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 Pecan fruit, also known as pecan nut, is a type of nut that is popular for its rich, buttery flavor and 

crunchy texture. This research aimed to investigate the effects of spraying boric acid and zinc 

sulfate on the physical traits of pecan fruit in Erbil, Iraq. The experiment was conducted in the 

spring of 2022 using a completely randomized block design with three levels of boric acid (0, 

1500, and 3000 mg l
-1

) and three levels of zinc sulfate (0, 2500, and 5000 mg l
-1

). The spraying was 

carried out before the flower buds opened, and at the time of harvesting, various physical 

characteristics of the fruit were measured, including length, width, weight, kernel weight, 

percentage of hull, percentage of shell, percentage of kernel, and absorption of elements in leaves 

and nuts. The results showed that spraying with boric acid (3000 mg l
-1

) and zinc sulfate (5000 mg 

l
-1

) had the greatest effect on increasing fruit length, while the fruit width was highest in the zinc 

treatment (5000 mg l
-1

), and it was significant compared to the control treatment. None of the 

treatments had a significant effect on fruit weight, kernel weight, percentage of shell, and 

percentage of hull skin. Moreover, the spraying significantly increased the amount of boron and 

zinc elements in leaves and nuts. Therefore, it can be concluded that spraying with boric acid and 

zinc sulfate can be an effective method to improve the physical characteristics of pecan nuts and 

increase the absorption of essential elements in leaves and nuts. 

Introduction 

The pecan nut, scientifically known as Carya 

illinoinensis, is a species of hickory tree native to North 

America. The tree grows up to 40 meters tall and can 

live up to 300 years (Bentley et al., 2019; Y. Huang et 

al., 2019). According to the FAO statistics of the World 

Food Organization, the United States is the world's 

largest producer of pecan nuts, accounting for around 

80% of the global supply. Other major producers of 

*Corresponding author: Email address: stelastelageorgieva31@gmail.com 
Received: 20 June 2023; Received in revised form: 24 July 2023; Accepted: 9 August 2023 

DOI: 10.22034/jon.2023.1989378.1228 

                                                     283 



 H. Kadhim Nimr et al                                                                                                               Journal of Nuts 14(4) (2023) 283-292 

 

284 
 

pecan nuts include Mexico, Australia, and South Africa 

(Ávila Arce et al., 2020). The pecan nut is a popular 

food item, known for its rich, buttery flavor and 

versatility in both sweet and savory dishes. In terms of 

nutrition, pecans are a good source of healthy fats, 

protein, and fiber. They are also rich in vitamins and 

minerals, including vitamin E, thiamin, magnesium, and 

zinc (R. Huang et al., 2019). Some studies have also 

suggested that pecans may have health benefits, such as 

reducing inflammation and improving heart health 

(Atanasov et al., 2018; Bitok and Sabaté, 2018; McKay 

et al., 2018). Despite their popularity, pecan trees and 

their nuts face a number of challenges, including pests, 

diseases, and climate change. Farmers and researchers 

continue to work to develop new varieties of pecan trees 

that are more resilient to these challenges and can 

produce higher yields of high-quality nuts. The low 

yield and poor quality of pecan nuts in Iraq are caused 

by a number of factors, including the absence of low-

nutrient components (Chehri and Sattar Abod, 2017).  

Boron is an essential plant micronutrient which is 

involved in the creation of cell wall pectin, the 

production of malic acid, cellular division, the 

transportation of carbohydrates and enzymes 

(Keshavarz et al., 2011; Zhu et al., 2019; Mohit Rabary 

et al., 2022; Shiberu et al., 2023). Boron plays a 

significant part in both the germination and 

development of the pollen tube (Maliha et al., 2022; 

