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Preface 

We would like to present, with great pleasure, the inaugural volume-4, Issue-4, April 2018, of a scholarly 

journal, International Journal of Environmental & Agriculture Research. This journal is part of the AD 

Publications series in the field of Environmental & Agriculture Research Development, and is devoted to 

the gamut of Environmental & Agriculture issues, from theoretical aspects to application-dependent studies 

and the validation of emerging technologies. 

This journal was envisioned and founded to represent the growing needs of Environmental & Agriculture as 

an emerging and increasingly vital field, now widely recognized as an integral part of scientific and 

technical investigations. Its mission is to become a voice of the Environmental & Agriculture community, 

addressing researchers and practitioners in below areas  

Environmental Research: 

Environmental science and regulation, Ecotoxicology, Environmental health issues, Atmosphere and 

climate, Terrestric ecosystems, Aquatic ecosystems, Energy and environment, Marine research, 

Biodiversity, Pharmaceuticals in the environment, Genetically modified organisms, Biotechnology, Risk 

assessment, Environment society, Agricultural engineering, Animal science, Agronomy, including plant 

science, theoretical production ecology, horticulture, plant, breeding, plant fertilization, soil science and 

all field related to Environmental Research. 

Agriculture Research:  

Agriculture, Biological engineering, including genetic engineering, microbiology, Environmental impacts 

of agriculture, forestry, Food science, Husbandry, Irrigation and water management, Land use, Waste 

management and all fields related to Agriculture. 

Each article in this issue provides an example of a concrete industrial application or a case study of the 

presented methodology to amplify the impact of the contribution. We are very thankful to everybody within 

that community who supported the idea of creating a new Research with IJOEAR. We are certain that this 

issue will be followed by many others, reporting new developments in the Environment and Agriculture 

Research Science field. This issue would not have been possible without the great support of the Reviewer, 

Editorial Board members and also with our Advisory Board Members, and we would like to express our 

sincere thanks to all of them. We would also like to express our gratitude to the editorial staff of AD 

Publications, who supported us at every stage of the project. It is our hope that this fine collection of articles 

will be a valuable resource for IJOEAR readers and will stimulate further research into the vibrant area of 

Environmental & Agriculture Research. 
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Abstract— The Coffee Leaf Miner - CLM and coffee rust are the main pests and coffee diseases, respectively. One of the 

rust and CLM handling ways is the preventive use of active ingredients of joint action (fungicide + insecticide) via soil. 

These products are generally evaluated for their efficiency in the chemical control of pests and diseases; however some of 

these products may promote a tonic effect by improving plant vigor. Thus, the objective in this work was to verify the 

influence of the phytosanitary products application on the rust and leaf miner control, on the coffee trees development and 

production. The assay was installed in Random Block Design - RBD, with twelve treatments T1 - Premier Plus, T2 - Premier 

Plus and Actara, T3 - Verdadero, T4 - Verdadero and Actara, T5 - Actara, T6 - Actara (Nov/Feb), T7 - Altacor, T8 - Altacor 

and Actara, T9 - Impact, T10 - Opera, T11- Control and T12 - Practical and three replicates in a Catuaí IAC-144 crop. 

Number of nodes per branch, productivity, incidence of rust and CLM were evaluated. There was no difference in the coffee 

trees growth submitted to the application of different phytosanitary products for the control of rust and leaf miner. The 

application of Thiamethoxan + Cyproconazole in november with a complementary application of Thiamethoxan in february 

were more efficient for the coffee leaf miner control and provided greater vigor and productivity to the coffee tree. 

Keywords— Hemileiavastatrix, Leucopteracoffeela, tonic effect. 

I. INTRODUCTION 

The scientific research development combined with the rural extension has provided considerable gains in coffee 

productivity [1]. These gains in productivity are mainly due to the development of new cultivars and management techniques 

that allow a greater plant stand and a more efficient control of pests and diseases. 

Some coffee regions, such as the Cerrado region, has a hot and dry climate, which favors the intensity occurrence of certain 

pests, especially the coffee leaf miner - CLM (Leucoptera coffeella), considered a key pest in coffee growing since the 1970s 

[2], and may be harmful throughout the year, with greater intensity in the dry season [3]. In other regions, such as the south 

of Minas Gerais, the mild climate combined with some climatic adversities that raise humidity generate a microclimate, 

which favors the coffee rust occurrence (Hemileia vastatrix Berk. et Br.), that is considered the main crop disease, causing 

lesions on the leaves, reduction of the photosynthetic area and defoliation, which ends up compromising coffee productivity, 

being more aggressive in years of high fruit load than in years with low fruit load [4]. 

In the coffee crop, one of the rust and leaf miner handling ways is the preventive use of active principles of joint action 

(fungicide + insecticide). Thus, there has been an increase in the use defensive agents via soil, mainly fungicides and 

systemic insecticides in the coffee crop in recent years. These insecticides and fungicides are usually evaluated for their 

efficiency in the pests and diseases control, however some of these can promote a leaf growth increase, an improvement in 

the plant vigor and a change in the green tone of the leaves, and this effect is known as the tonic effect [5]. The tonic effect is 

considered beneficial, increasing the plant resistance and decreasing the infection possibility, which has been attributed to 

hormonal effect, indirectly influences plants root growth, increasing the absorption of water and nutrients [6]. 

However, action on coffee vigor and productivity may vary depending on the product and the combination of the 

phytosanitary applied. Research carried out by [6] verified that the insecticide thiamethoxam caused higher growth and 

greater diameter of stem in coffee seedlings and the opposite was verified when the imidaclopride was applied. Assays made 

by [7] observed that the application of cyproconazole + thiamethoxam in Coffea canephora seedlings impaired the 

development of all clones of the 'Vitória Incaper 8142' cultivar. Therefore, the objective in this study was to evaluate the 

mailto:vania.silva@epamig.br
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action of various phytosanitary products on the leaf miner and rust control and on the vigor and productivity of the coffee 

tree. 

II. MATERIAL AND METHOD 

The experiment was installed at the Experimental Farm of São Sebastião do Paraíso – MG. It belongs to the Agricultural 

Research Company of Minas Gerais (EPAMIG), in a 5-year-old crop of Catuaí IAC 144 cultivar, spaced 3.5 x 0.7m. The 

treatments were applied in November, February and March of each year (harvests 2009/2010 and 2010/2011), as described in 

table 1. 

TABLE 1 

TREATMENTS, ACTIVE INGREDIENT, COMMERCIAL NAME, DOSAGES AND APPLICATION MONTH OF THE 

PLANT PROTECTION PRODUCTS USED TO CONTROL RUST AND COFFEE TREE MINE 

Treatments Active ingredient Commercial name 
Dosages Kg or 

L/ha 
Application Month 

1 (Imidacloprid + Triadimenol) Premier Plus 3.0 l November 

2 (Imidacloprid + triadimenol) and Thiamethoxan 
Premier Plus and 

Actara 

3.0 l/                   

1.0 Kg 

November                     

February 

3 (Thiamethoxan + Cyproconazole) Verdadero 1.0 Kg November 

4 
(Thiamethoxan + Cyproconazole) and 

Thiamethoxan 

Verdadero and 

Actara 

1.0 Kg                

1.0 Kg 

November                    

February 

5 Thiamethoxan Actara 1.0 Kg November 

6 Thiamethoxan Actara 1.0 Kg November and February 

7 Chlorantraniliprole Altacor 0.09 Kg November 

8 Chlorantraniliprole and Thiamethoxan 
Altacor and           

Actara 

0.09 Kg          1.0 

kg 

November                   

February 

9 Flutriafol Impact 5.0 L November 

10 (Pyraclostrobin + Epoxiconazole) Opera 1.5 L March 

11 Control 
   

12 (Imidacloprid + Flutriafol) Practical 2.0 L November 

 

The incidence evaluations and rust severity were carried out monthly, from January to September of each year (harvests 

2011/2012 and 2012/2013), collecting on the middle third of both plant sides, 10 leaves of the 3
rd

 or 4
th

 pair per plants, in the 

six central plants, totaling 50 leaves per plot.  

The rust incidence was determined in percentage, counting the number of coffee leaves with sporulated pustules in the 50 

leaves collected. The area under disease progress curve (AUDPC) was calculated by integrating the disease progress curve 

for each treatment using the formula:  

𝐴𝑈𝐷𝑃𝐶 = 
(Xi +  Xi + 1)(ti− 1− ti)

2

𝑛−1

𝑖

 

where, n is the number of evaluations, Xi is the disease proportion and (ti-1-ti) is the interval of consecutive evaluations. 

The leaf miner infestation was analyzed by calculating the percentage from the number of leaves with lesions in the 50 leaves 

collected: 

Leaf miner infestation = (number of leaves with lesions x 100) / total number of leaves collected. 

The vegetative vigor was evaluated in each harvest, with notes being assigned to an arbitrary scale of 10 points, note 1 being 

given to the worst plants, with much reduced vegetative vigor and marked depletion symptom, and note 10 to plants with 

excellent vigor, with more leaves and marked vegetative growth of the productive branches, as suggested by [8]. 

For growth analysis, two plagiotropic branches were marked in the upper middle third of the plants, and evaluated two plants 

per plot. In these branches, it was counted the number of nodes per branch at 0, 8, 13 and 18 months after the beginning of 

the treatment application. 

The productivity (bags 60kg of coffee benefited/ha) was evaluated in the 2009/2010, 2010/2011 and 2011/2012 harvests. The 

fruit production was evaluated annually in liters of "farm coffee" per plot, and the harvests were carried out in July of each 

year considering an average yield of 480 liters of "farm coffee" for each bag 60 kg of coffee benefited [5]. 

The Experimental Design Was A Randomized Block Design, With 12 Treatments And Three Replicates, With Parcels Of 10 

Plants, And The Six Central Plants Were Considered As A Useful Plot. 



International Journal of Environmental & Agriculture Research (IJOEAR)            ISSN:[2454-1850]                [Vol-4, Issue-4, April- 2018] 

Page | 3  

The data obtained in the evaluations were submitted to variance analysis, using the computer program SISVAR [9]. The 

percentage data of mined leaves were transformed √x + 1 for variance analysis. The averages obtained were compared to 

each other by the Scott Knott test at 5%. The percentage efficiency was calculated by Abbott's formula [10]. 

III. RESULTS AND DISCUSSION 

Leaf miner infestation through the mined leaves percentage measured at 60 and 70 days after the first application, January 

and February 2010, respectively, ranged from 0 to 6.0%, statistically the same in all treatments (Table 2). From March, the 

leaf miner infestation developed and differences among treatments were detected, with treatments T2, T3, T4 and T8 showed 

lower infestation values in all months from March to August. These treatments have in common the association of different 

active principles fungicides and/or insecticides with the insecticide thiamethoxan. According to [13], insecticides base on 

thiamethoxan are more efficient in the leaf miner control, than insecticides base on imidacloprid. In Treatment 2, it was 

observed the action of thiamethoxan applied in February was potentiated when associated with imidacloprid + triadimenol 

applied in November. The thiamethoxan action was also increased when associated with chlorantraniliprole (T8), wherein the 

chlorantraniliprole application with a sequential application of thiamethoxan was highly efficient in the leaf miner control. 

These results also resemble those other works, wherein the use of insecticide from the chlorantraniliprole group was highly 

effective in many pests control, mainly in lepidoptera control [11]; [12]. 

Considering the leaf miner control index to the South of Minas Gerais is greater than or equal to 30.00% of mined leaves (in 

the middle thirds limits and lower of the coffee trees), except for the T12 treatment, in the other treatments were verified 

incidence values lower than 30% until June. Of these, highlight treatment 3 that kept the leaf miner incidence less than 30% 

until September, with control efficiency (CE) ranged from 100.0% in February to 30.0% in July. The T3 (thiamethoxan + 

cyproconazole), although only one application was performed in November 2009, they were more efficient, differently to the 

other treatments that received a sequential dose of another product in February 2010, that is, T3 in a single application 

(November 2009) was as or more efficient than the others which received a second application later (February 2010). 

TABLE 2 
INCIDENCE (I%) AND CONTROL EFFICIENCY (CE%) COFFEE LEAF MINER, 2010. SÃO SEBASTIÃO DO PARAÍSO - MG. 

Trat 
JAN FEB MAR APR MAI 

I CE I CE I CE I CE I CE 

1 1 a 83.3 4 a 0.0 14 b 22.2 9 c 55.0 15 c 28.6 

2 0 a 100.0 3 a 25.0 3 a 83.3 2 a 90.0 3 b 85.7 

3 1 a 83.3 0 a 100.0 8 b 56.6 3 a 85.0 5 b 76.2 

4 0 a 100.0 3 a 25.0 9 b 50.0 3 a 85.0 3 b 85.7 

5 0 a 100.0 2 a 50.0 13 b 27.8 6 b 70.0 13 c 38.1 

6 1 a 83.3 1 a 75.0 13 b 27.8 7 b 65.0 11 c 47.6 

7 1 a 83.3 1 a 75.0 14 b 22.2 10 c 50.0 20 c 4.8 

8 1 a 83.3 4 a 0.0 3 a 83.3 1 a 95.0 0 a 100.0 

9 1 a 83.3 5 a -25.0 14 b 22.2 15 d 25.0 17 c 19.0 
10 2 a 67.7 3 a 25.0 17 b 5.6 17 d 15.0 23 c -9.5 

11 6 a - 4 a - 18 b - 20 d - 21 c - 

12 1 a 83.3 3a 25.0 11 b 38.9 3 b 85.0 16 c 28.6 

Trat 
JUN JUL AUG SEP  

I CE I CE I CE I CE   

1 23 c -9.5 24 a 27.3 41 a 22.6 49 b 12.5   

2 3 a 85.7 17 a 48.5 35 a 34.0 40 b 28.6   

3 5 a 76.2 23 a 30.3 29 a 45.3 25 a 55.4   

4 5 a 76.2 27 a 18.2 39 a 26.4 41 b 26.8   

5 13 b 38.1 27 a 18.2 49 b 7.5 57 b 0   

6 12 b 42.9 25 a 24.2 42 a 20.8 40 b 8.6   

7 19 c 9.5 25 a 24.2 40 a 24.5 45 b 19.6   

8 4 a 81.0 16 a 51.5 36 a 32.1 51 b 8.9   

9 14 b 33.3 20 a 39.4 36 a 32.1 47 b 16.1   

10 23 c -9.5 35 b -6.1 47 b 11.3 47 b 16.1   
11 21 c - 33 b - 53 b - 56 b -   

12 16 b 23.8 37 b -12.1 51 b 3.8 53 b 5.4   
VC1 (%) = 22.61VC2 (%) = 17.11 

The averages followed by the same letter in the column do not differ of each other by Scott Knott's test at the 5% 

probability level. * Treatments highlighted in bold that had active ingredients with insecticidal action, directed to CLM 

control. 
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In 2011, the leaf miner infestation in the control developed from 52.0% (May) to 87.0% (September), values higher than 

those observed in 2010, when the observed variation from May to September was from 21 to 56% (Table 3). In general, in 

2011, treatments T2 and T3 resisted the pest pressure below 30% until July, but those that maintained the values of leaf 

miner incidence less than 30% longer (until August) were T1, T4 and T6. 

TABLE 3 

INCIDENCE (I%) AND CONTROL EFFICIENCY (CE%) OF COFFEE LEAF MINER, 2011. SÃO SEBASTIÃO DO 

PARAÍSO - MG. 

Trat JAN FEB MAR APR MAI 

 I CE I CE I CE I CE I CE 

1 4 a 50.0 1 a 85.7 8 b 57.9 13 b 61.8 11 a 78.8 

2 15 b -87.5 5 b 28.6 13 b 31.6 19 b 44.1 24 b 53.8 

3 5 a 37.5 1 a 85.7 4 a 78.9 8 a 76.5 22 b 57.7 

4 5 a 37.5 1 a 85.7 1 a 94.7 6 a 82.4 8 a 84.6 

5 11 b -37.5 2 a 71.4 4 a 78.9 11 b 67.6 21 b 69.6 

6 5 a 37.5 3 a 57.1 5 a 73.7 13 b 61.8 9 a 82.7 

7 9 b -12.5 6 b 14.3 15 c 21.1 40 c -17.6 45 c 13.5 

8 7 a 12.5 1 a 85.7 19 c 0 27 c 20.6 45 c 13.5 

9 11 b -37.5 5 b 28.6 19 c 0 21 c 38.2 36 c 30.8 

10 12 b -50.0 12 b -71.4 27 c -42.1 41 c -20.6 61 d -17.3 

11 8 b - 7 b - 19 c - 34 c - 52 d - 

12 15 b -87.5 3 a 57.1 20 c -5.3 35 c -2.9 53 d -1.9 

Trat JUN JUL AUG SEP   

 I CE I CE I CE I CE   

1 11 a 84.5 14 a 79.6 23 a 64.6 43 a 50.6   

2 26 b 63.4 15 a 67.4 35 b 46.2 59 b 32.2   

3 28 b 60.5 18 a 60.9 39 b 40.0 66 c 24.1   

4 9 a 87.3 8 a 82.6 19 a 70.8 34 a 60.9   

5 38 c 46.5 26 b 43.5 36 b 44.6 57 b 34.5   

6 11 a 84.5 10 a 78.3 17 a 73.8 35 a 59.8   

7 53 c 25.4 49 c -6.5 61 d 6.2 82 d 5.7   

8 51 c 28.2 34 b 26.1 49 c 24.6 87 d 0   

9 49 c 31.0 31 b 32.6 45 c 30.8 52 b 40.2   

10 72 d -1.4 49 c -6.5 69 d -6.2 88 d -1.1   

11 71 d - 46 c - 65 d - 87 d 0   

12 59 d 16.9 46 c 0 73 d -12.3 92 d -5.7   

VC1 (%) = 21.16            VC2 (%) = 13.50 

The averages followed by the same letter in the column do not differ by Scott Knott's test at the 5% probability level. * 

Treatments highlighted in bold that had active ingredients with insecticidal action, directed to the control of the CLM. 

According to the results, the best performance of T4 and T6 treatments, in the year of leaf miner most incidence may be 

related to the fact that these treatments are composed of two thiamethoxan applications (one in November and other in 

February). The application in February also contributed to the product residual power increase, acting on the pest control 

later in the dry seasons of the year [13]. Already, in the Treatment 1 that was not efficient in 2010, possibly due to the low 

CLM infestations, proved to be efficient in 2011, when CLM infestations were higher, which may have favored imidacloprid 

expressing its control potential. 

It was observed in 2010 that there was a significant difference between the treatments, with T4 (Actara + Verdadero), T5, T6 

and T10 (Opera) were the ones with the lowest values from the area under the progression curve of rust disease (Table 4). 

The treatments T4 and T10 present active ingredients with fungicide action, directed to the coffee rust control. However, 

treatments 5 and 6 that present active ingredients with only insecticidal action, possibly had a positive effect on the plants 

vigor and thus provided a lower rust incidence. In 2011, there was no significant difference in AUDPC among treatments. 

However, comparing the AUDPC for the 2011 in relation to 2010, it is verified that the AUDPC in 2011 was lower than in 
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2010 for most treatments, except T4 (Actara + Verdadero), T5, T6 and T10 (Opera), whose values did not differ between the 

two years. 

TABLE 4 

AREA UNDER DISEASE PROGRESS CURVE (AUDPC) AVERAGE FOR COFFEE RUST IN THE YEARS - 2010 AND 

2011. 

Treatment AUDPC 2010 AUDPC 2011 

1 3130 c B 1455 a A 

2 2470 b B 1200 a A 

3 1665 b B 305 a A 

4 1270 a A 615 a A 

5 925 a A 655 a A 

6 970 a A 885 a A 

7 4025 c B 885 a A 

8 3520 c B 930 a A 

9 2385 b B 940 a A 

10 385 a A 280 a A 

11 5140 d B 1280 a A 

12 3620 c B 695 a A 

The average followed by the same lowercase letter in the column and uppercase in the row does not differ from one 

another by the Scott Knott test at the 5% probability level. 

In figures 1 and 2, the evolution curve of coffee rust (Hemileiavastatrix) can be observed in the years 2010 and 2011, 

respectively. Treatment 10 (pyraclostrobin + epoxiconazole) in 2010 was the only product that kept the rust incidence curve 

less than 5% infestation, that is the infection maximum limit adopted to enter its control [14]. In 2011, all products used, 

except treatment 1 (Premier Plus: imidacloprid + triadimenol) maintained the infection level less than 5% infestation until 

May. From that month, the rust incidence increased, with only treatments 10 (Opera: pyraclostrobin + epoxiconazole) and 3 

(Verdadero: thiamethoxan + cyproconazole), maintaining the rust incidence under the control level. 

 

FIGURE 1. PROGRESS CURVE OF COFFEE RUST INCIDENCE AFTER FUNGICIDES AND INSECTICIDES 

APPLICATION IN THE RESPECTIVE CROP - 2010 
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FIGURE 2. PROGRESS CURVE OF COFFEE RUST INCIDENCE AFTER FUNGICIDES AND INSECTICIDES 

APPLICATION IN THE RESPECTIVE CROP – 2011. 

Among the treatments with fungicide action, T10 was one of the best in rust control. This fact may be associated with the 

effect of the active ingredient pyraclostrobin, belonging to the chemical group of strobilurins, present in the fungicide 

formulation consisting of the mixture of two chemical groups (triazole + strobilurin). Triazoles have recently been associated 

with composite formulations containing strobilurins, and strobilurin has emerged as a new concept in the fungal diseases 

control and has provided several physiological effects in varied crops such as soybean, wheat and corn [15].  

Also, noteworthy the T3, T4 and T5 treatments, that present in common the thiamethoxan in its composition. The T3 in 

combined insecticidal fungicide action (cyproconazole + thiamethoxam), but the T4 and T5 has insecticidal action and in this 

context, the rust control could be justified by the vigor increase and biomass accumulation and, consequently, increase the 

plants resistance, so reducing infections possibility [6]; [16]. 

In 2010, there was a higher resistance of pathogen, that is, there was a higher rust incidence than in 2011. This fact is 

associated with higher coffee productivity in 2010 (Table 5), because in high-load years, coffee tree tends to present higher 

rust infection levels, making difficult to control it, since the disease pressure is higher than in years of low hanging load, due 

to the reserves mobilization for fruit nutrition, leaving the plant more vulnerable to pathogens attack [17]. 

Considering the coffee productivity, the 2009/2010 and 2011/2012 harvests presented higher productivity than the 2010/2011 

harvest. This fact may be associated with the coffee bienniality, that is characterized by annual alternation of high and low 

productivities, and is commonly attributed to the plant reserves decrease in harvests-years with high productivities, which 

causes, due to the lower plagiotropic branches growth the production in the following year is low [18]; [19]; [20]. 

In the phytosanitary analysis action on productivity, it was verified that it varied according to the harvest evaluated. 

According to the table 4, it can be observed that for the 2009/2010 harvest the T1, T2, T4, T6, T7, T8, T9 and T12 presented 

higher productivities than the control (T11, without pesticides application), ranging from 73.28 to 89.18 bag/ ha. The T3, T5 

and T10 treatments did not differ from T11 (without pesticides application), presenting the lowest productivities. 
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TABLE 5 
AVERAGE PRODUCTIVITY, IN 60 KG BAGS OF COFFEE BENEFITED/HA FROM COFFEE TREES TREATED WITH FUNGICIDES 

AND INSECTICIDES TO RUST AND LEAF MINER CONTROL RESPECTIVELY, IT WAS EVALUATED IN THE HARVESTS - 

2009/2010, 2010/2011 AND 2011/2012, IN THE MUNICIPALITY OF SÃO SEBASTIÃO DO PARAÍSO - MG 

Treatments Productivity 2010 Productivity 2011 Productivity 2012 

1 76.06 b B 13.50 a A 64.98 d B 

2 75.67 b C 14.12 a A 54.40 c B 

3 67.61 a C 15.50 a A 47.49 b B 

4 74.32 b B 12.52 a A 66.80 d B 

5 56.99 a C 16.53 a A 42.33 b B 

6 76.53 b C 14.32 a A 63.16 d B 

7 73.28 b C 15.87 a A 35.88 a B 

8 89.18 b C 13.50 a A 53.90 c B 

9 79.57 b C 11.92 a A 47.95 b B 

10 67.69 a B 15.87 a A 26.78 a A 

11 64.48 a C 14.17 a A 26.95 a B 

12 78.22 b C 8.34 a A 41.66 b B 

VC1 = 20.48 

VC2 = 15.72 

The averages followed by the same lowercase letter in the column and uppercase in the row do not differ between them 

Scott Knott's test at 5% probability. 

For the 2010/2011 harvest, there was no significant difference as the productivity among all treatments and the control. 

However, in the 2011/2012 harvest, there was variability among treatments, as there was separation in four groups. The first 

group consisted of T7, T10 and T11 treatments (productivity ranging from 26.78 to 35.88 bag/ha). The second group 

consisted of T3, T5, T9 and T12 treatments (41.66 to 47.95 bag/ha). The third group consisted of T2 and T8 treatments 

(54.44 and 53.90 bag/ha, respectively) and in the fourth group remained T1, T4 and T6 treatments that presented higher 

productivity, with values 64.98, 66.80 and 63.16 bag/ha, respectively. The T10 treatment (Opera = pyraclostrobin + 

epoxiconazole) was observed with lower productivity in 2010 and 2012, which did not differ from the T11 control. Similar 

results were found by Pinto et al., 2011, wherein the strobilurins use did not interfere with soybean productivity, but results 

differ from those found by [21], wherein the strobilurins application positively influenced bean production and yield. 

In this study, independent of the harvest evaluated, it was observed that the exception of T7 (chlorantraniliprole) and T8 

(chlorantraniliprole and thiamethoxan) treatments, there was phytosanitary action to increase the plants vigor compared to the 

control (Table 6). However, there was no significant difference among the number of nodes of plagiotropic branches, indicating 

that there was no action of different phytosanitary products on the growth of the coffee branch in adult cultivation of coffea 

arabica cv. Catuaí IAC 144. Therefore, the vigor increase can be caused by the controlled rust and the leaf miner, maintaining 

the plant foliage. 

TABLE 6 

AVERAGE NUMBER OF NODES IN THE PLAGIOTROPIC BRANCH (NN) AND COFFEE TREES VIGOR TREATED 

WITH FUNGICIDES AND INSECTICIDES TO CONTROL RUST AND LEAF MINER. 
Treatments NN Vigor 

1 21.90 a 9.5 b 
2 21.21 a 9.5 b 

3 20.96 a 8.5 b 
4 22.01 a 9.0 b 

5 21.56 a 9.0 b 
6 21.97 a 9.75 b 

7 20.77 a 5.5 a 

8 20.09 a 6.0a 
9 20.94 a 9.5 b 

10 20.39 a 8.0 b 
11 20.74 a 5.5 a 

12 20.80 a 8.0 b 

VC1 (%) 11.38 9.52 
VC2 (%) 7.38 8.90 

Average followed by the same letter does not differ by Scott Knott's test at 5% probability. 
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In general, the T4 treatment had an efficient action in the miner and rust control, and the T6 treatment in the leaf miner 

control, allied to greater productivity and vigor in both high-load years (2010 and 2011). It is noteworthy in these treatments, 

the insecticide thiamethoxan application in two seasons (November and February), so according to [6] can result in high 

photosynthetic rate, increased vigor expression and deeper roots. This higher photosynthetic rate and deeper root system 

keeps the plant better nourished and consequently more tolerant to pathogen attack. 

IV. CONCLUSION 

The Thiamethoxan + Cyproconazole application in November with a complementary Thiamethoxan application in February 

were more efficient for the coffee leaf miner control and provided greater vigor and productivity to the coffee tree. 
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Abstract— Field experiment was conducted to study the impact of sulfur (S) and boron (B) on yield and yield component of 

broccoli. Sulfur was applied @ 0 (control), 20 and 40 kg ha
-1

 as elemental sulfur while B was applied at the rate 0, 1 and 1.5 

kg ha
-1

 as borax along with a basal dose of N,P and K @ 120, 90 and 60 kg ha
-1

. All the fertilizers were applied at the time of 

sowing. The experimental design used was randomized complete block design (RCBD) with three replications. The data on 

plant height, number of leaves, flower diameter, head yield and biological mass were recorded along with S and B 

concentration in soil after crop harvesting. The result revealed that yield and yield parameter increased with increasing 

levels of S and B with higher head yield, flower diameter and plant height were observed when 40 kg ha
-1

 S and 1.5 kg ha
-1

 B 

were applied. It was further noted that head yield and head diameter were non-significant when averaged across the B 

treatment between 20 and 40 kg ha
-1

 applied S but significant from control. Similarly, when the yield parameters were 

average across the S treatment, there was a significant and linear increase with higher B level. Soil analysis showed that 

both B an S concentration in soil increased by increasing level of applied S and B. So the optimum level of S and B for 

broccoli was 40 and 1.5 kg ha
-1

respectively for higher yield of broccoli. 

Keywords— Boron, broccoli, growth and yield, Sulfur. 

I. INTRODUCTION 

Broccoli (Brassica oleraceaitalica)is a green edible vegetable in the cabbage family, whose flower head is utilized for 

cocking. Its cultivation originated in Italy. Broccolo, its Italian name, means "cabbage sprout". Because of its different 

components, this vegetable provides a complex of tastes and textures, ranging from soft and flowery (the florets) to fibrous 

and crunchy (the stem and stalk). Its color can vary as deep sage, dark green and purplish-green, depending upon the variety 

[1, 2]. Broccoli is better adapted to tolerate comparatively high temperature [3]. Unlike cauliflower, broccoli produces 

smaller flowering shoot from the leaf axile if the main apical flower bud is removed. Consequently a field of broccoli may be 

harvested over a considerable period of time. This food is very low in saturated fat and cholesterol. It is also a good source of 

protein, vitamins (A, C, E, K and B6), thiamin, riboflavin, pantothenic acid, calcium, iron, magnesium, phosphorus, 

selenium, dietary fiber, folate, potassium and manganese. Broccoli also contains large concentrations of caroteniods, which 

have preventive qualities with regards to human cancer [4,5] demonstrated that fresh broccoli heads contain relatively high 

levels of glucosinolates and flavonoids that may be chemoprotective against human cancer. Broccoli is a cool-weather crop 

that does poorly in hot summer weather. It grows best when exposed to an average daily temperature between 18 - 23 °C 

[6].It is an important vegetable crop and has high nutritional and good commercial value [7].Nowadays, broccoli attracted 

more attention due to its diverse use and great nutritional value [8,9]. Broccoli is known as the “Crown jewel of nutrition” for 

its vitamin rich, high in fiber, and low in calorie properties [10]. 

Broccoli is grown all over the world. In 2012, total production all over the world was 21,266,789tons. China produced 

maximum broccoli (9,596,000 tons) followed by India (7,000,000 tons) while Pakistan was at number eight in broccoli 

production by  producing  224,000 tons  in 2012[11]. Successful production of broccoli depends on various factors of which 

http://en.wikipedia.org/wiki/Brassicaceae
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fertilizer application is the most important one. Generally, large amount of inorganic fertilizers are applied to vegetable for 

higher yield and for maximum growth [12,13].   

Sulfur, an essential plant nutrient, accounts for 0.2 to 0.25% (20 to 50g kg
-1

) of plant dry matter. It is rapidly incorporated 

into organic molecules, the first stable organic S-compound being cysteine, and methionine, are the most important S-

containing amino acid in plants which  serve as building block of protein[14]. In plants, about 90% amino acids contain 

sulfur. It is a primary constituent of protein because three amino acids (cysteine, cystine and methionine) contain sulphur. It 

helps in formation of chlorophyll. It also helps in synthesis of oil and is therefore very much essential for oil seed crops. It 

keeps enzymes active and helps in regulation of biochemical reaction. It increases crop yield and improves produce quality 

[15]. Sulphur is present in soil in organic and inorganic forms. The organic S accounts for more than 95% of the total S in 

most soils of humid and semi humid regions [16]. The quantity of organic and inorganic S in a soil sample changes usually 

according to soil type and depth of sampling. In poorly drained or water logged soils, the main forms of inorganic S in soils 

is sulfide and often elemental S [17]. Major factors affecting forms of sulphur are organic matter, texture, climate, altitude, 

salt content, vegetation, leaching, cropping intensity, flooding and carbonates. Transformation of added S is more complex 

when organic or elemental/sulfide sources are used as compared to sulfate sources. 

Sulphur fertilizers help to enhance the uptake of N, P, K, and Zn in plants. Due to the synergistic effect of S on these 

elements, their efficiency is enhanced which result in increased crop productivity [16]. Sulphur fertilization is a feasible 

technique to suppress the plant uptake of undesired toxic elements because of the antagonistic relationship between S and 

other elements including Mg, Mo, and Se. Thus S fertilizers are not only useful in increasing crop production and quality of 

produce but also in improving soil condition for crop growth. 

Boron is one of the recognized micro nutrients for plant growth and production. Boron is essential for plant growth and 

development. It is known to play role in cell division, water relations, ion absorption, IAA and carbohydrates metabolism, 

translocation of sugars, fruit and seed development and its deficiency may affect all these processes [18,19]. Its application to 

the soil increased head yield of broccoli [20]. A great deal of attention has been given to studying the effect of B supply on 

behavior of cations such as K
+
, Ca

++
, Mg

++ 
 and Na

+
 in various crop species, but information on the behavior of anions, 

specially phosphorous, is limited. The early work of [21] indicated that B deficiency in corn and broad beans reduced the 

capacity for the absorption of PO4 due to the reduced ATPase activity, which could be rapidly restored by the addition of 

boron. Later on [22] reported that B plays role in  biochemical process in  plants e.g. carbohydrates metabolism and transport 

of sugar through membranes, nucleic acids (DNA and RNA) synthesis, tissue development and formation of cell walls. All 

these functions are closely related to phosphorous. Therefore, it can be assumed that the borate ions may be fixed in the cell 

wall as an organic complex and would be responsible for a change in the permeability of the cell wall, resulting in a 

reduction of phosphate uptake and carbohydrates, under the deficient and toxic conditions of added boron. It deficiency 

causes many anatomical, physiological and biological changes. Hollow stem disorder is a major problem for broccoli 

production and is commonly associated with B deficiency [23]. 

Among the essential micronutrients, boron and molybdenum play vital role in developing the economic plant parts of crop 

plants. Due to boron deficiency water soaked areas appear on the stem and head surface. Gradually the stem becomes hollow 

and curd turns brown. Again the molybdenum deficiency appears on young plant with chlorosis of leaf margins and 

gradually the whole leaf turns white. As a result the leaf blade fails to develop properly and only the midrib portions develop 

resulting sword like appearance of leaves giving whiptail symptom. Besides, the quantity of boron and molybdenum depend 

on soil type, soil reaction and the extent of deficiency [24]. 

II. MATERIALS AND METHODS 

The present research was conducted during the winter season using broccoli (Var premium) as a test crop to determine the 

influence of sulfur and boron on the growth and yield of broccoli in Agriculture Research Institute, Khyber Pakhtunkhwa. 

There were nine treatments combinations consisting of different levels of B and S along with basal doses of N, P, and K as 

given in (Table 1). All S and B were applied in bands at the time of sowing. The experiment was laid out in a randomized 

complete block design with three replications. After seven days of fertilizer application, 25-days old seedlings of Broccoli 

were transplanted to a 3x2 m
2
 plot with 60 cm row to row and 45cm plant to plant distance. For proper seedling 

establishment, irrigation was given for seven days after transplanting. Other culture practices were adopted as and when 

required. The data on plant height, number of leaves per plant were recorded in each plot. Secondary heads were taken and 
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marketable head yield was recorded at each harvest per plot in grams and was converted into yield in tons per hectare. Data 

on head diameter and marketable head weight per plant (terminal + lateral heads) was recorded in each plot. Six core samples 

were collected from each plot with the help of core sampler at a depth of 0-30 cm before and after harvesting. The samples 

from each plot were composted, properly packed, labeled and were brought to the laboratory of Soil Fertility Section, 

Agricultural Research Institute, Mingora, Swat. The samples were air-dried, ground, passed through 2mm sieve and were 

stored in the laboratory for the following physico-chemical analysis, including pH, EC, texture, lime, organic matter, AB-

DTPA extractable phosphorus and total nitrogen. After harvesting, each plot was sampled separately and analyzed for boron 

and sulfur. Soil texture was determined by hydrometer method [26]. Electrical conductivity (EC) of soil was determined in 

soil water (1:5) suspension. Ten g soil sample was shaken with 50 mL distilled water for 30 minutes. After filtering, EC of 

the extract was determined with the help of EC meter [27]. Soil pH was determined in soil water (1:5) suspension. Ten g soil 

sample was shaken with 50 mL distilled water for 30 minutes. After filtering, pH of the extract was read for pH with the help 

of pH meter using combined hydrogen and calomel electrod [28]. 

Organic matter in soil was determined by the modified method [29]. Soil total N was determined calorimetrically, following 

the Kjeldahl procedure [17].AB-DTPA extractable P and K were measured in the soil by [30]. Fifty mL 0.001 M CaCl22H2O 

reagent was added to a 25g soil sample then  shaken for 30 minutes  and was filtered by Whatman 42 No filter paper. One 

mL extract was taken in a 25 mL volumetric flask.  Five mL mixed acid reagent and 1 mL acid sulfate were added, and was 

mix thoroughly. Let it to stand for three minutes. Then a 0.5 g BaCl2-2H2O fine powder was added. After this mL gum acacia 

reagent was added and was mixed again thoroughly and SO4-S was determined on spectrophotometer with standard solutions 

at [31]. The concentration of extractable B in soil was determined by dilute HCl procedure.  

TABLE 1 

EXPERIMENTAL TREATMENTS OF DIFFERENT FERTILIZERS. 

Treatments N (kg ha
-1

) P2O5(kg ha
-1

) K2O (kg ha
-1

) S (kg ha
-1

) B (kg ha
-1

) 

T1 120 90 60 0 0 

T2 120 90 60 20 0 

T3 120 90 60 40 0 

T4 120 90 60 0 1 

T5 120 90 60 0 1.5 

T6 120 90 60 20 1 

T7 120 90 60 40 1 

T8 120 90 60 20 1.5 

T9 120 90 60 40 1.5 

N= Nitrogen, P2O5 = Phosphorous penta oxide, K2O = Potassium dioxide, S= Sulfur, B= Boron. 

2.1 Statistical analysis 

Statistical Replicated data were analyzed using Statistix 8.1 software using factorial analysis. Means were compared using 

least significant difference (LSD) test [32]. 

III. RESULTS AND DISCUSSION 

3.1 Results 

3.1.1 Physico-chemical characteristics of the experimental soil 

The results of physic-chemical characteristics of soil sample collected for 30 cm depth and its evaluation for fertility status 

are shown in Table 2.Physico-chemical characteristics of experimental site showed that the soil was silt loam, slightly acidic 

(6.0) non saline, slightly calcareous (2.6) and marginal in organic matter(1.18%). 
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TABLE 2 

PHYSICO CHEMICAL ANALYSIS OF THE EXPERIMENTAL FIELD 

Physico chemical analysis Unit Value 

Texture - Silt loam 

pH - 6.0 

EC dSm
-1

 0.16 

Organic matter % 1.11 

Lime Content % 2.60 

P mgkg
-1

 5.05 

K mg kg
-1

 37.5 

Total N % 0.02 

 Mineral N (NH4+NO3-N) mg kg-
1 

 
16.63 

SO4-S mg kg
-1

 11.3 

Boron mg kg
-1

 0.26 

EC= Electrical conductivity, P= Phosphorous, K= Potassium, N= Nitrogen, So4-S = Sulfate sulfur 

Fertilility evaluation of the soil reveled that it was deficient in total N (0.028%), K(37.5mg kg
-1

) B(0.26 mg kg
-1

) whereas 

marginal in available SO4-S(11.3 mg kg
-1

) and P (5.50 mg kg
-1

). Ali (2008) reported similar physic-chemical characterization 

of soil while working on sulfur mineralization in important soil series of Khyber Pakhtunkhwa. 

3.1.2 Yield and yield parameter Data 

3.1.2.1 Plant Height (cm)  

When the plant height values were averaged (Table 3) across the sulfur treatments, there was a significant and linear increase 

in plant height with increasing B application being significantly (p<0.05) higher when higher level of B was applied. 

Similarly, when the values were averaged cross the B treatment there was significant plant height increased with the addition 

of Sulfur. However, there was no significant difference between the two S treatments while significantly deficient from 

control where no sulfur was applied. The interaction of S and B was non-significant even though comparatively higher plants 

were noted where higher B and S doses were applied compared to control. 

TABLE 3 

PLANT HEIGHT, NUMBER OF LEAVES, FLOWER DIAMETER, BIOLOGICAL YIELD, HEAD YIELD OF BROCCOLI 

AS AFFECTED BY B AND S APPLICATION. 

Boron (kg ha
-1

) 
Plant height 

(cm) 

Number of 

leaves 

Flower 

Diameter(cm). 

Biological yield (t 

ha
-1

) 

Head yield 

(t ha
-1

) 

0 30   
c
 15.44 

c
 24.91 

c
 132.89 

c
 18.05

 c
 

1 32.58 
b
 16.89  

b
 26.40 

b
 164.04  

b
 20.69 

b
 

1.5 35.70 
a
 17.56  

a
 28.42 

a
 215.77  

a
 23.08 

a
 

LSD 0.05 0.68 0.60 0.42 9.58 1.4 

Sulfur (kg ha
-1

)      

0 31.96 
c
 15.44 

c
 25.17 

b
 160.04 

b
 19.25 

b
 

20 32.80 
b
 16.78 

b
 27.37 

a
 172.90 

a
 21.33 

a
 

40 33.85 
a
 17.67 

a
 27.18 

a
 179.76 

a
 21.24 

a
 

LSD 0.05 0.68 0.60 0.42 9.58 1.4 

Interaction      

B x S NS NS NS NS NS 

Means in similar category of columns and rows with different alphabets(superscripts) differ significantly from each other 

at p<0.05 using LSD,NS= non significant. B= Boron, S= Sulfur. 
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3.1.2.2 Number of leaves plant
-1

 

When the number of leaves plant
-1

 values were averaged (Table 3) across the sulfur treatments, there was a significant and 

linear increase in number of leaves plant
-1

 with increasing B application being significantly (p<0.05) higher when higher 

level of B was applied. Similarly, when the values were averaged cross the B treatment there was significant number of 

leaves plant
-1

 increased with the addition of Sulfur. However, there was no significant difference between the two S 

treatments while significantly deficient from control where no sulfur was applied. The interaction of S and B was non-

significant even though comparatively higher number of leaves plant
-1

 were noted where higher B and S doses were applied 

compared to control.   

3.1.2.3 Flower diameter (cm) 

When the head diameters values were averaged (Table 3) across the sulfur treatments the results, there was a significant and 

linear increase in head diameter with increasing B application being significantly (p<0.05) higher when higher level of B was 

applied. Similarly when the values were averaged across the B treatment there was significant head diameter with the 

addition of Sulfur. However, there was no significant difference between the two S treatments while significantly deficient 

from control where no sulfur was applied. The interaction of S and B was non-significant even though comparatively broader 

flower were noted where higher B and S doses were applied compared to control. 

3.1.2.4 Head yield (tha
-1

) 

When the head yield values were averaged across (Table 3) the sulfur treatments, there was a significant and linear increase 

in head yield with increasing B application being significantly (p<0.05) higher when higher level of B was applied. Similarly, 

when the values were averaged cross the B treatment there was significant head yield increased with the addition of Sulfur. 

However, there was no significant difference between the two S treatments while significantly deficient from control where 

no sulfur was applied. The interaction of S and B was also significant. Higher head yield were noted where higher B and S 

doses were applied compared to control.   

