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Abstract

Investigation was carried out in the farmer’s fiefdkalimpong to evaluate the effect

of foliar application of different level of Gfand micronutrients on Darjeeling mandarin. The
experimental design adopted was randomized bloskgdean which there was seven main
plot treatments representing combinations of tigreevth regulators (GA@ 7.5 ppm and 15
ppm, BA @ 200 ppm and 400 ppm and 2,4-D @ 7.5 ppoh 56 ppm) and two micro
nutrients (Zn @ 0.5% and Boron @ 0.1%). Foliar egapilon of GA; at therate of 15 ppm
along with zinc (0.5%) and boron (0.1%) improvedwgth morphology, fruit yield attributes
is also effective in enhancing the fruit yield wibletter fruit quality. Generally, it could be
concluded that the treatments{Eeems to be the promising treatment for the hdlyion of

Darjeeling.
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1. Introduction
Mandarin Citrus reticulate Blanco.), the citrus species native to Darjeeling

district is commonly known as Darjeeling orange &sdnutrition management has become
one of the most important factor for improving thglant growth and yield efficiency.

Foliar feeding has been used as a means of sugpbyipplemental doses of minor
and major nutrients, plant hormones, stimulants @heér beneficial substances. Therefore,
judging which foliar materials to apply and at whid&nt stage to spray with soil applied
organic and inorganic fertilizers are importannpiples to make best uses of this technique.
The application of plant growth regulator (PGR) carovide significant economic
advantages to citrus growers when used in apptepsduations as these have proven
effective in stimulating a number of desired regamsuch as increase in fruit size and delay
in fruit maturity [1]. Fruit development is thougtd be triggered by hormones [2] that the
endogenous gibberellins status of the developitrg<iovaries is the limiting factor for the
initiation of fruit development. Foliar applicatiaf different levels of GA (5, 50, 100 and
500 mg/l) to young fruit let’s just after fruit seave been reported to clearly increase the fruit
weight, peel thickness, juice content with improvaste of grapefruit [3]. Among the growth
regulators, 2, 4-Dichloro phenoxy acietic acid 42D) is known to improve the fruit size,

yield and fruit quality parameters in citrus [4].



Nutrition management is one of the most import@ator in improving the plant
growth and yield through increasing photosynthefitciency. Micronutrients deficiency in
soil and plants is a worldwide nutritional problemd very severe in many countries [5]. In
Darjeeling, the nutrient deficiencies particulanhcronutrients are common due to climate
and nature of soil. By choosing appropriate femtiti rates, the grower can drive a crop
toward earlier and heavier fruit setting [6]. Miowgrients like zinc and boron (B) are very
important for optimal plant growth, physiologicahda biochemical pathways in citrus
cultivation under agro-climatic conditions of Daf@g. The application of zinc improves the
citrus fruit yield and its juice quality [7]. Folior soil application of zinc increases the
biosynthesis of chlorophyll and carotenoid synthesihat are important for proper
performance of photosynthetic process. Foliar appthn of zinc had positive impact on fruit
yield and quality of Kinnow mandarin, sweet oraage grapes [8]. Similarly, application of
B with Zn enhanced the juice content [9]. Appliocatiof B increases fruit set and yields by its
role in pollen tube germination and elongation [A0d increases growth and flowering in
tomatoes [11]. The foliar application of Zn andiBnsficantly enhanced fruit yield and juice
content, total soluble solids, ascorbic acid ana realucing sugar [12].

Mandarin locally known asSuntala” was once considered excellent in the world for
its taste and flavor. In the present situatiomaitrmt claim its superiority due to deterioration
of fruit quality. Its acerage, production and frgize have also been declined drastically
mainly due to lack of proper orchard managemene@afly nutrients management which
leads to decline. In absence of data on the exacient that is deficient a multi nutrient
approach is followed to formulate the treatmenterEfore, an attempt is made to study the

efficacy of growth regulators and micronutrientstba performance of this crop.
2. Materials and Methods