Shiberu et al., 2023). As one of the vital micronutrients, 

boron is essential for plant growth, meiotic division, and 

seed production (Sharafi and Raina, 2021). In kiwifruit, 

it is particularly important for producing fruits with 

sufficiently-sized seeds (Lago et al., 2015; Ajamgard et 

al., 2017). Additionally, boron facilitates the transfer of 

sugars in plants due to its sugar composition, which 

allows for faster passage through the cell's permeable 

membrane compared to simple sugars (Hegazi et al., 

2018; Maliha et al., 2022). Insufficient boron levels can 

result in flowers falling off or underdeveloped fruits due 

to a lack of fertilization (Peng et al., 2015; Luo et al., 

2020). Deficient boron levels can also result in gum 

formation in immature pecan fruits. A study by Yilmaz 

et al. (2021) revealed that applying a solution of boron 

and zinc during the flowering stage of pecan nuts did 

not have any impact on the weight, length, or width of 

the fruit. According to Wang et al. (2021) findings, 

applying boron with boric acid solution to Mahan 

pecans resulted in an 8% reduction in green skin 

percentage compared to the control group. This 

reduction led to an increase in the percentage of the 

kernel. However, the application of boron did not have 

an impact on the percentage of hard skin of the fruit 

(Griffin and Dean, 2017). In grapes, the application of 

boron solution through spraying has been found to 

improve both the yield and quality of the fruit. 

According to the report of Swathi et al. (2019), spraying 

boron on grape flowers and leaves has resulted in bigger 

pods and heavier bunches. Liu et al. (2014) stated that 

the size and sugar content of oranges were enhanced by 

the application of boron solution, while Liu et al. (2022) 

found that the use of boron solution increased fruit 

yield, weight, and diameter, as well as the amount of 

soluble solids and total sugar in oranges. In apples, 

insufficient boron causes the production of small and 

misshapen fruits, along with bitter spots (Oikonomou et 

al., 2019). Shiberu et al. (2023) reported that application 

of boron fertilizer in Black Cumin is the most influential 

in the flower and seed formation in the capsule. 

One of the essential micronutrients required for the 

development and production of appropriately sized fruit 

is zinc (Rahman et al., 2020). This element is a 

component of the carbonic anhydrase enzyme present in 

all photosynthetic tissues, which is necessary for the 

biosynthesis of chlorophyll. Zinc also aids in the 

production of tryptophan, a precursor to auxin synthesis 

(Adhikari et al., 2016; Maliha et al., 2022). When peach 

trees lack zinc, it results in the production of small, 

deformed, and low-quality fruits (Yadav et al., 2013). 
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On the other hand, the use of zinc in mango trees has led 

to an increase in the weight of the fruit and its kernels 

(Elsheery et al., 2020). In zinc-deficient orange trees, 

spraying them with zinc during April and May has 

resulted in larger fruit size, higher soluble solids, and 

increased fruit juice (Amro, 2015; Chatrabnous et al., 

2018; Norozi et al., 2019). However, it has been shown 

that applying zinc solution through spraying has no 

significant impact on the amount of the product, fruit 

weight, and acidity and soluble sugars in the fruit of 

apple trees (Zhang et al., 2016). 

This study aimed to investigate the effects of foliar-

applied boron and zinc on various physical and 

nutritional characteristics of pecan fruits. 

Material and Methods 

The study involved choosing trees from the Mahan 

cultivars that were 6 and 12 years old and planted 6×4 

meters apart. The experiment was conducted using a 

completely randomized block design with 9 treatments 

and 3 repetitions, totaling 27 trees. The details of the 

treatments are presented in Fig. 1.  

 

Fig. 1. Concentration of boron and zinc in each treatment. 

 

In April 2022, before the flower buds opened, a 

solution of 8 liters was sprayed on each tree. To ensure 

proper absorption, the spraying was conducted during 

the cool afternoon hours. After harvest, fruits were 

picked from each tree and their desired characteristics 

were measured separately, including weight of fruit, 

kernel, percentage of hull, shell, kernel, length and 

width. To determine the nutritional value of fruits 

during June, a sample of 10 fruits was collected from 

each tree and analyzed for their zinc content. 

