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ABSTRACT 

This trial was carried out during the growing season of 2018/2019 to study the effect of nano-potassium, nano-zinc and 

nano-copper levels (0,1,2 g.L-1 ), (0,2,3 g.L-1) and (0,0.5,1 g.L-1) sprayed twice(15/3/2019 and 15/4/2019). The experiment 

was designed using R.C.B.D with three replicates. Results exhibited that the nano-potassium affected in Diameter increased, 

Leaves numbers increased/transplant, Leaves area, Total chlorophyll, P %, and K %. the nano-zinc affected Total 

chlorophyll for both concentrations reached 69.833 and 73.211100mg/g fresh weight, while nitrogen was highly significant 

when pomegranates transplant treated with nano-zinc by both concentrations 2 and 3 g.L-1reached 1.95 and 1.97%. The 

percentage of zinc appeared high significant when pomegranate treated with nano-zinc for both concentrations (2 and 3 g.L-

1) reached 22.3 and 22.7 mg.Kg-1 respectively. The high percentage of copper when pomegranate transplant treated with 

nano-copper (0.5 and 1 g.L-1) reached 8.9 and 9.1 mg.Kg-1 respectively. The expression of ANSpg gene was the best 

treatment when pomegranate transplant treated with potassium with both concentrations compared with control. 
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Introduction 
 

Pomegranate (Punica granatum L.) is one of the edible fruit crops and occupies the most commercial significance. It 

is a fruit tree belonging to the Punicaceae family, primarily cultivated in subtropical and tropical areas (Adsule and 

Patil, 1995; Naik and Chand, 2011). Pomegranate fruits are consumed in either processed or fresh manner providing 

an extent quality of antioxidant compounds, and balanced food for jams, jellies, syrups, and juices (Legua et al., 

2012). Further, pomegranate could be consumed as a refined form (Alighourchi et al., 2008). The total fruitful trees 

of pomegranate in Iraq is approximately 3860139 trees with a production of around 219822 tons and the average 

yield per tree reached 34.58 Kg.tree
-1

. The fruitful trees of pomegranate in Najaf, Iraq only is about 55766 trees with 

a production of around 119 tons and the average yield per tree reached 20.60 Kg.tree
-1

 (CSOI, 2019). Minerals can 

affect fruit quality and production either directly or indirectly (Al-hadrawi and Al-janabi, 2020). The majority of 

indirect effects lead to altering vigor and energy, thus separating primary and secondary photosynthetic metabolites 

such as plant growth regulators, organic acids, carbohydrates, proteins, and flavor compounds which are critical for 

production (Taghliavini et al., 2000). The most substantial aim in agricultural systems to increase crop yield is the 

efficient use of fertilizers (Dong et al., 2005), but matching nutrient application to crop requirements is not 

straightforward. The capability of plant leaf canopy to absorb nutrients has contributed to the nutrients foliar spraying 

becoming a recurring trend for providing plants with nutrients (Weinbaum, 1988). The benefit of low usage rates, 

equal distribution of fertilizer resources and quick responses to applied foliar fertilization is that elements such as 

nitrogen, phosphorus, zinc, copper, boron, or potash play a physiological and vital role in boosting and promoting 

vigorous plant growth and development. The micro-nutrients for instance Fe, Zn, Mn, Cu, and B not only are 

essential, but they are equally crucial as macro-nutrients, considering their micro-quantity necessities. They are key 

components of plant production and growth (Das, 2014 and Yadav and Solanki,2015). Potassium (K) is an essential 

and important macronutrient for plants and pomegranate especially and K concentration compared with other 

macronutrients in peel and aril of pomegranate fruits was the highest (Al-Maiman and Ahmad, 2002; Mirdehghan 

and Rahemi, 2007). Zinc (Zn) is one of the significant and basic micronutrients for plants, and its decrease is 

prevalent in many crops (Swietlik, 1999; Marschner, 2012; Ojeda-Barrios et al., 2014). It is essential for the various 

enzymatic reaction, including dehydrogenases, transphosphorylases, polymerases of RNA and DNA, aldolases, 

isomerases, and is also contributed in tryptophan synthesis, cell division, photosynthesis, and membrane structure 
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maintenance, also works as a regulatory cofactor for certain protein synthesis (Marschner, 2012). Copper has an 

influential role in the biological processes in plants by activating some enzymes, likewise the oxidizing enzymes of 

the polyphenol oxidase, and the role of transferring electrons in photosynthesis. Several studies revealed that about 

