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Agri tourism as an agri business opportunity for farming community in South Asia 
 

Prof. Rohana P Mahliyanaaarachchi 

 

Senior Professor, Agri Business Management, Faculty of Agricultural Sciences,  

Sabaragamuwa University of Sri Lanka 

(Chief Editor – The Journal of Agricultural Sciences) 

 

Tourism industry has become the largest industry in the world at the end of year 2014 and in contrast 

development of the agricultural economy over the past three to four decades has been stagnant relatively 

to the faster development of tourism economy. Over the past years, tourism has proven to be a 

surprisingly strong and pliant economic activity and a fundamental contributor to the recovering 

economies in different sectors by generating billions of dollars and creating millions of new jobs. In this 

scenario, with the decline of productivity of farms and eventually total agricultural production due to 

human, environmental, climatic, technological and political factors, agri tourism has been recognized as 

an alternative activity to diversify the economic growth in agriculture sector. Diversification of income 

sources is the only alternative to stay in agriculture for farmers with small and medium sized farms due to 

high risks they are facing such as production or yield risk, market or price risk, regulatory risk, financial 

risk and personal risk. One strategy to overcome these risks practiced by some innovative farmers is 

adding agri tourism as an alternative business in their farms. It has a potential for building and expanding 

successful relationships between agriculture and tourism industries.  

 

However, there can also be challenges to agri tourism. It is important to examine and weigh all of the pros 

and cons before entering into any kind of agri tourism business. On the plus side, agri tourism can provide 

supplementary income to the farm business and serve as a means of employing staff beyond the regular 

growing season. For those who enjoy working with the public, agri tourism can be fun and rewarding. It 

is also an excellent way of promoting crops and value-added products produced in the farm. 

 

Among the challenging factors of establishing agri tourism business, business start-up costs, farm 

renovation cost in an existing farm, promotion of the business, and liability insurance, can be high. 

Operating an agri tourism business requires management and marketing skills different from those needed 

for running the typical farm. A tourism enterprise can require long, labor-intensive hours often focused on 

weekend and holiday traffic. Even for those with excellent social skills, dealing with the public can be 

challenging. Finally, agri tourism may significantly impact the entire farm family; be sure all members 

are “on board” before moving forward. 

 

Accordingly, there is growing interest in agri business profile on agri tourism. Both agriculture and 

tourism industries get benefits by developing agri tourism as a business.  Agri tourism as an agri business 

includes farm bed and breakfasts, roadside markets, farm restaurants, petting zoos, fee fishing, pony or 

horseback riding farm museums and many more agri tourism products. 
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Evaluation of fruit and berry plant winter hardiness in the arid zone of Central 

Kazakhstan 

Natalya Andrianova1, Nazerke Shyntasova1, Tatyana Sirotina1 

 
1Committee of Science of Ministry of Education & Science of the Republic of Kazakhstan, Zhezkazgan 
Botanical Garden – branch of «Institute of Botany and Phytointroduction», Republic of Kazakhstan. 

 

Abstract 

The study presents the field evaluation of winter injuries of introduced apple and pear cultivars 

(2004/2005 - 2013/2014) and black currant cultivars (2009/2010 - 2013/2014) in the severe conditions of 

the arid zone of Central Kazakhstan (Zhezkazgan Botanical Garden). The crown’s winter damage degree 

of the pear and apple cultivars was significantly higher (p < 0.01) in 2005/2006 (minimal temperature -

39.2° C) and 2011/2012 (the highest sum of temperatures below zero 2033° C) than in the other seasons. 

Correlation between sum of temperatures below zero and the winter damage’s average degree of crowns 

of the apple, pear and black currant cultivars haы been established as high on the Cheddok’s scale, 

respectively 0.88 (p < 0.01), 0.72 (p < 0.05) and 0.89 (p < 0.05). Correlation between minimal 

temperatures and the winter damage’s average degree of apple, pear and black currant cultivars’ crowns 

hаs been established, respectively as -0.64 (noticeable, p < 0.05), -0.81 (high, p < 0.01) and -0.53 

(noticeable, ns). Winter injures of the pear and apple cultivars were significant higher than the black 

currant cultivars (p < 0.05). The results of the research have shown that ‘Arctica’ (Siberia), ‘Baganenok’ 

(Siberia), ‘Norland’ (Canada), ‘Norda’ (Canada) and ‘Desertnoe Petrova’ (Central Russia) apples; 

‘Zolotinka’ (Siberia), ‘Barnaul’skaia Krupnaia’ (Siberia), ‘Krasulia’ (Ural), ‘Petrovskaia’ (Central 

Russia) and ‘Lubava’ (Crimea) pears; ‘Altaiskaia Pozdniaia’, ‘Bariton’, ‘Galinka’, ‘Ksiusha’, ‘Lama’, 

‘Natasha’, ‘Rita’ (Siberia) black currants have suitable winter hardiness for the arid zone of Central 

Kazakhstan. 

 

Introduction 

 

Low temperature is a major environmental abiotic stress (Banuelos et al. 2008) that can inflict injury to 

plant tissues (Arora and Rowland 2011). The winter hardiness is genetically determined (Fircks and 

Verwijst 1993) so the use of cultivars with genetically determined winter hardiness seems to be the most 

desirable approach to avoid winter injury (Marini et al. 2001; Khanizadeh et al. 2003).  

Evaluation of fruit and berry plants from other climatic regions of the World to maintain living 

collection was initiated in Zhezkazgan Botanical Garden (ZBG) in 1939-1946. Today ZBG horticultural 

collection is composed of 350 accessions including 36 black currant cultivars (Ribes nigrum L., R. nigrum 

L. × R. dicusha Fisch. ex Turcz.), 120 apple cultivars (Malus domestica Borkh.) and 43 pear cultivars 

(Pyrus communis L. and P. communis L. × P. ussuriensis Maxim.) (Andrianova and Sirotina 2013). The 

objective of this study was to evaluate winter hardiness of the apple, pear and black cultivars and create 

the collection of winter hardy suitable plants for development of sustainable agriculture in the region.  
 

Materials and methods 

 

Site characteristics 

ZBG (47°48´ N, 67°43´ E, altitude 350 m) is situated in Central Kazakhstan. Central Kazakhstan 

(Karaganda oblast) is the area in the centre of Eurasia continent almost equally-spaced from the Arctic 

and the Indian, the Atlantic and the Pacific oceans, in the northwest part of flat Central-North Turan sub 

province in the sub band of the northern deserts, in the extremely severe for plants conditions 

(Akzhygitova et al. 2003). The climate is acutely continental and extremely droughty (Figure 1).  
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Figure1. Monthly mean of air temperature (a) and precipitation in mm (b) from 2004 to 2013 in 

Zhezkazgan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The climatic data from 2004 to 2013 in Zhezkazgan were: absolute minimum of temperature -39.2° С; 

absolute maximum of temperature 45° С; yearly mean of air precipitation 179 mm; average temperature 

of January -14.7° С; average temperature of July 24.3° С. Average snow level equals 17.3 cm. 

 

Experimental design 

 

The apple, pear and black currant cultivars were objects of the research. The list of the black currant 

cultivars: ‘Lentyay’ from Belarus and ‘Katyusha’ from Central Russia are Ribes nigrum L.; ‘Altaiskaia 

Pozdniaia’, ‘Bariton’, ‘Dachnitsa’, ‘Galinka’, ‘Ksiusha’, ‘Lama’, ‘Natasha’ and ‘Rita’ from M.A. 

Lisavenko Siberian Horticulture Institute (Barnaul, Russia) are interspecies hybrids Ribes nigrum L. (ssp. 

europaeum×ssp. sibiricum) and Ribes dikuscha Fisch. ex Turcz. All black currant cultivars have been 

planted in the autumn of 2009. The list of the apple cultivars (Malus domestica Borkh.): ‘Hazen’ (the 

USA), ‘Norda’, ‘Norland’ (Canada), ‘Arktika’, ‘Baganenok’ (Siberia, Russia) ‘Petrova Desertnoe’, 

‘Solnyshko’, ‘Yubilei Moscow’ (Central Russia), ‘Zailiiskoe’, ‘Rakhat’ (Kazakhstan). The list of the pear 

cultivars: ‘Lyubava’ (Crimea), ‘Efimova Nariadnaia’, ‘Pamiatnaia’ (Central Russia) are Pyrus communis 

L. All other pears, namely ‘Barnaul’skaia Krupnaia’, ‘Zolotinka’, (Siberia, Russia), ‘Chizhovskaia’, 

‘Muratovskaia’, ‘Orlovskaia Krasavitsa’, ‘Petrovskaia’ (Central Russia), ‘Krasulia’ (Ural, Russia) are 

hybrids of Pyrus communis L. and P. ussuriensis Maxim. The apple and pear cultivars have been planted 

in the autumn of 2002.  

The evaluation of winter hardiness in the field conditions was performed every spring with the onset of 

the growing season by estimate of damages of the crowns and xylems in consequence in overwintering 

with the technique by Tiurina et al. (1999). A rating scale from 0 to 5 was used for an examination of the 

crown (bush) injuries: no injuries at all; annual twigs are injured partially; annual twigs are injured fully 

and two-year twigs are injured partially; 2-3 year branches fully or partially are killed; most of the 

skeletal branches are killed; a plant is killed to the snowline. Winter hardiness of the pear and apple 

cultivars was being researched from the winter of 2004/2005 to the winter 2013/2014, the black currant 

cultivars from 2009-2010 to 2013-2014. 
 
 
Statistical analyses 

 

Significance of differences between cultivars was established using the analysis of variance (ANOVA) 

with the Fisher’s protected multiple range Test. Differences between the means were ascertained with the 

multiple Duncan’s Test. The mean values for the combinations labeled with the same letters do not 

significantly differ. The values of correlation coefficients were estimated on the Cheddok’s scale: 0.1 < r  
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< 0.3 – weak; 0.3 < r < 0.5 – moderated; 0.5 < r < 0.7 – noticeable; 0.7 < r < 0.9 – high; 0.9 < r < 1 – 

rather high 
 

Results and discussion 

 

Last decade the frequency of extreme summer and winter air temperatures increased in the conditions of 

northern desert of Central Kazakhstan. Climate changes will require a massive effort in cultivars to show 

better adaptation to the new eco-climatic conditions (Fanzo et al. 2013). A key factor for successful 

cultivation of new cultivars in each zone is the selection of varieties suitable to the local climate and 

capable of adapting for action of adverse factors (Krasova et al. 2012). Gusta (2013, p. 1, p. 5) says “This 

is perhaps underappreciated in the design of many controlled environment experiments resulting in data 

that reflects the response to the experimental conditions but may not reflect the actual mechanisms of cold 

hardiness in the field. Any research designed to explore and understand cold hardiness should be verified 

under natural conditions”. The severe Zhezkazgan winters with the minimum temperatures lower -35º C, 

make it possible to estimate winter hardiness in the field conditions that raises reliability of the received 

data on stability of fruit crops to winter damages. 

 

Influence of conditions of a winter period on a degree of winter damage plants  

 

Low-temperature winters with temperatures less - 35° C were recorded 5 time the 10-winters period of 

the study of the apple and pear trees (2004/2005 – 2013/2014) and 3 time during 5-winters period of the 

research for the black currant (2009/2010 – 2013/2014) (Table 1).  

Several studies have clearly shown correlations between the level of cold hardiness and the winter 

temperature conditions (Junttila 1989; Khanizadeh et al. 2000). 

The sum of negative temperatures (SNT) was the highest in 2011/2012 (-2033° C), and the most minimal 

 

Table1. Some characteristics of the winters from 2004/2005 to 2013/2014 and average damage scores of 

plant’s crown  

 

 

 

temperature (MT) was in 2005/2009 (-39.2° C). Two-way analysis of variance of the crown’s winter 

damage degree (CWDD) in the field and year condition has shown the evidence of influence of the year 

condition on CWDD. Minimal temperatures of the winter of 2007/2008, 2012/2013, 2013/2014 were 

practically identical with minimal temperatures of 2011/2012 (Table 1) but CWDD of the apple cultivars 

was significantly higher (p < 0.01) in 2011/2012 than in the other seasons including 2005/2006 with the 

minimal temperature -39.2° C. After the winter of 2011/2012 with minimal air temperature -35.4° C and 

the highest SNT apple plants obtained the most winter injures (Table 1). CWDD of the pear cultivars was 

Winter 

Minimal 

temperature  

(° C) 

Sum of negative 

temperatures (SNT) 

(° C) 

Average damage of crown (scores) 

Black currant Pear Apple 

2004/2005 -30.7 -1316  0 b 0 d 

2005/2006 -39.2 -1332  1.54 a 1.1 b 

2006/2007 -30.0 -1202  0 b 0 d 

2007/2008 -35.2 -1608  0.66 b 0.96 bc 

2008/2009 -30.6 -1148  0 b 0.1 d 

2009/2010 -30.7 -1327 0 b 0 b 0.35 cd 

2010/2011 -34.7 -1366 0 b 0.43 b 0.1 d 

2011/2012 -35.4 -2033 0.46 a 1.67 a 2.0 a 

2012/2013 -35.5 -1310 0.19 ab 0.35 b 0.5 cd 

2013/2014 -35.4 -1373 0.11ab 0.4 b 0.5 cd 
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significantly higher (p < 0.01) in 2005/2006 and 2011/2012 than in the other seasons. Two-way analysis 

of variance of average CWDD of black currant crown and year after five winter seasons has shown that 

the cultivars had the most considerable injures at probability less 0.01 in 2011/2012 in contrast with 

2009/2010 and 2010/2011.  

 

Correlation between SNT and average CWDD has been established as high. Correlation between 

minimal temperatures and CWDD has been established as noticeable and high on the Cheddok’s scale 

(Table 2).  

 

 

Table 2.Correlation between CWDD and minimal temperature (MT) in degrees of Celsius, 

CWDD and SNT in apple, pear and black currant cultivars on the Cheddok’s scale 

 
Crop Correlation SNT and CWDD Correlation MT and CWDD 

Pear 0.72* (high)  -0.81** (high) 

Apple 0.88** (high) -0.64* (noticeable) 

Black currant 0.89* (high) -0.53 ns (noticeable) 

Note: * p < 0.05;** p < 0.01; ns not significant 

 

 

There was a linear correlation between pear and apple CWDD and minimal temperature, CWDD and 

SNT. This described by the regression equation as follows: Y=0.15 X-4.58 (minimal temperature, R2 = 

0.66, P < 0.05) and Y= -0.789X+1,76 (SNT, R2 = 0.41, P<0.05) for pear; Y=-0.087 X-2.43 (minimal 

temperature, R2 = 0.52, P < 0.05) and  Y=1.354X-1.394 (SNT, R2 = 0.77, P<0.05) for apple (Figure 1). 

 

 
 

Figure 2. Regression relationships of apple and pear CWDD and minimal temperature, CWDD and SNT 

 

Winter hardiness of apple cultivars  
 
Cold winter temperature is one of the most limiting factors in many apple-growing regions (Khanizadeh 

et al. 2000; Caprio and Quamme1999; Quamme et al. 2010). In the seasons of 2004/2005, 2010/2011, 

2008/2009 and 2010/2011 (Table 1) apple plants practically were not damaged. The only annual shoots of 

some cultivars were slightly injured. For example, ‘Iubiley Moskvy’ had damage score of one, and 

‘Rakhat’, ‘Zailiiskoe’ had damage score of 0.5. One-way analysis variance of CWDD after the severe 

winter of 2011/2012 has shown that between apple cultivars significant differences exist at probability 

less 0.01 (Figure 2).  

 

 

 



Paper Proceedings of Agriculture, Animal Sciences and Aquaculture 2015(ISBN 978-955-4543-32-4) 
 

 

 

 

14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

                                                                             Apple crown’s injuries in scores 

 

Figure 2. Influence of the severe winter season conditions on apple crown’s winter damage degree. The 

means equal zero if column in the diagram is absent. Error bars indicate error of average mean 

 

Some plants had considerable CWDD. For example, ‘Yubiley Moskvy’ had damage score of 4.5; ‘Rakhat’ 

had damage score of 3.5; ‘Solnyshko’ had damage score of 3.3. ‘Norland’ and ‘Norda’ from Canada were 

found in one group with ‘Petrova Desertnoe’ from Russia (Moscow) and had CWDD score of 1. Siberian 

‘Arktika’ overwintered without injures (0 scores) and ‘Baganenok’ which also from Siberia had minimal 

CWDD score of 0.3. ‘Baganenok’, ‘Petrova Desertnoe’, ‘Norda’ and ‘Norland’ had minimal injuries of 

scores from 0.3 to 1; ‘Arktika’ had no injuries at all. The average CWDD from 2004/2005 to 2013/2014 

were the highest in ‘Iubiley Moscow’ (1.5 scores) and ‘Rakhat’ (1.2 scores) (Table 3). ‘Arktika’ had no 

injures, ‘Baganenok’ had minimal damages, but their injuries were not significantly different from 

‘Norda’, ‘Norland’ and ‘Petrova Desertnoye’. (Table 3).  

The plants’ state were examined in the autumn of 2014. The best state of the plants took place in 

‘Arktika’, ‘Petrova Desertnoye’ and ‘Norland’. Correlation coefficient between average scores of the 

plants’ state and average CWDD from 2004/2005 to 2013/2014 on the Cheddok’s scale was rather high (-

0.91, p < 0.01).  

 
Winter hardiness of pear cultivars  
 
Recently distribution of pear-trees in severe conditions has been constrained with absence of high winter 

hardy cultivars (Severin et al. 2007). Nowadays scientists use Pyrus ussuriensis and its forms as donors of 

high winter hardiness and select winter hardy pear cultivars.  

The pear cultivars are mainly hybrids of P. ussuriensis and P. communis L. took part in the given 

research. One-way analysis variance of CWDD after the coldest severe winters has shown that between 

pear cultivars significant differences at probability less 0.01 exist (Figure 3). 

A
p
p
le

 c
u
lt

iv
ar

s 



Paper Proceedings of Agriculture, Animal Sciences and Aquaculture 2015(ISBN 978-955-4543-32-4) 
 

 

 

 

15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                               Pear crown’s injuries in scores 

 

Figure 3. Influence of the most severe winter season conditions on pear crown’s winter damage degree. 

The means equal zero if column in the diagram is absent. Error bars indicate error of average mean.  
 

After the winter of 2011/2012 ‘Orlovskaia Krasavitsa’ had damage score of 4.0; ‘Efimova 

Nariadnaia’ had damage score of 3.5; ‘Muratovskaia’ and ‘Pamiatnaia’ had damage score of 3.0 that was 

significantly lower than the other cultivars. ‘Chizhovskaya’, ‘Liubava’ and ‘Petrovskaia’ had minimal 

damage scores from 1 to 1.2. Siberian ‘Barnaul’skaia Krupnaia’, ‘Zolotinka’ and Yralian ‘Krasulia’ 

overwintered without injures. The average degree of CWDD from 2004/2005 to 2013/2014 were the 

highest in ‘Orlovskaia Krasavitsa’ (1.25 scores) and ‘Efimova Nariadnaia’ (1.13 scores) (Table 4). 

‘Barnaul’skaia Krupnaia’, ‘Zolotinka’ and ‘Krasulia’ had no injures but their damages were not 

significantly different from ‘Chizhovskaia’, ‘Liubava’ and ‘Petrovskaia’ 
As well as apple-trees’ state the pear-trees’ state were examined in autumn 2014. The best state of 

plants took place in ‘Zolotinka’, ‘Krasulia’, ‘Chizhovskaia’, ‘Liabava’ and ‘Petrovskaia’. Correlation 

coefficient between average scores of plant’s state and CWDD from 2004/2005 to 2013/2014 on the 

Cheddok’s scale was rather high (-0.97, p < 0.01).  

 

Winter hardiness of black currant cultivars 
 
The cultivars combining genotypes of three subspecies Ribes nigrum L. (ssp. europaeum, ssp. sibiricum, 

ssp. scandinavicum) and R. dikuscha. have been created using the method of the interspecific and remoted 
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geographically hybridization. These cultivars are winter-hardy and self-compatibility (Kalinina and 

Nazariuk 2009). One-way analysis variance of crown damage after the severe winter of 2011/2012 have 

shown that between black currant cultivars significant differences at probability less 0.01 exist (Figure 4). 

The average CWDD after the winter of 2011/2012 were the highest in ‘Katyusha’ (2.5 scores) and 

‘Dachnitsa’ (1.4 scores). The average CWDD from 2009/2010 to 2013/2014 was the highest in 

‘Katiusha’ (Table 5).  

 

 

Table 5. Some indicators of black currant cultivars winter hardiness (in scores) from 2009/2010 to 

2013/2014  

 

Cultivar 
Average CWDD from 

2004/2005 to 2013/2014 

Plant’s condition in the 

autumn of 2014 

‘Altayskaia Pozdniaia’ 0 b 4.8 a 

‘Bariton’ 0 b 4.5 ab 

‘Dachnitsa’ 0.48 ab 3.6 b 

‘Galinka’ 0 b 4 ab 

‘Katiusha’ 0.84 a 3.6 b 

‘Ksiusha’ 0 b 4.6 ab 

‘Lama’ 0 b 4.6 ab 

‘Lentiai’ 0.2 ab 4 ab 

‘Natasha’ 0 b 4.5 ab 

‘Rita’ 0 b 4.6 ab 

 

One-way analysis variance of the average CWDD of pear, apple and black currant plants during 5 

winter seasons (2009/2010 - 2013/2014) has shown that the pear and apple cultivars significant differ 

from black currant cultivars at probability less 0.05 (Table 6). 

 

     Table 6. Comparison of average CWDD of black currants, apple and pear  

      cultivars from the winter of 2009/2010 to the winter of 2013/2014 

 

Crop Average CWDD  

Pear 0.58* a 

Apple 0.69* a  

Black currant 0.15* b 

 
 
Conclusions  
 
Cultivar evaluation can be somewhat subjective and what appears to perform well in one region may not 

perform well in another (Crassweller et al. 2005). The results of research have shown that ‘Arktika’ 

(Siberia), ‘Baganenok’ (Siberia), ‘Norland’ (Canada), ‘Norda’ (Canada) and ‘Petrova Desertnoe’ 

(Central Russia) apples; ‘Zolotinka’ (Siberia), ‘Barnaul’skaia Krupnaia’ (Siberia), ‘Krasulia’ (Ural), 

‘Petrovskaia’ (Central Russia) and ‘Liubava’ (Crimea) pears; ‘Altaiskaia Pozdniaia’, ‘Bariton’, 

‘Galinka’, ‘Ksiusha’, ‘Lama’, ‘Natasha’, ‘Rita’ (Siberia) black currants have suitable winter hardiness for 

Zhezkazgan conditions.  

Apple plant winter injuries were significantly higher (p < 0,01) after the winter of 2011/2012 with 

two unfavorable climatic factors (low minimal temperature -35.4° C and the highest sum of temperatures 

below zero 2033° C) than in the other seasons including 2005/2006 with the minimal temperature -39.2° 

C. Pear cultivar winter injuries of the were significantly higher (p < 0.01) in 2005/2006 (the most minimal 

temperature) and 2011/2012 (the highest sum of temperatures below zero) than in the other seasons. The 
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researches confirm the data of Rajashekar et al. (1983), Fircks and Verwijst (1993) that not the only 

minimal temperature but also a duration of exposure determine the amount of injury.  

Correlation links between sum of temperatures below zero and CWDD of the apple, pear and black 

currant cultivars have been established as high on the Cheddok’s scale, respectively 0.88 (p < 0.01), 0,72 

(p < 0.05) and 0.89 (p < 0.05 ). Correlation links between minimal temperatures and CWDD of apple, 

pear and black currant cultivars have been established, respectively as -0.64 (noticeable, p < 0.05), -0.81 

(high, p < 0.01) and -0.53 (noticeable, ns). Correlation coefficients between the average scores of state 

and CWDD of the apple, pear and black currant plants were rather high and high, respectively -0.91; -

0.97 and -0.83 (in all p < 0.01). One-way analysis variance of CWDD of the apple, pear and black currant 

cultivars during 5 winter seasons has shown that winter injures of pear and apple cultivars are significant 

higher than black currant cultivars at probability less 0.05.  

The environmental evaluation of the apple, pear and black currant cultivars in Central Kazakhstan 

and selection of the best cultivars with hardiness to extreme unfavorable winter factors of the region have 

important scientific, economic and practical importance. 
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Abstract 

 

Application of chemical fertilizer (CF) is a common practice in Sri Lankan Agriculture. The CF 

application adversely affects natural microbial communities in agricultural ecosystems, soil fertility and 

crop productivity in the long run. At present, several research studies pertaining to the application of 

microbes as biofilmed biofertilizer (BFBFs) in agriculture have been focused to reduce the dependence 

on CF, due to economic and environmental concerns. This is review based study directed to identify the 

potential of BFBFs for efficient crop production in Sri Lankan agriculture. Results revealed that BFBFs 

have shown their consistent potential in reducing the use of CF with numerous ecological benefits as well 

as application of the developed biofilms plays a vital role in green agriculture ensuring long term soil 

fertility and addressing multiple issues related to convectional agriculture. Thus, more research studies 

have to be undertaken under laboratory and field conditions in order to optimize biofilmed innocula for 

various crops. 
 

Keywords; Biofilmed biofertilizer, Chemical fertilizer, Crop production 

 

1. Introduction 

 

Agriculture in Sri Lanka is mainly focused on plantations, cereals, vegetables and field crops based on 

modern farming methods such as the use of machineries, pesticide and chemical fertilizer (CF) etc. that 

have contributed to achieved increased productivity.  However, the CF application adversely affects 

natural microbial communities in agricultural ecosystems and thereby affects soil fertility and crop 

productivity in the long run (Seneviratne, 2009). At present, several research studies pertaining to the 

application of microbes as biofertilizers in agriculture have been focused to reduce the dependence on CF, 

due to economic and environmental concerns. Biofertilizers are live formulations of naturally existing 

microorganisms which provide plant growth benefits directly and indirectly through their biological 

processes of effective colonization in the soil- plant system. Due to several limitations of using isolated  

individual biofertilizers, direct application of developed mixed microbial communities known as 

biofilmed biofertilizer (BFBFs) has been introduced recently, and observed to be multi-functional and 

more effective than conventional single organism biofertilizers. BFBFs have shown their consistent 

potential in reducing the use of CF with numerous ecological benefits as well as application of the 

developed biofilms plays a vital role in green agriculture ensuring long term soil fertility and addressing 

multiple issues related to convectional agriculture. Based on the available literature, this paper discusses 

the potential of this novel technology of BFBFs for efficient crop production in Sri Lankan agriculture. 

 

2. Biofilmed biofertilizers (BFBFs) 

 

Development of biofilms in vitro and application as biofertilizer is known as biofilmed biofertilizers 

(Seneviratne et al., 2009). 

Laboratory based biofilm developments were first reported for fungal mycelia colonization by 

bradyrhizobial and azorhizobial strains by Seneviratne and Jayasinghearachchi (2003), A FBBs which 

were formulated as first BFBFs (Seneviratne et al., 2008). 

These have been progressed for tea and maize extensively in field experiments with promising results 

(Seneviratne et al., 2011). Researchers are also in progress to extend the use of BFBFs to other crops like 
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rice, rubber, legumes etc. (IFS, 2010). Institute of Fundamental Studies – Kandy  ( IFS ) has signed  an 

agreement with Nature Secrets Beauty Creations private limited and commercialize  the product for Tea 

Plantations under the brand name ‘Biofilm-T’ as well(IFS, 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 1; Application of BFBFs for tea   Plate 2; Biofilm –T for tea plantations 

 

3. Potential of biofilmed biofertilizer for crops 

 

IFS and Tea Research Institute Sri Lanka(TRISL) have collaboratively tested BFBFs for tea (Seneviratne 

et al., 2011). It has been shown to be very successful as a fertilizer and reduced the application of TRI 

recommended level of chemical fertilizers for nursery and young tea plants by 50%. Today, nursery and 

field trials are conducting at Talawakelle, Hantana, Ratnapura and Passara (IFS, 2010).    

 Biofilm- T is  the biofilmed biofertilizer developed for the tea plantations after series of laboratory and 

field testing. All microorganisms used in Biofilm-T have been tested and approved at IFS. Biofilm- T 

showed comparatively higher benefits mainly reducing usage of chemical fertilizer (CF) by 50%, thus 

reduces fertilizer costs, increases yield, thus leading to a rise in profits for the planter, enhances tea plant 

growth rate ,increases organic matter in the soil, boosts new life into the soil, increase in capability to 

retain water makes tea plants more drought resistance. 