3.1.2.5 Biological Yield (t ha
-1

) 

When the biological yield values were averaged (Table 3) across the sulfur treatments, there was a significant and linear 

increase in biological yield with increasing B application being significantly (p<0.05) higher when higher level of B was 

applied. Similarly, when the values were averaged cross the B treatment there was significant biological yield increased with 

the addition of Sulfur. However there was significant difference between the two S treatments while significantly deficient 

from control where no sulfur was applied. The interaction of S and B was non-significant even though comparatively higher 

biological yield were noted where higher B and S doses were applied compared to control.   

3.1.2.6 Concentration of Boron in soil after harvesting 

Boron concentration in soil after harvesting broccoli is presented in table 5. Statistical analysis of the data revealed that B 

application has significantly (p<0.05) increased its concentration in soil. In case of B application maximum concentration 

1.27 kg ha
-1

 was recorded when 1.5 kg B ha
-1

was applied while minimum 0.35 kg ha
-1

 was obtained in control having no B. 

Interaction of B*S on concentration of boron in soil after harvesting was also statistically significant. Maximum 

concentration was found by B3*S2 (1.43 kg ha
-1

) followed by B3 * S3 (1.04 kg ha
-1

) while minimum was obtained by where 

neither B nor S was applied. 

3.1.2.7 Concentration of Sulfur in soil after harvesting 

Table 4 shows the data pertaining to the concentration of sulfur in soil after harvesting Statistic analysis of the data revealed 

that S had significantly (p<0.05) affected the concentration of sulfur. In case of S application, maximum concentration (43.31 

kg ha-1) was found in S3 and minimum concentration (12.16 kg ha-1) was found in S1. The addition of B significantly 

reduced S concentration. 
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TABLE 4 

CONCENTRATION OF BORON AND SULFUR IN SOIL AFTER HARVESTING 

Boron (kg ha
-1

) Concentration of B Concentration of S 

0 0.35
c
 25.68 

a
 

1 0.82 
b
 26.51

 a
 

1.5 1.27 
a
 24.464 

b
 

LSD 0.05 7.78 0.86 

Sulfur (kg ha
-1

)   

0 0.83 
b
 12.16

c
 

20 0.87 
a
 21.18

b
 

40 0.74 
c
 43.31 

a
 

LSD 0.05 7.78 0.86 

Interaction   

B x S NS NS 

Means in similar category of columns and rows with different alphabets (superscripts) differ significantly from each other 

at p<0.05 using LSD-NS= non significant. 

3.2 Discussion 

Data presented in table 4 revealed that B and S had significant positive effect on plant height of broccoli while interaction 

between boron and sulfur was statistically non-significant. Increased plant height was recorded by treatment receiving boron 

and sulfur at the rate of 1.5 kg ha
-1

 and 40 kg ha
-1

 respectively. Enhanced carbohydrates metabolism, formation of cells and 

tissue development due to applied boron and increased photosynthetic activities due to S might have caused increase in plant 

height. These results are in agreement with Azza [23]. 

Increased photosynthetic activities and enhanced uptake of nutrients due to sulfur, and improved metabolic activities due 

boron might have resulted in more leaves per plant. These results confirmed by earlier work Cakmak [24]. Results of the 

present study are also in agreement with Yang Xian [20] who found that S,B, Zn and Mo had significant effects on growth 

and yield parameters like numbers of leaves per plant, head weight of broccoli. 

The data revealed that head diameter was significantly affected by B application at p < 0.05. However, effect of S alone and 

the interaction between B and S was non-significant. Higher diameter was obtained by plot receiving 1.5 kg B ha
-1

 and 20 kg 

S ha
-1

. This increase in head diameter might be attributed to the role of B and S in much biochemical process within the 

plants like carbohydrates metabolism, transport of sugar through membranes, tissue development, formation of cell walls, 

help in cell division, and sulfur increase in chlorophyll content which increases photosynthetic activities. These results agree 

with Moniruzzaman [26] who studied that S,B, Zn and Mo had significant effects head diameter, main head weight of 

broccoli. The finding of present study is also supported by Shelp [20] who found that Mo and B application significantly 

increased head diameter, weight and yield of cauliflower. 

Data presented in Table 4 revealed that B, S and their interaction had significant (p<0.05) effect on head yield of broccoli. 

Optimum yield was obtained by treatment receiving 1.5 kg B ha
-1

 and 20 kg S ha
-1

. This might be due the fact that B plays 

roles in many biochemical process in plants like carbohydrates metabolism and transport of sugar through membranes, tissue 

development and formation of cell walls and help in cell division. Sulfur increases chlorophyll content which improves 

photosynthetic activities [34,17]. These results agree with Yang Xiang [15] who observed that application of nitrogen and 

boron at specific rate increased head yield and quality of broccoli. Similarly Ali [22] also obtained significantly maximum 

head yield in broccoli by the application of boron. These results also agree with Bharathi [35] who reported that S,B Zn and 

Mo had significant effects on growth and yield parameters viz. plant spread, numbers of leaves per plant, head diameter and 

main head weight of broccoli. 

The data revealed that B and S and has significant (p<0.05) positive effect on biological yield of broccoli while interaction 

between boron and sulfur was statistically non-significant. Optimum biological yield was obtained by treatment receiving 

Boron at the rate of 1.5 kg ha
-1

 and Sulfur at the rate of 20 kg ha
-1

. This might be due the biochemical function of boron in 

plants  is carbohydrates metabolism and transport of sugar through membranes, tissue development and formation of cell 

walls and help in cell division and sulfur increase chlorophyll content which increases photosynthetic activities. These results 
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agree with Aulakh [36] who observed that application of nitrogen and boron at specific rates increased wet bio mass, head 

yield and quality of broccoli. 

Data regarding on boron concentration in soil after harvesting of Broccoli are presented in table 8. Statistical analysis of the 

data revealed that both B has significantly (p<0.05) affected the concentration in soil. In case of B maximum concentration 

was obtained by B3 (1.2778 kg ha
-1

) while minimum was obtained by B1 (0.3511 kg ha
-1

). Interaction B * S on concentration 

of boron in soil after harvesting of broccoli was statistically significant (p<0.05). The maximum concentration was found by 

B3 * S2 (1.4300 kg ha
-1

), followed by B3 * S3 (1.043 kg ha
-1

) while the minimum was obtained by B1 * S1 (.2700 kg ha
-1

). 

Data regarding on the concentration of sulfur in soil after harvesting of Broccoli are presented in table 8. Statistical analysis 

of the data revealed that S had significantly (p<0.05) affected the concentration of sulfur in soil. In case of S, maximum 

concentration was found in S3 (43.313 kgha
-1

) and minimum concentration was found in S1 (12.162 kg ha
-1

).)  Interaction 

effect of boron and sulfur (B * S) on concentration of sulfur in soil of broccoli was statistically significant (p<0.05). The 

maximum yield was obtained by B2 * S3 (44.517 kg ha
-1

), followed by B3 * S3 (41.57 kg  ha
-1

) while the minimum was 

obtained by B1 * S1 (11.787  kg ha
-1

). 

IV. CONCLUSION 

From the present findings of this study summarized above in results it is concluded that: Boron and sulfur enhance the 

production of broccoli. Optimum yield of broccoli was obtained when sulfur was applied at the rate of 40 kg ha
-1

 and boron 

at the rate of 1.5 kg ha
-1

.For optimum yield, 40kg S ha
-1

and 1.5 kg B ha
-1

 is recommended dose for obtaining optimum yield 

of broccoli in agroclimatic region of Khyber Pakhtunkhwa Pakistan. 

ACKNOWLEDGEMENTS 

Author is thankful to Sindh Agriculture University, Tandojam Pakistan for providing financial assistance for this project.  

REFERENCES 

[1] Yildirim, E., I. Guvenc , M. Turan, and  A. Karatas, (2007). Effect of foliar urea application on quality, growth, mineral uptake and 

yield of broccoli (Brassica oleracea L., var. italic).Plant Soil Environment, 2007. 53(3): p. 120–128. 

[2] Jena, D., A.K. Dash, B. Mohanty, B. Jena, and S.K. Mukhi, Interaction effect of lime and boron on cabbage -okra cropping system in 

boron deficient acidic laterite soils of Bhubaneswar. AnAsian journal of Soil science, 2009.4(1): 74-80. 

[3] Chander, G., T.S. Verma, and S. Sharma,  (2010). Nutrient content of cauliflower (Brassica   olerace L. Var. botrytis) as influenced 

bybBoron and Farmyard manure in North west Himalayan Alfisols. Journal of the Indian Society of Soil Science, 2010.  58(2): p. 

248-251.,  

[4] Deshbhratar, P. B., P.K. Singh, A.P. Jambhulkar,  and D.S. Ramteke, Effect of   sulphur and phosphorus on yield, quality and nutrient 

status of pigeonpea. (Cajanus Cajan). Journal of Environmental Biology, 2010. 31(6):p.  933-937. 

[5] Kaya, M., K. Zeliha , I. Erdal , Effects of elemental sulfur and sulfur containing waste on nutrient concentrations and growth of bean 

and corn plants grown on a calcareous soil. African Journal of Biotechnology, 2009.  8(18): p. 4481-4489. 

[6] Winkler, S., J. Faragher, P. Franz , M. Imsic, and R. Jones,  Glucoraphanin and flavonoid levels remain stable during simulated 

transport and marketing of broccoli (Bassicaoleracea L. var. italica) heads. Post harvest Biology and Technology, 2007. 43(1): p. 89-

94.   

[7] Smith, T.E., S.R. Grattan, C.M. Grieve, J.A. Poss,  and D.L. Suarez, Salinity’s influence on boron toxicity in broccoli, Impacts on 

yield, biomass distribution, and water use. Agricultural Water Management, 2009.97: p. 777–782. 

[8] Yoldas, F., S. Ceylan, B. Yagmur, and N. Mordogan, Effect of nitrogen fertilizer on yield quality and nutrient content in broccoli. 

Jornal of  Plant Nutrition, 2008. 31: p. 1333–43. 

[9] Ghosh, T.K., Nodulation and protein content of urd Influenced by different levels and methods of sulphur application. 

Environmentand Ecology, 1994.12: p. 916-917. 

[10] Talalay, P., and J.W. Fahey, Phytochemicals from Cruciferous plants protect against cancer by modulating carcinogen metabolism. 

American Society of Nutrition Science, 2001. 23: p. 3027–33. 

[11] Mahmud, S., J. Haider, M. Moniruzzaman, and M.R. Islam, Optimization of fertilizer requirement for broccoli under field condition. 

Bangladesh Journal of Agriculture Research, 2007. 32(3): p. 487-491. 

[12]  Stewart, M.W., W.D. Dibb , E.A. Johnston, and J.T. Smyth, The Contribution of Commercial Fertilizer Nutrients to Food Production. 

Journal of Agronomy, 2005. 97:p. 1–6. 

[13] Badr L.A.A., and W.A. Fekry, Effect of intercropping and doses of fertilization on growth and productivity of cucumber plants.1-

vegetative growth and chemical constituents of foliage.Zagazig Journal of Agriculture Research, 1998.25(8): p. 1087–1089. 

[14] Motior M.R., A.S. Abdou, H.A.D. Fareed, K.E. Tarabily, A. Mohamed, A.F. Golam, and M. Sofian-Azirun 2011. Influence of 

elemental sulfur on nutrient uptake, yield and quality of cucumber grown in sandy calcareous soil. Australian Journal of Crop Science, 

2011. 5(12):1610-1615. 



International Journal of Environmental & Agriculture Research (IJOEAR)            ISSN:[2454-1850]                [Vol-4, Issue-4, April- 2018] 

Page | 16  

[15] Yang, X, X.Y. Chen, and Z.C. Liu, Effects of boron and molybdenum nutrition on curd yield and active oxygen metabolism in broccoli 

(Brassica oleracea var. italica). Acta Horticulturae. Sinica, 2000.27(2): p. 112-116.  

[16] Sumantra, K., R.S. Tiwari, and S. Kar, Effect of sulfur on productively of cowpea. Annals of Agriculture Research, 1997. 18: p. 518-

519. 

[17] Hussein, M.A., Effect of boron on the yield, elemental content and quality characteristics of sugar beet grown in calcareous soil 

amended with sulphur. Alexandria Journal of Agricultural Research, 2002.  47(2): p. 201-207. 

[18] Chawdhury, S.K., and S. Kumar, 2002. Effect of FYM Molybdenum and boron application on yield attributes and yield of cauliflower. 

Crop Research, 2002. 24:p. 494-496. 

[19] Khurana, N., and C. Chatterjee , Low sulphur alters boron metabolism of mustard. Journal of Plant Nutrition, 2002. 25(3): p.671-678. 

[20] Shelp, B.J., R. Penner, and Z. Zhu, 1992. Broccoli cultivar response to boron deficiency. Canadian Journal of Plant Sciences, 1992.69: 

p. 1049-1053. 

[21] Kaisher, M.S., M.A. Rahman, M.H.A. Amin, A.S.M. Amanullah, and A.S.M. Ashanullah, 2010. Effect of sulphur and boron on the 

seed yield and protein content of mungbean. BangladeshResearch Publications Journal,2010. 3(4):p. 1181-1186. 

[22] Ali, R., M.J. Khatak, and R.A. Khatak, RA , Response of rice to different sources of Sulfur at various levels and its residual effect on 

wheat in rice-wheat cropping system. Soil and Environment, 2008. 27(1): p. 131-137. 

[23] Azza, A.M., M.S.M. Zanghlool, and A.A. Yaseen, Impact of boron fertilizer on growth and chemical constitunts of toxodiumdistichum 

grown under water regium. Journal of Agricuture Science, 20062: p. 412-420. 

[24] Cakmak, I., and V. Römheld  1997. Boron deficiency-induced impairments of cellular functions in plants. Plant Soil, 1997.193: p.71–

83. 

[25] Moniruzzaman, M., S.N. Mozumder, and M.R. Islam MR , Effects of sulfur, Boron, Zinc and Molybdenum on yield and profitability of 

broccoli. Journal of Agriculture and Rural Development, 2008. 1: p. 55-61.   

[26] Pathak, P.K., and S.K. Mitr, Effect of phosphorus, potassium, sulphur  and boron on litchi. Indian Journal of Horticulture, 2008.65(2): 

p. 137-140. 

[27] Islam M.H., M.R. Shaheb, S. Rahman, B. Ahmed, A.T. Islam and P.C. Sarker, Curd yield and profitability of broccoli as affected by 

phosphorus and potassium. 2010, International Journal of Sustainable Crop production 5(2): p. 1-12. 

[28] Sharma, A., P. Sharma, M.S. Brar,  and N.S Dhillon, Comparative response to sulphur application in Raya (Brassica Junceae) and 

wheat (Triticum aestivum) grown on light textured alluvial soils. Journal of the Indian Society of Soil Science, 2009. 57(1): p. 62 65. 

[29] Sharma, S.C., and L.C. Srivastava, 1993. Effect of different levels of sulphur on growth and yield of green gram. Indian Journal of 

Botany,1993. 41(4): p. 201-204. 

[30] Zhang, Y., L.J. Zhang, Y.G. Zhang, C.J.Li,  and F.S. Zhang, Effects of boron on pea seedling growth and the development of lateral 

buds of pea plant. Journal of Hebei Agricultural University,1997.20(3): p. 44-49. 

[31] VishwaKarma, S.K., R.S. Sharma, and S.K. Khatik, Influence of varying sources and levels of sulphur on characteristics and 

nodulation activity in soyabean. Journal of Soil and Crops, 1998. 8(20): p. 116-118 

[32] Tondon, V.R., and K.V. Mersick, Increase yield of chick pea by sulphur application. Indian Journal of Agricultural Science, 

2001.30(9): p. 61-67 

[33] H.E. Goldbach., and M.A. Wimmer, Boron in plants and animals. Journal of plant Nutrition Soil Science, 2007. 170(1): p. 39–48. 

[34] Vigier, B., and J.A. Cutcliffe, Effect of boron and nitrogen on the incidence of hollow stem of broccoli. Acta horticulture, 1984. 157: 

p. 303-308. 

[35] Bharathi, C., and S. Poongothai, 2008. Direct and residual effect of sulphur on growth, nutrient uptake, yield and its use efficiency in 

maize and subsequent green gram. Research Journal of Agriculture and Biological Sciences 4(5): p.368-372. 

[36] Aulakh, M.S., and N.S. Pasricha, Interaction effect of S and P on growth and nutrient content of moong (Phaseolus aurevs L).Plant 

and soil,1997. 47:p. 141-143. 



International Journal of Environmental & Agriculture Research (IJOEAR)             ISSN:[2454-1850]               [Vol-4, Issue-4, April- 2018] 

Page | 17  

About non – coding RNAs 
Firoozeh Chamandoosti 

Iranian Research Institute of Plant Protection, Agricultural Research, Education and Extension Organization (AREEO), 

Tehran, Iran PhD of Cellular and Developmental Biology, Assistant Professor of Iranian Research Institute of Plant 

Protection Department of Plant Diseases. 

Abstract— The central dogma of molecular biology states that DNA makes RNA and RNA makes protein. 

Recently, a large number of RNAs have been identified in animal and plants that have little or no protein – 

coding potential. Such RNA molecules have been discovered by the extensive applications of high – throughput 

sequencing technology. Non – coding RNAs (ncRNAs), which comprise a significant output of the genomes of 

prokaryotes and especially eukaryotes, are increasingly implicated in the molecular mechanisms that are being 

used for responding to biotic and abiotic stresses that occurred in living things life. The ncRNAs are a 

heterogeneous group of RNA molecules, which can be classified in different ways according to their location, 

length, and biological functions. In this review a brief description about non – coding RNAs will be brought 

especially in plants. 
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I. INTRODUCTION 

DNA makes RNA and RNA makes protein. This phrase has ruled as a dogma in biology for many years. But what rules in 

biology and or molecular biology is not so simple. In fact majority of the genetic material is transcribed into RNAs that don’t 

make protein. Studies of genome suggest that the protein coding regions represent only around 1 – 2% of the genome [158]. 

Non – coding RNAs (ncRNAs), which comprise a significant output of the genomes of prokaryotes and especially 

eukaryotes, are increasingly implicated in the molecular mechanisms that are being used for responding to biotic and abiotic 

stresses that occurred in plant life. Indeed, regulatory RNAs are part of genetically encoded response networks and also 

underpin epigenetic processes, which are emerging as key mechanisms of adaptation and transgenerational inheritance [112]. 

Non – coding RNAs also capable of changing the conformational activity of many critical proteins [113]. Subcellular 

localization of proteins that mediated by non – coding RNAs has been described in plants as well [4]. Immune related 

diseases are controlled by lncRNAs (one of the types of non – coding RNAs) in both human and plants [158] and many other 

examples of roles played by non – coding RNAs in (Plants).  

II. CLASSIFICATION OF NON – CODING RNAS 

Non – coding RNAs are divided on different bases. Based on a general division they are roughly classified into either short 

ncRNAs with less than 200 nucleotides or long ncRNAs (lncRNAs) with more than 200 nucleotides. But the number and the 

variety of non – coding RNAs is more than for this classification. So that the percentage of non – coding RNA counts for 

more than 98% of total transcripts [20]. Increasing data showed that noncoding portions of RNA have been broadly involved 

in regulating the complexity of organisms and the complexity of RNA sequence increases the ability of cells to store the huge 

information in genome [78 and 81]. In addition to the long and short those non – coding RNAs with less than 200 nucleotides 

classified into microRNA (miRNA), small interfering RNA (siRNA), and piwi – interacting RNA (piRNA) [50]. As already 

mentioned non – coding RNAs are divided on different bases for example lncRNAs could be grouped by its position of their 

target genes: overlap, when it share same sequence with protein coding transcripts; intergenic, when the lncRNA located 

between the coding regions of two protein; intronic, when it sits in between two genes of one protein [79]. In addition to the 

position, the directions of transcripts and lncRNA also play an essential function for lncRNA’s regulation. Therefore, it could 

be further divided to sense; antisense and bidirection three types [109]. 

Non – coding RNAs can also be considered as a large and diverse collection of polyadenylated or nonpolyadenylated 

transcripts with low protein – coding potential. Although housekeeping RNAs (e.g. ribosomal RNAs) and primary transcripts 

of microRNAs (miRNAs) also fall into this definition [68]. Most of the intergenic regions of Arabidopsis, rice and corn 

encode lncRNAs that become polyadenylated and their encoding genes are thought to be transcribed by polymerase II with 

some being transcribed by PolIV and/or PolV [37; 136; 80; 89; 67; 140; 151]. In addition, various types of unstable lncRNAs 

can also be transcribed from the genomic regions around transcription start sites, enhancer regions, intron splicing sites 

and/or transcription termination sites [35; 119; 138; 53; 117; 41]. 
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A widely accepted view considers only stable lncRNAs transcribed by RNA polymerase II as ‘typical lncRNAs’ [57]. 

 Nonpolyadenylated can be classified as a group of novel transcripts which are 50 – 300 nt in length that have been detected 

in the model plants Arabidopsis and Rice [143and 149] and they are named intermediate – sized ncRNAs (im – ncRNAs) 

[149].  

Nonpolyadenylated ncRNAs can be circular in structure, and indeed, plant viroids were the first to be characterized as 

circular RNA (cRNA) molecules some 38 years ago [51]. Since then, several cRNAs have been found to naturally exist in 

other viroids and eukaryotes [19; 23; 11). A recent report identified thousands of cRNAs in human, which were generated 

from back – spliced exons [130; 76; 77; 149]. Circular RNAs have been suggested to function as target mimics of 

microRNAs (miRNAs) to compete with endogenous RNA – p lants [72; 97; 157; 48]. Although cRNA and target mimicry 

mechanism were originally discovered in plant viroids and plants, respectively [72] and 51), to date, cRNAs have not yet 

been identified on a genome wide scale in plants. 

III. BIOGENESIS OF NON – CODING RNAS 

As previously mentioned the main basis for the division of non – coding RNA is their length. Accordingly a brief explanation 

of the biosynthesis of each of these is given.  

3.1 Biogenesis of small non – coding RNA 

Small 21 – to 25 – nt, noncoding RNAs are important regulators of gene expression in both plants and animals [63; 30; 87]. 

These small RNAs can be divided into two classes: micro – RNAs (miRNAs) and short interfering RNAs (siRNAs). 

miRNAs are found in a number of multicellular eukaryotes [144; 63;30] and are generated from longer hairpin precursors by 

the Ribonuclease III – like enzyme Dicer. After incorporation into an Argonaute – containing RNA Induced Silencing 

Complex (RISC) [44; 43 ], base pairing between miRNAs and complementary target mRNAs guides sequence – specific 

translational inhibition or transcript cleavage [30]. miRNAs have a well – documented role in allowing developmental 

regulation of multigene families (65; 63; 30]. siRNAs differ from miRNAs in that they are generated from long double – 

stranded RNAs. siRNAs were first identified in plants undergoing posttranscriptional gene silencing (PTGS[8]), and 

subsequently diverse sets of endogenous siRNAs have been found in plants and animals (26; 125; 144; 2; 45; 21]. The 

biogenesis of small RNAs in plants is especially complex. In Arabidopsis, there are four Dicer – like (DCL) proteins [127], 

six predicted RDRs [116], and ten predicted Argonautes [60]. DCL1 is required for the production of 21 – nt miRNAs and 

trans – acting siRNAs (tasiRNAs) [147; 13; 40]. Allen et al. (2005) [32] demonstrated that an initial DCL1 – dependent, 

miRNA guided cleavage of tasiRNA primary transcripts sets the 21 – nt phase for accurate tasiRNA formation. DCL4 is 

responsible for the processing of 21 – nt tasiRNAs [145; 160; 108]. Generation of tasiRNAs also involves RNA – D 

EPENDENT RNA POLYMERASE 6 (RDR6) and SUPPRESSOR OF GENE SILENCING 3 (SGS3) [13 and 40]. DCL2 is 

involved in the production of some viral siRNAs [161] and may substitute for DCL3 or DCL4 when they are absent [145]. 

DCL3 and RDR2, as well as the RNA polymerase IV encoded by NRPD1A/SILENCING DEFECTIVE 4, cooperate in 

generating heterochromatin – associated 24 – nt siRNAs from various retroelements and transposes, 5S ribosomal RNA 

genes, endogenous direct and inverted repeats, and transgenes containing direct repeats [132; 161; 31; 155]. The appearance 

of these siRNAs has been correlated with DNA and histone methylation at the homologous chromatin [135].  

3.2 Biogenesis of long non – coding RNAs 

lncRNAs are similar to mRNAs in that many, but not all, lncRNAs are processed, 5' capped, and polyadenylated [102 and 

146]. Most lncRNAs are named for the genes they are nearby or for the protein – coding genes that they regulate [96]. 

However, given the large quantity of proposed lncRNA transcripts, a debate has emerged about how to structure the naming 

convention in a logical and flexible format for cataloging newly discovered lncRNA transcripts [79 and 107]. lncRNAs are 
typically classified as overlapping when a protein – coding gene is encompassed by the intron of an lncRNA, bidirectional or 

divergent when the long intergenic noncoding RNA (lincRNA) and nearby protein – coding gene are transcribed on opposite 

strands, intronic when the entire sequence of the lncRNA falls within the intron of a protein – coding gene, intergenic when 

an lncRNA sequence falls between two genes as a distinct unit, and sense or antisense if the lncRNA is mapped between one 

or more exons of another transcript on the same (sense) or opposite (antisense) strand [79; 101; 70]. Finally, enhancer RNAs 

(eRNAs) are transcribed in one or two directions at genomic transcriptional enhancers, often times in close proximity to 

protein – coding genes [106]. 
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lncRNAs are transcribed by RNA polymerase II or III, and additionally, by polymerase IV/V in plants [98; 100; 14]. They 

are processed by splicing or nonsplicing, polyadenylation or non – polyadenylation, and can be located in the nucleus or 

cytoplasm. Functional analyses of lncRNAs have shown that they are potent cis – and transregulators of gene transcription, 

and act as scaffolds for chromatin – modifying complexes. As potent regulatory components involved in gene regulation 

from various aspects, lncRNAs can exert their effects during tissue development and in response to external stimuli [33]. 

lncRNAs are classified primarily based on four major features, namely, genomic location, functions exerted on DNA or 

RNA, functioning mechanisms, and targeting mechanisms [92]. Although lncRNAs have received more attention in recent 

years, the research in this field is still in its infancy. Thus far, only a few lncRNAs have been sufficiently described [70; 61; 

131]. In particular, research in this area in plants is far behind that in humans and animals [118;154; 153]. Nonetheless, 

studies available suggest that plant lncRNAs exert regulatory functions similar to those in animals [118 and 154]. 

IV. THE BIOLOGICAL ROLES OF NON – CODING RNAS 

After a brief description of the non – coding RNAs and their division, from now on our focus will be on long non – coding 

RNA more, especially in plants. 

4.1 Long non – coding RNAs in plants 

Although lncRNAs have received more attention in recent years, the research in this field is still in its infancy. Thus far, only 

a few lncRNAs have been sufficiently described [70; 61; 131]. In particular, research in this area in plants is far behind that 

in humans and animals [118; 154; 153]. Nonetheless, studies available suggest that plant lncRNAs exert regulatory functions 

similar to those in animals [118 and 154]. In plants, as sessile organisms exposed to environmental influences, RNAs have 

been identified as major components in response to variations and stresses, such as to drought, changed light regimes and 

nutrient and salt stresses, involving long RNAs, miRNAs and other endogenous small RNAs [25; 18; 38; 66; 111; 125; 67; 

95; 72; 64]. Environmental variations are part of plant natural life cycles and stresses can also be related to specific 

developmental processes. For example, the npc536 RNA promotes root growth under salt stress conditions [18], and at least 

two different lncRNAs are crucial in the phenomenon of vernalization in flowering species, which are exposed to prolonged 

periods of cold prior to flowering in spring. This involves the intersection of RNA regulation with chromatin – based 

epigenetic mechanisms, including the Polycomb silencing of the floral repressor FLOWERING LOCUS C (FLC). The 

intronic lncRNA Coldair, which is transcribed from the FLC locus, plays a role in the stable repression of FLC through 

specific recruitment of Polycomb components to target sequences [189], whereas the antisense transcript Cool air, which 

originates from the 30 – end of the FLC gene, has an early role in the silencing of FLC through a mechanism that involves 

antisense transcription [131]. More generally, given their extensive involvement in stress response and development, 

including through epigenetic mechanisms, ncRNAs have the potential to emerge as important molecules in the regulatory 

mechanisms that confer developmental and phenotypic plasticity in plants and other organisms [55 and 133]. 

Novel ncRNAs can be detected and discovered by both experimental and computational screenings [26]. Genome – wide 

approaches used for transcriptomic analyses such as microarrays and RNA sequencing in model organisms have revealed 

that non – protein coding transcripts occupy most of the eukaryote transcriptome, much higher than that previously believed 

[67; 89; 59]. Especially, next – generation sequencing (NGS) – based technology provides us with a more complex 

perspective and a much closer and complete view of the RNA world. lncRNAs have been discovered in yeast and other 

higher eukaryotes [129 and 57]. For instance, genome – wide analyses have discovered more than 50,000 lncRNAs in the 

human genome [12; 88; 102]. About 6480 lncRNAs were identified from 200 Arabidopsis thaliana transcriptomic data sets, 

with either organ – specific or stress – induced expression profiles [67]. Wang et al., [148] discovered 37,238 long non – 

coding natural antisense transcripts (lncNATs) in A. thaliana, with antisense transcripts associated with 70% of annotated 

mRNAs [28]. Using a strand – specific RNA sequencing approach, Zhu et al. [118] identified lncRNAs in A. thaliana 

induced by Fusarium oxysporum infection.  

Results showed that antisense transcripts existed in about 20% of the annotated genes, and most newly – identified 

transcriptionally – active regions (TARs) were adjacent to or located as an extension of the annotated genes. Besides 

poly(A)
+
 lncRNAs, lncRNAs without poly(A) tails (poly(A)- lncRNAs) were also identified in plants]. In plants, the 

presence of poly(A)
-
 lncRNAs was revealed in seedlings of A. thaliana under different stress conditions using RNA – seq 

[24]. Compared to poly(A)
+
 lncRNAs, poly(A)- lncRNAs are shorter, have lower expression, and are more specific in 

response to stresses. Also small RNAs (usually transposon derived) in plants are implicated in epigenetic processes that 

underpin phenotypic differences between Arabidopsis ecotypes as well as in hybrid vigour and compatibility in different 

species. Remarkably, in fruit flies, transposon – derived piRNAs, which are important epigenetic regulators are also centrally 
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involved in the process of hybrid compatibility and dysgenesis [62 – and 137]. Moreover, small regulatory RNAs, including 

piRNAs and siRNAs, are closely implicated in transgenerational epigenetic inheritance in both plants and animals [137 and 

75], which may represent a widespread adaptive phenomenon, including in stresses and defence against aggressions and 

parasites [1 and 5]. Given the strong connections of epigenetic mechanisms and responses to the environment, including to 

stresses [27], the investigations of the roles of regulatory RNAs and the possible evolutionary implications are warranted. 

Moreover, transposons, whose transcription and activity are developmentally regulated and strongly responsive to stresses 

(such as heat shock, DNA damage, oxidative stress and viral infection) [86], can be the source or integrate the sequence of 

regulatory small and long RNAs [28 and 6] and have large impact not only in genome evolution but also in several epigenetic 

regulatory effects [123]. As these links between regulatory RNAs and molecular phenomena recently associated with 

evolutionary processes, including epigenetic regulation, stress response [16 and 91] and transposition [86], grow increasingly 

stronger, it will become fundamental to consider the centrality of RNA regulation in these processes.  

Genome – wide analysis of the Arabidopsis genome has identified the expression of overlapping NATs corresponding to a 

significant proportion of Arabidopsis transcriptome [47 and 148]. Although the role of NATs in translational induction by 

association with the sense mRNA as demonstrated in animals has yet to be described in plants. Studies of NATs in 

Arabidopsis have demonstrated other means of gene regulation in which the formation of double stranded RNA with the 

complementary sense RNA recruits them into the siRNA pathway [111]. Also in Arabidopsis, the induced expression of 

ncRNAs of the IPS1/At4 family during phosphate starvation responses results in the accumulation of the PHO2 mRNA, a 

target of miR399 (micro – RNA 399). Franco – Zorrilla et al. [72] showed that a conserved motif of 23 nt in this ncRNA 

family is complementary to miR399 but has critical mismatches at positions 10 – 11, required for miRNA guided cleavage 

[72]. Therefore, IPS1/At4 RNAs are not cleaved by miR399 but instead sequester miR399 to inhibit its effect on PHO2 

mRNA, in a mechanism known as target mimicry. PHO2 RNA encodes an E2 ubiquitin conjugase – related protein that 

negatively affects shoot phosphate content and remobilization in an unknown mechanism [120]. In Cucumis sativus, a 

lncRNA named CsM10 was isolated using differential display reverse transcription PCR, which showed differential 

expression patterns in different tissues, seedling developmental stages and photoperiods [74]. CsM10 harbors a 179 bp 

sequence with high sequence homology to a family of abiotic stress – associated ncRNAs known as the CR20 – GUT15 – 

Related (CGR) family, suggesting a role in the regulation of gene expression. More studies are required to elucidate its exact 

function. 

In maize, a putative lncRNA, Zm401, is expressed specifically in pollen. Forward and reverse genetic studies deduced a 

function for Zm401 in regulating the expression of critical genes necessary for pollen development including ZmMADS2, 

MZm3 – 3 and ZmC5 [152 and 71]. MZm3 – 3 was upregulated in Zm401 mutants while ZmMADS2 and ZmC5 were both 

downregulated [71]. 

Overexpression of Zm401 severely affects pollen development due to abnormal tassels and degenerate anthers [152]. How 

this lncRNA can mediate the downregulation of certain genes but the upregulation of others is intriguing and remains to be 

elucidated. One possible mechanism may involve the association of specific domains of the transcript with different members 

of transcriptional protein complexes. lncRNA – mediated subcellular localization of proteins has also been described in 

plants. The lncRNA Enod40 directs the re – localization of MtRBP1 (Medicago truncatula RNA Binding Protein 1) from the 

nucleus to cytoplasmic granules during specific stages of legume (Medicago truncatula) root nodule organogenesis [4]. 

V. OTHER FUNCTION OF NON – CODING RNAS 

In this paper non – coding RNAs and their functions were preferred in plants at first for studing. But non – coding RNAs 

have other functions that are general and common in living things and we can simply say they were studied in animal and 

human cells more. For example:  

5.1 lncRNAs function as molecular cargos to target protein subcellular localization  

The activity of many proteins required for cell cycle progression and gene transcription can be modulated by limiting their 

subcellular localization. This mechanism of control has been demonstrated and can be regulated by lncRNAs. In the fission 

yeast, Mei2p, an RNA – binding protein required for pre – meiotic DNA synthesis and meiosis I is transported from the 

cytoplasm to the nucleus via association with its RNA intermediate, the MeiRNA[ 17]. Mutated Mei2p with lower ability to 

bind to MeiRNA remained cytoplasmic. In the absence of MeiRNA, Mei2p transgene product containing an added nuclear 

localization signal is able to translocate to the nucleus and promote meiosis I, suggesting that the role of MeiRNA is to act a 

chaperon to guide Mei2p nuclear import [104]. The authors suggest that this mechanism of subcellular localization provides 
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an explanation for the puzzling finding that ongoing transcription is required for accumulation of certain proteins in the 

nucleus [104]. Indeed, such an explanation is logical but may not be applicable to germ cells that display little or no 

transcriptional activity such as those in mammalian species [82; 83; 124]. Conversely, cytoplasmic localization of proteins 

regulated by lncRNA has also been observed. Transcription of 5S ribosomal RNA relies on TFIIA (Transcription Factor A). 

Following transcription, the 5S ribosomal RNA binds to TFIIA and is escorted to the cytoplasm. The binding of 5S ribosomal 

RNA masks the nuclear localization signal on the TFIIA protein, resulting in cytoplasmic retention during oocyte 

development in the Xenopus [39]. The subcellular localization of a transcription factor, NFAT (nuclear factor of activated T 

cells), important for T cell – mediated immune response, [115] is regulated by the lncRNA NRON (Non – coding Repressor 

of NFAT). NRON, expressed in a number of mouse and human tissues, binds to members of the nucleocytoplasmic 

trafficking machinery by inhibiting NFAT nuclear accumulation. This specifically represses NFAT activity and prevents the 

expression of genes mediated by NFAT [15].  

5.2 lncRNAs as molecular chaperons to confer protein conformational activity 

The folding structure of proteins deduced by post – translational modifications including phosphorylation can affect their 

active or inactive states. The discovery that lncRNAs are also capable of changing the conformational activity of many 

critical protein factors has added another level of complexity to our understanding of protein regulation. Wang et al.[150] 

showed that under DNA damage signalling conditions, ncRNAs transcribed from the 5' regulatory regions of the CCND1 

(Cyclin D1) gene in human cell lines function to allosterically modify the structure of an RNA – binding protein named TLS 

(Translocated in LipoSarcoma) by releasing it from its inactive conformation. TLS is not only modified by the ncRNA but is 

also guided to the promoter region of the CCND1 gene to inhibit the histone acetyltransferase activities of CREB – binding 

protein and p300, resulting in repression of CCND1 expression [150]. This is consistent with the role of CDND1 as a cell 

cycle regulator known to be repressed by DNA damage signals. Similarly in human cells, Lanz et al. [121] showed that a 

lncRNA known as steroid receptor RNA activator (SRA) is required to confer functional specificity of a ribonucleoprotein 

complex known as SRC – 1 (Steroid Receptor Coactivator 1),[121] a nuclear receptor coactivator [126]. However, unlike the 

previous study which resulted in gene repression, SRA association with the SRC – 1 results in the activation of hormone 

related nuclear receptors which then functions to direct the assembly and stabilization of a preinitiation complex for 

transcriptional activation at the promoter of targeted genes associated with hormonal changes [99]. This mechanism appears 

to be tissue – specific as SRA is only expressed in several tissues, particularly in the brain [121]. Expression analysis in 

muscle cells and RNA interference showed that SRA is a coactivator of MyoD transcription factor during skeletal muscle 

differentiation [42]. A coding SRA has also been described; this RNA differs from the non – coding SRA by an extended exon 

– 1 containing methionine codons necessary for translation [34]. The SRA protein (SRAP) also functions as a coactivator of 

hormone related nuclear receptors and many other transcription factors including transcription factor IIB [110; 49; 139]. The 

role of SRA and SRAP in the activation of nuclear receptors has been implicated in prostate cancer [49 and 139]. It is 

unknown whether SRA can associate and regulate its protein form. lncRNAs also have the ability to affect the transcriptional 

machinery as a whole by binding to RNA polymerase II (RNA Pol II), causing global gene repression. The Alu RNA and B2 

RNA are transcribed from short interspersed elements (SINE) during heat shock in human and mouse cells, respectively 

[134; 22; 114]. These RNA molecules, although not evolutionarily related and share no sequence homology, are both able to 

bind to RNA Pol II causing general repression of transcriptional activity, suggesting that ncRNAs with diverse sequences can 

possess conserved functions. Therefore, information from the primary sequence of these ncRNAs is insufficient to allow 

prediction of function. Interestingly, scAlu and B1 RNA, which are the short form of Alu and a homologue of B2, 

respectively, are able to bind to RNA Pol II but cannot induce transcriptional repression [114]. This suggests that neither 

sequence specificity nor the binding to the RNA Pol II itself is sufficient to inhibit gene transcription. The repressive 

component (the regulatory domain) lies in two separate regions in the Alu RNA which are different to the regions required 

for binding (the binding domain) to RNA Pol II [114]. The authors suggest that it is the structural conformation of those two 

regulatory domains and not the sequence that confers transcriptional repression. SINE transcripts also increase during other 

cellular stresses and during viral infection [146 and 85], suggesting that they may also modulate transcription in a variety of 

other biological responses. Heat shock induced transcriptional repression appears to also exist in many other eukaryotic 

species including Drosophila [122 and 141] and plants [52 and 29]. Paradoxically, some genes including those that encode 

heat shock proteins are transcriptionally activated during heat shock, suggesting that an underlying mechanism must exist to 

overcome SINE RNA mediated gene repression at those specific gene loci. Shamovsky et al. [56] demonstrated that the 

activation of heat shock proteins in mammalian cells rely on the trimerization of a heat shock transcription factor (HSF) with 

a ncRNA named HSR1 (Heat Shock RNA 1) and translation elongation factor eEF1A in a ribonucleoprotein complex [56]. 

This association renders the transcription factor active in DNA – binding activity. In C. elegans, a starvation induced 
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lncRNA, Rncs – 1 (RNA non – coding, starvation upregulated), affects the processing of siRNAs by inhibiting the activity of 

the RNase III catalytic enzyme, Dicer [128]. This impaired activity is due to the branched structures present in its 300 nt 

double – stranded RNA structure that presumably allows its association with the RDE – 4/Dicer complex but prevents Dicer 

cleavage; thus inhibiting Dicer processing of other double – stranded RNA to siRNAs necessary for target messenger RNA 

downregulation. 

VI. CONCLUSION 

In recent years, many lncRNA transcripts have been identified. lncRNA studies have become one of the new hotspots in 

current molecular biology. Broadly, lncRNAs can be considered as a large and diverse collection of polyadenylated or 

nonpolyadenylated transcripts with low protein – coding potential. lncRNAs are often cell type specific, and the functions of 

individual lncRNAs can be diverse. Also lncRNAs reported in plant species are limited to only a few model angiosperm 

plants such as Arabidopsis, rice, maize, wheat, foxtail millet, and soybean. lncRNAs have many functions in the regulation 

and developmental processes. such as proliferation, through the expression of independent lncRNA transcripts and also gene 

– associated RNAs, such as promoter – associated RNAs that regulate cell cycle genes. A large proportion of functions 

mediated by these lncRNAs appear to involve the regulation of proteins involved in transcription, particularly transcription 

factors, whether it is the mRNA form or the protein form, including those that play critical roles in the maintenance of 

hormonal balance to induce cellular survival such as nuclear receptor transcription factors. 
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Abstract— A field study was carried out to at Agriculture Research Institute, Sindh Agriculture University Tandojam, to 

investigate the effect of various nitrogen levels on growth and yield contributing traits of two wheat varieties. Wheat varieties 

Benazir and TJ-83 were evaluated against four nitrogen levels (0, 90, 120 and 150 kg ha
-1

).The results revealed that the 

effect of nitrogen levels as well as varieties differed significantly for all the growth and yield contributing traits  and N @ 

150 kg ha
-1

 resulted in maximum values for plant height (87.66 cm), number of tillers m
-2

 (265.17), spike length (13.05 cm), 

number of spikelets spike
-1

 (22.02), number of grain spike
-1

 (68.21), seed index (48.80 g) and grain yield (4320 kg ha
-1

). In 

varieties, Benazir showed its superiority over its companion variety with 82.91 cm plant height, 224.17 tillers m
-2

, 10.52 cm 

spike length, 18.21 spikelets spike
-1

, 53.00 grains spike
-1

, 45.29 g seed index and 3649.50 kg ha
-1

 grain yield. The commercial 

variety TJ-83 ranked 2
nd

 with 78.33 cm plant height, 207.75 tillers m
-2

, 11.42 cm spike length, 19.82 spikelets spike
-1

, 57.31 

grains spike
-1

, 40.98 g seed index and 3143.20 kg ha
-1

 grain yield. It was observed that treatment interaction N @150 kg × 

variety Benazir proved to be effective treatment and variety combination for achieving higher wheat yields; while, variety 

Benazir showed its genetic superiority yielding higher than its companion variety TJ-83. 

Keywords— Growth parameters, grain yield, Nitrogen, wheat. 

I. INTRODUCTION 

Wheat (Triticum aestivum L.), cultivated worldwide is the principal source of human diet with prominent position among 

cereals [1] particularly in the Asia and more specifically in the south Asian region supplying 68 percent of the calories and 

protein in the diet [2].Wheat flour is used for leavened, flat and steamed breads as well as most of the baked products [3]. 