70% of the total copper in the leaf tissues is present in the chloroplasts, and this confirms its bioactivity in the 

process of photosynthesis. Copper has long been used with other constituents as a mixture to tackle fungal diseases 

(Al-Sahaf, 1989). Most of the Iraqi soil is characterized by a high content of calcium carbonate that turns out to a 

basic medium. Also, by adding macro and micronutrients to the soil directly, they may be exposed to the processes of 

loss, fixation, and sedimentation, thus the plant does not utilize them, especially the micronutrients. This motivated 

researchers to explore efficient methods like foliar spray as an alternative to soil amendments (Al-salman et al., 

1988). The current study aims to evaluate some vegetative growth indicators and gene expressions of pomegranate 

transplants under different doses of foliar spraying with nano-potassium, nano-zinc, and nano-copper. 

 

Materials and Methods 
  
Pomegranate (Punica granatum L.) transplants with two years old were planted in a private nursery located in Najaf, 

Iraq, setup in bags of polyethylene comprising 3Kg of soil. The site soil was analyzed to measure the properties of a 

soil-related table (1).  

  

Table 1. Some chemical and physical properties of the site soil 

 Value Properties 

41.2 Sand % 

38.9 Clay % 

19.9 Silt % 

Sandy Clay Texture 

18.44 F.C % 

7.88 Ph 

0.78 EC (dS/m) 

  

The transplants were cultivated under nursery conditions from the sapling age till 1 June 2019. Two concentrations 

of nano-potassium (nK) 1 and 2 mg.L
-1

, nano-zinc (nZ) 2 and 3 mg.L
-1

, and nano-copper (nCu) 0.5, 1 mg.L
-1

, were 

sprayed as foliar application plus the control treatment (without spray) and all doses repeated two times at 15/3/2019 

and 15/4/2019. The experiment design was conducted in a Randomized Complete Block Design (R.C.B.D). Each 

experimental unit had three transplants then triplicated to provide 7 treatments for each foliar concentration (21 con.) 

and the total transplants for the whole trial were 105. The results were statistically analyzed and Duncan’s multiple 

range test was used for mean comparison at 5% probability level (Montgomery, 2017). All data obtained were 

statistically analyzed by GenStat software computer-based.  

 

1-Plant Growth Measurements 

 

All measurements were recorded on 1
st
 June 2019.  

 

The mean of plant length increment (cm) was measured at the end of the experiment using measuring tape (after- 

before spraying). The increment in the mean of stem diameter (mm) was measured at 5cm above the soil surface was 

measured using vernier(after- before spraying). While the increment of leaf number was determined in three 

transplants randomly selected per treatment. The average leaf area (cm²) of the 6-10
th

 leaves (Reisinaur, 1978), used 

the gravimetric method shown in Drovnic et al. (1965) that leave were selected from the height of transplants per 

treatment, afterward, the leaves weight were taken using a disc which(0.302 cm²) diameter for each leaf was 

sampled. The leaves dried using an oven at 70ºc for every weight fixing. The average leaf area calculated by the 

following equation:  

 

A.L.A = A.L.D.W × a.d/d.w.d :A.L.A = Average leaf area (cm²),A. L.D.W = Average leaf dry weight (g) a.d 

=Average area of disc given from the leaves (0.302 cm²) d.w.d = Average dry weight of discs given from the leaves 

(g). 
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The leaf fresh weight and dry weight (%) of the shoots were measured separately. Leaves were placed in an electrical 

oven at 70˚c until weight fixing (Al-janabi et al., 2016).). Leaf dry matter was calculated as follows: leaf dry matter 

(%) = 100 × Leaf Fresh Weight/ Leaf Dry Weight.  