(Source:http://www.biofilm.lk/biofilm_tea.html) 

 

Plate 3; Drought resistance of young tea plants with BFBFs 

The BFBFs have been observed to be able to replace fertilizer (N,P and K) use by half in agriculture and 

plantations (Seneviratne et al.,2011). Thus the simultaneous reduction of N,P and K in CF use was 

possible only when organic amendments were coupled with conventional biofertilizer (Haque,2010), or 

with the use of BFBFs (Seneviratne et al., 2011). 

http://www.biofilm.lk/biofilm_tea.html
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Biofilmed biofertilizer for field grown maize in Mahiyanganaya, Sri Lanka resulted in only 25% 

reduction of the CF use with two BFBFs. Six field experiments conducted  in different maize growing 

areas in Sri Lanka such as Anuradhapura  and Kandekatiya showed the biofertilizer action in replacing 

50% CF (Buddhika et al.,2012). 

 

 

Plate 4; BFBFs for field grown maize in Mahiyanganaya 

 

A field trial on BFBFs  for rice, was conducted  at the Rice Research and Development Institute (RRDI), 

Batalagoda. It was based on the ‘Parachute’ method for transplanting rice. Results showed that the BFBFs 

together with 40% of recommended chemical fertilizers can produce a rice yield equivalent to that of the 

full recommended chemical fertilizers. To continue, isolation of more effective microbes from rice roots, 

latest microbial culture media were adopted to isolate root associated N2 fixing bacteria, other beneficial 

bacteria, fungi and cyanobacteria on the soil surface of paddy fields. At present, microbial isolation from 

rubber plant roots has also been started. It was observed that, BFBFs application caused to increase root 

growth of the seedling rubber plants. The response of BFBFs was more pronounced than that of full 

recommended inorganic fertilizer application. Therefore, incorporation of BFBFs at nursery stage could 

be an effective biofertilization strategy for rubber seedling production (Hettiarachchi et al., 2014). Several 

researches are now in progress with development of BFBFs for tuber crops as well as floriculture 

industry. 

The isolated microbes are now being tested for beneficial properties like organic acid production, 

nitrogenase activity, biofilm formation etc. For bean, nodule rhizobia and other beneficial bacteria and 

fungi were isolated from the roots. 
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Plate 5;BFBFs field trials for rice. 

 

 

Plate 6; BFBFs for Potato           Plate 7; BFBFs for Anthurium 

 

4. Conclusion  

 

Biofertilizers are live formulations of naturally existing microorganisms which provide plant growth 

benefits directly and indirectly through their biological processes with effective colonization in the soil 

plant system. Use of biofertilizer in agriculture in the forms of mono or mixed cultures has been limited 

due to inconsistencies in plant growth response under field conditions. However microbial communities 

in biofilm mode and their soil application as BFBFs have shown their consistence potential in reducing 

the use of CF with numerous ecological benefits particularly the revival of soil microbial diversity in 

agro-ecosystems.  

The BFBFs application to the soil makes it rich with diverse micro biota. Thus soil application of the 

developed biofilms as biofertilizers helps keep the consistency of yield response. This has resulted in 50% 

cut down of all nutrients in the CF with a great effect of reducing fertilizer cost. Therefore ultimate goal 
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of this field of research would be to establish a universal biofilm biofertilizer technology for conventional 

agriculture. 

 

6. Suggestions 

 

BFBFs act as microbial ameliorators which supporting to establish sustainable agro ecosystem in Sri 

Lanka. Furthermore, CF application could be reduced with this BFBFs technology, the country could save 

nearly half the expenses on CF imports, thus contributing immensely to the countrys’ economy. Due to 

that, BFBFs researches have become more demanded  today and several researches are now in progress 

for various kind of crops. Therefore, it can be suggested that selection of combinations of microbes for 

highest efficiency, simultaneous biofertilizing and bio-controlling activities is a key in future research in 

this technological area. Thus, more research studies have to be undertaken under  laboratory and field 

conditions in order to optimize biofilmed innocula for various crops. 
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Abstract 

Bacillus megaterium was tested for its capability to inhibit some causal agents of grain discoloration 

(Gd) disease in rice (Oryza sativa). In this study, B. megaterium was effective in inhibiting the tip of a 

mycelial growth of R. solani. This bacterium also inhibited Alternaria sp., Curvularia lunata, Fusarium 

semitectum and Helminthosporium oryzae, the causal agents of Gd. B. megaterium produced unidentified 

volatile compounds which were highly effective in inhibiting the radial mycelial growth of R. solani, 

Alternaria sp., C. lunata, F. semitectum and H. oryzae although their effect to F. semitectum was not as 

effective as their effect to the other pathogens. In the liquid media, B. megaterium was effective in 

inhibiting the mycelial growth of H. oryzae in the medium containing either sucrose or potato dextrose 

broth (PDB). B. megaterium had no effect to the mycelial growth of H. oryzae in the medium containing 

glucose. B. megaterium was cultured in a simplified liquid fermentation in a translucent 20-L plastic tank 

to increase its population for 24 hours. Either nutrient broth (NB), PDB or the commercial product of a 

concentrated pork-favored food enhancer (CPF) (at 10g) in 10L clean drinking water could support 

growth of B. megaterium at room temperature (25-32°C), after a water-soluble formulation of this 

bacterium (at 10g) was used as a starter in the culture with oxygen supplied from an air pump.  

 

Keywords: simplified liquid fermentation, water-soluble formulation, volatile substances  

                                                                           

INTRODUCTION  

Pests are the constraints to rice production, causing yield loss in the countries in tropical Asia 

(savary et al., 2000). Grain discoloration (Gd) disease in rice (Oryza sativa) is a disease complex, caused 

by the fungal pathogens such as Sarocladium sp., Bipolaris sp., Alternaria sp., Fusarium sp., Phoma sp., 

Curvularia sp., and Trichoconiella sp. (IRRI, 2002).  A. padwickii, C. lunata, F. semitectum and 

Helminthosporium oryzae have been identified as the causal agents of Gd disease in Thailand. This 

disease is one of the emerging problems for rice cultivation in Thailand (Prathuangwong et al., 2013).   

Bacterial and fungal antagonists have been investigated to control rice diseases (Gnanamanickam 

et al., 1992; Naeimi et al., 2010; Kumar et al., 2013; Mosquera-Espinosa et al., 2013; Prathuangwong et 

al., 2013). Some bacterial formulations have been invented and used for controlling sheath blight disease 

(Kanjanamaneesathian et al., 1998; Chumthong et al., 2008: Wiwattanapatapee et al., 2007) and grain 

discoloration (Kanjanamaneesathian et al., 2009; Prathuangwong et al., 2013). Nonetheless, in Thailand 

only a few bacterial formulations have been commercialized for controlling diseases in rice and other 

crops (Maketon et al., 2008). This limits the rice farmers to gain access to biological control products, 

contributing to the current reliance on chemical fungicides for controlling diseases in rice.    

This research aims to (1) test the capacity of B. megaterium in inhibiting R. solani, Alternaria sp., 

C. lunata, F. semitectum and H. oryzae in the laboratory and (2) invent a simplified liquid fermentation 

for culturing B. megaterium.  

 

MATERIALS AND METHODS 
 

Strains of B. megaterium and fungal plant pathogens   
B. megaterium was isolated from the water-soluble granule formulation, which had been 

produced in February 2014 at the laboratory of the Faculty of Agricultural Technology, Songkhla 

Rajabhat University, Songkhla, Thailand. This bacterium was originally isolated from bulk soil in a paddy 

rice field, Satun province, Thailand (Kanjanamaneesathian et al., 1998). The bacterial granules (1g) were 
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suspended in the sterile water (9mL) in a test tube and the mixture was vigorously agitated with a vortex. 

One loopful of the bacterial suspension was streaked onto potato dextrose agar (PDA). The pure culture 

of B. megaterium was maintained on PDA and nutrient agar (NA) in the refrigerator (4°C) until further 

use. The fungal plant pathogens in rice, including R. solani, Alternaria sp., C. lunata, F. semitectum and 

H. oryzae, were obtained from the Plant Disease Clinic, Department of Plant Pathology, Kasetsart 

University, Kamphaeng Saen campus, Nakhon Pathom, Thailand. They were also maintained on a PDA 

slant in the refrigerator (4°C) until further use.   

Antagonism tests in the laboratory  

B. megaterium was used in the first round of antagonism test against R. solani, Alternaria sp., C. 

lunata, F. semitectum and H. oryzae using dual culture technique on PDA at room temperature (25-32°C). 

There were four replications for each fungus.  Inhibition zone was measured after 15 days of co-

inoculation. B. megaterium, which had inhibited a hyphal tip of R. solani, Alternaria sp., C. lunata, F. 

semitectum and H. oryzae, was used for the second round of antagonism test against only H. oryzae, a 

representative of the fungal plant pathogens in this study, using dual culture technique in a liquid media as 

described below.  

One mL of B. megaterium (at 1x106 CFU/mL) was co-cultured with H. oryzae in the 100mL-

liquid media containing, either glucose, sucrose or PDB. There were three replications for each medium. 

The culture of these microorganisms in flask was incubated on the rotary shaker (at 150 rpm) for 15 days 

at room temperature (25-32°C). Mycelial biomass of the H. oryzae was harvested by sieving with a sterile 

filter paper, after which the mycelium was dried in a hot-aired oven at 60°C for 3 days. A dry matter of a 

mycelium was weighted and compared with a dry matter of H. oryzae which had been cultured in the 

liquid media without a bacterium (as nil control). B. megaterium was also cultured in each medium and its 

dry matter was weighted (as check).  

For the inhibitory effect of the volatile substances on mycelial growth, the 7-days-old culture of 

either R. solani, Alternaria sp., C. lunata, F. semitectum or H. oryzae on PDA was exposed to the 2-days-

old culture of B. megaterium on NA by placing each culture of either R. solani, Alternaria sp., C. lunata, 

F. semitectum or H. oryzae on PDA bottom-up on top of the culture of B. megaterium. There were four 

replications for each fungus. These two cultures were tied together with a cellophane tape and the cultures 

of either R. solani, Alternaria sp., C. lunata, F. semitectum or H. oryzae on PDA were allowed to expose 

to the volatile substances produced by B. megaterium for 15 days at room temperature (25-32°C). Colony 

radius of R. solani, Alternaria sp., C. lunata, F. semitectum and H. oryzae on PDA was measured after 15 

days of exposure and compared with a colony radius of the fungal pathogens which had not been exposed 

to a bacterium. Percent of mycelial inhibition of each fungal plant pathogen was assessed [Equation (1)] 

(Gamliel et al., 1989). 

% mycelial inhibition = 100 – [(r2/R2) x 100]   (1) 

In equation (1), r is the colony radius of each fungal plant pathogen which is exposed to B. megaterium 

and R is colony radius of each fungal plant pathogen which had not been exposed to a bacterium. 

 

Characteristics of the simplified liquid fermentation for culturing B. megaterium  

 B. megaterium was cultured in a translucent (20-L maximum capacity) plastic tank used to 

contain drinking water for household consumption. Ten gram of either nutrient broth (NB), PDB or the 

commercial product of a concentrated pork-favored food enhancer (CPF) was added to the tank 

containing 10L clean-drinking water. There were two replications for NB and PDB, and only one tank for 

CPF. Ten gram of the water-soluble granule formulation containing B. megaterium (1x109 CFU/g) was 

subsequently added to the nutrient solutions as a starter. Un-filtered air was supplied to the liquid 

fermentation tank at room temperature (25-32°C) for 5 days. After 24 hours, growth of the bacterium was 

assessed by comparing the turbidity of the bacterial suspension with the McFarland standards. Five mL of 

the bacterial cultures from each medium was also collected and one loopful of the bacterium from each 

tank was streaked onto PDA and NA to detect possible contaminants. The aired-supply was terminated 
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after 5 days of culturing the bacterium. The physical characteristics of the liquid fermentation product, 

such as color, turbidity, odor and foam formation, were observed and recorded.  

    

RESULTS AND DISCUSSION 
 

Antagonism tests in the laboratory 

 B. megaterium inhibited the hyphal tip of R. solani, Alternaria sp., C. lunata, F. semitectum and 

H. oryzae on PDA (Table 1). This bacterium was reported to inhibit both the hyphal tip and the sclerotial 

germination of R. solani (Kanjanamaneesathian et al., 1998). It was eventually chosen to be formulated in 

both a water-soluble granule (Chumthong et al., 2008) and an effervescent tablet (Wiwattanapatapee et 

al., 2007). These formulations were effective in controlling sheath blight disease in the greenhouse 

(Wiwattanapatapee et al., 2007) and in the field (Kanjanamaneesathian et al., 2009). With the capacity to 

inhibit other fungal plant pathogens, such as Alternaria sp., C. lunata, F. semitectum and H. oryzae, B. 

megaterium, either in fresh cells or in formulation products, should possess the broad spectrum against 

other rice diseases, such as narrow brown spot (caused by H. oryzae) and Gd (caused by C. lunata, F. 

semitectum and H. oryzae) (Ou, 1985).    

   

 B. megaterium also produced unidentified volatile compounds which were highly effective in 

inhibiting the radial mycelial growth of R. solani, Alternaria sp., C. lunata, F. semitectum and H. oryzae 

although their effect to F. semitectum was not as effective as their effect to the other pathogens (Table 1).  

Chaurasia et al. (2005) also reported that volatile compounds of B. subtilis were effective in inhibiting A. 

alternata, Cladosporium oxysporum, F. oxysporum, Paecilomyces lilacinus, P. variotii and Pythium 

afertile. The inhibitory effect to these fungi caused by volatile compounds from B. subtilis was greater 

than that by diffusible compounds (Chaurasia et al., 2005). The application of the volatile compounds 

from B. megaterium and other species for controlling diseases in rice, however, requires further research.  

 B. megaterium was effective in inhibiting the mycelial growth of H. oryzae when they were co-

cultured in either sucrose or PDB. B. megaterium had no effect to the mycelial growth of H. oryzae when 

they were co-cultured in the medium containing only glucose (Table 2). White (1972) reported that some 

strains of B. megaterium grew in a minimal medium that contained glucose and ammonium sulphate as 

principal nutrients, whilst other strains required two or more amino acids for growth. Both carbon and 

nitrogen sources were an important factor in the production of antibiotic of B. subtilis (Besson et al., 

1987). Fructose, sucrose and mannitol were better carbon sources than glucose for Iturin A production. L-

asparagine was the best substrate for the biosynthesis of iturin A. L-glutamine and L-serine were rather 

poor substrates for antibiotic production while L-proline and D-tyrosine gave no antibiotic (Besson et al., 

1987).The strain of B. megaterium in this study may require amino acids which are available in PDB for 

growth and antibiotic production, increasing the population in the medium and inhibiting H. oryzae 

(Table 2). The media which contain nitrogen source are thus used in the following simplified liquid 

fermentation for culturing B. magaterium. 

 

Simplified liquid fermentation for culturing B. megaterium   

 After 24 hours, the number of the bacterium of each medium was approximately at 6x108 

(CFU/mL), based on the McFarland standard (no. 2). After 5 days of culturing B. megaterium, the 

physical characteristics of each medium in a liquid fermentation product changed in color, turbidity, odor 

and foam formation. Medium with CPF as nutrient for supporting growth of B. megaterium remained 

comparatively unchanged during culturing the bacterium, with no odor but slightly foam formation. 

Medium with NB as nutrient emitted stronger odor than that with PDB. Both NB and PDB as nutrients for 

growth of B. megaterium initiated foam formation in the tank. All nutrients supported growth of B. 

megaterium very well with the approximate population at 9x108 (CFU/mL), based on the McFarland 

standard (no. 3). 

 A tank (one out of two), containing a medium with NB, was contaminated with other bacterial 

contaminants (bacterial colonies in dark blue and pink color), whilst one containing a medium with PDB 
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was contaminated with a fungal contaminant (fungal colonies in black color). The contamination will be 

reduced, if not eliminated, by treating the materials (such as nutrients, water and aired-pump accessories) 

with heat or sterilization. The inlet air should also be filtered with sterile cotton to capture air-borne 

contaminants before it is dispensed into the medium. This simplified liquid fermentation is a preliminary 

set-up, aiming to acquaint the rice farmers with a simple method to culture the bacterium. Although a 

formulation of the biological control agents is required to ensure efficient storage, transportation and 

commercialization (Burges, 1998), a few farmers may afford to use the products as price is a deterrent. 

This set-up offers simple materials and nutrients (such as CDF) for culturing the bacterium, broadening 

rice farmer’s access to adopting B. megaterium for controlling diseases in rice. The liquid fermentation 

product of B. megaterium is being tested - with three applications to rice at tillering, flowering, and gain 

filling stages - to control Gd disease in the rice field to produce the rice seeds (var. RD-31) at the Centre 

for Knowledge Transfer in Agronomy and Horticulture at Amphoe Ban Laem, Phetchaburi province, 

Thailand.     

 

CONCLUSIONS 
 

 B. megaterium had potential for use in controlling rice diseases caused by R. solani, Alternaria 

sp., C. lunata, F. semitectum and H. oryzae. This bacterium possessed multiple mechanisms in inhibiting 

the growth of these rice pathogens. It could be produced in a simplified liquid fermentation using basic 

materials. The simple set-up and operation could be initially used by the agricultural officials who 

produced the quality rice seeds for distribution to the rice farmers. The rice farmers should adopt this 

simple set-up after they had witnessed the efficacy of the product in suppressing Gd. The agricultural 

officials played a crucial role in transferring the knowledge to the rice farmers.      
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Tables 

 

Table 1. The effect of Bacillus megaterium in inhibiting hyphal tip mycelial growth and   

     its volatile compounds in inhibiting radial mycelial growth of fungal plant pathogens    

     after 15 days of culturing. 

 

 

Fungi  
Average width of clear 

zone (mm.) 

%radial mycelia growth 

inhibition 

Helmimthosporium oryzae 12.0a 89.2a 

Fusarium semitectum 15.3a 14.6c 

Curvularia lunata 12.3a 87.7a 

Rhizoctonia solani   3.8b 87.7a 

Alternaria sp. 10.8a 83.1b 

CV 26.5 6.6 

 

 

Table 2. The effect of Bacillus megaterium (Bm) in inhibiting the mycelial biomass of   

     Helmimthosporium oryzae in a liquid medium after 15 days of culturing 

 

 

Treatments 

           Weight of the dried mycelia (g) 

              Nutrients 

Glucose Sucrose PDB 

With Bm 0.04a 0.03b 0.07c 

Without Bm          0.02           0.04 0.11 

%inhibition         -50.0           25.0 36.4 

 

                a,b,c means of weight of the dried mycelia after weight of the bacterium (at    

                      0.02g) had been deducted. 
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Abstract 

Drought is one of the most complex recurring climatic events and regularly causes significant 

agricultural losses. Generally droughts are estimated using drought indices based on rainfall and 

evaporation. However, agricultural droughts are also a property of soil moisture, crop species or 

genotype, and growth stage. Thus it is debatable whether meteorological drought indices can estimate 

agricultural droughts. Therefore, in our study we compared agricultural droughts identified with a 

physically based soil water model that estimates soil water potential to the Reconnaissance Drought 

Index (RDI), a widely used meteorological drought index. 

We calculated soil water potential and RDI at three locations in Eastern Australia with a range of 

climates - Cairns (tropical), Burke (arid), and Melbourne (temperate).Rainfall and evaporation for the 

past 25 years and soil hydraulic parameters were used to estimate the RDI and soil water potential 

respectively. Daily average soil water potential over 5 cm and 30 cm soil depth were estimated using 

Hydrus 1D and monthly minimum 5 cm and 30 cm depth-averaged soil water potential was calculated. 

Finally, 5 cm and 30 cm depth-averaged soil water potential were compared with RDI at three time 

scales (1, 3 and 12 months). Results revealed that correlations were poor between drought indices and 

soil water potential which emphasizes the benefits of well-calibrated physically based soil water models 

for detecting agricultural droughts. 

Keywords: Agricultural drought, Soil moisture, Drought indices 

 

Introduction 

Unreliable rainfall causing drought is one of the most complex recurring climatic events affecting food 

security. 80% of the world’s agricultural lands are rain-fed while 60% of world’s food production is based 

on those lands(Tirado and Cotter, 2010). Drought causes significant agricultural losses throughout the 

world and it is predicted that the intensity and the frequency of the occurrence of droughts will increase in 

future (Heim, 2002).Therefore drought related studies which estimate drought severities, duration and 

frequency of occurrence focusing on agricultural droughts have received much attention. There are more 

than 150 drought indices used to estimate droughts and the simplest method for estimating agricultural 

drought are meteorological drought indices (Zargar et al., 2011), which are based on rainfall and in some 

cases evaporation (Halwatura et al., 2015). 

Periods with declining soil moisture and consequent crop failure due to dry soils as a result of below-

average precipitation, intense but less frequent rain events, or above-normal evaporation without any 

reference to surface water resources are known as agricultural droughts(Mishra and Singh, 2010, Dai, 

2012). Agricultural droughts depend on the length and severity of soil moisture lost, species or genotype, 

and plant growth stage(Rahdari and Hoseini, 2012). As water holding capacity varies with the physical 

and biological properties of soil(National Drought Mitigation Center, 2013), these soil properties will 

play a critical role in agricultural droughts. For example, loamy soils may hold moisture from the wet 

season into the dry season more effectively than shallow, sandy soils (Prentice et al., 1992). Rainfall, 
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evaporation/temperature and soil properties are generally used for agricultural drought analysis (Vicente-

Serrano et al., 2011, Todd et al., 2013).It is debatable whether meteorological drought indices that do not 

include soil properties can be used to estimate agricultural droughts. 

The objective of this paper is to determine the suitability of meteorological drought indices to estimate 

agricultural droughts. Using three locations in Eastern Australia with a range of climatic conditions as a 

case study, we compared agricultural droughts identified with a physically based soil water model that 

estimates soil water potential to the Reconnaissance Drought Index (RDI), a widely used meteorological 

drought index. 

Method 

Data and site selection  

We selected three sites - Cairns, Bourke and Melbourne - which represent different climatic regions 

(tropical, arid and temperate respectively) across Eastern Australia(Halwatura et al., 2015)(Figure 1). 

Cairns and Melbourne have similar types of sandy loam soil while Melbourne has sandy clay loam (Table 

2).We used historic daily and monthly meteorological (rainfall and evaporation) point data from 1971 -

2013 (Table 1)(Bureau of Meteorology, 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Selected locations of interest  
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Calculate drought indices 

 We selected the RDI which integrates rainfall and evaporation into a drought estimation index(Tsakiris et 

al., 2007, Halwatura et al., 2015). Droughts were estimated at three different time scales (one, three and 

twelve months). The standardised RDIst is calculated based on the equation 1a and 1b as follows, 

𝑅𝐷𝐼𝑠𝑡
𝑡 =  

ln(𝛼𝑡) − µ
ln(𝛼𝑡)

𝜎ln(𝛼𝑡)
, (1a)       

with 

𝛼𝑡 =  
∑ 𝑃𝑗

𝑡
𝑗=1

∑ 𝑃𝐸𝑇𝑗
𝑡
𝑗=1

, with j = [1, t]        (1b) 

 

 

wherePj and PETj are rainfall and potential evapotranspiration of the jth month, respectively (Tsakiris and 

Vangelis, 2005), and µ
ln(𝛼𝑡)

and 𝜎ln(𝛼𝑡) are the arithmetic mean and its standard deviation ofln(𝛼𝑡). 

Estimate soil water potential  

 

The soil hydraulic parameters for the sites were obtained from ASRIS (2014) (Table 1). The water 

retention curve was fitted by using RETC 6.02. RETC is a hydrological model which is used to analyse 

the soil water retention and hydraulic conductivity functions of unsaturated soils(Van Genuchten et al., 

1991). It fits observed soil water retention data to plot a water retention curve and estimate the first-order 

mass transfer coefficient (α) and coefficient n. These two coefficients are incorporated in to Hydrus 1Dto 

estimate the soil water potential (ψ). Hydrus 1D is a hydrological model that is used to analyse water 

movement in unsaturated, saturated, or fully saturated porous media. Hydrus 1D can perform in 

prescribed head and flux boundaries, boundaries controlled by atmospheric conditions, as well as free 

drainage boundary conditions(Šimůnek et al., 2008). The depth-averaged soil water potentials were 

estimated over a 30 cm (𝜓𝑚𝑖𝑛
30̂ ) soil depth by averaging the point estimates at 100 nodes evenly spaced 

over that depth. This was repeated over a 5 cm (𝜓𝑚𝑖𝑛
5̂ ) depth. As the minimum soil water potentials are 

critical for survival of vegetation (which may reach up to permanent wilting point), the monthly minimum 

depth-averaged soil water potentials were recorded. 

 

Table 1. Hydraulic parameters of selected locations 

 

 

 

Data Cairns Melbourne Bourke 

Soil type Sandy loam Sandy loam Sandy clay loam 
θr(cm3 cm-3) 0.05  0.1 0.07  
θs(cm3 cm-3) 0.47  0.513  0.33  
α (cm-1) 0.1864 0.1114 0.023 
n (-) 1.2087 1.3695 1.296 
ks( cm day-1) 106.1 106.1 31.44 
Length of meteorological 
data 

1988-2013 (25) 1988-2013 (25) 1971-1996 (25) 
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Figure 2. Correlation between ψ
min

depth
(PF) versus RDI (the scatter plots represents the best and poor 

correlations of each site.  
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Figure 3. Time variation of monthly minimum soil water potential at 5 cm depths and RDI (one and 

twelve month time scale) throughout the modelled period for the Burke site 

Statistical comparisons of RDI with soil water potential 

The performance of the drought indices in predicting soil water droughts was evaluated by comparing 

RDI with the minimum soil water potential data during the corresponding period. Monthly minimum soil 

water potentials were transformed in to logarithmic values. The correlation between the logarithmic 

values of estimated monthly minimum soil water potential (Ψmin) and the RDI values were calculated and 

are summarised in Figure 2. Plots of the values of log Ψmin versus RDI were visually assessed. Plots for 

RDI one and twelve months Bourke and soil water potential are shown in Figure 3. 

Results 

There was a significant correlation between RDI and soil water potential (p <0.05) (Figure 2). The 

correlation is lower for the 12 month time scale than the one and three month time scales (Figure 2). For 

the arid Bourke site, depth-average soil water potential reduced by up to -29892 and -2387 hPa over the 5 

cm depth (Figure 3) and 30 cm depths respectively, while for tropical Cairns the corresponding values 

were-7633 hPa and -241 hPa; and for temperate Melbourne, they were -4962 hPa and -258 hPa. 

Correlations between log Ψmin versus RDI reveals that the three month time scale has a significant 

correlation (R2=0.41, p<0.05), while the twelve month time scale has the lowest correlation (R2=0.11, 

p<0.05) for all three locations (arid, temperate, tropical) and two selected depths (3 cm and 5 cm) 

respectively (Figure 2). RDI shows the highest correlation between log Ψmin and drought index for all soil 

depths for arid Bourke (R2=0.60).  

Discussion 

It is expected that rain-fed agriculture will remain as the principal source of food production for the 

foreseeable future. Climate variability and change results in unpredictable rainfall patterns which can 

generate severe and prolonged droughts. The overall impact of drought on rain-fed agriculture is complete 

crop failure (Rockström et al., 2003). Though droughts can be represented by many forms such as 

meteorological, hydrological, agricultural etc. (Mishra and Singh, 2010), with respect to crop failure and 

agricultural losses, the specific and most essential variable for measuring drought is plant available water. 

Soil moisture is a vital indicator of the impact of meteorological conditions and of the extent that 

agronomic measures need to be applied (Kulik, 1965).Therefore it is questionable whether to use 

meteorological indices to detect agricultural droughts. In this study we compared agricultural drought 

indices with physically based soil water potential in three different sites in Eastern Australia. The findings 

of this paper can assist in assessing whether simple drought indices are adequate for agricultural drought 

estimations or more advanced soil water models are required. 