The daily diet of people in Pakistan is mainly based on wheat [4].Importance of wheat in Pakistan can be noted from the fact 

that agricultural policies are formulated focusing this crop; 60 percent of daily diet of common man is based on wheat with 

average per capita consumption of 125 kg [5]. 

Pakistan is known to be the most important country where wheat is cultivated extensively in its all ecological conditions and 

included in world top ten wheat producing countries [6] but the average yields are much lower than other major wheat 

growing countries including China, USA, and India etc. [7]. Wheat is the leading food grain of Pakistan and occupies the 

largest area under single crop and contributes 10.0 percent to the value added in agriculture and 2.1 percent to GDP. Area 

under wheat has decreased to 9180 thousand hectares in 2014-15 from last year’s area of 9199 thousand hectares which 

shows a decrease of 0.2 percent. The production of wheat stood at 25.478 million tons during 2014-15, showing a decrease of 

1.9 percent over the last year’s production of 25.979 million tons [8].Grain yield per unit area of wheat achieved in the 

country is still far less than the advanced wheat growing countries of the world. The low yield is attributable to many factors 

that include various agronomic factors [9] such as improper inputs application [10, 11]. Besides its tremendous significance, 

average yield is far below than developed countries [12]. Nutrient deficiency is one of the important factors.  

mailto:farooq.fst28@gmail.com
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The universal deficiency of N has become more severe in regions of continuous cropping [13]. Nitrogen is essential element of 

bio-molecules (amino acids, proteins, nucleic acids, phytohormones and enzymes and coenzymes). N stimulates growth, 

expands crop canopy and interception solar radiation [14].Plants are surrounded by the N in atmosphere; and every acre of 

the earth’s surface is covered by thousands of pounds of nitrogen [15].Varieties and fertilizers are two dominant factors 

which greatly influence the yield. Introduction of new wheat varieties has not only raised the production, but also the 

standard of down trodden farmers. New varieties are more responsive to fertilizer than older ones and resistant to lodging. 

Nitrogen plays an important role in boosting up the yield when used in an appropriate amount. The studies carried out earlier 

indicated that highest wheat grain yield (4293 kg ha
-1

) was recorded with application of 150 kg N ha
-1

[16, 17]. A linear 

increase in wheat grain and straw yield with additive dose of N fertilizer up to 120 kg N ha
-1

[18].The high wheat yield can 

sustainably be achieved with application of N fertilizer in addition to P and K at optimum rates. The recommended dose 

120kg P ha
-1

 for achieving higher grain yield, nutrient uptake, spike number and grains spike
-1

[19]. The highest wheat yields 

when the crop was fertilized with 90 kg of N ha
-1

. The use of mineral fertilizers is beneficial for increasing the soil fertilizer 

status and crop productivity and 80-120 kg N ha
-1

 fertilization in wheat for achieving higher yields [20]. Nitrogen upto 180 

kg ha
-1

 in addition to P, at 120 kg ha
-1

 for achieving higher yields in different wheat varieties [21]. Recommended dose of 

200 kg N ha
-1

 compared to dose of 150 kg N ha
-1

 for increased grain yield [22]. Nitrogen at the rate of 200 kg ha
-1

 resulted in 

maximum crop performance for height of plants, leaves plant
-1

,tillers, earhead length, matter yield, grains earhead
-1

, spikelets 

earhead
-1

and biological yield [23]. In view of the facts stated above, the experiment was performed to identify the optimum 

nitrogen requirement of two wheat varieties under agro-ecological conditions of Tandojamto assess the growth and yield 

response of different wheat varieties to different levels of nitrogen and to find out wheat variety with enhanced yield 

potential and optimum Nitrogen use. 

II. MATERIALS AND METHODS 

In order to evaluate nitrogen requirement of wheat varieties, the study was carried out during the year 2014-15 at the 

experimental fields of Plant Physiology Section, Agriculture Research Institute, Tandojam. Split plot design was used for 

laying out this experiment with three replicates in a split size of 4 x 3 m (12 m
2
). The details of treatments are given as under: 

2.1 Layout plan of the experiment 

Experimental design:  Split Plot Design (SPD) 

Replications:    Three 

Net plot size:   4 m x 3 m (12 m
2
) 

Treatments    Two Factor = A and B 

Factor = A 

Main plot (Varieties)  = 02 V1 = Benazir 

V2 = TJ- 83 

Factor = B 

Sub-plot (Nitrogen levels) = 04  

 N1 = Control (0 kg N ha
-1

) 

 N2 = 90 kg N ha
-1              

             N3 = 120 kg N ha
-1 

 N4= 150 kg N ha
-1

.The cultural practices generally recommended were adopted uniformly in all the experimental 

units. The details are given as under: 
 

2.2 Land preparation 

The land was prepared by giving two dry plowings, followed by land leveling. After soaking dose when land came in 

condition, it was plowed crosswise with cultivator, followed by rotavator and planking for achieving a good seedbed. 
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2.3 Sowing time and method 

The seed of wheat variety T.J-83 at recommended rate of 125 kg ha
-1

was sown with single row hand drill in the 1
st
 week of 

November, 2012 maintaining row to row distance of 22.5cm. 

2.4 Irrigation and fertilizer application 

The first irrigation was applied at the crown root initiation stage i.e. 21 days after sowing; subsequent irrigations were 

applied as and when it was needed until the crop reached physiological maturity. In all six irrigations were applied. All 

Phosphorus (in the form of Single Super Phosphate) and 1/3
rd

 of N was applied at the time of sowing, and remaining 1/3
rd

 of 

N at 1
st
 irrigation and 1/3

rd
 of N was applied at 2

nd
 irrigation in the form of urea. 

2.5 Weeding 

All narrow leaf and broad leaf weeds were controlled by applying suitable post-emergence herbicides recommended for 

wheat crop.  

2.6 Crop harvesting and threshing 

At maturity five plants from each treatment of all replications was selected at random for harvest. These plants were 

harvested by cutting at soil level with sickle. The earheads were separated from straw, placed in separate paper bags, oven-

dried for 24 hours at 78
o
C and threshing was carried out manually. The observations were recorded on the following 

parameters: 

a) Plant height (cm) 

b) Number of tillers m
-2

 

c) Spike length (cm) 

d) Number of spikelets spike
-1

 

e) Number of grain spike
-1

 

f) Seed index (1000 grain weight, g) 

g) Grain yield (kg ha
-1

) 

2.7 Procedure for recording observations 

2.7.1 Plant height (cm) 

Plant height was recorded at maturity of the crop in randomly selected plants using measuring tape from bottom to tip of the 

spike in centimeters. 

2.7.2 Tillers m
-2

 

Total number of tillers in a square area of one meter was counted at the time of maturity in each plot and averaged. 

2.7.3 Spike length (cm) 

 The length of all the spikes in randomly selected plants was measured in centimeters with measuring tape and average was 

worked out. 

2.7.4 Number of spikelet’s spike
-1

 

 The number of spikelets in each spike of the randomly selected plants was counted at the crop maturity and average was 

worked out. 

2.7.5 Number of spike
-1

 

 The number of grains spike
-1 

in each of the randomly selected plants was counted at the crop maturity and average was 

calculated. 

2.7.6 Seed index 

One thousand grains from each plot were collected at random and weighed to record the seed index in grams. 
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2.7.7 Grain yield ha
-1

 

The grain received from each plot was weighed and on the basis of grain yield plot
-1

, grain yield ha
-1

 was calculated in 

kilograms using the following formula: 

𝑌𝑖𝑒𝑙𝑑 ℎ𝑎 − 1 =
𝐺𝑟𝑎𝑖𝑛 𝑦𝑖𝑒𝑙𝑑 𝑝𝑙𝑜𝑡 − 1(𝑘𝑔)

𝑃𝑙𝑜𝑡 𝑎𝑟𝑒𝑎 (𝑚− 2)
× 10000 

2.8 Statistical analysis 

The collected data were subjected to statistical analysis to analyze the variance in treatment means. L.S.D (Least Significant 

Difference) test was applied to observe the statistical differences within treatments following the method developed by [24]. 

III. RESULTS AND DISCUSSION 

3.1 Result 

The study was carried out during 2014-15 to assess nitrogen requirement of two wheat varieties (Benazir and TJ-83) 

examining four nitrogen levels (0, 90, 120 and 150 kg ha
-1

). The wheat varieties were considered as main plot, while the sub-

plots were the nitrogen levels in split plot design. Plant height, number of tillers m
-2

, spike length, number of spikelets spike
-

1
, number of grain spike

-1
, seed index (1000 grain weight) and grain yield were the traits of economicimportance included in 

this experiment; and the data on these traits are produced in Tables 1. 

3.1.1 Plant height (cm) 

The plant height of wheat varies among varieties and this trait is generally associated with the genetic make of varieties. The 

optimum nitrogen requirement of wheat varieties in relation to their plant height was examined and the results are shown in 

Table1. The analysis of variance indicated that effect of varying nitrogen levels and varieties on plant height of wheat was 

significant (P<0.05); while non-significant for treatment interaction between nitrogen levels × varieties (P>0.05). The 

nitrogen @ 150 kg ha
-1

 resulted in tallest plants on average (87.66 cm); while height of the plants followed a declining trend 

i.e. 85.33 cm and 80.66 cm with decreasing nitrogen levels upto 120 kg ha
-1

 and 90 kg ha
-1

, respectively. The wheat plants of 

minimum height (69.83 cm) recorded in plots kept untreated of nitrogen (control). Similarly, wheat variety Benazir produced 

plants of maximum height (82.91 cm); while variety TJ-83 produced plants of minimum height (78.83 cm). Treatment 

interaction of N @150 kg ha
-1 

× Variety Benazir produced plants of maximum height (89.33 cm); while interaction of N 

Control× Variety TJ-83 produced plants of minimum height (68.66 cm). It was observed that increasing N levels linearly 

increased the plant height, regardless the varieties. 

3.1.2 Number of tillers m
-2

 

The tillering capacity in wheat is very important trait and varieties with higher tillering capacity produce higher grain yields. 

The effect of different nitrogen doses on the tillers m
-2

 of two wheat varieties was investigated and the data are presented in 

Table 1. The analysis of variance showed that tillers m
-2

 of wheat were significantly (P<0.05) affected by nitrogen levels and 

varieties; while interactive effect of nitrogen levels × varieties on tillers m
-2

 was non-significant (P>0.05). The nitrogen @ 

150 kg ha
-1

 produced maximum number of tillers m
-2

 (265.17); while tillers m
-2 

decreased to 253.50 and 195.67 with 

decreasing nitrogen levels upto 120 kg ha
-1

 and 90 kg ha
-1

, respectively. However, the lowest tillers m
-2 

(149.50) was 

obtained from the control plots where nitrogen was not applied. In case of wheat varieties, Benazir produced significantly 

higher number of tillers m
-2

 (224.17) as compared to variety TJ-83 (207.75 m
-2

). Treatment interaction of N @150 kg ha
-1 

× 

Variety Benazir produced plants of highest number of tillers m
-2

 (270.00); while interaction of N Control× Variety TJ-83 

produced lowest number of tillers m
-2 

(144.00). This indicated that increase in nitrogen rate showed a simultaneous positive 

impact on the number of tillers m
-2

. However, in varieties Benazir showed its genetic superiority over TJ-83 for tillering 

capacity.
 

3.1.3 Spike length (cm) 

The spike length in wheat is one of the most important traits influenced by the genetic makeup of the parent material of 

respective varieties. The effect of various nitrogen levels on the spike length of two wheat varieties was evaluated and the 

results are given in Table 1. The analysis of variance demonstrated that spike length of wheat was significantly (P<0.05) 

influenced by rate of nitrogen application and varieties; while non-significant influence on spike length was observed due to 

interaction between nitrogen levels × varieties (P>0.05). The application of nitrogen at highest rate of 150 kg ha
-1

 resulted in 

longest spikes (13.05 cm); while length of the spikes followed a decreasing trend i.e. 12.33 cm and 10.17 cm with reduced 
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nitrogen levels upto 120 kg ha
-1

 and 90 kg ha
-1

, respectively. The shortest spikes (8.31 cm) were recorded in plots kept 

untreated of nitrogen (control). Similarly, wheat variety TJ-83 produced longer spikes (11.42 cm) as compared to variety 

Benazir (10.52 cm). Interactive effect of N levels and varietie4s showed that interaction of N @150 kg ha
-1 

× Variety TJ-83 

resulted in longest spikes (13.50 cm); while interaction of N Control× Variety Benazir resulted in shortest spikes (7.88 cm). 

Irrespective of varieties, there was linear impact of increasing nitrogen levels on the spike length of wheat. However, variety 

TJ-83 was genetically superior line over Benazir so far the spike length is concerned. 

3.1.4 Number of spikelets spike
-1

 

The effect of different nitrogen levels on the number of spikelets spike
-1

 of two wheat varieties was examined and the data 

are shown in Table 1. The analysis of variance suggested that the number of spikelets spike
-1

 of wheat varieties were 

significantly (P<0.05) affected by nitrogen levels and varieties; while interactive effect of nitrogen levels × varieties on this 

trait was statistically non-significant (P>0.05). The nitrogen @ 150 kg ha
-1

 produced maximum number of spikelets spike
-1

 

(22.02); while spikelets spike
-1 

reduced to 21.15 and 17.95 with decreasing nitrogen levels upto 120 kg ha
-1

 and 90 kg ha
-1

, 

respectively. However, the lowest spikelets spike
-1 

(14.93) were recorded in control plots where nitrogen was not applied. In 

case of varieties, TJ-83 resulted in significantly higher number of spikelets spike
-1

 (19.82) than variety Benazir (18.21). 

Treatment interaction of N @150 kg ha
-1 

× Variety TJ-83 produced highest number of spikelets spike
-1

 (23.06); while 

interaction of N Control× Variety Benazir resulted in lowest number of spikelets spike
-1 

(14.56). This showed that increase in 

nitrogen levels showed a concurrent encouraging effect on spikelets spike
-1

. However, in varieties TJ-83 has capability to 

produce more spikelets spike
-1

 than Benazir.
 

3.1.5 Number of grains spike
-1

 

The number of grains spike
-1

 is mainly influenced by the spike length and this trait is guided by the genetic makeup of 

parental material of varieties. The effect of various nitrogen levels on grains spike
-1

 of two wheat varieties was determined 

and the results are presented in Table 1. The analysis of variance indicated that the number of grains spike
-1

 of wheat 

varieties was significantly (P<0.05) influenced by nitrogen levels and varieties; while nitrogen levels × varieties interaction 

was non-significant (P>0.05). It can be seen from the results that maximum number of grains spike
-1

 (68.21) was achieved in 

plots supplied with nitrogen @ 150 kg ha
-1

; while grains spike
-1 

decreased slightly to 67.10 when the crop was fertilized with 

nitrogen @120 kg ha
-1

; while nitrogen @ 90 kg ha
-1

 resulted in 47.14 grains spike
-1

.  However, the minimum number of 

grains spike
-1 

(38.17) was obtained in absence of nitrogenous fertilization (Control). In case of varieties, TJ-83 produced 

significantly more grains spike
-1

 (57.31) as compared to variety Benazir (53.00). Treatment interaction of N @150 kg ha
-1 

× 

Variety TJ-83 produced highest number of grains spike
-1

 (71.21); while interaction of N Control× Variety Benazir produced 

lowest number of grains spike
-1 

(37.23). It was observed that increase in nitrogen levels resulted in a linear increase in the 

number of grains spike
-1

. However, statistically the differences in grains spike
-1

 between 150 and 120 kg N ha
-1

 were non-

significant; suggesting 120 kg N ha
-1

 as an optimum N level for the number of grains spike
-1

 trait. However, in varieties, TJ-

83 proved to be superior over Benazir in regards to number of grains spike
-1

.  

3.1.6 Seed index (1000 grains weight, g) 

The seed index is a quality trait in wheat that measures the grain quality on the basis of overall weight of the grain. The 

influence of varying nitrogen levels on seed index of wheat varieties Benazir and TJ-83 was examined and the data are 

shown in Table 1. The analysis of variance demonstrated significant (P<0.05) influenced by nitrogen levels and varieties; 

while the interactive effect of nitrogen levels × varieties was non-significant (P>0.05). The results in Table 6 indicated that 

highest seed index (48.80 g) was recorded in crop supplied with nitrogen at the highest rate of 150 kg ha
-1

; followed by 120 

kg and 90 kg ha
-1

 N levels that resulted in average seed indexvalue of 47.14 g and 41.17 g, respectively.However, the lowest 

seed index value of 35.42 g was recorded in plots kept without nitrogenous fertilizer (Control). In varieties, Benazir produced 

bolder grains with seed index value of 45.29 g as compared to variety TJ-83 (40.98 g). Treatment interaction of N @150 kg 

ha
-1 

× Variety Benazir resulted in maximum seed index (50.70 g); while N Control× Variety TJ-83 produced minimum seed 

index(33.64). It was observed that the crop receiving higher levels of nitrogen fertilizer produced bolder grains and hence 

higher seed index value was obtained. Linear impact of each increased N level on seed index was observed; while among 

varieties, Benazir produced bolder grains than TJ-83. 

3.1.7 Grain yield ha-1 

The grain yield is constituted by a number of its contributing traits such as tillers plant
-1

, grains spike
-1

, grains weight spike
-1

 

as well as seed index. The grain yield is primarily guided by the genetic makeup of varieties; but the impact of proper rate of 
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fertilizers is also one of the most influencing factors. The results in regards to grain yield ha
-1

 of two wheat varieties as 

influenced by different nitrogen levels are shown in Table 1. The analysis of variance showed that the grain yield ha
-1

 of 

wheat varieties was significantly (P<0.05) affected by nitrogen levels, varieties as well as by nitrogen levels × varieties 

interaction. It is obvious from the results that highest grain yield of 4320 kg ha
-1

 was achieved in plots fertilized with N @ 

150 kg ha
-1

; while grain yield decreased to 4075 kg ha
-1

 and 3076.7 kg ha
-1

 in plots receiving N @120 kg ha
-1

 and N @ 90 kg 

ha
-1

, respectively. However, the lowest grain yield ha
-1 

(2113.7 kg) was obtained in plots kept untreated of N fertilizers 

(Control). In case of varieties, Benazir produced significantly higher grains yield of 3649.50 kg ha
-1

 than its companion 

variety TJ-83 (3143.20 kg ha
-1

). Treatment interaction of N @150 kg ha
-1 

× Variety Benazir produced maximum grain yield 

ha
-1

 (4643.3 kg); while interaction of N Control× Variety TJ-83 resulted in lowest grain yield ha
-1 

(1989.3 kg). The grain 

yield increased substantially with each increment in nitrogen levels and 150 kg N ha
-1

 showed optimistic results in regards to 

yield ha
-1

 of wheat. Moreover, variety Benazir found to be more promising than variety TJ-83 surpassing this variety in yield 

by considerable margin.  

TABLE 1 

EFFECT OF NITROGEN LEVEL AND WHEAT VARIETIES ON GROWTH INDICES OF WHEAT PRODUCTION.  

Growth index 
Wheat 

varieties 

Nitrogen level 
Mean 

N1=0kgha
-1

 N2=90kgha
-1

 N=3120kgha
-1

 N4=150kgha
-1

 

Plant height 

(cm) 

Benazir 71.00
d
 84.00

c
 87.33

b
 89.33

a
 82.91

A
 

Tj-83 68.66
d
 77.33

c
 83.33

b
 86.00

a
 78.33

B
 

Mean 68.66
d
 77.33

c
 83.33

b
 86.00

a
 

 

Number of tillers 

(m
-1

) 

Benazir 155.00 
d
 211.67

c
 260.00

b
 270.00

a
 224.16

A
 

Tj-83 144.00
d
 247.00

b
 260.33

a
 207.75

c
 214.77

B
 

Mean 149.50
d
 229.33

c
 260.16

a
 238.87

b
 

 

Spike length 

(cm) 

Benazir 7.88
c
 9.58 b 12.00 

a
 12.61

a
 10.51

A
 

Tj-83 8.73
d
 10.77

c
 12.67

b
 13.5

a
 11.41

A
 

Mean 8.30
d
 10.17

c
 12.30

b
 13.05

a
 

 

Number of spikelets 

spike 
-1

 

Benazir 14.56
c
 16.96

b
 20.33

a
 20.98

a
 18.20

A
 

Tj-83 15.30d 18.93
c
 21.96

b
 23.06

a
 19.81  

B
 

Mean 14.93
d
 17.94

c
 21.14

b
 22.02

a
 

 

Number of grains spike 
-1

 

Benazir 37.23
d
 44.73

c
 64.83

b
 65.22

a
 53.00

B
 

Tj-83 39.10 
d
 49.54

c
 69.36

b
 71.21

a
 57.3025

A
 

Mean 38.16 
d
 47.13 

c
 67.09 

b
 68.215

a
 

 

Seed Index 

( 1000 grains weight) 

(g) 

Benazir 37.20
d
 44.23

c
 48.98

b
 50.70

a
 45.27

A
 

Tj-83 33.64
c
 38.10

b
 45.30

a
 46.90

a
 40.985

B
 

Mean 35.42
c
 41.16

b
 47.14

a
 48.80 

a
 

 

Grain Yield kg ha
-1

 

Benazir 2238.00 
d
 3226.70 

c
 4490.00 

b
 4643.00 

a
 3649.42

A
 

Tj-83 1989.30 
d
 2926.70 

c
 3660.00 

b
 3996.70 

a
 3143.17

B
 

Mean 2113.65
d
 3076.70 

c
 4075.00 

b
 4319.85

a
 

 
N= Nitrogen levels. Values are means of two determinations. Means with the different letters (superscript) are significantly 

different at (p<0.05). 

 

3.2 Discussion 

Due to climatic change and continuous cropping, the soils are deteriorating in essentially required nutrients and in result the 

desired crop yields are not obtained. Hence, it is imperative to carryout research to optimize the nitrogen requirement of crop 

varieties. This study was conducted to examine the effect of various nitrogen levels on wheat varieties. The study showed 

that N @ 150 kg ha
-1

 resulted in maximum values for plant height (87.66 cm), number of tillers m
-2

 (265.17), spike length 
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(13.05 cm), number of spikelets spike
-1

 (22.02), number of grain spike
-1

 (68.21), seed index (48.80 g) and grain yield (4320 

kg ha
-1

). Decreasing N rates resulted in deteriorated crop performance regardless the varieties. It was observed that treatment 

interaction N @150 kg × variety Benazir proved to be effective treatment and variety combination for achieving higher 

wheat yields; while, variety Benazir showed its genetic superiority yielding higher than its companion variety TJ-83. These 

results are fully supported by [25]wheat crop responded positively to the fertilization of NP in different levels and 

combinations; while [26]100 kg N + 60 kg P were the optimum rates for achieving higher wheat yields. The high level of 

crop production can be sustained with the application of N and P under an intensive cropping system provided there is no 

trace element deficiency [27]. Recommended dose 120-60 kg NP ha
-1

 for obtaining increased grain yield, nutrient uptake, 

spike number and grains spike
-1

[28]. The effect of different rates of N and P fertilizer on wheat and observed that grain yield 

of wheat increased from 1984 to 2706 kg per hectare when 90 kg of N per hectare were applied [28]. The use of mineral 

fertilizers is beneficial for increasing the soil fertilizer status and crop productivity [29]. Application 120:60:30 kg N, P2O5 

and K2O ha
-1

 than at lower levels of 100:50:25 and 80:40:20 kg N, P2O5 and K2O ha
-1

[29]. Recommended 140 kg per hectare 

N for higher grain yield in wheat [30]; the highest wheat grain yield (4293 kg ha
-1

) was recorded with an application of 150-

100-50 kg NPK ha
-1

[31]. 80-120 kg N ha
-1

 fertilization in wheat for higher yields [32]. Nitrogen upto 180 kg per hectare 

alongwith P at 120 kg per hectare respectively for achieving higher yields in different wheat varieties [33]. The 

recommended dose of 200 kg N ha
-1

 compared to dose of 150 kg N ha
-1

 for increased grain yield [34]. Nitrogen at the rate of 

200 kg ha
-1

 produced greater plant height, leaves plant
-1

,tillers, ear length and weight, dry weight, grains ear
-1

, spikelets ear
-1 

and biological yield. Beneficial effect of nitrogen application on wheat tillers, spikes, plant height, spike length, spike lets, 

grains spike
-1

, and grain and straw yields was recorded. 168-840 kg ha
-1

 N-P was an optimum level for obtaining 

economically higher grain yields in wheat variety SKD-1 [35]. Wheat growth and yield traits enhanced due to application of 

N and P at higher levels, whereas excess rates of N could promote lodging and prologned days to maturity in wheat [36]. 

Optimum nitrogen rate is best done with production records under weather conditions [37]. Disproportionate N 

applicationduring wheat vegetative phases may cause significant reduction in yield and kernel weight. Application of 80-120 

kg N ha
-1

 to wheat crop declined NO3-N leaching loss without considerably reducingyield. The 60–95% of the grain Ncomes 

from the remobilization of N accumulated in shoots and roots just before anthesis [38]. However, nitrogen incorporation 

immediately after anthesis exhibited no effect on lodging. Theremobilized N from the vegetative organs accounts for 70–

90%of the total panicle N. The higher N levels produced significantly higher effective tillers, higher number of grains per 

head and higher grain weight per head and ultimately significantly higher grain and straw yields [39]. The application of 

different levels of Nitrogen affected cereal grain yields significantly and suggested 160 kg N ha
-1

 for achieving higher grain 

yields [40]. N @ 168 kg ha
-1

 as an optimum level for obtaining economically higher grain yields in wheat variety SKD-1[41]. 

This results also suggested that Zn application at the rate of 5 kg ha
-1

 alongwith recommended dose of NPK fertilizers would 

be enough to fulfil soil Zn requirement for wheat variety SKD-1, because addition of 10 kg Zn ha
-1

 did not prove beneficial 

for any of the growth and grain yield components of SKD-1. 

IV. CONCLUSIONS 

It was concluded that for achieving higher wheat grain yields, the variety Benazir may be given preference over TJ-83.for all 

the growth and yield contributing traits  and N @ 150 kg ha
-1

 resulted in maximum values for plant height, number of tillers 

m
-2

, spike length ,number of spikelets spike
-1

, number of grain spike
-1

, seed index and grain yield (4320 kg ha
-1

). The crop 

fertilized with N @ 120 kg ha
-1

 ranked 2
nd

 and resulted in 4075.0 kg ha
-1

 grain yield. The performance of wheat crop given 

fertilizers with N @ 90 kg ha
-1

 deteriorated and ranked 3
rd

, while crop kept unfertilized (Control) ranked least for all the traits 

investigated. while, variety Benazir showed its genetic superiority yielding higher than its companion variety TJ-83.It was 

observed that the application of nitrogen fertilizers significantly enhanced the growth and yield contributing traits of all the 

wheat varieties tested in this experiment. Varieties and fertilizers are two dominant factors which greatly influence the yield. 
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Abstract— Processes based on immobilized enzymes have been studied extensively in the last few decades and today are 

also applied to the safeguard of environmental parameters. In this work, zeolite composite flat membranes with different 

chemical composition, transition metal, and microporous structures were prepared using in situ and secondary growth 

crystallization synthesis methods in/on stainless steel porous disks. All zeolite materials were been used in catalase 

adsorption to analyze the zeolite behavior andthe effect of chemical composition and structure on interaction with the 

enzyme. This study shows that the electrostatic type of interaction seems to be of the utmost importance in influencing 

immobilization, while the zeolite Brönsted acidity of the support is the subordinate parameter, which differentiates the 

adsorption performances of different zeolite structures (that distinct for chemical composition of the framework). Moreover, 

it permits to conclude that transition metal-containing membranes adsorb a higher percentage of the enzyme with respect to 

no-exchanged membranes and that, for all materials synthesized, the amount of catalase adsorbed onto the zeolite crystals 

and membranes increases with the temperature. 

Keywords— Catalase immobilization, Environmental application, Hydrothermal synthesis, Zeolite membranes. 

I. INTRODUCTION 

Zeolite composite disk membranes provide an ideal support to immobilize enzymes for advanced applications such as 

membrane bioreactors, biosensors and disease diagnostics. In fact, they are composed of a zeolite selective film formed by 

inter-crystalline growth and, at the same time, they present a large number of zeolite crystals grown inside the meso- and 

macro-pores of inorganic support used in the hydrothermal synthesis [1]. Zeolite membranes have the advantage that the 

basic/acidic nature of the material can be modified by varying the Si/Al ratio or by introducing different metals (Me) into the 

crystalline framework. Furthermore, zeolite acidity can be adjusted by exchanging extra-framework metal cations with H
+
[2]. 

Finally, zeolite membranes are known to be stable both in wet and dry conditions then normally compatible with biochemical 

analyses. We recently reported the application of zeolite crystals and membranes as adsorbent materials for the 

immobilization of hard and soft proteins (BSA and cytochrome c) and we observed that their amount adsorbed on zeolite 

materials increases when the zeolite crystals are inter-grown for forming a membrane [3], [4]. 

Here we report, the adsorption characteristics of catalase on different zeolite crystals synthesized in hydrothermal conditions. 

Catalase, present in the peroxisomes of nearly all aerobic cells, is a heme-containing metalloenzyme that is regarded as one 

of the most common enzymes in plant and animal tissues. It consists of four subunits, each of which contains a Fe
3+

 

prosthetic heme group (protoporphyrin IX), which is exposed through a 26 Å long and 17 Å wide funnel shaped channel and 

is responsible for the its catalytic activity. This enzyme catalyzes the disproportion of hydrogen peroxide into water and 

oxygen (1): 

2H2O2           O2+2H2O         (1) 

Catalase has been used to eliminate of residual hydrogen peroxide in textile [5], food [6], semiconductor industries [7], and 

wastewater treatments [8], but the high cost of the enzyme has impeded its wide application. It is used in food technology [9] 

and was proposed as a therapeutic agent to be administered interperitoneally [10]. For these reasons and for its technological 

potentials, catalase was selected as model enzyme for this study. In all applications reported in the literature, catalase is 

largely preferred as immobilized enzyme, being more stable to proteolysis. Catalase films were immobilized by adsorption 

on a variety of polymeric surfaces such as carbon nanofibrous membranes [11], which were been studied using spectroscopic 

and electrochemical analyses. It was evident that major problems related to polymeric supports were been the inadequate 

resistance to extreme pH values of media, high temperatures, to bacterium presence, and degradation by proteolysis11 

reaction. The novelty of the present work lies in the association of synthesis of zeolite membranes (which have superior 

physical-chemical characteristics such as thermal, pH and bacterial resistance) and the immobilization of enzyme. 
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Zeolite materials were characterized by powder X-ray diffraction (XRD), scanning electron microscopy (FESEM), ICP-

MASS and single gas permeability. Owing to the high substrate surface area used, it was also possible to measure enzyme 

loss from the solution directly via UV spectroscopy. Catalytic tests were performed to verify the enzymatic activity after the 

adsorption on zeolite membranes. 

The preparation of insoluble supports to adsorb enzymes is a primary aim of current research because immobilized enzymes 

possess several advantages over the free enzyme, for example an increase of biomolecule stability and the facility of its re-

use and separation from the reaction media with spin off in advanced applications in various fields such as biotechnology, 

bio-processing [12],[13], filtration, biosensors, diagnostic products, food manufacturing, cell culture, drug delivery, dentistry 

and medical engineering. 

II. MATERIAL AND METHOD 

2.1 Materials 

Zeolite materials were prepared by using tetraethyl orthosilicate (JANSSEN), tetrabutylammonium bromide, iron and 

aluminium nitrate nonahydrate (ALDRICH), Silica fumed (SIGMA), tetrapropylammonium bromide (JANSSEN) and cobalt 

sulphate (BAKER).The crystals obtained were used, as seeds, to synthesize new zeolite composite membranes: Sil-2, Fe-

MFI, Fe-ZSM-5, Co-MFI, Co-ZSM-5. All the samples were characterized by XRD, SEM and EDX analyses. Finally, the 

catalase has been adsorbed on these materials, using different amount of enzyme, pH and temperature values. 

2.2 Adsorption Studies 

Batch adsorption experiments were carried out using the same amount of the different zeolites synthesized with the enzyme 

solution. The adsorbent crystals and enzyme solution were vigorously shaken at different temperatures. The balanced 

samples were centrifuged for 10 min at 13,000 rpm, after which the supernatant was submitted to analysis. Enzyme 

concentrations before and after immobilization were determined using the Bradford method [14] which employs a UV 

spectrophotometer (Shimazdu UV-160 A). The test kit was purchased from Biorad (Munich, Germany). The experiments 

were carried out at selected solution pH values using appropriate buffer. A mass balance was then applied to calculate the 

enzyme adsorbed on the zeolite crystals and membranes. Defined calculation of catalase immobilized in percentage is as 

follows: 

%adsorbed catalase = amount of catalase adsorbed / amount of initial catalase X 100    (2) 

where the amount of catalase adsorbed = total amount of catalase in solution before immobilization – total  amount of 

catalase in solution (free) after immobilization. 

The isothermal adsorption experiments were performed using a starting solution concentration of 1mg/ml. The percentage of 

enzyme solution used in contact with the zeolite crystals ranged from 0.4 to 4%. 

III. RESULTS AND DISCUSSION 

Zeolite crystal adsorbents were synthesized with Silicalite-2 (Sil-2, MEL-type), Fe-Silicalite-1 (Fe-MFI), Fe-ZSM-5 (Fe-

ZSM-5), Co-Silicalite-1 (Co-MFI), and Co-ZSM-5 (Co-ZSM-5) (MFI-type) zeolite structures. In order to adjust the surface 

acidity of the MFI structure, aluminum, iron and cobalt atoms were incorporated into the crystalline framework and the 

Si/Al, Si/Fe or Si/Co ratios were varied by changing the chemical composition of precursor reaction gels. Silicalite-2 crystals 

synthesized in fluoride and alkaline medium were used for comparison. 

The equilibrium and kinetic characteristics of the enzyme on these materials were studied by varying incubation temperature 

and contact time, enzyme concentration and pH values. Lastly, in order to examine the influence of the membrane 

configuration on the enzyme adsorption, five zeolite composite membranes, with the studied crystals having an identical 

chemical composition, were prepared by different crystal growth by using stainless steel supports in hydrothermal syntheses. 

Fig. 1a and b show the X-ray diffractogram of scrapped film and FESEM image of nanocrystalline composite membrane of 

silicalite-2 zeolite structure, respectively. Fig. 2a and b exhibit the same analysis for the Fe-ZSM-5 zeolite structure, 

respectively. Fig. 3a and b reveal the EDX analysis of scrapped film and FESEM image of nanocrystal composite membrane 

of Co-ZSM-5.XRD analyses reveal the preparation of pure silicalite-2, and Fe- and-Co- ZSM-5 type zeolite structures and 

FESEM microphotographs of zeolite membranes evidence the different crystalline morphologies prepared. 
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FIGURE 1. (a) XRD pattern of zeolite film prepared 

by hydrothermal synthesis, (b) FESEM 

microphotographs of silicalite-2 zeolite membrane. 

FIGURE 2. (a) XRD pattern of zeolite film prepared 

by hydrothermal synthesis and (b) FESEM 

microphotograph of Fe-ZSM-5 zeolite membrane 

surface 

 
FIGURE 3. (a) EDX analysis and (b) FESEM microphotograph of Co-ZSM-5 zeolite membrane surface 

In order to rationalize interactions between catalase and the zeolite support we analyzed the effect of various experimental 

parameters such as the incubation temperature and time, the concentration of enzyme solution and the pH value by using 

zeolite samples synthesized with different structures and chemical compositions. 

 
FIGURE 4. Sketch of the experimental method used to prepare the isomorphous substituted zeolite 

composite membranes 

The zeolite composite membrane set that was prepared includes a wide range of Brönsted acidity: from the rather basic form 

of Sil-2 to the acidic zeolite Fe-ZSM-5 according the synthetic method reported in Figure 4.An interface that is formed 

between two different phases usually has a higher standard free energy than the bulk phase. As a result, it is apt to be 

thermodynamically stabilized by adsorbing any chemical species that are different from the solvent molecules. Adsorption 

profits from interactions between the surface of the support and the outer shell of biological molecules. In this paper, the 
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amount of adsorbed enzyme was measured by using the so-called depletion method, based on the decrease of the enzyme 

concentration in the solution after immobilization. It is well-known that the adsorbed amount of enzyme is influenced by 

several factors such as the polypeptide characteristics, the solid support surface and the environmental conditions. As regards 

the enzyme, its charge, its structure stability (hard or soft behavior), its amino acid composition and its steric conformation 

need to be taken into consideration. 

As regards the solid support, the zeolite properties that can influence the enzymatic adsorption are the zeolite structure, the 

chemical composition of the crystalline framework, the crystal morphology and size, the Brönsted acidity, the number and 

the distribution of defect and hydroxyl groups. These groups can be seen as silanol groups whose acidity can be enhanced by 

the interaction with a strong Lewis acid center (Al
3+

) or decreased by the presence of fluoride ions in the framework. 

Moreover, in order to study the influence of transition metal atoms on catalase adsorption, we prepared Ag-, Fe-, and Co-

zeolite materials by ion exchange procedures. Since the zeolite structures have micropores, which are too small with respect 

to the kinetic diameter of the catalase, the adsorption occurs solely on the external crystalline surface. There is no systematic 

study in the literature, to our knowledge, about the adsorption of catalase on zeolite materials that rationalize its performance 

on different involved crystalline structures. The effect of pH on the catalase adsorption was investigated at three different pH 

conditions: 4.8, 6.4 and 11.8. As can be seen from Fig. 5, for zeolite crystals synthesized, the adsorption capacity of the 

enzyme decreased with increasing pH. The pH value that gave the highest adsorption, among those tested, was found to be 

4.8, very close to the beef catalase isoelectric point that is 5.4 [15]. So, when the pH 4.8, there is no net charge on the surface 

of catalase. In this case, electrostatic repulsion between the enzyme and the surface of the material is minimal. Fig. 6 shows 

the adsorption isotherms obtained by using the zeolite composite membranes prepared and it reveals the dynamic evolution 

of adsorbed enzyme. The initial trend of the curves obtained for the microporous zeolite crystals has a very fast adsorption. 

When the time is prolonged, the amount of adsorbed enzyme increases slowly. This behavior was observed, for the same 

structure, for all the temperatures tested. Since all the experimental parameters (temperature, weight and enzyme/zeolite 

ratio) were kept identical for all the experiments, the observed variations of catalase adsorption come only from the surface 

crystalline interactions with enzyme molecules. 

 

 
FIGURE 5. Influence of pH on catalase adsorbed onto 

different zeolite supports 

FIGURE 6. Dynamic behaviour of Catalase adsorbed 

onto different zeolite membranes 

IV. CONCLUSION 

Zeolite composite membranes were prepared by in situ and secondary growth crystallization hydrothermal synthesis methods 

and characterized in order to apply in adsorption of catalase. In this work, the adsorption of catalase on various zeolite 

structures was studied, because these inorganic materials could have tremendous potential applications in biotechnological 

industrial processes, but their interactions with biological species in the literature have been inadequate up to now. Although 

the adsorption of enzymes on inorganic surfaces is a very simple phenomenon at first glance, this behavior needs further 

elucidation because there are many factors that affect the process. The interaction between polypeptides and surfaces is also 

complicated since forces such as hydrophilic and hydrophobic, electrostatic and structural interactions are involved to a 

greater or lesser extent. 

This study leads to interesting conclusions permitting to evidencing that transition metal cation-containing zeolite 

membranes adsorb a higher percentage of catalase. Moreover, since the amount of catalase adsorbed on the zeolite crystals 

and membranes increases with the temperature for all samples, we suppose that the acidity of the surface hydroxyl groups 
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plays an important role in this interaction. Moreover, the catalytic activity of the catalase-zeolite system was preserved and it 

constitutes an undeniable advantage of this technique for future applications. 
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Abstract— The banana market has grown considerably in recent years due to the increase in the supply of this fruit, both in 

quantity, quality and punctuality of the daily / weekly offer in the gondolas of hortifrúti retail establishments. Also, trade has 

grown due to increased consumer demand for this product, because of the change in people's behavior for better quality 

foods, such as bananas. This work was carried out in the city of Lavras, Minas Gerais, Brazil, from 2002 to 2017, making 

monthly collections in hortifrúti retail establishments, using spreadsheets to record the quantities sold, gondola losses with 

information from the sector managers and per capita consumption made through the ratio of the quantity sold and the 

number of inhabitants of the city at each stage of the research, in order to know the size of the banana market in this city. 

Keywords— Banana, Per capita consumption, Marketplace, Losses. 

I. INTRODUCTION 

Fruticulture, in general and banana farming in particular, is one of the most prominent sectors in Brazilian agribusiness. 

Through a wide variety of fruits produced throughout the country and in different climates, fruit production achieves 

significant results and generates business opportunities. Brazilian production was approximately 44.0 million tons in 2017. 

This production places Brazil as the third largest producer of fruit, behind only China and India [1]. 

Brazilian production is focused on tropical, subtropical and temperate fruits, thanks to its territorial extension and geographic 

position. According to the Brazilian Fruit Institute (IBRAF), fruit growing in Brazil occupied an area of 2.6 million hectares, 

moved 5.2 billion dollars and employed 6 million people [2]. 

Banana is one of the most cultivated and consumed fruits in nature in Brazil and the world, being the second in the world, 

behind only the orange. It occupies the first place in the Brazilian ranking of fruits, with more than 106 million tons. In the 

world, there are more than 125 countries that are dedicated to the cultivation of bananas. In some of them, activity stands out 

as one of the main sources of employment and income generation [3] ; [4]. 

Advances in research and development in the exploitation of banana farming in recent decades have enabled the fruit market 

to grow in quantity, quality and its supply throughout the year.. In this sense, banana farming has expanded considerably in 

most countries in the last three decades, from 35 million tons in 1978 to 107 million tons in 2011 [4]. 

In Brazil, climatic conditions allow the banana to be grown in all states, throughout the year, meeting the demand of 

domestic consumption. Brazilian banana production was 6.76 million tons, with the main producers São Paulo being 1,089 

thousand (1,089 million tons), Bahia with 1,084 thousand (1,084 million tons), Minas Gerais with 773 thousand tons and 

Pará with 504 thousand tons and the other states with 2,590 thousand tons (2,590 million tons [2]. 

The main types of banana produced and consumed in the country are: Silver, Nanica and Maçã, which, according to Andrade 

et al., 2017, in the south of Minas Gerais correspond to 80%, 15% and 5% of production, respectively [5]. 

The consumption of banana comes from a characteristic that makes it one of the fruits that comes by nature packed, practical, 

delicious and easy to be consumed in any place and time. It is a fruit rich in fiber, vitamins and minerals, notably potassium. 

On the other hand, ease of access also contributes to high consumption rates, since it is found everywhere. The predilection 

can be seen in the numbers, since about 99% of the national production supplies the domestic market. [6] ; [7]. 

Consumption of fruits, especially bananas in particular, has grown significantly due to people's interest in healthier foods [1]. 

This trend for better food quality was confirmed in a study conducted by the Center for Advanced Studies in Applied 

Economics of the University of São Paulo (Cepea-USP), where it increased by approximately 4.38 kg per person year in the 

period from 2005 to 2011 [8]. This change in people's behavior regarding dietary habits has been responsible for the increase 

in banana trade [9]. 
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The objective of this work was to know the banana trade of the city of Lavras - MG, in relation to the volume sold, 

percentage of losses in the gondolas and per capita consumption of bananas by the population from 2002 to 2017. 

II. METHODOLOGY 

This research was carried out in six stages in the city of Lavras - MG, Brazil, the first one in 2002/2003; the second of 

2004/2005, the third of 2008/2009, the fourth of 2011/2012, the fifth of 2014/2015 and the sixth of 2016/2017 in the months 

of July to June, in the various networks of supermarkets, wagons and fairs - free. 

The data collection was performed monthly, through a spreadsheet with questions about quantity marketed, total value of 

consumer prices and percentage of losses in gondolas. The data collected were tabulated and analyzed monthly. 

