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Abstract- Agro-nanotechnology holds the promise of controlled release of agrochemicals and site targeted delivery to 
improve efficient nutrient utilization and enhanced plant growth. In this experiment, the effect of various concentrations of 
biologic Nano-fertilizer especial for ornamental plants and its application method (drench and leaf spray) on some quantity 
and quality growth indexes of box tree (Buxus hyrcana Pojark.) were evaluated. These experiments were carried out as 
factorial based on a randomized complete block design in four replications. Treatments were biologic Nano-fertilizer 
especial for ornamental plants in concentrations of 0.00, 0.60, 1.20, 1.80, 2.40 and 3.00 g per pot as drench and 0.00, 1.00, 
2.00, 3.00, 4.00 and 5.00 g l-1 as leaf spray. Maximum node number (19.33), root length (6.83 cm), leaf number (133.30) and 
proliferation rate (133.53) were obtained in plants treated with 3.00 g pot-1 drench + 2.00 g l-1 spray of Nano-fertilizer 
especial for ornamental plants. Shoot number (8.63), root number (7.63) and root volume (163.00 ml) were suitable in this 
treatment compared to the many other treatments and control. Plant height (38.10 cm) was less in this treatment, too. The 
highest content of leaf N (0.63%) in plants treated with 1.80 g pot-1 drench + 1.00 g l-1 spray, the highest content of P 
(200.20 ppm) in treatment of 1.80 g pot-1 drench + 2.00 g l-1 spray, the highest content of K (44.88 ppm) in treatment of 2.40 
g pot-1 drench + 2.00 g l-1 spray and the highest content of Fe (120.30 ppm) in plants treated with 1.80 g pot-1 drench + 2.00 
g l-1 spray of Nano-fertilizer were obtained. Totally among 36 treatments, 3.00 g pot-1 drench + 2.00 g l-1 spray, also 1.80 g 
pot-1 drench + 2.00 g l-1 spray of Nano-fertilizer especial for ornamental plants introduces as a good treatment for 
proliferation of Buxus hyrcana Pojark. The highest and lowest concentrations of this Nano-fertilizer were no good. 
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I. INTRODUCTION 
 
Buxus sempervirens L. or Buxus hyrcana Pojark. 
(Buxaceae), is a wild edible plant species [1]. Seeds 
are rarely used for proliferation and cuttings are 
commonly used. Biotechnology advances in 
protection and nutrition strategies for plants have 
attempted to provide some solutions for the problems 
caused by application of chemical fertilizers. Bio-
fertilizers comprise environment friendly 
microorganisms that supply or improve availability of 
nutrients to promote soil fertility and crop 
productivity [2]. Nanoparticles offered the advantage 
of effective loading due to the larger surface area, 
easy attachment and fast mass transfer. Organic 
fertilizers are now widely employed instead of 
chemical fertilizers [3]. Encapsulation of fertilizers 
within a nanoparticle is one of these new facilities 
[4]. Two methods of Nano-fertilizers application are 
foliar spraying and drenching. Foliar application of 
micronutrients, now a common horticultural practice, 
enhanced its uptake by the leaves [5]. The mode of 
fertilizer application influences their efficiency and 
environmental impact [6, 7]. The aim of the present 
study was to evaluate the application methods and 
different concentrations of biological Nano-fertilizer, 
especial for ornamental plants (containing 
microorganisms, especially phosphate solubilizing  

 
bacteria, plant growth promoter, nitrogen biological 
fixative, Fe and Zn) on some morphological, 
physiological and proliferation traits and enhancing 
the quality of Buxus hyrcana Pojark. 
 