The strength of the correlation between soil water potential and RDI at a range of time-scales varied 

between locations. Melbourne on average had the lowest correlation between RDI and soil water potential 

at all depths. For most locations and soil depths, medium-term droughts (three month time-scales) had the 

highest correlations, except for Melbourne at 30 cm depth. Locations such as Cairns where the seasonality 

is the key determinant of drought occurrence showed poor correlations between long-term droughts 

(twelve month time scale) and soil water potential. Our results suggest that it is important to identify the 

correct time scale to estimate agricultural droughts in different climatic regions using RDI and also soil 

properties and climatic patterns at different locations will affect the strength of the correlation. 

Differences between soil water potential and RDI indicate that rainfall and evaporation which are used as 

input parameters for meteorological drought indices alone cannot account for the vulnerability of an 

agricultural land to droughts (Audet et al., 2013). 
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Though the correlations between drought indices and soil water potential (figure 2) were significant, and 

in some cases strong, future work need to use more quantitative measures to assess how well an index 

predicts modelled soil water potential and crop failure. Whether or not failure will occur can be evaluated 

by using a threshold, such as permanent wilting point of the crop of interest. Further research need to also 

assess model uncertainties used to estimate soil water potential. Uncertainties can be assessed through 

sensitivity analysis a long with an assessment of failure rate and false alarm estimation. Uncertainty 

analysis may show that simple drought indices are equally as reliable as complex models given the 

uncertainties associated with physically based models. 

Conclusion 

Droughts are considered as one of the major natural hazards affecting agricultural productivity. Therefore 

climatological research has focused on drought analysis and produced many meteorological drought 

indices. Most drought indices are attractive due to their simplicity. However the reliability of simple 

indices for estimating agricultural drought is debatable. In this study we compared physically based soil 

water potential to meteorological drought indices. Results reveal that the correlation between physically 

based soil water potentials and meteorological drought indices are significant, and in some cases strong, 

however the reliability of detecting crop failure events remains questionable. 
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ABSTRACT 

       Sericulture is technique of silk production. It is an agro industry playing an important role in the 

economic development of rural people. Like all other agro-based industries, a great deal of waste will be 

generated in the process of silk production right from leaf to fabric along with the main product. Best 

possible utilization of sericultural wastes and by-products will generate added income for the 

sericulturists. Cultivation of mulberry for silkworm feed is one of the prime activities in sericulture. 

Mulberry has been cultivated with the sole purpose of feeding the silkworm Bombyx mori L. In addition to 

the major utilization of mulberry leaves as silkworm feed, it is being used for many other purposes. 

      Mulberry is a powerhouse of nutrients and is an excellent source of protein. Like other leafy 

vegetables mulberry leaves are also good for consumption. Mulberry tea is excellent for many health 

purposes and refreshment. Mulberry fruits are edible, rich in minerals and vitamins. From the roots, 

barks and leaves, several herbal medicines are prepared. Some of the woody mulberry trees provide 

timber used for making sports items; toys etc, Mulberry branches after silkworm feeding are generally 

dried and used as fuel. The foliage of mulberry is used as a fodder for cattle. By-product utilization and 

management deserves a special attention which could make sericulture furthermore attractive.  

Keywords: Mulberry, Sericulture, Value addition 

INTRODUCTION 

Mulberry belongs to the genus Morus, of family Moraceae. It is reported that mulberry consists of more 

than twenty species and several subspecies or varieties. Mulberry has been cultivated in many countries 

for a very long time with the sole purpose of feeding the monophagous silkworm Bombyx mori L. In 

addition to the major utilization of mulberry leaves as silkworm feed, it is being used for many other 

purposes, for which it is called as Kalpavriksha. The modern interest on the cultivation and use of 

mulberry for animal feed and medicinal uses has been started due to search for alternative uses of 

mulberry, once the sericulture decayed due to industrialization and competition from foreign countries in 

case of Japan and Italy (Machii 2000 and Cappellozza 2000). In addition to the major utilization of leaves 

as silkworm feed, they have many excellent and beneficial functions to do. This has opened a new vista to 

think about other uses of mulberry apart from silkworm feed. 

 

Mulberry as an Animal Feed 

In recent times cultivated area is getting decreased in developing countries due to many reasons like 

increase in population and industrialization. So farmers are facing a problem with short of area to grow 

grass as a mono crop to feed the cattle. It is a known fact that mulberry has been used as animal feed for 

long, since farmers are well aware of the nutritional value of the mulberry as a feed. In silkworm rearing, 

the tender leaves are used in first and second instars and mature leaves are used for the rest of the instars. 

In this process a lot of residual leaves are left with, which are excellent feed for sheep and other livestock. 

Mulberry can be grown along the grasses or it can be grown along agricultural fields, roadside, canals and 

marginal land while undercut and carry systems it is very well suited for small farmers livestock. 

In all traditional sericultural countries like China, India and Korea feeding of leftovers of silkworm 

feeding and plant residues to domestic animals is a common practice. Majority of fodder plants for cattle 

are grass species. There are many advantages when grasses are cultivated in combination with fodder 

trees. Grass grown under shade is fresher than grass exposed to strong sun, out of shade, when grasses are 
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fed in combination with tree leaves, animals have become healthy due to balanced mineral intake and 

high protein content in mulberry and most important feature of mulberry as feed is its high digestibility 

and high palatability by all domestic animals. Normally digestibility values vary between 70-90% for 

leaves, 37-44% for the stem, 60% for the bark and 58-79% for the whole plant (Sanchez 2001). 

Many reports say that mulberry increases milk yield and reduces feed cost. Mulberry leaves, remaining in 

the late autumn and waste leaf to much extent are used for feeding animals; the leaf contains crude 

protein, crude fat and crude fiber. A large number of cattle, particularly in hilly areas cannot be 

maintained on the fodder produced on arable land alone. Cattle feed on mulberry have been found to 

improve their milk yield. Mulberry leaves are a valuable source of vitamin and improve the health of 

poultry birds and increase egg production. Although mulberry is a valuable resource in many conditions, 

it has been particularly beneficial in tropical climates, where grasses have been the customary basis of 

production. It is reported by Sanchez (2001) that mulberry is 80-100% better than grasses and 40-50% 

better than tropical legumes for small ruminants.  

Mulberry for Poultry Rearing 

Tateno et al (1999) and Sudo et al (2000) have observed that with feeds containing up to 9% mulberry 

leaf meal, egg size and production were similar to the commercial feed control. Further, they noticed the 

improvement in the yolk color, increase of vitamin K and beta-carotene in the eggs produced from the 

poultry birds fed with mulberry. Many reviewed the beneficial effects of the integration of poultry rearing 

into mulberry gardens from the point of view of weeding, additional organic fertilizer, quantity of poultry 

products and cost. 

 

Mushroom Production 

Mulberry stem and stem powder are found to be a good source of media for mushroom production 

(Machii 2001). 

 

Mulberry as a Foodstuff 

Amaranthus, pea, cucumber and drum stick leaves etc., are generally consumed. Now mulberry leaves are 

also found to be equally good. Mulberry is a powerhouse of nutrients and is an excellent source of 

protein. 3 ounces of mulberry has nine grams of protein and also rich in polynutrients like anthocyanin, 

flavonoids, lutein, zea-xanthin, beta carotene and alpha carotene. The growing mulberry leaves contain 6 

– 6.8% crude protein. Vitamin A, B, C and D are also found in mulberry leaves. Especially they are rich 

in vitamin C. In addition, mulberry leaves contain 4% soluble carbohydrates, 0.6% crude fat and several 

compounds of calcium, phosphorus, silicon, manganese, magnesium, iron, copper, zinc etc., are found in 

mulberry leaves. Hence, mulberry leaves satisfy the dietary requirement of human beings and contain all 

the elements required for the body. Resveratrol, an antioxidant, is found plentifully in the mulberries. It 

helps to promote heart health and overall vitality. 

 

Sarita et al (1997) from India discussed about the preparation method of Paratha, Pakoda, Saag, Dhokla, 

steamed products with mulberry leaves and noticed that the products prepared from mulberry leaves were 

acceptable and tasty. Mulberry leaves can be used as a green vegetable. In Japan, mulberry leaves are 

used to make a dish called “Tian-Fu-La” and mulberry leaf powder can be added to flour for pastries and 

cakes (Li 2001). The leaves that silkworms love contain agents that can significantly improve our health 

(Will Block, 2004).  

Dried mulberry leaves can also be used as a tea. Mulberry leaf tea is rich in a variety of nutrients and trace 

elements that are beneficial to the human body and it is 100 percent caffeine and tannin free. Mulberry tea 

is great for refreshment and for health. Mulberry leaf tea is quite simply one of the best things, one can 

consume for health. Recently Thai and Japanese scientists found that mulberry has nutritional value and 

vitamins which give more advantages than just a tea to drink. To use mulberry green tea for health it 

needs to be of a good quality, color, fragrance, in addition to a satisfying taste. The organic mulberry tea 
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is used to cure hypertension, hyperlipidemia and hypercholesterolemia. Drinking mulberry green tea 

reduces the risk of hardening of the arteries causing heart attacks and increases blood circulation and flow 

of other liquids of the body, i.e. lung, stomach, intestines, kidney and the urinary tract. The health 

drinks/green teas prepared from mulberry are popular in Japan, China, Thailand and South Korea. 

Mulberry leaves contain antioxidants that help the body to detoxify harmful excess free radicals. 

Antioxidants promote heart health and help to combat and guard against diseases like diabetes, blood 

pressure, intestinal problems and others. In East Asia mulberry leaf tea is known as a possible aid to 

decreasing cholesterol, hypertension and the control of blood sugar levels. Powerful glucose blocking 

agents prevents the body from absorbing many common sugars so it’s a great aid to manage diabetes and 

also weight Loss. Additionally mulberry tea is full of antioxidants, which are key in strengthening the 

immune system and in reducing the bad cholesterol. 

Mulberry fruits are syncarpous, usually they are ovoid or subglobose or ellipsoid to cylindrical. The 

colour varies from white to pinkish white, purple or dark purple to black. Mulberry fruits are edible and 

well known for its delicious taste. The fruits of the mulberry are sweet and soft. Because of their 

sweetness, they are of little value for culinary uses. The ripe fruits are harvested by gently shaking the 

trees. They can be consumed directly or can be used in the preparation of wine, jam or soft drinks. “Da 

10” is the most popular mulberry fruit variety, which is planted in Zhejiang, Guangdong and Jiangsu 

provinces of China (Ye 2001). Mulberry fruit research has become more active in the Sericulture 

Research Institute of Yunna province, China is utilizing many species in cross breeding for fruit 

production, the result of which is DL- number 1 (Chu et al 2001). 

 

Mulberry fruits have many excellent characters like nice taste, attractive color and high nutritive and 

medicinal values. Fresh mulberry fruits are rich in amino acids, vitamins and minerals, such as Zn, Mn, 

Fe, Ca that are indispensable for the human body, in addition mulberry fruits also rich in pectin and fibrin. 

Fruits can be used as coloring and flavoring agent (Shiva Kumar et al 1996). Ascorbic acid content is as 

high as 20mg/100g in fresh fruit (Chu et al 2001). Fruits are eaten fresh and used for pickle preparation 

too. It contains malic acid, citric acid, pectin, mucilage and a coloring matter. In addition, mulberry leaf 

and fruits are also eaten as fresh or dried vegetable or mixed in confectionery stuff as noodle, soybean 

curd, cakes, ice-cream, yogurt, beverage, wine, rice-cake etc. 

Mulberry as a Medicine 

India is endowed with a rich wealth of medicinal plants. These plants have made a good contribution to 

the development of ancient Indian medicines. Despite the rich heritage of knowledge on the use of plant 

drugs, little attention had been paid to grow them as field crops in our country till the early twentieth 

century. But during the last fifty years, efforts were made to undertake the cultivation of many of these 

drug plants which found suitable and remunerative for commercial cultivation. 

 

Mulberry is such a plant with a variety of medicinal properties. Mulberry leaves, roots and stems are very 

well used in the pharmaceutical industry. High SOD and flavonoid in mulberry leaves can eliminate free 

radicals (Fujun 1989) and therefore defer caducity (Fujun et al 1996). Muscle injection of the extract from 

dry mulberry leaves can cure filariasis (Peiyi and Zhenhai 1990). It is very well proved in animals that 

mulberry leaves had significant effects on lowering blood sugar content (Fujun et al 1995, Mengzhao, 

1989, Noda 1998, Youye et al 2000). It is reported (Zhu and Lu 2001) that every part of a mulberry tree is 

being used in Chinese medicine. Mulberry leaves can be used to treat nose bleeding, night sweating, eye 

illness, acne and so on (Yi et al 1997).  Research also found that mulberry leaf amylase could improve the 

capability of resisting blood sugar in alloxan-induced hyperglycemic mice and accelerate the excretion of 

insulin. Antherogenic rats were used to verify the function of mulberry leaves on lowering cholesterol and 

blood pressure. When rats fed mulberry leaves (1g/Kg), total cholesterol decreased as much as 49 percent 

(Mingde 1999) phytosterols could constrain the assimilation of cholesterol in the intestine (Xiao et al 

1999). Yong and Jingzhi (1999) stated that mulberry lower blood pressure might be due to the existence 

of high contents of GABA. The high GABA could lower blood pressure and resist arteriosclerosis.  
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Mulberry is investigated for its plentiful medicinal values and being used in Korea (Lee and Lea, 2001) 

and China (Zhu and Lu 2001) extensively. Lee and Lea (2001) reported that by 1500s in both China and 

Korea, it is recorded with elaborate prescriptions that most parts of mulberry plant and also silkworms 

were utilized for their medicinal effects in various human illnesses, mainly for beriberi, external swelling, 

diabetes, stroke, snakebite, insect bite, sweating, boils, open wounds, burns etc. Mulberry which is rich in 

vitamin B and C can be used for maintenance of normal or expedited activities of systems for immune, 

anti-oxidation and metabolic turnover of fats and carbohydrates. Mulberry leaf also contains rutin a 

flavonoid for the active capillary system, Gamma Amino Butaric Acid (GABA) for lowering blood 

pressure and Deoxynomycin (DNJ) for lowering blood sugar level. In addition, in mulberry leaf there is 

sitosterol for lowering blood cholesterol levels. Based on preliminary experimental results with mice, 

much publicized awareness and better health in later ages, mulberry leaf powder is already available in 

Korean markets, as supplementary health food in the form of tablets or capsules, along with mulberry leaf 

extract added to beverages. Various ways of utilization of mulberry for human are very popular, presently 

in Korea with the considerable demand at a commercial level, as scientific knowledge and technology of 

mulberry has excelled in health and food are becoming available to the public (Lee and Lea 2001). Ye 

and Ye (2001) reported that mulberry leaf has many biological functions such as anti-aging, enhancing 

body resistance, lowering blood glucose, reducing cholesterol, anti neoplastic, prevention and cure of 

constipation in the clinical tests. Li (2001) reported that the leaves are used in preparation of mulberry-

chrysanthemum cold tablet. Shiva Kumar et al (1997) from India reported that mulberry juice can be used 

as a moisturizer to keep the skin fresh, to prevent throat infection, irritation and inflammation. Fruit juice 

is used to prevent high fever, diarrhea and cold; root juice has the capacity to reduce blood sugar and 

blood pressure. Mulberry is proved in protecting the liver, improving eyesight, facilitating discharge of 

urine, lowering of blood pressure, anti-diabetic and controlling weight in humans as well as animal 

models (Saurabh Bajpa (2012). The medicinal value of mulberry leaves has opened up a new approach in 

sericulture production. For the last 20 years, plethora of compounds encompassing almost all major 

classes of antioxidants has been reported from mulberry. It includes all flavonoids like flavones, iso-

flavones, flavonolls, anthocyanins, isoprenylated piperdine and pyrolidine glycosides, low molecular 

weight redox compounds like glutathione and various natural amines (Soumen Chattopadhyay et al 

2013). Mulberry is a natural immune booster and prevents flu, cough and cold and other ailments. 

Mulberry also helps with gastritis problem and chronic hepatitis. Drinking a glass of mulberry juice also 

improves vision. It has a high content of vitamin A which strengthens the eye sight and relieves eye 

strain, which is ideal for people who spend hours on the computer. It also protects the eyes from free 

radicals, which is the cause of eyesight loss and retina degeneration. 

According to traditional Chinese medicine mulberry fruit have many functions, enriching the blood, 

invigorating the liver and kidney, fighting senility, preventing chronic hepatitis, curing insomnia, 

increasing the longevity of the life and neurasthenia (Chu et al 2001). Raw mulberry fruit powder is a true 

nutritional treasure, being used in both alternative and traditional medicines for years. It contains a vast 

amount of nutrients essential to one’s health with an overwhelming amount of anti-inflammatory, 

antiseptic cleansing qualities and healing properties to refresh and restore the body. Mulberry fruits enrich 

the blood in the process while soothing and calming the nerves. Eating even a small bowl of mulberries 

before sleeping can cure sleeping disorders. It can also help someone suffering from anemia and can aid 

suffering from vertigo. A few pieces of the mulberry fruit can relieve constipation, lower blood pressure 

and improve the digestive system. Flavonoid present in mulberries prevents the rise and fall of sugar level 

in patients. So it is highly effective to prevent complications in diabetic patients due to sugar level hike. 

Eating mulberry on regular basis will keep the cholesterol level within limits. Mulberries are a good 

source of resveratrol, a potent phytonutrient that researchers believe to prevent cancer and the high level 

of anti-oxidants which stunts the growth of prostrate cells and tumor growth. The pharmaceutical value of 

mulberry is well documented. 

Mulberry in Fish Rearing 

The use of silkworm waste to rear fish has a long history in China. The mulberry dike and fishpond 
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system in Guangdong province, China was famous in the world for its high productivity and sustainable 

recycling within a natural ecosystem (Li 2001). Ye (2001) reported that in Zhujiang valley; the mulberry 

dyke-fish pond model had been well developed. The mulberry is planted in the dyke around the fish pond. 

The pond mud is dredged for the mulberry, mulberry leaves feed the silkworm and silkworm waste goes 

as fish food. The agricultural ecological model combining sericulture with animal husbandry can increase 

economic value and recycling of waste resources. 

 

Mulberry Wood 

The merits of growing mulberry in India are many like high density planting, fast growing, availability of 

many high yielding varieties, easy vegetative propagation, suitable for shoot harvest etc. The mulberry 

wood is valued mainly for the manufacture of sports goods due to its elasticity and flexibility. The wood 

peels well on a rotary lathe and does not require antiseptic treatment. Mulberry wood can be made into 

furniture that is light and durable and this wood is easy to dry and easy to work with because it glues and 

screws well. 

 

It is compared with teak with regard to shock resistant ability, strength, hardness, etc. The timber is used 

to produce hockey sticks, tennis rackets, cricket stumps etc. Wood is also suitable for home building, 

agricultural implements, furniture and turnery especially pickers arms, bobbing and tool handles. It is also 

used for spokes, poles, shafts and bent parts of carriage and carts. The wood is suitable for low grade 

plywood and for paneling, carving and turnery, tea boxes, toys and pencils. Wood is even used for small 

boat and large ship as it is strong, elastic, durable and free from defect. Mulberry wood contains tannin. 

Extracts prepared from wood (tannin content 32%) are considered suitable for tanning and coloring 

purposes. 

 

Different types of mulberry viz., Morus citrifolia, Morus rubra (red), Morus nigra (black) and Morus 

alba (white) exhibit a color, hardness and aroma that makes them appealing choices for many wood uses, 

especially to the Japanese and Chinese who have used mulberry wood for centuries for dressing tables, 

full-length mirror frames, tea chests, clothes racks and sewing boxes. 

 

Mulberry wood art is a new concept that has potential to be value added product for the art lovers. 

Mulberry wood and old stumps can be natural source for art. The repeated pruning of mulberry plants and 

trees makes the branches take curious turns and curves. White ants which inhabit such old wood eats 

away lot of soft parts, leaving the hard wood an artistic look, naturally. With a little artistic aptitude and 

approach and a lot of patience, one can convert these dried and curiously shaped wood pieces into fine art 

materials of various shapes. Finely finished products will enjoy better value addition and market 

prospects. Wood paint or varnish painted products will give an exquisite look (Tomy Philip 2010). 

 

Mulberry for Basket Making 

Bark is used for paper production and mulberry tree is also used for forest protection against wind and 

sand. In certain parts of the country, the mulberry shoots are used in preparation of baskets for 

agricultural purposes, which bring in better value addition to the farmers. The shoots can easily be bent 

for preparation of baskets. These mulberry baskets are mainly used for carrying vegetables, cereals and in 

construction works. Its cheaper cost and easy availability make it popular among the local people in 

Punjab, Uttarakhand and Jammu & Kashmir. There, farmers are planting mulberry near the roadside, 

backyard etc., for baskets purposes. The basket making can be practiced throughout the year by storing 

the mulberry twigs.  

Mulberry as a Dye 

Yellow dye is obtained from the roots and used in the dyeing process. The fruit can also be used as a 

coloring and flavoring agent. 
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Mulberry as Fuel 

Nearly 64 percent of the energy generated in rural India is used for domestic purposes. These are, 

firewood used as fuel, green and dry fodder as animal feed, and animal litter as manure. Most of the 

energy consumed in rural areas which has to be self-dependent in fuel requirement is non-commercial 

energy. India’s rural population has been dependent on non-commercial sources and fuel wood alone 

accounts for 40 per cent of its total energy use. One of the main sources of fuel for the sericulturists is the 

dry mulberry branches available after the annual pruning of mulberry crop. Normally, the by-products of 

most of the field crops consist of fodder and to some extent, manure. But, by growing mulberry the 

farmers would get fuel, fodder, manure and fruits too. At the same time, since mulberry is propagated by 

cuttings, a certain quantity of mulberry branches would be used as seed material, which would otherwise 

be used as fuel wood. 

 

Increase the production of mulberry stick yield by bringing more area under mulberry. Integrating 

mulberry under different cropping systems; raising mulberry on small/large scale “energy plantation” in 

cultivable/wasteland/watershed/canal bund, etc., under various developmental/conservation programs; 

involving fuel energy demanding private sectors for “Self-help, bio-energy plantation program”. In 

sericultural villages/areas, establishment of the fuel wood market center, wood gasifier, etc., needs 

priority. The strategic programs may help to meet the fuel needs in rural area, reduces soil erosion and 

conserve eco-system besides helping cocoon production. 

Mulberry can be established for different purposes, considering its potentiality and also the fuel energy 

crisis in the rural areas. The uprooted old mulberry stumps are also excellent firewood. “Mulberry for 

Fuel energy” would be more appropriate besides cocoon production in the future sericulture programs of 

the country. 

Mulberry Cultivation for Social Forestry 

Social forestry and agro-forestry are two fruitful weapons to combat the indiscriminate deforestation. 

Development of social forestry with mulberry intercropping can protect the environmental decline. 

Mulberry cultivation under social forestry, especially with proper agro-climatic conditions could be 

considered as an effective method of land management. 

 

Cosmetics from Mulberry Leaf 

It has been reported that steam distillates of mulberry leaves contain various volatile constituents viz., n-

butanol, methyl-ethyl acetaldehyde, n-butyladehyde, isobutylaldehyde, valeralaldehyde, hexaldehyde, â-

ã-hexenal, acetone, methyl-ethyl ketone, methyl-hexyl ketone, butylamine and acetic, propionic and 

isobutyric acids. Further, the presence of various chemical constituents such as calcium malate, succinic 

and tartaric acids, xanthophylls and isoquercitrin, tannins, adenine, choline and trigonelline bases in 

young leaves of mulberry is reported. Mulberry leaf is also reported to contain compounds of cosmetic 

value. Compounds such as apigenin, ascorbic acid, beta-carotene, bilobalide, chromium and quercetin 

present in mulberry leaf are used in anti-aging creams. Behenic acid, myristic acid and stearic acid are of 

cosmetic importance. Apigenin and rutin are reported to possess sunscreen activity. Various soaps, 

sunscreen lotions, hair oils, hair conditioners and anti-agening creams prepared from mulberry leaves are 

already commercialized in Asian countries and Australia (Chowdary et al 2009). 

 

Conclusion 

Mulberry is clearly an important part of good diet. Everyone should benefit from consuming more of 

them in any form directly or indirectly. Multipurpose uses of mulberry are well documented by several 

workers all over the world. It is well known fact that mulberry is one of the rare tree species, which can 

serve all the important requirements of mankind namely, food, fodder, medicine, fiber and fuel etc. 

Still there is a vast scope to explore this wonderful plant for the welfare of the mankind 
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Abstract 

A seroepidemiological study to detect the presence of the antibodies against West Nile Virus (WNV), 

Influenza A Virus, Equine Infectious Anemia Virus  and Equine Arteritis Virus (EAV) was carried out  in 

some of the  private  stables of  breeding and racing horse  clubs  in Iran  , from April 2013 to July 2014. 

The main objectives of this study was to determine the serological status of the most important common 

equine  virus diseases  in a small scale of private breeding horse centers in Iran  and then analyzed these 

C.  Out Of 126 o20 -acquired  information . Serum suspected samples were collected and then kept at  

samples, 3 (2.38%), 1 (0.79%), 37 (29.36%), 85(67.46%) were seropositive for WNV, EIA, EAV and 

Influenza A Virus, respectively. The results revealed that antibodies against WNV, EIA and EAV were 

present in these breeding centers and may be transmitted to each other by direct and indirectl contact  

meanwhile, previous exposure to WNV, EIA and EAV might not have occurred in Iran due to low 

percentages of WNV and EIA seropositive cases and low percentage of EAV seropositive results. 

Seropositive cases of WNV, EIA and EAV were as same as other reports. Since high percentages of 

Influenza A seropositive results, the agents are likely circulating amid different regions in Iran. 

Keywords: Equine, Infectious virus diseases , Seroepidemiology,Iran. 
 

Introduction  

The Nile west viral disease is a zoonotic that is transmitted by the mosquito species. It belongs to 

flaviviridea family with single strand RNA in Culex, Aedes and Ochlerotatus (32). The virus is circulated 

in environment (24, 28).The migratory birds are probably responsible for distribution of virus during their 

migration to Europe, Asia, Africa and Middle East (4, 26, and 32). Infectious equine anemia (EIA) is a 

contagious viral disease in the horses that is recognized over 70 years ago. EIAV is a Lenty virus own to 

retrovridiea family with a worldwide distribution (29, 53). This disease is transmitted by biting insects 

fly, and infected equipment such as infected needle and blood as carriers (18). A latent or clinically 

indistinguishable state from EIA also can develop in horses. The disease is clinically characterized by 

recurrent episodes of fever, depression, edema, hemorrhage, abortion, chronic weight loss, splenomegaly, 

anemia, pale mucous membranes and continuous virus infection associated anemia. EIA is diagnosed 

with different climatic characterization in the world and causes economic loses. In most cases, animals 

may be seropositive and have no clinical symptoms. In past years suspected cases of equine infectious 

anemia was suspected in Tehran, but based on available resources, any attempt to confirm the presence of 

the disease in the region is not reported. Horse arterial inflammation virus (EAV) causes the horse 

arthritis. EAV is a positive sense RNA virus belongs to the arteriviridea family, gentiartery virus and 

placed in order of nidovirals (11, 55). Natural infection EAV is seen in the horse and the donkey and the 

virus have greatly prevalence between world's horse populations (3, 12, 19, 20, 21, 48, 49 and 50). Horse 

influenza type A (EIA), is a respiratory disease in horses. The disease is widespread and the virus belongs 

to ortomixoviridae family and of two distinct subtypes of influenza virus A (H7N7 and H3N8) (38). In 

most countries with large populations of horse, virus can be seen. Our goal is to obtain important data for 

the prevention, control and design a advance vaccination plan for the future. In addition, due to the 

potential of commonality of the West Nile disease between humans and animals, this problem requires 

further attention. Since the sampling is very sensitive work, four serological diagnostic tests were run 

concurrently. According to the authors knowledge it is the first study on the seroepidemiology of the 

West Nile virus, equine viral arthritis virus and influenza A in Iran. 
 