The sampling of the number of establishments interviewed was performed according to the criteria of Cochran [10], where in 

places with more than fifty commercial establishments the sample is 10%, from ten to forty establishments of 20% and less 

establishments of 100%. For this research conducted in the city of Lavras, Minas Gerais, Brazil, the sample was 100% of the 

four chains of supermarket establishments and ten retail establishments. 

III. RESULTS AND DISCUSSION 

According to Chart 1, in the first stage (2002/2003) they were traded on average of 78.77 t of banana per month, in the 

second 83.85 t (2004/2005), in the third 110 , 85 t (2008/2009), the fourth 138.36 t (2011/2012), the fifth 142.37 t 

(2014/2015) and the sixth 146.36 (2016/2017). 

According to the data presented, there is an increase of 6.44% from the first to the second stage [11] and from 40.72% from 

the first to the third stage. From the third to the sixth stage an increase of 32.06% and from the first to the sixth of 85.84%, 

which demonstrates the tendency of increase in banana consumption by the population, motivated mainly by the aspects 

related to health and the search for a better quality of life [12]. 

 

GRAPH 1 - QUANTITY (T) OF BANANA MARKETED IN LAVRAS FROM 2002 TO 2017. 

In six years, from the first to the third stage, per capita consumption of bananas in Lavras rose from 11.81 kg / inhabitant / 

year [11] to 20.74 kg / inhabitant / year. In that interval, consumption per capita had an increase of 8.93 kg per person per 

year, registering an increase of 4.38 kg per person per year. 

In the 2016/2017 period, the per capita consumption of the city of Lavras was 17.22 kg / inhabitant / year, which compared to 

the 2002/2003 stage, which was 11.81 kg, there was an increase of 45.80% in fifteen years. In Brazil, per capita consumption 

in 2016/2017 was 25.00 kg / inhab / year [13], which, compared to Lavras-MG in the same period, we can say that Lavras-

MG consumed less than the average of the country, that is, around 21.33 kg / person. 
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As shown in Graph 1, there was an increase in banana consumption over the period evaluated. This fact can be explained by 

the increase in the banana supply in the retail market, due to the increase in demand for the population, motivated by the 

behavioral changes of the population that started to seek healthier food, combined with an improvement in the purchasing 

power of society in general, as well as the improvement of the supply and distribution of these products by the retail network 

with assiduity and punctuality. 

In the first stage, the banana losses in supermarket shelves and bakeries increased from 7.8% [11], to 4.6% in the following 

stages, according to the report of those responsible for the hortifrúti section of the establishments surveyed. There was a 

reduction in losses from 6.54 t / month to 3.85 t / month, ie 2.69 t / month in the second stage, 3.37 t / month in the third, 4.43 

t / month / month on Wednesday, 4.56 t / month on Thursday and 4.68 t / month in the sixth stage, resulting in a reduction in 

waste in banana marketing. This is due to the efforts made by the management of the retailers (supermarkets and wagons) in 

the logistics of distribution to the final consumer. 

Table 1 shows the data of Banana Prata, Nanica, Maçã and Others (Quince, Terra, Ouro, etc) marketed in the city of Lavras, 

MG, Brazil in the sixth stage of this research, from August 2016 to January 2017. 

The average amount of banana traded in the period from August 2016 to January 2017 was 150.58 t, with a monthly average 

of the cultivars Prata with 102.29 t, Nanica with 37.13 t, Maçã with 8.43 t and Others with 2.73 t. 

The silver banana had the largest quantity traded in October 2016, the Nanica in January 2017, the Apple in January 2017 

and others, also in January 2017. 

Banana Prata had an average participation of 67.93% of the total marketed, Nanica with 24.65%, Apple with 5.59% and 

others with 1.81%. The main types of banana produced and consumed in the country are Prata, Nanica and Maçã and, 

according to Andrade et al., 2017, in the south of Minas Gerais are 80%, 15% and 5% respectively [5]. 

 Table 1 shows that the month of December was the month with the highest average supply of bananas in the city of Lavras. 

It can be said that this event is due to the greater supply of the fruit, accompanied by the greater demand of these products by 

the population, a factor motivated by the Christmas festivities and also by the increase of income, with the receipt of the 13th 

salary. 

As for the increase in the volume of bananas marketed, it can be said that this is a consequence of the increase in productivity 

and quality, as well as the constant supply of these products during all months of the year. This offer, in turn, is provided by 

the technological development resulting from the results of continuous scientific research, which has enabled the 

advancement of banana farming in the various geographic regions of Brazil. 

TABLE 1 

VARIETIES OF BANANAS MOST COMMERCIALIZED (t) IN LAVRAS-MG, FROM AUGUST 2016 TO JANUARY 

2017. 

Fruit/Month Agu/16 Set/16 Oct/16 Nov/16 Dev/16 Jan/17 Average 

Silver banana 92,79 109,66 109,93 102,24 104,72 94,38 102,29 

Banana nanica 28,29 27,09 33,30 40,79 47,85 53,46 37,13 

Banana apple 

Others 

7,45 

2,84 
6,811,92 

8,42 

2,92 

8,91 

2,81 

9,23 

2,75 

9,81 

3,18 

8,43 

2,73 

TOTAL 131,37 145,48 154,57 154,75 164,55 130,83 150,58 

IV. CONCLUSION 

The commercialization of bananas in the city of Lavras, MG, Brazil, has increased due to greater supply, quality and 

attendance and punctuality of delivery in the gondolas; 

Technological development has provided the best banana production, throughout the year, favoring the supply of fruit to the 

population and driven the change of habit of people by their daily consumption. 



International Journal of Environmental & Agriculture Research (IJOEAR)         ISSN:[2454-1850]                [Vol-4, Issue-3, March- 2018] 

Page | 45  

REFERENCES 

[1] CNA BRASIL. Fruticultura: Balanço 2016/Perspectiva 2017. Brasília, 201. Available in:  

http://www.cnabrasil.org.br/sites/default/files/sites/default/files/uploads/10_fruticultura.pdf. Accessed: February 2018  

[2] (PARANÁ (ESTADO). Secretária de Estado de GRICULTURA O ESTADO DO PARANÁ. Departamento de economia rural. 

Análise da Conjuntura Agropecuária – Safra 2016/2017, In: ANDRADE, P.F. de S. Paraná, 2017. Available in: 

http://www.agricultura.pr.gov.br/arquivos/File/deral/Prognosticos/2017/Fruticultura_2016_17.pdf. Accessed: February 2018 [3] 

REINHARDT, D.H. Apresentação. In: BORGES, A.L. (Ed.). Sistema orgânico de produção para a cultura da banana. 3.ed. Cruz 

das Almas: Embrapa Mandioca e Fruticultura, 2016. (Embrapa Mandioca e Fruticultura. Sistema de Produção, 18). Available 

in:<https://www.spo.cnptia.embrapa.br/conteudop_p_id=conteudoportlet_WAR_sistemasdeproducaolf6_1ga1ceportlet&p_p_lifecycle

=0&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=1&p_r_p_-

76293187_sistemaProducaoId=8018&p_r_p_-996514994_topicoId=10013>. Accessed: March 2018. 

[3] VIEIRA, L.M. Brasil é o terceiro maior produtor de banana. Campo & Negócios, 2015, p. 3-4 

[4] DIÁRIO DE UBERLÂNDIA. Uberlândia. Minas Gerais investe em pesquisa, 2017. Available in:  

http://diariodeuberlandia.com.br/noticia/12440/minas-gerais-investe-em-pesquisa. Accessed: March2018. 

[5] AGRON. Agronegócio Online. Banana é a fruta mais consumida pelos brasileiros. Março 2018. Available 

in:https://www.agron.com.br/publicacoes/mundo-agron/culinaria/2015/09/23/045826/banana-e-a-fruta-mais-consumida-pelos-

brasileiros.html. Accessed: February 2018  

[6] ANUÁRIO BRASILEIRO DA FRUTICULTURA 2017, Rendendo mais, página 38. Available in:  

http://www.editoragazeta.com.br/flip/anuario-fruticultura-2017/files/assets/basic-html/index.html#1. Accessed: February 2018  

[7] PIMENTEL, P.M.; PIMENTEL, L.P. Tendências do mercado de frutas de uso imediato. Pelotas: Embrapa Clima Temperado, 

[2011]. Disponível em:www.ceinfo.cnpct.embrapa/artigo_contexto.plep?op=l&. Acesso em: 27 de fevereiro 2018. 

[8] SILVEIRA, J. et al. Quem é o consumidor brasileiro de frutas e hortaliças? Hortifruti Brasil, Piracicaba, ano 10, n.103, p.8-23, jul. 

2011. Disponível em: www.cepa.esalq.usp.br/hfbrasil/edicoes/103/full.pdf. Acesso em: March2018. 

[9] COCHRAN, W. G. The Planning of Observational Studies of Human Populations. Journal of the Royal Statistical Society. Serie A 

(General), Vo. 128, Nº 2 (1965), pp. 234-266. 

[10] PEREIRA, L.V.; ANDRADE, J.C.; FRÁGUAS, J.C.; ABRAHÃO, E.; ALVARENGA, A.A. Análise do comércio de banana em 

Lavras – Minas Gerais. Ciência e Agrotecnologia, v.33, n.3, p. 863-869, maio/jun., 2009. 

[11] ANDRADE, Jose Clélio de; PEREIRA, Lair Victor; ALVARENGA, Angelo Albérico.; FERREIRA, Ester Alice; NORBERTO, Paulo 

Márcio.  Evolution of the fruit market in the city of Lavras-Minas Gerais-Brazil: 2004 to 2015. International Journal of 

Environmental & Agriculture Research, v. 3, p. 32-36, 2017. 

[12] LIMA, M.B.; VILARINHOS, A.D. Importância econômica e social – Banana. Available in:  

http://www.agencia.cnptia.embrapa.br/Agencia40/AG01/arvore/AG01_28_41020068055.html. Accessed: February 2018  

http://www.cnabrasil.org.br/sites/default/files/sites/default/files/uploads/10_fruticultura.pdf
http://www.agricultura.pr.gov.br/arquivos/File/deral/Prognosticos/2017/Fruticultura_2016_17.pdf
http://diariodeuberlandia.com.br/noticia/12440/minas-gerais-investe-em-pesquisa
https://www.agron.com.br/publicacoes/mundo-agron/culinaria/2015/09/23/045826/banana-e-a-fruta-mais-consumida-pelos-brasileiros.html
https://www.agron.com.br/publicacoes/mundo-agron/culinaria/2015/09/23/045826/banana-e-a-fruta-mais-consumida-pelos-brasileiros.html
http://www.editoragazeta.com.br/flip/anuario-fruticultura-2017/files/assets/basic-html/index.html#1
http://www.ceinfo.cnpct.embrapa/artigo_contexto.plep?op=l&
http://www.cepa.esalq.usp.br/hfbrasil/edicoes/103/full.pdf
http://www.agencia.cnptia.embrapa.br/Agencia40/AG01/arvore/AG01_28_41020068055.html


International Journal of Environmental & Agriculture Research (IJOEAR)            ISSN:[2454-1850]                [Vol-4, Issue-4, April- 2018] 

Page | 46  

A mitochondrial DNA SNP is maternally inherited in hops 

(Humulus lupulus, L.) and segregates varieties of the renowned 

Brewer’s Gold female lineage from the others 

Anne Forster
1
, Jean-Marc Jeltsch

2 

1
UMR 7242 - Biotechnology and cell signaling, CNRS – University of Strasbourg, ESBS 300 boulevard Sébastien Brant, CS 

10413, 67412 ILLKIRCH CEDEX, FRANCE 
2
UMR 7515 - Institute of Chemistry and Processes for Energy, Environment and Health (ICPEES), CNRS-University of 

Strasbourg, ECPM, 25 rue Becquerel, 67087 STRASBOURG CEDEX 02, FRANCE

Abstract— The integration of molecular biology concepts and techniques in cultivated plant breeding programs allows 

defining more accurately the parents involved in crosses. The analysis of the DNA polymorphism in existing hop cultivars or 

wild types selected to generate new potent varieties is commonly used. Ribosomal DNA RFLP was the first to be studied in 

the middle of the 1990’s and differentiated at least European from North American cultivated hops. The EcoRI rDNA RFLP 

has been established here for a selection of 31 H. lupulus plants, 17 of which are cultivars and the remaining 14 include wild 

types and other genotypes used for breeding. The sequence of the Magnum variety rDNA EcoRI fragment (4,957 bp) 

covering the intergenic spacer and corresponding to its North American heritage has been determined. As mitochondria are 

known to play a role in the biosynthesis of the valuable plant secondary metabolites, specially those based on isopentenyl 

pyrophosphate, the search for mtDNA polymorphism allowing a possible distinction among hops was engaged. After having 

established the 14,472 bp sequence of mtDNA encompassing the ATP synthase alpha subunit (509 aa), a 560 bp region 5’ 

upstream of this gene allowed to identify a single nucleotide polymorphism. This SNP appeared to be maternally inherited in 

the lineage of Brewer’s Gold, often used in crosses for its bittering properties. This work may stimulate researchers to 

explore further on the role of mitochondria in the biosynthesis of metabolites, mainly but not only isoprenoids, that make 

Humulus lupulus so interesting. 

Keywords— Cannabaceae, Cannabis sativa, Medicinal plant, Mitochondria, Terpenes. 

I. INTRODUCTION 

As revised in 2013 by Yang et al. [1], Humulus is one of the ten genera of the Cannabaceae family. The three Humulus 

species, whose cradle is Eastern Asia, are H. japonicus, Siebold & Zuccarini (or H. scandens, Loureiro), H. lupulus, Linné, 

known as hop, and H. yunnanensis, Hu. 

H. lupulus, a dioecious diploid perennial plant was distributed primarily in Northern temperate parts of America, Asia and 

Europe. Its 2.57 Gbp [2] genome is composed of 20 chromosomes (2n=2x=20), of which one pair is recognised as sexual 

(XX for female and XY for male).  Hops also exist as aneuploid, monoecious, triploid or tetraploid individuals [3]. The main 

use of hops since the Middle Age and up to now is as a “spice” in brewing, bringing bitterness, aroma and flavour to beer [4-

6]. Only female plants are cultivated for their inflorescences, called cones (or strobili), which host lupulin glands containing 

the wanted specific resins. Their principal fraction, the -acids (humulone), which is the traditional basis of the hop 

commercial value, contributes, along with -acids (lupulone), to beer bitterness whereas its aroma and flavour are due to 

cone essential oils [6]. These remarkable metabolites are mostly synthesized from the isopentenyl pyrophosphate (IPP) by 

involving nuclear, plastidial and/or mitochondrial pathways [7, 8].   

From germplasm collections, hosted in a few places dedicated to H. lupulus in producing countries, selected female and male 

individuals, used for controlled or open pollination, are requested in breeding programs to generate and establish genetically 

stable new cultivars. Once such a potent new variety is chosen for its properties, it is vegetatively propagated in glasshouses 

and the resulting developed plantlets are positioned in the prepared gardens for further growth. Two to four-year trials in 

various places allow to establish its characteristics by both qualitative and quantitative studies, including the ease to cultivate 

and harvest, the resistance to diseases, the crop yield, sensory evaluations and biochemical analyses. Parental plants used in 

breeding programs can be already existing varieties (mother plants) and males originating from previous crosses or wild type 

hops [9-11]. In hop gardens, and for each cultivated plant, up to 4 bines from annual shoots are fixed during Spring on a 

trellis to allow a fast growth with clockwise climbing. When flowers are harvested early in Autumn, and dependant of the 
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hop variety, the composition and relative richness of hop resins is determined following a traditional classification in two 

main groups: aroma and bittering. A third one, dual-purpose (meaning high -acids content and valuable aroma properties) 

tends to become generally accepted mainly for commercial reason [12-14]. They rely on the tastes of hop flower teas and of 

the beer due to hop addition (either as dried cones, pellets or extracts) in the brewing process. This qualitative scoring is 

completed by quantitative biochemical analyses of a selection of hop secondary metabolites present in the thoroughly dried 

cones [15, 16]. 

In the last thirty years, several studies on genetic diversity among cultivated hop varieties and wild type hops have been 

published and used in breeding programs continuously generating numerous new registered varieties. In 2016, the production 

of 249 commercial cultivars, adapted for various pedoclimatic conditions and bred mostly to fit with market driven product 

requirements, was reported by the International Hop Growers’ Convention (IHGC) [17]. Hop is produced in 30 countries 

with a total acreage for 2017 of about 55,000 ha. Germany and the USA, the two first producers, represented 2/3
rd

 of the 

world production. Besides historical cultivation areas of the Northern hemisphere, the development of a hop business in Italy 

is also going on [18-20] and the Southern hemisphere contribution to the world hop production rely up to now on Argentina, 

Australia, New-Zeeland and South Africa [17].  Based on their knowledge accumulated over generations, hop breeders take 

advantages from the availability of fine biochemical analyses and of molecular biology technologies. Genetic distances based 

on various DNA polymorphisms, expressed sequence tags (ESTs) and other techniques generating vast number of data, allow 

the clustering of all available and future cultivars along with individuals from wild hop germplasm growing collections [21-

26]. One of the very first published study showed that rDNA restriction fragment length polymorphism (RFLP) was able to 

segregate hops according to their geographical origins [27]. More recently, genomic and plastidial DNA tags identified 

accurately the continental origins of hops allowing new breeding program strategies [25, 28]. A still current aim of breeding 

programs is to combine in one variety both aromatic and bitter properties, with high yield, disease resistance and easy crop. 

Such hunted dual-purpose varieties can preserve aromatic properties without reducing the -acid contents and the targeted 

beer quality. Strong efforts have been engaged to find the suitable father plant able to bring bittering, respectively aroma, 

components in an aroma, respectively bitter, mother variety without altering it first qualification and so to generate suitable 

F1 plant populations expected to contain future and competitive new variety candidates. Searches for useful quantitative trait 

loci (QTL) have shown to be highly complex as described in the remarkable work of McAdam et al. published in 2013 [29]. 

In this reference, unfortunately, no mention about plastid or mitochondrial genome contributions can be read.  

With respect to cell energy (ATP production) and metabolism, the fundamental role of mitochondria is recognised [30-33]. 

The angiosperm mitochondrial genome size and organization differ considerably from one taxa to another and ranges from 

around 200 to at least 2,500 kbp [34]. The available hop mtDNA assembled sequence of 336,811 bp [2] is positioned at the 

lower size range. Although maternal inheritance in plants is predominant, biparental mitochondrial transmission have been 

reported in various taxa [35, 36]. The data published by Clark et al. [8] and the progress in mtDNA sequencing [2] encourage 

to overcome possible difficulties due to both size and mode of parental transmission to progeny of mitochondrial genome and 

to dynamize its study in hops which has so far been timorous.  

Here, within the 14,472 bp mitochondrial sequence of the Strisselspalt hop variety, a 560 bp region was selected at the 5’ end 

of the gene encoding the  subunit of ATP synthase (EC 3.6.1.14), highly conserved among plants [37-39]. It contains a 

single nucleotide polymorphism acting as a signature that splits in two groups the 31 selected plants used in a still running 

hop breeding program and raises the question of maternally inherited mitochondrial genome in hops.  

II. MATERIALS AND METHODS 

Plant samples, either fresh, dried or lyophilized, were processed upon receipt as follows. Fresh leaves and cones were 

obtained from growers in various gardens in Alsace (France) within a continuous breeding program established in 2001 and 

supported by the Cophoudal – Comptoir Agricole (Hochfelden, France). Wild type samples were collected by the authors 

along the Bruche river near the town of Molsheim (France). Fresh collected samples were placed immediately in a cool box 

at 4-6 °C and, once in the lab, entered the dedicated DNA extraction procedure or were dropped 2 min in liquid nitrogen and 

then packaged for storage at – 80°C. Dried or lyophilized plant samples were ground and processed directly with the 

appropriate protocol depending upon the aim of the experiment. Samples from some of the parental plants used in part of the 

program were provided, with their code numbers and filiations, by Dr Peter Darby (Wye Hop Ltd, UK). The identity and 

filiations of all the plants used in this study were gathered from various sources [12-14], checked for consistency and 

summarized in Table 1. 
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FIGURE 1: PHOTOGRAPHS OF FLOWERING FEMALE AND MALE HOPS. 

All molecular biology protocols used unless otherwise indicated were from Ausubel et al. [40]. Enzymes, chemicals, 

oligonucleotides (primers) and/or materials, depending on public market constraints, were delivered to the laboratory by 

various companies.  

Mitochondrial DNA (mtDNA) was isolated from fresh leaves of the Strisselspalt hop variety following the protocol of 

Maureen et al. [41]. This mtDNA preparation served for primer walking experiments. For all other experiments, total DNA 

was purified from hop samples using the Nucleospin Plant kit (Macherey-Nagel, Germany). PCR were performed with high-

fidelity polymerases and processed with protocols optimized for each thermal cycler used. PCR products (native and/or after 

their restriction endonuclease digestion) less than 2 kbp long were analyzed by 2 % w/v agarose gel electrophoresis in Tris-

Borate-EDTA buffer and either Gene Ruler Ladder Mix or Range Ruler 50 bp DNA Ladder (Thermo Fisher, USA) was 

chosen. 

DNA sequencing, carried on both strands twice for each purified PCR product, was generated by an ABI Prism sequencer. In 

some cases, PCR products were inserted into appropriate plasmid vectors. Recombinant DNA from positive clones were 

purified from 1 mL cultures with NucleoSpin Plasmid QuickPure (Macherey-Nagel, Germany) and standard T3 and T7 

primers were then used in sequencing. Sequence analysis and assembly were achieved by using the online software platform 

at the National Center for Biotechnology Information in the USA [42]. 

For Southern blot hybridization, probes were generated by random primed DNA labelling with Digoxigenin-dUTP (DIG 

DNA Labelling Kit) followed by luminescent signal detection (DIG Luminescent Detection Kit). Both kits were from Roche 

(Germany). The Digoxigenin labelled probe used for the rDNA EcoRI fragment length polymorphism study corresponded to 

the 819 bp fragment from position 5072 to 5890 of sequence AF223066 (GenBank). The DNA Molecular Weight Marker 

VII, Digoxigenin-labelled (Roche, Germany) was chosen for 1 or 1.2 % w/v agarose gel electrophoresis. The unlabelled 

DNA Marker VII (Roche, Germany) or the Gene Ruler Ladder Mix (Thermo Fisher, USA) was used in electrophoresis 

without subsequent Southern blotting.  

III. RESULTS AND DISCUSSION 

Linked to the breeding program initiated in 2001 in Alsace (France) and aiming at generating hop varieties with an aroma 

profile like that of the starting Strisselspalt variety and an elevated content in -acids, a subset of 31 samples (known 

cultivars including Strisselspalt as reference, unknown encoded plants and two wild types, one of both sexes) was used in this 

study (Fig. 1 and Table 1). 
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TABLE 1 

IDENTITIES, ORIGINS, DATES OF RELEASE AND TYPES OF THE H. LUPULUS USED.  

Hop identity § Pedigree/ Origin 
Date of 

release 
Type# 

Admiral Derived from Northdown and Challenger breeding lines 1996 B 

Columbus Unknown. 1970’s B 

Elsaesser An old landrace (Alsace, France) distinct from Strisselspalt. Na A 

Glacier 
Progeny of Elsaesser (mother lineage), Northern Brewer and Brewer’s Gold 

(Washington State University, USA). 
2000 A 

Saphir Cross of 83/17/20 x 80/56/6 (Hüll, Hallertau, Germany). 2002 A 

Select 
76/18/80 x 71/16/7 (derived from Hallertauer Mittelfrüh and Spalt, one of the 

world oldest hop varieties, Hüll, Hallertau, Germany). 
1993 A 

Strisselspalt 
First reported in 1885 and probably issued from a cross involving a Spalt mother 

(Alsace, France). 
Na A 

Strisselspalt 4X Generated for the breeding program in 2001/2002. Na Na 

Target Lineage of Northern Brewer and Eastwell Golding. 1972 B 

Tradition 
Cross between Hallertauer Gold and male 75/15/106 (Hüll, Hallertau, 

Germany). 
1993 A 

Whitbread 

Golding variety 
Bates Brewer – open pollination in 1911; WGV name given in 1920 (England). 1953 A 

Wild type F Wild female ecotype (Alsace, France). 
Na Na 

Wild type M Wild male ecotype (Alsace, France). 

TB104 
Progeny of Pilgrim used as mother crossed with a male having Challenger as 

grandmother. 

* Na 

TC61 

Progeny of the mother 25/91/12 having Yeoman in its mother lineage and 

Olympic in its father one (3/4 of Brewer’s Gold) as grandmother and crossed 

with a male having Bramling Cross as one of its grandmother. 

TC132 Same mother as for TC61 but crossed with a male having as grandmothers 

Yeoman and the same grandmother as Pilgrim and Admiral as mother. TC169 

TD161 

Progeny of a male having Yeoman and Olympic (3/4 of Brewer’s Gold) as 

grandmothers and crossed with a female having the same grandmother as 

Pilgrim. 

2/82/12 Progeny of Challenger. 

46/01/02 Progeny of Pilgrim as a mother in an open pollination. 

48/02/09 
Progeny of Hallertau INT32. 

48/02/14 

54/97/01 
From an open pollination of Early Bird, a Goldings aroma hop, discovered in 

1887 at Wye (Kent, England). 

318/01/10 
Male issued form crosses using Strisselspalt as mother plant with a male issued 

from Mathon x wild type male. 

Brewer’s Gold 
Wild female named BB1 isolated in Morden (Manitoba, Canada) x wild male 

(Kent, England) in 1919. 
1934 B 

Horizon 
Half Sister of Nugget (lineage of Brewer’s Gold and Early Green, bred at 

Oregon State University (USA). 
1997 B 

Magnum 
Galena x male 75/5/3 (Hüll, Hallertau, Germany) (Galena released in 1978 is a 

daughter of Brewer’s Gold in an open pollination). 
1993 B 

Merkur Magnum x male 81/8/13 (Hüll, Hallertau, Germany). 2001** B 

Millenium 47 Daughter of a tetraploid Nugget (a granddaughter of Brewer’s Gold) (Yakima, 

WA USA). Two isolates used (47 & 52) 
2000 B 

Millenium 52 

Nugget Daughter of Brewer’s Gold (Oregon State University, USA). 1983 B 

§: Female plants are in bold; #: A = aroma, B = bittering; Na: not applicable;  

*: From various breeding programs (Peter Darby personal communication); **: registered 
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FIGURE 2: MAP OF THE HOP rDNA TANDEM REPEAT ORGANIZATION SHOWING TWO rDNA UNITS, THE 

ECORI SITES AND CORRESPONDING FRAGMENT SIZES (IGS: INTERGENIC SPACER, ITS: INTERNAL 

TRANSCRIBED SPACER). Note the position and extent of the Digoxigenin-labelled probe (Dig-P). 

 

 
FIGURE 3: RESULTS OF SOUTHERN BLOT HYBRIDIZATION OF ECORI-DIGESTED HOP TOTAL DNA. 

Samples of about 10 µg of digested DNA corresponding to the different varieties (lanes 1-15 upper panel and 16-31 

lower panel) and the Dig-labelled DNA marker VII (lane M, sizes in kbp on the left) were loaded on 1% agarose gel. 

After electrophoresis, the Southern blot hybridization and detection procedure was followed using a Dig-labelled 

rDNA probe. The specific sizes of the hybridized rDNA fragments are indicated (in kbp on the right). The samples 

were (lane-name): 1-Admiral, 2-Columbus, 3-Elsaesser, 4-Glacier, 5-Saphir, 6-Select, 7-Strisselspalt, 8-Strisselspalt 

tetraploid, 9-Target, 10-Tradition, 11-WGV, 12-Wild type female, 13-Wild type male, 14-TB104, 15-TC61, 16-TC132, 

17-TC169, 18-TD161, 19-2/82/12, 20-46/01/02, 21-48/02/09, 22-48/02/14, 23-54/97/01, 24-318/01/10, 25-Brewer’s Gold, 

26-Horizon, 27-Magnum, 28-Merkur, 29-Millenium 47, 30-Millenium 52, 31-Nugget. 

A first view of the distribution of this selection in terms of rDNA restriction polymorphism profiles was obtained. A 

Southern blot hybridization of EcoRI total DNA digestions of the 31 plant samples with the Dig-labelled Strisselspalt rDNA 

probe (819 bp) covering the EcoRI site of the 18S sequence gave typical results. The presence of two types of rDNA RFLP 

was revealed with either two hybridized fragments (profile R1: 5.4 and 3.7 kbp) for European and Asian type hops or three 

(profile R2: 5.4, 4.9 and 3.7 kbp) in the case of varieties containing rDNA inherited from North American cultivated hop 

(Fig. 2 & 3 and Table 2). The sequence length divergence occurs in the IGS part of the rDNA repeat organisation.  

The sequence of the specific 4.9 kbp EcoRI rDNA fragment was determined for Magnum (GenBank accession number 

MH205730). It may serve in the understanding of the various IGS sequence rearrangements in the Humulus genera and 

completes previous contributions [27, 44]. The results highlight the relevant case of Merkur (see lane 28 in Fig. 3, and Table 

2). This bittering hop variety inherited via its Magnum mother plant some characteristics of Brewer’s Gold, but the rDNA 
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polymorphism indicates that the component of North American cultivated hops disappeared as a consequence of the cross. 

This is in accordance with the conclusion of Pillay & Kenny [27] indicating that “Ribosomal DNA length phenotypes 

showed simple Mendelian inheritance in hop”.   

Although Merkur is a bittering hop, it can be seen on web sites from various companies commercializing hops, that there is 

an increased tendency to requalify some varieties from bittering to dual-purpose type, which is the case for Merkur, probably 

because the race aiming only at higher -acids cone content shifted towards other goals. Among these, already targeted since 

decades, are the selection of disease resistant hops, improvement of aroma and flavour, drought tolerance with an easier 

cultivation and post-harvest production processes. As well as for the hop resin synthesis [8], many properties rely on the 

plant metabolism which involves mitochondrial activity [45]. 

To start the search for hop mitochondrial genome polymorphism information, the hop mtATPase was used to anchor the 

study. A 166 bp sequence was identified in 1999 by sequencing a mtDNA fragment generated by PCR using degenerated 

primers deduced from alignment of the 17 sequences (mostly partial) of plant mitochondrial ATPase  subunit available at 

that time (our unpublished report). From this sequence a primer walking strategy in both direction was developed. A contig 

of 14,472 bp hop mtDNA was obtained for the Strisselspalt variety (Genbank access number: MH016574). It encompasses 

the mtATPase  subunit gene (position 9090 – 10619). The deduced 509 aa protein sequence (calculated MW of 55,337 Da) 

is identical except one amino acid (position 485:  I versus V) to that of Cannabis sativa (GenBank KU363807.1). 

This sequence will contribute to the accuracy of the available hop mitochondrial sequences in public databases because all of 

them showed unproperly assembled sequences in this specific region. This is the reason why, on the contrary of all plant 

ATPAse  subunits that gave at least 95 % identities using a BlastX search, no high-quality match with H. lupulus sequence 

data in either hopbase.org or GenBank [42] was obtained prior to our present contribution. 

 
FIGURE 4: PARTIAL STRISSELSPALT HOP MTDNA SEQUENCE FROM THE 14,472 BP REGION (GENBANK 

MH016574). The primers NAD1 and NAD2 used for PCR, the translation start (+1, ATG) of the ATPase  

subunit coding gene and the HinfI sites are positioned.  

The sequence 5’ upstream of the mtATPase  subunit gene diverged rapidly from that of C. sativa. So, it was interesting to 

look if any variability occurred within a maximum 600 bp region ahead of the highly conserved gene sequence among the 31 

selected hop genotypes used in this study. This limited short size fitted to practical conditions for further easy analysis, which 

could be achieved in a one-work day experiment starting with a minimum sample size (about 1 g) thus preserving the plant 

and therefore acting as a non-destructive assay. This size was also chosen for convenience in sequencing.  The search for an 

informative potent polymorphic restriction site resulted in the choice of HinfI, recognizing the sequence 5’ – G/ANTC – 3’, 

present twice in the Strisselspalt mtDNA explored region (HinfI-1 and HinfI-2, Fig. 4). Two primers NAD 1 and NAD2 were 

designed (Fig.4). Used in PCR assays the expected fragment of 560 bp was generated. The size was identical for all 

genotypes tested during this study.  The comparison and analysis of the sequences from 4 hop varieties (Brewer’s Gold, 

Nugget, Select and Strisselspalt) revealed an HinfI restriction polymorphism to be further investigated (Fig.4). The 

electropherogram of the two typical HinfI profiles is presented with a slight sample overload to see the 36 bp fragment 

(Fig.5).  
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FIGURE 5: ELECTROPHEROGRAM (2% AGAROSE GEL) OF THE FRAGMENT PRODUCED BY PCR USING 

PRIMERS NAD1 AND NAD2 ON HOP MTDNA FOR STRISSELSPALT (LANE 1 UNCUT & LANE 2 HINFI CUT) AND 

FOR MAGNUM (LANE 3 UNCUT & LANE 4 HINFI CUT). The Range Ruler 50 bp DNA Ladder was used as 

marker (lane M, sizes in bp). The 560 bp amplified fragment is either cut twice generating three bands (299 

+ 225 + 36 bp, lane 2) or once, yielding two bands (299 + 261 bp, lane 4). 

The 560 bp PCR product for each of the remaining 27 plants used in this study was sequenced and the HinfI polymorphism 

checked by agarose gel electrophoresis (data not shown). The summarized results (Table 2) indicate clearly that this 

polymorphism of the chosen 5’ upstream sequence of the hop mitochondrial ATPase  subunit gene split the 31 genotypes 

used here in two groups (profiles H1 and H2).   

Coming back to the filiation of the plants used (Table1), the prevalence of Brewer’s Gold came as an evidence. The question 

was then to give sense to the potent maternal transmission of this mitochondrial single nucleotide polymorphism (C/A at 

position 9081, see Fig. 4) as a signature of the original mother plant which originated from North America, as confirmed by 

its rDNA profile and by the known history of the English hop varieties parentage [10, 43]. Ernest Stanley Salmon at Wye 

College (Kent, UK) used a wild hop collected at Morden (Manitoba, Canada) as a mother plant (designed BB1) in an open 

pollination (with English wild type males) to generate, in 1919, the successful Brewer’s Gold variety [10, 43]. One sister is 

Bullion and one of its brother was used to generate the Bramling Cross in 1927. The BB1 genetic background, seen as a 

founder, spread through various breeding programs in an abundant and rich progeny although its genome part was therefore 

diluted cross after cross.  This parentage including many of the varieties issued from Wye (Table 1) until mid-1980s, was 

broader and famous names can be cited such as Nugget, Galena, Northern Brewers, Magnum, Horizon, Millenium, Target, 

Challenger, Northdown, Saxon, Viking, Alliance as well as Glacier [10, 43]. 

Maternal inheritance of mtDNA is probably the common way in H. lupulus. The single nucleotide polymorphism revealed in 

this study showed to be strictly conserved over years and through all breeding programs in which the female plant is the 

daughter of a mother plant harbouring this mtDNA signature. In crosses involving female plants showing a H1 mtDNA 

profile with H2 mtDNA males, their progeny showed H1 profile (see Glacier as an example for cultivars and TC61, TC132, 

TC169 and TD161 for other breeding plants, Table 1 and Table 2). Considering all the information presented in the 2 tables, 

Merkur shows the interesting case of the inherited mother H2 mtDNA profile of Brewer’s Gold (and most probably BB1) 

brought by its daughter Magnum, and the rDNA R1 profile of European hops resulting from the exclusion of the specific 

rDNA sequences from North American cultivated hops still present in Magnum. 

This mtDNA SNP may shed a new light on strategic breeding approaches opening yet unexplored routes for introducing 

more cellular work, allowing cytoplasmic hybrid (cybrid) formation followed by plant regeneration [46,47]. 
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TABLE 2 

POLYMORPHIC PROFILES SUMMARIZED FOR rDNA AND mtDNA 

Hop identity § Type # 

rDNA as target mtDNA as target 

Genomic DNA/ EcoRI 

digestion & probe 

hybridization* 

PCR 5’of ATPase  

-Subunit / HinfI digestion** 

Admiral B 

R1 

H1 

Columbus B 

Elsaesser A 

Glacier A 

Saphir A 

Select A 

Strisselspalt A 

Strisselspalt 4X Na 

Target A 

Tradition A 

WGV A 

Wild type F 

Na 

Wild type M 

TB104 

TC61 R2 

TC132 

R1 

TC169 

TD161 

2/82/12 

46/01/02 

48/02/09 

48/02/14 

54/97/01 R2 

318/01/10 R1 

Brewers Gold B 

R2 

H2 

Horizon B 

Magnum B 

Merkur B R1 

Millenium 47 
B 

R2 Millenium 52 

Nugget B 

§: Female are in bold; #: A= aroma, B = bittering and Na = not applicable;  

* Number of EcoRI hybridized fragments: two for R1 (5.4 + 3.7 kbp) and three for R2 (5.4 + 4.9 + 3.7 kbp).  

** Number of HinfI fragments:  three for H1 (299 + 225 +36 bp) and two for H2 (299 + 261 bp). 

Many attempts to focus on the key genes in the synthesis pathway of the valuable secondary metabolism to set up breeding 

programs seem to have only partly succeeded up to now [48]. In the search for QTL, McAdam et al. made great progress in 

the understanding of the pleiotropic nature of hop secondary metabolite synthesis [29] and mentioned the possible action of 

still unknown regulatory elements. As seen for other regulated gene expression, allostery [49] is probably involved in the 

crosstalk between nuclei, plastid and/or mitochondria in the case of the synthesis flow based on IPP [8, 50-52]. The 

mitochondria contribution must be further investigated considering the importance of the chloroplast too. Understanding how 

gene expression and protein activities are regulated in hop specific pathways, either by biotic or abiotic factors, will allow 

enhancement of expected secondary metabolite biosynthesis. This point of view is reinforced by the fact that H. lupulus 

laborious cultivation is balanced by its richness in substances of remarkable properties from which only a few have been 

extensively studied yet [53, 54]. Knowing also that the amount of hop products used in beer making dropped drastically since 

the 1970’s, there might be an opportunity for developing H. lupulus as a medicinal plant and re-boosting its production with 

new cultivation areas [18-20, 55, 56]. This possibility, extended to the other species of the Humulus genus, will reinforce the 

research interests in Cannabaceae almost solely driven by Cannabis sativa. 
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In vitro Evaluation of the Effectiveness of Some New Fungicides 

in the Control of Rhizoctonia solani in Tobacco Seedlings 
Gveroska Biljana 
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Abstract— The damping off disease of tobacco seedlings caused by the pathogen Rhizoctonia solani causes a huge damage. 

The limited numbers of products are used in protection from the disease, but lately new fungicides appeared on the market. 

The aim of these investigations was to determine the effectiveness of new fungicides in control of this pathogen, compared 

with commonly used. The tests were carried out in conditions in vitro, with 8 fungicides. Two fungicides were evaluated in 2 

or 3 concentrations. 

All tested fungicides showed extremely high effectiveness in the control of this pathogenic fungus –the percentage of 

inhibition of radial growth ranges from 80, 45 to 100%. 

The preparate Orvego (300 g / l ametoctradin + 225 g / l dimetomorph) is exception –it showed 48.05%. 

The best effectiveness showed contact fungicides Manfil 80WP (800 g/kg mancozeb) and Enervin WG (120 g/kg ametotradin 

+440 g/kg metiram) as well as systemic Signum 33 WG (267 g/kg boscalid +67g/kg pyraclostrobin) and Quadris 25 SC (250 

g/l azoxystrobin)with100%inhibition of pathogenʼs development. 

Fungicides with such high effectiveness in control of R.solani will ensure their use in protection of tobacco seedling from the 

damping off disease. 

Keywords— active ingredient, disease, pathogen, radial development, reduction. 

I. INTRODUCTION 

Healthy and high-quality tobacco seedling is the basis for successful tobacco production and for obtaining good yield and 

quality. But, production of such seedling must be protected to a maximum in order to prevent diseases or to achieve 

minimum intensity of attack and minimum damage. 

The most destructive disease that attacks tobacco seedling is the damping off disease. It can occur in all stages of seedling 

growth, starting from seed germination to rapid growth.  Sometimes it appears immediately after germination and prevents 

further development of the seedling. 

The causing agent of the disease in most cases (besides Pythyum debarianum) is the pathogenic fungus Rhizoctonia solani 

(Kühn). The symptoms of disease begin with occurrence of small watery spot at the base of the stem which begins to spread. 

The tissue becomes necrotic and the movement of water and nutrients is disabled. The plant falls down on the surface of the 

seedbed, as if it was cut.  Infection spreads rapidly, infected patches in the seedbed increase and if protective measures are 

not taken, they occupy larger area. The damage is evident, especially in the early stages of growth. 

The soil pathogen is difficult to control because Rhizoctonia solani is common in various soil types and has many hosts. The 

fungus causes serious damage to many important field and horticultural crops (Nunez, 2005). Also, the application of 

chemicals is more difficult because the number of preparations for protection of tobacco seedling is limited and inappropriate 

fungicides are used in practice, which are not efficient in the control of the causing agent. 

Several researchers studied the effectiveness of various active ingredients for control of this pathogen. According to Csinos 

and Stephenson (1998), the active ingredients flutolanil, iprodione, fluazinam and tebuconazole were effective in preventing 

the infection in tobacco seedbeds. 

Fungicides that contain PCNB (Terrachlor), Iprodione (Rovral) or Azzoystrobin (Quadris) are effective against R. solani 

(Koenning, 2007), as well as Difenokonazol (Dahmen and Staub, 1992). According to Boogert and Luttikholt (2004), 

pencycuron and flutalonil are specific active ingredients for Rhizoctonia control. Azoxystrobin and trifoxystrobin are also 

reported as highly effective. 
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Mocioni et al. (2003) reported that tebuconazole applied in 3 different formulations is also highly effective against R. solani.  

This was also confirmed by Breneman and Murphy (1991). 

Singh et al. (2015), in field trials as well as in vitro, obtained the best results with carbendazym 25% + flusilazole 12.5% SE 

(NS) compared to the other combination (trade name) of these active ingredients, as well as kresoxime-methyl 44.3% and 

validamycine 3% L. 

Among 14 fungicides with different active ingredients tested in vitro against R. solani, Metalaxyl, Mancozeb, Tricyclazole, 

Thiophanate methyl and Carbendizim + Mancozeb (all at  concentration of 0.1%) were most effective in suppressing the 

development of the fungus (Srinivas et al., 2014 ). Sriraj et al. (2014) tested several fungicides with active ingredients 

azoxystrobin, tebuconazole, tridemorph, fosetyl-aluminum, trifloxystrobin, fenamidone + mancozeb, carbedazim, 

tebuconazole + trifloxystrobin and reportedthat inhibition percentage increased with higher concentrations, but it differed 

depending on the active ingredient. 

Anjana and Kumar (2008) studied the efficacy of six different active ingredients - carbendazim, mancozeb, hexaconazole, 

propiconazole, copper oxychloryde and thiram forcontrol of R. solani under in vitro conditions in soybean. They found that 

all fungicides show variable inhibition of radial growth of the pathogen depending on the concentration, but propiconazole, 

hexaconazole and carbendazim reached the highest efficacy at all concentrations. 

Rajput et al. (2016) tested 16 fungicides (contact, systemic and combinations)- and one antibiotic and found high inhibition 

effect in fungicides of each group and combination, including the antibiotic Validamycin. 

Rajendra prasad et al. (2017) conducted extensive in vitro studies on the efficacy of various fungicides and combinations, as 

well as biocontrol agents - fungal and bacterial, from which useful recommendations can be obtained for both chemical and 

biological method of pathogen control. 