The present study was carried out in the farmeelsl fof Kalimpong sub division of
Darjeeling hill, West Bengal during the year 206@6012. The climatic condition of this area
is characterized by high rainfall varies from 21003000 mm, of which 80% is received
during June to October. Minimum and maximum temfueeaof the area varies from 26}
and 26-36C respectively. The relative humidity of the areaies from 65% to 98%. The
topography is mainly hilly terrain and is charated by anticline and syncline with
undeveloped horizon of brown forest soil. The sbithe experimental field was low in pH
(5.5), organic carbon (1.1 %), available N (171K2fha), available P (37.14 kg/ha) and
available K (367.81 kg/ha). The three growth retpriaand micro nutrient were sprayed at



pre and post monsoon as a two split doses. Theimegmal design adopted was randomised
block design in which there was seven main plaattrents representing combinations of
three growth regulators and two micro nutrients esmicated thrice. The growth regulators
and micro nutrient were sprayed at pre and postsomm as a two split doses taking seven
different treatment combinations ies: TTontrol, T,: GAz 7.5 ppm + zinc + boron (0.5% +
0.1%), T: GAz 15 ppm + zinc + boron (0.5% + 0.1%),: BA 200 ppm + zinc + boron
(0.5% + 0.1%), . BA 400 ppm + zinc + boron (0.5% + 0.1%): P, 4-D 7.5 ppm + zinc +
boron (0.5% + 0.1%), /T 2,4-D 15 ppm + zinc + boron (0.5% + 0.1%). Okadons on
growth characters i.e. tree height, trunk girthna@y area, shoot length and flowering
intensity were recorded as when required wheresd parametersgiz. fruit set per cent, fruit
drop per cent, fruit weight, segment number ancdejwiontent were recorded after harvesting
of fruits. Physio-chemical parameters like totdubée solids (TSS) content of fruit fiBrix
were determined by a method described by Mazumudiajumdar [13]. The total titrable
acidity as mentioned by Ruck (1969) [14]. The tetiadl reducing sugar content of fruits were
determined by analyzing the fruits following meteaaf Lane and Eynon [15] and ascorbic
acid was estimated by following the procedure ofhdrena, [16]. Data collected from the
field experiment were subjected to statistical wsial appropriate to the design RBD
(Randomized Block Design) with 7 treatments ane@ications (Gomez and Gomez) [17].
For the determination of least significance at el of significance, the statistical table
formulated by Fisher and Yates [18] was consulted.
3. Results and Discussion

Growth morphology was significantly influenced byrogth regulators and
micronutrients which are illustrated in Table 1.pfipation of foliar spray of zinc, boron and
growth regulators like GA BA and 2,4-D were found effective. Highest tregght (3.82 m)
was recordedn Tz (GAsz 15 ppm + Zn + BRs compare to other treatments where as the
highest trunk girth (33.95 cm) was observed n(GA315 ppm + Zn + B). This growth
promotion may be due to action of gibberellins agidis promotion of cell division is due to
stimulation in G phase to enter S phase as Gibberellins firstlyuditas the cell division in
the shoot apex, especially in the more basal neenistic cell from which develop the files of
cortex and pith cell [19]. Similar findings weresalobserved by Eliyeva [20] in apple and
Balakrishneet al. [21] in pomegranate. Plant height and plantgivere increased due to the
increased application of micro-nutrient includingrén and zinc. Glozer and Grant [22] also
reported the increased tree height and girth afitpla case of California lemon and sweet

cherry, respectively on application of nutrientelzinc and boron. Canopy area (455.3) m



was highest in 3(GA3 15 ppm + Zn + B) and this might be due to theplication of zinc
that enhances the photochemical reactions occuirnghylakoid membrane, electron
transport through PSII and increases photosynthatie [23] and chlorophyll content [24]
which may result increased canopy area. The loarest of canopy (170.4539nwas recorded
under treatment representing control plot. Howeveghest shoot length (5.94 cm) was
observed in §(2,4-D 7.5 ppm + Zn + B) and these findings candupported by Pharis and
Kua [25] who reported the growth of leaves and offlants parts in early stages under the
influence of 2,4-D. Moreover, Zurflur and Guilfoyj26] mentioned that 2, 4-D can increase
the horizontal growth of tissue in leaves and otilants parts by inducing growth promotion
by cell division. Maximum intensity of flowering 83839) was in treatment supplied with GA
15 ppm along with zinc and boron. This might bes do the spraying of plant growth
regulators and micronutrient that enhanced themaproduction, which in turn controlled
abscission. This is in conformity with the findingsESaraswathét al. [27] who reported the
Gibberellins can reduce the senescence of leawd$raits. Application of boron increases
flower numbers and act its role in pollen tube gaation and elongation [11].