 

Acetone (80%) was used to determine total chlorophyll in leaves, the leaves extract was filtered using a paper filter 

and then centrifuged at 3000 c.h
-1

 for five minutes. The leaves extract measured by light absorption using a 

spectrophotometer, determined at 663 and 645 nm and using the following equations: Total chlorophyll = 20.20 

A645 + 8.02 A663. The A645, A663 was the spectrophotometer reading at 663 and 645 nm consecutively, ( 

Mackinny, 1941). 

 

2-Concentration of Macro and Micro-elements in Leaves 

 

As in Chapman and Pratt (1961), pomegranate samples were prepared and the concentration of N was determined 

using the Kjeldahl process, P using spectrophotometry and K using photometry of flame emissions, while atomic 

absorption spectrophotometry (AAS) was used to measure Fe, Cu, and Zn concentrations ( Arnon,1949). 

 

3-Gene Expression Measurement 

 

Total RNA extraction and cDNA synthesis: Total RNA extraction was prepared from pomegranate leaves samples 

selected from each treatment using the isolation kit (SV Total RNA, Promega, USA). Agarose gel electrophoresis 

was used to sampling RNA., to remove DNA from RNA samples used DNase I Mix from Promega, USA company 

(DNase I, MnCl2, yellow core buffer). 16 µl of total RNA was prepared to synthesize the first-strand cDNA by 

(power Syntheses kit of cDNA, IntronBio. Inc. USA) with Oligo (dT) 15 primer, subsequent to the producer's manual 

then quantified via gel electrophoresis.  

 

Quantitative Real-Time PCR (qRTPCR): Gene expression analysis was achieved using qRT-PCR applying a Mini 

Option's System real-time PCR and conducting (GO Taq Master Mix SYBR Green kit QPCR, IntronBio. Inc. USA). 

Primers for gene-specific amplification of pomegranate were designed to generate a product of 484 bp. The 27,786-

bp region, comprising the 88-bp, revealed that these genes and genome-walked sequences ANSpg Gene Partial 

Sequences could be translocated into around 22-kb upstream region in a reverse direction. For primer design was 

used NCBI, Gene Bank website. The primer sequences ANSpg gene are responsible for anthocyanin synthesis in 

pomegranate. Primers for qRTPCR amplification were two parts (Forward5-AGAAGTACGCGAACGACCAG-3) 

(Reverse5-TGAAGGTTAGGGCGCTG ATG -3), T.m (60.11 -60.11), GC %55. PCR reactions proceeded twice on a 

plate. The reaction mixture (22.5 µl per well) comprised 2.5 µl primers (reverse and forward ), 12.5 µl SYBR Green 

Master Mix, 2.5 µl cDNA, 7.5 µl DEPC-D.W. The program thermal cycling settings involved an initial denaturation 

stage at 95 C̊ for 10 min, followed-up by 40 cycles for 30 s, 60 C̊ for 1 min, at 95 C̊ and then for 30 s at 72 C̊. 

Agarose gel electrophoresis was to determine the diagram, molecular weight, and purity. Further, used Actin gene of 

pomegranate as a reference (housekeeping) gene (pgActin) with sequence primers to normalize (Forward5-

AGTCCTCTTCCAGCCATCTC-3) (Reverse 5-CACTGAGCA CAATGTTTCCA-3), T.m (60.04-59.82), GC %55. 

GeneX program was used to analyze the real-time PCR data (Al-janabi and Al-rawi, 2018).  

 

Results and Discussion  
 

Mean of Plant Length increment (cm) and Diameter increment (mm): Table (1) showed high significance in 

length increment when pomegranate transplants treated with 2 and 3 g.L
-1

 of nano-zinc reached 66.43 and 66.82 cm 

respectively. While the lowest length increment appeared when transplants treated with nano-copper and control. 

nano- potassium treatments were middle affected among high and low values. An increase in diameter appeared in 1 

and 2 g.L
-1

 of nano- potassium treatments reached 10.23 and 11.45 mm respectively. Further, the lowest significant 

value in increment diameter was in the control reached 5.44 mm, while the treated pomegranate transplant with nano-

zinc and nano-copper were nonsignificant.  
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Table 2. Influence of potassium, zinc, and copper produced by nanotechnology on length (cm) and diameter (mm) 

increment of pomegranate transplants 

Treatments 

 

Length increment 

(cm) 

Diameter increment 

(mm) 

Control 26.50 c 5.44 c 

 

nK  

1 g.L
-1

 55.30 bc 10.23 a 

2 g.L
-1

 62.33 ab 11.45 a 

 

nZn 

2 g.L
-1

 48.23 c 7.30 b 

3 g.L
-1

 49.55 c 7.75 b 

 

nCu 

0.5 g.L
-1

 66.43 a 7.69 b 

1 g.L
-1

 66.82 a 7.44 b 

 

The values in a single column with dissimilar letters indicate significant variance according to Duncan’s multiple 

range test at 5% probability level. 