Recently, many new fungicides and active ingredients for control of the pathogen have appeared on the market. The most 

popular against R. solani in soybean are the strobilurins  pyraclostrobin and trifloxystrobin (Mueller, 2014), but Signum 

fungicide - combination of pyraclostrobin and boscalid - is more and more recommended. It has preventive and systemic 

activity for use against certain diseasesin various crops (BASF, 2008). Such a combination provides a wide range of 

activities and reduces the risk of resistance to various pathogens (Hauke et al., 2004). The lack of data on the use of Signum 

and its application in tobacco urged us to include this fungicide in our trials. 

Azoxystrobin (Quadris) is a fungicide with a wide range of protection from plant diseases (Syngenta, 2006). It is also 

recommended in the control of target spot on tobacco caused by R. solani AG-3 (Bertrand, 2012). According to LaMondia 

(2012), the treatment of tobacco seedling with Quadris should be a key measure for control of R. solani. Despite the 

promising results for the last three active ingredients, there are scant data on the inhibitory effect of mycelial growth of R. 

solani. 

The aim of this study was to investigate the efficacy of several fungicides for control of pathogenic fungus R. solani under in 

vitro conditions. The obtained results will make a great contribution to expand the list of fungicides for the control of this 

pathogen. Application of highly efficient fungicide against the cause of the disease will provide high protection on one hand 

and lower costs of the protection products, on the other. 

II. MATERIALS AND METHODS 

A pure fungus culture was isolated from an infected tobacco seedling by a standard laboratory method, on potato-dextrose 

agar (PDA) as nutrient media. 

A ten-day old culture was used for in vitro studies on the effects of fungicides. Investigations were carried out with 8 

fungicides. In the selection of chemicals, other contact and systemic fungicides were included besides the standard Top M 

(Table 1), at usually recommended concentrations. In order to estimate their effect at lower or higher concentration, two 

fungicides were applied in 2 and 3 concentrations. 

For this investigation, the nutrient media was the same as that used for isolation - PDA. After preparation, sterilization and 

cooling to a moderate temperature, fungicides were added with gentle stirring. The medium with the fungicide was poured in 

Petri dish (110 mm diam.) and then fragment of pure culture of the fungus (5 mm) was seeded on the fungicide medium.  

Petri dishes seeded with nutrient medium not containing fungicide were used as a check.   
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Petri dishes were incubated for 10 days at a temperature of 25
0
C and each day diameter of the colony was measured on the 

opposite sides of the Petri dish. The results for each replication and also their mean values are presented in a table. The 

results on fungicides effectiveness in the control of R. solani are calculated from the mean value of the colony diameter, 

according to the formula of Singh et al. (2015): 

 I =
C − T

C
x100 

where I = percentage inhibition of mycelia growth 

C = average colony / fungal growth diameter of the check 

T = average colony / fungal growth diameter of the treatment 

TABLE 1 

INVESTIGATED FUNGICIDES 
Fungicide Active ingredient Concentration (%) 

Top-М 70%WP    70% thiophanate –methyl 0,1% 

Manfil 80WP  800 g/kg mancozeb 0,25% 

Enervin WG   

 

120 g/kg ametoctradin + 

440 g/kg metiram 
0,2% 

Orvego
TM   

 

300 g/l ametoctradin + 

225 g/l dimetomorph 
0,1% 

Signum 33 WG  

 

267 g/kg boscalid + 

67g/kg pyraclostrobin 
0,1%    and  0,15% 

Quadris 25 SC 250 g/l azoxystrobin 0,1% , 0,15% and  0,2% 

Folicur EW-250 tebuconazole 250 g/l 0,1%  

Agrizole 250 EC difenoconazole 250 g/l 0,05%  

 

III. RESULTS AND DISCUSSION 

The cause of the damping off disease is the pathogenic fungus Thanatephorus cucumeris (Frank), which belongs 

to the class Hymenomycetes, order Tulasnellales, family Ceratobasidiaceae, and genus Thanatephorus. 

Its anamorphic form is known as Rhizoctonia solani (Kühn) (Ivanović, 1992). 

The colony of Rhizoctonia solani whitish, creamy to light ochre in color. Each cell is binuclear to polynuclear. 

Mycelium is branching at right angle. It does not form organs for vegetative propagation. It forms basidiospores 

only in natural conditions, at high temperature and humidity (Ceresini, 1999). 

InPDA medium and at25
0
C it develops rapidly, radially, forming concentric circles and filling the whole Petri 

dish. The pure culture is the check in these trials (Fig. 1). 

 
FIG. 1. R. SOLANI- PURE CULTURE 

The fungus develops smoothly from the first day only in the check, and at the end of the test it reached a diameter 

of 107.20 mm (Table 2). In the presence of fungicide, however, its development starts earliest in the variant with 

Orvego - on the 5th day, in Manfil 80 WP on the 7
th
 day and in Agrizole 250-EC on the 8th day. 
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The final value of the colony diameter in variant with fungicide ranges from 8 mm in Quadris 25 SC - 0.1% 

(which is actually an attempt for colony development in the last days of incubation - Fig 5) to 41.00 mm in 

Orvego. This is not the case with the other two concentrations of this preparation. In the other fungicides 

treatments no fungus development was observed during the investigation. 

In the second replication, development of the fungus begins earlier in all variants and reaches a larger diameter 

(Table 3). The check variant fills the Petri dish completely, while in the presence of the Orvego fungicide more 

than half (i.e. 62.40 mm) of the total diameter is occupied. In this replication too, with the lowest concentration of 

Quadris 25 SC - 0.1% the fungus reached a diameter of 20.80mm. Similar diameters were obtained with both the 

standard fungicide Top M and the Agrizole 250-EC (Fig 3 and 4). No fungus development was observed at 

concentrations of 0.15 and 0.2% Quadris 25 SC.   

The fungus has not developed in the presence of contact fungicides Manfil 80 WP and Enervin WG (Fig 2 and 3). 

The same is true for the systemic fungicides Folicur EW -250 (Fig 4), Quadris 25 SC (0.15 and 0.2%) and 

Signum 33WG (in both concentrations) (Fig 6). 

TABLE 2 

DEVELOPMENT OF RHIZOCTONIA SOLANI COLONY – 1
ST

 REPLICATION 

Day 

Variant 

(fungicide) 

1 2 3 4 5 6 7 8 9 10 

Diameter in mm 

Top M 

0,1% 
- - - - - - 8,32 14,40 15,40 15,40 

Manfil 80 WP0,25% - - - - - - - - - - 

Manfil 80 WP0,25% - - - - - - - - - - 

Enervin WG0,2% - - - - - - - - - - 

Orvego 0,1% - - - - 9,60 17,00 28,73 34,00 37,00 41,00 

Signum 33WG 0,1% - - - - - - - - - - 

Signum 33WG 

0,15% 
- - - - - - - - - - 

Quadris 25 SC 0,1% - - - - - - - + ++ 8,00 

Quadris 25 SC 0,15% - - - - - - - - - - 

Quadris 25 SC 0,2% - - - - - - - - - - 

Folicur EW -250 

01% 
- - - - - - - - - - 

Agrizole 250-EC 

0,05% 
- - - - - - - 7,60 10,60 11,60 

Check ø 8,00 24,00 46,00 68,80 80,10 91,60 102,00 104,00 106,80 107,20 

 

  
FIG.  2. DEVELOPMENT OF R. SOLANI ON MEDIUM 

WITH A.I. MANCOZEB (FUNGICIDE MANFIL 80WP) 

FIG.  3. THE EFFECT OF ENERVIN WG ON 

DEVELOPMENT OF R. SOLANI 
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FIG.  4. THE EFFECT OF FOLICUR EW-250 ON DEVELOPMENT OF R. SOLANI 

  
FIG. 5. THE EFFECT OF QUADRIS 25 SC ON THE 

DEVELOPMENT OF R. SOLANI. 

FIG. 6. THE EFFECT OF SIGNUM 33 WG  ON THE 

DEVELOPMENT OF R. SOLANI 
 

TABLE 3 

DEVELOPMENT OF RHIZOCTONIA SOLANI COLONY – 2
ND

 REPLICATION 
                    day                                                                                

Variant 

(fungicide) 

1 2 3 4 5 6 7 8 9 10 

Diameter in mm 

Top M 0,1% - 13,40 15,80 16,68 18,13 19,00 19,60 20,20 20,20 21,00 

Manfil 80 WP 

0,25% 
- - - - - - - - - - 

Enervin WG 

0,2% 
- - - - - - - - - - 

Orvego 

0,1% 
- - 8,40 16,80 22,61 30,80 37,00 48,30 54,40 62,40 

Signum 33WG 

0,1% 
- - - - - - - - - - 

Signum 33WG 

0,15% 
- - - - - - - - - - 

Quadris 25 SC 

0,1% 
- - - - - + 12,00 16,40 19,40 20,80 

Quadris 25 SC 

0,15% 
- - - - - - - - - - 

Quadris 25 SC 

0,2% 
- - - - - - - - - - 

Folicur EW -250 

01% 
- - - - - - - - - - 

Agrizole 250-EC  

0,05% 
- - - - - 7,60 15,20 17,60 22,40 26,00 

Check ø 10,80 26,40 47,00 62,90 74,80 92,00 102,60 105,30 110,00 110,00 
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In the third replication, the situation with pathogen development was the same as in the previous two cases. In the presence 

of fungicide, it develops rapidly with Orvego and Top M (on the 3rd and 4thday), but with application of Top M the lowest 

diameter was obtained among all tested fungicides. Also, the values obtained with Agrizole 250 EC and Quadris 25 SC -

0.1% was triple less than with Orvego. 

 

FIG.  7. THE EFFECT OF ORVEGO
TM

 ON THE DEVELOPMENT OF R. SOLANI
 

  

FIG.  8. THE EFFECT OF TOP-М 70%WP   ON THE 

DEVELOPMENT OF R. SOLANI 

FIG.  9. THE EFFECT OF AGRIZOLE 250 EC ON THE 

DEVELOPMENT OF R. SOLANI 

  

FIG.  10. THE EFFECT OF VARIOUS FUNGICIDES FIG.11. DIFFERENCES IN COLONY DEVELOPMENT 

WITH VARIOUS FUNGICIDES 
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TABLE 4 

DEVELOPMENT OF RHIZOCTONIA SOLANI COLONY – 3
RD

 REPLICATION 

                    day                                                                                

Variant 

 (fungicide) 

1 2 3 4 5 6 7 8 9 10 

Diameter in mm 

Top M 

0,1% 
- - + 8,20 8,43 8,80 9,00 9,20 9,80 14,00 

Manfil 80 WP 0,25% - - - - - - - - - - 

Enervin WG 

0,2% 
- - - - - - - - - - 

Orvego 

0,1% 
- - 15,80 20,00 29,61 35,80 41,80 51,40 58,30 62,40 

Signum 33WG 0,1% - - - - - - - - - - 

Signum 33WG 

0,15% 
- - - - - - - - - - 

Quadris 25 SC 0,1% - - - - - - - 9,00 15,40 21,40 

Quadris 25 SC 

0,15% 
- - - - - - - - - - 

Quadris 25 SC 0,2% - - - - - - - - - - 

Folicur EW -250 

01% 
- - - - - - - - - - 

Agrizole 250-EC  

0,05% 
- - - - - 8,60 11,20 16,80 20,20 24,80 

Check ø 6,20 9,60 20,40 32,80 49,80 63,70 72,00 86,40 99,60 102,00 

 

TABLE 5 

DEVELOPMENT OF THE COLONY OF RHIZOCTONIA SOLANI – AVERAGE VALUE 

                    day                                                                                

Variant  

(fungicide) 

1 2 3 4 5 6 7 8 9 10 

Diameter in mm 

Top M 

0,1% 
- + ++ 8,29 8,85 9,27 12,31 14,60 15,13 16,80 

Manfil 80 WP 0,25% - - - - - - - - - - 

Enervin WG 

0,2% 
- - - - - - - - - - 

Orvego 

0,1% 
- - 8,06 12,27 20,61 27,87 35,84 44,63 49,90 55,27 

Signum 33WG 0,1% - - - - - - - - - - 

Signum 33WG 

0,15% 
- - - - - - - - - - 

Quadris 25 SC 0,1% - - - - - - + 9,13 13,07 16,73 

Quadris 25 SC 

0,15% 
- - - - - - - - - - 

Quadris 25 SC 0,2% - - - - - - - - - - 

Folicur EW -250 

01% 
- - - - - - - - - - 

Agrizole 250-EC  

0,05% 
- - - - - + 8,80 14,00 17,73 20,80 

Check ø 8,33 20,00 38,00 54,83 68,23 82,43 92,20 98,57 105,47 106,40 
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The mean value for pathogen development in all investigated variants (Table 5) shows that the fungicide Orvego
TM

 has the 

poorest effect, i.e. the fungus reached the highest colony diameter - 55.27 mm (Figure 7). At the end of the investigations, the 

fungus reached the poorest radial development (colony diameter - 16.80mm) with the fungicide Top M (0.1%) (Figure 8), 

followed by Agrizole 250 EC (0.05%) - 20.80mm (Figure 9). With Quadris 25 SC, only at concentration of 0.1%, poor 

development was observed - 16.73mm (Figures 5, 10). 

The effectiveness of some fungicides on colony development is presented in Figures 10 and 11 

Table 6 presents data oncolonies diameter (mean value of the replications) on the last day of investigation and the calculated 

effectiveness of the fungicides. 

TABLE 6 

IN VITRO EVALUATION OF THE EFFECTIVENESS OF FUNGICIDES IN CONTROL OF RHIZOCTONIA SOLANI 

Variant (fungicide) Diameter of colony (mm) Effectiveness of fungicide 

Top M  0,1% 16,80 84,21 

Manfil 80 WP 0,25% - 100 

Enervin WG   0,2% - 100 

Orvego  0,1% 55,27 48,05 

Signum 33WG 0,1% - 100 

Signum 33WG 0,15% - 100 

Quadris 25 SC 0,1% 16,73 84,27 

Quadris 25 SC 0,15% - 100 

Quadris 25 SC 0,2% - 100 

Folicur EW -250 01% - 100 

Agrizole 250-EC  0,05% 20,8 80,45 

Check ø 106,40 - 

 

The most pronounced colony development was recorded in variants treated with Orvego 0.1%. Subsequently, this is the 

lowest ranked fungicide, with the lowest effectiveness in pathogen control - 48.05%. Such results can be explained by the 

mode of activity and the target class of pathogenic fungi. Dimethomorph has a strongly expressed activity to disable the 

development of cell walls, resulting in a death of fungus cells at all stages of development (Zenith Crop Science, 2017). 

Ametoctradin is active ingredient with strong inhibitory effect on mitochondrial respiration in complex III (cytohrome bc1) 

of the class of Oomycetes (Minnesota Department of Agriculture, 2012), but not of the class to which the investigated 

pathogen belongs. 

The treatment with Agrizole 250 EC (0.05%), according to the final estimates, reached 80.45% effectiveness, although some 

fungus development was noticed in the last days of investigation. These results, although somewhat lower, are consistent 

with those of Rajput et al. (2016), in which difenoconazole at concentration of 0.05% achieved 94.1% effectiveness and 

average value of 95.2%. 

Although in treatment with the standard fungicide Top M (0.1%) the pathogen develops continuously, its final diameter is 

only 16.80 mm, which denotes an effectiveness of 84.21%. The effectiveness of the active ingredient Thiophanate methyl in 

the control of R. solani under in vitro conditions was also studied by Srinivas et al. (2014). Rajput et al. (2016) reported that 

Thiophanate methyl at a concentration of 0.1% achieved 100% effectiveness and the mean value of tested concentrations was 

95.2%.  

No development of R. solani on nutrient medium i.e. 100% effectiveness was achieved with the fungicides Manfil 80 WP 

0.25% and Enervin WG 0.2%. Our results on the effectiveness of Mancozeb are contrary with those of Anjana and Kumar 

(2008). It should be mentioned, however, that the concentration they used was 2.5 times lower than ours, which certainly 

affected the obtained results. Still, even with such concentration, they achieved 67.67% effectiveness. 

Results of our investigations are almost identical to those of Rajendra prasad et al. (2017), in which Mancozeb (0.3%) 

showed 98.11% effectiveness in the control of R. Solani. At twice lower concentration, its effectiveness was 88.47%. 
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The effectiveness of contact fungicides in the control of R. solani was confirmed by Rajput et al. (2016). They reported 

excellent results with Enervin WG 0.2%.  Rajendra prasad et al. (2017) reported 93.3% effectiveness of the active ingredient 

metiram (in combination with pyraclostrobin) at recommended concentration of 0.2%.  

No fungus development was observed in treatment with systemic fungicides Signum 33WG 0.1% and 0.15%, Quadris 25 SC 

0.15% and 0.2% and Folicur EW -250 01%. They all reached 100% effectiveness in control of this pathogenic fungus. 

According to Hauke et al. (2004), Signum is a combination of two active ingredients with two different biochemical modes 

of activity in cellular respiration of the fungus. This is the reason for such a high inhibitory effect on pathogen development.  

 

The high effectiveness of Quadris 25 SC confirm the research of Sriraj et al. (2014), who reported 100% inhibition of 

mycelial growth of this pathogen even at much lower concentrations (50 ppm) of azoxystrobin. 

Breneman and Murphy (1991) reported that tebuconazole inhibited the mycelial growth much more than 

pentachloronitrobenzene (PCNB), which is reflected in more than 100 times lower ED50 value compared to the standard. 

The 100% effectiveness of the active ingredient tebuconazole in inhibition of the radial development obtained in our 

investigation confirms the above results. 

The effectiveness of fungicides in the control of pathogenic fungus R. solani obtained in this investigation is presented in 

Graph 1. 

 

GRAPH 1. THE EFFECTIVENESS OF FUNGICIDES ON RHIZOCTONIA SOLANI 

IV. CONCLUSION 

 The tested fungicides showed good effectiveness in the control of pathogenic fungus R. solani, ranging from 80.45% to 

100%, with the exception of OrvegoTM (300 g/l ametoctradin +225 g / l dimetomorph) at a concentration of 0.1% , 

which showed very poor results (48.05% effectiveness). 

 The lowest effectiveness of the fungicides tested was about 80%, which is a good result in the control of the pathogen 

and which justifies their use of these preparations against damping off disease.   

 The effectiveness of the most frequently used fungicide Top M 70% WP (0.1%) is 84.21% and that of Agrizole 250 EC 

(difenoconazole 250g/l) 0.05% is 80.45%. 

 Quadris 25 SC showed a lower inhibitory effect only at a concentration of 0.1% and achieved 84.27% effectiveness. 

 Contact fungicides Manfil 80 WP 0.25% and Enervin WG 0.2% inhibited the fungus development with 100% 

effectiveness. 

 100% effectiveness in the control of this pathogenic fungus was also achieved with systemic fungicides Signum 33WG 

0.1% and 0.15%, Quadris 25 SC 0.15% and 0.2% and Folicur EW-250 01%. 

 Fungicides, i.e. active ingredients that achieved 100% effectiveness make contribution to the list of active ingredients 

for control of pathogenic fungus R. Solani in the Republic of Macedonia. 
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 Fungicides that achieved 100% effectiveness should be included in protection of tobacco seedling from damping off 

disease caused by this pathogen. 
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Abstract: In the southern region of the State of Minas Gerais, Brazil, there is predominance of small farms that cultivate 

potato and exploit and dairy farming in family business form. These firms are important for the economic activity in the 

region, although most pasture areas are degraded. In Potato cultivation the intensive use of the area predominates with 

more than one crop per year, with absence of: technology, conservation and environmental techniques and crop rotation. 

This predatory system has led to the degradation of soils and natural resources. The purpose of this paper was to propose 

and disseminate techniques for crop managing and, mainly, the adoption of the crop-livestock integration system with potato 

as the main crop, providing for family business rationality and sustainable exploitation of its property. These practices can 

improve the income producers, and ensure the permanence in their properties. The research was carried out in three 

municipalities in the southern region of the state of Minas Gerais, prioritizing the sequence of rotational occupation and 

planting time of the potato: a) potato (planting in October), maize + Brachiaria grass (direct grazing and silage), millet 

(grazing); b) potato (February planting), oats (cutting and grazing), corn (grain); c) potato (October planting), maize; 

occupational sequence of crop rotation performed respectively in three municipalities. After the crops in succession, the 

potato planting is again restarted. The results obtained allow us to conclude that the crop-livestock integration system adds 

positive effects of potato production to those of livestock production, with a great synergistic effect benefiting all these 

operations. 

Keywords: Sustainability, Potato, Crop-Livestock Integration System Integration. 

I. INTRODUCTION 

The state of Minas Gerais, is the largest Brazilian producer of potatoes and most part of the production is concentrated in the 

southern region of the state. This region has an agrarian structure formed by a large number of small farms that cultivate 

potato and exploit and dairy farming in the form of family business. Family business farming has great social importance, 

and it is related to the creation of jobs (agricultural and non-agricultural), food production, income and local development 

(ROCHA, PAULA, 2005). For family farmers it is of fundamental importance the diversification of production and not only 

reaching high productivities obtained by the monocultures or livestock. This strategy reduces the financial difficulties in 

periods of low prices for potatoes or milk, which represent the most important sources of income for households in the 

region. Lesser the oscillations of income, more economic stability of the family is guaranteed. Diversification of production 

is therefore one of the strategic options in rural development policy, particularly in areas affected by the decline of certain 

activities or cyclical price fluctuations. 

Potato cultivation and dairy farming are important economic activities in this region, although most pasture areas are 

degraded (MACEDO, 1995). The differentiated conditions of relief, soil and climate allow the cultivation of potatoes 

throughout the year, which favors the regularity of supply in the market, as well as the economy of the municipalities. In this 

region, the intensive use of the area with more than one crop per year predominates, with the use of inputs in quantities 

higher than recommended, but not obtaining higher yields (MESQUITA et al., 2008 b). The potato crop is very susceptible to 

pests and diseases, mainly bacterial diseases, which is why no more than two consecutive plantations are recommended in 

the same area. Producers use potatoes as a temporary or nomadic crop in which the farmer is generally not the owner and has 

no link with the land, so there is no commitment on conservation investments. This fact, over time caused an exodus of large 

part of producers in the southern region of the State of Minas Gerais, who due to the loss of the sustainability of their lands 

migrated to other regions of the state. This predatory system of exploitation that still perpetuates has led to the degradation of 
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soils and natural resources (MESQUITA et al., 2000 a). The causes that contributed to this scenario are associated with 

several factors, such as the absence of a technology of crop rotation, and the use of conservation and environmental practices. 

The adoption of the system of integrating crop and livestock farming, through crop rotation techniques with that of potatoes, 

can provide the family producer with rational and sustainable exploitation of the property, improving income and ensuring its 

permanence in property. Possibly, one of the most significant advances in the search for more sustainable technologies for 

agricultural exploration in Brazil is the evolution of the knowledge of the integrated system of "crop-livestock" production 

(LOPES, 2008). This system requires a conceptual and operational change of agricultural practices, both for the production 

of grains and other products such as potatoes in the specific case, and livestock. 

Potato and dairy farming are an important socioeconomic feature of agriculture in the state of Minas Gerais. It is a powerful 

source of employment and income generation. In addition, potato cultivation uses labor intensively when compared to other 

crops of family farmers, in most cases, activities that are complementary between these farms. The crop-livestock integration 

has proven to be a viable alternative in the improvement of these areas, reducing the need to "open" new planting areas for 

potato cultivation, establishing the producer's link with his property and thus reducing the temporary or nomadic migratory 

process characteristic of the activity, in addition to guaranteeing the rural producers an income improvement. 

The objective of this paper is to propose and disseminate management crop techniques in the area and, mainly, the adoption 

of the System of Integration of the crop with the livestock (ILP) by means of crop rotation, with the potato being the main 

crop. This practice provides to the family producer rational and sustainable exploitation of the property, improvement of the 

income, ensuring its permanence in the property. 

II. METHODOLOGY 

The sequence of occupation of the rotating crops with the potato crop were defined in order to allow the variation of nutrient 

absorption, root exploitation, soil management and emphasis on good agricultural practices, to optimize the sustainability of 

the system. The experiments were installed in rural properties in the municipalities of the southern region of Minas Gerais; 

SenadorAmaral, Munhoz and Pouso Alegre, respectively: 

 Potato (October planting); corn + brachiaria (grazing + silage); millet (grazing). 

 Potato (February planting.); oats; corn. 

 Potato (October planting); corn. 

After the crops in succession, it restarts again with the planting of potato because it is the main crop. The choice of 

methodology was defined in agreement with the activities developed by the producers, mainly in relation to the management 

developed in dairy cattle. 

III. RESULT AND DISCUSSION 

The yield and forage yield of the rotation and / or succession crops are shown in Tables 1 and 2. 

TABLE 1 

YIELD, PRODUCTION AND ROTATIONAL OCCUPATION. 

Variable 

Rotational Occupation 

Corn + Brachiaria+ millet Oats 
Corn 

(grain) 
Potato 

Green matter (t/ha) 49,60 16,0 - - 
(1)

 Dry matter (% DM) 30,35 16,39 - - 

Crude protein (%DM) 10,0 15,04 - - 

Ethereal extract (%DM) 2,50 3,33 - - 

Production t/ha - 16
(2) 

7,2
(2) 

35
(2) 

(1)
 Percent dry matter (%DM). 

(2)
 Average yield of 02 crops. 

These results showed a good yield of green mass (49.6 t / ha), significant if compared to corn yield for silage that is close to 

these values. However the producer will have the pasture formed after the removal of the silage material, that is, it has the 

formation of grasses at a much reduced costs for the rest period of the area until a new planting of potatoes. 



International Journal of Environmental & Agriculture Research (IJOEAR)            ISSN:[2454-1850]               [Vol-4, Issue-4,  April- 2018] 

Page | 68 

  

TABLE 2 

PRODUCTION AND FORAGE YIELD (t / ha) OF THE BRACHIARIA-CORN CONSORTIUM. 

Forage Production 

Brachiariagrass 33,60 

(1)
Corn 16,00 

Total greenmass 49,60 

Total in area (4,8 ha) 240,00 

(2)
Total in drymatter 57,60 

(1)
 Estimated 1/3 of the normal production of corn silage 

(2) 
% of dry matter (DM) = 24,23% 

The forage produced in the form of silage in 4.8 ha (57.6 t DM) is sufficient to treat 64 dairy cows weighing 500 kg for 120 

days, or 80 steers weighing 360 kg for 120 days , or 180 calves weaned for 120 days. 

It should be emphasized that the production of crops in succession is carried out with the residual use of fertilizers, mainly 

phosphorus (P), from the areas with potato cultivation. 

Oats for animal feed can be carried out in different ways: green directly in the trough, grazing and hay, in this case 

specifically, was used green directly in the trough and in direct grazing by the animals. In addition to its high food value as 

forage, it is used as organic matter (OM) addition by the incorporation of vegetable residues, continued by the succession of 

crops, favoring the reduction of soil resistance to root penetration in the arable layer; the reduction of the acidity, increase of 

the base saturation index and significant changes in relation to soil preparation, cultivation and soil quality maintenance. 

Crop rotation among potatoes, oats, maize and pasture proved to be an excellent option for the producer, since one crop 

benefits the other through nutrient recycling, resulting in increased productivity (figure 1). One of the great benefits of 

planting corn after potato cultivation is the residual fertilizer utilization in areas cultivated with potatoes, which allowed: 

a) Strengthening the linkages of crop-livestock activities with a crop rotation program that has the potato as the main 

activity, aiming at the sustainability of the family producer; 

b) Reduce environmental impact through the use of crop rotation practices, soil and water management, integrated pest 

and disease management with an emphasis on good practices. 

  
A. Potato Crop B. milhet + brachiaria.Pictures : Hugo A. Mesquita. 

FIGURE  1. ROTATION CROPS 
 

In order to evaluate the beneficial effects of the crop-livestock integration system (ILP), no maize or pasture was used in the 

planting of maize and pasture, simply using the residues from the previous crop (potato) and without the need for preparation 

of the soil (plowing and harvesting), since the soil rotation for the potato harvest did not require the operation, which, besides 

promoting soil and water conservation, reduced production costs with soil preparation and management, contributing 

significantly for the sustainability of the potato-corn -pasture system (Cattle-Raising). 
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The integration of these activities has shown that diversification reduces the risks of producers by providing alternative 

income. An activity covering the risks of the other, the management of the property, especially at the moment that the potato 

presents low seasonal prices. 

The integration demonstrated the need for diversification of activities in the property. The search for cost reduction is 

essential and other cultures are promising the alternatives to this integration with dairy farming, among several possibilities 

(figure 2). 

  
A. Corn + Brachiaria grass Mesquita B. Oats crop after potato. Picture: Hugo A. 

FIGURE 2. ROTATION CROPS 

IV. CONCLUSION 

Diversification has proven to be one of the strategic options in rural development policy, particularly in areas that are more 

affected by the decline of certain activities or cyclical price fluctuations such as potatoes and dairy farming. 

The results show that the crop-livestock integration (ILP), allows adding positive effects to potato production, with those of 

livestock production, with a great synergistic effect benefiting all these operations. 
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Abstract— UUP Kopi SER experience difficulties to implemented government policy about marketing process Kopi SER 

product to customer. A low rank of financial capital, an unoptimalize production tools usage and incapable to fulfill 

customer needs become a dominant inhibitors factors in marketing process of Kopi SER products. These are indicates that 

UUP Kopi Ser has serious problems, even lead to a crisis so it’s needed some action to recover their business continuity. 

Aim for this research is to make a marketing function model in business process of Kopi SER in Badung Regency, Bali 

Province. Methodology used in this research are to used UUP performance analysis, continued with stakeholders analysis, 

obstacles, needs/requirement, and the program objectives of UUP Kopi Ser marketing development using Interpretive 

Structural Modelling (ISM), as a foothold to produce marketing function model in Kopi SER business process. 

The research result is UUP Kopi SER performance overall is still not optimal, so needs to be improved performances. 

Department of Agriculture, low rank of capital financial, a clear memorandum of understanding (MoU) about price, 

quantity, quality and continuity, an improved of instructor capability in marketing function, and an improved marketing 

function in order to promote the brand image are the dominant sub-element that can influence UUP Kopi SER continuity and 

tenacity. Institutionally, UUP Kopi SER role should get support and strong protection from the local government, especially 

from Department of Agriculture, Department of Industry and Commerce and also Financial Institution as drivers. UUP Kopi 

SER marketing model function in business process revealed that company marketing, marketing strategy, product 

manajemen, product marketing and field marketing are still to developed even more. 

Keywords— UUP Kopi SER, marketing function model, Interpretive Structural Modelling (ISM). 

I. INTRODUCTION 

1.1 Background 

The government gives very big attention to Micro, Small and Medium Enterprise (UMKM), this is reasonable because 

UMKM can be more survived from global crisis exposure than any other enterprises. Many initiatives are always cultivated 

through States Ministries of Cooperative and Small Medium Enterprise to be more and more person are willing to pursue the 

entrepreneurial world in the form of UMKM establishment. The activity is in line with government effort in economy 

recovery acceleration agenda as well as strengthening sustainable development and to realizing justice for all the people of 

Indonesia. 

National economy development not only government responsibilities, but also shared responsibilities, where 

peoples/community are the development main actors and government have very big role to directing, guiding and create 

supporting facilities which one can be done is partnership program (Susilowati, et al. 2015). 

Agricultural sector always reliably contributes to the aquasiciton of non-oil and gas foreign exchange especially in export 

reception. That exchange reception primarily derived from plantation subsector (palm oil, rubber, cacao, coffee, tea, vanilla), 

fishery subsector (shrimp, tuna, seaweed, pearl coral, etc). The existence of food and horticulture showed us that agribusiness 

and agroindustry sectors are still need to be driven by its growth. 

Coffee, that become a main of Indonesia export commodity, because of the world coffee demand are still in high place and 

rise every year that create export opportunities to fulfill world coffee needs. Indonesia as coffee producers that peoples of the 

world love because of the taste and flavor has exported to meet the demand of coffee (Astiti, et al., 2017). Production and 

export Indonesia coffee data can be seen in Table 1. 
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TABLE 1 

PRODUCTION AND EXPORT VOLUME OF COFFEE IN INDONESIA, YEAR 2000 – 2012 (THOUSANDS OF TONS) 

Year Production Export Volume 

2000 554,574 340,887 

2001 569,234 250,818 

2002 682,019 325,009 

2003 671,225 323,520 

2004 647,386 344,007 

2005 640,365 445,829 

2006 682,158 413,500 

2007 

2008 

2009 

2010 

2011 

2012 

676,476 

698,016 

682,290 

684,076 

633,991 

748,109 

321,404 

468,749 

510,898 

432,721 

338,817 

446,279 

Sumber: Ministry of Plantation, (2013). 

Coaching and development of Bali Province as one of coffee producer in Indonesia are intensified by the government to 

support Non-Oil and Gas Export Commodity Enhancement in Bali Province. These are the following data from Department 

of Industry and Commerce in Bali Province about coffee export commodity value in year 2002-2011 (Table 2). 

TABLE 2 

AREA DEVELOPMENT, PRODUCTION DANCOFFEE EXPORT REALIZATION IN BALI, YEAR OF 2002 – 2011. 

No Year Area (Ha) Production (Kg) 
Realization Export 

Volume US S Value 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

36,819 

36,335 

36,298 

31,426 

31,426 

31,426 

31,426 

31,426 

32,112 

34,120 

19.371.000 

40.744.000 

18.772.000 

16.980.375 

15.028.634 

15.780.066 

16.411.269 

18.872.959 

14.901.943 

10.379.413 

4.448 

2.857 

3.541 

3.580 

5.634 

7.823 

31.984 

29.064 

11.698 

31.295 

20.889,13 

10.689,20 

20.038,14 

21.518,98 

50.838,22 

78.704,12 

103.790,04 

155.305,71 

126.584,40 

215.074,12 

Sumber: Department of Industry and Commerce; Department of Plantation Bali Province (2013) 

From the data we can see that coffee Bali productivity are still low, the quality are also generally low (grade IV – VI, Dry 

Processed), so it can’t even compete in global market (export). Based on those problem, in last ten years the enhancement 

coffee quality through improved way of processing from dry processed to wet processed has been executed with the 

enhancement of coffee quality improvement (from grade IV – VI DP/Dry Processed to grade I – II WP/Wet Processed) 

become the main object.  

Badung Regency is one of coffee producer region in Bali, this arabica coffee named SedapEnakRasanya (SER) that produce 

especially in Badung Regency that has got the certificate of geographical indication so its has been recognized with unique 

characteristic for both national and international. In 2012, coffee in Badung are developed become Coffee Segar 

EnakRasanya which is shortened to SER (coffee powder). The uniqueness of Balinese arabica coffee are developed through 

arabica and robusta coffee cross which produce specialty coffee named “kopyol” that has it own uniqueness from taste and 

aroma/flavor that has been tested in Jember by the coffee expert and coffee lovers tourist. Coffee specification in Badungare: 

1) organically grown, 2) management with environment friendly technology, 3) red picking harvest (GM), and 4) planted on 

different soil quality and climate from another regions. And from that characteristic, coffees that are produced in Badung 

Regency are including in MPIG Regions (Masyarakat Perlindungan Indikasi Geografis). 

With those unique characteristic, it still can’t develop optimally because of the quality of the coffee are not equal with 

customer wanted and marketing activity, in packaging particularly, that couldn’t through the premium market. It supported 

by an interview with Bali Star businessman from Japan, the acceptable product terms by his/her company as processors and 
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suppliers are a guarantee for continuity, quantity, quality (red picking), wet processed coffee (Kopi Labu) and Kopi OC 

(roasting). 

Obstacles encountered by UUP Kopi SER are weak processing system, weak marketing function, lack of customer service 

and lack of market information. Besides there are also product packaging that not meet environmental criteria for a premium 

product, unavailability technology for farmers, lack of farmer organization processing management, lack of farmers 

entrepreneurship and ability to get a market opportunities are still motivated by the local government. 

1.2 Research Purposes 

Aim for this research are to create a marketing model and marketing plan Kopi Bubuk SER in Badung Regency, Bali 

Province. 

II. LITERATURE REVIEW 

2.1 Marketing Strategy 

Strategy is some tools to achieve it goals and it always developed recently. It showed by many different concepts about 

strategy in the last 30 years. According to Porter, strategy is one kind of a toll that very important to reach competitive 

advantage (Rangkuti, 2004). 

According to Kotler and Amstrong (2007), marketing strategy are marketing mindset that used by business unit to achieve 

their goals. The strategy contains specific strategies for goal market, positioning, marketing mix, and the amount of 

marketing spending (Purwanti, 2012). Warfield (2006) said integrated marketing plan would gives them direction about what 

action that they will do to achieve their corporate marketing goals, basis action that give them direction about marketing 

action in ever-changing competitive environment that will lead them to achieve their goals. A fundamental tools which 

always been planned to achieve business goals by developing competitive advantages through market goals and marketing 

programs. 

In the context of strategy formulation, marketing has two dimensions, recent and future dimension. Recent dimension related 

to a relationship between the company and the environment. In other hand, future dimension contain a relationship in the 

future that which are expected to happen according to the program that can make it happen. Marketing strategy consist of 

basic principles that underlying management to achieve their business and marketing goals in the market, marketing strategy 

contain basic decision about marketing, marketing mix and marketing allocation (Kotler and Amstrong, 2004; Darmawan et 

al., 2017). 

2.2 Five-Core Marketing Function 

In some business unit, five-core marketing function just as important as R&D (Research and Development), operation and 

financial. The marketers need to think again what they have learned in business school, or to review their experience about 

business failure (Setiadi, 2003; Darmawan et al., 2017). The following are explained briefly about five-core marketing 

function in business process. 

1. Corporate Marketing: This function has a global marketing domain to establish and implement brand standard, to 

decide global infrastructure for public relation, investor relationship, advertising, corporate communication, event 

strategy, user community program and product in strategy across all marketing. 

2. Strategic Marketing: This function sets strategy for growth, to rate the competitiveness landscape, coordinate with 

technique and product manajemen to analyze the gap, to do a make vs buy analysis, to propose and do the due diligence 

for merger and acquisition target, to create, develop, and maintain partner program, maintain key relationship to support 

the technical requirement and any other strategy needs. 

3. Product Management: This function directed the owner of the product and their long-term strategy (multi release – 

end-of-life) and in the recent time (next release), to articulate innovation so it can be build and marketed. 

4. Product Marketing: This function sets to build and to motivate product release plan and service offerings, to fix the 

position and rough massages (receive from Product Manajer in accordance with Market Requirements Document) 

become a sharp value proportition, to motivate training program to sell the product and service tactics. Product 

marketing is operated with product life cycle. 
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5. Field marketing: this function has dotted-line report or direct matrix to division organization and geographical 

distributed organization. 

2.3 Interpretive Structural Modelling (ISM) 

Many theories has been developed for strategic planning where qualitative and normative information dominate the policy 

input (Warfield and Cardenas, 1994; Warfield, 2006). The one of them are “Interpretive Structural Modeling” which is 

descriptive modeling technique that one of structurization tools for a direct relationship (Saxena et al., 1992; Eriyatno, 2003; 

Shahabadkar et al., 2012; Darmawan, 2017). 

The program can be divide by nine elements : 1) affected peoples, 2) program needs, 3) main problems, 4) possible change, 

5) program goals, 6) benchmark to judges every goals, 7) activity required for action plan, 8) involved institution in program 

action, and 9) certain elements(Saxena et al., 1990; Saxena et al., 1992). 

III. ANALYSIS METHOD 

3.1 Types and Data Resources 

The data types collected in the research are quantitative and qualitative which comes from primary and secondary data. 

Primary data obtained directly from the real source which is the respondents. In this case, primary data sources are the 

collected information from the respondents answer. Meanwhile, the secondary data obtained and reported first by other 

people or institution other than the researches, examples: government institution note and related institutions involved coffee 

commodity potentials, price and local government policy about coffee development. 

3.2 Data Collection Methods 

Data collection methods in this research are done by some ways as follows, interview, documentation and expert meetings. 

3.3 Respondent and Research Sample 

Respondents are selected purposeful based on criteria and consideration as 1) Understand the selected scope, 2) Figures 

(Influental Person), 3) Has a broad insight in his/her scope, 4) Competence of the expert/practitioner, 5) Objective 

recognition from academic environment and wide community, 6) Has a reputation and demonstrated credibility as an expert, 

7) Has no direct interest for oneself and 8) Experienced in his scope for at least five years. 

Respondent’s chosen when the interview do are the hotel and restaurant managers (10 respondents), collecting merchants 

(one respondent) and wholesaler/exporter (one respondent). Meanwhile respondent’s chosen for expert meeting activity are 

Head of Department of Agriculture, Plantation and Forestry, Department of Industry and Trading, Department of Regional 

Planning and extension workers in Badung Regency. 

3.4 Data Analyze Methods 

ISM technique is a group research process where structural model generated to capture complex problems from some system 

through some kind of pattern that carefully designed using graphic and sentences. With ISM technique, some not clear model 

will transformed become clear model system, (Thakkar et al., 2005; Olviana et al., 2014). 

Based on contextual relationship consideration so that compiled the SSIM (Structural Self-Interaction Matrix) in this cas 

SSIM symbolized by V, A, X, O where V is eij = 1 and eji = 0 ; A is eij = 0 and eji = 1 ; X is  

eij = 1 and eji = 1; O is eij = 0 and eji = 0, and with description, 1 symbol means there is a connection or there is a contextual 

connection, meanwhile 0 symbol is there is no connection or there is no contextual relationship between i and j elements. 

After SSIM are formed, then Reachability Matrix (RM) made by replacing V, A, X, O by 1 and 0 symbol. Next calculated 

according to transivity where corrections are needed to SSIM until it become closed matrix (Darmawan, 2017). 

SSIM modification need an input from the expert with special notes so that their attention are directed to certain sub-element. 

SSIM and matrix revised results that fulfill the transivity rules requirement will be processed further. Revised Reachability 

Matrix that has further processed is a ladder choice determination. The processing are tabulative with format filling and it can 

be helped by computer too. Based on ladder choice, it can be described scheme from every element by both vertical and 

horizontal ladder. For many sub-element in one element based on Reachability Matrix compiled become Driver Power 

Dependence (Attri, et al., 2013). 
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IV. RESULT 

4.1 Processing and Quality Control 

In last five years, Arabica Coffee trend for HS Coffee in Japan and Europe are increasing by 41%, meanwhile for Ose Coffee 

increased six times compared with HS Coffee. Based on that data, development prospect for Arabica Coffee is quite big as 

export commodity. Therefore, quality controlling will be very important to reach and to keep global market opportunity. The 

more market demand of coffee supply, UUP in Badung Regency also need to increase the quality of their products and needs 

an appropriate quality control to fulfill what market needs. In this time, Geographical Indication Community Protection 

(MPIG) Farmers Cooperative Balinese Kintamani Coffee has exporter partner (Korean, Japan and Australia) and in 

collaboration with UKM. 

Wet processing of Arabica Coffee in UUP Badung through this stages :“Perambangan” system sortation, stripping with 

pulper machine, drying for 14 days (water content 12%), “Penggerebusan” with huller machine, and packaging with gunny 

sack. Coffee powder making process through roasting, cooling, smoothing with grinder machine and packaging with 

aluminum foil paper through vacuum press. To maintain the quality of Arabica Coffee in accordance with IG sertification 

product (IDIG000000001, December 5
th

 2008), consistent quality controlling are done in UUP start from incoming material, 

processing quality controlling of coffee powder and rice coffee, and also quality control in final product. Market share 

expansion with a planning to get a new market share and online marketing system can be an optional development business 

strategy to think a large production capacity in UPH. 

4.2 Engine Utilization and Added Value 

Added values are formed if there any transformation from their true shape (Olviana, et al., 2014). Added value establishment 

are important to do by the UUP workers for increasing their income. Arabica Coffee added value process starting from coffee 

spindles to HS Coffee, Ose Coffee and Coffee Powder. Engine utilization can help the female workers that dominate the 

Arabica Coffee production process in UUP Badung to increase their income. 

