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Abstract

This research was carried out to determine suitable source of magnesium, zinc and manganese for quality of Schefflera cv. Gold
Capella, plant, using three sources (-Nano, SO4 and-EDTA) as foliar sprays, under greenhouse condition.

According to results, zinc from different sources showed significant increases in growth parameters (plant height, stem
diameter, leaf area, numbers of leaves, and fresh and dry weights). The tallest plants with Zn-chelated. The thickest stems were
found in Mg-sulphate and Zn-sulphate treated plants. Number of leaves was significantly highest in plants treated with Zn and
Nano-Mn. The largest leaf area recoded with Zn-chelated and Mg-salt. The heaviest fresh dry weights of leaves, stems and roots
were with Zn and Mn. The highest root number were in Zn-salt and Mn-chelated and Nano-Mg was more effective than the other
Mg-sources. All sources of Mg and Nano-Zn, increased the chlorophyll content, over Mn and control. The highest carbohydrate
% was in leaves from Mn-salt treated plants, followed by Zn-chelated. Total indoles and phenolic compounds were high in all
Zn-sorces followed by Mg-salt. The highest N% and P% were recorded with Nano-treatments, meanwhile, K-% was highest in
Mn-chelated and Nano-Zn treatments.
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Introduction

Schefflera belongs to Araliaceae family, it is a very popular indoor and outdoor ornamental foliage plant, it has a
beautiful and creative leaves, it is evergreen shrub used as a fantastic houseplant. Many cvs are important as indoor
pot plants in the market (Luseane, Charlotte and Gold Capella). Schefflera “Gold Capella” is the most attractive cv.,
with stunning variegated foliage and irregular splashes of gold and yellow with green variegation. It was used
outdoor as specimen, can grow in shade and full sun.

It tolerates a range of growing conditions (Conover C.A., 1992, Gilman and Watson, 1994; Chen et al., 2002
and Plunkett et al., 2005). It has the ability to tolerance harsh interior environments which increased its worldwide
popularity (Dela Cruz et al., 2014).

Plant nutrition is important factor affecting growth of indoor plants. Growth quality require 17 nutrients for
proper development, among which Mg, Mn and Zn, which are commonly deficient in plants that grown in pots. To
assure growth quality and favorable plant growth, these nutrients must be available not only in sufficient amounts,
but also in appropriate source and ratios (Maathuis,2009).
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Several studies revealed the beneficial effects and roles of Mg and micro nutrients Zn and Mn for plants, as they
involved in functioning of number of enzymes. So, foliar spray of Mg, Zn and Mn is more effective way to avail
such nutrients and overcome deficiencies to increase and improve the growth quality. Plants need them for best
quality.

The deficiency or insufficient quantities, produced pale leaves and decrease of chlorophyll content with a
reduction of quality. Foliar spray method increases performance absorption and reduce consumption. Mg-element
plays vital role in regulating the enzymatic activity, photosynthesis, chlorophyll synthesis, it is used in large quantity
by plants for plant growth, development and quality of plants (Cakmak and Kirkby,2008 & Marschner,2011). Mg
serves as the key atom of chlorophyll, where it acts in pigment-protein complexes to gather photons in photosystem
(PSI&II). Mn is an essential element as enzyme cofactor (Andresen et al., 2018), it is involved in physiological and
biochemical processes (photosynthetic proteins and enzymes), growth and plant development (Chen et al. 2015;
Zhao et al. 2017), Mg and Mn deficiencies severely decreased plant growth and quality. Zinc (Zn) is required by all
plants to stimulate plant growth and improve their size, weight and quality (Maurya et al, 2018), it has a key role in
biosynthesis of the natural auxin-IAA (Mengel and Kirkby, 1987), it is essential constituent of cell component and
various cell membranes for the maintenance of cell structure, induce cell division and enhance vegetative growth, it
enhances chloroplast development and cell division it regulates ion balance within plants (Sarwar et al. 2014). Zn
plays an important role in the stability of the membrane structure, elongation of the cell and tolerance of
environmental stresses, moreover it is mainly involved in the metabolism of nitrogen and carbohydrates as well as
protein synthesis, maintaining and integrating cell membrane structure. (Marreiro et al. 2017).