 

Mean of Leaves Number Increment per transplants: Table(3) showed highly significant for leaf number when 

pomegranate transplants treated with 3 and 2 g.L
-1

 nano-zinc reached 81.7 and 80.3 respectively. While the lowest 

signification of leave number appeared in control reached 44.2 and all nano-potassium and nano-copper treatments 

were middle among highest and lowest values.  

 

Mean of Leaf Area (cm²): Table 3 indicated that the spraying of 2 g.L
-1

 of nano-potassium, 0.5 and 1 g.L
-1

 of nano-

copper reached 10.74, 10.22, and 11.89 cm
2
 respectively. While the minimum leaf area appeared in the control 

pomegranate transplants reached 6.40 cm
2
. The nano-zinc treatments were middle in effects on leaf area.  

 

Total Chlorophyll Content(100mg/g F.W): Showed table (3) that the leaf content of total chlorophyll was 

significantly increased with applying nano-fertilizers by potassium, zinc, and copper in comparison with the control 

treatment. However, the lowest total chlorophyll was in the control pomegranate transplants reached 53.355 mg.g
-1 

in 

fresh weight of control leaf samples.  

 

Table 3. Influence of potassium, zinc, and copper produced by nanotechnology on Leaf number per transplant, leaf 

area (cm²), and total chlorophyll content (100mg/g F.W) of pomegranate transplants 

 

Treatments 

 

Leaves numbers 

 increased /transplants 

Leaves area 

cm
2
 

Total chlorophyll (100mg/g F.W) 

Control 44.2 c 60.40 c 53.355 c 

 

nK  

1 g.L
-1

 80.3 a 8.52 b 65.443 ab 

2 g.L
-1

 81.7 a 10.74 a 71.691 a 

 

nZn 

2 g.L
-1

 66.2 b 9.06 b 69.833 a 

3 g.L
-1

 70.7 b 8.93 b 73.211 a 

 

nCu 

0.5 g.L
-1

 71.2 b 10.22 a 62.496 b 

1 g.L
-1

 70.8 b 11.89 a 68.588 a 

 

The values in a single column with dissimilar letters indicate significant variance according to Duncan’s multiple 

range test at 5% probability level. 

 

Concentration of macro and micro-elements in leaves: Table(4) showed that the lowest nitrogen percent was in 

the control transplant leaves reached 1.52%. However, the highest nitrogen percent was significant when 

pomegranate transplants treated with nano-zinc by both concentrations 2 and 3 g.L
-1 

reached 1.95 and 1.97% 

respectively. The nano-copper treatments provided a highly significant increase for nitrogen percent in leaves by 

both concentrations 0.5 and 1 g.L
-1 

reached 1.86 and 1.84 consecutively. Phosphor percent was the maximum in 

pomegranate leaves when treated with 1g.L
-1

 of nano-copper reached 0.36% and 2g.L
-1 

and reached 0.41% when 

treated with 2 g.L
-1 

of nano-potassium. These findings were in agreement with Khayyat et al. (2007) and Khayyat et 

al. (2012). The analysis of potassium percent of pomegranate leaves was highly significant when transplants treated 
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with both concentrations of nano-potassium (1 and 2 g.L
-1

 ) provided 0.996 and 1,01 % consecutively. Whereas, the 

lowest potassium percent in pomegranate leaves was in the control reached 0.62%. The nano-zinc and nano-copper 

treatments were in the middle between high and low values.  

