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ABSTRACT

Kinnow production is hampered due to the lack of micronutrient applications such as zinc (Zn), iron (Fe), and
manganese (Mn), which play a significant role in the metabolic activities of the plant, affecting yield and quality. The
farmers of the region use mineral micronutrient fertilizers, but it leads to phytotoxicity due to unoptimized fertilizer
application dose. In the present investigation, an attempt has been made to optimize the Zn, Mn, and Fe minerals dose as
tank mix foliar application for improvement of fruit yield, quality, and uptake of nutrients. The twelve combinations of
different doses of zinc sulphate, manganese sulphate, and ferrous sulphate fertilizers replicated three times were tested at
kinnow orchards established at Krishi Vigyan Kendra, Bathinda, Punjab, India. The data revealed that the fruit drop was
significantly low in the treatment F, (43.4%) (tank mix spray of 0.3% ZnSO4 + 0.2% MnSO4 + 0.1% FeSO4 ) compared
to control treatment. The fruit yield per tree was significantly higher in the treatment F12 compared to untreated control.
The juice percentage was also recorded higher in treatment F12 as compared to control, and the juice percentage improved
by 2.6%. The leaf nutrient analysis also revealed translocation of higher amount of nutrient from leaf to fruit under
optimized supply of micronutrient. Thus, the application of tank mix spray of 0.3% ZnSO4 + 0.2% MnSO4 + 0.1% FeSO4
may be used for better fruit yield and quality.
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1. Introduction

Kinnow mandarin (Citrus deliciosia Lour. x Citrus nobilis Tanaka)
is a nutrient-exhaustive crop right from the beginning to the final stage
of fruit harvest. The kinnow production was hampered due to the lack of
proper management practices, including micronutrients like zinc (Zn),
iron (Fe), and manganese (Mn), which contributed to various metabolic
activities in the plant system. Zinc (Zn) plays a pivotal role in the
synthesis of auxin, the synthesis of protein, energy generation, structural
integrity of bio membrane; transformation and consumption of
carbohydrates, formation of fruits, and maturity induction!!). Iron (Fe) is
involved in the synthesis of chlorophyll content, photosynthesis,
mitochondrial respiration, nitrogen assimilation, hormone biosynthesis
(ethylene, gibberellin, and jasmonic acid), production and scavenging of
reactive oxygen species (ROS), osmo-protection, pathogen defense, cell
division, and growth!?. Manganese (Mn) contributes to the metabolism
of organic acids, nitrogen metabolism, respiration, activator of
enzymatic reactions such as oxidation/reduction and hydrolysis,
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participation of the oxygen evolution complex in light reactions of photosynthesis, and is available in the form
of Mn?* to the plant!®l.

The deficiency of micronutrients alters plant growth and metabolic activity, resulting in the appearance
of visual deficiency symptoms in most cases*. The deficiency of zinc (Zn) causes irregular yellowing,
rosetting/mottled leaves, and the terminal portion of the leaves becomes narrow and reduces the leaf area,
which ultimately inhibits the metabolic and photosynthesis activity due to the various enzymes like alcohol
dehydrogenase, glutamic dehydrogenase, and carbonic anhydrase through electron transport and auxin
biosynthesis pathways?l. Iron (Fe) deficiency symptoms cause yellowing of terminal leaves and premature
defoliation. The deficiency symptoms of manganese (Mn) cause leaf lamina to turn a light green colour with
fine green veins, and under severe deficiency, light green turns a grey colour. The biochemical changes were
also reported, i.e., a reduction in sugar and cellulose level, increased drought sensitivity, and reduced fertility
by inhibition of respiration pathway!®! due to micro-nutrient deficiencies. An adequate supply of micronutrients
helps to protect the plant from adverse climatic conditions and biotic factors!®!.