II. DETAILS EXPERIMENTAL 
 
2.1. Plant Materials and Study Site 
In this experiment, box tree (Buxus hyrcana Pojark. 
or Buxus sempervirens auct non L.), an ornamental 
tree species, was used as mother plants. These plants 
were prepared form the jungles of Amol city suburb, 
Mazandaran province, the northern part of Iran. 
Cuttings with a height of 10 to 15 cm, each with 6 
nodes were prepared from maternal plants. Cuttings 
were planted in perlite for rooting. After rooting (60 
days), cuttings were transferred to substrates. To this 
end, a number of pots were prepared and equal 
numbers of cocopeat, municipal compost and soil 
were poured insides them. Capacity of pots was 4 kg. 
Buxus hyrcana Pojark. Three cuttings as the plant 
samples were grown in each pot. Experiment had 36 
plots 108 blocks, also 108 pots were used. Plots were 
pots containing Nano-fertilizers especial for 
ornamental plants. Plants were grown in the 
greenhouse with a temperature of 22-24°C, humidity 
of 85% and natural light. Different ratios of Nano-
fertilizer especial for ornamental plants as the first 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                                   Spl. Issue-2 Feb.-2016 

Effect Of Application Methods And Different Concentrations Of Biologic Nano-Fertilizer, Especial For Ornamental Plants On Some Morphological, 
Physiological And Proliferation Traits And Enhancing The Quality Of Buxus Hyrcana Pojark 

 
207 

experiment factor and different application methods 
as the second factor were prepared. 
 
2.2. Study Design 
In order to study the effect of foliar spraying and 
drenching of different concentrations of biologic 
Nano-fertilizer especial for ornamental plants, an 
experiment in factorial format based on randomized 
complete block design with three replications was 
conducted. Treatments were 0.00, 0.60, 1.20, 1.80, 
2.40 and 3.00 g pot-l of Nano-fertilizer were applied 
as drench at the beginning of the trial and 0.00, 1.00, 
2.00, 3.00, 4.00 and 5.00 g l-1 as spray on leaves 30 
days later (Table 1). Spraying was repeated 
fortnightly. Used biological Nano-fertilizer contains 
bacteria enabling phosphor uptake and biological 
fixation of nitrogen enriched with iron and zinc 
Nano-chelates. 
 
2.3. Plant Analysis 
The measured traits were plant height, shoot number, 
node number, leaf number, leaf length, root length, 
root number, root volume, stem diameter, root 
diameter, fresh weight, dry weight, productivity and 
proliferation rate, the content of N, P, K and Fe and 
concentrations of chlorophyll a, b and total 
chlorophyll of box tree (Buxus hyrcana Pojark.). 
Measurements were done on 20 months-old plants. 
Organ length traits measurement was made with a 
ruler. Number of organs was took place with its 
counting and the naked eye. To measure the volume 
of the root, at first, the roots were removed from the 
soil and were washed thoroughly under running tap 
water. Water in a particular volume was poured in a 
graduated cylinder and plant roots to the collar was 
placed inside the container. Difference between the 
measured volumes of water represents the root 
volume. In order to measure the dry/fresh weight of 
plant samples, they quickly were weighed after 
harvest on a digital scale (fresh weight). Then, the 
samples were dried in an oven with the temperature 
to 103°C for 24 h and reweighed (dry weight). Stem 
and root diameter were measured by a caliper. The 
amount of productivity and proliferation rate were 
calculated by following formula: Productivity = shoot 
numbers × mean of shoot length; Proliferation rate = 
shoot numbers × node numbers. For macro- and 
microelement analyses, the youngest mature leaves 
on the shoots were collected, dried and ground. To 
measure N, P, K and Fe, 0.3 g of dried leaves in a 
temperature of 75°C for 24 h were spilled in 3 ml of 
mixed acid (100 ml sulfuric acid + 6 g of salicylic 
acid and 18 ml distilled water) and digestion was 
carried out on the heater using H2O2. Obtained 
solution was filtered and the final volume was 
brought to 50 ml with distilled water. This solution 
was used for measurement of N, P, K and Fe. Total 
nitrogen (N) concentrations of leaf blades were 
determined by the Kjeldahl method. The content of 
phosphorus was measured by spectrophotometry. 

Potassium content was calculated using flame 
photometry. Iron content of the samples was obtained 
using atomic absorption device. Chlorophyll contents 
of 20 months-old leaves were measured using 
spectrophotometry. Chlorophyll was extracted by 
acetone 80%. 
 