Significant difference was observed among the diffe treatments with respect to
different yield attributing characters as in taBleHighest fruit set (21.31%) was observed in
T3 (GA3 15 ppm + Zn + B) and lowest was recorded fromstrbelonging to treatment
representing control. Ashrat al. [7] also indicated that application of zinc imprevihe
citrus fruit yield and this might be due to invafwent of zinc in photosynthesis, activation of
enzyme systems, protein synthesis and carbohythaslocation [28]. Abscission layer at
the stem resulting in fruit drop is formed due tobalance of auxins, cytokinins, and
gibberellins [29]. The cause of drop may be relateccompetition among fruit lets for
carbohydrates, water, and hormones [30]. Lowest filtop (19.38%) was observed in
treatment supplied with 2-4-D, 15 ppm with Zn andBcompare to other treatments and this
finding also supported by Negat al. [31] which are corresponding with the effect okiau
application [32]. Plant growth regulator like 2#&tdorophenoxyacetic acid (2,4-D) have
been reported to be effective in controlling frdibp in citrus [33]. Application of 2,4-D at
flowering reduced transiently fruit let growth rated delayed abscission [34]. Micro nutrient
in other hand attributes to high translocation obds to fruit bearing portion of plants
promoted by micro nutrient described by Khorsai8i] [on pomegranate. Talaie and Taheri
[36] showed that foliar sprays of B and Zn sigrafily decreased fruit drop and improved
fruit quality in ‘Zard’ olives. Highest fruit weigh(66.24 g) was in treatment that received

GA;3 (15 ppm) along with Zn and B. the beneficial effe€tzinc significantly increases the



size of fruit in Mandarin and this finding the refsoof Hanget al. [37]. The average number
of segments (10.44) was recorded highest jragplied with GA 15 ppm along with Zn
(0.5%) and B (0.1%) as foliar spray. This mightdoe to the increase of fruit weight and size
which ultimately enhanced the number of segmentgrp&. Moreover, the positive effect of
GA3 was observed in this study with respect to neimdd segments. Gibberellins are known
for their ability to increase cell enlargement arthancing fruit growth in certain species
such as citrus [38]. Juice percentage (33.83%)higirest in T (GA3; 15 ppm + Zn +B foliar
spray. Moreover, application of Zn and B enhantesjtiice content [9]. The lowest juice
content (25.12%) was recorded under control arirttight be due to the small size of fruit,
weight and number of segments per fruit.

Effect of growth regulators and micronutrients amitf quality was significantly
influenced by different treatments as depict ingah The maximum TSS (10.3Brix) was
recorded in T(GAs3 15 ppm + Zn +B). The post-harvest application ofsG250 ppm) in
mango cv. Kesar and Amrapali significantly increhfiee TSS compared to control (Singh,
1991). Takidze [39] also found that applicatiorzafc sulphate significantly increased T.S.S.
content in the juice of sweet orange. Total su@)ri(5%) was recorded highest in(GA3; 15
ppm + Zn +B). Applying zinc to the trees might iroped fruit quality by enhancing
formation and translocation of carbohydrates antialaydrate enzymes [40] which resulted
the increased percentage of total sugar in Mand@hie content of reducing sugar (4.11%)
was also highest in treatmengdnd in sweet orange [41, 10] in Washington naws &und
improved reducing sugar content on boron applicatibhe maximum titrable acidity
(0.703%) was recorded in control plot and this ridie due to unavailability of
micronutrients and growth regulators and zinc aacbb deficient may leads to increase in
acidity. The data presented, reveals that diffemhbination of growth regulators along
with zinc and boron significantly affects ascorbidd content. Highest ascorbic acid (29.94
mg/100g) was recorded is TGA3 15 ppm + Zn +B). But Sindhu and Singhrot [42] repdr
minimum acidity in GA (200 ppm) treated lemon fruits cv. Baramasi. Nalip foliar
application of Zn and B significantly influence®tbontent of ascorbic acid [12].