Additionally, leaf samples were gathered from the 

middle of non-bearing branches in July to assess levels 

of boron and zinc (Hounnou et al., 2019). 

Results 

The analysis of variance outcomes indicate that the 

fruit and kernel weight were not impacted by any of the 

treatments. Nevertheless, the treatment of zinc and the 

combination of boron and zinc had a notable influence 

on the fruit's length, while zinc treatment had a 

considerable effect on the fruit's width. None of the 

treatments had any effect on the percentage of hull, 

shell, or kernel (Table 1).  
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Table 1. A variance analysis on the effects of boron and zinc foliar application on fruit traits and nutrient concentrations in leaves and fruits of pecan. 

Source of 

variations 
df 

Fruit 

weight 

Kernel 

weight 

Fruit 

length 

Fruit 

width 

Hull, 

% 

Shell, 

% 

Kernel, 

% 

Fruit 

zinc 

Fruit 

boron 

Leaf 

zinc 

Leaf 

boron 

Boron 2 0.045 0.002 0.040 0.000 1.243 0.618 0.189 2.901 78.664* 0.746 10.631* 

Zinc 2 0.050 0.001 0.124** 0.039** 0.053 0.032 0.589 8.881* 1.772 20.694* 11.081 

Boron × 

Zinc 
4 0.026 0.006 0.054* 0.001 2.779 0.655 1.701 3.622 12.837 6.588 1.135 

Error 6 0.107 0.012 0.017 0.006 2.315 1.672 0.565 1.786 19.773 3.934 4.174 

CV, % 
 

8.455 9.225 3.591 3.344 3.819 2.945 3.525 4.959 9.785 6.631 8.189 

*, **: Significant (p-value < 0.05) and very significant (p-value < 0.01) 

 

According to the comparison of the mean values, the 

fruit weight and fruit kernel were not affected by any of 

the boron and zinc treatments. The application of boron 

did not alter fruit length, but both levels of zinc 

treatment (2500 and 5000 mg  l
-1

) caused an increase in 

fruit length (5%) compared to the control treatment. The 

study of mutual effects of boron and zinc elements 

revealed a significant increase in fruit length in all 

treatments except the third treatment at a level of 1% 

compared to the control. The fruit width was not 

affected by different boron levels or mutual effects of 

boron and zinc elements, but both levels of zinc 

treatment (2500 and 5000 mg l
-1

) led to a significant 

increase in fruit width, with the increase being 

particularly significant in the 5000 mg l
-1

 treatment 

(Tables 2 and 3). 

Table 2. The effect of different levels of boron and zinc on fruit characteristics and the amount of boron and zinc in fruit of pecan. 

         Treatment 

Traits 

Zinc Sulfate (ppm) Boric Acid (ppm) 

0 2500 5000 0 1500 3000 

1% 5% Avg. 1% 5% Avg. 1% 5% Avg. 1% 5% Avg. 1% 5% Avg. 1% 5% Avg. 