An estimate by Sillanpéd!” revealed that the world’s agricultural soils were deficient in Zn (49%), Mn
(10%), and Fe (3%), especially in regions with high pH, low mobility of nutrients, and free CaCOs in soil. In
India, zinc deficiency is due to alkaline soil types; Zn solubility in soils also decreases with a rise in soil pH
level, while high soil P content induces the deficiency of Zn®®.. Iron (Fe) deficiency was also seen in similar
regions where Zn deficiency occurred in calcareous soils. As noted above, Fe availability is also strongly
influenced by soil pH, while Mn deficiency can occur in coarse textured alkaline soils where it can be leached
out of the soils®). There are several options to rectify the micronutrient deficiencies, viz., genetic modifications,
application of nutrients directly to soil, and foliar application and mixing of multiple nutrients in single spray,
but in fruit plants, the supplementation of micronutrients through foliar application is viable option for
improving the yield and quality of the produce®. The main advantage of foliar sprays is that they get instant
results with more efficacy, save on input costs, use fewer fertilizers, reduce environmental load. Foliar feeding
has been used as a means of supplying supplemental doses of minor and major nutrients, plant hormones,
stimulants, and other beneficial substances. Observed effects of foliar fertilization have included yield
increases, resistance to disease and insect pests, improved drought tolerance, and enhanced fruit quality®™'!,
Application of some nutrients (not all) through foliage can be 10 to 20 times as efficient as soil application!').
However, this efficiency is not always achieved in actual practice due to weather extremes, application of the
wrong spray mix, or application of the right mix at the wrong time!'*-'¢!, Foliar fertilizations are often timed to
coincide with specific vegetative or fruiting stages of growth, and the fertilizer formula is adjusted accordingly.
Therefore, judging what foliar materials to apply and at what plant stage to spray with soil applied organic and
inorganic fertilizers are important principles to make the best use of this technique!?. A properly formulated
foliar spray, particularly one amended with appetizers/bioactive materials/bio-stimulants and surfactants,
increases the uptake of nutrients from the soil!'* because foliar fertilization causes the plant to pump out more
sugars and other exudates from its roots into the rhizosphere. The use of multi-nutrient plant growth regulator
formulations amended with appetizers could be a new and innovative approach to developing a cost-effective
foliar spray for improving crop yields!”.

The kinnow growers are already using the foliar application of micro-nutrient mixtures; however, the
dose of the micro-nutrient mixture has yet to be optimized for better yield and return without any effect on
plants. Thus, the present investigation has been planned to assess the impact of foliar application of different
micro-nutrient mixtures on the yield and quality of kinnow.



2. Material and methods

2.1. Experimental site and climatic condition

The experiment was initiated during 2020-2021 on twelve to thirteen year old kinnow orchard of Punjab
Agricultural University, Krishi Vigyan Kendra, Bathinda (semi-arid) district of Punjab, India. The study
location was far away from shivallik hill and closest to Thar Desert’ of Rajasthan, and is characterized by
tropical steppee, semi-arid and hot climate during summers with scorching heat and cold winter!!”). The south-
west monsoon sets in second fortnight of June and towards end of September. The average annual rainfall was
unevenly distribution in this region. The daily variation in maximum temperature (Tmax), minimum temperature
(Twmin), and rainfall (mm) during the two year of study was illustrated in Figure 1.
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Figure 1. The data represents the maximum temperature (Tmax), minimum temperature (Tmin), and rainfall (mm).

2.2. Analysis of soil samples for basic properties

The texture of soil was sandy loam and having high pH level and due to high soil pH, the deficiency of
micronutrients appeared in the kinnow orchard every year. The profile of the soil having physico-chemical
properties was illustrated in Table 1. The physico-chemical characteristics of the soils were determined by
adopting standard procedures. Mechanical analysis of soil was carried out by International Pipette Method!'®!,
The pH and electrical conductivity were determined in 1:2 soil water suspensions by using Elico glass electrode
pH meter and solubridge conductivity meter, respectively. Organic carbon was determined by rapid titration
method described by Walkley and Black!'”). Calcium carbonate was estimated by the methodology outlined by
Puri® using bromothymol blue and bromocrosol green as indicators. Available phosphorus was extracted
according to the method described by Olsen et al.?!] whereas, available potassium was estimated by the method
used by Jackson??! and Merwin and Peech*!,

Table 1. Basic soil properties of experimental area from soil depth of 0—15 and 15-30 cm.