Utilization level in UUP Merta Sari in Badung Regency are in low level, where pukper machine used are only 6,8%, huller 

machine 6,2%, rasting machine 0,6% and powdering machine 0,7% so that processing machine replenishment are not 

required. In line with Astiti et al. (2017) opinion, UUP needs to focus in productivity efficiency enhancement of red Arabica 

Coffee. UUP red spindles coffee to HS Coffee processing activity in Badung Regency already make an added value by Rp. 

9.918,-/kg with added value ratio by 58% from the original product price, HS Coffee processing to Ose Coffee generate an 

added value by Rp. 40.749,-/kg with added value ratio by 85% anf for Ose Coffee processing to coffee powder generate an 

added value by Rp 118.057,-/kg with added value ratio by 92%. 

That sub-optimal condition cause internal business work inhibition and in turn will affected to product marketing to 

customer. Because of that, Kopi SER marketing function planning program are needed in Badung Regency. 

4.3 Structure System Analysis 

Structure system analyze model that used in this research is ISM methods (Interpretive Structural Modeling). It used to 

achieve structure models in marketing function development of Kopi SER from elements chosen through community studies. 

Structure models from the chosen elements will formed into some information’s and study materials to do some structure in 

Kopi SER marketing function development. 

Based on discussion result between experts and practitioners in discuss about Kopi SER marketing functions, normatively 

identified five important components that should studied further. Those elements, which named system elements, are: 1) 

Program Objectives, 2) Stakeholders, 3) Obstacles, 4) Program Need and 5) Possible Changes. 

4.4 Program Objectives Element System Structure 

Based from discussion between experts and practitioners to program objectives in Kopi SER marketing development 

function, it identified there are 11 sub-elements which are : 1) Customer Service Improvement, 2) Increasing Sales Outlet, 3) 

Identified and Developed New Manufactures Source, 4) Producers Cooperation Improvement, 5) Motivate The Producers to 

Developed Good Quality Organic Coffee, 6) Maintain Quality In Every Level of Supply Chain, 7) Increase Marketing 

Function In Order To Promote The Brand Image, 8) Expanding Business Outside Region, 9) Consolidate The MoU in Coffee 

Marketing Area, 10) Motivate The Local Government To Developed Environment Friendly Plantation Area, and 11) Increase 

Special Market Segment. 
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Information : 

1. Customer Service Improvement 

2. Increasing Sales Outlet 

3. Identified and Developed New Manufactures Source 

4. Producers Cooperation Improvement 

5. Motivate The Producers to Developed Good Quality 

Organic Coffee 

6. Maintain Quality In Every Level of Supply Chain 

7. Increase Marketing Function In Order To Promote The 

Brand Image 

8. Expanding Business Outside Region 

9. Consolidate The MoU in Coffee Marketing Area 

10. Motivate The Local Government To Developed 

Environment Friendly Plantation Area 

11. Increase Special Market Segment. 

FIGURE 1. Program Objectives Structure in Kopi SER Marketing Function Development Diagram 

 

 

FIGURE 2. Program Objectives Matrix Driver-Driver Dependence 

From the Figure above obtained that sub-elements from the strongest to the weakest consecutive are increase the marketing 

function in order to promote the Brand Image, identified new source of producers, producers cooperation improvement, 

motivate the producers to developed a good quality organic coffee and to maintain quality in every level of supply chain. The 

sub-elements that will be the driver which will affect another sub-element that include in Matrix Driver-Driver Dependence 

are expanding business outside region, consolidate the MoU in coffee marketing area and to increase special market segment. 

From the diagram above can be seen that things that should started first is increase marketing function in order to promote 

the Brand Image, where Brand Image means coffee positioning that owned by the farmers, make premium product image, 

organic coffee perception, price strategy and marketing strategy (advertisement in television, radio, etc). The next step is to 

identified and develop market segment that will be entered. Next are to increase the producer’s cooperation, motivate the 

producers to develop a good quality organic coffee, and also to maintain quality in every level of supply chain. All those 

three sub-elements aim to increase the quantity and quality premium produce in every level from production to marketing 

process so that product specification still good. 

4.5 Element Structure Involved Stakeholder 

Based from discussion between experts and practitioners to involved stakeholder element, it identified eight sub-elements 

that have contextual connection with involved stakeholder in Kopi SER marketing function development which are: 1) 

Department of Agriculture, 2) Coffee Community, 3) Coffee Exporter, 4) Cooperative Services, 5) Hotel and Restaurant, 6) 

Farmers Community, 7) Financial Institutions and 8) Extension Agency. 
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Information : 

1. Department of Agriculture 

2. Coffee Community 

3. Coffee Exporter 

4. Cooperative Services 

5. Hotel dan Restaurant 

6. Farmers Community 

7. Financial Institutions 

Extension Institution 

FIGURE 3. Involved Stakeholder Structure System of Kopi SER Marketing Function Development Diagram 

 

 

FIGURE 4. Involved Stakeholder Matrix Driver-Power Dependence 

From the Figure above obtained that sub-elements from the strongest to the weakest consecutive are Department of 

Agriculture, Cooperative Service, Extension Agency and Financial Institution which will have effect to Farmers Community, 

Coffee Exporter and also hotel and restaurant which included in Matrix Dependant. 

Department of Agriculture as an institution that supervise agriculture part doesn’t have collaboration between SKPD 

(Department of Agriculture, Cooperative Services and Department of Industry and Trade) and third party organization (an 

association and tourism in marketing) in the development of local coffee framework. The farmers during this time are only 

prosecuted to developed entrepreneurship in Kopi SER marketing without assistance from the local government to help in 

Kopi SER marketing in Badung Regency. 

4.6 Marketing Function Development Obstacle Structure System 

Obstacles/problems are very important issues because it often leads a program/action to failure. Because of that, those 

aspects must review and identified to find great solutions. Review conducted by experts and practitioners by deliberation 

determine some aspects which are often encountered and said as main obstacles in Kopi SER marketing function 

development. Those obstacles are : 1) Production equipment not optimally use dyet, 2) Limited raw materials, 3) Mou is not 

clear, 4) Has not been able to meet customer requirement, 5) Training is not optimal, 6) Product manajemen is not optimal 

yet, 7) Competitors, 8) Product quality is not premium yet, 9) Internal business are weak, 10) There has been no order 

between Kopi SER producers and customer, 11) Less product promotion, 12) There has been no training, organization 

management, administration, and market segments, and 13) Low capital 
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Information : 
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2. Limited raw materials 
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4. Has not been able to meet customer requirement 

5. Training is not optimal 

6. Product manajemen is not optimal yet 

7. Competitors 

8. Product quality is not premiun yet 

9. Internal business are weak 

10. There has been no order beetwen Kopi SER producers and 

customer 

11. Less product promotion 

12. There has been no training, organization management, 

administration, and market segments 

13. Low capital. 

FIGURE 5. Obstacles Kopi SER Marketing Function Development System Structure Diagram 

 

 

FIGURE 6. Obstacles Element Matrix Driver-Power Dependences 

From the diagram obtained that the main obstacles that has more effect consecutive are low capital, production equipment are 

not optimally used, has not been able to meet customer requirement, MoU is not clear, training is not optimal yet and there 

has been no training, organization management, administration, and market segments 

4.7 Program Needs Element Structure 

Based on discussion result between experts and practitioners to program needs element obtained eight sub-elements that 

identified as an aspect which have contextual connection with program needs element in Kopi SER marketing function 

development, which are : 1) Coaching business actors, 2) Capital guarantee, 3) Market access, 4) Technology development, 

5) Development of environmentally friendly plantation areas, 6) A clear MoU about price, quantity, quality, and continuity, 

8) Improvement of extension capabilities in terms of marketing function, and 8) Product display. 

 
FIGURE 7. Program Needs Kopi SER Marketing Function Development System Structure Diagram 
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FIGURE 8. Program Needs Matrix Driver-Power Dependences 

From the diagram obtained which become the main power in program needs element is a clear MoU about price, quantity, 

quality and continuity, improvement of extension capabilities in term of marketing function, capital guarantee and 

technology development where those main force will affect business actors coaching, market access, product display and 

development of environmentally plantation areas. 

Must do first are a clear MoU about price, quantity, quality and continuity and also improvement of extension capabilities in 

term of marketing function (cooperation between extension workers and experts and also academics). After the two first 

elements can be met, the other things that must do next are capital guarantee where the main problems are cooperation with 

financial institution (Bank) and market access opening by the local government to hotel and restaurant which is in Badung 

Regency. 

4.8 Possible Changes Structure System 

Based on reviewed results by experts and practitioners to possible changes elements obtained 12 sub-elements that identified 

as aspect that have contextual connection with possible changes component in Kopi SER marketing function development, 

which are : 1) Marketing outlet creation, 2) MoU in marketing product creation, 3) Marketing strategy function development, 

4) Product manajemen and marketing function development, 5) Product become competitive, 6) Improvement of UUP 

operational management, 7) Corporation marketing function development, 8) Special market segment creation, 9) Premium 

Kopi SER product, 10) Human resources improvement in production and marketing area, 11) A source of regional 

development, 12) Product become market leader. 

 

Information : 

1. Marketing outlet creation 

2. MoU in marketing product creation 

3. Marketing strategy function development 

4. Product manajemen and marketing function 

development 

5. Product become competitive 

6. Improvement of UUP operational management 

7. Corporation marketing function development 

8. Special market segment creation 

9. Premium Kopi SER product 

10. Human resources improvement in production and 

marketing area 

11. A source of regional development 

Product become market leader 

FIGURE 9. Possible Changes in Kopi SER Marketing Function Development Structure Diagram 
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FIGURE 10. Possible Changes Matrix Driver-Power Dependence 

From the diagram obtained that from the strongest to the weakness sub-elements consecutive are corporation marketing 

function development, marketing strategy development, marketing management development and product marketing, 

product become competitive, improvement of UUP operational management, human resouces improvement in production 

and marketing and also product become market leader. Those independent elements will affect MoU in marketing creation, 

marketing outlet creation, market special segment creation, Kopi SER product become premium, and also a source for 

regional development. 

Things that expected to changes are marketing corporation improvement, management and marketing function improvement, 

product become more competitive, UUP operational management improvement where this include internal corporation 

problem, human resources improvement in production and marketing term and also make Kopi SER product become market 

leader. 

4.9 Marketing Function Model 

Marketing is one of the main activities that must done by UUP Kopi SER to get much profit in terms to market the Kopi SER 

product in Badung Regency. Based on ISM anaylize, it proposed Kopi SER marketing function model and has been agreed in 

Focus Group Discussion (FGD) with some revision: 

 

 

 

 

 

 

 

 

 

 

 

 

 

The differences of this research are the producer of Kopi SER marketing function model that involved social enterprise 

institute (BUMDes) in its business process and oriented in strategy and corporate marketing, marketing and product 

management and also field marketing, sustained by rural communities’ empowerment both as manager and also Arabica 

Coffee supplier. 

Focus is deeply needed to understand complexity and the important of five core marketing function. Incessant information 

about tactical effort, equipment and a constantly changing social media environment, it’s easy to forget the big Figure of five 

core marketing function to build an sustainable organization in long term way. 
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4.10 The Importance of Core Marketing Function 

Marketing is product or service distribution activity from producer to customer. Product or service distribution involved 

marketing institution (Saxena, et al., 1990). But Kopi SER marketing has it own uniqueness in its marketing function. Based 

on research result it’s obtained that except the marketing institution, there are government and non-government institution 

that involved in Kopi SER marketing activity. The institution are, 1) Department of Agriculture and Foods, 2) Coffee 

Comunnity, 3) Coffee Exporter, 4) Department of Cooperative, 5) Hotel and Restaurant, 6) farmers Comunnity, 7) Financial 

Institution, and 8) Extension Institution. From all those institutions, Department of Agriculture and Foods is very influential 

in terms of Kopi SER marketing activity. It is possible because of UUP Kopi SER is plantation business unit that is built by 

Department of Agriculture and Foods in Badung Regency concerning machinery, product management coaching, product 

standardization, marketing facilitation also financial accession. 

4.11 Internal Business Chain Process 

A successful business needs three of this things: 

a. Make a product or a service 

b. To market a product or service to customer. 

c. Manage the financial 

This simplification will help UUP Kopi SER not to get distracted with the other objects. The understanding about this fact is 

so helpful to understand value of organization role that differentiated by tactical and specific activity. In this developed 

model can be used by UUP Kopi SER where it based on valid information which refers to ISM analyze. Following this are 

explained in summary five core marketing function in Kopi SER marketing process. 

1. Corporate Marketing 

Based on ISM analyze result, the program objectives mainly in Kopi SER marketing function development are to improve 

the marketing function in terms to promote the Brand Image. For UUP Kopi SER, promote the Brand Image have very 

important role in brand development because the brand image involve brand reputation and credibility that will be a 

“guidelines” for the customer to try or to used some product or services so that cause brand experience that will determine 

the customer will be the loyalist of the brand or just become some opportunist (easily move to other brand). Brand Image is 

the representation from whole brand perception and its created from information and knowledge for the brand. Brand Image 

is related to attitude in beliefs and preferences form about some brand. Positive image customer will more likely to make a 

purchase (Setiadi, 2003). 

2. Strategic Marketing 

UUP Kopi SER in Badung Regency does promotion to market their products. To support the promotion strategy, UUP Kopi 

SER makes a growth strategy. The main of growth strategy based on ISM analyze research is to developed the corporate 

marketing function. 

3. Product Management 

UUP Kopi SER has already used machinery to produce customer requirement product, started from drying, sorts between 

seeds, content and skin, roasting coffee, until at product packaging all using machine that already available in UUP Kopi 

SER in Badung Regency. But that become the main problem in product management is the customers (restaurant) are more 

interested with original product form (coffee beans product) because it said powder coffee are less favored by their customer. 

Because of that, many restaurant customer are more interest with coffee than coffee powder so that the specialty coffee 

becoming less salable in market. 

4. Product Marketing 

UUP Kopi SER during the time is depending to Department of Agriculture in term of their marketing activity. When in 

harvest season, Department of Agriculture conduct business meeting, a meeting activity between coffee producer and 

businessman who has interest to buy product from producers. 

A clear Memorandum of Understanding (MoU) about price, quantity, quality and continuity and also extension workers 

improvement in term of marketing are must done first. Beside able to provide opportunities for producers to sell/introduce 
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their products, it also can help UUP Kopi SER to develop their business unit bigger than before so it can able to guarantee 

the sale of their product. After those sub-elements can be done, next step that become problem are make partnership with 

financial institution (Bank) and opening of market access by the local government to hotel and restaurant that exist in Badung 

Regency. 

5. Field Marketing 

Department of Agriculture of Badung Regency combine eight of UUP exist in Badung Regency with the UUP that exist in 

Kintamani to do training activities by Department of Agriculture in Kintamani Regency. The training is mutually beneficial 

in operational, marketing, raw material availability management, etc. With those partnerships and coaching program 

expected there will be development from better management function and marketing product. And after the development 

progress becomes real, it will affect the creation of MoU in marketing term, marketing outlet, Kopi SER special market 

segment, Kopi SER become premium product, and also the source of areal development. 

4.12 Social Media with Information Persuasive Ability 

Social media, suitable with the five core marketing function, is an anchor to do communication with the customer. Every 

function must be connected to the customer, like every group in Modern Corporation. The interesting thing is the model 

showed expanding social media request both inside and outside organization (Darmawan, et al., 2017). The five marketing 

function based in fundamental business strategy to create, capture and maintain the value that effectively push any kind of 

social media. 

The understanding about expanding social responsibility for this social engagement, and later become an argument against 

employing one person social media marketing  or social media marketing agency. It is not possible to expect an effective 

performance, positive result or success beyond some direct tactical measure. Social media effort and customer involvement, 

should be based on five core marketing function. 

Social initiative must be integrated to the bigger marketing activity. The company need keep in touch with customer, market 

and industry so that the highest company objectives that listed in vision and mission will be achieved. 

V. CONCLUSION 

From the description we can conclude as follows: 

1. Kopi SER marketing function development planning program involved five elements, which are Program Objectives 

with the key element is marketing function improvement in terms to promote the Brand Image; Involved Stakeholders 

with the key element is Department of Agriculture; Program Obstacles with the key element is low level capital 

problem; Program Needs with the key element is a clear MoU about price, quantity, quality and continuity and extension 

worker improvement in terms of marketing function; and the last Possible Changes with the key element is company 

marketing function improvement. 

2. The uniqueness of the research is the generated of Kopi SER marketing function that involving social enterprise 

institution (BUMDes) in its business process and oriented in corporation and strategy marketing, product and marketing, 

and also field marketing sustained by rural communities’ empowerment both as manager institution and Arabica Coffee 

supplier. 

VI. RECOMMENDATIONS 

1. Kopi SER marketing function development requires multisectoral synergies. 

2. To ensure marketing function model can be realized through a clear roadmap in midterm involving socialization, 

capability improvement, institutional establishment, government assistance, institutional managerial improvement, 

information system preparation, market network, business empowerment and partnership and business independence. 

3. The model successful implementation depending on stakeholder comprehensive collaboration and some other things 

stakeholders long term commitment in running a business plan, leadership and strong business institution management, 

collaboration between farmers community, BUMDes, UUP and an organized market management, third parties 

commitment and institutional customer manager to play a role in Kopi SER value chain, product quality improvement 

and premium level packaging, transaction guarantee and transparent purchase, and also gradual planning and promotion. 
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Abstract— The present study evaluated physico-chemical and sensorial qualities of value added banana products. Unripe 

fruits of Cavendish variety were processed for making banana flour. Value added products like dough, chapatti and banana 

kheer were prepared from banana flour. Rice and basin flour were also used in chappati. Unripe banana fruit, banana flour 

and their products were analysed for pH, titratable acidity, moisture (%), TSS (Brix) and vitamin C. The results showed that 

the maximum pH (7.68) and TSS (26.30 brix) recorded from the kheer, However, Ash (0.86%) and vitamin C 

(18.3mg/100gm) were observed highest in chapatti prepared from banana and rice flours as compared to chappati prepared 

from banana flour only (12.54). Unripe banana fruits had maximum percentage of moisture (72.08%) in comparison to 

banana products. The minimum pH (6.79) and titratable acidity (0.02) were observed from the unripe banana fruits. While, 

banana flour had minimum moisture (7.49%). Minimum TSS (5.30) were recorded in chappati prepared from mixture of 

banana-rice flour and banana-basin flour. The results shows that processing of banana for value added products alter the 

physico-chemical qualities of banana. 

Keywords— Banana flour, chapati, milk, rice flour,Physico-chemical. 

I. INTRODUCTION 

The banana is one of the most popular fruit among all the fruits. It is leading not only in production but also consume on a 

large scale in the world. The banana is very delicious in taste and ranking first with production rate of 25 percent [1]. Ripen 

banana has 5 to 10 days of shelf life after harvesting. It is a soft and delicate fruit which make it susceptible to diseases and 

injury when transported to the markets for utilization[2]. Human consumption of banana fruit was increasing day by day, by 

cultivating the fruit on large scale and exploring potential of converting banana into cash crop by developing products of 

commercial interest is one way of solving this problem. In developed countries 40 – 50 % of the annual agricultural produce 

is converted into value added commodities[3]. So in such situation it’s more important to convert banana into valuable 

products having high nutritional value and to fulfill the consumer demand and avoiding its spoilage [4].  

The banana is well known fruit in the whole word, so it is most important to utilize the fruit when banana is unripe 

procedures to make by products (banana flour) like edible cookies [5], bread and eatable films [6, 7]. Conversion of banana 

into powder in immature stage[8], which possess thickening and culinary properties that is most similar to that of starch [9]. 

The banana is mostly consumed in Malaysia, Japan, China and some other Asian countries[10]. Flour of banana and their 

byproducts with highly nutritive value is very useful for domestic purposes. Banana flour consists of sugar and high energy 

content which are easy to convert it into food products requiring solubility and sweetness [11]. 

Commercially the banana flour production is not well known; therefore the banana producing natation industries is gaining 

popularity [12]. The banana pulp was also processes to make banana flour, but high Quality control measures, budgets and 

manpower is required, physical qualities must be studies For analyzing of chemical qualities and nutritional qualities of flour 

for this purpose fruit must be analyze [13, 14]. When banana is not mature fully its conversion into flour has major source of 

mailto:farooq.fst28@gmail.com
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fiber, starch, total starch and minerals (P, Mg, K, and Ca). When banana was converted to flour it has the potential to use in 

bakery products[15]. 

Keeping in view the above facts and figures, the present experiment was designed to study the physico-chemical qualities of 

value added banana products. 

II. MATERIALS AND METHODS 

Fruits of Cavendish Banana variety were collected from near local orchard of Tandojam and brought to the laboratory. 

Unripe Fresh and good quality banana fruit of Cavendish variety was randomly selected, washed and cut into separate finger 

pieces. After that banana was peeled off manually and cut into 3 mm even portions. These sliced bananas were then dipped 

into 5% ascorbic acid solution for 10 minutes to increase the color of the final product. The pieces were dehydrated in a drier 

for about 8-9 hours at 60
0
C.Then, these dried pieces were taken into the juicer blender for making flour. Then flour was filled 

in the white polyethylene bags for preparing value added products. The dough 250g was made by mixing individual samples 

(treatments) with unripe banana flour (T1) banana flour (T2) chapatti basin flour and banana flour (T3) chapatti banana flour 

and rice flour (T4) kheer banana flour and cow milk (T5) banana flour with pre-arranged amount of water for three minutes in 

mixer and was allowed to rest for 20 minutes before making dough balls. Dough pieces were curved and rolled to make a 

uniform thickness. Chapattis were prepared by mixing 50.0 g banana flour, 3 g oil, 50.0 g rice flour, 50.0 gram (chick pea) 

flour and kneaded with water with pinch of salt. Kheer was prepared by taking 15g of banana flour and was boiled in one 

litter cow milk with 30 g of sugar. The value added products were observed for TSS (
0
Brix),pH, titratable acidity %, Vit C 

content, ash content (%) and moisture content (%) were observed with the following formulas: 

Titratable acidity =
1 /10 × Eq. Wt. of acid × Normality of NaOH × titer

10
 

 

Vit C (mg/100g) =
Titrex Dye factors x Volume made up

Volume of filtrate taken x volume of sample
 

 

Ash content (%) =
Weight of ashed sample ×  100

Weight of fresh sample
 

 

Moisture content % =
Weight of fresh sample– weigh to fried sample

Weight of fresh sample
× 100% 

III. RESULTS AND DISCUSSION 

3.1 Results 

The results regarding physico-chemical characteristics of banana flour and its products were significant at 5% level of 

significance (Table 1-6). Maximum titratable acidity (0.56) was recorded in chapatti (banana flour mixed with basin flour) 

(Table.1), while the minimum observation was recorded in unripe banana flour (0.25%) the remaining results were 

statistically non-significant (P<0.05); banana flour and rice flour (0.31), banana flour and basin flour (0.46) banana flour and 

milk banana flour and milk making banana kheer (0.56). The results of pH of unripe banana flour and its products banana 

kheer, chapatti (banana flour and rice flour, banana flour and basin flour), has been presented in Table. 2. The results showed 

that maximum (7.68) pH was observed in kheer however minimum pH (6.79%) was found in banana flour. There were 

statistically significant (P> 0.05) differences in pH of unripe banana flour and its products. Results pertaining to maximum 

(72.0%) moisture % (Table. 3) was observed in unripe banana fruit followed by chapatti prepared by mixing with rice flour 

(59.1%) and kheer banana flour and milk (36.3%) minimum moisture% was recorded in banana flour (7.49) followed by 

chapatti prepared by mixing banana flour with basin flour (25.2). Ash % had maximum value (0.86%) recorded from chapatti 

(banana flour and rice flour followed by kheer (0.73), while the difference among other treatments remained non-significant 

(Table. 4) .The lowest Ash % was observed under treatment containing only banana flour (0.25) followed by unripe banana 

fruits (0.55).banana kheer was perceived maximum 26.3% TSS (°Brix) further results (Table. 5) revealed thatunripe banana 

fruits had 6.1 TSS (°Brix) minimum (4.83) TSS (°Brix) was recorded under treatment containing chapatti prepared by adding 

rice flour with banana flour followed by chapatti with basin flour (5.82). so the results were non-significant (P< 0.05) among 

banana flour chapatti with basin and chapatti with rice flour. However, the results of kheer was significant (P>0.05) with 

other treatments. The results pertaining to Vitamin-C had non- significant (P< 0.05) value for treatments banana flour 
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(12.54) and chapatti (banana flour and basin flour) (12.8). The maximum Vitamin-C were obtained under treatment 

containing chapatti prepared with banana flour and rice flour (18.3) followed by unripe banana fruit (17.5). So chapatti 

prepared with rice flour had significant (P> 0.05) (Table. 6). 

TABLE 1 

TITRATABLE ACIDITY OF UNRIPE BANANA FLOUR CHAPATTI AND ITS PRODUCTS 

Treatments R-I R-II R-III Mean 

T1= Unripe banana fruits 0.25 0.27 0.25 0.25 
D 

T2= Banana flour 0.31 0.33 0.32 0.32 
B
 

T3= Banana  flour and  Gram  flour (chapatti) 0.46 0.44 0.48 0.46 
A
 

T4= Banana  flour and Rice flour (chapatti) 0.3 0.29 0.33 0.31 
CD 

T5= Kheer (Banana flour, Sugar and milk) 0.56 0.58 0.55 0.56
C
 

 

TABLE 2 

PH OF UNRIPE BANANA FLOUR CHAPATTI AND ITS PRODUCTS 

Treatments R-I R-II R-III Mean 

T1= Unripe banana fruits 6.82 6.81 6.75 6.79 
E
 

T2= Banana flour 6.97 6.99 6.92 6.96 
D
 

T3= Banana  flour and  Gram flour (chapatti) 7.09 7.10 7.11 7.1 
B 

T4= Banana  flour and Rice flour(chapatti) 7.05 7.06 7.03 7.04 
C 

T5= Kheer (Banana flour, Sugar and milk) 7.67 7.69 7.69 7.68 
A 

 

TABLE 3 

MOISTURE (%) CONTENT OF UNRIPE BANANA FLOUR AND ITS PRODUCTS 

Treatments R-I R-II R-III Mean 

T1= Unripe banana fruits 72.3 71.9 72.0 72.0 
A
 

T2= Banana flour 6.30 7.10 9.08 7.49  
E 

T3= Banana  flour and  Gram flour  (chapatti) 24.7 26.0 25.0 25.2 
D
 

T4= Banana  flour and Rice flour (chapatti) 58.0 60.3 59.0 59.1 
B
 

T5= Kheer (Banana flour, Sugar and milk 32.8 40.0 36.0 36.3 
C
 

 

TABLE 4 

ASH (%) OF UNRIPE BANANA FLOUR AND ITS PRODUCTS 

Treatments R-I R-II R-III Mean 

T1= Unripe banana fruits 1.09 0.96 0.88 0.97 
A
 

T2= Banana flour 0.25 0.26 0.24 0.25 
E 

T3= Banana  flour and  flour( Gram chapatti) 0.55 0.54 0.56 0.55 
D
 

T4= Banana  flour and Rice flour (chapatti) 0.86 0.85 0.87 0.86 
B 

T5= Kheer (Banana flour, Sugar and milk) 0.72 0.73 0.75 0.73 
C 

 

TABLE 5 

TOTAL SOLUBLE SOLIDS (
O
BRIX) OF UNRIPE BANANA AND ITS PRODUCTS 

Treatments R-I R-II R-III Mean 

T1= Unripe banana fruits 6.05 6.40 6.07 6.17 
B 

T2= Banana flour 5.32 4.81 4.37 4.83 
C
 

T3= Banana  flour and  flour  Gram (chapatti) 6.53 5.14 5.82 5.83 
C
 

T4= Banana  flour and Rice flour (chapatti) 5.34 5.01 5.67 5.34 
C
 

T5= Kheer (Banana flour, Sugar and milk) 25.5 26.9 26.4 26.3 
A
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TABLE 6 

VITAMIN C CONTENT OF UNRIPE BANANA ITS PRODUCTS 
Treatments R-I R-II R-III Mean 

T1= Unripe banana fruits 17.4 18.0 17.2 17.5 
A
 

T2= Banana flour 12.4 12.6 12.5 12.5 
C 

T3= Banana  flour and   Gram flour (chapatti) 13.4 12.0 13.0 12.8 
A 

T4= Banana  flour and Rice flour (chapatti) 18.8 17.6 18.6 18.3 
A
 

T5= Kheer (Banana flour, Sugar and milk) 14.8 14.8 14.7 15.7
B
 

 

3.2 Discussion 

The study showed that the physico-chemical characteristics of banana flour with different products prepared from it were 

significant. The flour was creamy white in color scattered with small black spot which presented banana flour. This flour was 

used in preparing different products. Physico-chemical composition of the flour and products has been compared. The low 

value was mainly low carbohydrates present in unripe banana flour, while addition of rice and milk might have increased the 

carbohydrates and protein content of the products due to which ash percentage increased. While moisture % was maximum 

in fresh unripe bananas sample (72%) which decreased after processing into flour (7%) as freshly harvested bananas might 

had accumulated more moisture, and during flour development most of the moisture has been evaporated, therefore, it 

contained low moisture % when banana flour was mixed with rice moisture % increased up to 59.1% but when milk was 

added it reduced (36.3%) due to more evaporation during treatment. Result, pertaining to pH revealed that fresh banana while 

all the products had almost neutral pH (7.11, 7.04, and 7.68). This revealed that treatment response to pH was non–

significant due to presence of more carbohydrates, fats and proteins that neutralized the acidic behavior of flour.TSS was 

found maximum in banana kheer sample (26.3
o
Brix) followed by fresh unripen banana (6.1

o
Brix), while among other 

treatments TSS was low. This might be due to the presence of more carbohydrates and sugars in milk and fresh unripen 

bananas form increased TSS (Brix) [16, 17]. Results pertaining to Vitamin –C were observed significant in T4 (18.3) as 

banana flour was mixed with rice flour due to which Vit-C increased. T1 was followed by T4 in term of maximum Vitamin–

C (17.5). T1 had only unripened banana in a fresh form, which might be the results of increasing Vitamin–C content. The 

maximum content of Vitamin–C in unripe banana and its products [18, 19]. Average starch content drop from 70-80 % in the 

pre-climacteric period and less than 1% in the climacteric period [20]. 

IV. CONCLUSION 

The mixing of unripe banana flour with rice flour and basin flour significantly influenced the chemical composition of unripe 

banana flour, chapatti quality as well as water absorption percentage. Based on the physical chemical properties the chapatti 

prepared from the unripe banana flour with basin flour and with rice flour and banana kheer contained highest moisture 

percentage, ash percentage, vitamin C, total soluble solids, pH and titratable acidity. However, more research work should be 

done in to preparation of different banana products for value addition. There is still not much research about the use of green 

banana in products, but available data suggest it might be an innovative strategy with many benefits to the food industry and 

consumers. 
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Abstract— This study is part of the valuation of the cashew nut (Anacardium occidentale L.). For this purpose, defatted 

cashew kernel flour (powder) has been incorporated into wheat flour for the production of breads. Composite flours 

containing 0%, 10%, 20%, 30% and 40% of delipidated cashew kernel were analyzed for their physico-chemical and 

functional properties as well as the resulting loaves, for their sensory quality. The results showed that the substitution of 

wheat flour with cashew nuts flour increases the protein, fat, ash, fiber, energy and mineral content of wheat / cashew nut 

composites flours. However, this incorporation has resulted in a decrease in carbohydrate content. The study of the 

functional properties of composite flours showed that the substitution resulted in a significant increase (p <0.05) of the water 

absorption capacity (CAE) and oil (CAH) while the density decreased. Sensory tests indicated that there is a significant 

difference (p <0.05) between control bread and all composite breads. However, it is suggested that cashew kernel flour 

could be suitably incorporated into wheat flour up to a rate of 20%. 

Keywords— Cashew nut, wheat flour, composite bread, sensory quality, substitution. 

I. INTRODUCTION 

Bread is a global staple (Bibiana et al., 2014), produced from wheat flour (Komlaga et al., 2012). In most African countries, 

consumption has increased considerably in recent years (Rinaldi et al., 2015). This increased trend in bread consumption has 

been the result of a number of factors including urbanization and a growing population, a shift in food preferences towards 

snacks (biscuits, bread, etc.) and increased wealth in tropical countries  (Ogunjobi and Ogunwole, 2010).  

The ever-increasing consumption of this foodstuff in the tropics has increased the demand for wheat, which is the main 

ingredient in bread making. Also with the statistics, it is expected that demand for foods based on this cereal, such as bread, 

will increase by 2050 (Sibanda et al., 2015). Unfortunately, wheat is a temperate crop that is not conducive to tropical areas 

because of soil and adverse weather conditions (Abdelghafor et al., 2011). As a result, the countries in these areas, most of 

which are in the process of development, are spending huge sums (25,000 billion CFA francs in 2011) on importing wheat. 

Due to concerns over the economic implications of dependence on wheat imports in developing countries, FAO in the 1960s 

stimulated research on the use of local resources available for partial substitution or total wheat flour (Eriksson et al., 2014). 

To this end, several flours derived from local cereals, tubers, oilseeds and legumes have been used at various proportions for 

the production of flours and composite breads (Olaoye et al., 2006, Méité et al., 2008). It is in this vein that this study was 

born to limit the use of wheat in the manufacture of bread and other pastries, through a mixture of wheat and cashew kernel 

flours. 

The cashew nut is one of the most important cultures in Ivory Coast. According to the Cotton and Cashew nut Council 

(2016), Ivorian production has grown rapidly from 6 000 tons in 1990 to 725 000 tons in 2015, making it the world's largest 
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producer of raw cashew nuts. However, almost all cashew nut production (+ 90%) is exported to Vietnam and India. It is 

good to know that the almond contained in cashew nut contains important nutrients such as fatty acids (40 to 57 g / 100 g), 

including linoleic and oleic acids (20% and 60% of the fat content), proteins (20 to 24 g / 100 g), carbohydrates (2 to 25 g / 

100 g) and appreciable amounts of micronutrients (Ogunwolu et al., 2009, Nascimento et al., 2010). In addition, Emelike et 

al. (2015) showed that delipidation increased the protein content of cashew kernels from 19.8% to 34%. Moreover, 

Mukuddem-petersen et al. (2005) demonstrated that cashew kernel intake reduced the risk of cardiovascular disease, type 2 

diabetes, and colon cancer. 

Considering the economic and nutritional potential of cashew nuts, the use of cashew kernel flour could be considered as an 

ingredient in bakery products. However, it is very little consumed by Ivorians and moreover, very little of information are 

currently available on the use of this food product in food of great consumption and great distribution. The objective of this 

study is to evaluate the effect of the partial substitution of wheat flour by delipidated cashew kernel flour on the 

physicochemical, functional and sensory properties of composite breads. 

II. MATERIALS AND METHODS 

2.1 Biological material 

Cashew nuts (Anacardium occidentale L.) are the plant material used in this study. These nuts peeled out of almonds were 

purchased in the company CAJOU FASSOU, located in Yamoussoukro (Ivory Coast), capital of the Lake District. The 

almonds were used to produce the flours and compound breads. Type 55 wheat flour and other ingredients such as baker's 

yeast (Saccharomyces cerevisiae), salt, and bread improver (Ibis) were purchased from a supermarket in the city. 

2.2 Defatted cashew kernel flour production 

2.2.1 Cashew nut processing 

For the treatment of cashews, the modified method of Falade et al. (2004), was used. Healthy, dry nuts are steamed in a 

115°C cooker for 45 minutes. Once pre-cooked, the nuts are allowed to cool for 48 hours at room temperature and separated 

into two equal halves using a manually controlled dehuller. The almonds, inside the hulls are then removed using small 

knives and oven dried in hot air in cupboards (BR185H, Gallenkamp, Yorkshire, UK) at 85 °C for 2 hours before blanching. 

After pruning, the nuts are dried at 65 °C for 6 hours to reduce the moisture content to 5-6%, cooled, packaged and stored. 

2.2.2 Defatted cashew kernel flour 

The modified Sze-Tao and Sathe (2004) method was used for the production of defatted cashew kernel flour (Figure 1). 

Processed cashew kernels are crushed using a hammer mill. The flakes obtained are deoiled twice using an apolar solvent 

(hexane) using the flake / solvent ratio (w: w), in a stainless steel tank by continuous maceration for 30 minutes. The sealed 

vessel is boiled for 50 minutes on a hot plate. After 24 hours of incubation, the supernatant containing the mixture of the oil 

and hexane is removed and the remaining cakes are collected in a white cotton fabric and pressed for 24 hours. The defatted 

oil cakes are then oven-dried (MEMMERT, Germany) for 12 hours at 65 °C for complete solvent removal. The oil cakes are 

finally milled to obtain the flour of particle size 150 microns, then packaged in polyethylene bags and stored at room 

temperature. 

2.3 Blend formulation of wheat, and defatted cashew nut flour 

The composite flours composed of wheat and defatted cashew kernel flours are obtained by the incorporation of respective 

proportions of 10, 20, 30 and 40% of the defatted cashew kernel flour in respectively 90, 80, 70 and 60% of the wheat flour. 

The 100% wheat and 100% cashew kernel flour served as controls. Finally, each formulation (Table 1) was carefully mixed 

in a blender (Philips) for 15 minutes at high speed and stored in polyethylene bags at room temperature until use. 
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FIGURE 1: DIAGRAM OF PRODUCTION OF DEFATTED CASHEW KERNEL FLOUR 

TABLE 1 

PROPORTIONS OF WHEAT AND DEFATTED CASHEW KERNEL FLOURS USED IN THE PRODUCTION OF 

COMPOSITE BREADS 

Formulations 
Wheat Flour 

(WF) 

Defatted Cashew Kernel Flour  

(DCF) 

F1 90 % 10 % 

F2 80 % 20 % 

F3 70 % 30 % 

F4 60 % 40 % 

 

2.4 Physicochemical composition of flours 

The pH was determined according to the AOAC method (1990), after calibration of the pH meter (HANNA HI98240, 

China). The same method was used for the determination of the moisture content, based on the mass loss of the samples by 

drying in an oven (MEMMERT, Germany) at 105 °C, until a constant mass was obtained. The ash analysis was carried out 

according to the method of BIPEA (1976). It consisted in calcining 5g of flour in an oxidizing muffle furnace 

(NABERTHERM, Germany) at 550 °C during 24 hours. The protein content was determined according to the method of 

AOAC (1990) and the total nitrogen was assayed according to the Kjedhal method after sulfuric mineralization in the 

presence of selenium catalyst. The nitrogen content was multiplied by 6.25 (conversion coefficient of nitrogen into protein). 

The fats were extracted with hexane in a Soxhlet extractor (Unid Tecator, System HT2 1045, Sweden) according to the 
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AOAC method (1990). The raw fiber contents of the samples are determined by the method of Van Soest (1963). A double 

hydrolysis acid (H2SO4 0.225 N) and alkaline (NaOH 0.3 N) hot destroying proteins and digestible carbohydrates contained 

in 3 g of sample was performed, then the hydrolyzate was defatted with acetone. The residues were dried and weighed. After 

calcination, the weight of the ashs was removed. The total carbohydrate (GT) content was estimated using the calculation 

method recommended by FAO (1998): 

GT (%) = 100 ̶  (% protéines + % humidité + % lipides + % cendres) 

Energy value (VE) was obtained by calculation, according to the formula proposed by Atwater and Rosa (1899): 

VE (Kcal/100g) = (4 x % protéines) + (9 x % lipides) + (4 x % glucides) 

2.5 Mineral composition of flours 

The mineral elements of the flours were analyzed for potassium, calcium, iron, zinc and magnesium using an atomic 

absorption spectrophotometer, AAS (AA800 Perkin Elmer, Germany) according to the method described by Onwuka (2005). 

2.6 Functional properties of flours 

The water absorption capacity, the water solubility index, the oil absorption capacity and the density of the flours were 

evaluated. The water absorption capacity (CAE) and the water solubility index (ISE) were determined according to the 

method of Philips et al. (1988) and Anderson et al. (1969). One (1) g (M0) of flour is dispersed in 10 mL of distilled water. 

After stirring during 30 minutes using a KS10 stirrer, the mixture is centrifuged at 4500 rpm for 10 minutes. The wet pellet 

collected (M2) is weighed and then dried at 105 °C to constant weight (M1). The water absorption capacity (CAE) and the 

water solubility index (ISE) are calculated according to the following formulas: 

CAE (%)  =
M2– M1

M1
× 100                      ISE (%)  =

M0– M1

M1
× 100 

The oil absorption capacity was determined according to the method of Sosulski (1962). About 1 g (M0) of flour is dispersed 

in 7 mL of refined palm oil. After stirring during 30 minutes using a KS10 stirrer, the mixture obtained is centrifuged at 4500 

rpm during 10 minutes using a centrifuge (TAI SHI LI XIN JI TDI-4, China). The pellet recovered is weighed (M1) and the 

oil absorption capacity (CAH) is calculated according to the relationship:  

CAH (%)  =
M1–  M0

M0
× 100 

The hydrophilic-lipophilic ratio according to Njintang et al. (2001) was calculated using the ratio of the water absorption 

capacity and oil absorption capacity: 

𝑅𝐻𝐿 (%) =
𝐶𝐴𝐸

𝐶𝐴𝐻
 

The determination of the density (D) was made according to the method described by Chau and Huang (2003). A graduated 

cylinder (10 mL), previously weighed (P0) is filled with flour to a known volume V, then re-weighed (P1). The density is 

calculated from the following equation 

𝐷 (𝑔/𝑚𝑙) =
P1–  P0

𝑉
 

2.7 Bread making process 

The recipe used in the bread making process is that described by the standard method of Amani and Takano (1998), with 

some modifications (Table 2). 

The various ingredients (except yeast) were kneaded. Three minutes after the beginning of this first kneading which is done 

at 40 rpm and lasts 5 minutes, the yeast, previously diluted in water and flour, was added to the rest of the mixture. The paste 

obtained, rested for 5 minutes, and then a second kneading was done at 84 rpm for 10 minutes (brewing). The first 

fermentation followed the brewing process and lasted 45 minutes. Before the second fermentation (primer) the dough was 

shaped and molded for 1 hour in a fermentation chamber. The cooking, which is done with moist heat, took place at 200 °C 

for 35 minutes in an electric oven. The bread is left at room temperature for cooling. 
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TABLE 2 

BREAD RECIPE 

Ingredients 
Bread 

Control Composites 

Flour 1 kg 1 kg 

Salt 13g 13g 

Yeast 5g 5g 

Improver 3g 3g 

Water 60 % Variable 

 

2.8 Sensory analysis of breads 

Two tests, namely general acceptability and descriptive testing, were performed during this sensory evaluation. The general 

acceptability of the loaves consisted in presenting simultaneously and in a random order, the different coded samples (three 

digits) to each taster. Each panelist, after tasting, should rank the samples according to the pleasure felt on a 9-point hedonic 

scale. Ratings ranging from 9 (very pleasant) to 1 (very unpleasant) were assigned to the different modalities of the scale. 

The samples were evaluated by 100 untrained panelists, recruited on the basis of their availability and not averse to the 

product. 

The descriptive test of the loaves was carried out using the method described by Meilgaard et al. (2007). The method consists 

in evaluating and quantifying the appropriate descriptors (crumb and crust color, taste, texture, aspect and aroma) according 

to a category 9 hedonic scale. From 1 for very unpleasant descriptors to 9 for very pleasant descriptors. The samples were 

judged by 15 trained panelists composed of women and men.  The coded samples, with three figures, were presented 

monadically to the panelists. 

2.9 Statistical analysis  

The analyses carried out in this study, were made in triplicate and the results were expressed on the basis of dry matter. The 

results were then subjected to an analysis of variance (ANOVA) carried out with the software Stastica 7.1 in order to 

compare the averages. If there is a significant difference, the Newman-Keuls test identified the means responsible for the 

difference observed at the 5% threshold. 

