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Abstract

Acid lime (Citrus aurantifolia Swingle) belongs to the family Rutaceae and widely grown in tropical and
subtropical regions of India. Fruits are rich in vitamin C, minerals and salts. Micronutrients such as Zinc,
Iron and boron play a vital role in acid lime for growth and development. Generally, acid lime is
micronutrient loving plant hence application of micornutrients considerably increases flowering, fruit set
and fruit quality and reduces fruit drop. With this background, the present experiment was conducted at
find out optimum levels of foliar application of micronutrients on growth, yield and fruit quality of acid
lime var. PKM-1 at Citrus Research Station (TNAU), Sankarankovil, Tirunelveli district, Tamil Nadu
during 2019-2020. Foliar application was given twice in a season viz., the first spray at at peak flowering
stage and next spray during fruit set stage on selected five trees for each treatment at farmer’s field. The
trial was laid out in a randomized block design (RBD) with thirteen treatments and replicated thrice. The
present study results revealed that T2 (1.0% Ferrous sulphate + 1.0% Zinc sulphate + 1.0% Copper
sulphate + 1.0% Manganese sulphate + 0.3% borax) recorded the highest values of growth, yield and
quality traits such as plant height (3.90 m), tree spread (4.70 m) (5.05 cm), number of fruits per plant
(612.20), fruit weight (42.80 g), fruit girth (4.95 cm), fruit volume (40.10 cc) and yield per plant (15.08
kg/tree) and quality traits viz., TSS (6.53 °Brix), juice content (35.50 ml), ascorbic acid content (33.30
mg/100g), acidity (8.90%) and B:C ratio (2.10) and followed by T11 (0.5% Ferrous sulphate + 0.5% Zinc
sulphate + .5% Copper sulphate + 0.5% Manganese sulphate + 0.1% borax) whereas the lowest values
was observed in control (Txs).
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Introduction

Citrus is considered as one of the most important fruits widely cultivated different parts of the
world. It belongs to the family Rutaceae. Acid lime (Citrus aurantifolia Swingle) is an
important commercial species of citrus considered to be indigenous to India, and is extensively
cultivated in many parts of India across tropical and subtropical regions. India is the largest
producer of acid lime in the world. In India, Maharashtra, Andhra Pradesh, Assam, Tamil
Nadu, Gujarat, Rajasthan, and Bihar are the leading states in acid lime cultivation. In Tamil
Nadu, it is widely cultivated in Tirunelveli, Tenkasi, Turicorin, Dindigul, Madurai, Theni,
Perambalur, Tiruchirapalli, Coimbatore and Virudhunagar districts under rainfed and irrigated
conditions in an area of about 9.88 thousand hectares which accounts for the production of
34.51 thousand MT. Fruits are being used for preparation of pickles, beverages and rich in
citric acid, ascorbic acids, minerals and salts. Foliar feeding is one of the ways towards this
goal, because there by nutrients are applied directly to the site of their metabolism. Generally,
acid lime is a micronutrient loving plant and hence, application of micronutrient considerably
enhances the flowering and fruit quality. Micronutrients such as zinc, iron and boron plays a
vital role in acid lime and also they are equally significant like other macronutrients, in spite of
their requirement in meagre quantities. Their acute deficiencies are sometimes incurable in
nature (Kumar, 2002) Il Zinc is essential component of enzymes responsible for nitrogen
metabolism, thereby resulting increase the uptake of nitrogen by the plant. It increase the
flowering, fruit set, fruit size and control the fruit drop and ultimately increase the yield
(Awasthi et al. 1975) . Iron increases the manufacture of more carbohydrates in the leaves
which increase the flowering, fruit set, fruit size, control the fruit drop and ultimately increases
the yield (Rana and Sharma, 1979) 9. Similarly, boron also plays a vital role in the growth
behaviour and productivity of citrus fruits.
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It increases the phenolic compound production in the plant
system that is responsible for the polar transport of auxin.
This increases the auxin activity resulting in increasing the
vegetative growth of citrus plants (Gurjar et al. 2015) [61,
Another micronutrient copper also plays a significant role in
citrus trees and it is involved in stimulation activities for
lignifications of the cell wall of plants, and photosynthesis,
and acts as an electron carrier in the plant system. Copper
helps in production of sugar compounds and leads to more
accumulation of total soluble solids in the fruit juice (Singh et
al. 2018) 18 Acid lime var. PKM-1 being a heavy and
regular bearer which bears fruits throughout the year and has
to supplied with adequate nutrients to ensure the yield and
quality. Most of the time, growers are not following proper
nutrient application. With this background, the present
experiment was undertaken to investigate the effect of foliar
application of different combinations of micronutrients on
growth, fruit yield and quality of acid lime var. PKM-1.