Soil properties Soil depth (cm) Reference

0-15 15-30
Soil texture Sandy Loam Sandy Loam Jackson (1973)
pH 8.30 8.05 Jackson (1973)
EC (dS m™) 0.45 0.40 Jackson (1973)
oC 0.35 0.31 Walkley and Black (1934)
CaCOs (%) 1.10 2.25 Puri (1949)
Total N (%) 0.30 0.25 Subbiah and Asija (1956)
Available P (%) 6.34 4.87 Olsen et al. (1954)
Available K (%) 157.4 121.7 Merwin and Peech (1950)
DTPA-Extractable Zn (mg kg™!) 0.42 0.32 Lindsay and Norvell (1978)
DTPA-Extractable Fe (mg kg™") 1.61 0.91 Lindsay and Norvell (1978)
DTPA-Extractable Mn (mg kg™!)  103.7 107.8 Lindsay and Norvell (1978)




The soil of the experimental site was sandy loam in texture and contained nitrogen at 220 kg ha™' available
NP4, phosphorus at 11.70 kg ha™! available P, potassium at 159.10 kg ha™' available K and iron at 5.60 mg kg~
"available Fe.

2.3. Experiment details

The experiment was conducted to optimize the foliar application mix in different combinations. The
various combinations of zinc sulphate (ZnSO4.7H,O), manganese sulphate (MnSQ04.5H>O) and ferrous
sulphate (FeSO4.7H,0) mineral fertilizers was applied through power sprayer during the month of April and
August when the new flush of leaves was matured and achieved proper shape and size. The thirteen different
treatments combination inclusive of one untreated of foliar application (control) were sprayed in ten fruit
plants each experiment (Table 2). The units of treatment combination for spray application were expressed in
percentage (%).

Table 2. Experimental treatment detail of tank-mix multi micro-nutrients mixture for application to kinnow tree.

Treatment Tank mix spray combinations

Fo Control (No micronutrients application)

Fi 0.4% ZnSO4 + 0.3% MnSO4

F2 0.4% ZnSO4 + 0.2% MnSO4

F3 0.3% ZnSO4 + 0.3% MnSO4

Fa 0.3% ZnSO4 + 0.2% MnSO4

Fs 0.4% ZnSO4 + 0.3% MnSOs4 + 0.2% FeSO4
Fe 0.4% ZnSO4 + 0.2% MnSO4 + 0.2% FeSO4
F7 0.3% ZnSO4 + 0.3% MnSO4+ 0.2%FeSO4
Fs 0.3% ZnSO4 + 0.2% MnSO4 + 0.2% FeSO4
Fo 0.4% ZnSO4 + 0.3% MnSO4 + 0.1% FeSO4
Fio 0.4% ZnSO4 + 0.2% MnSO4 + 0.1% FeSO4
Fn 0.3% ZnSO4 + 0.3% MnSO4 + 0.1% FeSO4
Fi2 0.3% ZnSO4 + 0.2% MnSO4 + 0.1% FeSO4

Zinc sulphate—ZnS04.7H20, Manganese sulphate—MnSQO4.5H-0, Ferrous sulphate—FeS04.7H.0

2.4. Orchard management

The application of 80 kg plant™! farmyard manure (FYM) was applied in the month of December and half
dose of nitrogen (200400 gm plant™"), full dose phosphorous (1940 gm plant™), potassium (880 gm plant™)
applied in the month of February and second dose of N (200400 gm plant™) half in the month of April-May
after fruit set and the irrigation was applied through drip irrigation as per recommendation of Punjab
Agricultural University (PAU), Ludhiana, Punjab, India/>*,