Materials and Methods 
126 serum samples were randomly collected from 10 horses aged over 3 months in Tehran and Alborz 

provinces. To identify and trace viruses WNV, EIA, EAV, IAV, samples were tested by ELISA. 
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Diagnostic kits were from the IDVET Company, France as listed below, and tests were performed 

according to the manufacturer's instructions. Then, data were analyzed  

  ID Screen® West Nile Competition ELISA kit 

  ID Screen® Equine Infectious Anemia Double Antigen ELISA kit 

ID Screen® Equine Viral Arthritis Indirect ELISA kit 

ID Screen® Influenza A Antibody Competition ELISA kit 

 

Results 
Serological study of 126 samples, 3 samples (38/2%), 1 case (79/0%), 37 case (36/29%), 85 samples 

(46/67%) were respectively positive for WNV, EIA, EAV and influenza A virus (Table 1). Provided data 

showed that the antibodies against equine infectious anemia virus, West Nile, influenza A viral arthritis 

horse are present in two provinces of Iran provinces. According to the calculations and statistical analysis 

of test results 

Table 1- Elisa Results test and percent of positive sera against equine viral  dieases  
                                 Results     

Virus                

No of  positive samples  Percentage 

West Nile Virus( W N V) 3 38.2 

Equine Anemia Virus ( EAV) 1 79/0 

  Equine Arthritis Virus (EAV) 37 36.29 

Equine Influenza Virus ( EIV) 85 67.46 

Total 126 1000 

 

Discussion and conclusions 

West Nile virus have been reported in the all continent (5, 32). 20% of the infected animals with the virus 

are suffering from disease (10). During 2001 and 2004, antibodies against West Nile virus have been 

studied in the most of the animal species (horses, cattle, camels, pigs, and sheep) in the Turkey, Astrakhan 

region, (54). Based on a study of 13 human population in 7 provinces of Iran (East Azerbaijan, Gilan, 

Mashhad, Tehran, Isfahan, Kermanshah and Khuzestan) was carried out in 1976 , of 698 human serum 86 

(6/26 %) were antibodies positive against West Nile virus, in 6 provinces out of seven provinces 

(excluding East) and Dezful in Khuzestan province was highest rate (45). In Tehran, the evidence shows 

that since 2010, prevalent rate of West Nile virus is (3 positive samples of 126 serums). It seems that 

import horses from abroad, especially from  European countries might be due to serum positive 

and causes west Nile viral disease in racing horsrs in 2010 yeas.  

PCR and ELISA methods are used to identify infected animals. In this study, disease in horses was traced 

by ELISA test. Our finding confirmed the presence of antibodies against EIA virus in Tehran province. 

This may be due to the imports of serum positive horses from abroad, although its rate is less than 1%.  

Existence of the virus strain on the epidemiology of the disease is important because antigenic differences 

between strains can be used to deal with natural infection or vaccination of adequate protection. 

The widespread use of the aircraft for the transport of animals between countries over a short period, has 

increased the prevalence of equine influenza virus and that the prevalence of equine influenza type A 

virus in horses in North America and South Africa is shown in the previous outbreaks in Hong Kong in 

2003. 

However the results show that all four studied virus should be detected with molecular techniques such as 

RT-PCR. The limiting quarantine programs shall be implemented by public authorities, especially for 

West Nile virus because of the importance of sharing between humans and animals. In addition, 

vaccination, improved livestock and quarantine for influenza A, vaccination and mosquito control for 

West Nile virus identification and eradication of horses infected with mandatory testing for infectious 

anemia, equine viral arteritis and eventually vaccination for mating and control outbreaks in the 

tournament, quarantine and maintaining are highly recommended.Seroepidemiology study on current 

equine viral diseases in the stables of breeding and racing horse  clubs in Iran 
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Abstract 

Bovine Viral Diarrhea Virus (BVDV), is in the Flaviviridae family and a member of genus pestivirus that 

causes reproductive, respiratory and enteric disorders and economic losses. BVDV is one of the most 

important cattle virus that is controlled internationally in trading of live cross bred cattle and all bovine 

biological products. Infection of BVDV in cattle causes a notable loss in reproduction and acute infection 

BVDV in pregnant cow usually causes persistent infection (PI), embryonic death, mummification, 

deformity and weak neonatal. Infection in the first trimester probably yields a living source of BVDV in 

the herd. Infection in non-pregnant cattle causes an immunosuppressant, thus co-infection mastitis and 

opportunistic infections with other pathogen is common found. For epidemiological purposes, it is 

important to detect the viremic status of animals in addition to their serological status. The aims of this 

survey were to estimate the seroepidemiological survey if BVDV in cattle in small scale private farms in 

the Qazvin province and statistical analysis of the results. This study was conducted on 994 sera samples 

that were taken of 128 cows in eight farms as randomly in a period of two years (2011-2012) at four age 

groups and four season of a year, in Qazvin province and tested by indirect ELISA. The epidemiological 

data related to animals and management were collected and analyzed to draw meaningful conclusions. 

The results of indirect ELISA test revealed significant association between ages and seasons of the year. 

It is indicated that a widespread of virus in cattle, the occurrence of BVDV were (33.59%-55.46 %),  on 

basis  of  animal age groups at 1- 4 years old and  antibody increased graph, indicated  that  cattle  were 

involved in accordance with seasons as %33, %.59, %39.08, and %63,58.59 in spring, summer, autumn 

and winter, respectively. Statistical data analysis showed significant differences (P<0.05). Consequences 

indicated that BVDV disease is dependent on age and season of the year. Therefore,  the  most  

occurrence was mainly happened in autumn season at four years old in dairy cattle herds. The study 

demonstrated usefulness of indirect ELISA test for the detection of BVDV in cattle samples owing to its 

sensitivity, rapidity, reproducibility and wide epidemiological studies. Conclusion of this study showed 

that the prevalence of BVDV infection is high among aborted cows of Qazvin province.  

Keywords: Bovine Viral Diarrhea Virus, Seroepidemiology, Reproduction, Iran 

 

Introduction 

Bovine Viral Diarrhea Virus (BVDV), belongs to the pestivirus genus, within the Flaviviridae family 

(Pringle, 1999). Numerous Bovine viral diarrhea (BVD) is an infectious disease of cattle with a 

worldwide distribution (Ridpath, 2010), causing significant economic losses (Fourichon et al., 2005). 

BVDV infection is listed as a group B disease (milder infection disease) on the list of noticeable animal 

disease (Valle et al 2001). Infections can be either persistent or transient. Persistently infected (PI) cattle 

are key in spreading and maintaining the infection within and between herds, as they continuously shed 

large amounts of BVD virus (BVDV) during their entire lives (Fulton et al., 2002).  

BVD virus not only causes abortion but also cause congenital defects especially when the infection occurs 

during mid gestation (100-150) days (kelling, 2007). Regarding viral diseases that cause abortion at first 

trimester, BVD was known to cause the problem and disrupt the pregnancy before the conception (Allen 

et al., 2005). BVDV is a heterogeneous group of viruses which are classified in two genotypes, BVDV-1 

and BVDV-2 based on genetic make up (Becher et al, 2003). Each BVDV genotype exists as a 

cytopathogenic (CP) and non-cytopathogenic (NCP) biotype. Bovine viral diarrhea virus may cause acute 

transient  (TI) or persistent infection (PI) depending upon the stage of gestation and type of infecting viral 

strains CP viruses have only been isolated in connection with outbreaks of mucosal disease while NCP 
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viruses of both genotypes are commonly found in nature and cause PI in animals by avoiding the 

induction of a type-1 interferon response in fetus and establishing immune tolerance at the time when 

fetus differentiate self from non self (Meyling and Jensen, 1998, Charleston et al, 2001). Economic losses 

are directly related to multiple clinical forms of the infection that vary from the subtle enteric infection to 

the fatal mucosal disease caused by a combination of cytopathic and non-cytopathic biotypes of the virus 

(Talebkhan Garoussi, M. (2007). In many countries control programs are being applied for the eradication 

of the diseases of economic importance, however, success of the programs depends on the ability to truly 

detect all PI animals at a young age which are main source of the infection within herds. Among different 

serological assays, the most commonly used antibody detection techniques are the virus neutralization test 

(VNT). VNT is labor intensive and also less accuracy to ELISAs test (Sandvick, 2005).  An alternative to 

the VNT is indirect and blocking ELISAs, are commonly used as an alternative to the VNT, ELISA have 

many advantages over the VNT for BVDV, the test formats have been largely limited to ELISA which is 

a valuable diagnostic test to measure the level of BVDV specific antibodies as well as antigen in blood 

samples. In general, ELISAs have proven to perform well in practical use, with sensitivity and specificity 

values between 95 and 100% (Sandvick and Krogsrud 1995, Brinkhof, et al., 1996). Qazvin with density 

industrial breeding cow in different races as well as, high agricultural economic value was selected. 

However none of the previous surveys have showed the potential risk factors contributing to BVDV 

infection in this area. Abortion was a main problem in cattle herds of this region and so far, no survey has 

been undertaken to show any relation between BVDV infections in aborted cows in this province. 

Although it has been emphasized in many publications that BVDV control requires a combination of 

different, strictly executed measures, little information is available on how these recommendations are 

implemented in the field. This study highlights the prevalence rate of BVDV infection among cows with 

the history of abortion by using indirect ELISA technique to determine any significant association 

between the rate of BVDV infection and abortion in livestock. 

      

Material and Methods 

Collection and processing of animals blood samples 

During 2011-2012, a total of 994 blood samples were collected in sterile condition from 128 different 

dairy cattle in Qazvin province. Animals were selected randomly in four different age groups between 1-4 

years old and four seasons of each year. They were reported to be clinical symptoms with the history of 

diarrhea and abortion. Serological tests Samples of blood were collected in 10 ml tubes without 

anticoagulant and centrifuged at 1500g for10 minutes in order to obtain sera samples. These bovine sera 

were then tested for detected of antibodies to BVDV by commercial kits (IDEXX Herd Laboratories) 

ELISA assay.  
 

Indirect ELISA assay BVDV antibody detection by  

All 994 sera samples were subjected to ELISA test for detecting the presence of BVDV antibodies for 

each season. The assay was performed by BVDV kit antibody detection test in a 96 well micro titration 

plates that were coated with BVD antigen. Briefly, 25µl of sera was loaded in to each well of plate and 

incubated for 90 minutes at room temperature. The wells were washed for 5 times with 300µl of wash 

solution. Then 100µl of anti-bovine HRP conjugated was loaded in to all the wells and incubated for 30 

minutes at room temperature. The plate was washed again to remote the excess conjugate. For color 

development, 100µl of tetra methyl benzene (TMB) was added to each well as a substrate and incubated 

for 10 minutes at room temperature. The reaction was terminated by the addition of 100µl of stop solution 

to each well. The absorbance antibodies at 450nm were monitored in ELISA reader. The results were 

interpreted by using the optical density value (OD) obtained at 450nm by using ELISA reader 

(BioTec,USA). In case of negative or suspected results, for  confirmative  PI status of affected animal, all 

negative or suspected animals would be resampled twenty one  days after the first round of testing and 

processed again through Ag-detection ELISA  test. The specificity and sensitivity of the test as 

manufacture instruction were mentioned 99.5% and 96.3% respectively.  

 

Calculation and statistical analysis 
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Calculations for test samples were analyzed as follow for BVDV antibody. The presence or absence of 

BVDV antibodies in the sera samples are determined by sample and positive control (S/P) ratio for each 

sample in 450nm. 

 

   100            ×  NCx A –Sample A        S/P = 

                PCx A- NCx A 

        

PCx and NCx represent positive and negative control means, respectively. According to manufacture 

instruction, samples with S/P values less than 0.2 were classified as negative for BVDAb and samples 

with S/P values greater than or equal 0.2 but less than 0.3 were considered suspected and animal should 

be retested in a few weeks.  Sample with S/P value greater than or equal to 0.30 were classified as 

positive. So  negative and suspected BVDV antibodies should be retested by Ag ELISA detection. 

Proportion of seropositivity was compared between aborted and healthy cows using Spearman-Chi-square 

test. 
 

Results 

Screening of sera samples by ELISA test 

The screening of sera samples, collected from diarrheic calves from 1-4 years old in different breeding 

regions near by the province were tested. In total of the 994 sera samples 74% samples were found 

seropositive for BVDV  (Table-1) in autumn season at 4 years old, which suggests presence of a PI 

animal. The overall prevalence of BVDV in Qazvin district was found to be 55.1% in clinical cases and 

dead cases. BVDV seropositive with S/P>0.3 value were, 13.48%, 60.68% and 25.84%, respectively. 

These samples were associated to the first, second and third trimester of pregnancy. The screening of all 

994 sera samples, in which they were collected from diarrheic calves from 1-4 years old,  were tested  by 

commercially available ELISA kit and the results were indicated high prevalence of BVDV. In table (2) 

showed that 510 out of 994 sera samples at four age groups (1-4 years old) with high prevalence rates of 

BVDV from 48.55-74% and 10.15-20. 47% at seasons of winter and autumn during the year 2011, 

respectively. In table (3 and 4) showed that 484 out of 994 sera samples screened by ELISA test 46.5% 

and 32.22% were seropositive between one and four years old, respectively. The virus incidence rate in 

cases at dairy farm were found to be 46.5% and 32.22% at one and four years old and 63% and 59.33% in 

autumn and spring seasons of the year 2012, respectively (Table 3 and 4). In Table-5 showed that a 

significant difference among the average titers of seropositive cases in different seasons of the year 

(P<0.001). In table 5, indicate the results of ELISA test and distribution of BVDV within two years 

(2011-2012) percentages of positive, negative and suspected cases. Totally 1022 dairy cattle between 1-4 

years old were selected as a model. 55.1% were positive within these two years (exposed to bovine viral 

disease virus), 42.2% were negative and 2.7% were recognized suspected animals. The  rate of positive 

cases were 62.5% and 47%, respectively.Animals were grouped by ages, ability to abort, pregnant or had 

aborted during the study for cattle, age grouping were one to four year. Fisher's  Exact test was also used 

to investigate associations between age grouping and seropositivity and a history of abortion and 

significantly associate with abortion during the period of study in cows (P0.0001). The results of 

Pearson chi-square indicated that there was a significant association between seropositive cases and ages 

in different seasons of the year (P<0.01). Highly significant variations were also observed with the age 

group of animals.  Older animals being more frequently infected than younger animals particularly during 

the rainy seasons (74%, P0.0001). However, different ages and seasons played significant role in the 

occurrence and abortion of BVDV while, breed and sex (male and female) had non-significant affect. The 

seroprevalence was significantly higher in autumn than other seasons of the year and in four years old 

comparing with the age of 1, 2 and 3 years old. There was no significant variation between breeds in 

seroprevalence of BVDV antibodies.  
 

Discussion 
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BVDV infection is endemic in cattle populations’ worldwide (Cowley et al., 2012). Infection with bovine 

viral diarrhea virus (BVDV) may result in persistent (PI) or acute transient infection (TI) in cattle (Fulton 

et al., 2002). Both PI and TI animals play important role in maintenance of BVD infection in dairy herds. 

Time and accurate diagnosis of BVDV are of the utmost importance maintaining BVDV free herds. A 

variety of samples such as blood, bulk milk, semen and tissues are used for diagnosis of BVDV with 

variable sensitivity. In this study diagnostic suitability of serum pairs was established by indirect ELISA. 

Since its discovery, ELISA has been widely used for the diagnosis of viral diseases (Mullist et al., 1994). 

Neonatal calf mortality is one of the most common animal health concerns for dairy industry. The 

economic effect of BVDV infection highly depends on the risk of new infections and on the strain of 

virus involved. Most losses are a result of transient infections and BVDV can affect the economic results 

of a herd substantially because of the multiplicity and variations in severity of the symptoms and the 

interaction with other pathogens (Ridpath, 2005). The increased mortality in young calves during early 

days of life, adversely affects the economic stability of most of the livestock farming venture. It has been 

estimated that neonatal disease resulting in calf mortality reduce farm net profit by 38% (Khan and Khan, 

1991). Among the various neonatal disease of calves, diarrhea is of major health concern causing high 

economical losses. Diarrhea affects young calves at an age when they have immature status, lacks specific 

antibody, illustrate high metabolism with added stresses imposed by weaning and sometimes deprivation 

of immune colostrums feeding. Among the various etiological agents of calf diarrhea, viral pathogens 

pestivirus is the most important ones agent of calf diarrhea. However, the pathology of BVDV associated 

diarrhea is often more severe compared to others and it often results in mucohemorrhagic enterocolitis 

(Gune, et al., 2005, Boileau and Kapil, 2010). The reports regarding pestivirus prevalence in dairy calves 

are limited all around provinces that are located in different parts of Iran, the present study was carried 

out to investigate the incidence of BVDV in private small scale in dairy farms employing ELISA kit 

detection of antibodies against of BVDV. In the present study, screening of the sera samples were carried 

out both on live and dead animals during the four seasons for two years (2011-12) in 1-4 years old groups 

because BVDV due to its envelope nature is more stable during cold climates. Evermann, et al., 2001. 

Cho et al., 2000, are reported to cause winter dysentery in adult cattle during cold seasons. The enzyme 

linked immunosorbent assay ELISA was used owing to the facts that most of the immunodiagnostic tests 

developed for detection of enteric pathogen have either low sensitivity and/or specificity. ELISA also has 

ability to detect enteric pathogen even at low concentrations (Selim, et al., 1991). The prevalence rate, as 

tested by commercially available ELISA kit, at Qazvin district was recorded for pestivirus as 74% and 

63% in 2011-12 respectively in clinical cases and 27.22% in dead cases the overall prevalence of BVDV 

in both years as detected by ELISA were 55.1% that is similar with earlier reported virus prevalence, 62% 

above two years old, and 90% in charmahal province by Sadighinajade in 1996 (Kafi, 1998).  Dastmalchi 

was reported  BVD disease  from  14%, 23.6% and 28.8% in  6 moth  and, 2-5, older than 5 years old 

respectively in 2005 (Talebkhan Garoussi, 2007). BVDV plays an important role in causing the calf 

diarrhea the associate mortality as suggested by several workers (Fakour, et al., 2007, Hematzadeh, et al., 

2006). The pathological evaluation of these calves also confirmed that BVDV affects multiple organ 

systems (Hansa, 2010). In the present investigation, molecular tool of  ELISA test was also employed 

further for rapid detection of BVDV, the results support that ELISA is highly application in detecting 

BVDV in clinically diarrhea calves and is more sensitive than  serum neutralization test (SNT). Agar gel 

diffusion test (AGID) ,virus isolation (VI), immunohistochemistry (IHC) in sera samples. A rapid, 

sensitive, confirmatory and timeless detection of BVDV infection by ELISA in calves, detecting even sub 

clinical cases or within their early or late course of illness or after re-infection when low level of virus is 

being shed from intestines in to the sera, is an essential approach concerning epidemiology surveillance as 

it allows for the application of suitable prevention measures prior to the emergence of diarrhea on a farm 

(Cho, et al., 2000).In present study in both test Ag-detection and Ab-detection can be used for the 

detection of persistent infection and positive cases of BVDV by ELISA test that have good sensitivity for 

diagnosis acute transiently infected animals. In this seroepidemiology, incidence of BVDV disease was 

found associated mostly to two main parameters, age and season of year and cattle in four years and 

autumn season were infected more than other age and seasons of the year.    
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Table 1: Distribution rates of BVDV in different seasons of the year 2011 
 

Year 

2011 

Total 

Samples 

Negative 

Samples 

Suspected  

Samnples 

Positive  

Samples 

Spring 127 38.58% 1.57% 59.84% 

Summer 127 31.49% 7.08% 61.41% 

Autumn 128 24.21% 1.57% 74% 

Winter 128 42.18% 2.34% 55.46% 

 

Table2. Distribution rates of BVDV in different ages of the year 2011 

 
 

 

 

 

 

 

 
 

 

Table 3. Distribution rates of BVDV in different seasons of the year 2012 

 

 

Table 4: Distribution rates of BVDV in different ages of the year 2012 

       

 

 

Year 2012 0ne year Two year  Three year Four year 

Spring 7.03% 6.25%  8.59% 11.71% 

Summer 5.46% 7.81%  12.50% 13.28% 

  َAutumn 11.60% 12.50%  16.07% 22.32% 

Winter 9.48% 12.06%  14.65% 20.68% 
 

 

 

     

Table 5- Distribution rates of BVDV in different seasons of the years2011and 2012 ,using 

pearsonChi-square Test analysis with the degree of freedom 

      

Sample 2011 2012 2011 and 2012 

frequency % frequency % frequency % 

Negative 175 3.34 244 50.4 419 42.2 

Suspected 15 3.1 11 2.3 27 7.2 

Positive 319 62.5 229 47.3 548 .55.1 

Total 510 100 484 100. 994 100 

Total 510 100 484 100 994 100 

      

 

       

Year 2011  

               Ages 

One year  Two years Three  years Four years 

Spring 11.81%  12.59% 14.96% 20.47% 

Summer 14.96%  10.23% 16.53% 19.68% 

Autum 18.75%  15.62% 19.53% 20.31% 

Winter 10.15%  10.93% 17.18% 17.18% 

Year 2012 Total Samples Negative Samples Positive Samples 

Suspected 

Samples 

Spring 128 64.06% 33.59% 2.34% 

Summer 128 59.37% 39.06% 1.56% 

Autumn 112 35.71% 63% 1.78% 

Winter 116 39.65% 56.89% 3.44% 
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Abstract:  

The Vipera albicornata is an economically important snake of the Iran, its venomis used for antivenin 

production and we need to breed the snake in the captivity. In order to know about the viper's 

reproduvtive biology, seasonal alterations in ovarian weight, morphology and the follicles developmental 

stages in Vipera albicornuta were studied using macroscopic parameters and histological examination of 

reproductive tissues during of a year. Twenty four female vipers were collected from mountainous zone of 

Bostanabad, East Azerbaijan and Tarom in the Zanjan through years 2011-2012. Evaluation of the 

reproductive parameters of this viper is performed for the first time in the Iran. Our observation revealed 

that, vitellogenesis cycle begin in autumn and continue till early summer, ovaries and follicles are in 

previtellogenesis stage at autumn, vitellogenesis at winter and during spring. Weight of ovary is heaviest 

in spring, ovulation occur at late spring till early summer and copulation is prior to ovulation.  

Key words: viper, ovary, ovulation, vitellogenesis 

1.  Introduction                      

Vipera albicornuta locally named Zanjani viper, belongs to viperidae family, vipera genus and 

montivipera subgenus. The geographical distribution of this species is in Northern Iran, various parts of 

the Northern Zagros and provinces of Gilan, Qazvin, Zanjan and East Azerbaijan (1). The aim of this 

study is to provide data on the reproductive biology of female V. albicornuta using histomorphologic and 

histomorphometric methods. Female reproductive system consists one pair of the long ovaries that 

sometimes contain follicles, which are attached by abdominal mesoderm and are in anterior oviducts that 

open to cloacae (2). The right ovary is slightly higher than the left ovary (3). The ovaries in the reptiles 

composed of stromal and parenchymal tissues. Structural and morphological changes in ovaries size and 

weight occur during reproductive cycle. Ovarian activity is probably influenced by environmental factor 

including light and temperature. The onset of ovarian growth begins with hypothalamus hormones so 

estrogen and progesterone secretion play a role in the growth of the ovaries and ovulation. Ovarian 

follicles are viz 3 levels: previtllogenic, vitllogenic and atretic. In histological examination of ovaries in 

Monocled cobra Naja kaouthia in May shows high number of pyriform cell in the granulose layer (4). 

The squamate granulose contains a pyriform cell that is in direct contact with a developing oocyte that 

apparently are involved with early steps in oocyte's development as they either degenerate or transform 

into typical granulose cells soon after the onset of vitellogenesis as the time of ovulation approaches. The 

granulose cells and some theca cells accumulate cholesterol-positive lipids, and following ovulation, 

proliferate and luteinize to form the corpora lutea (5).  Development of the primary oocyt consists of 3 

phases: previtellogenic, vitellogenic and maturation step (6). Vitellogenes is adding the yolk to the oocyt 

that been arrested in meiosis diploten stage, then maturation leads to ovulation. At this time oocyts are 

large and yolk is in large quantities also and corion surrounded them. Vitellogenesis in the Bothrops 

insularies occurs in spring and snake ovulates in late spring. In most of snakes vitellogenesis begins after 

emerging from hibernation in the spring and is at peak at ovulation time (7). In a study on development of 

follicles in Brown snake Storeria dekayi  show the follicles fall into four length classes: (0.1 – 1.5 mm), 

primary growth (1.6- 3.0 mm), vitellogenic (3.1- 6.0 mm) that appear during late winter or early spring in 

mature female and developed follicle  (6.1- 12.0 mm) (8). Many of the follicles that grow in the ovary and 

leads to ovulation, have diameters not more than 10 mm. In some species one or two follicles are ovulated 

and other are resolved and absorbed in ovary (9). Ovulation in the spring is compatibility to finalize 

pregnancy in female, for the reason that environment temperature is high during this season, embryonic 

growth is rapid and abnormal growth is decreased (10). Lizard that has delayed in reproduction, have 
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enough stored abdominal fat that have been able to make large size clutch (11). There is the relationship 

between body size and clutch size (12,13).   Variation of clutch size is ancestral state in reptiles (14). 

Food and available resources in reptile has the positive effect on clutch size (15).  

 Materials and Methods 2. 

In this research, ovaries morphology and stage of ovarian follicle growth were examined in Vipera 

albicornutain in 4 seasons for this aim, fourty snakes were collected from Bostanabad in Azarbijan (46º 

30ˊ and 47º 14ˊE, 37º 32ˊ and 38º 4ˊN) and Tarom (48º 30ˊand 49 º 14ˊ, 36 º 38ˊand 37 º 13ˊN) Zanjan 

province of Iran (fig. 1& 2) in year 2011 to 2012. Snakes were anesthetized with lidocaien 1% injection 

around cloacae, and then they were killed with alcohol 96%. Body weight and length (SVL, Snout Vent 

Length) and tail length (TL) were measured with the meter.  Snakes were dissected, abdominal fat and 

ovaries were removed, weighed by digital scale (OSK, FX 3000, 0.0001 g) and length, width and 

thickness were measured by a digital caliper and its volumes were measured by the Cha formula (16). 

Numbers of ovarian follicles were counted and their diameters were measured by micrometer under 

stereomicroscope (SZX-1LLB2-200) as described according Betz (1963). For histological examination, 

tissues were fixed in formalin 10% and paraffin blocks were made, tissues sectioned at 5 µm and stained 

with hematoxylin and eosin and examined under light microscope same as Luna (1968). 

Statistical analysis  

Student T-test was performed for comparison of two values by Quick Graph soft ware in windows. 

Descriptive values were presented as mean and standard deviation.  

Results    

Results show that body weight is increasing at fall and it is decreasing at winter during rest and during 

vitellogenesis, and at spring it rises up and descend at summer again (Table 1 and 2). Maximum Average 

of body length in Bostanabad's samples was 68.43±2.98 cm and for Tarom's were 63.96±3.77 cm (Table 

1 and 2). Our result indicated that the right ovarian weight and numbers of follicle were more than the left 

ovary respectively. Maximum ovarian weight of Bostanabad's snakes was observed at spring and 

minimum weight at winter and for Tarom's samples are at spring and summer (Table 3 and 4). In monthly 

observation on length of ovarian follicles and ovulation in Bostanabad samples were at peak in late May 

till early June and for Tarom samples are at peak in May. Histological consideration revealed that 

vitellogenic follicle were in the ovaries early May till June (Figure 5A) and we found post ovulatory 

follicle in July (Figure 5B) revealed that ovulation occurred in early May till June. Previtellogenic 

follicles had many 3 type pyriform cells in the granulose layer: small, medium and large but vitellogenic 

follicles were only small pyriform cell (Figure 6A). Weights of right ovaries were more than left at p< 

0.001 and dramatically increased in the spring. In Bostanabad sample length of ovarian follicle was large 

in the June and July, and in follicular length for Tarom's was peak in the June and it was decreased in 

July. 