Fruit weight (g) a a 3.5 a a 3.6 a a 3.6 a a 3.7 a a 3.5 a a 3.5 

Kernel weight (g) a a 1.1 a a 1.1 a a 1.1 a a 1.1 a a 1.1 a a 1.1 

Fruit length (cm) b b 3.3 a a 3.4 a a 3.5 a a 3.3 a a 3.4 a a 3.5 

Fruit width (cm) b b 2.0 ab a 2.1 a a 2.2 a a 2.1 a a 2.1 a a 2.1 

Hull (%) a a 34.3 a a 34.7 a a 34.8 a a 34.8 a a 34.2 a a 34.8 

Shell (%) a a 40.7 a a 40.6 a a 40.7 a a 40.5 a a 41.0 a a 40.6 

Kernel (%) a a 20.0 a a 19.7 a a 19.5 a a 19.8 a a 19.8 a a 19.6 

Fruit zinc (mg kg
-1

) a b 16.8 a ab 18.4 a a 19.5 a a 18.6 a a 17.3 a a 18.8 

Fruit boron  

(mg kg
-1

) 
a a 45.3 a a 46.7 a a 46.2 a b 41.3 a a 45.7 a ab 51.2 

Leaf zinc (mg kg
-1

) a b 26.8 a b 26.9 a a 29.4 a a 28.0 a a 27.7 a a 27.5 

Leaf boron  

(mg kg
-1

) 
a a 48.7 a a 47.4 a a 48.2 a b 44.3 a a 49.8 a a 50.2 

Note: The mean values displayed with identical letters in every column do not hold statistical significance. 
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Table 3. Reciprocal impact of varied boron and zinc levels on fruit characteristics and the concentration of boron and zinc in leaves and fruit 

Treatment Kernel (%) Shell (%) Hull (%) Fruit width (cm) Fruit length (cm) 

Boron (ppm) Zinc (ppm) 1% 5% Avg. 1% 5% Avg. 1% 5% Avg. 1% 5% Avg. 1% 5% Avg. 

0 0 a a 20.8 a a 40.9 a a 33.3 a a 2.0 b b 3.1 

0 2500 a ab 19.8 a a 39.9 a a 35.4 a a 2.1 a a 3.5 

0 5000 a b 18.7 a a 40.7 a a 35.7 a a 2.1 a a 3.4 

1500 0 a ab 19.5 a a 40.9 a a 34.5 a a 2.0 ab ab 3.2 

1500 2500 a ab 19.8 a a 41.0 a a 34.1 a a 2.1 a a 3.5 

1500 5000 a a 20.2 a a 41.0 a a 33.8 a a 2.2 a a 3.5 

3000 0 a ab 19.4 a a 40.2 a a 35.1 a a 2.0 a a 3.5 

3000 2500 a ab 19.4 a a 41.0 a a 34.5 a a 2.1 a a 3.4 

3000 5000 a ab 19.7 a a 40.6 a a 34.8 a a 2.2 a a 3.5 
 

Treatment Kernel weight (g) Fruit weight (g) Fruit zinc (mg kg
-1

) Fruit boron (mg kg
-1

) Leaf zinc (mg kg
-1

) Leaf boron (mg kg
-1

) 

Boron (ppm) Zinc (ppm) 1% 5% Avg. 1% 5% Avg. 1% 5% Avg. 1% 5% Avg. 1% 5% Avg. 1% 5% Avg. 

0 0 a a 1.2 a a 3.6 a c 15.9 a a 37.0 a bc 25.7 a b 40.0 

0 2500 a a 1.1 a a 3.7 a abc 18.5 a a 45.8 a abc 28.7 a ab 47.0 

0 5000 a a 1.2 a a 3.7 a a 21.3 a a 41.2 a a 29.6 a ab 45.9 

1500 0 a a 1.1 a a 3.4 a bc 17.0 a a 47.8 a abc 26.9 a a 52.4 

1500 2500 a a 1.2 a a 3.7 a abc 18.2 a a 42.9 a abc 26.7 a ab 47.0 

1500 5000 a a 1.1 a a 3.6 a c 16.8 a a 46.2 a a 29.5 a ab 50.0 

3000 0 a a 1.2 a a 3.5 a bc 17.4 a a 51.0 a abc 28.0 a a 53.7 

3000 2500 a a 1.1 a a 3.5 a abc 18.6 a a 51.5 a c 25.2 a a 48.3 

3000 5000 a a 1.1 a a 3.6 a ab 20.4 a a 51.3 a ab 29.1 a a 48.7 

                 Note: The mean values displayed with identical letters in every column do not hold statistical significance. 
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The research investigated the impact of spraying 

boron and zinc solutions on the amount of hull and shell 

in fruits, and found that none of the treatments had any 

effect on these characteristics. Additionally, the study 

found that varying levels of boron and zinc did not 

affect kernel percentage (Table 2). When boron and zinc 

were combined, it was observed that the kernel 

percentage decreased in the treatment with 5000 mg l
-1

 

of zinc (Table 3). The analysis of variance showed that 

spraying with boron and zinc resulted in a significant 

increase in the concentration of these elements in both 

leaves and fruits (Table 2). 