Application of chelated-macro and micro nutrients has proven to be a highly effective way to increase growth
and quality of plants, it increases utilization efficiency. Micronutrients such as Mn, Zn and Fe are easily oxidized or
precipitated in soil and utilization become not efficient. Most fertilizers used in ornamentals and floral crop
production with micronutrient (Fe, Mn, and Zn) are used in chelating (EDTA, DTPA and EDDHA). Chelated-Mg,-
Mn,- Zn and -Fe are the most common among formulations. Micro-element chelates are used to prevent or correct
deficiencies and have been reported to be more effective than other non-chelated ones, since they are involved in the
direct supply to plant (Broschat, 2003).

Nano fertilizers are rapidly and completely absorbed by plants and fix nutrients shortages and plant needs. The use
of Nano-elements leads to an increased efficiency of the elements, it reduces the its toxicity and frequency of
application (Naderi et al, 2011). Albano and Merhaut (2012) on Tagetes erecta cv. First Lady, supplied with Fe-
EDDHA, Nano-Fe and FeSO4-salt found that all treatments were in the same level in the most of characteristics, but
Nano-form was superior.

On Spathiphyllum plant, Mohamadipoor, et al (2013) applied Fe as foliar sprays from different sources (-Nano-
,-SO4,and-EDTA), found that Nano-Fe had the significant superiority effect over other forms particularly EDDH.
On basil plant, the replacement of iron-sulphate fertilizer with Nano or Chelate forms showed that Nano could
increase the quantitative and qualitative of plant growth traits (Peyvendi,et al 2011). Roosta, et al (2015) on lettuce
showed that plant growth and plant pigments were significantly increased by chelate application and nano.

This study aimed to evaluate the physiological and biochemical responses of Schefflera cv. Gold Capella plant
to foliar application of magnesium, zinc and manganese from different sources for good quality growth under
greenhouse condition.

Materials and Methods

Plant materials

Terminal rooted cuttings of Schefflera cv. Gold Capella (14-16 cm height, 4-5 leaves) were prepared from
mother plants growing in the greenhouse. They were inserted in plastic pots (20 cm) filled with a mixture of sand +
peat+ clay (1:1:1, viv).

Growth Condition
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A greenhouse experiment was conducted at Depart. of Ornamental Horticulture, Fac. of Agric., Cairo Univ.,
during 2021, to study the response of cv. Gold Capella to monthly foliar sprays of some sources of Mg, Mn and Zn,
throughout the period from 5 th April to 5 th Dec.

Treatments

Plants were received a monthly foliar spray of the following treatments: Mg. sulphate 250 ppm, Mg- Chelated
250 ppm, Mg Nano at 50ppm, Mn salt at 250 ppm, Mn chalet at 250ppm, Mn nano at 50 ppm, Zn salt at 250 ppm,
Zn chalet at 250ppm, and Zn nano at 50 ppm, besides the control. standard fertilization treatment N P K (2g
/pot/month). All plants were fertilized with NPK at 1:1:1 at g/ at monthly intervals. The plants were grown in these
media for 2 months.

Data recorded: The following data were recorded: Plant height, stem diameter, No. of leaves/plant, leaf area (using
portable laser leaf area meter, CL-202), fresh and dry weights of leaves stem and roots as well as root number and
length.

Chemical analysis

The contents of chlorophyll-a, b, carotenoids in fresh leaves (mg/g F.W.) were carried out to (Saric, et al., 1976)
method. Total carbohydrate in leaves(% DW) was determined using phenol sulfuric colorimetric method (Herbert, et
al. 1971). , total nitrogen content using method of Pregl (1945), P-content according to (Troug and Meyer, 1939),
and K-content by using operation chart of Shimadzu Atomic Absorption /Flame Spectrophotometer A646 (Chapman
and Pratt, 1961).Total phenolic contents in methanolic extract (mg/g F.W) were estimated using the Folin-
Ciocalteau reagent as described by Singleton, V. L. and J. A. Rossi (1965).The indoles content (mg/g F.W) was
determined by Larson, et al.(1962) method, in methanolic extract of fresh leaves, using Ehrlich's reagent ( p-4-Di-
methyl-amino benzaldehyde, Aldrich Co.).

Statistical Analysis & Layout

The experiment was a complete randomized design, with 3 replicates (each replicate contained 3 plants) design
including ten treatments in three replicates, each replicate contains 5 seedlings. Data obtained were statistically
analyzed and analysis of variance (ANOVA) and the means of treatments were compared using LSD test at 5% level
(Snedecor & Cochran, 1989.