2.5. Leaf sampling and analysis

The leaf sampling was done in the month October from the branches immediate behind the fruit. During
time of leaf sampling 4-6 leaves were randomly selected from each direction (north, south, east and west) at
1-2 m height of the fruit plant. The analysis of leaf was done in the department of soil science; Punjab
agricultural University, PAU, Ludhiana and Punjab for estimation the leaf nutrient content after two sprays of
foliar application in different combination as mentioned above. The leaf samples were washed, decontaminated
and then dried with hot air oven at 70 °C. The dried samples were grinded with stainless steel blades by passing
through 40 mesh sieves. The leaf N content was estimated with micro-Kjeldahl method!*®’, phosphorus by



vanadomolybdate-phosphoric yellow colour method?”. The leaf potassium (K), zinc (Zn), iron (Fe), and
manganese (Mn) were estimated with atomic absorption spectrophotometer!®!,

2.6. Mandarin fruit and yield parameters

The fruit drop in kinnow crop was divided into three distinct stages which included first wave-post bloom
drop, second wave-June drop and third wave-pre-harvest drop. The fruit drop (%) at various stages was
calculated by counting the number of fruits dropped from the tagged fruit plants. For the purpose, the branches
were tagged from four sides of fruit plants and estimated at different stages?® by using Equation (1).

) Total fruit drop
Fruit drop (%) = Total fruit set X 100 (N

The twenty fruits were harvested from different treatments in the second fortnight of January to last
harvest for measuring fruit length, diameter, peel thickness using digital vernier’s caliper and expressed in mm.
The fruit weight, peel weight, rag weight, juice weight and seed weight were measured with electronic
weighing balance and expressed as g fruit!. The percentage of rag weight, juice weight, peel weight and seed
weight were calculated as per Equations (2—5). Total fruit yield was estimated at the time of harvesting.

) Average total rag weight
Rag weight (%) = Average fruit weight * 100 2)

) Average juice weight
Juice content (%) = - —— x 100 (3
Average fruit weight

, Average total peel weight
Peel weight (%) =

100 4
Average fruit weight @)

) Average total seed weight
Seed weight (%) = Average fruit weight * 100 )

2.7. Determination of DTPA-available Zn, Mn and Fe in soil

The soil samples collected from the kinnow fruit (Mandrin) crop were air-dried, ground, passed through
2 mm sieve. DTPA-extractable Zn, Mn and Fe (mg kg™') was assessed by extracting 10 gm portion of soil
sample with 20 mL of diethylene triamine penta acetic acid (DTPA) extractant (0.005 M DTPA + 0.01 M
CaCl, + 0.1 M TEA buffer adjusted to pH 7.30) as described by Lindsay and Norvell®,

DTPA-Extractable Zn, Mn and Fe (mg kg™') in soil = Concentration of extractant on AAS x dilution
factor of 2.

2.8. Determination of Zn, Mn and Fe content in plant parts

For estimation of Zn, Mn and Fe content, 0.5 g of leaf sample were digested using diacid mixture (HNO3:
HC1O4=4:1) as per method given by Miller and Keeney!?® and their content in the digests after proper dilution
were determined. After appropriate dilution, the concentration of Fe was measured on an atomic absorption
spectrophotometer (AAS 240, FS-Varian Model).

Plant concentration of Fe (mg kg™') = Concentration of extractant on AAS x diluton factor

2.9. Statistical analysis

The Shapiro and Wilk test of normality®!! was employed to test the homogeneity of data. The data was
analysed for ANOVA by using complete randomized bock design (CRBD) using IBM SPSS for Windows
21.0 (IBM SPSS 21.0, Inc., Chicago, U.S.A.). The mean comparison was made using Duncan Multiple Range
Test where F test was found significant at P < 0.05.



