01¢4 9.31+0.04°  68.85+0.19%  17.95+0.25¢  149.55 + 1.36>
T, 1127 £0.01%  0.53+0.01% 9.84£0.06°  69.96+0.46%°  18.83+0.10%  152.12 + 0.45%
T, 11.45+0.03  0.51+0.003*  10.01+0.04  70.72+097°  19.11+0.17*  155.55+0.37°
T, 10.81+0.10¢  0.60 +0.004" 887 +0.06%  67.16 +0.22°¢  17.42+0.17%  146.88 + 0.30%
Tq 11.08 £0.02°  0.55+0.003*  9.65+0.08°  68.55=1.10°¢ 1843 +0.28>*  151.29 + 133
T, 11.18 £0.03>  0.53+0.01% 9.78+£0.10°  69.65+0.58%  18.69 +0.05®  151.54 + 0.86"
Ty 9.65 + 0.09i 0.72 + 0.01! 7.81 £0.06™  60.57 +0.06" 1434 +0.060  136.69 + 0.98%
T, 9.75 + 0.051 0.71 0.0 7.87+0.05Km  61.78 + 0.42¢" 1444+ 0.17  137.86 + 0.32
T, 9.96 + 0.06' 0.70 £ 0.025k 799 +0.05%  62.35+0.66%  1516+0.170  138.77 + 0.56
T, 10.78 + 0.01% 0.61 + 0.01° 8.54+0.12% 6382+ 1.55¢  16.81 +0.08"  144.86 + 1.14°f2
T, 10.83 + 0.034 0.60 + 0.00f 8.72+0.03¢  66.72+0.51¢  17.13+0.26°7  146.18 + 1.50°F
Tis 10.95 +0.05¢¢  0.58 +0.014% 9.01 £0.06¢  67.99 +0.38%d  17.97+0.23¢¢  148.96 + 0.59%
T 10.15+0.108  0.68+0.02M  8.06 +0.08%%  62.92+027°8 1569+ 0.11"  140.74 + 1.08Y
T, 10.45+£0.01%  0.66 +0.01¢" 8.02 + 0.06/ 63.43 + 00°f2 1584+ 031" 142.99 + 0.70¢hi
Ty 10.52 + 0.021 0.65 + 0.012 825+ 0.09"  63.60 £ 0.46° 1589 +0.22"  143.17 + 0.14¢n
CD (P=0.05) 0.20 0.02 1.85 0.56 2.34

Treatment details are given under Materials and Methods.

*Within each column, values followed by same letter do not differ significantly at P<0.05 by LSD test. Data are the mean + standard
error for 2020 and 2021. TSS, total soluble solids; TPC, total phenol content; TAC, total anthocyanin content; TCC, total carbohydrate

content.

substances could be responsible for the increase in fruit
weight and diameter (auxin, gibberellins and cytokinin-like
activity) (Nardi ef al. 2021). These findings supported with
Somaa (2007) on apple trees.

Quality attributes: The biochemical attributes of apple
under foliar application of nutrients and organic formulations
were significantly affected during the experimentation
(Table 3). The maximum TSS and total sugars content
(11.45 °Brix and 10.01%, respectively) were recorded
with T, followed by T and minimum were (9.40°Brix and
7.76%, respectively) in T,,. The lower acidity (0.51%) was
observed in T, followed by T5 and T,. Whereas, higher
acidity (0.72%) was observed in T,

Different nutrients and organic formulations significantly
affected the secondary metabolites in fruit (Table 3).
Treatment T, recorded significantly higher total phenol
(70.72 mg GAE/g FW), total anthocyanin (19.11 mg 100/g)
and total carbohydrate (155.55 mg/g FW) content followed
by Ts and T,. Whereas, the lower total phenol (60.05 mg
GAE/g FW), total anthocyanin (13.70 mg 100/g) and total
carbohydrate (135.99 mg/g FW) content recorded with T, It
might be due to the fact that the role of boron in carbohydrate
metabolism is focused on the synthesis of cell wall material
and the transport of sugars (Marschner 1995). The positive
effect of humic acid and boron are consistent with previous

findings on Kesar mango by Ngullie ef al. (2014).