Materials and Methods

The present experiment on the effect of foliar application of
micronutrients on growth, yield and quality of acid lime var.
PKM-1 was conducted at farmers’ field, Vannikonendal of
Tirunelveli district, Tamil Nadu. The aim of the present study
is to find out the suitable micronutrient combination for
increasing flowering, yield and quality of acid lime fruits. The
experiment was conducted during 2019 - 2020. Seven years
old trees of acid lime var. PKM-1 were selected at farmers’
field and used for the experiment. Five trees were used for
each replication. Trees were planted at a spacing of 6 x 6 m.
Foliar application of micronutrients sprayed during September
- October and March — April every year (two seasons). Each
treatment was imposed in five uniform trees. The first spray
was given during peak flowering stage (October) and next
spray was given during fruit set stage (15 days after first
spray). Micronutrients such as ferrous sulphate, copper
sulphate, zinc sulphate, manganese sulphate and borax were
prepared by dissolving in water and then the required volume
was made up. The experiment was laid out in a Randomized
Block Design (RBD) with thirteen treatments and replicated
thrice.

The treatment details are as follows.

T1 | - 0.5% Ferrous sulphate
T2 | - 1.0% Ferrous sulphate
Ts | - 0.5% Zinc sulphate
Tsa | - 1.0% Zinc sulphate
Ts | - 0.5% Copper sulphate
Te | - 1.0% Copper sulphate
T7 | - 0.5% Manganese sulphate
Ts | - 1.0% Manganese sulphate
To | - 0.1% borax
T | - 0.3% borax
0.5% Ferrous sulphate + 0.5% Zinc sulphate + .5%
Tu1 | - | Copper sulphate + 0.5% Manganese sulphate + 0.1%
borax
1.0% Ferrous sulphate + 1.0% Zinc sulphate + 1.0%
T2 | - | Copper sulphate + 1.0% Manganese sulphate + 0.3%
borax
Tz | - Absolute control

The quality characters such as juice content of ten fruits from
each treatment weighted and mean was calculated and
expressed in per cent. TSS recorded by using Hand
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Refractometer and expressed as °Brix. Ascorbic acid content
was calculated by using AOAC, (1975) M method as
expressed as mg per 100 g of fruit weight. Acidity was
determined by the method described by Ranganna, (1986) 13
and expressed in percentage. The observations such as plant
height, tree spread, number of fruits per plant, fruit girth, fruit
volume, fruit weight, yield per plant, B:C ratio, ascorbic acid
content, acidity, TSS and fruit juice content were recorded
and analysed statistically as per the methods suggested by
Panse and Sukhatme, (1967) [,