2.4. Statistical Analysis 
The collected data were subjected to statistical 
analysis using a randomized factorial design. Each 
treatment was designed with three replicates. The 
mean values were compared using the least 
significant difference (LSD) test. Statistical tests were 
performed at p≤0.05 using MSTAT-C. EXCEL 
software was used to draw graphs. 
 
III. RESULTS AND DISCUSSION 
 
3.1. Morphological Features 
The minimum plant height (35.17 cm) was obtained 
in treatments of 3.00 g/pot drench + 4.00 g/l spray of 
biologic Nano-fertilizer especial for ornamental 
plants. Plant height (38.10 cm) was less in treatment 
of 3.00 g/pot drench + 2.00 g/l spray. We focused on 
this treatment as a superior treatment to introduce. 
Maximum plant height (72.27 cm) was calculated in 
plants treated with 1.80 g/pot drench + 2.00 g/l spray. 
There was no any positive effect between increasing 
plant height and increasing Nano-fertilizer 
concentration (Table 1). Differences of plant height 
and most of traits in samples grown under different 
concentrations of Nano-fertilizer especial for 
ornamental plants was significant (p≤0.01) (Table 2). 
The results of this study indicate the role of biologic 
Nano-fertilizer especial for ornamental plants to 
change some quantity and quality characters in Buxus 
hyrcana Pojark. Given the new nanotechnology and 
the growing trend of studies in the technology, there 
are not reports about the effect of biologic Nano-
fertilizer especial for ornamental plants on plant 
growth and development. Current study indicated that 
this Nano-fertilizer accelerated the growth of Buxus 
hyrcana Pojark. Similar results on other biological 
Nano-fertilizer were reported by other researchers [8, 
9]. The largest number of shoots (9.30 and 8.83) was 
obtained in treatments of 1.80 g/pot drench + 4.00 g/l 
spray and 3.00 g/pot drench + 2.00 g/l spray, 
respectively (Table 1). The smallest number of shoot 
(2.37) was calculated in plants treated with 1.80 g/pot 
drench + 1.00 g/l spray. When the plants were 
inoculated with 3.00 g/pot drench + 2.00 g/l spray of 
Nano-fertilizer, the best results were observed for 
node number (19.33) (Table 1). The least node 
number (5.67 and 6.00) was calculated in plants 
treated with 0.60 g/pot drench without spraying and 
2.00 g/l spray without drenching, respectively (Table 
1). Maximum leaf number (133.30) was counted in 
plants treated with 3.00 g/pot drench + 2.00 g/l spray. 
Minimum leaf number (34.00) was obtained in 
control plants. The highest leaf length (1.40 cm) was 
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calculated in plants treated with 3.00 g/pot drench + 
4.00 g/l spray. The lowest leaf length (0.73 cm) was 
obtained in plants treated with 0.60 g/pot drench + 
4.00 g/l spray. Nano-fertilizer used in current study 
contains Fe and Zn. These two elements have key 
role in plant cell metabolism. Sabir et al. [10] 
revealed that the treatment of Nano-fertilizer 
significantly affected the general leaf growth features 
of the grape. Our findings related to leaf number is 
severely similar to the Sabir et al. [10] findings, so 
the least leaf was produced in control plants. The 
largest (7.93) and smallest (3.33) number of root were 
observed in plants treated with 1.20 g/pot drench + 
2.00 g/l spray and 1.00 g/l spray without drench of 
Nano-fertilizer, respectively (Table 1). The highest 
root length (6.83 cm) was measured in treatment 3.00 
g/pot drench + 2.00 g/l spray. Maximum root volume 
(178.70 ml) was measured with treatment 1.80 g/pot 
drench + 5.00 g/l spray. 
 