 4. Discussion 

Snout-vent length (SVL) is commonly reported of body size in snakes (19). SVL is correlated with litters 

or clutch's size in many species (11, 14). Maximum mean SVL of Bostanabad vipera albicornuta was 

68.43±2.98 cm and for Tarom samples 63.96±3.77 cm, in previously noted 55.86±1.32 cm for female 

Vipera albicornuta (20) and 73.56±3.77 cm for male V. albicornuta (21), for pit viper Gloydius halys 

caucasicu from Northwestern of Iran is 45.07±2.83 cm (22) and in Crotalu sterrificus 89.00±1.26 cm 

were reported (23) Bostanabad V. albicornuta mean of tail length was 5.43±0.67 cm and for Tarom 

samples 5.24±0.50 cm in contrast to other studies that is 5 cm (1), 4.61±0.9 cm in female Zanjani (20) and 

males were 5.0±0.49 cm (22)  and 6.07±0.85 cm Gloydius halys caucasicu were not significantly 

different and compare to the female Elaphe rufodsata 10.7 cm and in male 11.2 cm were smaller (24). 
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Body size is the important biological trait for snakes, reproductive behavior such as fecundity in female or 

greater rates of mating in male (25) Maximum body weight of the Bostanabad's Zanjani was 213.33±30 g 

in spring (May), fat weight 24.93±5.62 g in the fall (November), and in the Tarom's Zanjani were 

142.82±31.41 g in spring and fat weight 17.36±3.55 g in the fall, in the male Gloydius halys caucasicu 

51.5±10.42 g has been reported revealed that V. albicornuta compared to Gloydius halys caucasicu (22)   

is larger. Althoug V. albicornuta are medium size snake (26) and Bostanabad albicornuta is larger than 

Tarom's one. Body fat reserves have shown the phase of hibernation, which revealed that significant 

increase (27). Body weight of female snakes when Increased in full revealed that storage of fat for 

hibernation, and in spring revealed that their feeding is due to waking up to prepare for motherhood.  

Substances that weak of bodies cannot produce the good clutch of reproductive seasonas Elaphe 

longissima (28), vipera aspis (29).  Body fat of viviparous crotalid is reduced during the vitellogenesis, 

the hibernation, also during pregnancy period and lack of nutrition (9,13, 30, 31). Weight of body fat, are 

reduced during the pregnancy and vitellogenesis in the vipera albicornuta that is similar to Trimere surus 

stejnegeri stejnegeri (32). In spring ovarian volume of Bostanabad's samples was peak in July and so was 

decrease in August. The maximum ovarian weight and volume was measured in samples of Tarom in late 

of May to early June. As previously noted in Cortalus enyo by Goldberg SR, Beaman (33) and Crotalus 

oreganus snakes and ovulation probably occurs in June (34). This study revealed that follicles started to 

grow in the Bostanabad vipera albicornuta in fall and were peak in spring, so vipera albicornuta had 

mate in late autumn, and the development of ovarian follicles continues till winter, because mating 

appears to have an obligatory role in the onset of vitellogenesis (35). In aspic viper early vitellogenesis 

was defined as the period March-April (36). Ovarian follicles continue to evolve late spring when 

ovulation occurs. Development of ovarian follicles in Tarom's vipera albicornuta, as in Agkistrodon 

piscivorus of temperate regions (37, 38). In female viper Bothrops insularis that vitellogenesis occurs in 

spring and ovulation occurs late spring as (7) Tantilia cornata from the temperate region of South 

America (31). Our result revealed that, in Bostanabad's vipera albicornuta, ovulation occurred probably 

between June and July in and in Tarom's vipera albicornuta between May and June. The ovulation and 

mating usually occurred at time that infant's development occurs in the appropriate conditions. In some 

species, ovulation occurred in early summer so babies born in late summer (37, 38). Our results revealed 

that, there is difference at ovulation time between the Tarom's and Bostanabad's vipera albicornuta. This 

difference could be due to differences in the geographical conditions. Typically, ovarian cycles and 

follicular growth are correlated whit periods of light, rain, moisture and food sources (39, 40). Overall 

vipera albicornuta's follicular growth is similar to nontoxic Storeria dekayi of Southeast Canada (8). 
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Fig 2. Geographical map of Zanjan           Fig 1. Geographical map of East Azerbaijan.                               

 Province (left), Bostanabad (right)                                  Province (left), Zanjan, Tarom (right)             

 

 
 

 

 

 

 

 

 

 

 

      

   

 

 

 

  Fig 3.  Size of ovarian follicles in                                            Fig 4.  Size of ovarian follicles in  

Bostanabad V. albicornuta                                                           Tarom V.  albicornuta  
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Fig 5. Micrographs of the Vipera albicornuta ovary. 5A. developing follicle in spring (July); 5B. post ovulatory 

follicle in summer; 5C: previetllogenic follicle in fall; 5D. The corpora lutea that regressed (Feb); 5E. corpora 

atretica in winter (Mar). Scale bars: 5A 500µm, 5B, 5C, 5D, 5E 200 µm. 

 

  
Fig 6. Sections of V. albicornuta ovary (H X E). 6A. Stage I follicle (primary follicle): the former is < 5 mm in 

length. No deutoplasmic granules were found in the ooplasm. The granulose contained pyriform, intermediate and 

small cells. 6B. Stage II follicle: 5-15 mm in length. Deutoplasmic granules started to formand 2-3 layer of small 

cells existed in the granulose. 6C. Stage III follicle: 15-25 mm in the length. The number and size of deutoplasmic 

granules increased, but there was only one layer of follicular cells. D =  deutoplasmic granules; I = intermediate cell; 

O = ooplasm; P = pyriform cell; S = small cell. Scale bars = 25µm. 
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Reproductive cycle of female Pit Viper (Gloydius halys caucasicus) in Iran 

Fatemeh Todehdehghan 

Venomous Animals & Antivenin Production Dept, .Razi Vaccine and Serum Research Institute, Hesarak, 

Karaj.Iran 

Abstract 

The aim of this research is to study reproductive cycle of the Caucasian viper. Knowledge about 

the reproductive cycle is an important tool for assisted reproduction and is prerequisite for 

animal breeding in the captivity. Reproductive parameters of 26 female Caucasian snakes from 

the Alborz province, Takht-e-Solaiman mountain-Taleqan, Iran were studied during year, 2013. 

Reproductive parameters were studied macroscopic and microscopically. Follicular 

developmental stages were determined by measuring and typing of follicles size, and follicles 

number, embryo presence and development were evaluated under stereomicroscope.The results 

show that the follicles less than 3mm in length, grouped as type I and II, are present in the ovary 

from July to November. The number and percentage of follicles type I in the right, 80% (n=28) 

and left, 81% (n=27) ovaries were maximum in November, and these values for follicles type II 

in right ovaries, 27(n=13) and left one, 31(n=14) were maximum respectively in october. Ductal 

follicules are of types III and IV. The range of mean percentage and number of follicules(III) in 

right and left ducts in September were respectively 10(n=11)-41(n=2), and4(n=2)-79(n=7) and 

these values for type (IV) in Seprember, were respectively 11(n=124)-20(n=10), and 12(n=11)-

16(n=7).The time of pregnancy was from mid-July to late September last for 2.5 months. It 

seems that mating of this snake takes place in June and the Iranian Pit Viper may have biennial 

reproductive cycle that requires more study. 

Keywords: adult viper- Iranian pitviper - reproductive cycle - follicular growth 

Introduction  

The study of biology of reproduction and reproductive cycle in animals are used to preserve the 

animal species and experimental reproduction of animals. The present Study regarding the 

reproductive characteristics of Gloydius halys caucasicus is conducted in order to determine the 

reproductive cycle. Gloydius halys caucasicus is a venomous, viviparous snake, have 

geographical spread in the mountainous areas, southwest and southeast of the Caspian Sea, south 

east of Azerbaijan, south of Turkmenistan, former Soviet Union, north of the Iran and far 

northwest of Afghanistan and its distribution in Iran is reported in the provinces of Tehran, 

Alborz, Gilan, Mazandaran, Golestan, North Khorasan, Khorasan and Semnan (12, 22). This 

snake is used in serum and vaccine inistitutes to produce biological products such as venom and 

antivenin against the snake bite. The snake venom also contains various enzymes that have 

application in biochemical research, medical and therapeutical uses (20, 16). Most of the 

researches have been done on the mechanism of action and effect of venom and little information 

is known about the biosystematics, and the internal systems of the snake and no study has been 

reported about the reproductive cycle of this specie in the Iran. It is well known that the ovarian 

follicular growth, formation of the mature egg, fertilized egg, and finally the formation of 

embryos, representing different stages of the reproduction process in the viviparous snakes. In 

order to study the follicular growth stages, the researchers have grouped the ovarian and ductal 

follicles of the snakes based on the follicular size, into four types and sizes. Group 1: 0.1-1.5 

mm, immature follicles; Group 2: 1.6-3.0mm, follicles have been achieved from the first group 

of follicles; Group 3: 6.1-12.0 mm, follicles contain yolks that are usually mature in the late 
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winter and early spring; Group 4: 6.1-12 mm, follicles indicate the mature female snake (21). 

According to Tasi and Tu (2001), reproductive development in the mature female snakes was 

classified in the five stages (32, 8), primary follicle length is less than 5mm. The second type or 

secondary follicles have the length 5-15 mm. Third type follicles have length of 15-25 mm. 

Fourth type is follicles with more than 25 mm length. 

 

Materials and Methods  

 

A total of 24 females Gloydius halys caucasicus (20 mature females and 4 pregnants snakes) 

were collected from Takht-e-Soleiman in Taleghan, Alborz province, Iran during year 2013. 

Snakes were kept in the conventional vivariums. The pregnancy was esured by palpation of the 

snake's belly. After weighing animal with scale, body length from snout to vent (SVL) and tail 

length from cloacae to the end of tail were measured by the calibrated tape (7). For study of 

reproductive parameters snakes were sacrificed by injection (sc) of 1% lidocaine (20 mg kg-1, 

Daroupakhs, Iran) around cloacae. All procedures were carried out according ISIRI 7216-2 

animal ethics guidelines (18) Reproductive tract and ovaries were removed and placed in a Petri 

dish containing PBS and after measuring the length of the duct, different parts of the duct were 

examined under stereomicroscope and ovaries were weighed by a digital scale (No. 11327, 

Japan) and follicular lenght were measured by micrometer.  

 

Results and discussion 

 

The largest mature female Gloydius halys caucasicus weighed 78.33 ± 15. 38 g in the August 

and the smallest weighed 37.5 ± 8.6 g in the November, the maximum mean of tail length was 

44.66 ± 3.43cm in the July and the minimum mean of SVL was 38.5 ± 2.3 cm in the September, 

the maximum mean of tail length was 5.41 ± 0.86cm in the July and the minimum length of the 

tail (4.41 ± 1.3cm) was observed in the October. Pregnancy months in the July, August and 

September and the birth were observed in the late September.  

The mean length, number and percentage of the types of ovarian follicles in mature female halys 

caucasicus in different monthns are shown in Tables 1. Embryonic growth cycle is shown in 

Figure 1. 

 

Table 1: Mean number and percentage of types of ovarian (I, II) and ductal (III, IV) follicles in 

Gloydius halys caucasicus in different months of the year 

 

       

 

Type                  

                  

Months       

Number and types of ovarian follicles Number and types of ductal follicles 

Right ovary Left ovary Right duct Left duct 

I 

(0.1 -1.5 mm) 

II 

(1.6 -3 mm) 
I 

(0.1 -1.5 mm) 

II 

(1.6 -3 mm) 

 

III 

(>10mm) 

 

IV 

(>15 mm) 

 

III 

(3.1-6mm) 

 

IV 

 

July 

4=n  

65.09% 

69= n 

11.32% 

12= n 

62.5% 

50= n 

12.5% 

10= n 

12.26% 

13= n 

11.32% 

12= n 

8.75% 

7= n 

16.25% 

13= n 
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August 

4=n  

61.90% 

65= n 

14.28% 

15= n 

68.18% 

60= n 

11.36% 

10= n 

10.47% 

11= n 

13.33% 

14= n 

7.95% 

7= n 

12.5% 

11= n 

Sept. 

4=n  

47.91% 

23= n 

27.08% 

13= n 

57.14% 

24= n 

21.42% 

9= n 

4.16% 

2= n 

20.83% 

10= n 

4.76% 

2= n 

16.66% 

7= n 

Oct. 

4=n  

73.77% 

45= n 

26.22% 

16= n 

68.88% 

31= n 

31.11% 

14= n 
 ـــــ ـــــ ـــــ ـــــ

Nov. 

4=n  

80% 

28= n 

20% 

7= n 

81.81% 

27= n 

18.18% 

6= n 
 ـــــ ـــــ ـــــ ـــــ

 

 

  

 

  

Figure 1: Embryo developmental stages from follicular growth to complete embryonic growth, 1- mature 

follicle, 2- Pre ovulatory follicle, 3- Fertilized egg (Jun), 4- Formation of early embryos (July), 5-6-7-8- 

Embryo development (Agust). 9- Complete fetus (September).  

  ِ During ovulation, when the follicles size reach to their maximum length, infundibulum grows 

wider and longer. Duct sections are clearly diagnosed from eachother, uterine glandular, non-

glandular uterus and vagina are also completely recognizable as the glandular tissue of the uterus 

to the non-glandular uterus was distinctly darker. The vagina is clearly discernible during 

ovulation and pregnancy. In the present study, regarding to the presence of follicles larger than 

10 mm in female snakes which was observed at the beginning of July, it shows that the 

beginning of vitlogenes cycle occures in late spring or early summer. Progress of follicles growth 

during the active season is continued, and during hibernation may be stopped and resumed the 

following spring. Since the large number of the ductal follicles, type III and IV are observed in 

the early summers (June), ovulation seems to be occured from May (spring) to July (early 

summer).  However, the early embryos were observed in mid-July and formed embryos, in late 

August, embryos reached to their full growth in the September, and delivery has occurred at the 

end of September (summer).  So during the summer from mid-June to late September is 

considered as gestation period (2.5 months). Due to the occurrence of ovulation in May (spring) 

and pregnancy of females in mid-July, the mating may occurs at the time of ovulation in late 

spring or early summer. Mozafari et al., (2012) have reported Iranian Caucasian male viper like 

clobrides of mid-tempreture zone have summer spermatogenesis (25, 33). In the snakes, mating 

or ovulation and fertilization usually occurs at a time of year when environmental conditions like 

temperature, food availability are good for offsprings breeding. In female vaciolar ones from the 

mid-tempreture zone of United States, ovulation occurs in early summer and offsprings are born 

at the late summer (4) in Storeria dekayi from the Louisiana area, in the most of the females yolk 

formation is in the early spring (April), ovulation occures during April and pregnancy lasts 2.5 
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months and birth occurs during the second half of June and July. In N.f. confluens of southeast 

area in Louisiana, the follicular growth begins in early May, followed by mating and growth of 

follicles in spring and reproductive cycles of the snakes is influenced by weather conditions and 

similar to the clobrides of mid-tempreture zone having spring vitelogenesis and summer 

Spermatogenesis (33). In the Vipera lataslei in the north of Portugal, ovulation occurs in late 

May to early June, and newborn ones observed in early August (10). It is also reported that 

female Vipera lataslei have at least a biennial reproductive cycle. Mating in Vipera lataslei is 

limited to late summer or fall (28) and spring mating is absent or very low. This result is 

unexpected because the spring is usually the most common European viper mating period (25, 

26). In the Vipera aspis in the west of France, ovulation is in spring (April to June), and birth is 

reported in late August (9). Distribution of Crotalus viridis is in the United States and Canada 

and the most varieties are in North of America. They are generally active in April to September 

and mating occures in late spring and summer coinciding with the peak of spermatogenic 

activity. It is thought that Crotalus darissus has a biennial cycle, but annual cycles are also 

annonced. Season of birth lasts from late summer (August) to early autumn (October) (13). The 

Crotalus darissus of northeastern Brazil and other species of Crotalus in the mid-temperate zone 

show similar reproductive cycle (5, 6). Spermatogenesis begins in the spring and reaches to its 

peak in summer (27). Sperm stores in the vas tube until the ovulation in the fall. Fertilization and 

ovulation occurs not coincide with mating. Vitelogenesis begins in the fall and continues untill 

winter up to the time of ovulation and pregnancy in the spring. Early vitelogenesis exists whole 

the year but secondary ones is from end of spring to end of fall (July and August). Pregnancy 

occurs in the end of spring during summer and ovulation and mating are not simultaneously. The 

Crotalus lutosus in America that exists in the the cold desert (32) and the hot desert that 

vitelogenesis in the cold desert vitelogenesis occurs in late spring and early summer (24) and in 

the hot desert vipers, vitelogenesis occurs in summer or autumn.  Many Crotalus lutosus ovulate 

in late spring (19). Study on the morphology of reproductive of female Agkistrodon piscivorus is 

an interesting opportunity to test biennial reproductive cycle that observed in this spiece of 

female snakes (15). In the pythons is also seen in other mid-temperate zone (7). In the female 

pythons in mid-temperate climate, vitelogenesis begins from late summer to early autumn. 

Sperm appears in the snake's fallopian tube at this time (17, 29). Ovarian follicular continue its 

growth until ovulation in late spring. Females are pregnant until late summer / fall, pregnant 

snakes have fetus until delivery and the birth occurs in late summer and autumn and the spring is 

breeding season (11). Boiga irregalaris from tropical and subtropical regions of the eastern 

islands of New Guinea and northwest Mlanzya to the east coast of Australia. Ovulation occurs in 

the fall (October and November). Vitelogenesis occurs in September and October. Storage of 

sperm in the fallopian tube has not been reported. In Rhinocheilus lecontei of southeastern 

United States and eastern north Mexico (30), it is thought that mating occurs in the spring after a 

winter of inactivity. Reproductivity apparently occurs in the spring, although there was sperm in 

vas deferens tubes during all tested snakes.  There were female snakes with ovarian follicular 

larger than 12mm in length from April –July. Female snakes with producing secondary yolk in 

April - May (14). Since spermiogenesis occures during early summer (July) and fall (October), 

male snakes are subject to a seasonal cycle of sperm production in July and October. 

Crotalus durissus terrificus exists in southeastern Brazil. Seasonal reproductive activity in 

southeastern Brazil is in late summer (March-February) to early winter (June, July) (27). 

Spermatogenic activity begins in spring and in summer, sperm production reaches to its peak, so 

its reproductive cycle pattern is after mating (28). In the cycle, sperm storage is essential. In the 
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snakes, vitelogenesis and mating are simultanously in the fall (5). Female snake stores sperm 

during the fall and winter in the womb and fertilization occurs in the spring. The snake has an 

annual cycle (6). Ovarian follicles may be Vitelogenize during spring that the development and 

enlargement of follicles (8, 21) have been reported. In Gloydius halys caucasicus, ovarian 

follicles (types I and II) were observed in May, and ductal follicles (type III and IV) in June after 

ovulation, probably ovulation time is from late May to early July and pregnancy time occurs 

from mid July to late September and delivery occurs in late September. It seems that mating in 

the snake occurs in June and reproductive duration in halys caucasicus maybe biennial which 

requires further studies.  
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Abstract 

In order to study the effect of plant density and plant orientation on yield and yield components 

in wheat cultivar, a factorial experiment was conducted based on randomized complete block 

design with three replications in research field of Gonbadkavus University in 2012. The 

treatments were included plant orientation (north-south, east-west, northeast-southwest and 

northwest-southeast), plant densities (250, 300 and 350 plant per square meter) and two cultivar 

(Koohdasht and line 17). The results of variance analysis indicated that the effect of density, 

orientation, cultivar and their interaction on number grain per square meter, thousand grain 

weight were significant at levels of %1 and %5, but these treatments on grain yield, biological 

yield and harvest index were not significantly affected. The effect of plant orientation and 

cultivar on grain number per spikelet and spike was significant at %1. An interaction of plant 

orientation, plant density and cultivar on thousand grain weight was significantly at %5. In the 

plant density of 350 plants per square meter the orientation of east-west and the cultivar of 

koohdasht had the highest number grain per square meter, number grain per spikelet and 

thousand grain weight. 

 

Keywords: cultivar, density, plant orientation, wheat.  

 

Introduction 

Wheat is one of the key strategic products. Economists believe that the increase in wheat 

production leads to independent on other countries. because it has essential role in providing 

food for people (Sarmadnia and Koochaki, 1987). Murinnen (2006) believe the progress that has 

been made in recent decades can be indicated the factors affecting genetic improvement of 

cultivars and be effective in future genetic improvements. Wang (2010) attributed yield 

components of wheat multiplied by the number of spike, number of grain per spike and grain 

weight. Naseri et al (2012) conducted an experiment on three cultivar of wheat and they showed 

that cultivars had significant effect on yield, number of spike per square meter and grain number 

in spike. Plant density affected all cultivars so that in density of 400 plant per square meter 

compare to densities of 300 and 350 plant per square meter; were obtained highest number of 

spike per square meter, grain number in spike and harvest index. Alavi and Shamsedin saiid 

(2008) conducted an experiment on sorghum and reported that the effect of plant orientation was 

significant because it absorbs more light on the north-south direction and  also the effect of 

density on grain yield was significant at level of %1. Osman (1992) evaluated the effect of row 

space and plant orientation on barley and stated that plant orientation had little effect on yield, 
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yield components and light interception. The aim of this study was to evaluate the effect of plant 

density on yield and yield components in different plant orientation to determine the best cultiar 

and density with the most sutible plant orientation to achieve maximum yield. 

 

Material and methods 

This experiment was conducted in crop year 2012-2013 at research field of Gonbad kavus 

university located at latitude 37 degree and 16 minute north and longitude 55 and 12 minute east 

and the height of sea level was 45 meters. This experiment was conducted in factorial based on 

randomized compelet block design with three replications. The treatments consisted of two 

wheat cultivars (Kouhdasht and line 17) with four plant orientations (North-South, East-West, 

Northest-Southwest and Northwest- Southeast) and three plant densities of 250, 300 and 350 

plants per square meter. The bed was Prepared by plowing in early fall and second disk was done 

before conducting the experiment. The experiment was rainfed and during the test, diseases, 

pests and weeds were controlled. In order to measure triats at physiological maturity stage 20 

spikes from each plot were randomly selected and yield components (panicle length, number of 

fertile and infertile spikelets, grain number, number grain per spike, biological yield and harvest 

index) were measured. Removing borders, number length of harvest lines were noted for 

measuring of yield. dry weight was weighed by sensitive scale with an accuracy of 0.01g. the 

analyze of traits in this study were performed by using Excel and SAS software and average 

comparisons were conducted with LSD test at 0.05 level of probability.  

 

Result and discussion 

The results of the analysis of variance showed that the main effect of plant density, plant 

orientation, cultivar and their interaction on number grain per square meter and thousand grain 

weight were significant at 0.01 and 0.05 levels of probability respectively. But these treatments 

had no significant effect on grain yield, biological yield and harvest index (table1). The results 

were consistent with mozafari et al (2006) and were inconsistent with moradi et al (2012). 

Interaction of plant density and plant orientation on grain number per spikelet and grain number 

per spike was significant (table 3). Hozayn et al (2012) and Catrine et al (2010) likewise (also) 

reported similar results. The significant effect of treatments interaction shows that the differences 

between each treatment levels depends on other treatments levels. The interaction effects 

(orientation ,densities and cultivar) slicing shows that grain number per square meter in 250 

(pd1), 300 (pd2) and 350 (pd3) densities were significant (table 3). 

 
 Table 1.varaiance analysis of yield and yield components in density, planting orientation 

and wheat cultivars 

 

Changes sources Freedo

m 

degree 

Grain 

number(m2) 

Grain 

number 

per 

spikelet 

Grain 

number 

per 

spike 

Flower

ed 

spikelet 

per 

spike 

Thousand 

grain 

yield(gr) 

Grain 

yield(gr/m2) 

Biological 

yield(gr/m2) 

Harvest 

index 

replication 2 22693.06ns 0.01ns 1.63ns 1.01ns 16.43ns 32347.53** 59510.59ns 29.19ns 

orientation 3 76434.72** 0.22ns 27.09** 1.21ns 14.02ns 1876.84ns 7609.33ns 11.74ns 

density 2 60088.89** 0.04ns 8.89ns 1.23ns 17.85ns 11512.83ns 29888.21ns 9.39ns 

cultivar 1 74112.50** 0.52** 85.59** 0.13ns 211.94** 18018.35* 21889.99ns 20.14ns 

cultivar×oreintation 3 38845.83** 0.06ns 11.04ns 0.01ns 12.99ns 7247.06ns 9048.98ns 15.60ns 
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density×orentation 6 625533.33** 0.06ns 16.20* 1.18ns 21.59ns 4820.39ns 37795.40ns 7.76ns 

density×cultivar 2 118516.67** 0.18** 46.72** 0.78ns 10.75ns 6365.66ns 27417.55ns 2.03ns 

A * b* c 6 60994.144** 0.03ns 3.24ns 0.89ns 26.54* 4536.89ns 8894.24ns 7.82ns 

error 46 7698.85 0.03 5.89 0.61 10.94 3731.45 23743.28 10.51 

cv - 9.52 7.61 7.06 5.30 11.22 10.17 8.90 9.33 

cv - 9.52 7.61 7.06 5.30 11.22 10.17 8.90 9.33 

 ns- No significant difference, *- significant difference at 0.05 level, **- significant difference at 0.01 level  

 

So in Pd1, the northwest-southeast plant orientation and line 17 were the best. In Pd2 the best 

orientation and cultivar were northeast-southwest and line 17 respectively. and in density of Pd3, 

grain number per square meter in east-west orientation and kouhdasht cultivar was the highest; 

these orientation and cultivar had the maximum thousand grain weight in Pd1 but in the other 

densities was not observe difference in thousand grain weight. Cutting (slicing) physical of 

interaction between cultivar and density showed that kouhdasht cultivar produce highest number 

of grain per spikelet and grain number per spike in Pd1 and Pd2 densities but there was not any 

different between these traits in Pd2 density. slicing (Cutting) physical of interaction for plant 

density and orientation showed that north-south direction had maximum grain number per spike 

in Pd3 density and in other densities was not observed different between plant orientations in this 

trait. 

 
Table2- slicing of interaction: sum of squares of orientation and cultivars at density levels 

Density  

levels 

Freedom  

degree 

  

Grain number(m2) 1000grain weight 

1 7 991029*** 335.51*** 

2 7 378096*** 153.74ns 

3 7 329029*** 113.98ns 

 

slicing of interaction: sum of squares of cultivars in density levels 

Density  

levels 

Freedom  

degree 

  

Grain number in spikelet (m2) Grain number in spike (m2) 

1 1 0.24*** 86.45*** 

2 1 0.001ns 6.51ns 

3 1 0.64*** 86.07*** 
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slicing of interaction: sum of squares of orientation in density levels 

Density  

levels 

Freedom  

degree 

 

Grain number in spike (m2) 

1 3 28.93ns 

29.25ns 

120.26*** 

2 3 

3 3 

 

 
Table3- mean comparison of grain number per square meter and 1000 grain weight at cultivars and 

orientation in density 

 

density 

 

orientation 

 

cultivar 

  

Grain number(m2) 1000grain weight 

1 1 1 786.67h 27.26defg 

1 1 2 876.67efgh 32.61abcd 

1 2 1 933.33defg 24.08g 

1 2 2 946.67cdefg 34.52ab 

1 3 1 1083.33bc 25.18efg 

1 3 2 870tgh 32.43bcd 

1 4 1 1473.33a 28.49cdefg 

1 4 2 866.67gh 25.10fg 

2 1 1 823.33gh 32.47abcdef 

2 1 2 830fgh 34.05abcd 

2 2 1 873.33defgh 26.62g 

2 2 2 786.67h 29.08defg 

2 3 1 1213.33a 28.56efg 

2 3 2 843.33efgh 32.23cdef 

2 4 1 873.33cdefgh 27.80fg 

2 4 2 900bcdefgh 32.42bcdef 

3 1 1 776.67h 25.31g 

3 1 2 913.33cdefgh 29.64bcdefg 

3 2 1 800fgh 29.61cdefg 

3 2 2 1166.67a 28.26efg 

3 3 1 870efgh 29.35defg 

3 3 2 796.67gh 33.65abcdef 

3 4 1 940bcdefg 28.25fg 

3 4 2 880defgh 30.17abcdefg 
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Table3- mean comparison of grain number per square meter and 1000grain weight at cultivars and 

orientation in density 

 

density 

 

orientation 

   

cultivar Grain number(m2) 1000grain weight 

1 1 1 786.67h 27.26defg 

1 1 2 876.67efgh 32.61abcd 

1 2 1 933.33defg 24.08g 

1 2 2 946.67cdefg 34.52ab 

1 3 1 1083.33bc 25.18efg 

1 3 2 870tgh 32.43bcd 

1 4 1 1473.33a 28.49cdefg 

1 4 2 866.67gh 25.10fg 

2 1 1 823.33gh 32.47abcdef 

2 1 2 830fgh 34.05abcd 

2 2 1 873.33defgh 26.62g 

2 2 2 786.67h 29.08defg 

2 3 1 1213.33a 28.56efg 

2 3 2 843.33efgh 32.23cdef 

2 4 1 873.33cdefgh 27.80fg 

2 4 2 900bcdefgh 32.42bcdef 

3 1 1 776.67h 25.31g 

3 1 2 913.33cdefgh 29.64bcdefg 

3 2 1 800fgh 29.61cdefg 

3 2 2 1166.67a 28.26efg 

3 3 1 870efgh 29.35defg 

3 3 2 796.67gh 33.65abcdef 

3 4 1 940bcdefg 28.25fg 

3 4 2 880defgh 30.17abcdefg 
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Abstract 

        India has a rich heritage of wildlife as well as a long history and tradition of conservation. Indian 

mythology is equally profuse in references to our regard and love for wild animals. India supports about 

10% of the world’s biological diversity making it the seventh richest biodiversity country in the world. 