Results
Vegetative growth parameters

Data in Table (1) reveal that the foliar application of Mg and micronutrients Zn and Mn  significantly affected
growth parameters of Schefflera plant cv. Gold Capella (plant height, stem diameter, leaf area, numbers of leaves
and fresh and dry weights of leaves). Treating Schefflera plant with different sources of Zn significantly affected the
plant height. The tallest plants (58.24 cm) were recorded with Zn-chelated at 250ppm. Meanwhile, the shortest one
(44.39 cm) was recorded with the untreated plants. Treating plants with Mg (all sources), was less effective in
enhancing height growth than Zn and Mn. All sources of Mn significantly increased the plant height, and nano-Mn
was more effective, in this respect, than the other two sources (52.80 cm).

The highest values of stem thickness (13.56 and 13.19 mm) were attained in plants treated with sulphate salts
of Mg and Zn (each at 250 ppm), respectively. Whereas, the thinnest ones (10.06 mm) was recorded control plant
followed by plants treated with Mg-or Mn- in chelated form. The formation of leaves was significantly responded to
the application of all sources of Zn, as well as Nano —Mn. The least number of leaves was noticed in the control
plants (9.67) and plant sprayed with Mg- Chelated (9.88). Nano-sprays of Zn, Mg and Mn were more effective, in
this regard, among the different forms used in this study.

The average leaf area of Schefflera was the greatest with the foliar application of Zn-chelated and Mg-salt
(sulphate). The smallest leaves were attained in control plants (28.43cm2) as well as Mn-chelated treatment (29.96
cm2).
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The heaviest fresh and dry weight of leaves (117.78 ,109.27, 37.69 and 34.55 g) were obtained in plants treated
with chelated- and nano-Zn, respectively. The least weights (68.15and 19.40 g, respectively) were recorded in
control plants.

TABLE 1. Influence of foliar spray with Mg and micronutrients Mn and Zn on vegetative
characteristics of Schefflera cv. Gold Cablella plants.

Treatments Plant Stem Leaves No Leafarea FW of DW of

height Diameter  /plant (cm?) leaves (9) leaves (Q)
(cm) (mm)

Control 44.39 10.06 9.67 28.43 68.15 19.40

Mg sulphate 44.60 13.19 10.33 38.27 79.08 23.86

Mg-Chelated 45.60 10.38 9.88 31.94 73.55 23.38

Mg Nano 46.88 10.82 11.90 31.95 68.33 20.16

Mn sulphate 49.19 11.28 10.67 34.92 78.75 25.51

Mn-Chelated 50.45 10.31 10.20 29.96 70.73 21.40

Mn nano 52.80 11.56 13.00 31.90 75.25 23.46

Zn sulphate 53.64 13.56 13.99 37.97 102.16 30.65

Zn-Chelated 58.24 12.42 13.67 47.11 117.78 37.69

Zn nano 55.60 12.69 14.25 33.27 109.27 34.55

LSD 5% 3.44 1.12 1.28 2.56 5.45 2.72

Element source: Sulphate at 250 ppm, Chelated et 250 ppm, and Nano at 50 ppm.

As shown in Table (2) concerning the effect of Mg and microelements (Zn and Mn) from different sources on stem
and roots vegetative growth parameters of Schefflera plant cv. Gold Capella. the obtained results revealed that the
foliar application of Zn of different sources followed by nano-Mn significantly increased the fresh and dry weights
of stems.

Additionally, it was found that spraying plants with Zn in the form of nano —Zn, gave the heaviest stems fresh
and dry weights (67.36 and 22.90 g), respectively. This trend was nano-Mn treatment which was more effective in
increasing stem weights than the other two sources. The lowest values (48.21 and 13.27 g, respectively) were
recorded in the untreated plants(control).

The root system growth of Schefflera plants (Table 2), showed a great response to the foliar application of Zn
from the different sources and Mn in the form of nano-particles, which significantly increased the number of roots
per seedling. The highest number of roots 16.67and the longest one 39.33cm were recorded in plants treated with Zn
salt and Mn- chelated, respectively. Mg in the form of nano-Mg was more effective in increasing the root number
than the other two Mg- sources with a marked reduction in length. Moreover, Mn in the form of nano-Mg was more
effective in increasing the root number as well as length than the other two Mn- sources.