4. Conclusion

Foliar application of GAat therate of 15 ppm along with zinc (0.5%) and boron
(0.1%) improved growth morphology, fruit yield d@iites and also effective in enhancing
the fruit yield with better fruit quality. Genergllit could be concluded that the treatment
GA3 15 ppm, zinc (0.5%) and boron (0.1%})@eems to be the promising treatment for the

hilly region of Darjeeling.
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Table 1. Effect of micro-nutrient and growth regulaors on growth morphology of

Mandarin

Treatment Tre(?nr]l)eight Trur(t( n?)irth Can(ori)])zl) area Shoz)(:tr:gngth Fllnci\évr?;:g/g
T 3.36 26.45 170.45 2.97 81.60
T, 3.53 32.61 394.23 4.05 83.82
T; 3.82 33.9¢ 455.3: 4.51 83.8¢
T, 3.52 31.26 285.64 3.72 83.27
Tg 3.73 30.23 328.00 3.80 83.08
Ts 3.80 26.92 358.92 5.94 83.45
T, 3.78 32.81 381.98 4.41 83.01
SE+ 0.28 2.02 18.60 0.52 0.48
Po.os 0.64 6.23 57.32 1.60 1.48

Note: Ty: Control; T 2 GA3 7.5 ppm + zinc + boron (0.5% + 0.1%) (0.5% + 0.1%)T3s: GA3 15 ppm + zinc + boron (0.5% + 0.1%);
T4 BA 200 ppm + zinc + boron (0.5% + 0.1%); F: BA 400 ppm + zinc + boron (0.5% + 0.1%); F: 2,4-D 7.5 ppm + zinc + boron
(0.5% + 0.1%) and T: 2,4-D 15 ppm + zinc + boron (0.5% + 0.1%).

Table 2. Effect of micro-nutrient and growth regulaors on yield attributes of Mandarin

Treatment Fruit Fruit Eruit Segment Juice
set (%) drop (%) weight (g) number content (%)
T, 19.46 48.54 49.35 7.55 25.12
T, 20.24 20.37 62.65 10.44 32.37
T3 21.31 23.66 66.24 10.33 33.83
T, 19.93 26.41 63.6- 9.5t 31.0Z
T, 19.94 26.2¢ 63.1f 9.6¢ 31.8¢
T 20.19 22.5¢ 66.19 9.5t 30.4¢
T, 19.76 19.38 65.46 10.00 32.38
SE+ 0.49 1.13 0.92 0.17 0.29
Poo: 1.49 3.50 2.84 0.51 0.83

Note: Ty: Control; T 2: GA37.5 ppm + zinc + boron (0.5% + 0.1%) (0.5% + 0.1%)T3: GA3 15 ppm + zinc + boron (0.5% + 0.1%);
T4 BA 200 ppm + zinc + boron (0.5% + 0.1%); F: BA 400 ppm + zinc + boron (0.5% + 0.1%); F: 2,4-D 7.5 ppm + zinc + boron
(0.5% + 0.1%) and T: 2,4-D 15 ppm + zinc + boron (0.5% + 0.1%).



Table 3. Effect of micro-nutrient and growth regulaors on fruit quality of Mandarin

Treatment g’SS Total sugar Reducing Trit_able Ascorbic acid
("Brix) (%) sugar (%) acidity (mg/1009)
T, 9.50 9.51 3.83 0.70 25.36
T, 10.07 10.09 4.01 0.69 29.57
T3 10.3¢ 10.1f 4.11 0.6¢€ 29.9¢
T, 9.77 9.86 3.86 0.67 29.13
Ts 10.14 9.98 3.89 0.65 29.44
Te 9.80 10.00 3.92 0.68 28.15
T, 10.08 10.04 3.96 0.69 28.76
SE+ 0.10 0.03 0.06 0.01 0.04
Po o 0.32 0.08 0.03 0.03 0.12

Note: Ty: Control; T2 GA37.5 ppm + zinc + boron (0.5% + 0.1%) (0.5% + 0.1%)T3: GA3 15 ppm + zinc + boron (0.5% + 0.1%);
T4 BA 200 ppm + zinc + boron (0.5% + 0.1%); F: BA 400 ppm + zinc + boron (0.5% + 0.1%); F: 2,4-D 7.5 ppm + zinc + boron
(0.5% + 0.1%) and T: 2,4-D 15 ppm + zinc + boron (0.5% + 0.1%).