3.2. Fresh and Dry Weight 
Maximum fresh (272.73 g) and dry weight (217.20 g) 
were obtained in plants treated with 1.80 g/pot drench 
of Nano-fertilizer without spraying (Table 1). Most of 
Nano-fertilizer treatments led to increments of more 
leaf fresh and dry weights of box tree in comparison 
to the control. Similar results were reported by Sabir 
et al. [10] on grapevines and Tarafdar et al. [9] on 
Pennisetum americanum. The most productivity 
(48.14) was obtained in treatment 1.20 g/pot drench + 
5.00 g/l spray (Table 1). The least productivity (8.41) 
was calculated in control plants. The highest 
proliferation rate (133.53) was obtained in treatment 
3.00 g/pot drench + 2.00 g/l spray, the treatment that 
we focused on it (Table 1). The lowest proliferation 
rate (31.13) was seen in plants treated with 4.00 g/l 
spray without drenching. 
 
3.3. Elements Measurement 
Nano-fertilizer notably enhanced the concentrations 
of N, P, K and Fe in leaves (Table 1). The highest 
amount of N (0.63%) was obtained from the plants 
treated with 1.80 g/pot drench + 1.00 g/l spray (Table 
1). This amount is 6 times higher than the amount of 
N in control plants (0.11%). Conversely, the least 
values on N (0.04%) was determined in plants treated 
with highest concentrations of Nano-fertilizer (3.00 
g/pot drench + 5.00 g/l spray). The highest rate of P 
(200.20 ppm) in leaves was obtained from the plants 
treated with 1.80 g/pot drench + 2.00 g/l spray (Table 
1). This amount is 2 times higher than the amount of 
P in control plants (112.50 ppm). Maximum K (44.88 
ppm) in leaves was calculated from the plants treated 
with 2.40 g/pot drench + 2.00 g/l spray (Table 1). 
Minimum K (23.70 ppm) was obtained in plants 
treated with the highest concentrations of Nano-
fertilizer (3.00 g/pot drench + 5.00 g/l spray) (Table 
1). The most rate of Fe (120.38 ppm) in leaves was 
obtained from the plants treated with 1.80 g/pot 
drench + 2.00 g/l spray (Table 1). The least rate of Fe 

(49.60 ppm) was determined in plants treated with 
0.60 g/pot drench + 2.00 g/l spray (Table 1). Leaf 
treatments with Nano-fertilizer had significant 
positive effects on the leaf N, P, K and Fe contents 
compared with control. Similar results reported by 
Sabir et al. [10]. Contrary to our findings, some 
researchers demonstrated that leaf blade N, P and K 
concentrations did not significantly differ among the 
treatments [11, 12]. Such different results among the 
studies might be due to the differences between 
fertilizer, ecologies and plant genotype. In many 
studies, the effectiveness of Fe treatment was greatly 
variable due to the several plant-related, 
environmental and physicochemical factors that may 
affect the physiology plant in different ways [10, 13]. 
Fernández et al. [14] showed that foliar application of 
different Fe-containing compounds increased Fe 
concentration in peach leaves. 
 
3.4. Chlorophyll Content 
The highest chlorophyll a and total chlorophyll 
concentration (4.02 and 6.86 mg g-1 F.W., 
respectively) was determined in plants treated with 
1.80 g/pot drench + 1.00 g/l spray (Table 1). The 
highest chlorophyll b (3.04 mg g-1 F.W.) was 
determined in plants treated with 1.20 g/pot drench + 
2.00 g/l spray (Table 1). The least concentration of all 
chlorophylls was seen in control plants. Our results 
revealed that all treatments significantly increased the 
leaf chlorophyll contents of box tree. The least 
chlorophyll content was determined in leaves of 
untreated box tree. This result is consistent with Sabir 
et al. [10]. The results of Tarafdar et al. [9] on 
Pennisetum americanum demonstrated that 
photosynthetic pigment chlorophyll was increased by 
24.4%, by application of Zn Nano-fertilizer at 10 
mg/l concentration with respect to control. Increasing 
the chlorophyll content in leaves treated with Nano-
fertilizer in current study is because of the presence 
of Fe and Zn in this fertilizer. 
 