 

Table 4. Influence of potassium, zinc, and copper produced by nanotechnology on N, P, and K percent of 

pomegranate transplants  

Treatments N (%) P (%) K (%) 

Control 1.52 0.13 d 0.62 c 

 

nK  

1 g.L
-1

 1.66 0.34 ab 0.96 a 

2 g.L
-1

 1.78 b 0.41 a 1.01 a 

 

nZn 

2 g.L
-1

 1.95 a 0.19 d 0.77 b 

3 g.L
-1

 1.97 a 0.28 c 0.70 b 

 

nCu 

0.5 g.L
-1

 1.86 ab 0.33 ab 0.71 b 

1 g.L
-1

 1.84 ab 0.36 a 0.73 b 

 

The values in a single column with dissimilar letters indicate significant variance according to Duncan’s multiple 

range test at 5% probability level. 

 

Table(5) showed that the percentage of iron in leaf pomegranate among all treatments was nonsignificant. The 

percentage of zinc revealed high significance when pomegranate transplants treated with nano-zinc for both 

concentrations (2 and 3 g.L
-1

) reached 22.3 and 22.7 mg.Kg
-1 

respectively. However, the other treatments were 

nonsignificant compared to the control. The leaf analysis showed a high percentage of copper when pomegranate 

transplant treated with nano-copper (0.5 and 1 g.L
-1

) reached 8.9 and 9.1 mg.Kg
-1

 respectively. These results were 

consistent with Umer et. al (1999) and Tehranifar and Mahmooditabar (2009).  

 

Table 5. Influence of potassium, zinc, and copper produced by nanotechnology on Fe percent and Zn (mg.Kg
-1

), Cu 

(mg.Kg
-1

) of pomegranate transplants 

Treatments Fe (%) Zn ( mg.Kg
-1

) Cu ( mg.Kg
-1

) 

Control 11.7 a 10.3 b 6.2 b 

 

nK  

1 g.L
-1

 12.3 a 12.6 b 7.5 b 

2 g.L
-1

 13.4 a 12.2 b 6.9 b 

nZn 2 g.L
-1

 12.9 a 22.3 a 7.0 b 

3 g.L
-1

 12.8 a 22.7 a 7.3 b 

 

nCu 

0.5 g.L
-1

 11.9 a 13.5 b 8.9 a 

1 g.L
-1

 12.0 a 13.7 b 9.1 a 

 

The values in a single column with dissimilar letters indicate significant variance according to Duncan’s multiple 

range test at 5% probability level. 

 

ANSpg Gene Expression 

 

Figure 1 showed that extraction of RNA from pomegranate leaves under different treatments of nano-fertilizers were 

successful and high efficiency which gave RNA concentration ranged between 72ds to 79ds with purity reached 1.8 

to 2 which used (SV Total RNA Isolation kit/ Bioneer-South Korea).  

  

 
Figure 1. Total RNA extraction of the pomegranate leaves under Nano-fertilizers treatments on agarose gel 1.5%, 
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and 100 voltage for 20 minutes, M:marker, con.: contorol, nK1and nK2:nanopotassium (1, 2 g.L
-1

), nZn2 and nZn3: 

nanozinc (2,3 g.L
-1

), nCu0.5 and nCu1 nanocopper (,0.5,1 g.L
-1

) 

The synthesis of cDNA for RNA of the pomegranate leaves under nano-fertilizer treatments was successful because 

used (cDNA Syntheses kit/ Bioneer -South Korea) that was high efficiency and specific (Figure 2). 

 

  
Figure 2. Synthesis cDNA for RNA of the pomegranate leaves under nano-fertilizers treatments on agarose gel 1.5%, 

and 100 voltage for 20 minutes.M:marker, con.: control, nK1and nK2:nano-potassium (1, 2 g.L
-1

), nZn2 and nZn3: 

nano-zinc (2,3 g.L
-1

), nCu0.5 and nCu1 nano-copper (0.5, 1 g.L
-1

) 

 
ANSpg gene is responsible for anthocyanin synthesis in pomegranate. The expression of ANSpg gene was high value 

when leaves treated with nano-zinc 1 and 2 g.L
-1

 reached 31.13 and 33.53 fold respectively. While the treated 

pomegranate leaves with nano-zinc and nano-copper gave convergent results and mid among high and low values. 

The lowest value appeared in the control which reached 15.54 fold (Fig 3). 