3. Results and discussion

3.1. The effect of micro-nutrient application on the fruit drop of kinnow mandrin

The fruit drop is affected by a number of biotic and abiotic factors, such as soil nutrition, moisture regimes,
weather, cultivar, etc. The data on fruit drop during first wave post bloom period revealed that the least fruit
drop was recorded significantly low in the treatment Fi, (15.0%) among the other combinations of Zn, Mn and
Fe and compared to control treatment (Table 3). The fruit drop during first wave in treatment Fi, was 41.4%
less compared to control (Fi3). During the second wave of fruit drop in the month of June, least fruit drop
(12.5 %) was observed in the treatment Fi, (where 0.3% ZnSOs + 0.2% MnSO4 + 0.1% FeSO4) and
significantly higher in the untreated control treatment Fo (18.5 %). The fruit drop in the treatment Fi, was 32.4%
lower than control (Fo), 18.8% lower than F4 treatment. The third wave fruit drop, i.e., pre harvest fruit drop is
generally affect by soil moisture condition, weather parameters, etc., where highest fruit drop was recorded in
the treatment Fy and significantly low in the treatment Fi,. The fruit drop in Fi» was 43.4 %, 12.8%, 26.4%
lower than the treatment Fo, Fi; and Fa, respectively.

The highest total fruit drop of 82.4% was observed in the untreated control, and least under the Fi;
treatment. The fruit drop in treatment Fi; was 40.3, 10.2, 23.6% less than the treatment Fo, Fio and Fg,
respectively (Table 3). Though, all the treatments were able to reduce fruit drop significantly compared to
untreated control, however, spray of 0.3% ZnSO4 + 0.2% MnSO4 + 0.1% FeSOs (F11) was most efficient in
reducing fruit drop. Zoremtluangi et al.l*?! also reported maximum fruit set and minimum fruit drop when
treated with Zn (0.5%) + Cu (0.4%) + B (0.1%) in mandarin. The Zn might have influenced pollination through
its effect on pollen tube generation®3! and also reduced flower drop. Similar results were reported by Nawaz
et al.** and Akula et al.l*), clarified on the significant role of Zn in the auxin synthesis, leading to better
photosynthesis, more accumulation of starch in fruits and the auxin producing stability in the plant, which
control the fruit drop and improves the number of fruits per tree. Goren et al.*®! also reported rise in IAA
synthesis in plant with the application of Zn that inhibits the ethylene synthesis in the abscission zone which
prevent fruit drop. Liaquat et al.”! also attributed reduction in pre-harvest fruit drop with the application of
zinc in kinnow mandarin crop.

Table 3. Effect of tank-mix multi micro-nutrients mixture application on of kinnow fruit drop. Different letters in each column of
experimental factors show significant differences at P < 0.05 probability level.

Treatment First wave-post-bloom drop (%) Second wave-June drop (%) Third wave-pre- Total fruit drop (%)
harvest drop (%)

Fi 22.5b 17.4° 36.4° 76.3°
F2 21.4¢ 16.9%¢ 34.1¢ 72.4¢
Fs 20.74 15.84 30.44 66.94
Fa 19.5¢ 15.44¢ 29.5¢ 64.4¢
Fs 21.4¢ 16.5¢ 33.8¢ 71.7¢
Fe 20.54 15.39 28.7f 64.5¢
F7 19.0¢°f 15.0¢ 27.68 61.6f
Fs 18.6° 13.9f 26.5" 59.0¢8
Fo 20.44 14.9¢ 25.9h 61.2f
Fio 17.5¢ 13.2¢ 24.1i 54.8
Fu 18.5° 13.4f 24.91 56.8"
Fi2 15.0" 12.5" 21.7% 49.21
Fo 25.52 18.52 38.4° 82.4*
cv 12.4 11.2 16.7 13.9

Notes: *: Each letter represents statistically similarity at P < 0.05.



3.2. Effect of micro-nutrient foliar application on fruit physical characteristics and yield at
harvest

The fruit diameter is directly influenced by the cultivar, nutrient and moisture supply (Table 4). The
analysis of the data on the fruit diameter revealed significantly higher fruit diameter (7.72 cm) was recorded
in the treatment Fi> (where 0.3% ZnSO4 + 0.2% MnSO4 + 0.1% FeSO,), statistically at par with Fi1, Fio and
F7, compared to control and all other treatments. However, fruit diameter was Fi», Fi1, Fio and F7 was 24.5,
24.1, 23.7 and 24.0% higher compared to control. Zoremtluangi et al.l*?! also reported maximum fruit weight
with the treatment involving supply of Zn + B+ Mn. Similarly, Singh et al.l*”! reported improvement in fruit
weight of sweet orange with application of Zn + Cu + B. Ilyas et al.*®! attributed the improvement in fruit
weight to the improved photosynthetic attributes of plant, with the foliar application of Zn, B and Cu.