The results of the mean comparison indicate that the 

quantity of boron found in the fruit increased 

significantly when treated with 3000 mg l
-1

 of boric acid 

compared to the control treatment. Similarly, the 

amount of zinc present in the fruit showed a significant 

increase after being sprayed with 5000 mg l
-1

 of zinc 

sulfate in the spring (Table 2). The investigation of the 

interplay between boron and zinc elements revealed that 

the joint treatment of 3000 mg l
-1

 of boric acid and 5000 

mg l
-1

 of zinc sulfate, as well as the treatment of 5000 

mg l
-1

 of zinc sulfate on its own, resulted in a significant 

increase in both boron and zinc quantities in the fruit 

compared to the control treatment. Furthermore, the 

amounts of boron and zinc in the leaves also increased 

with the application of boron and zinc treatments 

(Tables 2 and 3). 

Discussion 

During the experiment, it was observed that the 

weight of both the fruit and the kernel did not increase 

significantly, which aligns with the results reported by 

(Yilmaz et al., 2021)) and (Y. Huang et al., 2019) in 

their research on pecan nuts. The findings of this study 

demonstrate that the application of zinc through 

spraying had an impact on the size of the fruit, in a 

manner consistent with the observations made by 

(Amro, 2015; Hounnou et al., 2019) on oranges. 

According to (Amro, 2015)'s findings, the application of 

a spray on orange trees during the months of April and 

May can lead to an increase in both fruit size and the 

concentration of soluble solids in the juice.  

Additionally, research has indicated that the size of 

the fruit in oranges can be impacted by zinc. (Vahdati et 

al., 2021)'s research indicates that achieving desirable 

fruit size requires the presence of zinc, as it plays a 

crucial role in the production of auxin which is a key 

factor in promoting fruit growth. The study also 

demonstrated that zinc facilitates cell division in several 

fruits such as apricots, peaches, avocados, and oranges. 

Conversely, when these fruits experience zinc 

deficiency, the cells tend to be compressed with a lack 

of intercellular space, causing a delay in tissue 

differentiation specifically in peaches, apricots, and 

walnuts (Ahmed et al., 2012). 

The findings indicate that the combination of boron 

(at a concentration of 1500 mg l
-1

) and zinc (at a 

concentration of 5000 mg l
-1

) resulted in the greatest 

enhancement in fruit length. This suggests that both of 

these elements have a notable impact on augmenting 

fruit size. According to the research conducted by 

(Swathi et al., 2019), the application of a boron solution 

on grapes resulted in an increase in both grape volume 

and bunch weight. Additionally, (Ahmed et al., 2012) 

found that spraying oranges with a boron solution 

increased the fruit's diameter which aligns with this 

research. Also highest yield (17.7 tone ha
-1

) of Okra was 

obtained in foliar application of 0.2% Zn and 0.3% B 

combination (Maliha et al., 2022). 

Our study found a positive and significant 

correlation between the zinc content and the length of 

the fruit. As the amount of zinc in the fruit increased, so 

did the length of the fruit. Additionally, we observed a 

positive and significant correlation between the length 

and weight of the fruit. The percentages of hull, hard 

skin, and kernel were not affected by solution spraying, 

which is consistent with previous research on researches 
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on pecan nuts (Hounnou et al., 2019; Y. Huang et al., 

2019; Yilmaz et al., 2021). 

Although, no decrease in the percentage of hull was 

observed, which contradicts the findings of (Ferrara et 

al., 2023). This discrepancy may be attributed to 

differences in cultivation conditions and weather 

factors. Analysis of the zinc and boron content in the 

fruit revealed that spring spraying of pecans increased 

the concentration of these elements in both the fruits and 

leaves. These results are in agreement with the findings 

of (Ferrara et al., 2023) who reported that boric acid 

spraying increased the concentration of elements in both 

fruits and leaves. Furthermore, these results demonstrate 

that the spraying solution can be effectively transported 

to different parts of the plant. This finding is consistent 

with those of (Ibrahim and Tayib, 2019), who reported 

similar observations in pistachios. 