The highest values fresh and dry weights of roots were found in plants treated with the different sources of Zn
and Zn-sulphate at 250 ppm followed by Zn-chelated were the most effective ones in this respect, resulting 17.43,
6.89,17.20 and 6.51g, respectively, whereas, the lowest values (12.32 and 3.98 g) were recorded in the untreated
plants.

TABLE 2. Influence of foliar spray with Mg and micronutrients Mn and Zn on stem and

roots characteristics of Schefflera cv. Gold Cablella plants.

Treatments FW of DW of Roots No/ Root FW of DW of
stem (g) stem (g) plant length roots (g)
roots (g)
(cm2)
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Control 48.21 13.27 10.67 26.00 12.32 3.98
Mg sulphate 54.72 15.24 12.17 32.00 14.48 4.28
Mg-Chelated 48.44 15.30 12.00 33.67 13.78 5.09
Mg Nano 49.72 16.94 13.27 28.67 13.37 4.75
Mn sulphate 54.33 17.79 13.40 30.00 14.18 5.32
Mn-Chelated 52.96 17.52 13.00 37.33 14.97 5.12
Mn nano 59.88 19.98 13.87 39.33 15.66 5.83
Zn sulphate 62.00 21.08 16.67 34.67 17.43 6.89
Zn-Chelated 65.34 22.21 14.00 35.00 17.20 6.51
Zn nano 67.36 22.90 13.90 33.67 16.14 6.07
LSD 5% 4.25 2.22 1.45 3.55 2.45 1.27

Element source: Sulphate at 250 ppm, Chelated et 250 ppm, and Nano at 50 ppm.

The content of pigments of the fresh leaves of Schefflera in response to the foliar application of Mg, Mn and Zn,
from different sources (Fig.1), indicated that the content of chlorophyll plants treated with manganese (regardless
the source) markedly contained the higher values, followed by the treatment of nano-Z more than the other
treatments and the control plants. Concerning the carotenoids content, the data revealed that applying Mg, Mn and
Zn, from as sulphate sources followed by Nano-particles of these elements were more effective in this regard, than
the other treatments. The highest values were obtained in plants treated with Zn-salt and Mg-salts (1.22 and 1.20
mg/g, respectively).
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Fig.1. Chlorophyll and carotenoids contents as affected by the foliar application of

Mg, Mn and Zn from different sources.
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The total carbohydrate content in the leaves, reached to the highest content (23.43 %DW) was recorded in
leaves from plants treated with Mn-sulphate, followed by nano-Mg and nano Zn, (22.95and 22.13%DW). The
lowest value (17.19%) was obtained in control plants. The indoles content in response to the foliar application of
different sources of Mg, Mn and Zn (Table 3), showed that treating plants with all sources Zn (Sulphate, Chelated
and Nano) were the most effective in increasing the content of total soluble indoles (0.508, 0.586 and 0.612 mg/g
FW, respectively), which followed by the treatment of Mg-sulphate (0.498612mg/g FW). The lowest one (0.336)
was recorded in leaves of untreated plants. In response to the foliar application of different sources of Mg, Mn and
Zn (Table 3), the content of phenolic compounds in Schefflera leaves indicated that using Chelated source of Zn,
Mn as well as Mg were the most effective treatments in increasing the content of phenolic compounds (0.592, 0.569
and 0.553 mg/g FW, respectively), in comparison with other sources, followed by the treatments of nano -Zn- and
Mg-sulphate treatments. The lowest one (0.392 mg) was recorded in leaves of untreated plants.

TABLE 3. Influence of foliar spray with Mg and micronutrients Mn and Zn on carbohydrate, indoles and
phenol and N, P and K contents of Schefflera cv. Gold Cablella plants.

Treatments Total Indoles Phenol P% K%
N%
Carbohydrate  mg/g mg /g
% DW
FW FW

Control 17.19 0.336 0.392 1.55 0.237 1.95
Mg sulphate 20.26 0.498 0.510 1.21 0.325 2.05
Mg-Chelated 21.33 0.474 0.553 1.45 0.314 1.94
Mg Nano 22.95 0.372 0.434 1.58 0.350 2.19
Mn sulphate 23.43 0.366 0.427 1.75 0.300 2.21
Mn-Chelated 19.79 0.402 0.569 1.73 0.325 2.37
Mn nano 19.62 0.406 0.477 2.35 0.338 2.37
Zn sulphate 19.77 0.508 0.476 1.46 0.275 2.27
Zn-Chelated 21.84 0.586 0.592 1.54 0.250 2.33
Zn nano 22.13 0.612 0.524 1.95 0.275 2.24
LSD 5% 4.25 2.22 1.45 3.55 2.45 1.27

Element source: Sulphate at 250 ppm, Chelated et 250 ppm, and Nano at 50 ppm.