The increase in total sugars seen after the application of
humic acid (Hermans et al. 2006) owing to the accumulation
of more carbohydrates in leaf and fruit tissues, which turned
into glucose and sucrose in the end, as well as the breakdown
of starch into sugars during ripening. Total phenol and
anthocyanin content also increased due to humic acid.
Similarly, foliar spray of B and Zn increased fruit quality
of mango (Sohnika et al. 2017).

Correlations among growth and fruit quality attributes:
Fruitset (0.961), diameter (0.941), weight (0.983), firmness
(0.902), TSS (0.895), total sugars (0.872), total phenol
(0.889), anthocyanin (0.914) and carbohydrate content
(0.921) of apple showed a significant positive correlation
with fruit yield (Fig. 1). The highest significant positive
correlation was observed between total carbohydrate and
total anthocyanin content (0.989), plant spread and plant
height (0.985), total phenol and total anthocyanin content
(0.983), and total phenol and total carbohydrate content
(0.982). Similarly, good positive correlation was found
between TSS and total anthocyanin content (0.973), total
carbohydrate content and total sugars (0.970), total sugars
and total phenol content (0.971), and fruit set and fruit
weight (0.930). Whereas, significant negative correlation
was recorded between total carbohydrate content and
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Fig. 1 Pearson’s correlation matrix between the growth and fruit quality attributes of apple cv.

Anna.

PH, Plant height; PS, Plant spread; FS, Fruit set; FD, Fruit diameter; FW, Fruit weight; FF,
Fruit firmness; TSS, Total soluble solids; TA, Titratable acidity; TS, Total sugars; TPC, Total
phenol content; TAC, Total anthocyanin content; TCC, Total carbohydrate content Y, Yield.

titratable acidity (-0.987) followed by titratable acidity and
total anthocyanin content (-0.985), titratable acidity and
fruit set (-0.984), titratable acidity and total phenol content
(-0.975), and titratable acidity and total sugars (-0.973). The
nutrient combinations accelerate the metabolic activities
of the plant. The increase in fruit weight, fruit diameter
and fruit volume owing to an increase in cell size and
intercellular space (Baker and Davis 1951). Favourable
effects of the foliar application of boron might be due to
its role in cell division, cell elongation, sugar metabolism
and accumulation of carbohydrates (Sourour 2000). Similar
findings were reported by Asad (2014) in Anna apple. Humic
acid and boron are consistent with previous findings on
Kesar mango by Ngullie ef al. (2014) and Frantoio olive
by Hegazi et al. (2018).

Our study concluded that the foliar spray of various
nutrients and organic formulations had a significant effect
on vegetative growth, flowering behaviour, yield and quality
of apple cv. Anna and treatment T, was found (2.0%
Nitrogen + 15% Cow urine) most effective for enhancing
plant growth. Treatment T (400 ppm Boron + 4% Humic
acid) found superior for flowering, high yield and quality of
apple cv. Anna fruit under semi-arid conditions of Haryana.

REFERENCES

Ahmad W, Niaz A, Kanwal S, Rahmatullah and Rasheed M K.
2009. Role of boron on growth: A review. Journal of Agriculture

Growth of the cheek diameter
of peaches. Proceedings of
the American Society for
Horticulture Science 57:
104-10.

Banyal S K and Banyal A K.
2019. Foliar Fertilization
for enhancing yield and fruit quality of apple under rain-fed
conditions of mid-himalayas. Journal of Krishi Vigyan 8(1):
137-41.

Bhatt P and Singh V K. 2022. Effect of humic acid on soil
properties and crop production: A review. The Indian Journal
of Agricultural Sciences 92(12): 1423-30.

El-Shewy A A and Abdel-Khalek A 1. 2014. Physiological studies
on the effect of foliar spray with some micronutrients on leaf
mineral content, yield and fruit quality of "Florida Prince and
Desert Red" peach trees. Trends in Horticultural Research
4(1): 20-30.

Fernandez V, Sotiropoulos T and Brown P H. 2013. Foliar
fertilization. Scientific Principles and Field Practices.
International Fertilizer Industry Association, Paris.

Gopal V and Gurusiddappa L H. 2022. Influence of jeevamrutha
(fermented liquid manure) on growth and yield parameters
of tomato (Solanum lycopersicum L.). World Journal of
Environmental Biosciences 11(3): 1-7.