Conclusions 

The findings of this study indicate that foliar 

application of boron and zinc can be an effective 

strategy to improve certain physical characteristics of 

pecan fruit, including fruit length and width. 

Specifically, applying zinc sulfate at 5000 mg l
-1

 

significantly increased fruit width, while the 

combination of 1500 mg l
-1

 boric acid and 5000 mg l
-1

 

zinc sulfate gave the largest increase in fruit length. 

However, the treatments did not have a significant 

impact on fruit or kernel weight. Additionally, the foliar 

sprays increased the absorption and accumulation of 

boron and zinc in pecan leaves and nuts. Overall, this 

research demonstrates that targeted foliar sprays 

containing boron and zinc applied before flower bud 

opening can enhance the size of pecan fruit by 

increasing length and/or width. The increased boron and 

zinc concentrations in leaves and nuts show that the 

elements are successfully absorbed. Further studies 

could investigate the effects of different application 

timing, concentration, and frequency of the foliar 

sprays. Optimizing the foliar application protocols for 

boron and zinc may lead to additional improvements in 

pecan fruit size and quality.  

Acknowledgments 

We would like to express our sincere gratitude to all 

those who have contributed to the successful completion 

of this project. 

Conflict of interest 

The authors declare no conflict of interest. 

References 

Adhikari T, Kundu S, Rao AS (2016) Zinc delivery to 

plants through seed coating with nano-zinc 

oxide particles. Journal of Plant Nutrition. 39, 

136–146. 

Ahmed AMH, Khalil MK, Abd El-Rahman AM, Nadia 

AH (2012) Effect of zinc, tryptophan and 

indole acetic acid on growth, yield and 

chemical composition of Valencia orange 

trees. Journal of Applied Sciences Research. 

901–914. 

Ajamgard F, Rahemi M, Vahdati K (2017) Determining 

the pollinizer for pecan cultivars. Journal of 

Nuts. 8, 41–48. 

Amro SM (2015) Effect of algae extract and zinc sulfate 

foliar spray on production and fruit quality of 

orange tree cv. Valencia. IOSR Journal of 

Agriculture and Veterinary Science. 8, 51–62. 

Atanasov AG, Sabharanjak SM, Zengin G, Mollica A, 

Szostak A, Simirgiotis M, Huminiecki 

\Lukasz, Horbanczuk OK, Nabavi SM, Mocan 

A (2018) Pecan nuts: A review of reported 

bioactivities and health effects. Trends in Food 

Science & Technology. 71, 246–257. 

Ávila Arce A, González Milán D de J, Montaño Méndez 

IE, Vizcaíno Villareal LA (2020) Analysis of 

the competitiveness and commercialization of 



 H. Kadhim Nimr et al                                                                                                               Journal of Nuts 14(4) (2023) 283-292 

 

290 
 

the Mexican pecan nut in the international 

market. Revista Mexicana de Ciencias 

Agrícolas. 11, 895–904. 

Bentley N, Grauke LJ, Klein P (2019) Genotyping by 

sequencing (GBS) and SNP marker analysis of 

diverse accessions of pecan (Carya 

illinoinensis). Tree Genetics & Genomes. 15, 

1–17. 

Bitok E, Sabaté J (2018) Nuts and cardiovascular 

disease. Progress in Cardiovascular Diseases. 

61, 33–37. 

Chatrabnous N, Yazdani N, Vahdati K (2018) 

Determination of nutritional value and 

oxidative stability of fresh walnut. Journal of 

Nuts. 9, 11–20. 

Chehri K, Sattar Abod H (2017) Detection of fumonisin 

chemotype produced by Fusarium proliferatum 

isolated from nuts in Iraq using specific PCR 

assays. Biological Journal of Microorganism. 

6, 21–27. 