 

 
Figure 3. Relative gene expression for ANSpg gene under different treatments, control: without spray nK1and nK2: 

nano-potassium(1, 2 g.L
-1

 ), nZn2 and nZn3: nano-zinc (2, 3 g.L
-1

 ), nCu0.5 and nCu1 nano-copper (0.5, 1 g.L
-1

) 

 

Discussion 
 

In promoting the growth and production of plants, macro-nutrients such as potash and micro-nutrients such as zinc 

and copper play a considerable and broad role. Nevertheless, their need for micro quantities, Zn and Cu are 

substantial and equally significant as macro-nutrients. They play crucial compositions in plant production and growth 

(Das, 2014 and Yadav and Solanki,2015). Moreover, potassium considers a key element in ameliorating fruit 

enlargement and cell turgidity by lowering carbohydrate contents ( Fisher et al.,1959 and Marschner, 1986). The 

impacts of potassium on the influx of carbohydrates or the plant growth regulators synthesis in fruits and leaves may 

be related to enhancing fruit yield and quality. Likewise, optimum plant K levels can boost the loading of phloem, 

the transport of nutrients, and the unpacking of sucrose (Lester et al., 2005). Consequently, in terms of our findings, 

it is suggested that spraying nano potassium as a foliar application will be useful management practice enhancing 

fruit quality and declining harmful impacts of carbohydrates. 
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Zn fertilizers as new nano-materials can be used to develop plant parts, with the nano-particulate Zn characteristics 

(reactivity, rare surface area, and size) prompting the solubility, diffusion, and accessibility of Zn to plants 

(Subramanian and Sharmila Rahale, 2012; Mosanna and Khalilvand, 2015). The results obtained indicate that a low-

quantity of foliar spray or Zn nano-fertilizers at (2 and 3 g.L-1) resulted in a medium increase in the pomegranate 

parameters. It is noteworthy that zinc is is one of the critical micronutrients for plants, besides Zn lack is predominant 

in many crops (Swietlik, 1999; Marschner, 2012; Ojeda-Barrios et al., 2014).). Additionally, the function of various 

enzymes usually requires cellular Zn concentration, including transphosphorylases, dehydrogenases, isomerases, 

aldolases. Zn is also involved in, DNA and RNA polymerases, tryptophan synthesis, membrane structure 

maintenance, cell division, and photosynthesis, as well as acting as a regulatory co-factor in protein biosynthesis 

(Marschner, 2012). Moreover, the impact of copper showed increase parameters of the pomegranate transplants may 

be due to increasing the enzymatic processes and reflecting an effective rate of photosynthesis, by which the 

compounds manufactured by leaves could increase the growth and improve the plant traits (Al-Qawami et al., 2002; 

Metep and Hasan, 2020). Also, applying these nutrients could increase the leaf content of chlorophyll (Table 3) 

promoting physiological plant activities which reflect positively the process of carbohydrate and protein 

biosynthesis, (Gobara, 1998 and Hasan et al., 2019). 

 

Conclusion  
 

Fernández et al. (2013) reported that foliar fertilizer sprays, including macro and micro-nutrients such as K, Zn, and 

Cu, are significantly convenient for field practice, due to their good efficacy and reactivity quickly to plants. Instead, 

many complications and difficulties in different fields of science and industry have been solved using nano-

technologies (Scott and Chen, 2003), indicating that the nano-potassium increased stem diameter, number of leaves 

per transplant, Leaves area, total chlorophyll, P %, and K %. Besides, nano-zinc improved the total chlorophyll using 

both concentrations reached 69.833 and 73.211 mg/g fresh weight. However, high nitrogen percent in leaves were 

significant when pomegranate transplants treated with nano-zinc by both concentrations at 2 and 3 g.L
-1 

reached 1.95 

and 1.97% respectively. The percentage of zinc realized highly significant effects when pomegranate transplants 

treated with nano-zinc for both concentrations (2 and 3 g.L
-1

) reached 22.3 and 22.7 mg.Kg
-1 

consecutively. The 

expression of ANSpg gene was the best treatment when pomegranate transplants treated with potassium at both 

concentrations in comparison with the control.  
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