Results and Discussion

The present study results exhibited the significant impact on
foliar application of micronutrients on growth, yield and its
attributing parameters are depicted in Table 1. The results
revealed that Ty, (1.0% Ferrous sulphate + 1.0% Zinc sulphate
+ 1.0% Copper sulphate + 1.0% Manganese sulphate + 0.3%
Borax) recorded the highest values of growth traits such as
plant height (3.90 m), plant spread (4.70 m) (5.05 cm) and
number of fruits per plant (612.20) followed by T1; (3.71 m;
4.45 m; 4.98 m; 601.45) whereas the lowest values registered
in control (T13) (3.15 m; 3.66 m; 4.01 m; 465.30). This might
be due to foliar application of micronutrients along with
nutrients which increased the plant height, tree spread and
number of fruits per tree. There is also a correlation between
fruit drop and internal hormonal level in the plant system. As
the level of internal auxin concentration in the plant system is
higher, then the fruit retention capacity will be more leading
to increase in number of fruits per plant. Application of
micronutrient combinations increased the number of fruits,
plant height and plant spread in the acid lime var. Vikarm
under Uttar Pradesh condition (Mishra et al. 2021) [,
Application of boron increase the fruit set and thereby
increases the number of fruits reported by Sheikh et al. (2021)
%1 in Assam lemon.

In fruiting traits, T12 observed the highest values of fruit girth
(4.95 cm), fruit weight (42.8 g) and fruit volume (42.8 cc)
followed by Ti: (4.68 cm; 41.50 g; 39.5 cc). Control (Ti3)
registered the lowest values for the fruiting traits viz., fruit
girth, fruit weight and volume of the fruit (3.30 cm; 33.60 g,
31.10 cc). Zinc facilitates in the synthesis of tryptophan, the
precursor of auxin synthesis and consequently the auxin level
increases in the fruit. This lead to the higher enlargement of
cell because of cell vacuolization resulting in increased size of
vesicles, dimension of locules and eventually the fruit weight
and size increased. Therefore, the significant influence of Zn
in increasing the fruit weight was revealed by Sheikh et al.
(2021) 1 in Assam lemon, and Ghosh and Besra, (2000) [l in
sweet orange. Iron and zinc also play a vital role in the
enlargement of cell, division of cell and formation of starch.
Thus, the additive effect of these micronutrients resulted in
increased fruit weight. This is in conformity with the findings
of Babu et al. (1982) BI; Rajamanickam et al. (2022) [*4 in
acid lime. The rise in fruit weight might be the higher
translocation of photosynthates to fruits. Similar findings
were revealed by Waskela et al. (2013) 8 in guava and
Rajamanickam et al. (2015) [ in cashew.

Regarding yield traits, the same trend was noticed. In the
present study, treatment Ti, recorded the highest yield per
plant (15.62 kg/tree) which was followed by Tq; (14.65 kg/ha)
whereas control (Ti3) registered the lowest yield of 11.81
kg/tree was obtained. This might be due to the synergistic
effect of different micronutrients as they directly take part in
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many physiological processes and activity of many enzymes
for greater gathering of food materials. Zinc helps in
prevention of abscission layer formation and increase the
synthesis of tryptophan which is the precursor of auxin
synthesis and this facilitates the ovary to remain intact with
the shoot, ensuring in minimizing the flower and fruit drop
and maximize the retention of fruits in the plants. Earlier
reports indicated that the application of zn and boron
increases fruit yield and quality (Rodriguez et al. 2005) 4],
This is in conformity with the findings of Deshmukh et al.
(2015) ™ in acid lime and Gurjar et al. (2015) ©! in Kinnow
mandarin. B:C ratio recorded the highest in Ty, of 2.10 which
was followed by Ti1 (2.09) whereas control (Ti3) registered
the lowest benefit cost ratio of 1.81 was obtained. This might
be due to highest net profit, number of fruits per tree and yield
per tree which enhanced the benefit cost ratio compared with
control.The quality parameters of fruits were significantly
improved by the foliar application of micronutrients (Table
2). The treatment T1, exhibited higher values of the quality
traits viz., TSS (6.53 °Brix), juice content (35.50 ml), ascorbic
acid content (33.30 mg/100g) and acidity (8.90%) followed
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by T11 (6.33 °Brix, 33.30 ml; 30.00 mg/100 g; 8.60%) while
control (T13) observed the lowest values for all the quality
traits (5.25 °Brix, 24.90 ml; 22.28 mg/100 g; 7.35%). The
increased juice content due to application of micronutrients
might be due to the role of zinc in plant metabolism.
Increased in TSS with the application of micronutrients
especially zinc might be due to increased photosynthetic
activity and chlorophyll content of leaves which resulted in
production of more TSS in fruit juice (Tagad et al. 2018) (17,
Zinc is required in enzymatic reactions namely hexokinase,
carbohydrate and protein synthesis. In addition to this, boron
helps in the transportation of sugar in the form of boron-sugar
complex and it also intensifies hydrolysis of carbohydrates
into simple sugar. Copper helps in elevating the
photosynthetic efficiency that results in higher rate of
photosynthesis. The results of the current investigation are in
line with the results obtained by Babu and Yadav (2005) B! in
Khasi mandarin and Singh et al. (2018) 1 in Sweet orange
cv. Mosambi. Hence, it was concluded that Ti, treatment
recorded the highest values of growth, yield and quality traits
in acid lime.