Hegazi E S, El-Motaium R A, Yehia T A and Hashim M E. 2018.
Effect of foliar boron application on boron, chlorophyll, phenol,
sugars and hormones concentration of olive (Olea europaea
L.) buds, leaves, and fruits. Journal of Plant Nutrition 41(6):
749-65.

Herbert D, Phipps P J and Strange R F. 1971. Determination of
total carbohydrates. Methods in Microbian 5(B): 209—44.
Hermans C, Hammond J P, White P J and Verbruggen N. 2006. How

to plants respond to nutrient shortage by biomass allocation?.
Trend in Plants Science 11(12): 610-17.
Jindo K, Canellas L P, Albacete A, Figueiredo dos Santos L,



January 2024] EFFECT OF PLANT NUTRIENTS AND ORGANIC SUBSTANCES ON APPLE CULTIVAR ANNA 55

Frinhani Rocha R L, Carvalho Baia D and Olivares F L. 2020.
Interaction between humic substances and plant hormones for
phosphorous acquisition. Agronomy 10(5): 640.

Marschner H. 1995. Mineral Nutrition of Higher Plants, 2" edn.
Academic Press, The Netherlands.

Matas M A, Gonzalez-Fontes A and Camacho-Cristobal J J.
2009. Effect of boron supply on nitrate concentration and
its reduction in roots and leaves of tobacco plants. Biologia
Plantarum 53(1): 120-24.

Nihad K, Haris A A, Subramanian P, Mathew J, Indhuja S, Neenu
S, Bhat R and Shil S. 2023. Efficient nutrient recycling strategy
through integrated nutrient management in hybrid napier within
a coconut (Cocos nucifera)-based system. The Indian Journal
of Agricultural Sciences 93(6): 647-52.

Nardi S, Schiavon M and Francioso O. 2021. Chemical structure
and biological activity of humic substances define their role
as plant growth promoters. Molecules 26: 2256.

Ngullie C R, Tank R V and Bhanderi D R. 2014. Effect of salicylic
acid and humic acid on flowering, fruiting, yield and quality
of mango (Mangifera indica L.) cv. Kesar. Advance Research
Journal of Crop Improvement 5(2): 136-39.

Raese J T, Drake S R and Curry E A. 2007. Nitrogen fertilizer
influences fruit quality, soil nutrients and cover crops, leaf
color and nitrogen content, biennial bearing and cold hardiness
of Golden Delicious. Journal of Plant Nutrition 30(10):
1585-1604.

Ranganna S. 1986. Handbook of Analysis and Quality Control for
Fruits and Vegetable Products. Tata McGraw Hill Publishing
Cooperation Limited, New Delhi.

Sharma P, Yadav R K, Jain M C and Bhateshwar M C. 2023.
Improvement of papaya (Carica papaya L.) seed germination,
seedling growth and chlorophyll content by using growing
medium and organic liquid. International Journal of
Environment and Climate Change 13(9): 2496-2506.

Singh V J, Sharma S D, Kumar P and Bhardwaj S K. 2012. Effect
of bio-organic and inorganic nutrient sources to improve
leaf nutrient status in apricot. Indian Journal of Horticulture
69(1): 45-49.

Singleton V and Rossi J. 1999. Colorimetry of total phenolic
compounds with phosphomolybdic phosphotungstic acid
reagents. American Journal of Enology and Viticulture
16: 14.

Somaa [ A. 2007. ‘Studies on the effect of humic acid on growth
and fruiting of Anna apple under middle delta conditions’. M.Sc.
Thesis, Faculty of Agriculture Minufiya University, Egypt.

Sohnika R, Akash S, Wali V K, Parshant B, Manish B and Sandeep
G.2017. Effect of foliar nutrition on yield, quality and shelf-life
of mango cv. Dashehari under Jammu sub-tropics. The Indian
Journal of Agricultural Sciences 87(2): 185-190.

Sourour M M. 2000. Effect of foliar application of some
micronutrient forms on growth, yield, fruit quality and leaf
mineral composition of Valencia orange trees grown in North-
Sinai. Alexandria Journal of Agricultural Research 45(1):
269-85.

Suman M, Sangma P D and Singh D. 2017. Role of micronutrients
(Fe, Zn, B, Cu, Mg, Mn and Mo) in fruit crops. International
Journal of Current Microbiology and Applied Sciences 6:
3240-50.