The fruit yield per tree was significantly higher in the treatment Fi, compared to untreated control,
followed by Fi; (Table 4). The fruit yield under treatment F;; was statistically at par with Fio, Fo, Fs, and F7
treatments. The fruit yield per tree in the treatment Fi, was 19.88%, 3.56%, 5.84%, 6.49%, 6.07% higher than
Fi3, Fio, Fo, Fs, and F7 respectively. The treatments Fi1, Fio, Fo, Fs, and F; were statistically similar, whereas
Fio, Fo, Fs, F7, Fe, and Fs were statistically similar, but significantly lower than Fj,. The higher fruit yield may
be resulted from the improved supply of nutrients to plant through foliar application, which were deficient in
the soil due to high soil pH, also reported by Papadakis et al.*! and Pestana et al.l*”), However, Hasani et al.l*!!
used 0.3% ZnSOs solution for foliar spray in pomegranate and reported 4—5% yield improvement compared
to control. The precise application of Zn, Mn and Fe regulates the morphological, metabolic and cytological
activities of citrus plants that resulted in higher fruit yields*?l.

Table 4. Effect of tank-mix multi micro-nutrients mixture application on the of kinnow fruit yield. Different letters in each column of
experimental factors show significant differences at P < 0.05 probability level.

Treatment Fruit length (cm) Fruit diameter (cm) Fruit weight (g) Fruit yield (kg plant™)
Fi 5.70¢ 6.90¢ 152.30° 83.15%
F2 5.70¢ 7.10° 154.50° 82.35¢
F3 5.60° 6.90¢ 161.20¢ 80.10f
Fa 5.70¢ 7.00¢ 167.25¢ 77.508
Fs 5.73¢ 6.57" 151.30f 84.65¢
Fe 6.044 7.024 164.004 83.95¢de
F7 6.582 7.69* 179.20¢ 85.000<d
Fg 6.044 7.04¢d 165.35¢ 86.14b¢
Fo 6.22° 7.40° 181.50% 84.98bed
Fio 6.37° 7.67* 183.80% 85.21bed
Fn 6.51* 7.70% 185.432 87.25%
Fiz 6.53* 7.72% 186.10° 90.50*
Fo 5.60" 6.208 121.508 72.50h
(0\% 6.17 6.42 10.85 5.46

Notes: *P: Each letter represents statistically similarity at P < 0.05.

3.3. The effect of micro-nutrient application on the fruit quality of kinnow mandrin

The fruit quality data presented in Table 5, revealed statistically similar peel thickness in the treatments
Fi2, F11, Fio, Fo, and F7, but significantly higher than the untreated control treatments. The thicker peel indicates
adequate soil nutrient and moisture supply, and also protect the fruit from external damage resulted from biotic
and abiotic factors. However, unusual thick and thin skin results indicate poor fruit quality. However, the peel
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weight was significantly higher with treatment F7 compared to control and other treatments, indicating thicker
skin. The peel weight in treatment F7 was 1.23% and 60.6% higher than Fi, and Fo (control). The seed weight
in kinnow fruit ranged from 2.21 g-3.40 g, where significantly higher seed weight was recorded in the
treatment Fs (Where trees were sprayed with 0.4% ZnSO4 + 0.2% MnSO4 + 0.2% FeSO4) compared to control
and Fi, treatment. The seed weight in Fi» was significantly lower compared to control and other treatments.
The seed weight in Fi, treatment was 18.1%, 16.6%, 43.4% less than control (Fo), F: and F7 treatments (Table
5). The rag weight significantly higher in treatment Fio and F;; compared to control. The rag weight under
treatment F1, was 5.79 % and 0.85% less compared to F; and F7, respectively. Dutta and Banik!**! also recorded
improved internal physiology with the exogenous application of ZnSOj4 results in better developing fruit for
their suitable growth and development traits, resulting in reduction in rag weight and improvement in juice
percentage. Barooah et al.l'?! reported that the foliar application of micro-nutrients has improved nutrient
availability and absorption that help in improving yield and reducing rag weight.