Table 1: Effect of foliar application of micronutrients on growth and yield characters of acid lime var. PKM-1

Treatment | Plant height | Tree spread (m)| Number of fruits | Fruit girth | Fruit weight| Fruit volume | Fruityield (kg | B:C
details (m) E-W | N-S per tree (cm) (9) (cc) tree) ratio
T1 3.58 4.18 4.52 490.3 3.95 39.80 37.55 12.80 1.96
T2 3.65 4.12 4.20 494.6 4.10 40.62 38.15 13.42 2.01
T3 3.57 4.40 4.85 510.1 3.98 40.30 38.20 13.66 2.05
T4 3.62 4.45 5.38 526.7 4.23 41.30 38.25 13.80 2.06
Ts 3.59 4.48 5.27 529.2 3.84 37.50 34.80 13.20 1.96
Ts 3.48 4.14 4.58 535.8 4.21 36.50 34.65 14.25 2.04
Tz 3.42 4.47 4.50 560.1 3.75 39.60 37.40 14.10 2.01
Ts 3.53 3.83 4.65 584.6 4.55 41.52 38.15 14.40 1.98
To 3.62 4.07 4.25 550.2 4.10 35.20 32.75 13.55 2.03
T 3.68 4.25 4.72 565.4 4.39 35.45 32.80 13.88 2.05
Tu 3.71 4.45 4.98 601.4 4.68 41.50 39.50 14.65 2.09
T2 3.90 4.70 5.05 612.2 4.95 42.80 40.10 15.08 2.10
Tis 3.15 3.66 4.01 465.3 3.30 33.60 31.10 11.81 1.87
S.Ed 0.113 0.005 | 0.006 18.97 0.129 1.523 1.259 0.274
CD (P=0.05%) 0.258 0.009 | 0.010 39.28 0.271 3.068 2.656 0.562
Table 2: Effect of micronutrients of quality characters of acid lime var. PKM-1
Treatment details|TSS (°Brix)|Juice content (ml) | Ascorbic acid content (mg/100 g) |Acidity (%)

T1 6.15 30.90 26.97 7.45

T2 6.18 31.10 28.42 7.54

Ts 5.80 28.50 26.15 7.64

T4 5.65 30.25 26.43 7.69

Ts 5.60 27.40 26.32 7.62

Ts 5.85 28.50 26.51 7.68

Tz 6.35 29.80 28.19 8.05

Ts 6.30 33.00 29.05 8.10

Ty 5.95 31.10 26.80 8.30

Tao 6.20 32.30 27.01 8.35

Tu 6.33 33.30 30.00 8.60

T2 6.53 35.50 33.30 8.90

Tas 5.25 24.90 22.28 7.35

S.Ed 0.271 1.255 0.982 0.239

CD (P=0.05%) 0.520 2.450 1.996 0.541

Acknowledgement

The authors are very much grateful to the Tamil Nadu
Agricultural University, Coimbatore for providing necessary
facilities and funding for conducting the experiment.

References

1. AOAC. Official methods of analysis. Association of
Official Agricultural Chemists, 2" edition, Washington
D.C; c1975. p. 832.