3.5. Application Form 
When the application forms of Nano-fertilizer 
(drench and foliar spray) were compared with each 
other, significant differences between traits were 
observed. Totally, spray application was better than 
drench. Similar results on some plants were reported 
[15, 16]. It seems that in the indexes of corresponding 
to the root such as fresh and dry weight of roots, soil 
method is better because of more activity of root for 
nutrient uptake from medium and increases this 
indexes [16]. This matter can be useful for plants that 
their ground part is importance and economic. Soil 
application was not a suitable method. Similar results 
were reported by some other researchers [17]. This 
decrease in the concentration of the elements on soil 
application treatment can be due to low speed of iron 
intake and transmission from this fertilizer that causes 
disturb the balance of nutrients absorption such as P 
and K in soil. 
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Fig. 1. The pots of Buxus hyrcana Pojark. grown in a 

greenhouse. The greenhouse had the temperature of 22-24, 
relative humidity of 85% and natural light. 

 

 
Fig. 2. Comparison of plant height in Buxus hyrcana Pojark. 
treated with biologic Nano-fertilizer especial for ornamental 
plants. From left to right: 3.00 g pot-1 drench + 5.00 g l-1 spray, 
control plant, 1.20 g pot-1 drench + 2.00 g l-1 spray, 0.60 g pot-1 
drench + 2.00 g l-1 spray, and 1.80 g pot-1 drench without spray.  
 

 
Fig. 3. Comparison of shoot number in Buxus hyrcana Pojark. 
treated with biologic Nano-fertilizer especial for ornamental 

plants at early stage of the growth . Left: 4.00 g l-1 spray 
without soil application, and right: 1.80 g pot-1 drench + 4.00 g 

l-1 spray. 
    

 
Fig. 4. Comparison of leaves color in Buxus hyrcana Pojark. 
treated with biologic Nano-fertilizer especial for ornamental 

plants. Left: 0.60 g pot-1 drench without spray, and right: 1.80 
g pot-1 drench + 2.00 g l-1 spray. 

 
Fig. 5. Leaves color in control plants (left), plants treated with 

3.00 g pot-1 drench + 4.00 g l-1 spray (center), and plants treated 
with 3.00 g pot-1 drench + 5.00 g l-1 spray (right). 

 

 
Fig. 6. Comparison of leaves color and plant height in Buxus 
hyrcana Pojark. treated with biologic Nano-fertilizer especial 
for ornamental plants. Figure of left: control (left) and plants 

treated with 1.80 g pot-1 drench + 1.00 g l-1 spray (right). Figure 
of right: control (left) and plants treated with 1.20 g pot-1 

drench + 2.00 g l-1 spray (right). 
 
CONCLUSIONS 
 
Ornamental plants have an important role in the 
world economy. Enhancing the quality of these plants 
increase their trade. The successful application of 
various Nano-platforms in medicine has generated 
some interest in agro-nanotechnology for increase the 
quantity and quality of agricultural and horticultural 
products. This technology holds the promise of 
controlled release of agrochemicals and site targeted 
delivery to improve efficient nutrient utilization and 
enhanced plant growth. Efficient use of nutrients 
caused to increase quantity and quality growth of the 
plants. In this experiment,, 3.00 g/pot drench + 2.00 
g/l spray, also 1.80 g/pot drench + 2.00 g/l spray of 
Nano-fertilizer especial for ornamental plants 
introduces as a good treatment for proliferation of 
Buxus hyrcana Pojark. The highest and lowest 
concentrations of this Nano-fertilizer were no good. 
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Table 1: Effects of the different treatments on morphological and physiological characters of box tree (Buxus hyrcana Pojark.). 

 

In each column, means with the similar letters are not significantly different at 5% level of probability using LSD test. 
Table 2: Continued. 
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In each column, means with the similar letters are not significantly different at 5% level of probability using LSD test. 

 
Table 2: Analysis of variance for the effect of the different treatments on morphological and physiological characters of box tree 

(Buxus hyrcana Pojark.). 

 

 
* And **: Significant at α = 5% and 1%, respectively, ns: not significant 

Table 3: Continued. 
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* And **: Significant at α = 5% and 1%, respectively, ns: not significa 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

  