Different animals were associated with different Gods and were thus provided with religious sanctity and 

ensured conservation.  

      The wildlife in India is a mixture of species of different types of organisms. Apart from a handful of 

the major famed animals such as cows, buffaloes, goats, poultry and sheep, India has an amazingly wide 

variety of animals native to the country. There are 400 species of mammals, 1200 genera of birds, 350 

species of reptiles, 210 species of amphibian and 29, 70,000 or more species of insects reported from 

India . Some animals like Black buck, The Golden languor, Lion tailed macaque, and Pigmy hog are 

unique to our country. 

      Wildlife conservation involves both protection and scientific management of wild species and their 

environment. Some species have become extinct due to natural causes, but the greatest danger to wildlife 

results from the activities of man. There is a threat to wildlife and it requires attention to save the country 

from losing its green heritage. 

 

Keywords: India, Wildlife, Conservation 

 

 Introduction 

        India is the seventh largest country in the world and Asia’s second largest nation with an area of 

3,287,263 square km. The Indian peninsula is one of twelve globally recognized ‘mega diversity centres’, 

identified on the basis of immense species diversity.  

       India  is the home to lions, tigers, leopards, snow leopards, black panthers, cheetahs, wolves, foxes, 

buffaloes, bears, crocodiles, rhinoceroses, camels, dogs, monkeys, snakes, antelope species, deer species, 

varieties of bison, Asian elephant, and Indian Rhinoceros .The region's rich and diverse wildlife is 

preserved in 89 national parks, 13 Bio reserves and 400+ wildlife sanctuaries across the country. 

    

 

Wildlife Conservation in India  
       India has a rich heritage of wildlife as well as a long history and tradition of conservation. Indian 

mythology is equally profuse in references to our regard and love for wild animals. Different animals 

were associated with different Gods and were thus provided with religious sanctity and ensured 

conservation.  

 

       There are 400 species of mammals, 1200 genera of birds, 350 species of reptiles, 210 species of 

amphibian and 29, 70,000 or more species of insects reported from India (Khajuria, 1957). Some animals 

like (1) Black buck (2) The Golden languor, (3) Lion tailed macaque, and (4) Pigmy hog are unique to our 

country. Our wildlife has spread from rain forests of Assam to barren (Thar) lands of Rajasthan and 

hostile mountains of high Himalayas.  

 

Important Zones in India 

The great mountain zones of Himalayas  

The Indo-Gangetic plain and  

The Southern Peninsular Region.  
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       These regions have varied climatic conditions and support different wildlife. The     important Indian 

wildlife comprises of: Bison, Spotted Deer or Chetal, Swamp deer, Musk deer, Sambhar, Elephants, Wild 

pigs, Rhino, Tiger, Bonnet monkey, Black buck, Leopard, Indian lions, White tigers, Black bear, Wild 

sheep, Wild goat, Golden cat, Pelicans, Egrets, Purple heron, Painted stork and a vast variety of flora.  

       The list of protected animal is increasing every year. The amendment 1991 to Wild Life Protection 

Act 1972 listed more than 890 animals under the schedules I to VI. All these scheduled animals are 

protected under the provisions of Wildlife Protection Act. 

 

Biosphere Reserves in India  

        

       Biospheres are sites where protection is granted not only to the flora and fauna of the protected 

region, but also to the human communities who inhabit these regions, and their ways of life.   The Indian 

government has established 18 Biosphere Reserves of India. Seven of the eighteen biosphere reserves are 

a part of the World Network of Biosphere Reserves, based on the UNESCO Man and the Biosphere 

(MAB) Program list.  

 Great Rann of Kutch in Gujarat is the largest Biosphere reserve in India while 

DibruSaikhowa is the smallest.  

       Seven of the eighteen biosphere reserves are a part of the World Network of Biosphere Reserves, 

based on the UNESCO Man and the Biosphere Programme (MAB) list. 

 

 Gulf of Mannar Biosphere Reserve  

 Nanda Devi Biosphere Reserve  

 Nilgiri Biosphere Reserve  

 Nokrek National Park  

 Pachmarhi Biosphere Reserve  

 Simlipal National Park  

 Sundarbans Biosphere Reserve  

 

Biosphere reserves of India (area wise) 

 Year Name Location State Type Key 

Fauna 

Area 

(km²) 

1 1986 Nilgiri 

Biosphere 

Reserve 

Part of Waynad, 

Nagarhole, Bandipur 

and Mudumalai, 

Nilambur, Silent 

Valley and Anaimalai 

Hills 

Tamil 

Nadu, 

Kerala and 

Karnataka 

Western 

Ghats 

Nilgiri 

Tahr, 

Lion-

tailed 

macaque 

5520 

2 1988 Nanda Devi 

National 

Park & 

Biosphere 

Reserve 

Parts of Chamoli 

District, Pithoragarh 

District & Bageshwar 

District 

Uttarakhan

d 

Western 

Himalaya

s 

 5860 

 

 

 

 

 

3 1988 Nokrek Part of Garo Hills Meghalaya East 

Himalaya

s 

Red 

Panda 

820 

4 1989 Gulf of 

Mannar 

Indian part of Gulf of 

Mannar extending from 

Tamil Nadu Coasts Dugong 

or Sea 

10500 
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Rameswaram island in 

the North to 

Kanyakumari in the 

South of Tamil Nadu 

and Sri Lanka 

Cow 

5 1989 Sundarbans Part of delta of Ganges 

and Barahamaputra 

river system 

West 

Bengal  

Gangetic 

Delta 

Royal 

Bengal 

Tiger  

9630 

6 1989 Manas Part of Kokrajhar, 

Bongaigaon, Barpeta, 

Nalbari, Kamrup and 

Darrang Districts 

Assam East 

Himalaya

s 

Golden 

Langur, 

Red 

Panda 

2837 

7 1989 Great 

Nicobar 

Biosphere 

Reserve 

Southern most islands 

of Andaman and 

Nicobar Islands 

Andaman 

and Nicobar 

Islands  

Islands  Saltwater 

Crocodile 

885 

8 1994 Simlipal Part of Mayurbhanj 

district 

Odisha Deccan 

Peninsula 

Gaur, 

Royal 

Bengal 

Tiger, 

Wild 

elephant 

4374 

9 1997 Dibru-

Saikhowa 

Part of Dibrugarh and 

Tinsukia districts 

Assam East 

Himalaya

s 

Golden 

Langur  

765 

10 1998 Dihang-

Dibang 

Part of Siang and 

Dibang Valley 

Arunachal 

Pradesh 

Eastern 

Himalay  

 5112 

11 1999 Pachmarhi 

Biosphere 

Reserve 

Parts of Betul District, 

Hoshangabad District 

and Chhindwara 

District 

Madhya 

Pradesh 

Semi-

Arid 

Giant 

Squirrel, 

Flying 

Squirrel 

4981.72 

13 2001 Agasthyama

lai 

Biosphere 

Reserve 

Neyyar, Peppara and 

Shenduruny Wildlife 

Sanctuary and their 

adjoining areas 

Kerala, 

Tamil Nadu 

Western 

ghats  

Nilgiri 

Tahr, 

Elephants 

1828 

14 2005 Achanakma

r-

Amarkantak 

Biosphere 

Reserve 

Part of Annupur, 

Dindori and Bilaspur 

districts 

Madhya 

Pradesh, 

Chhattisgar

h 

Maikala 

Hills 

 3835 

15 2008 Great Rann 

of Kutch 

Part of Kutch, Rajkot, 

Surendranagar and 

Patan Districts 

Gujarat Desert Indian 

Wild Ass 

12454 

16 2009 Cold Desert Pin Valley National 

Park and 

surroundings;Chandrat

al and Sarchu & Kibber 

Wildlife Sancturary 

Himachal 

Pradesh 

Western 

Himalaya

s 

Snow 

Leopard 

7770 

17 2010 Seshachala

m Hills  

Seshachalam Hill 

Ranges covering parts 

of Chittoor and Kadapa 

Andhra 

Pradesh 

Eastern 

Ghats 

 4755 
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Zoos in India 

Assam State Zoo-cum-Botanical Garden, Guwahati, Assam  

Allen Forest Zoo, Kanpur, Uttar Pradesh  

Alipore Zoological Gardens, Kolkata, West Bengal  

Arignar Anna Zoological Park (Vandalur Zoo), Chennai, Tamil Nadu  

Birsa Deer Park (Kalamati Birsa Mrig Vihar), Ranchi[3][4][5]  

ChattBir Zoo, Zirakpur, Punjab  

Chennai Snake Park Trust, Chennai, Tamil Nadu  

Indira Gandhi Zoological Park, Visakhapatnam, Andhra Pradesh  

Jawaharlal Nehru Biological Park, Bokaro Steel City [6]  

Jaipur Zoo, Jaipur, Rajasthan  

Gulab Bagh and Zoo, Udaipur, Rajasthan 

Jijamata Udyaan, Mumbai, Maharashtra  

Lucknow Zoo, Lucknow, Uttar Pradesh  

Madras Crocodile Bank Trust, Chennai, Tamil Nadu  

Marble Palace zoo, Kolkata, West Bengal  

Kanpur Zoo, Kanpur, Uttar Pradesh  

Mysore Zoo, Mysore, Karnataka  

Nandankanan zoo, Orissa  

National Zoological Park, Delhi  

Nehru Zoological Park, Hyderabad, Andhra Pradesh  

Padmaja Naidu Himalayan Zoological Park, Darjeeling, West Bengal  

Parassinikkadavu Snake Park  

Ranchi Zoo (Bhagwan Birsa Munda Biological Park), Ranchi, Jharkhand(est. 1987)[3][7]  

Sakkarbaug Zoological Garden, Junagadh, Gujarat  

Sayaji Baug Zoo, Vadodara, Gujarat  

Kankaria Zoo, Ahmedabad, Gujarat  

Sarthana Zoo, Surat, Gujarat  

Sanjay Gandhi Jaivik Udyan, Patna, Bihar  

Sepahijala Zoo, Tripura  

Sree Venkateswara Zoo, Tirupati, Andhra Pradesh  

Rajiv Gandhi Zoological Park, Pune, Maharashtra  

Thiruvananthapuram Zoo, Trivandrum, Kerala  

Thrissur Zoo, Thrissur, Kerala  

Tilyar Zoo, Rohtak  

Pt. G.B. Pant High Altitude Zoo, Nainital, Uttarakhand  

 

VALUE OF WILDLIFE  

Aesthetic value  

       Wildlife deserves preservation due to its enchanting beauty and sheer appeal to the human 

spirit. Worldwide, it is this aesthetic value that becomes more important and provides economic 

justification..  

districts 

18 2011 Panna Part of Panna District 

and Chhatarpur District 

Madhya 

Pradesh 

Catchmen

t Area of 

the Ken 

River 

Tiger, 

Chital, 

Chinkara, 

Sambhar 

and Sloth 

bear 

2998.98 
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Ethical value  

        As human beings, we should realize that plants and animals also have a right to live on this 

planet and thus proper ecological security should be granted to them.  

Cultural value  

       In various cultures of the world, wildlife has occupied a special place of veneration and 

preservation. The paintings and carvings in caves and other age-old historical places further stand 

testimony to the integral cultural association of wildlife with man.  

          Scientific value   

      The fungus that produced penicillin, the bark of the yew tree that offers a treatment for some 

forms of cancer, and an Asian viper's venom that is used in a stroke-prevention medicine.    

       Chemicals from sea sponges and some marine organisms might block arthritis inflammation 

and fight cancer.  

       Plants and small creatures also benefit agriculture: farmers use insects, plants, and other 

animals as alternatives to synthetic chemicals for pest and predator control.  

Ecological value   

    Entomophagous birds (eg. the ‘rosy starling’ and smaller hawks which voraciously consume 

serious crop pests like locusts) can consume more food than their own weight in 24 hrs, and play 

an immense role in the development of agriculture and forestry. 

       Animals and birds are indicators of the health of the environment. eg. Birds like canary, with 

exceptionally high metabolic rates, can be kept inside coal mines to check the presence of CO2 

and other noxious gases; fishes serve as indicators of potable water.  

Commercial value  

Wildlife is a potential source of useful products of global interest. 

Wildlife as food : Wildlife resources constitute an important source of food for those people 

living in hills and forests. This constitutes a good percentage of the world’s animal protein and its 

cost is estimated in billions of dollars.  

Wildlife in medicine : The medication used in the treatment of various ailments owes its origin 

to plants and animals rather than synthesized commercial chemical products. However, there is 

considerable variation in the purported therapeutic value of different parts, organs and secretions 

of wild animals and such claims require thorough scientific study.  

Trade in wildlife products : Products of global trade interest include fur, wool, skin, horn, hoof, 

meat, ivory, bone, fats, bile salts, bone charcoal, bone glues, trophies, perfumes, cosmetics, 

medicines etc.  

Trade in live animals : Such trade provides a means of support for many people who cater to 

people’s desire to own strange or exotic pets, or to meet the demands of scientific or educational 

institutions. Flying squirrels, marmots, lemurs, monkeys, pheasants, frogs etc. are mainly 

used for trade.  

 
References 

B. B. Hosetti,2007, Ecotourism Development and Management. Pointer Publishers 

Norman Myers, Russell A. Mittermeier, Cristina G. Mittermeier , Gustavo A. B. da Fonseca & Jennifer 

Kent ß.2000. Biodiversity hotspots for conservation priorities.. NATURE, VOL 403 

 

PASCAL,J.P.1988.WetEvergreen ForestsoftheWestern GhatsofIndia:Ecology,Structure,Floris 

Tic Composition and Succession.French Institute,Pondicherry,India 

Puri SK (1994). Geography and major biomes: Biodiversity Profile of India. Website: 

http://www.womo.org.uk/igcmc/mainhtml. 

https://www.google.co.in/search?sa=X&biw=1280&bih=689&tbm=bks&tbm=bks&q=inauthor:%22B.+B.+Hosetti%22&ved=0CB0Q9AgwAGoVChMIu7jxvsOMyAIVBnySCh1edAwY
https://books.google.co.in/books?id=3UomNCrDZUQC&dq=inauthor:%22B.+B.+Hosetti%22&hl=en&sa=X&ved=0CBsQ6AEwAGoVChMIu7jxvsOMyAIVBnySCh1edAwY


Paper Proceedings of Agriculture, Animal Sciences and Aquaculture 2015(ISBN 978-955-4543-32-4) 
 

 

 

 

81 

Investigation on optimum conditions of osmotic drying in the apricot slices  

 

Bahram Fathi-Achachlouei1 

1Dept of Food Science and Technology, Faculty of Agricultural Sciences, University of 

Mohaghegh  Ardabili,  Iran. 
 

Abstract 

The aim of this study was investigation on the different concentrations of osmotic solution, different 

temperatures and time of treatment to drying of apricot and chooses the best treatment. Water loss 

(WL%) and solid gain (SG%) were used to choose the best osmotic treatment to produce dried apricots. 

The used treatments were including of different osmotic solutions (sucrose- salt with %55-5, %50-10 and 

%45-15, respectively) and different temperatures (at 50°C and 60°C) during 5 hours (1, 3 and 5 hours). 

The results showed that the best treatment among the 18 different treatments was the treatment 12 

(osmotic solution containing %50 sucrose and %10 sodium chloride and treatment time of 5 hours at 

60°C) with respect to the lowest SG/WL which made to the better drying of apricots in compared with the 

other treatments and was known as the best treatment. Among the measured parameters, the lowest solid 

gain and the highest water loss were related to treatment 3 (osmotic solution containing %55 sucrose and 

%5 sodium chloride and treatment time of 5 hours at 50°C) and 6 (osmotic solution containing %55 

sucrose and %5 sodium chloride and treatment time of 5 hours at 60°C), respectively. Moreover, the 

highest and the lowest amount of vitamin C were related to the dried samples with the osmotic solution 1 

(sucrose-salt 55-5%- ca: 8.75mg /100g) and the osmotic solution 3 (salt sucrose- 45-15%- ca: 7.39mg 

/100g), respectively.  

 

Keywords: Osmotic drying, Sucrose-salt solutions, Apricot, Optimum conditions 

 

Introduction 

Osmotic drying by submersion in concentrated solutions is used for partial removal of water from plant 

tissue. The concentration gradient of water influences extraction of water from the tissue, while 

conditioning penetration of osmotic solution into the tissue. Extraction of water from the tissue is much 

more intensive than the penetration of osmotic solute into the tissue. Velocity of diffusion of water 

molecules from biological materials depends on a number of factors such as: temperature and 

concentration of osmotic solution, solute properties, dimension and geometric shape of submersed 

material, mass ratio between material and osmotic solution , velocity of solution flow, material 

preprocessing and other factors (Rastogi et al., 2002; Rahimzade and Hesari, 2007). Osmotic drying is an 

interesting technique used as a pretreatment prior to air drying as it is supposed to obtain dry apricot 

ingredients, having a natural color, without sulphur dioxide, which could be suitable for different 

applications (Forni et al, 1997). This process has received considerable attention recently, to reduce the 

energy consumption and improve food quality (El-Aouar, 2003). Osmotic dehydration consists of the 

immersion of the fruit in a hypertonic aqueous solution leading to loss of water through the cell wall 

membrane of the fruit and subsequent flow along the inter-cellular space before diffusing into the solution 

(Sereno et al, 2001). Garcia-Nogueira et al, (2010) were investigated the effect of osmotic dehydration in 

sucrose solution with ultrasonic treatment on the characteristics of dried strawberries. The results showed 

that the use of ultrasonic treatment is caused more water loss from fruit tissue, reducing the time and the 

cost of osmotic dehydration. Moreover, the results showed that with increasing concentration of sucrose, 

water loss and sucrose absorption into the fruit increased which most effect was in the 50% sucrose 

solution after 45 minutes. Devahastin and Niamnuy (2010) were evaluated the effects of temperature, 

time, concentration, thick pieces of fruit, fruit weight ratio solution, osmotic solution and the use of guar 

gum on the solid gain and water loss of  kiwi during osmotic dehydration. The results showed that all 

parameters except the weight ratio of soluble to fruit (in the ratio of 3: 1 and 5: 1) had statistically a 

significant effect on the solid gain and water loss. 



Paper Proceedings of Agriculture, Animal Sciences and Aquaculture 2015(ISBN 978-955-4543-32-4) 
 

 

 

 

82 

The purpose of this study was the use of osmotic dehydration for the production of dried apricots and 

evaluate the effect of various process conditions such as type and concentration of osmotic solution, time, 

ratio of osmotic solution to samples on the speed of dehydration and solid gain and qualitative 

characteristics of apricot and Investigation on optimum conditions of osmotic drying in the apricot slices. 

 

Material and Methods 

 

Apricots Preparation 

In this study, Apricots (Prunus armeniaca L., cv. Nasiri, from Tabriz, Iran) were prepared from Tabriz 

market. The fruits to prepare the samples were washed and dried with paper towels and then core 

removed and the apricots cut up and weighed (samples prepared with 10 g weights).  

 

Osmotic Solutions Preparation 

In this study, three types of sucrose– salt solutions were used to proportions 55 to 5 and 50 to 10 and 45 to 

15 g/100ml, respectively.  

 

Treatments for Osmotic Drying 

The different concentrations of osmotic solution, different temperatures and time of treatment were 

achieved to drying of apricot and choose the best treatment. Water loss (WL%) and solid gain (SG%) 

were used to choose the best osmotic treatment to produce dried apricots. Moreover, treatment variables 

were temperature (50 and 60 °C), the concentrations of sugar and salt mixture (in the ratio of 55 to 5, 50 

to 10 and 45 to 15 grams per 100 ml) and 5 hours processing time, respectively. Table1 shows the 

different treatments used in this study. 

 

Analytical determination 

Moisture and dry matter contents were determined by the gravimetric method in oven at 105°C until a 

constant weight (24 h) was obtained (AOAC, 2000). Vitamin C was detected by Terada et al, (1978) 

method. All measurements were carried out triplicate. 

 

Determination of weight reduction, solid gain and water loss 

The fresh and dehydrated apricots after each  contact  times  were  placed  in  oven  at 105°C until 

constant weight (24 h) in order to measure the moisture and solids content  according  to  Association  of  

Official  Analytical Chemists (AOAC) method (AOAC, 2000). From these data, weight reduction (WR), 

solid gain (SG) and water loss (WL) were determined in all the cases at different times, t, in agreement 

with the following equations (Panagiotou et al., 1999). 

 

(1) 𝑊𝑅 =
M0−M

M0
  

(2) 𝑆𝐺 =
m−m0

M0
 

(3) 𝑊𝐿 =
(M0−m0)−(M−m)

M0
 

Where  M0  is  the  initial  mass  of  fresh  sample  (g), M  is  the  mass  of  sample  after  time  (t)  of  

osmotic dehydration (g), m is the dry mass of sample (g) after time (t) of osmotic dehydration, m0 is the 

initial dry mass of sample (g). 

 

Statistical analysis 

Data  were  subjected  to  analysis  of  variance (ANOVA)  and  mean  comparison  test  were  carried out 

using Duncan’s multiple range test with a 95% of confidence level (P < 0.05).  All the analysis was 

carried out using SAS (version 9.2). 

 

Results and discussion 
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Analysis of variance (ANOVA) related to the effect of osmotic solution of sucrose-salt, temperature and 

treatment time of apricots and their interactions on level of water loss (WL), solid gain (SG) and weight 

reduction (WR) showed the effect of osmotic solution and treatment time of apricots and also interaction 

effects between solution*temperature and solution* time on water loss had significant effect (P<0.05). 

The results also showed that the effect of osmotic solution, temperature and treatment time of apricots and 

also interaction effects between solution*temperature and solution* time on solid gain had significant 

effect (P<0.05). Moreover, the effect of osmotic solution, temperature and treatment time of apricots on 

WR were significant (P<0.05), but none of the interaction effects between solution * temperature, 

solution* times, temperature * time and solution* temperature * time on WR were not significant 

(P>0.05). 

 

Effect of different osmotic solutions on WL, SG, WR and vitamin C 

As shown in Table 2, the effect of osmotic solution on measured parameters was significant (P<0.05). 

Among the measured parameters the lowest solid gain and the highest water loss were related to osmotic 

solution 3 (sucrose -salt 45-15%) and osmotic solution 2 (sucrose - salt 50 -10%), respectively. The 

highest amount of vitamin C was also in osmotic solution 2 (sucrose - salt 50 -10%). Overall, the results 

showed that osmotic solution 2 was the best solution for drying apricots in compared to other solutions 

(Table2). Jayarman et al, (1990) reported that Sucrose solutions make the higher water loss (WL) than the 

salt solutions in the same concentration. Moreover, the results indicated that partial replacement of 

sucrose with salt in osmotic solutions could increase water loss in comparison to pure sucrose solutions 

(Jayarman et al., 1990). This leads to lower water activity and higher osmotic pressure in solutions 

(Jayarman et al., 1990). 

 

Effect of osmotic solution temperature on WL, SG, WR and vitamin C 

As shown in Table 3, the effect of osmotic solution temperature on measured parameters except solid gain 

was significant (P<0.05). Between the measured parameters the highest water loss was related to solution 

temperature of 60 °C. The highest amount of vitamin C was also at 50 °C. Overall, the results showed that 

osmotic temperature of 60 °C on measured parameters particularly from the point of view technology and 

water loss content was the best temperature for osmotic drying of apricots but nutritionally to protection 

of vitamin C temperature of 50 °C was suitable (Table3). 

 

Effect of osmotic drying time on WL, SG, WR and vitamin C 

As shown in Table 4, the effect of osmotic drying time on measured parameters was significant (P<0.05). 

Between the measured parameters the highest water loss was related to 5 hours drying time in osmotic 

solution. The highest amount of vitamin C was also at 1 hour drying time. Overall, the results showed that 

5 hours osmotic drying time on measured parameters particularly from the point of view technology and 

water loss content was the best time for osmotic drying of apricots but nutritionally to protection of 

vitamin C 1 hour osmotic drying time was suitable (Table4). 

 

Optimizing of osmotic drying 

The results showed that the best treatment among the 18 different treatments was the treatment 12 

(osmotic solution containing %50 sucrose and %10 sodium chloride and treatment time of 5 hours at 

60°C) with respect to the lowest SG/WL which made to the better drying of apricots in compared with the 

other treatments and was known as the best treatment (Table5). These results were according to Changrue 

(2006), Prinzivalli et al, (2006), Van Buggenhout et al, (2008) and Garcia-Nogueira et al, (2010). 

 

Vitamin C content 

Figure 1 shows the amount of vitamin C in osmotic dried apricots affected by different osmotic solutions. 

The results showed that there was significant difference (P<0.05) between vitamin C contents of osmotic 

dried apricots by osmotic solutions. The highest amount of vitamin C (8.75mg /100g) was related to dried 

sample by osmotic solution1 (sucrose-salt 55-5%) and also The lowest amount of vitamin C (7.39 mg 
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/100g) was related to dried sample by osmotic solution3 (sucrose-salt 45-15%). According to the results 

of Devic et al. (2010) lower content of vitamin C in the osmotic dried treatment could be related to two 

issues. The first is related to the influence of vitamin C, which could be extracted into osmotic solution 

with fruit water and the second is related to vitamin C when exposed to air and oxygen which could make 

oxidation and reduction of the amount of vitamin C. Figures 2 and 3 respectively shows vitamin C 

content in osmotic dried apricots affected by different temperatures and different times. The results 

showed that vitamin C content at higher temperatures and also longer immersed times decreased 

significantly (P<0.05). 