~56117


https://www.thepharmajournal.com/

The Pharma Innovation Journal

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Awasthi RP, Tripathi BR, Singh A. Effect of foliar sprays
of zinc on fruit drop and quality of litchi (Litchi chinensis
Sonn.). Punjab Hort. J. 1975;15(1-2):14-16.

Babu KD. Yadav DS. Foliar spray of micronutrients for
yield and quality improvement in Khasi mandarin (Citrus
reticulata Blanco.). Indian J Horticulture.
2005;62(3):280-281.

Deshmukh HK, Nimbolkar PK, Paithankar DH,
Dewangan RK. Effect of plant growth regulators and
micronutrients on growth and yield of acid lime (Citrus
aurantifolia Swingle) in hasta bahar. International
Journal of Agriculture, Environment and Biotechnology.
2015;8(3):615-620.

Ghosh SN, Besra KC. Effect of zinc, boron and iron
spray on yield and fruit quality of sweet orange cv.
Mosambi grown under rainfed laterite soil. Indian Agric.
2000;44(3/4):147-51.

Gurjar MK, Kaushik RA, Baraily P. Effect of zinc and
boron on the growth and yield of kinnow mandarin. Int. J
Sci. Res. 2015;4(4):2277-8179.

Kumar P. Managing micronutrient deficiency in
ornamental crops. Indian Horticulture. 2002;46(4):30-31.
Mishra AA, Bahadur V, Dawson J, Thomas T, Mishra S,
Mishra AK. Effect of different micronutrient
combinations on plant growth and plant establishment of
acid lime (Citrus aurantifolia Swingle) cv. Vikram.
Biological Forum. 2021;13(3):212-219.

Panse VG, Sukhatme PV. Statistical methods for
agricultural workers. 2" edition, ICAR, New Delhi,
1985.

Rana AS, Sharma HC. Effect of iron sprays on growth,
yield and quality of grapes. Punjab Hort. Journal.
1979;19(1-2):31-34.

Rajamanickam C, Muralidharan B and Mahadevan A.
Studies on the effect of micronutrients in acid lime
(Citrus aurantifolia Swingle) var. PKM-1. J. Curr. Crop
Sci. Technol. 2022; September (7-9) (online).
Rajamanickam C, Rathinasamy A, Vani V, Jeevajothi L.
Micronutrient studies in cashew (Anacardium occidentale
L.) var. VRI-3. Acta Horticulturae. 2015;1080:275-280.
Ranganna S. Hand book of analysis and quality control
for fruit and vegetable products. Tata McGraw Hill
Publishing Co. Ltd., New Delhi. 1986, 190-210.
Rodriguez VA, Mazza SM, Martinez GC, Ferrero AR. Zn
and K influence of fruit size s of Valencia orange.
Revista Brasileira de Fruitcultura. 2005;27:132-135.
Sheikh KHA, Singh B, Haokip SW, Shankar K,
Debbarma R. Response of fruit yield and quality to foliar
application of micronutrients in lemon (Citrus limon (L.)
Burm.) cv. Assam Lemon. Journal of Horticultural
Sciences. 2021;16(2):144-151.

Singh Y, Bhatnagar P, Meena NK, Gurjar SC. The effect
of foliar spray of Zn, Cu and B on physico-chemical
parameters of sweet orange (Citrus sinensis L.) cv.
Mosambi. J. Pharmacogn. Phytochem. 2018;7(6):1606-
1610

Tagad SS, Patil MB, Patil SG, Deshpande DP. Effect of
foliar application of plant growth regulators and
micronutrients on growth and yield parameters of acid
lime (Citrus aurantifolia L.) cv. Sai Sarbati. Journal of
Pharmacognosy and Phytochemistry. 2018;7(5):741-744.
Waskela RS, Kanpure RN, Kumawat BR, Kachouli BK.
Effect of foliar spray of micronutrients on growth, yield

~5612 7

https://www.thepharmajournal.com

and quality of guava (Psidium guajava L.) cv. Dharidar.
Int. J Agric. Science. 2013;9(2):551-556.


https://www.thepharmajournal.com/