Table 5. Effect of tank-mix multi micro-nutrients mixture application on the fruit quality of kinnow crop. Different letters in each
column of experimental factors show significant differences at P < 0.05 probability level.

Treatment Peel thickness Peel weight Juice weight Rag weight Seed weight Peel weight Juice (%) Rag weight  Seed weight

(cm) ® ® ® (€3] (%) (%) (%)
F, 2.89¢ 41.14° 72.4% 35.56f 3.20% 27.01% 47.53® 23.35° 2.10°
F, 2.90¢ 42.1° 73.27% 35.96f 3.17¢ 27.25% 4743 23.27" 2.05¢
F; 3.25¢ 42.14¢ 75.17¢ 40.66¢ 3.22¢ 26.14% 46.6" 25.23¢% 2.004
F4 3.54¢ 44.57° 78.14 41.18¢ 3.35° 26.65%¢ 46.72" 24.62° 2.004
Fs 2.80f 39.88¢ 69.84" 38.39° 3.19¢ 26.36% 46.16% 25.37¢ 2.11°
Fs 3.59% 41.81°¢ 76.86% 41.93% 3.40° 25.49% 46.85%¢ 25.58% 2.07%
F; 3.62¢ 46.85* 80.27¢ 48.9° 3.17¢ 26.14% 44.80¢ 27.29° 1.77¢
Fg 3.55% 43.71° 76.29% 43.0° 2.34¢ 26.43% 46.14% 26.01°¢ 1.42°
Fo 3.61° 45.9* 83.98° 49.0° 2.61° 25.29¢ 46.27 27.00° 1.44f
Fio 3.62¢ 46.06" 83.20° 52.3¢ 2.25h 25.06° 45.27% 28.45° 1.22h
Fi 3.62¢ 46.58* 85.02° 51.3¢ 2.49¢ 25.12¢ 45.87%¢ 27.69° 1.34¢
Fi, 3.60° 46.28° 89.11* 48.49° 2211 24.87° 47.89* 26.06° 1.19'
Fo 2.768 29.19¢ 56.69' 33.08 2.61° 24.03f 46.67™ 27.16° 2.15°
Ccv 10.54 10.78 10.54 14.56 15.20 3.74 2.12 6.10 20.83

Notes: *1: Each letter represents statistically similarity at P < 0.05.

The significantly higher juice percentage was recorded in the treatment Fi, as compared to control (Fo),
however juice percentage treatment F» was statistically at par with the treatment F1, F, and F¢ treatments. The
juice percentage with foliar spray of 0.3% ZnSO4 + 0.2% MnSO4 + 0.1% FeSOy4 (treatment Fi,) has improved
the juice percent by 5.46 %, 3.79% and 4.40% compared to treatment F4, Fs and F; treatments, respectively.
The improved nutrient supply and absorption through foliar application of micro-nutrients has improved juice
percentage in kinnow mandrin!'?,

3.4. The effect of micro-nutrient application on the leaf nutrient uptake of kinnow mandrin

The leaf nutrient concentration represents nutrient reserve available for synthesis and accumulation of
photosynthates for fruit development and yield. The data presented in the Table 6, shows that the nitrogen
content of leaf was significantly affected by the zinc application. The significantly high leaf N was observed
in the treatment Fs with the spray application of 0.4% ZnSO4 + 0.3% MnSO4 + 0.2% FeSO4 compared to
control, while statistically at par with the treatment F; and Fo. The nitrogen is associated with the enhance leaf
area, chlorophyll content, and overall plant vigor, that contributed towards production and accumulation of
photosynthates!*!. However, low leaf N content as in treatment F12 (0.3% ZnSO4 + 0.2% MnSO4 + 0.1% FeSO4)
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has been resulted from translocation of N and photosynthates from leaves towards fruits, whereas high Leaf N
shows poor translocation.