III. RESULTS 

3.1 Physicochemical composition of the different flours 

The results showing the physicochemical composition of wheat flour, defatted cashew kernel and composite flours are 

summarized in Table 3. The protein content (28.03%), ash (3.67%), fat (25.5%), total fiber (6.67%), and pH (6.22) of 

defatted cashew kernel flour were significantly (p <0.05) greater than of wheat which are respectively, 8.83%, 0.66%, 1.8%, 

2.03% and 5.64. In contrast to these parameters, total carbohydrates (38.55%) and moisture (4.2%) levels are low in defatted 

cashew kernel flour. 

In the analysis of the results, the partial substitution of wheat flour with cashew nut flour resulted in a significant (p <0.05) 

increase in protein, fat and ash content as the substitution rate (0 to 40%) increases. These contents vary respectively from 

8.83% (FW) to 17.56% (F4), 1.80% (FW) to 12.52% (F4) and 0.66% (FW) to 1.70% (F4). An increase in fiber content and 

energy value is also observed as the rate of substitution increases. These values oscillate respectively between 2.03% (FW) 

and 3.46 (F4), 365.55 Kcal / 100g (FW) and 419.95 Kcal / 100g (F4). As for the pH, it increases slightly and varies from 

5.64% (FW) to 6.10% (F4). However, no significant difference (p˃0.05) was observed between formulation F1 and F3. 

However, between F4 and the other formulations, the difference observed is significant (p <0.05). 

However, substitution with cashew nut flour resulted in a decrease in moisture content (12.22% to 8.92%) and total 

carbohydrates (76.50% to 59.26%). The F1 Formulation obtained the highest values while F4 formulation, the lowest levels. 

However, our results showed a significant difference (p <0.05) between composite flours and cashew nut flour on the one 

hand and between these flours and wheat flour on the other hand. 

3.2 Mineral composition of the different flours 

The mineral contents of defatted almond cashew flour (DCF) are higher than those of wheat flour (Table 4). Magnesium, 

potassium and calcium have high levels. These minerals vary respectively from 62.20 mg / 100g (FW) to 232.40 mg / 100g 
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(DCF), 96.93 mg / 100g (FW) to 181.15 mg / 100g (DCF), and 15.20 mg / 100g (FW) to 74.87 mg / 100g (DCF). With 

regard to the formulations, our results showed that substituting wheat flour by cashew nut flour improved the mineral content 

of composite flours in proportion to the rate of substitution of cashew nut. The magnesium values go from 62.20 mg / 100g 

(FW) to 140.00 mg / 100g (F4), potassium from 96.93 mg / 100g (FW) to 132.44 mg / 100g (F4) and the calcium from 15.20 

mg / 100g (FW) to 30.84 mg / 100g (F4). Those of iron and zinc vary respectively from 0.33 mg / 100g (FW) to 2.75 mg / 

100g (F4) and ND (FW) to 0.54 mg / 100g (F4). Formulation F4 had the highest mineral contents while formulation F1, the 

weakest. The analysis of variance of the results shows a significant difference (p <0.05) in all the flours.  

3.3 Functional properties of the different flours 

Table 5 shows the functional properties of wheat flour, defatted cashew kernel and composite wheat / defatted cashew kernel 

flour. The present study demonstrated that the water (WAC) and oil (OAC) absorption capacities as well as the water 

solubility index (WSI) of composite flours increase with the substitution rate while the ratio H/L and density (D) decrease. 

The analysis of variance of these parameters showed the existence of a significant difference (p <0.05) between the 

composite flours. The water and oil absorption capacities vary respectively from 112.22% (F1) to 125.20% (F4) and from 

94.67% (F1) to 109.65% (F4). However, between formulation F1 (116.80%) and F2 (117.85%), no difference (p˃0.05) was 

observed for the WAC. In this regard, the density and the H / L ratio are higher in the F1 and F2 formulations with 

respectively 0.72% and 1.18%, while they are low in the F4 formulation. Despite the difference in these values, the statistical 

analysis shows no significant variation (p˃0.05) between F1 (1.18%), F2 (1.18%) and F3 (1.16%) for the ratio H / L and 

between F1 (0.72%) and F2 (0.72%) for density. In the analysis of the results, it arises the existence of a significant 

difference (p <0.05) between wheat flour, cashew kernel flour and composite flour (Table 5).  

3.4 Sensory evaluations of control and composite breads 

The results of the descriptive tests of the control and composite breads in Figure 2 show that the control bread (100% wheat) 

obtained the highest scores compared to the composite breads (10 - 40%) in the flavor (8.3), the texture (8.4), the aroma 

(8.7), the color of the crumb (8.7), the presence of cell (8.1) and the thickness of the crust (8.3). However, he had the lowest 

score (3.2) for the color of the crust. Moreover, when comparing the composite breads between them, the results indicate that 

loaves with 10% (P1) and 20% (P2) of cashew flour scored highest (˃5) in all sensory attributes studied except the color of 

the crust. Only the bread with 10% of cashew flour had a grade (4.4) below 5. For the general acceptability of the loaves, the 

results show that the substitution leads to significant (p <0.05) decrease in general acceptability of breads with the increase of 

the rate of incorporation of the cashew nut flour. However, despite this decrease, bread (P2) substituted up to 20% cashew is 

appreciated with a score of 7.18 (Table 6). 

TABLE 3 

PHYSICO-CHEMICAL COMPOSITION OF THE DIFFERENT FLOURS 

Different formulations of flour made from wheat and defatted cashew kernel 

Parameters WF DCF F1 F2 F3 F4 

Moisture (%) 12,22±2,05
a
 4,2±0,28

f
 11,53±3,02

b
 10,75±2,85

c
 10, 36±3,11

d
 8,98±1,03

e
 

Fats (%) 1,80±0,21
f 

25,50±6,01
a 

3,94±0,11
e 

7,06±0,15
d 

10,03±1,47
c 

12,52±3,65
b 

Proteins (%) 8,83±3,32
f
 28,03±2,15

a
 10,71±0,81

e
 13,73±0,42

d
 14,94±0,34

c
 17,56±1,34

b
 

Carbohydrates (%) 76,50±5,03
a 

38,55±4,22
f 

73,02±7,01
b 

67,31±2,51
c 

63,32±4,62
d 

59,26±2,84
e 

Ash (%) 0,66±1,51
f
 3,67±0,43

a
 0,80±1,68

e
 1,11±0,51

d
 1,32±0,02

c
 1,70±0,22

b
 

pH 5,64±1,01
d
 6,22±2,11

a
 6,04±0,11

c
 6,05±1,15

c
 6,05±0,21

c
 6,10±0,25

b
 

Crude fiber(%) 2,03±0,13
d 

6,67±0,60
a 

2,17±0,22
d 

2,82±0,32
c 

3,04±0,11
c 

3,46±0,12
b 

Energy (Kcal/100g) 365,55±3,76
f 

496,16±5,52
a 

370,37±3,82
e 

387,96±4,10
d 

403,40±4,62
c 

419,95±7,06
b 

The values are the means ± standard deviation of three measurements (n= 3). The values carrying the same letters in the 

line are not significantly different at the 5% threshold according to the Newman-Keuls test. 

WF: wheat flour; DCF: defatted cashew kernel flour; F1: 90% wheat flour + 10% defatted cashew kernel flour; F2: 80% 

wheat flour + 20% defatted cashew kernel flour; F3: 70% wheat flour + 30% defatted cashew kernel flour; F4: 60% 

wheat flour + 40% defatted cashew kernel flour 
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TABLE 4 

MINERAL COMPOSITION OF THE DIFFERENT FLOURS (mg / 100g) 

                    Different formulations of flour made from wheat and defatted cashew kernel 

Parameters WF DCF F1 F2 F3 F4 

K 96,93±0,20
f
 181,15±0,40

a
 98,33±0,42

e
 107,04±0,15

d
 118,96±0,1

c
 132,44±0,50

b
 

Zn ND 1,87±0,04
a
 ND 0,08±0,31

d
 0,30±0,02

c
 0,54±0,01

b
 

Ca 15,20±0,45
e
 74,87±0,11

a
 15,87±0,26

e
 20,41±0,54

d
 24,73±0,30

c
 30,84±1,13

b
 

Fe 0,33±0,05
f
 6,57±0,10

a
 0,86±0,01

e
 1,34±0,06

d
 2,20±0,01

c
 2,75±0,02

b
 

Mg 62,20±0,60
f
 232,40±0,17

a
 78,66±0,01

e
 97,63±0,75

d
 120,61±0,55

c
 140,00±0,23

b
 

The values are the means ± standard deviation of three measurements (n= 3). The values carrying the same letters in the 

line are not significantly different at the 5% threshold according to the Newman-Keuls test. 

WF: wheat flour; DCF: defatted cashew kernel flour; F1: 90% wheat flour + 10% defatted cashew kernel flour; F2: 80% 

wheat flour + 20% defatted cashew kernel flour; F3: 70% wheat flour + 30% defatted cashew kernel flour; F4: 60% 

wheat flour + 40% defatted cashew kernel flour. ND: non déterminé 

TABLE 5 

FUNCTIONAL PROPERTIES OF THE DIFFERENT FLOURS 

Different formulations of flour made from wheat and defatted cashew kernel 

Parameters WF DCF F1 F2 F3 F4 

WAC(%) 109,31±0,76
e
 144,03±0,35

a
 112,22±0,2

d
 116,80±0,94

c
 117,85±0,34

c
 125,20±0,71

b
 

WSI(%) 22,35±0,36
e
 36,95±0,06

a
 22,05±0,07

e
 23,20±0,18

d
 24,80±0,01

c
 26,60±0,20

b
 

OAC (%) 89,67±1,15
f
 125,67±1,15

a
 94,67±0,57

e
 98,33±0,57

d
 101,33±1,15

c
 109,65±0,6

b
 

LHR (%) 1,22±0,01
a
 1,14±0,01

c
 1,18±0,06

b
 1,18±0,11

b
 1,16±0,10

b
 1,13±0,01

c
 

D (g/mL) 0,72±0,02
a
 0,50±0,22

d
 0,72±0,05

a
 0,72±0,11

a
 0,70±0,42

b
 0,63±0,15

c
 

The values are the means ± standard deviation of three measurements (n= 3). The values carrying the same letters in the 

line are not significantly different at the 5% threshold according to the Newman-Keuls test. 

WF: wheat flour; DCF: defatted cashew kernel flour; F1: 90% wheat flour + 10% defatted cashew kernel flour; F2: 80% 

wheat flour + 20% defatted cashew kernel flour; F3: 70% wheat flour + 30% defatted cashew kernel flour; F4: 60% 

wheat flour + 40% defatted cashew kernel flour; WAC: water absorption capacity; WSI: water solubility index; OAC: oïl 

absorption capacity; LHR: lipophilic hydrophilic ratio; D: density 

TABLE 6 

GENERAL ACCEPTABILITY OF COMPOSITE BREADS MADE FROM WHEAT/DEFATTED CASHEW KERNEL  

Composite breads 

Parameters PW P1 P2 P3 P4 

GENERAL ACCEPTABILITY 8,26±0,63
a
 7,53±0,95

b
 7,18±0,80

c
 5,41±0,90

d
 4,56±1,18

e
 

The numbers with different letters are statistically different at p <0.05 
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FIGURE 2: SENSORY PROFILES OF COMPOSITE BREADS MADE FROM WHEAT / DEFATTED CASHEW KERNEL 

IV. DISCUSSION 

The physicochemical analysis showed that defatted cashew kernel flour contains significantly higher (p <0.05) protein, lipid, 

fiber and ash contents compared to wheat flour. This finding was also reported by Diallo et al. (2015), in a study where they 

compared wheat flour to groundnut flour. The difference between the chemical components would be due to varietal 

difference. The high nutrient content of the cashew nut will make this food an excellent naturally available supplement for 

foods that are deficient. 

The substitution of wheat flour by the defatted cashew kernel flour has led to an increase in the protein, fat, fiber, ash and 

energy value of the composite flours as the substitution rate increases, while water and carbohydrates contents decreased. 

The increase in the protein content of composite flours could be attributed to defatted cashew kernel flour, which is high in 

protein (Emelike et al., 2015). The same observation was made by Ojinnaka and Agubolum (2013), in a study in which they 

incorporated the cashew nut flour into wheat flour when making biscuits.  Igbabul et al. (2014) reported similar results with 

bread made from wheat, plantain and soy. Indeed, the protein content is an essential element in determining the rheological 

behavior of the dough and later the quality of bread (Goesaert et al., 2005). The protein contents (10.71% to 17.56%) of our 

formulations are appreciable since they remain in the acceptable range of 10.5 to 14% which are the recommended values for 

a bread flour (Keran et al. 2009). 

The improvement in the lipid content of the mixtures is comparable to the finding of Méité et al. (2008) and Olaoye et al. 

(2006). They showed that the substitution of wheat flour by Citrullus lanatus seed and soya bean flours, respectively, 

increased the lipid content of composite breads. This increase is probably attributed to the high lipid content of cashew nut 

flour. However, despite this increase, the lipid content of the formulations remained within the recommended values (10-

25%) (FAO / WHO, 1991). This content may contribute to prolonging the life of composite flours while reducing the 

chances of rancidity due to release of free fatty acids during storage (Kaced et al., 1984). 

In contrast to the lipid and protein content, carbohydrates contents decreased significantly (p <0.05) with the substitution 

rate. Similar trends have been reported by Serrem et al. (2011), in the fortification of wheat flour with defatted soy flour.  This 

decrease is due to cashew nut flour which is almost twice as rich in protein and fat as wheat flour. Despite this decline, the 

values (73.02% - 59.20%) of this study are moderate and are close to the recommended value (68%) (FAO / WHO, 2006). In 
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Presence of cells
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addition, the use of these composite flours are of paramount importance in reducing the risk of diabetes thanks to their low 

glycemic index (Ugwuona et al., 2012). 

With regard to the water content of the samples analyzed (8.98% - 11.53%), it complies with the standard required for the 

storage of flours which is 10 to 15% (Borget, 1989). Similar results were reported by Yetunde and Chiemela (2015) and 

Diallo et al. (2015), during the substitution of wheat flour by yam and vanilla flour, respectively. Indeed, water content is a 

quality criterion and an important indicator for the shelf life of the flour   (Aryee et al., 2005). Low water contents allow 

long-term storage by inhibiting the proliferation of microorganisms that can alter the product (Ntuli et al., 2013). 

The increase in the fiber and ash content of composite flours can be explained by the incorporation of cashew flour rich in 

fiber and ash. The increase in fiber content will be beneficial to the health of consumers by facilitating the digestion of food 

at the colon. This action reduces the risk of constipation associated with the consumption of wheat flour dishes (Elleuch et 

al., 2011. According to the literature, the fiber also plays a significant role in the prevention of cardiovascular disease, cancer 

and diabetes (Slavin, 2005). The fiber (2.17 to 3.46%) and ash (0.8 to 1.70%) contents of the formulations are in accordance 

with the recommended values which are less than 5% for the fibers and less than 3% for ashes (FAO / WHO, 1991).The use 

of flours as food ingredients depends mainly on their interaction with oil and water.In our study, water absorption capacity 

(WAC) and oïl absorption capacity (OAC) increase with the rate of substitution. This evolution is similar to that observed by 

Diallo et al. (2015) during the substitution of wheat flour by voandzou flour. The observed variation in water uptake may be 

due to differences in protein content, degree of interaction with water, and conformational characteristics (Butt and Batool, 

2010). Indeed, it is the polar amino acids of the proteins that have favored this increase. The same observations were made 

by Brou et al. (2013). The water absorption capacity is of paramount importance in the quality, texture and taste of various 

foods, including cold cuts and bakery pastes (Singh et al., 2010). Thus, the higher the wac of the flour, the better it is for 

making bread. 

A high WAC allows more water addition to the dough, improving handling and keeping freshness of the bread. The oïl 

adsorption capacity (OAC) of food flours is important in the food industry because oil is absorbed through a complex process 

of capillarity. The capacity of a food component to trap oil is an important characteristic in food formulations as it would act 

as a flavor and mouthfeel enhancer (Yadahally et al., 2012). The evolution of the oil absorption capacity of formulations has 

been also reported by Diallo et al. (2015) in a study on wheat / voandzou bread. As far as the density of composite flours is 

concerned, it decreases with the increase in the substitution rate. This is advantageous if one takes into account the work of 

Giami (1993) who has shown that a reduction in the density of flours promotes a good formulation of infant foods. Akubor 

and Badifu (2004) also observed a decrease in density during the incorporation of Treculia africana flour into wheat flour. 

The mineral contents of the composite flours had higher values than that of the wheat flour. This is due to the incorporation 

of cashew flour into wheat flour. These results agree with those of Ameh et al. (2013), in a study in which rice flour was 

incorporated into wheat flour to make bread. The presence of these minerals in composite flours is very beneficial because 

they play a role in the building of the body and in the growth of the child. In addition, these minerals could reduce the 

occurrence of certain nutritional deficiencies. Thus, Langford (1983) has shown that a high intake of potassium protects 

against the increase of blood pressure and other cardiovascular risks. It also plays an essential role in the synthesis of amino 

acids and proteins (Malik and Srivastava, 1982). As for magnesium, it participates in biochemical reactions in the body, 

helping to maintain the normal state of the muscles, fortifying the functioning of the nerve, maintaining the regular heart rate 

and regulating blood sugar levels (Saris et al., 2000).  

Sensory analysis is an important criterion for assessing quality in the development of new products and for meeting 

consumer requirements. The decrease in the general acceptability of composite breads in this study was reported in another 

study on wheat / yam composite bread by Amandikwa et al. (2015). Ojinnaka and Agubolum (2013) reported similar results. 

This decrease could be attributed to the too strong flavor and aroma of the cashew nut, which was not appreciated by the 

panelists. Added to this is the Maillard reaction, but also the cooking time and temperature which are responsible for the 

strong coloration of the poorly accepted crust. Despite this decline in acceptability, bread made from 20% cashew flour was 

appreciated by the jury for its texture, flavor, aroma and color. 

V. CONCLUSION 

The partial substitution of wheat flour with cashew flour considerably improves the physicochemical and biochemical 

composition of flours, especially protein, ash, fiber and energy, as well as functional properties. The values obtained show 

that these flours can be used in breadmaking. Sensory analysis carried out in this study showed that the defatted cashew 
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kernel flour could be incorporated up to a level of 20% in the wheat flour without greatly influencing the organoleptic 

characteristics of the breads. Even if the bread made from 100% wheat is the most popular, the bread supplemented with up 

to 20% cashew kernel nut was also moderately appreciated. With the current cost of wheat, it would be beneficial to 

seriously explore the possibility of using wheat / cashew composite flour for bread production. This will reduce the cost of 

importing this cereal, add value to the cashew nut and ultimately combat nutritional deficiencies. 
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Abstract— The diseases caused by bipartite Begomoviruses have emerged as overwhelming problem in various cropping 

systems of Pakistan. The study was conducted to evaluate the potential of induced resistance in mungbean to Mungbean 

yellow mosaic virus (MYMV) disease. In this work, resistance to MYMV infection was induced in mungbean plants by 

activating the Salicylic acid (SA) pathway using SA and Benzothiadiazole (BTH) as treatments. The resistance was 

characterized by evaluating symptom appearance and virus titter through ELISA.  Elicitors i.e., SA and BTH were applied at 

different concentrations to enhance the innate resistance of mungbean by the induction of defense related compounds. All 

treatments were helpful in reducing plant infection but the most effective treatment was the combination of SA@5mM and 

BTH@150mg/L as compared to virus inoculated control. Three weeks analysis showed peak accumulation of defense related 

enzymatic antioxidants and phenols in the mungbean leaves treated with SA and BTH. Higher enzymatic activity was 

observed in elicitor treated plants followed by inoculation with MYMV. As the resistance increased due to the application of 

SA & BTH the enzymatic activities of SOD, POD, and CAT were also increased during second week after application of 

elicitors. This study revealed that SA and BTH are potential source for management of MYMV by enhancing the level of 

protection through induction of systemic acquired resistance. 

Keywords— Induced resistance, Vigna radiata, enzymatic antioxidants, PAL, SOD, and POD. 

I. INTRODUCTION 

The mungbean (Vigna radiata L) is also called mung, green gram is dominant legume crop grown throughout the world for 

its edible seed and sprouts. Ninety percent of world mungbean is cultivated in Asia. In Pakistan mungbean is grown over an 

area of 133 thousand hectares with annual yield of 102 thousand tons.(Government of Pakistan, 2015). Grain legumes are 

rich source of protein contents throughout south Asia, but they are affected by a number of pest and diseases and which 

resulted high yield losses and among them Mungbean Yellow Mosaic virus is very devastating disease during summer 

months in Pakistan and more than 50% yield losses were reported in mungbean. MYMV belongs to family Geminiviridae 

and genus Begomovirus (Boss, 1999)...Whitefly. (Bemisia tabacai) as a vector is responsible for transmission of this virus. 

According to an estimate more than US$ 300 million loss occurred due to this virus in different leguminous crops (Varma et 

al., 1992). Initial symptoms of disease arises on foliage in the form of small  intermingle green and lemon color dots on 

young leaves that scattered on other leaves, puckering of leaves occurred and apex of growing areas are reduced in size and 

irregular light green and yellow specks appear on affected leaves. (Narini, 1960). If plants are attacked at seedling stage than 

100% yield losses occurred (Usharani et al., 2004). These alterations emerging from disease causing organism may interrupt 

plant physiology and increase plant senescence and activate the defense mechanism. Systemic acquired resistance (SAR) is a 

phenomenon which operates in plants under stress conditions and plant produce chemicals like salicylic acid (SA), Methyl 

Jasmontae (MeJ) a derivative of Jasmonic acid (JS) which act as signaling hormone and provide pathway for the activation 
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of defense reaction. Exogenous application of SA enhances tolerance to stress, depending on the developmental phase of 

plants. SA is an endogenous regulator has definite role in defense mechanism against biotic and abiotic stress. 

Benzothiadiazole (BTH) shares the property of activating the systemic acquired resistance pathway downstream from the SA 

signaling. As a result of defense reaction different type of proteins known as pathogenesis related proteins (PR ), phenolic 

compounds, reactive oxygen species (ROS) and enzymatic and non enzymatic antioxidants are produced which detoxify the 

reactive oxygen species produced by plant- pathogen interaction and protect plant from oxidative damage. Furthermore these 

compounds could be acts as biochemical markers to evaluate the developing resistance. Therefore an attempt was made for 

enhancing resistance against MBYMV by the exogenous application of SA and BTH. The resistance was characterized by 

evaluating symptom developed by viral infection, phenolic contents and enzymatic antioxidants like Superoxide dismutase 

(SOD), Peroxidase (POD), Catalase (CAT) and Phenylalanine ammonialyase (PAL). Application of plants with signaling 

molecules decrease enzyme activities and results in induction of resistance. Application of Salicylic acid and BTH results in 

activation of plant defense mechanism and induces resistance in plant against pathogens Salicylic acid is produced naturally 

in plant it is phenolic compound which is produced in plant in stress or when they are attacked by pathogen it activates 

signal transduction pathway and induces local and systemic resistance to pathogens (Delaney et al., 1995 and Maleck et al., 

2000).  

II. MATERIALS AND METHODS 

2.1 Induction of resistance in mungbean against MYMV 

Research trial was conducted under controlled conditions to study induction of resistance in mungbean against Mungbean 

yellow mosaic virus (MYMV). For this purpose highly susceptible variety of mungbean i.e Kabuli mung was sown in 

earthen pots of 35cm filled with sand, peat and loam.  The pots were irrigated daily. After 20 days of sowing when leaves 

become mature, plants were divided on the basis of treatments. Each treatment contained 3 replications. Plants were treated 

exogenously with Salicylic acid (SA) and Benzotihadiazole (BTH) (Sigma, St. Louis, MO, USA) at different concentrations. 

After 24 hours of application mungbean plants were inoculated with viruliferous whiteflies (Bemisia tabaci) reared on 

MYMV infected plants. The inoculated plants without application of elicitor were used as infected control while plants 

sprayed with water were used as healthy control. The enzymatic activates i.e., PAL, POD, SOD, CAT and total Phenolic 

contents were determined after first, second and third week of post inoculation. The disease severity on each plant was 

calculated on the basis of symptoms using disease rating scale. For the detection of virus titer all the treated plant were tested 

through DAS-ELISA (Clark and Adam, 1977) using Tomato Yellow Leaf Curl Gemini virus polyclonal antibodies (AC, 

Diagnostics, USA) and has cross reactivity with other Gemini viruses. 

TABLE 1 

TREATMENTS APPLIED FOR MANAGEMENT OF MYMV UNDER CONTROLLED CONDITIONS 

Treatments 

No. Treatment Treatment detail 

1 T0 Inoculated control 

2 T1 Healthy Control ( Plants sprayed with water only ) 

3 T2 MYMV + 5mM Salicylic acid 

4 T3 MYMV + 10mM Salicylic acid 

5 T4 MYMV + 150mg/ L BTH 

6 T5 MYMV+ 300 mg /L BTH 

7 T6 MYMV+ 5mM Salicylic acid + 150 mg/ L BTH 

 

MYMV= Mungbean yellow mosaic virus, mM= mili mole, BTH= Benzothiadiazole, mg= mili gram, L = liter 

2.2 Enzyme Extraction 

The activities of POD, SOD, and CAT in mungbean leaves were assayed according to the method following method. Three 

leaves samples of 0.2 g FW were collected from each treatment at 7, 14 and 21dpi and grinded in liquid nitrogen with the 

help of pestle and mortar. 2ml of 50mm ice -cold phosphate buffer (pH 7.8) containing 1mM ethylene diamine teraacetic acid 
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(EDTA) was added and homogenized. The mixture was Centrifuged at 1000 rpm for 15 min at 4
o
C. The supernatant was 

used as enzyme extract. 

2.3 Superoxide dismutase (SOD) assay (EC 1.5.1.1) 

The SOD activity is defined as the inhibition of the photochemical reduction of nitrobule tetrazolium (NBT) at 560 nm. The 

monitoring of this inhibits the is used to assay SOD activity. The reaction mixture was prepared by taking 50µL enzyme 

extract and adding 1 mL NBT (50µM), 500 µL methionine (13mM), 1mL riboflavin(1.3µM), 950µL (50mM) phosphate 

buffer and 500µL EDTA (75mM).This reactions was started by keeping reaction solution under 30 W fluorescent lamp 

illuminations and turning the flourecent lamp on.The rections stopped when the lamp turned of 5 minutes lettere. The NBT 

photo reduction produced blue formazane which was used to measure the increase in absorbance at 560 nm . The same 

reaction mixtures without enzyme extract in dark were used as blank . The SOD activity was determined and expressed as 

SOD IU min
-1

 mg
-1

 protein (Glannopolitls and Ries, 1997). 

2.4 Peroxidase (POD) assay ( EC 1.11.1.7) 

The POD activity assayed by guaiacol oxidation and defined as 0.01 absorbance change min-1mg-1 protein. The reaction 

mixture was prepared by adding  400 µL guaiacol (20 mM), 500 µL H2O2 (40 mM) and 2mL phosphate (50mM) in 100 µL 

enzyme extract.The change in absorbance at 470 nm of  the reaction mixture was observed every 20s up to 5min.The POD 

activity expressed as m.mol min
-1

 mg  protein
-1

 (Castillo et al., 1984).  

2.5 Catalase (CAT) assay  ( EC 1.11.1.6) 

 The CAT activity assayed by the decomposition of H2O2 and change in absorbance due to H2O2 was obseved every 30s for 5 

minutes using a UV-visible spectrophotometer. Reaction mixture for CAT contained 900µL H2O2 (5.9 mM) and 2mL 

phosphate buffer (50mM). Reaction was started by adding 100µL enzyme extract to the reaction mixture. The Catalase 

activity was expressed as µmol of H2O2 min mg
-1

 protein
-1

(Aebi, 1984). 

2.6 PAL (Phenylalanine ammonia Lyase ) activity (EC 4.3.1.24) 

 Leaf samples (0.5 g) were homogenized in 1200 µl of ice cold 0.1 M sodium borate buffer, pH 7, containing 1.4 mM of 2- 

merceptoethanol and 0.1 g of insoluble polyvenylpyrrolidone. The extract was filtered through cheese cloth and the filterate 

was centrifuged at 14,000 rpm at 4º C for 15 minutes. The supernatant was used as enzyme source. PAL activity was 

determined as the rate of conversion of L-phenylalanine to trans-cinnamic acid at 290 nm asdescribed by Dickerson et al. 

(1984). Sample containing 0.4 mL of enzyme extract was incubated with 0.5 mL of o.1 M borate buffer, pH 8.8 and 0.5 mL 

of 12 mM L- phenylalanine in the same buffer for 30 minutes at 40° C. The amount of trans-cinnamic acid synthesized was 

calculated using its extinction coefficient of 9630 m
-1

 (Dickerson et al., 1984). Enzyme activity was expressed as nmol trans-

cinnamic acid min
-1

 mg
-1

 protein 

2.7 Estimation of total  phenolic contents ( EC 1.14.13.7) 

Total phenols of leaf  samples were determined at 760 nm using gallic acid as reference standard (Ainsworth and gillespie, 

2007). To create calibration curve the standard solution were prepared in different concentration i.e. 500, 250, 150 and 100 

mg L
-1

 gallic acid. For extraction and preparation of sample, 0.5 g leaf sample was homogenized in 5 ml acetone (80%). 

Filtration followed by extraction and volume of filtrate was raised with acetone upto 10 ml. Then reaction mixture was 

prepared by taking 20 µL sample or standard and adding 1.58 ml water, 100 µL Follin-ciocalteu reagent within 30 seconds 

upto 8 minutes. Reaction mixture was left at 40ºC for 30 minutes or at 25 ºC for 120 minutes after adding and mixing 300 µL 

sodium carbonate. Absorbance of reaction mixture was read at 760 nm against the blank (80% acetone). Total phenol level in 

samples were determined by plotting calibration curve from standards and reported as gallic acid equivalent GAE. 

Total protein estimation was carried out by Bradford assay (Bradford, 1976).    

2.8 Statistical analysis  

Data was subjected to statistical analysis of variance (ANOVA) using (Statistical software package 8.0 .Institute Carry Inc; 

USA). Treatment means were compared using Fisher’s least significant differences (LSD) at (P = 0.05). 

III. RESULTS AND DISCUSSION 

The results of the trial revealed that all the treatments have significantly help in reducing the disease severity as compared to 

the control. Disease severity of MYMV with respect to each treatment was shown in figure.1. The maximum disease 
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suppression was observed as compared to infected control where the treatments of SA@ 5 mM and BTH @150 mgL
-1

 were 

applied with the disease severity ranged between 14% and 13.8% as compared to infected control where it was up to 45%. 

3.1 Phenylalanine ammonia lyase (PAL) activity assay 

The enzymatic activities after the induction of resistance through elicitors against MYMV were increased significantly as 

compared to both the virus infected and healthy controls. The PAL activity was increased in all the treatments significantly as 

compared to infected and healthy controls (Fig.2) Maximum PAL activity was observed in first week after application of 

treatment of SA@ 5mM + virus followed by 10mM S.A + virus . PAL activities tend to decreased after every week. 

3.2 Peroxidase (POD) activity assay 

The POD activity was increased in all treatments after application as compared to infected and healthy controls (Fig.3). 

During three weeks after application maximum POD activity was observed in second week on the treatment of SA@5mM + 

virus.  

3.3 Superoxide dismutase (SOD) assay 

There was significant effect of S.A and BTH on SOD activity in second and third week after treatments as compared to the 

controls. In first week after application of treatments the SOD activity was very low but in second week, it was increased and 

remained almost at higher level. Where the SOD activity in BTH + virus treated plants was decreased in third week.  

3.4 Catalase (CAT) activity assay 

The CAT activity was greatly increased in second week after application. The most effective treatment which showed 

maximum CAT activity was SA @10mM + virus and BTH @150mg/ L+ virus. The CAT activity was tend to decreased after 

in third week. 

3.5 Total phenolic contents assay 

Total phenolic contents were increased significantly as compared to the healthy and inoculated controls. The effect of 

treatments on the production of total phenolic contents remained almost same during all three weeks after applications. Total 

phenolic contents were maximum in third week in all treated plants. 

IV. DISCUSSION 

There was scarcity of resistant genetic source in mungbean, so innate defense of plant was enhanced by exogenous 

application of Salicylic acid and benzothiadiazole under controlled conditions on highly susceptible cultivar of mungbean. 

Salicylic acid (SA) is natural plant hormone which is responsible in natural plant defense mechanism in response to pathogen 

attack and this signaling molecule is helpful in induction of resistance in plants. In case of lack of natural defense mechanism 

of plants, exogenous treatment of elicitor like SA (salicylic acid) and BTH (Benzothiadiazole) are helpful in the induction of 

resistance in plants. Enzymatic antioxidants are produced in plants and played an important role in induced systemic acquired 

resistance, furthermore acts as a biochemical markers to evaluate the developing resistance as the result of elicitor application 

in plants. Ashry and Mohamed, (2011) reported the increased activities of POD and CAT enzymes in Tomato yellow leaf curl 

virus (TYLCV) infected leaves and induce resistance in the host plant. Induced resistance in plants may increases the ability 

of susceptible plants to withstand pathogens in a non-genetic way (Kagale, et al, 2004). As it is reported that the induced 

resistance prior to challenge infection elevates the level of some defense compounds and sensitizes the plants to rapidly 

produce some compounds after infection and thereby, provide protection against the disease (Biswas, et al., 2012). The 

phenomenon of induced resistance may involve the production of pathogenesis related proteins and antioxidative enzymes 

etc. Kagale, et al. (2011) reported that elicitor applications involve induction of systemic resistance by the activation of 

various defense-related enzymes POD and PAL. The elevated level of these enzymes may be involved in the protection of the 

host plant against systemic infection. This is in agreement with the previous findings that the increased level of phenolics 

could provide an adequate substrate to oxidative reactions catalyzed by POD make the medium unfavorable to the further 

development of pathogens, (Lattanzio, et al., 2006). Our study was similar to the findings of Radwan et al ., (2006)  who 

studied  the application of SA on cucumber and pumpkin infected by Zucchini yellow mosaic virus (ZYMV) and the resultant 
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enzymatic activity of  PAL, POD, CAT and SOD activity were increased by three folds by application of SA. Our findings 

are also similar to findings of Loon (1989) who concluded that when plant is in stress by environmental factors or pathogen 

attack than a variety of pathogenesis related proteins are accumulated in plants that provide resistance to plant. POD can 

oxidize phenolic compounds into antimicrobial quinones, which inhibit viruses by inactivating viral DNA and RNA (Lamb 

and Dixon, 1997). Elbadry et al. (2006) suggested that external application of SA was helpful in providing systemic acquired 

resistance against Bean yellow mosaic virus (BYMV) in faba beans by enhancing production of oxidative enzymes. Siddique 

et al., (2014) result revealed that SOD, CAT, PAL, POD, Phenolic contents and proteins played vital role in defense 

mechanism of cotton plant against CLCuBuV. This finding suggested that correlation exist between integral extent of 

enzymes activities and resistance of plant and acts as biochemical markers for analyzing compatible and incompatible plant-

virus relationship. External application of SA in appropriate concentration significantly reduce systemic infection of MYMV 

before inoculation and no prominent symptom of MYMV was observed at100µM concentration of SA (Kundu  et al., 2011). 

Primary and secondary metabolism was depended on enhanced protein synthesis during metabolic reprogramming which is 

very important for induction of resistance by SA against MYMV. Recognition of proteins depicting huge profusion, 

associated with process of photosynthesis is essential analysis which recovers virus induced destruction of photosynthesis 

process and gave increased metabolites that are needed for re distribution of available defense resources.  Our findings are in 

agreement with Mandal, (2010). Elicitors are efficient and imitate in recognition of pest by plants, hence activate the delicate 

and easy defense capability in plants. Activity of PAL by application of SA, and BTH showed an increase in POD activity 

was increased. The effect or activity of these compounds on other antioxidants like CAT, SOD were also higher by these 

elicitors. Phenolics deposition and activity of several defense enzymes were increased as they were triggered by elicitor. SA 

application is helpful in activation of defense proteins in plants (Clarke et al., 1998).The results of this investigation 

suggested that when SA was applied to plants infested with viruses than Pathogenesis related proteins (PR) inhibit production 

of viral replication and movement protein. Ashfaq et al. (2010) also observed that when viral pathogen attacked on Urdbean 

(Vigna mungo L.) plant then total proteins were increased due to viral proteins. It has been known for some time that SA 

modulates the induction of SAR following pathogen attack (Neuenschwander et al., 1996; Ryals et al., 1996) Loon et al. 

(1994) concluded that PR proteins has strong defense ability against viral infection. In our whole study on induction of 

resistance in highly susceptible variety Kabuli mung under controlled conditions we observed that by application of elicitor 

compounds BTH and SA activity of defense related antioxidants like SOD, POD, PAL, CAT  and total proteins and phenolic 

contents were higher in mungbean leaves that were treated with elicitor compounds and in healthy control as compared to 

infected control our study coincides with investigation of many scientists their results also showed that  the external 

application of elicitor molecules enhances plant defense system by producing higher level of SOD, POD, CAT, phenols and 

proteins. The most appropriate defense mechanism of plants was linked with metabolic variation that are integrated in plants 

and Socheath Ong and Filomena, (2016) findings are interconnected with our results in their results leaf curl infection in 

tomato plant was reduced by application of SA and activities of SOD, POD, CAT was increased in treated plants as 

compared to infected control. Our results are linked with the study that SA and BTH application significantly increases 

oxidative enzymes accumulation in Tobbacco plant infected with Tobacco mosaic virus (TMV) (Zechmann et al, 2003). The 

generation of reactive oxygen species (ROS) is one of the initial responses of plants to pathogens (Mehdy, 1994; Vanacker et 

al., 2000). As a major scavenger in antioxidant enzyme systems that protect cellular membranes and organelles from AOS in 

plants, SOD converts superoxide anion radicals to hydrogen peroxide and oxygen by disproportion (Fridovich, 1986). PAL, a 

key enzyme in phenylpropanoid metabolism, plays a significant role in the synthesis of various secondary metabolites (e.g., 

phenols, phenylpropanoids, and lignin and salicylic acid monomers) that are involved in plant immunity and induce 

resistance by PGPR (Gerasimova et al., 2005; Harish et al., 2008). The accumulation of these secondary metabolites was 

thought to restrict virus invasion (Lian et al., 2011). BTH-treated Arabidopsis thaliana plants were described as resistant to 

infection by turnip crinkle virus, Pseudomonas syringae pv ‘tomato’ DC3000 and Peronospora parasitica (Lawton et al., 

1996). Treatment of mungbean plants with BTH and SA reduced the percentage of infected plants and the plants that became 

infected displayed less severe symptoms. The reduction was directly correlated with the concentration of BTH and SA and 

the time period between application and the inoculation with the virus. 
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V. CONCLUSIONS 

It is concluded that an exogenous application of SA and BTH could offer a good source of the management of MYMV by 

inducing resistance in highly spsceptible of mung bean. 

 
FIG. 1.  DISEASE SEVERITY OF MYMV IN GLASS HOUSE WITH RESPECT TO TREATMENTS 

 

FIG. 2. PAL ACTIVITY WITH RESPECT TO DAYS AFTER APPLICATION OF ELICITORS 

 

FIG. 3. POD ACTIVITY WITH RESPECT TO DAYS AFTER APPLICATION OF ELICITORS 
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FIG. 4. SOD ACTIVITY WITH RESPECT TO DAYS AFTER APPLICATION OF ELICITORS PROTEIN 

 
FIG. 5.  CAT ACTIVITY WITH RESPECT TO DAYS AFTER APPLICATION OF ELICITOR 

 
FIG . 6. TOTAL PHENOLIC CONTENTS WITH RESPECT TO DAYS AFTER APPLICATION OF ELICITORS 
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Abstract— The study was conducted to evaluate the sensory and physicochemical properties of banana products .The tests 

were undertaken to ascertain the suitability of the solutions for preservation of sweet bananas as added-value foods and to 

reduce post-harvest losses. Prepared banana figs of both varieties were presented to a panel of judges for evaluation of 

organoleptic attributed. The maximum total soluble solids (22.84 and 12.30), Titratable acidity (0.0148 and 0.0403), non 

reducing sugar (11.250), Ash (1.1144 and 1.9346) were showed by variety giant in banana fig, whereas, the variety dwarf  

showed maximum pH, Vitamin C content, total sugar and reducing sugar. On other hand the maximum (24.48°Brix) total 

soluble solids was observed in banana figs prepared after 90 days. The maximum total sugar (20.36%), non-reducing sugar 

(14.08%) Ash (1.12%) were showed by the banana figs prepared after 90 days. Sensory evaluations of banana figs revealed 

that they exhibited significant difference in the score of all attributes among the two with exception of consistency .The 

results showed that the 90 days produced good results for frying and drying of banana figs. 

Keywords— Banana figs, varieties, physiochemical properties, Sensory evaluations. 

I. INTRODUCTION 

Banana is the common name for herbaceous plants of the genus Musa and for the fruit they produce. Musa Spp. which is 

commonly called banana is herbaceous plant of family Musaceae. It is known to have originated from the tropical region of 

Southern Asia (Anhwange et al., 2009) and now cultivated throughout the tropics (Lesline, 1976). There are probably over 

30 well known species and more than 700 varieties are within the genus Musa.It is one of the oldest cultivated plants (Kumar 

et al., 2012). Banana (Musa sp.) is the fourth most important global food crop after rice, wheat and maize in terms of gross 

value of production. Total world Musa production is currently about 97 million tons annually (FAOSTAT, 2003), of which 

bananas cultivated for the export trade accounts for only 10%. The main variety produced is Dwarf Cavendish (locally 

“Basrai”) which constitutes 98% of total produce while the rest comprises Giant Cavendish or Williams‟s hybrid variety. 

Bananas are highly perishable, with a significant proportion of the harvested crop being lost from the farm gate to the market 

place, owing to poor handling, storage and transportation of the fresh fruits. Additionally, no harvesting losses may occur in 

peak production periods when farmers do not harvest the entire of their production because of the bulk quantity rushes 

consumer market. Put together, an estimate of 35% loss of the production of bananas was reported for developing countries 

(FAO, 1987).With more than 349,000 hectares, Pakistan is a key player in the banana industry. It ranked on 42 positions 

around the world with 159,900 tonnes of production (FAO, 2009), 90% of this land lies in the Sindh province in the south-

east of the country. The majority of banana farmers in this area are smallholders with less than 20 hectares.  Banana is 

cultivated on 34.9 thousand hectares in Pakistan. More than 90% area under banana falls in Sind province, contributing 80% 

of the total production in the country. In Sindh, Thatta and Haripur districts occupy 50% of the banana cultivated area and 

contribute 52% of the total banana produced in Sindh.  However, because of lack of controlled-atmosphere storage facilities 

and processing units, produce is wasted annually. So, to improve fruit economics and to eliminate the nutritional problems, 

banana can be used in food industry for example by producing banana cake, jam, chips and banana figs. Furthermore, the 

uses of banana products are one of the ways to commercialize a local resource to national and international market. Thus, 
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banana products can help to globalize the marketing system and improve farmer‟s income. Since very little or no work has 

been done on banana in Pakistan particularly in Sindh province where more than 80% of banana is being grown the area may 

serve potential for the productive research activity. Considering above mentioned facts, the research work has been designed 

to convert unripe banana of two different varieties into valuable products which can be commercialized and marketed not 

only to reduce post harvest losses but to also transfer these technologies to poor farmers for its conservation, preservation, 

value addition leading to poverty alleviation with subsequent economic benefits to the nation as whole. To evaluate 

physicochemical properties of banana figs. To determine the sensory properties of banana figs. 

II. MATERIALS AND METHODS 

The entire research work was carried out in the Institute of Food Sciences and Technology, Sindh Agriculture University, 

Tandojam, Pakistan during the year, 2012-2013.  