The highest N-content in leaves (2.35 %DW) was recorded with treatment of nano- Mn, followed by nano —Zn
(1.95%). The lowest one (1.21 %) was obtained with Mg- sulphate treated plants. The application of different
elements in the form of nano Pls, was more effective in increasing N-content than the other sources used. The
highest P-content (0.350 and 0.338 %DW) were estimated in plants treated with Nano-Mg and Nano -Mn,
respectively. In case of K-content, it was found that treating Schefflera plants with Chelated and Nano- Mn as well
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as Zn-chelated gave the highest contents. and the lowest ones were recorded in untreated plants and plants treated
with Mg-chelated.

Discussion

The foliar application of Zn, Mg and Mn significantly affected plant growth parameters (plant height, stem diameter,
leaf area, numbers of leaves, and fresh and dry weights). Treating plants with different sources of Zn significantly
affected the plant height, the tallest plants was recorded with Zn-chelated. Moreover, the thickest stem diameters
were found in plants treated with Mg and Zn, in the form of sulphate salts. The use of Zn in different stages of plant
growth can affect plant performance in different ways (Alloway 2008). This element is used as part of the structure
of enzymes or acts as regulator cofactors in a number of enzymes ,it is used in the building of at least four
enzymes(carbonic anhydrase ,Cu-Zn superoxide dismutase, alcohol dehydrogenase, RNA polymerase)and other
enzymes need Zn for their activity. Zinc has an important relationship with plant protein metabolism and it is an
essential element of RNA polymerase necessary for protein synthesis (Falchuk et al., 1978).

Also, Zinc affects photosynthesis and sugar transport in plants, and regulating carbohydrate metabolism. Zinc
and manganese function in many plant enzyme systems, they connect the enzyme with the substrate upon which it is
meant to act. (Brady and Weil 1999). Gomaa and Ragab (2005) on Codiaeum variegatum, Abd El-Aziz and Balbaa
(2007) on Salvia farinacea and Farahat et al (2007) on Cupressus sempervirens. EL Sayed, et al (2009) on
Dracaena marginata reported that spraying the plants with micro elements resulted in the greatest vegetative growth
parameters compared to control.

The formation of leaves was responded significantly to the application of Zn from different sources as well as
Nano-Mn. Also, the average leaf area was the greatest with Zn-chelated and Mg —sulphate treatments, this can be
attributed to the role of Zn as an essential trace element for plant growth and development (El-Khateeb, et al, 2014).
Zn plays an important role in plant physiology (Zhang et al., 2017), it can affect auxin synthesis, has a positive
effect on potassium concentration in plants (Wang et al., 2018). Mn is an essential element as enzyme cofactor
(Andresen et al., 2018), it enhances physiological and bio -chemical processes (photosynthetic proteins and
enzymes), growth, and plant development (Marschner, 2012 & Zhao, et al., 2017). The heaviest dry weight of
leaves was obtained in plants treated with chelated (250 ppm) and Zn-sulphate. The foliar application of Zn from
different sources, followed by Mn significantly affected the fresh and dry weights of stem. Treating plants with Zn
in the form of nano —Zn followed by chalet-Zn then zinc salts exhibited significantly the highest values of fresh and
dry weights of stem. The foliar spray of Nano-element is rapidly and completely absorbed by plants and fix nutrient
shortage, leading to an increased efficiency of the element applied, more than other forms (Naderi, et al., 2011).
Roots growth of Schefflera plants showed great responses to the foliar application of Zn and Mn, the highest number
of roots were recorded in plants treated with Zn salt and Mn chelated, whereas Mg in the form of nano-Mg was
more effective in increasing the root number than the other two Mg- sources with no significance differences with
the control. The highest values fresh and dry weights of roots were found in plants treated with the different sources
of Zn and Zn-sulphate at 250 ppm, was the most effective in this respect. Zinc has an important role in plant protein
metabolism and synthesis, it affects photosynthesis, carbohydrate metabolism and sugar transport within plants
(Broadley et al., 2012). The obtained results showed that the foliar application of Mg and Zn (regardless the source)
markedly increased the chlorophyll content more than Mn, and control plants. Mg-salts and Mg-chelated were more
effective in this regard. The carotenoids content was the highest in plants treated with Mg —chelated and Mn-
sulphate then Zn-sulphate. The role of Mg in improving green pigmentation can be attributed to its role as a
component in the formation of chlorophylls, as an activator of chloroplast matrix and enzymes which promote the
operation of photosynthesis, Li Yan et al ( 2001) showed that magnesium deficiency decreased photosynthetic
pigment content, chloroplast light absorption capacity, carboxylation efficiency, and increased the light
compensation point and CO2 compensation point. Mohsenzadeh and_Moosavian (2017) found that the foliar
application of Zinc sulphate and Nano-Zinc increased the contents of chlorophyll and carotenoids.