 

Conclusion 

The results showed that type of osmotic solution (sucrose-salt), solution temperature (50°C and 60°C) and 

treatment time (1,3 and 5 hours) had significant effect (P<0.05) on osmotic drying of apricots. The results 

also showed that the best treatment among the 18 different treatments was the treatment 12 (osmotic 

solution containing %50 sucrose and %10 sodium chloride and treatment time of 5 hours at 60°C) with 

respect to the lowest SG/WL which made to the better drying of apricots in compared with the other 

treatments and was known as the best treatment. The lowest solid gain and the highest water loss were 

related to osmotic solution 3 (sucrose-salt 45-15%) and osmotic solution 2 (sucrose- salt 50 -10%), 

respectively. Moreover, Among the measured parameters, the lowest solid gain and the highest water loss 

were related to treatment 3 (osmotic solution containing %55 sucrose and %5 sodium chloride and 

treatment time of 5 hours at 50°C) and 6 (osmotic solution containing %55 sucrose and %5 sodium 

chloride and treatment time of 5 hours at 60°C), respectively. Overall, the highest and the lowest amount 

of vitamin C were related to the dried samples with the osmotic solution 1 (sucrose-salt 55-5%- ca: 

8.75mg /100g) and the osmotic solution 3 (sucrose-salt 45-15%- ca: 7.39mg /100g), respectively.  
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  Table1. Osmotic Treatments 
Time(hours) Temperature(°C) NaCl (%) Sucrose solution (%) Treatments 

1 50 5 55 1 

3 50 5 55 2 

5 50 5 55 3 

1 60 5 55 4 

3 60 5 55 5 

5 60 5 55 6 

1 50 10 50 7 

3 50 10 50 8 

5 50 10 50 9 

1 60 10 50 10 

3 60 10 50 11 

5 60 10 50 12 

1 50 15 45 13 

3 50 15 45 14 

5 50 15 45 15 

1 60 15 45 16 

3 60 15 45 17 

5 60 15 45 18 

 

 

 
  Table2. Effect of osmotic solution on measured parameters 

P value SEM 
osmotic solution Measured 

parameters Solution3 Solution2 Solution1 
* 0.26 2.00c 4.82a 3.26b SG 
* 0.77 34.55b 37.87a 33.11b WL 
* 0.88 32.55ab 33.61a 30.45b WR 
* 0.19 7.39b 8.39a 8.75a Vitamin C 

Solution 1 (sucrose-salt 55-5%), solution 2 (sucrose-salt 50-10%), solution 3 (sucrose-salt 45-15%), 

a-c: different letters in each  row are significantly different at P<0.05 between different osmotic solutions  
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  Table 3. Effect of osmotic solution temperature on measured parameters 

P value SEM 
Osmotic solution temperatures Measured 

parameters Temperature 60°C  Temperature 50°C 

ns 0.21 3.41a  3.31a SG 
* 0.63 37.22a  33.13b WL 
* 0.72 34.18a  30.23b WR 
* 0.15 7.20b  9.15a Vitamin C 

a-b: different letters in each  row are significantly different at P<0.05 between different osmotic solution 

temperatures 

 

 
  Table 4. Effect of osmotic drying time on measured parameters 

P value SEM 
Osmotic drying time Measured 

parameters Time(5hours) Time(3hours) Time(1hour) 

* 0.26 2.29b 3.63a 4.17a SG 
* 0.77 44.53a 38.99b 22.02c WL 
* 0.88 42.24a 36.52b 17.86c WR 
* 0.19 7.17c 8.19b 9.17a Vitamin C 

a-c: different letters in each  row are significantly different at P<0.05 between different osmotic drying times 

  

 

 
  Table 5. Proportion of SG/WL in osmotic drying of apricots at different treatments 

Treatments SG/WL Treatments SG/WL 

1 0.14 10 0.19 
2 0.10 11 0.12 
3 0.02 12 0.03 
4 0.23 13 0.12 
5 0.09 14 0.05 
6 0.08 15 0.05 
7 0.31 16 0.08 
8 0.15 17 0.04 
9 0.06 18 0.05 
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Fig1. Vitamin C content in osmotic dried apricots affected by different osmotic solutions 

 
Fig2. Vitamin C content in osmotic dried apricots affected by different osmotic temperatures 

 

 
Fig3. Vitamin C content in osmotic dried apricots affected by different osmotic times 
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Effects of different levels of bitter vetch in starter feed on performance and blood 

metabolites of fat-tailed Moghani suckling lambs 

 
H. Abdi-Benemar, Sh. Dastouri, F. Mirzaei Aghjeh Gheshlagh, J. Seifdavati, R.Kachuee 

 

Dept of Animal Science, Faculty of Agriculture Science, University of Mohaghegh Ardabili, Ardabil, Iran 

 

Abstract 

 

Fifty Moghani male lambs were used to investigate the effects of different levels of bitter vetch in starter 

feed on feed intake and performance of Moghani suckling lambs. Five experimental starter feeds were: 1) 

conventional lamb rearing with alfalfa hay and whole barley grain feeding from birthday instead of a 

balanced starter feed 2) basal starter feed without bitter vetch, 3, 4 and 5) basal starter feed with 9, 18 or 

27% bitter vetch in substitution with soybean meal. The result indicated that average daily gain and 

weaning weight were significantly higher in starter fed lambs (P<0.01). However, lambs fed starter feed 

had lower feed conversion ratio and consumed lower milk daily from their dams (P<0.01). The highest 

weaning weight and lowest feed conversion ratio were observed in lambs fed the starter feed contained 

18% bitter. Blood albumin and urea concentrations were affected significantly by experimental 

treatments (P<0.01). Inclusion of bitter vetch in substitution with soybean meal decreased blood urea 

level and the lowest blood urea was measured in lamb rearing under conventional feeding with sole 

barley based starter feed. According to the results, bitter vetch seed can be used in daily ration of 

suckling lambs diets and it can be replaced as a cheap protein source with soybean meal up to 18% of the 

suckling lambs starter feeds. 

 

Keywords: bitter vetch, suckling lambs, protein source. 

 

Introduction 

 

Nowadays, the most problem in animal production are high costs, low feed efficiency and insufficient 

feed resources. As a result, the use of new and available feed sources with high nutritional value and low 

cost of production is one of the nutritionist goals (Ocio et al., 1981). One way for reducing feed costs by 

livestock producers is use of available feed resources in the country as an alternative feed for common 

feeds such as corn grain, barley grain and soybean meal that usually are imported to third world countries 

(Karim, 2001). Legume family is a large family of plants which comprise approximately 1200 species and 

they are the most important sources of nutrients (Ramos-Morales et al., 2010; Bayourth et al., 1998). 

Vicia ervilia or bitter vetch is an ancient grain legume crop of the Mediterranean region. This legume crop 

is grown and harvested for its seeds and hay (Van ziest, 1972; Sadeghi et al., 2004). Seeds are potentially 

valuable feed for ruminants as a source of energy and protein (Arabestani et al., 2013). The crude protein 

content of seeds ranges between 22 – 28.5 percent, while its gross and metabolizable energy content is 

around 18.2 MJ/kg, and 13 MJ/kg, respectively (Sadeghi et al., 2004). The nutritional value of this seed 

for ruminant production has guaranteed the continued cultivation of V. ervilia in Morocco, Spain and 

Turkey (Montaya, 1998). However, there are limitations for the amount of bitter vetch seed that can be 

used in the diet of non ruminants due to the presence of some anti-nutritional factors that interfere with 

efficient utilization of vetch (Sadeghi et al., 2004). The effect of using bitter vetch seeds on growth and 

meat quality is well documented for poultry (Arabestani et al., 2013). However, published literature on 

the use of bitter vetch seeds in the diets of small ruminants is very scarce. Based on its appreciable protein 

content, V. ervilia seeds can be used as an alternative for some protein resources such as soybean meal. 

Therefore, it would be interesting to find out what level bitter vetch seed can replace with soybean meal 

in the starter ration of lambs (Haddad, 2006). Therefore, this experiment was designed to investigate the 



Paper Proceedings of Agriculture, Animal Sciences and Aquaculture 2015(ISBN 978-955-4543-32-4) 
 

 

 

 

89 

effect of different levels of bitter vetch seed on growth performance and some blood metabolites of 

Moghani suckling lambs. 

 

Materials and methods 

 

Fifty newborn Moghani male lambs (initial weight 4.56±0.77 kg at the age of 5±1 days) were randomly 

allocated to each of the experimental diets until weaning. Five experimental starter feeds were: 1) 

conventional lamb rearing with alfalfa hay and whole barley grain feeding from birthday instead of a 

balanced starter feed 2) basal starter feed without bitter vetch, 3, 4 and 5) basal starter feed with 9, 18 or 

27% bitter vetch (Table 1). During first month, the lambs were fed only with starter feed and hay 

inclusion was started on day 30 by mixing with the starter at the ratio 20:80 (Table 1). Starter intake was 

measured daily by subtracting daily starter delivery from its refusal. The bodyweight of lambs were 

recorded twice a week during the whole experiment before daily morning feeding. All lambs were fed 

milk from their respective dams twice a day. The daily milk consumption of the lambs was recorded by 

lamb weighing method. In each milk meal, the lambs were weighed before and after milk feeding and 

milk consumption was measured by subtracting. The experiment was performed as a complete 

randomized design with 10 replicates and five treatments. All parameters were analyzed as a repeated 

measurement analysis using mixed procedure of SAS (SAS Version 9.1, SAS Inst. Inc., Cary, NC SAS, 

2001) by following model:  

 

Yijk =μ+ biW +Tj+eijk 

 

 

Where Yij was the dependent variable, μ was the overall mean, bi was the regression coefficient of 

dependent variable from initial body weight (W), Tj is the effect of bitter vetch levels and eijk is the 

random error. Comparison of means was carried out using Lsmeans and P<0.05 was considered as 

significance level. 

 

Results and discussion 

 

Starter intake, daily gain and FCR of lambs are shown in Table 2. All lambs completed the study without 

noticing any health problem. Starter intake was not influenced by inclusion of bitter vetch (P<0.05). 

However, a numerical increase in feed intake was observed in lambs on 18% bitter vetch diet. Average 

daily gain during second and third month and general average daily gain were influenced by experimental 

treatments (P<0.01).The highest daily gain and lowest FCR were recorded in 18% bitter vetch group. 

Abdullah et al. (1999) and  Haddad (2006) evaluated diets containing various sources of protein including 

soybean meal or bitter vetch and indicated that final live weight, daily gain and overall FCR were not 

affected by protein sources. The Effect of different levels of bitter vetch in starter feed on blood 

metabolites has been shown in Table 2. Blood albumin and urea concentrations were significantly 

affected by experimental treatments (P<0.01). Inclusion of bitter vetch decreased blood urea level and the 

lowest blood urea was measured in lamb rearing under conventional feeding with sole barley based starter 

feed (P<0.05). Daily milk consumption and total milk consumption were lower in lambs fed bitter vetch 

contained starters compared with control (P<0.05) (Table 2). It has been shown that feeding starter feed 

promotes faster rumen development, higher rumen bacterial activity and facilitates earlier weaning 

(Krishnamoorthy and Moran, 2011). Raisi et al (2011) reported that fattening lambs had better 

performance on diets containing bitter vetch substituted with cotton meal. These results are in agreement 

with our results in suckling lambs. Bitter vetch seeds are known to contain some anti-nutritional factors 

including protease inhibitors and tannins (Sadeghi at al., 2004). The effects of tannins are associated with 

their ability to combine with dietary proteins and cell wall polymers, and thus retarding or preventing 

their microbial digestion and tannins are generally regarded as inhibitors of rumen microbes (Gonzalez 
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and Andres 2003). This may result in decreased ruminal protein degradation and passing high quality 

proteins to duodenum. 

 

Conclusion 

 

Based on the current results, weaning weight and feed intake of Moghani suckling lambs fed starter diets 

containing bitter vetch seed were comparable with diets containing soybean meal. FCR, daily milk 

consumption and total milk consumption were decreased in groups fed bitter vetch. According to the 

results, bitter vetch seed can be used in daily ration of suckling lambs diets and it can be replaced as a 

cheap protein source with soybean meal up to 18% of the suckling lambs starter feeds. 
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Table 1. ingredients and chemical composition of experimental diets 

Ingredient (%) 0% bitter vetch 9% bitter vetch 18% bitter vetch 27% bitter vetch 

ingredients     

Barely 50 48 46 44 

corn 15 13 11 9 

Wheat bran 5 5 5 5 

Soybean meal 26 21 16 11 

Bitter vetch 0 9 18 27 

mineral premix 1.5 1.5 1.5 1.5 

CaCO3 1.5 1.5 1.5 1.5 

NaHCO3 0.5 0.5 0.5 0.5 

NaCl 0.5 0.5 0.5 0.5 

chemical composition     

ME 2.67 2.64 2.64 2.63 

CP 18.1 18 18.1 18 

Ether extract 2.9 3.2 3.4 3.6 

NDF 14.4 15.3 16.5 17.6 

ADF 6.2 7 8 8.9 

Ca 0.8 0.8 0.9 0.9 

P 0.5 0.5 0.5 0.5 

 

 

 

Table 2. feed intake, daily gain and FCR 

 Control 

0 % 

bitter 

vetch 

9 % bitter 

vetch 

18 % 

bitter 

vetch 

27 % 

bitter 

vetch 

SEM 
P-

value 

Birthday weight (Kg) 4.52 4.58 4.61 4.61 4.43 0.254 ns 

Weaning weight (Kg) 22.11 24.89 26.42 28.74 26.49 1.159 ** 

Daily gain/firth month 

(Kg/d) 
0.250 0.271 0.308 0.321 0.306 0.240 ns 

Daily gain, Second month 

(Kg/d) 
0.276b 0.330ab 0.366a 0.355a 0.344a 0.022 ** 

Daily gain, Third month 

(Kg/d) 
0.072c 0.121ab 0.106b 0.139a 0.138a 0.008 ** 

Total daily gain (Kg/d) 0.208b 0.241b 0.260ab 0.286a 0.262ab 0.125 ** 

starter intake (Kg/d) 364.91 378.19 398.41 409.85 393.38 30.790 ns 

Daily milk consumption 

(Kg/d) 

0.93a 0.725b 0.695b 0.71b 0.76b 0.047 
** 

Total milk consumption 

(Kg/d) 

78.12a 58.38b 60.9b 59.64b 63.84b 4.01 
** 

FCR 1.8a 1.58ab 1.57b 1.46b 1.52b 0.070 ** 
a, b, c Within each column, means with similar letter (s) are not significantly different. 

ns: not significant, *P ≤ 0.05, **P ≤ 0.01. 
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Table 3. Effects of different levels of bitter vetch in starter feed on growth factors and milk 

consumption of Moghani suckling lambs 

 Control 0 % bitter 

vetch 

9 % bitter 

vetch 

18 % 

bitter 

vetch 

27 % 

bitter 

vetch 

SEM P-

value 

Glucose 

(mg/dl) 

81.83 95.94 83.38 87.75 85.22 4.5 
ns 

Total protein 

(g/dl) 

6.73 7.02 7.00 7.52 7.01 0.29 
ns 

Albumin (g/dl) 3.52 3.22 3.67 3.90 3.64 0.21 ** 

Triglyceride 

(mg/dl)  

10.48 13.42 16.07 16.71 14.52 2.75 
ns 

Urea (mg/dl) 38.8 51 45.3 49 45.3 6.05 ** 
a, b, c Within each column, means with similar letter (s) are not significantly different. 

ns: not significant, *P ≤ 0.05, **P ≤ 0.01. 
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Abstract 

A diagnostic survey was carried out to investigate the diversity and utility patterns of donkeys in Anka, 

Bungudu and Maru Local Government Areas of Zamfara State, Nigeria. By means of structured 

questionnaire 120 donkey users were interviewed in five villages in each of the selected three local 

government areas. Among the seven ecotypes of donkey encountered in the area, ‘Ehokusu’ was the most 

frequently-kept, accounting for almost 60% of the 161 donkeys of the respondents. Others were ‘Auraki’ 

(23.0%), ‘Akaza’ (8.1%), ‘Goho’ (5%), ‘Fari’ (3.1%), ‘Duna/Baki’ (2.5%) and ‘ja’ (1.2%). Mean number 

of donkeys kept per user was 1.34, ranging from 1 to 3. The users (100% males) were 44.84 ± 11.80 years 

old (ranging from 25 to 70 years) with 17.52 ± 9.43 years of experience in donkey keeping/usage 

(ranging from 5 to 40 years). They engaged their donkeys for different works of which haulage of farm 

produce was mentioned by one-third of the respondents. Other utility patterns into which the donkeys 

were put were haulage of firewood (20.8%), haulage of soil/manure (17.5%), haulage of water (15.0%) 

and riding (13.3%). No mention was made of usage of donkeys for tillage operations or meat production 

in the area 

 

Introduction 

In 2004, FAO put the world population of donkeys at about forty-four million (FAO, 2004). Of this figure 

about 12 million were to be found in Africa. Donkeys are well adapted to the semi-arid ecosystem, and in 

Africa most of them are found in the countries bordering the Sahara desert, with small numbers in Eastern 

and Southern Africa. The country with the largest population of donkeys is Ethiopia (CTA, 1990). 

Similarly, Paul and Malcolm (1997) reported that estimates of the world population of donkeys ranged 

from 30 – 45 million. Donkey (Equus asinus) is an important livestock species in Nigeria. The highest 

concentrations of donkeys are found around Kano, between Katsina and Sokoto states and northern Borno 

state (FDLPCS, 1992). The same source put the donkey population in Nigeria at about 937,000 

distributed mainly in the arid and semi-arid zone of the country. As at 1994, Zamfara area (now Zamfara 

state) in the then Sokoto state had a population of 45,564 donkeys (ZPLDP, 2004). 

 

In the semi-arid regions, the donkeys have been used widely to carry loads, pull carts and carry riders 

(jahnke, 1982; Hassan and Ibitoye, 1990). The present study was carried out with the aim of identifying 

the most common and most adapted ecotypes, the uses to which they are put and suggesting measures for 

conservation and improved utility of donkeys in Zamfara state in the light of the interest of the present 

state government in this direction 

 

Materials and methods  

 

Source of Information 

The data for this study were collected from users of donkeys in fifteen (15) villages in three local 

government areas, viz, Anka, Bungudu and Maru in Zamfara state is located geographically between 

latitudes 11ᵒ5I - 12ᵒ40IN and longitudes 5ᵒ30I-6I50IE (Swindell, 1982). The natural vegetation of the area 

provides an important grazing site for livestock in the rainy season. The climate is characterized by a long 
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hot dry season lasting from September to May and a short warm, wet (rainy) season that usually starts in 

mid-May and ends in September. The temperature remains high in the day, but cold at night (Reuben, 

1981). The mean annual rainfall is about 900mm; mean annual temperature is about 30ᵒC with a 

maximum of 42ᵒC in April – May. Average relative humidity is 50% and annual mean evaporation is 6% 

(ZARDA, 2002). Harmattan also persists from November to March in the area during which time normal 

vegetation growth ceases. The local government areas were purposively selected based on the donkey 

distribution in Zamfara state; the local government had high numbers of donkeys (ZPLDP, 2004).  

Collection and Analysis of Information 

With the aid of a structured questionnaire, interviews were conducted with 120 randomly – selected users 

of donkeys. The questionnaire sought demographic information on the respondents in addition to 

questions relating to the ecotype, number, sex and age of donkeys kept, and the uses to which the animals 

are put. The users were interviewed individually at their houses. The collected data were analyzed using 

the descriptive statistics of the SPSS (SPSS, 1993) 

 

Finding and discussion 

  

Demographic information on respondents 

The demographic information on the users of the donkey showed that they were all (100%) males; women 

hardly kept donkeys in the area due probably to religious factors. The majority of the users interviewed 

were within the age range of 25 – 70 years and the length of experience in keeping donkeys ranged from 5 

– 40 years. It is obvious donkey keeping cuts across all adult age groups in the study area. The observed 

wide range of experience in donkey keeping shows that the users are very familiar with donkeys and 

issues related to the utilization of animals. Over 65% of users were married and possessed varying levels 

of education. It is highly probable then that donkeys assist in carrying out some duties in the households. 

The implication of the high literate level is that the respondents would be relatively open to adoption of 

innovations concerning donkey keeping. 

 

Donkey diversity 

Ecotypes of donkeys kept by the respondents were ‘Ehokusu’ (57.1%), ‘Auraki’ (23.0%) and ‘Goho’ 

(5%) (Fig 1). Others were ‘Akaza’, ‘Baki’, ‘Duna’, ‘Fari’ and ‘Ja’ each constituting less than 5%. Based 

on the coat colour patterns, Hassan and Ibitoye (1990) identified six ecotypes of donkeys in the Sokoto 

state (now Sokoto, Kebbi and Zamfara state). These were ‘Auraki’ ‘Bakin jaki’, ‘Ehokusu’, ‘Goho’, 

‘Gwambaza’ and ‘Jangora’. These authors also noted the usage of the animals for riding and haulage. 

According to Fielding and Patrick (1996) donkey owners commonly distinguish several different types of 

donkeys based on coat colour. These authors noted that as many as six distinct donkey ecotypes are 

readily recognized by the rural people in Sokoto. Although some colours are favoured by buyers, there is 

little evidence that those colours are linked to the productivity or hardiness of donkeys. The same source 

also recognizes four breeds or types of donkeys in Nigeria as ‘Auraki’ (Rust or light red) ‘Fari’ (pale 

cream to white), ‘idabari/Eho’ (light grey to medium brown) and ‘Duna/Baki’ (Dark Brown to Black). 

According to Tafere (2003), the dominant donkey colour is a mousy grey, although donkeys ranging in 

colour from black to white are not uncommon. 

The most prominent donkey ecotype in the study area – ‘Ehokusu’ – is light grey to medium brown in 

colour, in agreement with the Hausa name of the ecotype: ‘Eho’ means ‘to pay attention’, while ‘kusu’ 

refers to ‘mouse’. Indicating that the coat colour of the ecotype resembles that of a mouse (rodent), which 
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is typically grey, characteristically, ‘Ehokusu’ has white belly and muzzle with a clear dark and 

conspicuous shoulder marking (Plate 1 & 2) 

 

 

               

 

 

 

 
 

Figure 1: Relative distribution of donkey ecotypes in the study area  

 

 

 

Akaza
8.1%

Auraki
23.0%

Duna
2.5%

ja   1.2%

Goho
5.0%

Fari
3.1%

Ehokusu
57.1%



Paper Proceedings of Agriculture, Animal Sciences and Aquaculture 2015(ISBN 978-955-4543-32-4) 
 

 

 

 

96 

Herd structure 

 

The average donkey holding size was 1.34 animals, ranging from 1 – 3. Three – quarters (75%) of the 

respondents had only one donkey, 16% had two donkeys, while the remaining 9% had three donkeys. The 

donkeys kept by the respondents were 49.7% males and 50.3% females, giving a sex ratio of 1:1. This 

finding indicates that the animals were kept by the respondents mainly for work and there was obviously 

no discrimination against a particular gender for this purpose. Mean age of the respondents’ donkeys was 

6.88 ± 3.79 years, ranging between 1 and 30 years, with no significant differences between the identified 

in the mean ages of ecotypes (P>0.05). However, the jacks were significantly older than the jennies (8.08 

± 4.07 years versus 5.69 ± 3.10 years; p<0.001). This goes to buttress the observation made earlier on the 

purpose of keeping donkeys in the study area, for the jennies would have been kept longer if the animals 

were kept for breeding purpose. 

 

Donkey utility patterns 

 

Almost 33.3% of the respondents used their donkeys for haulage of farm produce and 13.3% rode their 

donkeys. Others used the donkeys for haulage of soil/manure (17.5%). Firewood (20.8%) and water 

(15.0%) (Figure 2.) The majority of the users engaged their donkeys in the haulage of farm produce. The 

farm produce were vegetables (lettuce, pepper, amaranthus and tomatoes) grains, sugar cane and tubers 

(cassava, potato, yam). Katsina (1990) and (Hassan et al., 2003) earlier reported similar utility patterns of 

donkeys in the arid and semi-arid regions of Nigerian. It was also gathered that, donkey was not kept for 

meat production in the area. This was contrary to an earlier report by Fielding and Patrick (1996), that 

donkey meat was eaten by some pastoralists in Nigeria. Though preliminary results of a research 

conducted at IAR/ABU, Zaria revealed that donkeys could be used for carting and for weeding plants and 

ridging on light sandy soils (Musa, 1978), uses of the donkeys for these purposes were not mentioned in 

the area. 

 



Paper Proceedings of Agriculture, Animal Sciences and Aquaculture 2015(ISBN 978-955-4543-32-4) 
 

 

 

 

97 

 
 

Figure 2: Utility patterns of donkey in the study area  

 

Conclusion and Suggestions 

‘Ehokusu’ was found to be the most common ecotype kept by users in the study area. Next to it was 

‘Auraki’. Donkey conservation efforts could focus these two popular donkey ecotypes. The first step in 

this direction should be performance characterization of these ecotypes for the identified utility patterns. 
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Antibacterial activities of “Lawsone” as active component isolated from Lawsonia inermis 

(henna) 
 

Dananjaya S.H.S. and Mahanama De Zoysa 

College of Veterinary Medicine and Research Institute of Veterinary Medicine, Chungnam National 

University, Yuseong-Gu, Daejeon,  Republic of Korea 
 

Lawsonia inermis (Henna) has been used in medicine, preservative and cosmetic applications. In this 

study, lawsone was isolated from dried Lawsonia inermis leaves by solvent extraction method using 

diethyl ether and purified by column chromatography technique. Purified lawsone was characterized by 

determining the melting point and UV- visible spectrum. Antibacterial effect of lawsone was screened 

with four different bacteria strains (Vibrio parahaemolyticus, V. proteolyticus, Vibrio tapetis, Aeromonas 

salmonicida,) using disc diffusion assay. The melting point of the isolated, pure 2-hydroxy-1,4-

napthoquinone was in the range of 193-195 0 C. The UV visible absorption band of lawsone is 456 nm in 

basic media. Minimum inhibitory concentration (MIC) of lawsone for V.  parahaemolyticus, V. tapetis 

and V. proteolyticus were 250 μg/mL and MIC for A. salmonicida was 125 μg/mL. Overall results suggest 

that lawsone exhibited the noticeable antibacterial activities on tested fish pathogenic bacteria which can 

be applied to develop new antibacterial agent. 

 

Key words: Antibacterial agent; lawsone; Lawsonia inermis 

 

 

 

Evaluation of fruit and berry winter hardiness in the arid zone of Central Kazakhstan 
 

Natalya Andrianova1, Nazerke Shyntasova1, Tatyana Sirotina1 
1 Committee of Science of Ministry of Education and Science of the Republic of Kazakhstan, Zhezkazgan 

Botanical Garden – branch of «Institute of Botany and Phytointroduction», Republic of Kazakhstan. 

 

The study presents the field evaluation of introduced apple, pear (2004/2005 - 2013/2014) and black 

currant cultivars’ winter injuries (2009/2010 - 2013/2014) in the severe conditions of the arid zone of 

Central Kazakhstan (Zhezkazgan Botanical Garden). The field observations of plants’ winter injuries 

have shown that the crops differ in the crown’s winter damage degree depending on a winter season. 

Correlation links between minimal temperatures and the winter damage’s average degree of apple, pear 

and black currant cultivars’ crowns have been established, respectively as -0.64 (noticeable, p < 0.05), -

0.81 (high, p < 0.01) and -0.53 (noticeable, ns). One-way analysis of the winter damage’s average degree 

of  the pear, apple and black currants’ crowns  during 5 winter seasons have shown that winter injures of 

the pear and apple cultivars were significant higher than the black currant cultivars at probability less 

0.05. Arctica’ (Siberia), ‘Baganenok’ (Siberia), ‘Norland’ (Canada), ‘Norda’ (Canada) and ‘Petrov’s 

Desertnoye’ (Central Russia) apples; ‘Zolotinka’ (Siberia), ‘Barnaulskaya Krupnaya’ (Siberia), 

‘Krasulya’ (Ural), ‘Petrov's Desertnoye’ (Central Russia) and ‘Lubava’ (Crimea) pears; ‘Altayskaya 

Pozdnyaya’, ‘Bariton’, ‘Galinka’, ‘Ksyusha’, ‘Lama’, ‘Natasha’, ‘Rita’ (Siberia) black currants have 

suitable winter hardiness for the arid zone of Central Kazakhstan. 

 

Keywords: fruit, berry, winter hardiness.  
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Effect of mixed diet of live feeds on growth performance and survival of Angel fish larvae 

(Pterophyllum scalare) in indoor aquarium conditions 
 

D.U. Hettiarachchi1, K. Radampola2, G.A.H.S. Chathuranga 3 
1& 2Dept of Fisheries & Aquaculture, Faculty of Fisheries and Marine Sciences & Technology, University 

of Ruhuna, Sri Lanka 
3Dept of Aquaculture & Fisheries, Faculty of Livestock, Fisheries & Nutrition, University of Wayamba,  

Sri Lanka 

 

Live feed is one of the key component for the aquatic animal culture and directly effect to survival, 

development of fish larvae. The present investigation was carried out to evaluate the effect of mixed diet 

of live feeds including Moina sp(M), Artemia sp(M) on the growth performances and survival of angel 

fish larvae (Pterophyllum scalare).Two days post hatch larvae were reared with feeding three different 

combinations of live feeds including 75%A25%M, 50%A50%M, 25%A75%M and sloe diet of 100%A. 

The experiment was lasted for 21 days, at the end of the experiment final mean weight, total length, 

width, eye length, head length, % SGR and survival were compared.Significantly highest (P<0.05) mean 

final Total length and Weight were observed larvae in treatment 50A50M (20.930.12mm, 

0.130.0038mg) lowest value was obtained by A25M75 (14.400.60mm, 0.050.0024mg). Significantly 

highest (P<0.05) mean final Width was observed larvae in treatment 50A50M and A100 while lowest 

value in treatment A25M75. Significantly highest (P<0.05) % SGR was performed by treatment 

A50M50, lowest value by treatment A25M75. Larvae fed with A75M25 showed significantly highest 

survival rate of 100 % and it is not significantly different from larvae fed with A50M50.  From this 

experiment we can concluded that it is better to use mixed diet consist with  A50%M50% rather than sole 

diet to obtain better growth performances, survival while expending low cost.  