2.1 Collection of samples 

 Banana varieties giant and dwarf was collected from near market and brought to the laboratories of Institute of Food 

Sciences and Technology.  

2.2 Chemicals and glassware 

All the chemicals used were of analytical grade. The glassware‟s used in present study were soaked in 0.1% Sodium 

hypochlorite for 8 to 10 hours to remove dust and debris. Glassware‟s were then properly washed with running tap water 

followed by rinsing with distilled water. They were then kept in an oven at 80°C for 24 hours to dry. 

2.3 Preparation of figs 

After sorting the fruit was washed and cleaned with running tap water followed by distilled water to remove dirt, dust and 

debris. The fruit was peeled with stainless steel knife in longitudinal slices of about 4-6 mm thick.  Socked in for 24 hours in 

sugar syrup, after 24 hours drained and spread on stainless steel trays for drying in the dehydrator/sunlight until required 

moisture level (16-20%) was obtained. 

2.4 Preparation of samples for chemical analysis  

Green banana fruit was peeled with knife and cut into small pieces. Homogenous mixture was prepared by blending the flesh 

in juicer machine. The sample of homogenous mixture was used for each chemical analysis. 

2.5 Total soluble solids (
o
Brix) 

The total soluble solids (TSS) were determined [12] using digital refractometer. After cleaning the prism of the refractometer, it 

was calibrated to set on 0 (
0
Brix) by using distilled water. Few drops of sample were placed on the prism of the refractometer by 

covering the lid of digital refrectrometer and reading was recorded for the accurate results appeared on the screen of digital 

refractor meter was noted as total soluble solids in 
0
Brix. The reading appeared on the screen of digital refractometer was noted as 

total soluble solids in 
0
Brix. And noted. For each sample, the instrument was calibrated again and again by using distilled water. 

2.6 Determination of sugars 

 Sugars (total sugar, reducing sugar and non-reducing sugar) determination was carried out through Lane and Eynon method 

[11].  

2.7 Total sugars (%) and reducing sugar (%) 

5 gram of (un-ripened banana pulp) sample was taken into a beaker and added 100 ml of warm water. The sample was 

stirred thoroughly until all the soluble matters were dissolved and filtered through Whatman filter paper No: 4 into a 250 

volumetric flask.  Pipetted 100 ml of the prepared sample into a conical flask, added 10 ml diluted HCl and boiled for 5 

minutes. On cooling, neutralize the solution to phenolphthalein with 10% NaOH and make up to volume in a 250 volumetric 

flask. This solution was used for titration against Fehling‟s solution and reading was calculated as follow.   

Total sugar % = (Factor (4.95) x dilution (250) ×2.5) / Titer x wt of sample × 10 

Reducing sugar % = Factor (49.5) x dilution (250) / Titer x wt of sample× 10 

2.8 Non-reducing (%) 

Non–reducing sugar was estimated as the difference between the total sugar content and reducing sugar content on 

subtraction (total sugar-reducing sugar). 
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Non-reducing sugar = Total sugar - reducing sugar 

2.9 Titratable acidity (%) 

Titratable acidity (citric acid mg/100g) was determined according to the method given in [13]. 5g of each sample was taken 

and 25ml distilled water was added and stirred. The mixture was filtered through Whatman filter paper No 4. 10ml of filtrate 

was taken and 3-5 drops of phenolphthalein indicator was added and titrated against 0.1N NaOH. The volume of alkali used 

was noted and calculation was made by using the following formula. 

Total acidity = (1 /10× Eq.Wt.of acid × Normality of NaOH × titer) / 10.                                                

2.10 Vitamin C content (mg/100g) 

 Vitamin C was determined according to the method [14]. 5g of each sample was blended and added in 100ml oxalic acid 

and mixed. The mixture was filtered through Whatman filter paper No: 4. 5ml of filtrate was taken followed by addition of 

10ml of oxalic acid and 3-5 drops of phenolphthalein indicator was added and titrated against indophenol dye till the pink 

color appeared. The volume of alkali used was noted and calculated using following formula. 

Vit C (mg/100g) = dye equivalent x titer x dilutions.       

2.11 Ash content (%) 

Ash of samples was determined [15]. 5g of each sample was weighed in crucible char in muffle furnace (525
0
C) for 5hrs. It 

was then transferred to desecrater for one hour and reweighed. Ash content was calculated by using following formula. 

Ash content (%) = (Weight of ash sample × 100) / Weight of fresh sample 

2.12 Sensory evaluation  

Sensory analysis was performed by the staff members Institute of Food Sciences and Technology who was give marks on 

the scrod card for the banana figs and chips which was present in front of them the score was given by the assess on 

following the attributes such as color, flavor, taste, apppearence, and palatability of the product developed. 

III. RESULTS AND DISCUSSION 

 The research was carried out to assess the suitability of green banana Figs and Chips during the year 2015 at the laboratory 

of Institute of Food Sciences and Technology. The results were gathered and elaborated as under. 

3.1 Chemical analysis  

Chemical analysis such as TSS (0Brix), pH, vitamin C, ash, total (reducing sugar and non-reducing sugar), moisture content 

and total acidity were carried out in order to assess the nutritional characteristics of prepared Banana figs and chips both 

varieties of banana. 

3.2 Total soluble solids (TSS) (°Brix) of banana varieties (figs)  

The results regarding total soluble solids (TSS) of two varieties of banana figs are presented in Table-1. The results are 

statically significant among the varieties, treatments and their interaction. The results revealed that banana variety giant was 

observed maximum (22.84°Brix) total soluble solids in banana figs as compared to variety Dwarf which was observed 

minimum (19.69 °Brix) total soluble solids in banana figs. There were statistically significant differences in total soluble 

solids of banana varieties. The results revealed that the maximum (24.48°Brix) total soluble solids was observed banana figs 

prepared after 90 days as compare to banana figs prepared after 75 days which was recorded (23.25°Brix) total soluble 

solids. The results further showed that the banana figs prepared after 60, 45, 30, 15 and 1 day after drying was observed 

22.30, 21.43, 20.23, 19.51 and 19.50 °Brix total soluble solids respectively. The results further indicated that the lowest 

(19.40°Brix) total soluble solids was observed under fresh banana after 0 days. The interactive effect of varieties x 

treatments for total soluble solids was also significant. The maximum (27.73°Brix) total soluble solids was observed from 

interaction of variety giant from banana figs prepared after 90 days whereas, the minimum (18.41°Brix) total soluble solids 

was recorded from variety giant in fresh banana after 0 days after drying. It is clear from the results that variety giant had 

more total soluble solids (°Brix) in banana figs prepared after 90 days after drying. 

3.3 pH of banana figs 

 The results regarding pH of two varieties of banana figs are presented in Table-1. The results are statically significant 

among the varieties, treatments and their interaction. The results revealed that banana variety dwarf was observed maximum 
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(9.08) pH values in banana figs as compared to variety giant which was observed minimum (8.00) pH in banana figs. There 

were statistically significant differences in pH value of banana varieties. The results revealed that the maximum (10.21) pH 

was observed banana figs prepared after 90 days as compare to banana figs prepared after 75 days which was recorded 

(9.80) pH value. Banana figs prepared after 60, 45, 30, 15 and 1 day after drying was observed 9.37, 9.27, 8.48, 7.90 and 

7.78 pH value respectively. The results indicated that the lowest (5.49) pH value was observed under fresh banana after 0 

days.  The interactive effect of varieties x treatments for pH value was also significant. The maximum (11.12) pH value was 

observed from interaction of variety dwarf from banana figs prepared after 90 days whereas, the minimum (5.25) pH value 

was recorded from variety giant in 0 day after drying of banana figs (fresh banana).  It is clear from the results that variety 

Dwarf had more pH value banana figs prepared after 90 days of drying. 

3.4 Vitamin C content (mg/100g) of banana figs 

 The results regarding vitamin C content (mg/100g) of two varieties of banana figs are presented in Table-1. The results are 

statically significant among the varieties, treatments and their interaction. The results revealed that banana variety dwarf was 

observed maximum (10.75 mg/100g) vitamin C (mg/100g) content in banana figs as compared to variety giant which was 

observed minimum (7.55 mg/100g) vitamin C (mg/100g) content in banana figs. There were statistically significant 

differences in vitamin C content of banana varieties. The results revealed that the maximum (17.21 mg/100g) vitamin C 

(mg/100g) content was observed banana figs prepared after 0 days as compare to banana figs prepared after 1 day which 

was recorded (10.69 mg/100g) vitamin C(mg/100g)  content. Banana figs prepared after 15, 30, 45, 60, 75 and 90 days was 

observed 10.16, 9.36, 8.19, 7.48, 5.78 and 4.34 vitamin C (mg/100g) content respectively. The interactive effect of varieties 

x treatments for vitamin C (mg/100g) content was also significant. The maximum (18.03 mg/100g) vitamin C(mg/100g)  

content was observed from interaction of variety dwarf from banana figs prepared after 0 days whereas, the minimum (1.31 

mg/100g) vitamin C (mg/100g) content was recorded from variety giant in 90 days after drying of banana figs. It is clear 

from the results that variety Dwarf had more vitamin C (mg/100g) content of banana figs prepared after 0 day of drying. 

3.5 Titratable acidity (%) of banana figs 

The results regarding titratable acidity (%) of two varieties of banana figs are presented in Table-1. The results are statically 

significant among the varieties, treatments and their interaction. The results revealed that banana variety giant was observed 

maximum (0.014%) titratable acidity (%) in banana figs as compared to variety dwarf which was observed minimum 

(0.012%) titratable acidity (%) in banana figs. There were statistically significant differences in titratable acidity (%) of 

banana varieties.   The results revealed that the maximum (0.025%) titratable acidity (%) was observed banana figs prepared 

after 0 days as compare to banana figs prepared after 1 day which was recorded (0.017%) titratable acidity (%). Banana figs 

prepared after 15, 30, 45, 60, 75 and 90 days was observed 0.016, 0.012, 0.013, 0.014, 0.0069 and 0.0017 titratable acidity 

(%) respectively. The interactive effect of varieties x treatments for titratable acidity (%) was also significant. The maximum 

(0.030%) titratable acidity(%) was observed from interaction of variety giant from banana figs prepared after 0 day whereas, 

the minimum (0.0010%) titratable acidity (%)was recorded from variety giant in 90 days after drying of banana figs.   It is 

clear from the results that variety giant had more titratable acidity (%) of banana figs prepared after 0 day of drying. 

3.6 Total sugar (%) banana figs 

The results regarding total sugar (%) of two varieties of banana figs are presented in Table-1. The results are statically 

significant among the varieties, treatments and their interaction. The results revealed that banana variety dwarf was observed 

maximum (17.95%) total sugar (%) in banana figs as compared to variety dwarf which was observed minimum (17.04%) 

total sugar (%) in banana figs. There were statistically significant differences in total sugar of banana varieties.  The results 

revealed that the maximum (20.36%) total sugar (%) was observed banana figs prepared after 90 days as compare to banana 

figs prepared after 75 days after drying which was recorded (19.61%) total sugar (%). Banana figs prepared after 0, 1, 15, 

30, 45 and 60 days was observed 12.44, 16.52, 16.90, 17.28 and 18.19 total sugar % respectively. The interactive effect of 

varieties x treatments for total sugar was also significant. The maximum (20.38%) total sugar (%)was observed from 

interaction of variety dwarf from banana figs prepared after 90 day whereas, the minimum (11.67%) total sugar was 

recorded from variety giant in 0 day after drying of banana figs. It is clear from the results that variety dwarf had more total 

sugar (%) of banana figs prepared after 90 days after drying. 
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3.7 Reducing sugar (%) banana figs 

The results regarding reducing sugar (%) of two varieties of banana figs are presented in Table-1. The results are statically 

significant among the varieties, treatments and their interaction. The results revealed that banana variety dwarf was observed 

maximum (11.27%) reducing sugar (%) in banana figs as compared to variety giant which was observed minimum (8.37%) 

reducing sugar (%) in banana figs. There were statistically significant differences in total sugar of banana varieties.  The 

results revealed that the maximum (13.42%) reducing sugar (%) was observed banana figs prepared after 90 days as 

compare to banana figs prepared after 0 days after drying (fresh banana) which was recorded (5.79%) reducing sugar (%). 

Banana figs prepared after 1, 15, 30, 45, 60 and 75 days was observed 8.25, 8.44, 9.48, 10.35, 11.05 and 11.78 total sugar 

respectively. The interactive effect of varieties x treatments for reducing sugar (%) was also significant. The maximum 

(14.36) reducing sugar (%) was observed from interaction of variety dwarf from banana figs prepared after 90 day whereas, 

the minimum (4.69%) reducing sugar was recorded from variety giant in 0 day after drying of banana figs. It is clear from 

the results that variety dwarf had more total sugar (%) of banana figs prepared after 90 days after drying.  

3.8 Non-reducing sugar (%) banana figs 

The results regarding non-reducing sugar (%) of two varieties of banana figs are presented in Table-1. The results are 

statically significant among the varieties, treatments and their interaction. The results revealed that banana variety giant 

showed maximum (11.25%) non reducing sugar in banana figs as compared to variety dwarf with minimum (9.34%) non 

reducing sugar. There were statistically significant differences in non reducing sugar (%) of banana varieties. The results 

revealed that the maximum (14.08%) non reducing sugar was observed in banana figs prepared after 90 days as compared to 

banana figs prepared after 75 days after drying which was recorded (12.74%) reducing sugar. Banana figs prepared after 0, 

1, 15, 30, 45, 60 and 75 days was observed 6.41, 8.33, 8.47, 9.37, 11.01 and 12.02 non reducing sugar (%) respectively.  The 

interactive effect of varieties x treatments for non reducing sugar (%) was also significant. The maximum (15.57%) non 

reducing sugar (%) was observed from interaction of variety giant from banana figs prepared after 90 day whereas, the 

minimum (6.30) non reducing sugar (%) was recorded from variety dwarf in 0 day after drying of banana figs. It is clear 

from the results that variety giant had more non reducing sugar of banana figs prepared after 90 days after drying. 

3.9 Ash (%) of banana figs 

The results regarding Ash (%) of two varieties of banana figs are presented in Table-1. The results are statically significant 

among the varieties, treatments and their interaction. The results revealed that banana variety giant was observed maximum 

(1.11%) Ash in banana figs as compared to variety dwarf which was observed minimum (0.86%) Ash in banana figs. There 

were statistically significant differences in ash of banana varieties. The results revealed that the maximum (1.12%) Ash was 

observed banana figs prepared after 90 days as compare to banana figs prepared after 75 days after drying which was 

recorded (1.12%)  Ash. Banana figs prepared after 0, 1, 15, 30, 45, 60 and 75 days was observed 0.46, 1.02, 1.03, 1.04, 1.07 

and 1.086 Ash (%) respectively. The interactive effect of varieties x treatments for non reducing sugar (%) was also 

significant. The maximum (1.26%) Ash was observed from interaction of variety giant from banana figs prepared after 90 

day whereas, the minimum (0.40%) Ash was recorded from variety dwarf in 0 day after drying of banana figs. It is clear 

from the results that variety giant had more Ash (%) of banana figs prepared after 90 days after drying. 

3.10 Sensorial analysis  

Prepared banana figs of both varieties were presented to a panel of judges for organoleptic attributed to be evaluated. For 

this, 9 points hedonic scale was used as per method [16].The panel members were selected on the basis of their familiarity 

with various parameters such as color, taste, palatability, texture and overall acceptability for the consumers. Before 

presentation of the coded banana figs to the panel of judges, they were briefed about the objectives of the study. The samples 

were coded and served to the panelists. The judges were provided with prescribed questionnaires to record their observation.  

The panelist‟s perceived the taste and rinsed mouth between samples. The experiment was repeated twice after each analysis. 

It is evident that slices stored in 40% sugar concentration greatly influences these attributes with a little loss in quality. The 

overall flavor impression is the result of the taste perceived by the taste buds in the mouth and the aromatic compounds 

detected by the epithelium in the olfactory organ in the nose the biochemical changes were slower and conversion of 

complex organic compound into esters, aldehydes, acids, alcohols, ketones and ethers that contribute significantly to the 

aroma/ flavor[17]. It was observed that storage time had no any significant effect on the color, flavor, taste, texture and 

palatability of banana fig. 
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TABLE 1 

Ash (%),TSS (°Brix) of (%), pH, Vitamin C (mg/100g),  Titratable  acidity (%),Total sugar (%),Reducing 

sugar (%),Non- Reducing sugar (%) of Banana figs prepared from two different varieties 

Treatments Ash (%) 

TSS 0f 

(°Brix)    

(%) 

pH 
Vitamin C 

(mg/100g) 

Titratable 

acidity (%) 

Total 

sugar 

(%) 

Reducing 

sugar (%) 

Non- 

Reducing 

sugar (%) 

0 days (Fresh 

Banana) 
0.4645 e 19.407   a 5.49 f 17.21 a 0.0258 a 12.440 h 5.797 h 6.413 g 

After 1 day 

drying 
1.0233 d 6.607 h 7.78 e 10.69 b 0.0179 b 16.523 g 8.250 g 8.333 f 

After 15 days 1.0333 d 6.892 g 7.90 e 10.16 c 0.0161 bc 16.908 f 8.445 f 8.475 f 

After 30 days 1.0450 cd 8.223 f 8.48 d 9.36 d 0.0129 d 17.288 e 9.482 e 9.370 e 

After 45 days 1.0717 bc 9.187 e 9.27 c 8.19 e 0.0132 cd 18.192 d 10.355 d 11.012 d 

After 60 days 1.0867 b 10.673 d 9.37 c 7.48 f 0.0143 cd 18.678 c 11.058 c 12.028 c 

After 75 days 1.0917 ab 11.650 c 9.80 b 5.78 g 0.0069 e 19.617 b 11.783 b 12.747 b 

After 90 days 1.1200 a 12.163 b 10.21 a 4.34 h 0.0017 f 20.360 a 13.425 a 14.018  a 

LSD (P<0.05) 0.0322 0.2102 0.0830 0.0742 1.47003 0.1092 0.0809 0.0833 

Varieties         

Giant 1.1144 a 12.300  a 8.00   b 7.55 b 0.0148  a 17.047 b 8.372 b 11.250 a 

Dwarf 0.8696 b 8.901   b 9.08 a 10.75 a 0.0124   b 17.955 a 11.276 a 9.349 b 

LSD (P<0.05) 0.0161 0.1051 0.1694 0.1516 3.00303 0.2229 0.1653 0.1700 

T X V ** ** ** ** ** ** ** ** 

Means in similar category of columns and rows with different alphabets differ significantly from each other at p<0.05 using 

LSD, **= Significant 

TABLE 2 

SENSORY ANALYSIS OF BANANA FIGS 

Treatments Day 1 Day 15 Day 30 Day 45 Day 60 Day 75 Day 90 

Colour        

Figs(G) 8.50 8.26 7.98 7.92 6.45 6.24 6.05 

Figs(D) 7.64 7.36 6.04 6.00 6.78 5.81 5.52 

Flavor        

Figs(G) 8.81 8.60 7.95 7.85 7.98 6.80 6.65 

Figs(D) 7.74 7.65 7.20 6.82 6.65 6.25 5.55 

Taste        

Figs(G) 8.90 8.81 8.75 7.56 7.60 6.98 6.85 

Figs(D) 7.88 7.74 6.55 6.70 5.98 5.82 5.68 

Texture        

Figs(G) 8.82 8.75 7.88 7.75 7.62 7.54 6.88 

Figs(D) 6.85 6.74 6.66 5.88 5.70 5.66 5.45 

Palatability        

Figs(G) 8.99 8.80 8.75 7.88 7.79 7.65 7.55 

Figs(D) 7.89 7.80 7.75 7.60 7.55 7.45 7.30 

Note: 9 Points Hedonic Scale: [Like extremely-like very much= 8-10 scores], [like moderately-like slightly= 5-7 scores], 

[neither like nor dislike-dislike slightly-dislike moderately= 2-4 scores] and [dislike very much-dislike extremely= 0-1 

score]. 

The results of the present investigation showed that banana variety giant recorded maximum total soluble solids in banana 

figs as compared to Dwarf variety of banana. Whereas the maximum total soluble solids in banana chips was recorded from 

variety Dwarf. On other hand the maximum total soluble solids was observed from banana figs prepared after 90 days 

followed by banana figs prepared after 75 days. However, the maximum total soluble solids noted from banana chips 

prepared after 90 days as compare to banana chips prepared after 75 days. The results are statistically significant at (P> 0.05) 

probability level. Similarly Akhter et al. (2012) they reported that the maximum TSS (19.89 %) content was observed in fruit 
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pulp. The results also indicated that the variety dwarf was observed maximum pH values in banana figs as compared to 

variety giant. However, the banana variety dwarf was observed maximum vitamin C in banana figs as compared to variety 

giant which was recorded minimum vitamin C. It is obvious from the results the maximum pH was observed banana figs 

prepared after 90 days as compare to banana figs prepared after 75 days pH value. However, the lowest pH value was 

observed under fresh banana after 0 days. Whereas, maximum pH value was observed banana chips prepared after 90 days as 

compare to banana chips prepared after 75 days. The results are statistically significant at (P> 0.05) probability level. Results 

are similar with the findings of Abbas et al. (2011) they studied the physicochemical properties of banana pulp and peel 

flours prepared from green and ripe fruits. Banana pulp and peel flour prepared from green and ripe Cavendish banana were 

assessed for physicochemical properties such as pH, total soluble solids (TSS). Out result are close to the findings of several 

scientist. They reported that the pH of Cavendish and Dream bananas was found 4.77and 4.63 respectively. Similar results in 

respect of pH content were also reported to be 4.62 to 5.023 (Suntharalingam and Ravindran, 1993; Abbas et al., 2011 and 

Soltani, 2010). Abdullah et al. (2001) who showed that the range of pH values for banana fruits at the early stages of 

maturity was between 5.0 and 5.8, but decreased to between 4.2 and 4.8. According to Van and Lee (20003) they reported the 

ascorbic acid content increased two fold when bananas were ripened from the „green, hard pulp‟ stage to the „yellow,soft 

pulp with cream‟ stage, and this was related to the change in pH value.The variety dwarf was observed maximum vitamin C 

content in banana chips as compared to variety giant which was observed minimum vitamin C content. On other hand the 

higher vitamin C was observed banana figs prepared after 0 days as compare to banana figs prepared after 1 day. Whereas, 

the maximum vitamin C was observed banana chips prepared after 0 days as compare to banana chips prepared after 1 day. 

The variety giant was observed maximum titratable acidity in banana figs as compared to variety dwarf which was observed 

minimum titratable acidity (%). Whereas, the maximum titratable acidity (%) was observed banana figs prepared after 0 days 

as compare to banana figs prepared after 1 day. The results are statistically significant at (P> 0.05) probability level. The 

present findings agree with the findings where vitamin C content was found as 25 mg/100 g and 17.01 mg/100 g (Abdullah, 

et al. 2003).  Akhtar et al.  (2012) they studied that the maximum vitamin C (29.61 ml/100 g) were better in germplasm No. 6 

(Seeded kola) and germplasm No. 5 (Kathali kola-1). The results support the findings whereas titrable acidity was found 

3.14. Titrateble acidity of banana fruits at different level of ripeness was shown, on an average, as 3.529% (Soltani, 2010).It 

is seen from the results the variety giant was observed maximum titratable acidity (%) in banana chips as compared to variety 

dwarf which was observed minimum titratable acidity (%) in banana chips. However, the maximum titratable acidity (%) 

was observed banana chips prepared after 0 days as compare to banana chips prepared after 1 day.  The results are 

statistically significant at (P> 0.05) probability level. Similarly Akhter et al. (2012) they observed that maximum titrable 

acidity (12.80 %) of fruit pulp were determined from germplasm No. 1 (Sagor kola-1). pH (5.140).  The variety dwarf was 

observed maximum total sugar in banana figs as compared to variety dwarf which was observed minimum total sugar (%). 

However, the variety dwarf was observed maximum total sugar (%) in banana chips as compared to variety giant.  It is 

observed from the results the maximum total sugar (%) was observed banana figs prepared after 90 days as compare to 

banana figs prepared after 75 days after drying total sugar. Whereas, the maximum total sugar was observed banana chips 

prepared after 90 days as compare to banana chips prepared after 0 days after frying (fresh banana). Similarly Chacon et al. 

(2003) mentioned the total reducing sugar in green and ripe bananas were 0.52% and 10.3%, respectively. Stratton and 

Loesecke (2005) reported that reducing sugar content increased progressively from 0.24% to 15.3%.The variety dwarf was 

observed maximum reducing sugar (%) in banana figs as compared to variety giant which was observed minimum reducing 

sugar (%). Whereas, the maximum reducing sugar (%) was observed banana figs prepared after 90 days as compare to 

banana figs prepared after 0 days after drying (fresh banana). The variety dwarf was observed maximum reducing sugar (%) 

in banana chips as compared to variety giant which was observed minimum reducing sugar (%) in banana chips. The 

maximum reducing sugar was observed banana chips prepared after 90 days as compare to banana chips prepared after 75 

days after drying.The results indicated the variety giant was observed maximum non reducing sugar (%) in banana figs as 

compared to variety dwarf. However, the maximum non reducing sugar was observed banana figs prepared after 90 days as 

compare to banana figs prepared after 75 days after drying. The variety dwarf was observed maximum non reducing sugar in 

banana chips as compared to variety giant which was observed minimum non reducing sugar in banana chips. However, the 

maximum non reducing sugar was observed banana chips prepared after 90 days as compare to banana chips prepared after 

75 days after frying. Abdullah et al. (2003) conducted an experiment on physicochemical changes during maturation and 

after ripening of banana and reported that total sugar content increased during ripening. Tripathi et al. (1981) also found the 

similar result. The variety giant was observed maximum ash content in banana figs as compared to variety dwarf which was 

observed minimum ash content.  On other hand the maximum ash content was observed banana figs prepared after 90 days as 

compare to banana figs prepared after 75 days after drying.  The variety giant was also observed maximum ash content in 
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banana chips as compared to variety dwarf which was observed minimum ash content in banana chips. However, the 

maximum ash content was observed banana chips prepared after 90 days as compare to banana chips prepared after 60 days 

after frying.  Prepared Banana fig and chips of both varieties were presented to a panel of judges for organoleptic attributed 

to be evaluated. For this, 9 points structured hedonic scale was used to evaluat the sample described by Larmond (1977). The 

five trained panelist were selected on the basis of their familiarity with various parameters such as colour, taste, palatability, 

texture and overall acceptability for the consumers. Before presentation of the coded banana chips and figs to the panel of 

judges. The samples were coded and served to the panelists. The judges were provided with prescribed score card sheet to 

record their observation.  The panelists expectorated the taste and rinsed mouth using water between samples. The 

experiment was repeated twice after each analysis. The overall flavor impression is the result of the taste perceived by the 

taste buds in the mouth and the aromatic compounds detected by the epithelium in the olfactory organ in the nose the 

biochemical changes were slower and conversion of complex organic compound into esters, aldehydes, acids, alcohols, 

ketones and ethers that contribute significantly to the aroma/ flavor (McWilliam, 1989). It was observed that storage time had 

some of significant effect on the color, flavor, taste, texture and palatability of both varieties of banana figs and chips 

IV. CONCLUSION 

The study was conducted to determine the physico-chemical characteristics of two banana varieties and to develop products. 

The banana figs and chips from (8 to 10 days) like very much and superior in term of taste, flavor, texture, palatability, color. 

So it was concluded that the 90 days produced good results for frying and drying of banana figs. All the traits, varieties, 

treatments and their interaction (varieties x treatments) were significant, Gaint variety of banana produced good results after 

90 days of frying and drying of banana figs. 
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Abstract— Citrus Brown spot caused by Alternaria citri. Different control strategies should be used for management of 

disease and for increasing potential yield of citrus. Hence in-vitro potential of Plant extract and Silver Nano particles were 

evaluated for control of Brown spot pathogen in Citrus mangroves of Pakistan. Four different plant extracts garlic, neem, 

mint and basil leaves extracts were used at concentration of 20%. 40% and 60 %. Their effect on radial mycelial growth was 

checked with reference to untreated or control petri plate. It was observed that almost all concentrations of plant extracts 

significantly reduce radial mycelia growth as compared to control. In all treatments of plant extracts it was observed that 

60% concentration of neem extracts is effective with radial mycelia growth of 3.96 cm over control petri plate which is 

7.73cm, garlic extract@ 60% gave least fungal mycelia growth 5.5cm followed by mint leaves @60% gave 3.16 cm radial 

growth and Basil leaves extract @60% reduces fungal mycelia growth upto 3.93 cm as compared to control petri plate. 

Nano particles were used for invitro control of brown spot pathogen .Ten different concentration of nanonparticles were 

used as 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 ppm. The result of study revealed that by increasing concentration of nano 

particles inhibit mycelial growth of pathogen more significantly and 100 ppm concentration of Silver nano particles reduce 

fungal mycelia growth upto 2.63cm as compared to untreated petri plate fungal growth 7.23cm.  

Keywords— Alternaria citri, green fungicides, nano particles, plant extracts. 

I. INTRODUCTION 

Pakistan has wide range of ecological climate, more than thirty one types of fruits has been produced in Pakistan like 

mangoes, guava, apple, peach, pear that comprises more than 73% of Gross annual production. From all fruits Citrus ( Citrus 

reticulate) share one third in export[1].It has great export potential almost 250,000 tons of kinnow is exported to Russia, 

South East Asia and Middle East  from Pakistan with foreign exchange of 120 million dollars. Punjab is major citrus growing 

province and 49% of citrus is produced here in Pakistan [2]. A large number of export & processing units have been 

established in last two decades in Sargodha. Citrus is attacked by wide range of pathogens include fungi, nematode, bacteria, 

viruses. Fungi play an important role in decreasing quality and quantity among all pathogens. Citrus is attacked a large 

number of  diseases that includes Anthracnose, citrus scab, citrus decline, citrus canker, citrus scab and blemishes. 

Anthracnose, melanose, greasy spot and fruit blemishes are important diseases that are caused by fungi. The quality, quantity 

and market value greatly affected by fruits blemishes [3]. 

Alternaria citri is the casual organism of brown spot of citrus. Different pathotypes are associated with the diseases that are 

characterized on the bases of host specificity. Almost all species of citrus is attacked by different pathotypes oranges are not 

affected by the disease but considerable spotting develops on grape fruit [4]. Spores of Alternaria are found on twigs, leaves 

and root lesions on the tree and on the ground. Spore germination favored by presence of moisture, spores are disseminated 

by air and rain splashes. Disease symptoms appear on young leaves after 36 and 48 hours after infection. Fruit is the most 

susceptible part that continues to develop symptoms even after four months of petal fall [5]. Thousands of phyto chemicals 

like phenols, phenolic acid, quinonels, flavanoides, flavanoles, pannins have inhibitory activity against wide range of 

pathogens. Plant extract have anti microbial properties. Brown spot is managed biologically by application of plant extracts, 
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these extracts have antifungal activity and are used as botanical fungicides and pesticides. Proper agronomic practices also 

reduces source of inoculum from vicinity/orchard. Timely irrigation and adequate fertlization plays an important role in 

controlling disease causing pathogens [6]. Nano particles consists of nano silver combined with water soluble polymer and 

manufactured by exposing silver salt solution and silicate radioactive radiations[7]. Nano sized silica silver in concentration 

of 3.0 ppm has strong antifungal activity against wide range of phytopathogenic fungi however many useful bacterial species 

were not affected at 10ppm concentration but at 100ppm concentration of nano sized silica silver completely inhibit the 

activity of plant pathogenic fugi[8]. Now a day’s whole worlds were thinking about debasement of the usage of botanicals as 

innovative chemotherapeutant in plant protection. Plant products had been widely used as pesticides now a days and some 

botanicals were used as green pesticide throughout the world. Some plant products like neem oil , pyrethriods and some 

essential oil has been used of some trees were used as antimicrobial agent against stored grains pests because they were easy 

to handle and they have no harmful effect fungal hyphal growth is greatly inhibited by using silver nano particles in those 

dependent manner. Efficacy of silver nano particles was observed among fungi on the hyphal growth in the following manner 

Rhizoctonia R.solanae ≥ S.sclerotium ≥ S.minor. Sclerotium germination growth proves that silver nano particles 

significantly inhibit its growth. High concentration of silver nano particles was effective in inhibiting sclerotial germination 

growth of s.sclerotia[9]. When hyphae of fungi that were exposed to silver nano particles was observed under microscope 

shows that nano particles severely damage the hyphal and leads to collapse and separation of layers of hyphae [10]. This 

research suggests using silver nano particles and plant extracts as an alternative to fungicides for management of 

Alternariacitri. 

II. MATERIALS AND METHODS 

2.1 Evaluation of Bio extracts 

Four different plant extracts were used to inhibit the growth of test fungus. Mint, neem oil, garlic and basil leaves.  Leaves 

were dried under shade and grinded to make fine powder. Required amount of powder was dissolved in distill water and 

passed through muslin cloth to make the desire concentration. Poison food technique was used for evaluation of plant 

extracts [11]. PDA( potato dextrose agar) was poisoned with plant extracts at concentration of 20 % , 40 % and 60 %   test 

fungus was inoculated on it and petri plates were incubated at 25
0 

Cfor 7 days. Radial mycelial growth was measured to 

check the inhibition of fungal growth. The petri plates were randomized into three replications using LSD. 

TABLE 1 

EVALUATION OF DIFFERENT CONCENTRATIONS OF BASIL LEAVES 
Concentrations of Plant extracts (%) 

Treatments Neem Garlic Basil Mint 

T1 20 20 20 20 

T2 40 40 40 40 

T3 60 60 60 60 

T4 Control Control Control Control 

 

2.2 Evaluation of Nano particles against Alternaria citri 

Stock solution of 1M of nano particles were prepared by dissolving silver nitrate and reductase in a proper concentration. The 

reaction was carried at room temperature 25
0
C and constantly stirs the solution [12]. Poison food technique was used for 

evaluation of nano particles. We prepare 10 different concentration of nanoparticles 10 ppm, 20 ppm, 30 ppm, 40 ppm 50 

ppm, 60 ppm, 70 ppm, 80 ppm 90 ppm and 100 ppm by diluting the stock solution of silver nano particles with the help of 

distilled water in a specific amount. PDA was prepared and solution of required concentrations of nano particles were added 

in the liquid medium in petri plate than mix the media containing nano particles solution poisoned  media was allowed to 

solidify after solidification pure culture of Alternaria citri was inoculated on the poisoned media and incubated at 25
0
C for 

seven days . In order to check inhibition of fungal growth by silver nano particles the radial mycelia growth was measured 

daily for 7 days. Three replication of each concentration of nano particles were made and compared with growth in control 

plates. Percentage of inhibition was measured with the help of mean colony diameter and calculated by following formula 

[13]. 

Percent inhibition =𝑋–𝑌/ 𝑋 

X= colony diameter in check 

Y = colony diameter on nano particles treated plate 
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TABLE 2 

EVALUATION OF NANO PARTICLES AGAINST ALTERNARIA CITRI 

Nano particles  Concentration 

1 mMnano particles 

T1 10 ppm 

T2 20 ppm 

T3 30 ppm 

T4 40 ppm 

T5 50 ppm 

T6 60 ppm 

T7 70 ppm 

T8 80 ppm 

T9 90 ppm 

T10 100 ppm 

T11 Control 

 

2.3 Statistical Analysis 

The data recorded was collected regarding the growth of fungus and was subjected to stastical analysis by using MSTAT-C. 

Means of the treatments were analysed by applying LSD (Fisher least significance difference) [14] at confidence interval 

95%. 

III. RESULTS AND DISCUSSION 

3.1 Basil Leaves  

Statistical analysis of treatments were shown in table basil extract were used at concentration of 20 ,40 and 60 % followed by 

32.1, 39.82 and 44.096 %  average decrease in colony growth over control. All means are significantly different are not 

significant. 

TABLE 3 

COMPARISON OF MEANS OF COLONY GROWTH OF A. CITRI AT DIFFERENT CONCENTRATIONS OF BASIL 

LEAVES. 
Treatments Means of colony in diameter ( Cm ) Av. Decrease in Colony growth over Control (%) 

T1 20 % 4.66 
c
 32.71 

T2 40 % 4.23 
b
 39.82 

T3 60 % 3.93 
a
 44.096 

T4 Control 7.03 
d
 _ 

LSD Value 0.9  

LSD at 0.05 probability level 
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FIG 1: INHIBITION % AGE OF A.CITRI AT DIFFERENT CONCENTRATIONS OF BASIL LEAVES. 
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FIG 2: EFFECT OF BASIL LEAVES ON GROWTH OF A. CITRI 

Plant extract have fungicidal properties basil leave were used at 20%, 40% and 60% concentrations and they inhibit the 

growth of test fungus. Maximum inhibition zone was formed at 60%. 

3.2 Garlic Extract: 

Statistical analysis of treatments were shown in table garlic extract was used at concentration of 20 ,40 and 60 % followed by 

9.72, 24.8 and 26.66 %  average decrease in colony growth over control . All means are significantly different are not 

significant. 

TABLE 4 

COMPARISON OF MEANS OF COLONY GROWTH OF A. CITRI AT DIFFERENT CONCENTRATIONS OF GARLIC 

EXTRACT. 

Treatments Means of colony in diameter ( Cm ) 
Av. Decrease in Colony growth over 

Control (%) 

T1 20 % 6.8 
c
 9.72 

T2 40 % 5.7 
bc

 24.8 

T3 60 % 5.
5 a

 26.66 

T4 Control 7.5 
d
 

- 

LSD Value 0.9  

LSD at 0.05 probability level all means are different as not showing common letter 
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FIG 3: INHIBITION %AGE OF A. CITRI AT VARIOUS CONCENTRATIONS OF GARLIC EXTRACT 
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FIG 4: EFFECT OF GARLIC EXTRACT ON A.CITRI 

Garlic extract was used at 20,40 and 60% concentrations the above graphs indicates that garlic extract have maximum 

antifungal activity at 6o% concentration. It inhibit spore germination of A.citri. 

3.3 Mint Leaves 

Statistical analysis of treatments were shown in table mint extract was used at concentration of 20 ,40 and 60 % followed by, 

48.96, 57.98 and 59.27 %  average decrease in colony growth over control . All means are significantly different are not 

significant. 

TABLE 5 

COMPARISON OF MEANS OF COLONY GROWTH OF A. CITRI AT DIFFERENT CONCENTRATIONS OF MINT 

LEAVES. 

Treatments Means of colony in diameter ( Cm ) Av. Decrease in Colony growth over Control (%) 

T1 20 % 3.96 
cd

 48.96 

T2 40 % 3.26 
bc

 57.98 

T3 60 % 3.16 
a
 59.27 

T4 Control 7.76
 e
 _ 

LSD Value 0.5 
 

LSD at 0.05 probability level .Means are significantly different 
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FIG 5: INHIBITION % AGE OF A. CITRI AT VARIOUS CONCENTRATIONS OF MINT LEAVES 

Mint also have antifungal activity 20, 40 and 60% concentration were used in the experiment and it would supressed the 

growth of A.citri at 40 and 60% and forms maximum inhibition zone at these concentrations. 
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FIG 6:  EFFECT OF MINT ON GROWTH OF A.CITRI 

3.4 Neem Extract  

Statistical analysis of treatments were shown in table neem extract was used at concentration of 20 ,40 and 60 % followed by 

40.49, 44.76 and 49.54 %  average decrease in colony growth over control . All means are significantly different are not 

significant. 

TABLE 6 

COMPARISON OF MEANS OF COLONY GROWTH OF A. CITRI AT DIFFERENT CONCENTRATIONS OF NEEM 

EXTRACT. 

Treatments Means of colony in diameter ( Cm ) Av. Decrease in Colony growth over Control (%) 

T1 20 % 4.6 
bc

 40.49 

T2 40 % 4.27 
b
 44.76 

T3 60 % 3.96  
a
 49.54 

T4 Control 7.73 
d
 _ 

LSD Value 0.09  

 

LSD at 0.05 probability level all means are significantly different because not sharing common letter. 

Neem was used as a antifungal agent and it greatly inhibit growth of A. citri . The above graph indicates that conidial 

germnation was inhibited at all concentration of neem and maximum inhibition zone was formed at 60 %. 
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FIG 7: INHIBITION % AGE OF A. CITRI AT VARIOUS CONCENTRATIONS OF NEEM LEAVES 
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FIG 8 : EFFECT OF NEEM EXTRACT ON GROWTH OF A. CITRI 

IV. DISCUSSION 

Citrus is facing a lot of problems in Pakistan that reduce market value of fruit. Blemishes are major problem that also include 

citrus brown spot. Different control strategies should be used for management of disease and for increasing potential. Plant 

extracts and Silver nano particles were used in our study for management of diseases basically four plant extracts garlic, 

neem, mint and basil leaves extracts were used at concentration of 20%. 40% and 60 % and all concentrations reduces 

mycelial growth of associated pathogen .60 % concentration gave more significant results. Colony growth of A. citri was 

suppressed to 59 % by using plant extracts in vitro over control plate in our study so plant extracts were used as organic 

green pesticides for control of diseases. The effect of eleven botanicals on growth of different fungi also A. citri was studied 

and proved that 40% concentration of neem extract suppressed the colony growth of A.citri [15].The effect of botanicals on 

growth of A. citri and proved that growth of A. citri was inhibited by garlic, neem, mint basal pat 60% concentration 

[16].Garlic, basil and neem extracts against A. citri gave ideal control against the pathogen at 40% concentration of these 

extracts [17]. Neem was also used in another experiment and it gave effective control of A. citri[18]. Efficacy of neem extract 

against Alternariacitri showed that 30% concentration is ideal for inhibition of mycelial growth of A.citri[19].Botanicals are 

green pesticides they are cheap to handle and also eco friendly and has no harmful effects on ecosystem. 

Nano particles were also used in our study for management of brown spot in-vitro. We used ten different concentration of 

nanonparticles that was 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 ppm. The result of our study revealed that by increasing 

concentration of nano particles inhibit mycelial growth of pathogen more significantly our study concides with Mohamed et 

al., 2014[20] who investigated on efficacy of nano particles against A. citri100 ppm concentration of nano particles was more 

effective against pathogen and it can supresesmycelial growth upto 63.77 %. Nano particles are modern technology in IPM 

and it is gaining popularity day by day. Synthesis of nano particles by A.alternata they suggested that nano particles had 

strong antifungal activity against all isolates of A.citri[21] [22]. Nano particles consists of nano silver combined with water 

soluble polymer and manufactured by exposing silver salt solution and silicate radioactive radiations. Nano sized silica silver 

in concentration of 3.0 ppm has strong antifungal activity against wide range of phytopathogenic fungi however many useful 

bacterial species were not affected at 10 ppm concentration but at 100 ppm concentration of nano sized silica silver 

completely inhibit the activity of plant pathogenic bacteria. 

V. CONCLUSIONS 

In the present study antifungal activity of plant extracts and Nano particles were evaluated against citrus brown spot 

pathogen Alternaria citri. Neem, garlic, basal, and mint leaves extracts were used in the study for in vitro control of disease it 

was found that these botanicals are green pesticides for inhibiting the mycelial growth of Alternaria citri. 20 %, 40 % and 60 

% concentrations of these extracts were made for mycelial inhibition of pathogen all plant extracts @60% were effective for 

management of citrus brown spot pathogen. Nano particles were also used in study and different concentration of nano sized 

silver particles which were used includes 10, 20, 30,40,50, 60, 70,80, 90 and 100 ppm. Average decrease in colony growth 

was maximum at 100 ppm concentration over control at 100 ppm concentration maximum inhibition was up to 63.77 %. 

Nano particles are also used in place of synthetic chemicals for disease management and amount of inoculums in the field is 

reduced by using plant extracts and nano particles as an alternative to chemical control and moreover this is eco friendly 

method for management of fungal plant pathogens. 
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