Additionally, spraying safflower with Zn increased chlorophyll, illustrating the significant role in the N-
metabolism and chlorophyll production (Movahhedi Dehnavi, M, 2004). Zinc by protection of sulfhydryl groups
caused synthesized chlorophyll (Cakmak ,2000). The highest content of total carbohydrate was recorded in plants
treated with Mn-sulphate followed by Mg or Zn in Nano form. In this regard, Mg plays a ke role in carbohydrate
formation as it depends on the plant’s Mg status, it is the central atom of chlorophyll a/b ( Marschner 2012),Also,
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zinc can affect the transportation of plant sugars by participating in starch metabolism, its deficiency was found
to reduce starch metabolism , Fan et al (2021) showed that the net photosynthetic rate, Chl A and Chl B levels of
leaves increased as the concentration of zinc increased, they suggested that exogenous zinc may promote the
accumulation of carbohydrate components in D. nobile. It was also found that polysaccharides could combine well
with zinc to form a polysaccharide-zinc chelate and transform inorganic zinc into organic form, stored in the form of
polysaccharide. All sources of Zn were the most effective treatments in increasing the content of indoles content,
followed by Mg-sulphate. The effect of zinc on auxin is related to the synthesis of tryptophan, which may be owing
to the influence of zinc on the activity of tryptophan synthase. Carbonic anhydrase that plays an important role in
photosynthesis is a zinc metal coenzyme (Castillo-Gonzélez, et al, 2018). The content of phenolic compounds
increased in response to the foliar application of different sources of Mg, Mn and Zn, over the control. Using
Chelated source of Zn, Mn as well as Mg, followed by Nano -Zn and Mg-sulphate treatments, were the most
effective in this regard, in comparison with other sources and control. The foliar spray of Nano-element is rapidly
absorbed by plants and increased efficiency of the element applied (Naderi et al ,2011). Mohsenzadeh and
Moosavian (2017) found that the foliar application of Zinc Sulphate and Nano-Zinc increased the content of
phenolic compounds in rosemary plants. The highest N-content was attained with nano- Mn, followed by nano —Zn.
The application of Mg, Mn and Zn in the form of nano Pls, was more effective in increasing the content of N than
the other sources. The highest P-content was estimated in plants treated with Nano-Mg and Nano-Mn, respectively.
In case of K-content, it was found that treating Mn in chelated and nano forms, as well as nano-Zn. The nano
elements change the physical, chemical, biological features and catalytic activities of them, and become higher
solubility, capable of penetrating the cell membrane and chemical activity (Mazaherinia et al 2010)

Conclusion

Zinc foliar application from various sources significantly improved Schefflera plant growth parameters and Zn-
chapleted gave the tallest plants. The thickest stems with Zn and Mg each as sulphate. Nano—Zn or chelated-Zn gave
the heaviest stem weights. Roots growth showed great responses to Zn sulphate and Mn-chelated. Nano-Mg
significantly increased root number than other Mg- sources. Chlorophyll was the highest Mg and nano-Zn, and total
carbohydrate with Mn-sulphate and Zn-chelated. The total soluble indoles all sources Zn (Sulphate, Chelate and
Nano). The application of Mg, Mn and Zn as nano Pls, was more effective in increasing N-content than other
sources. The highest carbohydrate content was recorded in Mn-sulphate and Zn-chelated treated plants. The highest
K-content, was found in Mn- chelated, Mn nano forms and nano-Zn treatments.
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