Elsheery NI, Helaly MN, El-Hoseiny HM, Alam-Eldein 

SM (2020) Zinc oxide and silicone 

nanoparticles to improve the resistance 

mechanism and annual productivity of salt-

stressed mango trees. Agronomy. 10, 558. 

Ferrara G, Lombardini L, Mazzeo A, Bruno GL (2023) 

Evaluation of Pecan [Carya illinoinensis 

(Wangenh.) K. Koch] Cultivars for Possible 

Cultivation for Both Fruit and Truffle 

Production in the Puglia Region, Southeastern 

Italy. Horticulturae. 9, 261. 

Griffin LE, Dean LL (2017) Nutrient composition of 

raw, dry-roasted, and skin-on cashew Nuts. 

Journal of Food Research. 6, 13–28. 

Hegazi ES, El-Motaium RA, Yehia TA, Hashim ME 

(2018) Effect of foliar boron application on 

boron, chlorophyll, phenol, sugars and 

hormones concentration of olive (Olea 

europaea L.) buds, leaves, and fruits. Journal 

of Plant Nutrition. 41, 749–765. 

Hounnou L, Wade Brorsen B, Biermacher JT, Rohla CT 

(2019) Foliar applied zinc and the performance 

of pecan trees. Journal of Plant Nutrition. 42, 

512–516. 

Huang R, Shen C, Wang S, Wang Z (2019) Zinc content 

and fruit quality of pecan as affected by 

application of zinc sulfate. HortScience. 54, 

1243–1248. 

Huang Y, Xiao L, Zhang Z, Zhang R, Wang Z, Huang 

C, Huang R, Luan Y, Fan T, Wang J (2019) 

The genomes of pecan and Chinese hickory 

provide insights into Carya evolution and nut 

nutrition. GigaScience. 8, giz036. 

Ibrahim ZR, Tayib AA (2019) Effects of foliar 

application of aminoplasmal, boron, zinc 

and their interactions on fruit set and yield 

characteristics of pistachio (Pistacia vera L) 

cv. Halaby. Iraqi Journal of Agricultural 

Sciences. 50, 1281-1289. 

Keshavarz K, Vahdati K, Samar M, Azadegan B, Brown 

PH (2011) Foliar application of zinc and boron 

improves walnut vegetative and reproductive 

growth. HortTechnology. 21, 181–186. 

Lago MCF, Castro J, Briones MJI, Gallego PP, Barreal 

ME (2015) Effect of agricultural management 

on kiwifruit nutritional plant status, fruit 

quality and yield. Acta Horticulturae. 1096, 

79–86. 

Liu G, Dong X, Liu L, Wu L, Jiang C (2014) Boron 

deficiency is correlated with changes in cell 

wall structure that lead to growth defects in the 

leaves of navel orange plants. Scientia 

Horticulturae. 176, 54–62. 

Liu G, Jin T, Xu Y, Yao F, Guan G, Zhou G (2022) 

Exogenous citrate restores the leaf metabolic 

profiles of navel orange plants under boron 



 H. Kadhim Nimr et al                                                                                                               Journal of Nuts 14(4) (2023) 283-292 

 

291 
 

deficiency. Plant Physiology and 

Biochemistry. 192, 101–109. 

Luo S, Zhang K, Zhong WP, Chen P, Fan XM, Yuan 

DY (2020) Optimization of in vitro pollen 

germination and pollen viability tests for 

Castanea mollissima and Castanea henryi. 

Scientia Horticulturae. 271, 109481. 

Maliha MBJ, Nuruzzaman M, Hossain B, Trina FA, 

Uddin N, Sarker AK (2022) Assessment of 

varietal attributes of okra under foliar 

application of zinc and boron. International 

Journal of Horticultural Science and 

Technology. 9, 143-149. 

McKay DL, Eliasziw M, Chen CO, Blumberg JB (2018) 

A pecan-rich diet improves cardiometabolic 

risk factors in overweight and obese adults: a 

randomized controlled trial. Nutrients. 10, 339. 