The leaf phosphorus content was found highest in the treatment Fs and least in the treatment Fi; (Table
6). The treatment F; has 4.1% less leaf P content compared to control, indicating more and efficient
translocation of P towards mandarin fruit crop. However, leaf P content in F, treatment was 11.8 % and 15.4%
higher P content compared to control and F; respectively. The leaf P content in F,; treatment was statistically
at par with the F3, Fs, Fo, Fig and F». The Zn deficiency appear on leaves due competition of nutrients with
leaf P, Fe, Mn and Cal**%l, where balanced application of Zn, Mn and Fe regulates the morphological,
metabolic and cytological activities of citrus plantst?. On the other hand, the potassium application is known
to improve fruit quality attributes such as color, size and juice content. The leaf K content varied 0.92% to
1.30%, where highest leak K content was observed in the leaves from the treatment Fs and lowest under control

plots. The reduction in leaf K content represents more translocation of K towards fruits“>46],

The zinc promotes pollen viability and enzymatic activity associated with carbohydrate metabolism in
plant system leading to higher fruit set and fruit yield. The highest leaf Zn content was observed in the treatment
F,, followed by F; and Fi» (Table 6). The more leaf Zn may be resulted from higher Zn absorption through
foliar Zn application and also resulted in higher yields. Nawaz et al.l**! also reported significant role on Zn in
the auxin synthesis and enhance vitamin C accumulation in ‘Kinnow’ mandarin, leading to better
photosynthesis, more starch accumulation in fruits™®> resulting in better fruit quality and yields. The Leaf Mn
and Fe content also followed the similar trend where highest was observed in the treatments applied with foliar
spray of zinc content. Kaur et al.** applied different combinations of micronutrient in Kinnow mandarin
reported significant increase in leaf iron content due to application of FeSO4 nutrient to leaves.

Table 6. Effect tank-mix multi micro-nutrients mixture application on the leaf on the uptake macro and micronutrient in kinnow fruit
crop. Different letters in each column of experimental factors show significant differences at P < 0.05 probability level.

Treatment N P K Zn Mn Fe
% mg kg!

Fi 2.758b¢ 0.130% 1.20° 60.2° 35.4: 63.21
F2 2.65' 0.117b¢d 1114 61.52 35.92 62.51
F3 2.7]cde 0.110¢de 1.05" 58.9¢ 34.5b 61.50
Fa 2.59h 0.1009% 0.95¢ 56.24 36.12 64.5!
Fs 2.782 0.139* 1.302 54.2¢f 33.2¢ 70.3h
Fe 2.67¢f 0.130% 1.26° 52.38 30.1¢ 74.28
F7 2.73bed 0.120% 1.22b¢ 55.24e 28.4¢ 77.8f
Fg 2.61¢h 0.110cde 1.20° 53.41 29.4d 81.4¢
Fo 2.76% 0.110cde 1.15¢ 53.8f 26.4f 86.5¢
Fio 2.65' 0.110¢de 1.10¢ 56.14 32.5¢ 90.2¢
Fn 2,694t 0.093¢ 1.09¢ 57.8° 30.44 95.4°
Fiz 2.62¢h 0.110¢de 1.15¢ 60.1° 352t 100.12
Fo 2.451 0.097¢ 0.92¢ 18.20 19.68 61.30
CV 3.31 13.18 9.75 20.06 14.77 17.58

Notes: #J: Each letter represents statistically similarity at P < 0.05.

4. Conclusions

The Zn, Mn, and Fe supply is imperative to the cultivation of kinnow mandrin due to their role in
improving fruit set and reducing June and pre-harvest drops, thereby leading to higher fruit yield. These
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nutrients have different roles within a plant; their combined application can enhance kinnow production more
than that of individual spray. Among the treatments, spray of 0.3% ZnSO4 + 0.2% MnSO4 + 0.1% FeSO; in
comination was the best, as it resulted in lower fruit drop, better fruit size, fruit weight and yield, in addition to
more nutrients available for plant growth in the leaves. Hence, it is recommended to spray Zn, Mn, and Fe in
combination to reduce the June drop and pre-harvest drop of fruit, which help in achieving a greater yield.
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