Mohit Rabary P, Movahedi Z, Ghabooli M, Rostami M 

(2022) Effects of foliar application of zinc 

oxide nanoparticles on traits of several 

medicinal plants under aeroponic system 

conditions. International Journal of 

Horticultural Science and Technology. 9, 445–

452. 

Norozi M, ValizadehKaji B, Karimi R, Nikoogoftar 

Sedghi M (2019) Effects of foliar application 

of potassium and zinc on pistachio (Pistacia 

vera L.) fruit yield. International Journal of 

Horticultural Science and Technology. 6, 113–

123. 

Oikonomou A, Ladikou E-V, Chatziperou G, 

Margaritopoulou T, Landi M, Sotiropoulos T, 

Araniti F, Papadakis IE (2019) Boron excess 

imbalances root/shoot allometry, 

photosynthetic and chlorophyll fluorescence 

parameters and sugar metabolism in apple 

plants. Agronomy. 9, 731. 

Peng HZ, Jin Q-Y, Ye HL, Zhu TJ (2015) A novel in 

vitro germination method revealed the 

influence of environmental variance on the 

pecan pollen viability. Scientia Horticulturae. 

181, 43–51. 

Rahman R, Sofi JA, Javeed I, Malik TH, Nisar S (2020) 

Role of micronutrients in crop production. 

International Journal of Current Microbiology 

and Applied Sciences. 8, 2265–2287. 

Sharafi Y, Raina M (2021) Effect of boron on pollen 

attributes in different cultivars of Malus 

domestica L. National Academy Science 

Letters. 44, 189–194. 

Shiberu E, Dachassa N, Desalegn T, Balami T (2023) 

Effect of applying integrated mineral and 

organic fertilizers on seed yield, yield 

components and seed oil content of black 

cumin in central highlands of ethiopia. 

International Journal of Horticultural Science 

and Technology. 10, 97-114. 

Swathi AS, Jegadeeswari D, Chitdeshwari T, Kavitha C 

(2019) Effect of foliar nutrition of calcium and 

boron on the yield and quality attributes of 

grape. Journal of Pharmacognosy and 

Phytochemistry. 8, 3625–3629. 

Vahdati K, Sarikhani S, Arab MM, Leslie CA, 

Dandekar AM, Aletà N, Bielsa B, Gradziel 

TM, Montesinos Á, Rubio-Cabetas MJ (2021) 

Advances in rootstock breeding of nut trees: 

objectives and strategies. Plants. 10, 2234. 

Wang X, Wu Y, Lombardini L (2021) In vitro viability 

and germination of Carya illinoinensis pollen 

under different storage conditions. Scientia 

Horticulturae. 275, 109662. 

Yadav V, Singh PN, Yadav P (2013) Effect of foliar 

fertilization of boron, zinc and iron on fruit 

growth and yield of low-chill peach cv. 

Sharbati. International Journal of Scientific 

and Research Publications. 8, 1–6. 

Yilmaz R, Yildirim A, Çelik C, Karakurt Y (2021) 

Determination of nut characteristics and 



 H. Kadhim Nimr et al                                                                                                               Journal of Nuts 14(4) (2023) 283-292 

 

292 
 

biochemical components of some pecan nut 

cultivars. Yuzuncu Yıl University Journal of 

Agricultural Sciences. 31, 906–914. 

Zhang Y, Yan Y, Fu C, Li M, Wang Y (2016) Zinc 

sulfate spray increases activity of carbohydrate 

metabolic enzymes and regulates endogenous 

hormone levels in apple fruit. Scientia 

Horticulturae. 211, 363–368. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Zhu CQ, Cao XC, Zhu LF, Hu WJ, Hu AY, Abliz B, 

Bai ZG, Huang J, Liang QD, Sajid H (2019) 

Boron reduces cell wall aluminum content in 

rice (Oryza sativa) roots by decreasing H2O2 

accumulation. Plant Physiology and 

Biochemistry. 138, 80–90. 

 