 

Keywords:  Angel fish, Artemia sp., Moina sp,   

 

 

Effects of elevated temperature on oxidative stress response and biochemical parameters in 

red hybrid tilapia, Oreochromis sp. 
 

Nadirah Musa 1,2, Nazurah Harun1, Shaiful Hafiza Ab Rahman1, Hazza Roshada Ramli1, Laith Abd 

Razzak 1,2and Najiah Musa 1,2 
1School of Fisheries and Aquaculture Science, Universiti Malaysia Terengganu,  Malaysia 

2Institute of Tropical Aquaculture, Universiti Malaysia Terengganu, Malaysia 

 

This study was conducted to determine the effect of elevated temperature on oxidative stress response and 

biochemical changes in male red hybrid tilapia Oreochromis sp. Healthy male red hybrid tilapia (mean 

total length of 37.0+3.2 cm and mean body weight of 500.0+ 15.0 g) were exposed to elevated 

temperature which was conducted based on preliminary study of 24 hr LET50 and 24 hr LT50. Fish were 

subjected to gradual acclimation (1oC/8h) from 28oC to 31oC and exposed for 14 days. Results shows that 

MDA was significantly (P<0.05) increased with the duration of exposure. Plasma glucose and LDH 

serum levels were also increased (P<0.05) by day 14. In contrast, protein content in both muscle and liver 

were significantly decreased (P<0.05). Thus, exposure to elevated temperature induce oxidative stress 

response and altered the biochemical parameters in male red hybrid tilapia. Further understanding on how 

elevated temperature influence the oxidative stress response and biochemical response in male red hybrid 

tilapia are needed.    

 

Keywords: tilapia, malonaldehyde, biochemical 
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Artificial Insemination for Cattle and Carabaos in Bicol Region, Philippines: Its 

Implementation and Assessment 
   

Lourdita A. Llanto PhD; Felomino V. Mamuad PhD 

Dept of Agricultural Sciences, Bicol University College of Agriculture and Forestry, Guinobatan,  

Philippines 

Office of the Executive Deputy Director, Philippine Carabao Center, Nueva Ecija, Philippines 

 

This study assessed  artificial insemination (AI) implementation for cattle and carabaos in three dairy 

areas in the Bicol Region, Philippines:  Albay, Sorsogon and Camarines Sur.  Three AI provincial 

coordinators, twenty-six (26) AI technicians and 271 farmers totaling to three hundred (300) respondents 

were interviewed.  Results were analyzed using frequency counts, means, percentages and chi-square test.  

Provincial AI coordinators (PAIC) were male,  59 years old, married, had college education, served in 

government service for 34 years on the average, but as  PAIC for 5.7 years.  All had other designations 

and functions.  Mean AI operation was 11.33 years with annual support of Php76,666.67.  AI technicians 

were males, married, with college education, and trained.  Problems were on mobility; inadequate 

knowledge of farmers in animal raising and AI; and lack of nitrogen and  semen supply.  There was 2.95 

municipalities and  breedable cattle/carabaos of 3,091.25 per AI technician.  Mean number of artificially 

inseminated animals per AI technician for 2011 was 28.57 heads for carabaos and 8.64 heads for cattle.  

There was very low participation rate among farmers.Carabaos were 6.52 years with parity 1.53.  Cattle 

were 5.61 years, with parity of 1.51.  Semen quality significantly (p ≤ 0.05) deteriorated in normal and 

live sperm with storage and handling at the provincial and field stations.  Breed, AI technician’s practices 

and AI operation significantly affected conception rate.  Mean conception rate was 57.62%.   

 

Keywords: carabaos, artificial insemination  

 

 

 

Improved Method of Planting for Enhanced Seed Yield in Chickpea 
 

Basave Gowda*, Shashikumar.M, Basavaraj S Ganiger, G.Y.Lokesh, R.L.Jadhav, R.C.Deshmukh, 

M.B.Agnnal, S.M.Prasanth, S.N.Vasudevan, V.P.Naglikar, N.M.Shakuntala, K.Lokesh and 

Vijayakumar 
 

*Professor (SST) and Special Officer (Seeds), University of Agricultural Sciences,Raichur, Karnataka, 

India 
 

Studies carried out during rabi season of 2011-12 and 2012-13 to identify the best planting method for 

enhanced seed yield in chickpea under irrigated condition.Among the different methods of planting 

studied,  ridges and furrow method with 45x10 cm planting geometry recorded highest seed yield (21.6 

q/ha) has compared to present practice of flat bed method with 30x10cm (16.1 q/ha).Similarly higher 

number of pods/plant and 100 seed weight were also higher under ridges and furrow method.Further to 

confirm the above results, large scale verification trials were also conducted at Bidar, Yadgir, Bellary and 

Raichur districts in the farmers field during rabi 2013-14 and 2014-15 and results of the large scale also 

confirmed ridges and furrow method of planting with 45x10 cm recorded higher seed yield than the 

traditional flat bed method with 30x10 cm.Hence it may be concluded that for quality seed production of 

chickpea under irrigated condition ridges and furrow planting method (45x10 cm) was found better. 
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Effects of Melaleuca cajuputi extracts as a natural feed additive on quality of African 

catfish (Clarias gariepinus) 
 

Nurul Ulfah KARIM1,2*, Mohd Badrul MOHD KHAIRUL SAHIMI2, Marina HASSAN2 

1School of Fisheries & Aquaculture Sciences, Universiti Malaysia Terengganu, Terengganu, Malaysia 
2Institute of Tropical Aquaculture (AQUATROP), Universiti Malaysia Terengganu, Terengganu, 

Malaysia 
 

African catfish, Clarias gariepinus at homogenous size were randomly divided into three treatments; 

controls, fed with commercial feed; T1, fed with 5 mg kg-1 Melaleuca extract formulated in commercial 

feed; and T2, fed with 10 mg kg-1 Melaleuca extract formulated in commercial feed. All samples were fed 

twice daily for 21 days. The effects of the treatments on nutritional composition, microbial and physical 

quality were analysed. The nutritional composition of the catfish fed with Melaleuca extract formulated in 

commercial feed were not significantly modified (p>0.05). However, lipid and fibre content in T2 catfish 

showed a significant (p<0.05) higher composition compared to the controls. Formulated aquafeed of 10 

mg kg-1 Melaleuca extract (T2) were successfully reduced (p<0.05) the total bacteria load compared to T1 

catfish and the controls. Water holding capacity (WHC) of T2 catfish were recorded higher (77.93±6.95 

%) but not significantly (p>0.05) different to the T1 catfish and controls. pH value in all samples were 

recorded at range of 5.2-5.6. Meanwhile the colour value (L*, a* and b*) of fish fed with Melaleuca 

extract formulated feed were not significantly (p>0.05) different to the fish fed with commercial feed 

(controls). Natural feed additive of 10 mg kg-1 Melaleuca extract are potential invention of aquafeed 

industry to be applied in aquaculture practice as it offers a good microbiological and physical quality to 

cultured African catfish.  
 

Keywords; African catfish, Melaleuca cajuputi, aquafeed 

 

 

Mola-Carp Polyculture in Women Managed Household Pond: A New Window of 

Opportunity for Household Nutrition and Employment 
 

Md. Rafiqual Islam Khan*, Md. Zakir Hossainii, Quazi Moshrur-Ul-Alamiii,Manjurul Karimiv and 

Hendrik Jan Keusv 

*Project Manager, USAID Aquaculture for Income and Nutrition  Project, WorldFish, Bangladesh 
 

Mola (Amblypharyngodon mola) is a highly nutrient-rich small fish containing essential Vitamins and 

micronutrients. This research was conducted from mola extension program of WorldFish, in which mola 

was cultured with carp fishes in women managed household ponds in Faridpur, Bangladesh. The farmers 

were trained and stock per ha 10000 numbers of mola with 9000 carp (Catla catla,  Labeo rohita, 

Hypopthylmychthyes molitrics, Aristichthys nobilis, Ctenopharyngodon idella, Cirrhinus mrigela and 

Cyprinus carpio) and other management was followed. The study was conducted among 2000 household 

farmers and randomly sampled 600 farmers to assess their mola-carp polyculture and consumption 

pattern. It was found that due to adding mola, receiving training supports as well as following better 

management practices, total carp polyculture the production increased almost 17% then the previous in 

the respective ponds, the household consumption increased almost 42% for regular harvesting and 

economic benefit increased 20%. Besides, those who consumed mola on a regular basis experienced less 

disease of the targeted lactating mothers and children find out from comparing the baseline study. Mola 

was not cultured significantly before this intervention but found in 5% overflowing ponds, in this case no 

regular harvesting was done for family consumption and sell or not counted as a culture species. This 

polyculture is increasing knowledge and skills of the rural women, fulfill family protein requirement, 

reducing 33% buying cost of family protein intake and creating women employment from extra 950kg/ha 

mola production from household ponds.  



Paper Proceedings of Agriculture, Animal Sciences and Aquaculture 2015(ISBN 978-955-4543-32-4) 
 

 

 

 

104 

 

Dietary supplementation with Prebiotics and Probiotics influence Relative Protein digestibility and 

digestive enzyme activities in Snakehead (channa striata) fingerlings 

 

Mohammad Bodrul Munir1*, Roshada Hashim2, Terence L. Marsh3, Siti Azizah Mohd Nor1 
1Aquaculture Research Group, Laboratory of Feeds & Feeding Management, School of Biological 

Sciences, Universiti Sains Malaysia, Malaysia 
2USIM Alamiyyah International Centre, Universiti Sains Islamic Malaysia, Malaysia 

3Dept of Microbiology and Molecular Genetics, Biomedical & Physical Sciences, Michigan State 

University, USA 
 

The study revealed the influence of dietary prebiotics and probiotics on relative protein digestibility 

(RPD), and 3 Digestive Enzymes (Amylase, Protease and lipase) activities in snakehead (Channa 

striata) fingerlings and their effectiveness up to 8 weeks post-feeding with the control diet. Duplicate 

groups of fish (Av.Ini.wt  22.40 g+ 0.06) were raised on 5 different treatments, respectively 3 prebiotics- 

0.2% β-glucan, 1% glacto-oligosaccharides (GOS), 0.5% mannan-oligosaccharides (MOS); and 2 

probiotics-1%live yeast (Saccharomyces cerevisiae), 0.01% Lactobacillus acidophilus powder (LBA) and 

a control non-supplemented diet for 8 weeks followed by another 8 weeks on the control diet only. All 

diets contained 40% protein and 12% lipid. The fish were fed to satiation three times daily. Relative 

Protein Digestibility (RPD) increased significantly (p<0.05) compared to the control diet during the first 8 

weeks and continued to increase post feeding with the control diet.  Performance of RPD was 

significantly (p<0.05) was highest in the LBA fed fish compared to the other supplemented diets. Among 

the 3 digestive enzyme activities, lipase activities was found significantly (p<0.05) highest in the LBA 

diet. All 3 digestive enzyme activities ncreased significantly (p<0.05) compared to the control diet. 

This study indicates that the inclusion of dietary probiotics particularly LBA in the diets has a more 

positive influence on the relative protein digestibilityand digestive enzyme activities compare to dietary 

prebiotics. 

 

Keywords: Relative Protein Digestibility, Digestive Enzymes, Snakehead (Channa striata) 

 

 

Dairy Cattle Progesterone Concentrations in Kuwait following Single and Double Injection 

PGF2 Estrus Synchronization Protocols. 
 

Muhammad Aali 

Desert Agriculture & Ecosystem Program, Kuwait Institute for Scientific Research, Safat, Kuwait 

 

The objective of this study was to compare in vivo progesterone (P4) function in cows following single 

and double prostaglandin-F2 (PGF2) injections estrus synchronization protocols. Ninety-five lactating 

Holstein dairy cows were randomly divided into the single PGF2 injection group (n = 42) and double 

PGF2 injections group (n = 53) estrus synchronization protocols. The single PGF2 injection protocol 

consisted of a PGF2 injection (Lutalyse) regardless of the stage of the estrous cycle; the double PGF2 

injections estrus synchronization protocol consisted of two injections of Lutalyse 12 d apart regardless 

of the stage of the estrous cycle. Artificial insemination (AI; Day 0) was conducted 72 h after Lutalyse 

(2nd injection in the double Lutalyse treatment protocol). Milk P4 concentrations were determined for 

days of Lutalyse injections (-3), 0, 7, 14, 21, 28 and 35 post AI. Progesterone profiles from the time of 

AI until pregnancy diagnosis (Day 35 post AI) were similar (P > 0.05) between the PGF2 estrus 

synchronization methods.  

 

Keywords: In vivo progesterone, artificial insemination, estrus synchronization 
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Inclusion of Brown Seaweed (Sargassum crassifolium) as a Partial Replacement of Fish 

Meal in Diets for Oreochromis niloticus Fingerlings. 
 

B.D.M. Mihiran; Kumudu Radampola;  P.R.T. Cumaranatunga 

Dept of Fisheries & Aquaculture, Faculty of Fisheries and Marine Sciences and Technology, University 

of Ruhuna, Wellamadama Matara, Sri Lanka. 

 

A fifty five days feeding trial was conducted to evaluate the nutritional value of brown seaweed 

(Sargassum crassifolium) as a substitute for fish meal on growth performance of Oreochromis niloticus 

fingerlings. Triplicate groups of 10 O. niloticus fingerlings (Mean body weight 2.26 ± 0.31 g) were fed to 

apparent satiation with four experimental diets supplemented with various levels of S. crassifolium (0%, 

5%, 10%, 15%). At the end of the experiment average daily food consumption, percentage specific 

growth rate (%SGR), food conversion ratio (FCR) and percentage survival were calculated. Average daily 

food consumption and percentage survival were not significantly different between the all treatment 

groups. This experiment revealed that increasing the level of S. crassifolium in the diets reduced the 

growth performances of fish. Final body weight, total length and %SGR were significantly decreased with 

increasing the level of seaweed in the diet. FCR was significantly increased with increasing the level of 

seaweed in the diets. The result obtained in this study suggests that use of S. crassifolium as an alternative 

ingredient to replace fish meal component in the diets of O. niloticus has limitations with respect to 

growth performance. S. crassifolium can be included up to 5% level without having any significant 

growth reduction in the diets of O. niloticus fingerlings. Higher inclusion of S. crassifolium reduced 

growth performance of O. niloticus fingerlings.  

 

Keywords: Oreochromis niloticus, Sargassum crassifolium, fish meal 

 

 

Isolation and characterization of a new strain Propionibacterium sp. capable of producing 

polyhydroxyalkanoate (PHA) from waste glycerol, palm oil and different concentration of 

glucose 
 

Khansaa Badie Alkaddo1*, Mohd-Razip Samian1 
1Lab 414, Microbiology Laboratory, School of Biological Sciences, Universiti Sains Malaysia, Penang, 

Malaysia 

 

Abstract: Propionibacteria sp. are found in dairy products and in humans & animals skin. This genus 

classified as non producing PHA. This study reveals that propionibacterium sp. can produce PHA. 

Propionibacterium sp. was isolated from soil and was identified based on its attributes. Cells occurs short 

chains, singly or in pairs, in V or Y configurations. On mineral salt agar colonies are semi-opaque, 

convex, glittering and often pigmented in orange in color, itis being facultative anaerobic, biochemical 

tests and 16S rDNA also done for neighbour-joining tree, showing phylogenetic position of 

Propionibacterium sp. The presence of 3HB was identified and the analysis of 1H NMR was carried out, 

corresponding peaks were assigned to methyl (-CH3), methylene (-CH2) and methine (-CH) proton 

groups. Further confirmation was done through the results of GC and demonstrated the ability of this 

isolate to produce P (3HB) polymer. These were grown on waste glycerol media, palm oil, different 

concentration of glucose and one stage and two stage cultivation and leaded to the conclusion about 

growth ability of Propionibacterium sp. under limited conditions that favor PHA accumulation.GC 

analysis revealed that Propionibacterium sp. can produce PHA and other co-polymer (3-HV) and 

(3H4MV) .The PHA composition (mol%) for propionibacteria sp. (4% 3HB, 39% 3HV, 51% 3H4MV). 

And the PHA contents 13% (mol %) when used palm oil as sole carbon source. 

 

Keywords: Propionibacteria sp., PHA  
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Status of the Brine Shrimp, Artemia Diversity in India: Distribution and Conservation 

Strategies 
 

Munuswamy Natesan 

Unit of Aquaculture & Cryobiology, Dept of Zoology, University of Madras, Guindy Campus, Chennai, 

India 

  

In India, the occurrence of Artemia populations have been reported in coastal as well as inland salt lakes. 

In Indian subcontinent, as many as 19 places (Tamil Nadu, Andhra Pradesh, Maharashtra and Gujarat) 

have been identified as hotspots for Artemia resources(Munuswamy, 2004). In Tamil Nadu (South India), 

the distribution of Artemia populations had been documented in the various saltpans at Kelambakkam, 

Tuticurin, Vedaramyam, Thamarikulam and Nagarkoil. Until 2000s, the parthenogenetic strain of Artemia 

was dominated in the salt fields of Tamilnadu. Due to the introduction of the exotic bisexual strain, A. 

franciscana, for hatchery operations, the native population could not be traced in most of the saltpans. 

Because of the occurrence of various morphotypes in adult brine shrimps of a homogenous population. 

taxonomy of this becomes more contradictory. Artemia populations from Kelambakkam, Vedaramyam, 

Tuticorin and Thamarikulam regions were characterized based on morphometry, post embryonic 

development, cyst membrane protein, egg surface topography and furcal morphology. Further, efforts had 

been made to amplify the specific 16S mitochondrial rDNA gene of various populations using NCBI-

BLAST analysis, NJ and UPGMA methods. The result reveals that there are only two clusters observed in 

all the Artemia populations, confined to South India. To conserve nature populatuion inoculation of 

indigenous Artemia strain in Artemia free salterns is recommended as a measure to ensure and propagate 

the indigenous Artemia resources. 

 

Keywords: Artemia diversity, Morphotypes, Molecular taxonomy 

 

 

 

Effect of feeding glycerol on healthy and economical milk production in ruminants. 

 
Mubarik Mahmood 

Dept of Animal Sciences, University of Veterinary & Animal Sciences, Lahore sub campus Pakistan 

 

Glycerol is a reduction product of glyceraldehydes which is obtained as a byproduct during bio fuel 

synthesis from grains. Glycerol has been proved to exert a number of beneficial impacts in dairy industry 

in addition to replacing the major energy source in animal feed. Presence of glycerol up to 15 percent of 

DM in ruminant feed is a way to alter the fermentation kinetics and nutrient metabolism in a positive 

fashion. Energy loss through methane eructation is decreased and energy is provided in a controlled 

manner because of more retention time of glycerol in rumen. So glycerol is, at the same time, bearing a 

very unique characteristic of performing the functions of a potent energy source as well as that of a 

fibrous diet by increasing retention time. Due to this property of glycerol milk production and milk fat 

percentage does not show any decline. Addition of glycerol leads to prevention of lipolysis which is the 

first step in bio hydrogenation of unsaturated healthy fatty acids and ultimately in conversion of these to 

saturated unhealthy ones to be incorporated in milk and meat. So amount of saturated fatty acids, 

monounsaturated fatty acids and polyunsaturated fatty acids can be tilted towards ideal figure to some 

extent by incorporating glycerol up to a certain extent. So making glycerol as part of ruminants’ diet lead 

to the production of economical and healthy milk production for human consumption by modifying the 

fermentation kinetics of rumen. 

 

Keywords: Ruminants, Glycerol, Milk 
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The production of balanced fodder in the North Kazakhstan. 
 

Natalya Malitskaya 

Agriculture Dept, North Kazakhstan state university named after M.Kozybayev, Republic of Kazakhstan 
 

In the North of Kazakhstan in these latter days a great attention is paid to cattle breeding, therefore, the 

improvement of succulent fodder production is as actual in the winter period as the production of rough 

fodder. To provide the cattle breeding with balanced succulent feed it is suggested to cultivate not only 

corn for silage (Zea mays L.) as a main culture of the region, but also a new feed crop – highlander 

transbaikalia (Aconogonon divaricatum L.) from the Buckwheat family for different purposes: for silage 

and haylage. The balance of protein in 1 feed unit of highlander transbaikalia is 120-130 g in comparison 

with corn, where the protein is 80 g, when the zoocultural standard for agricultural animals feeding is 

105-110 g. It is recommended to cultivate the raw materials by the zonal technology in the system of raw 

material conveyor. The terms of hay cutting maturity allow to use the raw materials from june to august 

and to get the yield of highlander transbaikalia for 2 cuttings of 5.36 t ha−1 of feed units and 0.71 t ha−1 

of digestible protein, in comparison with corn 3.42 t ha−1, 0.30 t ha−1 respectively, what equals to 87,88 t 

ha−1 of feed units. The feature of highlander transbaikalia cultivation is that as a longstanding culture it 

allows to get a stable yield of 6.0 t ha−1 of absolutely dry mass at average for 10 years, it is sensitive to 

pesticides, that is why the technology is ecological and low-cost (80 $/1 ha), when the corn demands the 

annual reinoculation, what is more expensive (145 $/1 ha). It is recommended to prepare fodder: haylage, 

silage by the elaborated formula, the quality of which corresponds state standards. According to the 

results of the fodder chemical analysis the schemes of feeding rations were elaborated.  
 

Keywords:  cultures, raw materials conveyor, feeding ration.  
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vannamei by phage cocktail 
 

Najiah M*1,2., Nurhafizah W.W.I. 1, Amiratul S.F.M.Z. 1 , Lee K.L. 1, Laith A.R. 1, Danish M.D.D. 1,2, 

Sandra- Catherine Z. 1,2, Nadirah M1,2. 
1School of Fisheries & Aquaculture Science, Universiti Malaysia Terengganu,  Malaysia 

2Institute of Tropical Aquaculture, Universiti Malaysia Terengganu,  Malaysia 
 

Luminous vibriosis due to Vibrio harveyi is a serious disease problem in shrimp aquaculture, which 

causes heavy mortalities and huge economic losses. Infected shrimp show red discolouration of body, 

pleopods and periopods, and tail necrosis. The present study aimed to determine the inactivation efficacy 

of phage cocktail against pathogenic luminous V. harveyi isolated from diseased Pacific white shrimp 

Penaeus vannamei. Inactivation treatments were done by allowing interaction of 1.80 x 1010 PFU/mL of 

phage cocktail with 6.0 x 108 CFU/mL of V. harveyi suspensions in tanks for 1, 6, 12 and 24 hours. P. 

vannamei growout shrimp (8-10 g) were introduced into the treatment tanks for experimental bath 

infection, and observed for 24 hours for mortality. Tank with no bacterial suspension and phage cocktail 

was used as negative control, whereas tank with only bacterial suspension was used as positive control. 

Water sample was collected from each treatment tank 4 hours later (hence, a total of 5, 10, 16 and 28 

hours of inactivation treatments, respectively) for total vibrio count (TVC). In general there was treatment 

duration dependent decreases of TVC and shrimp mortality. The TVC dropped drastically from 108 to 103 

CFU/mL after 5 hours of inactivation treatment, but only slightly further decreased to the range of 102 

CFU/mL in the 10, 16 and 28-hour treatments. The decrease of TVC was also reflected in the reduction of 

mortality rates from 70% in the positive control (no phage cocktail) to the range of 50-30% in the tanks 

with inactivation treatment. This indicated the potential of biocontrol of pathogenic luminous V. harveyi 

in shrimp aquaculture by phage inactivation.  

 

Keywords: Inactivation, Vibrio harveyi, Penaeus vannamei, phage cocktail 
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Preliminary studies on cryopreservation of spermatophores in the whiteleg shrimp, 

Litopenaeus vannamei 
 

Selvakumar Narasimman and Munuswamy Natesan 

Unit of Aquaculture & Cryobiology, Dept of Zoology, University of Madras, Guindy Campus, Chennai, 

Tamilnadu, India 
 

The present study documents a freezing protocol for cryopreservation of spermatophores of whiteleg 

shrimp, Litopenaeus vannamei. Spermatophores were collected by electro – ejaculation method. The 

toxicity effects were studied using cryoprotectants such as Dimethyl sulfoxide (DMSO), Dimethyl 

acetamide (DMA) and Methanol (MeOH) at various concentrations (5, 10, and 15% v/v) with Ca – F 

saline as an extender. Based on the toxicity assay, cryoprotectants such as DMSO, DMA and MeOH at 

different concentrations with extender were used for cryopreservation. Freezing protocol of -1°C/min 

until -80°C was achieved by a one-step cooling rate using programmable freezer (Cryo planner, Kryo-360 

– 1.7). The samples were then directly immersed in LN2 at -196 °C. Thawing was performed in a water 

bath at 37°C for 1 min; this yielded live sperm after storage for 30 days in liquid nitrogen. Results 

indicated the maximum viability of sperm (87.47 ± 3.1%) was obtained with 5% DMSO for 30 minutes 

equilibration time. which is almost comparable to the sperm viability of fresh spermatophore (control) 

(94.13 ± 3.1%). However, the MeOH (15%) showed low percentage viability (24.93 ± 4.2%). Post – thaw 

sperm showed a viability of 52.93 ± 3.5% with DMSO (5%) held for 30 days and lowest sperm viability 

of 16.04 ± 3.0% with MeOH (15%). Further studies are underway to optimize the suitable freezing 

protocol for successful cryopreservation of spermatophore in Litopenaeus vannamei. 

 

Keywords: Spermatophores, Cryopreservation, Viability. 

 

Effects of bee venom on behavioral and immune-inflammatory responses in zebrafish 

(Danio rerio) 
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1College of Veterinary Medicine & Research Institute of Veterinary Medicine,Chungnam National 

University, Daejeon,  Republic of Korea 
2Department of Biology, Chungnam National University, Daejeon,  Republic of Korea 

 

Bee venom (BV) contains several biologically active components such as melittin, phospholipase A2, 

apamin, hyaluronidase and histamine. It is considered as a double-edged sword as BV has immune as well 

as immediate inflammatory and secondary anti-inflammatory effects. Current study was conducted to 

investigate the behavioral and immuno-inflammatory effects using a zebrafish model. BV (20 µg/fish) 

was injected intraperitoneally and behavioral parameters (velocity, inactive time, active time and distance 

moved) were determined for 30 min after injection. Expression of immune-inflammatory genes was 

analyzed using quantitative real time polymerase chain reaction (qPCR). BV exposed zebrafish larvae (0, 

0.25, 0.5 and 1 μg/mL) were tested to determine whether BV has influence on the level of color 

preference. Results revealed that BV significantly reduces the mobility of fish compared to PBS injected 

(control group). The color preference ability of zebrafish larvae also significantly decreased and it shows 

a concentration dependent linear variation. Moreover, TNF- α and C-Rel genes were down-regulated in 

BV treated group while beta defensin and lysozyme were upregulated at 30 min after injection in brain 

tissue. According to our results, BV has negative effect on mobility and color preference in zebrafish. 

However, at transcriptional level, immune-inflammatory functional genes showed mixed responses (up- 

down regulatory responses) in brain of zebrafish suggesting BV may induce some immune genes at early 

stage of BV injection. Further studies are required to investigate concentration and time dependent effects 

on therapeutic and immuno-stimulatory properties of BV.  
 

Keywords: Bee venom, behavior, immune-inflammatory responses, melittin, zebrafish 
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Rhabdochona sp (Nematoda: Rhabdochnidae) from Tor tambroides  in Kenyir Lake, Malaysia 

 

 

Marina Hassan, Mohd Ihwan Zakariah and Wahidah Wahab 

Institute of Tropical Aquaculture, Universiti Malaysia Terengganu, Terengganu. Malaysia. 

 

The fish Tor tambroides locally known as kelah is one of the most valuable fish species in Malaysia. The 

high price because of high demand and has been recognized to have high potential in aquaculture. The 

fish is sensitive fish to environmental pollution. Disease is one of the most important to study before 

introduced it to aquaculture. In Kenyir Lake, Tor tambroides is difficult to catch especially from area of 

Petuang River and Terengganu River. However, we found 5 Tor tambroides with the mean size is 25.96 

(17.5-38.5) cm and mean weight 220.78 (47.8-632.7)g. Rhabdochona sp was found from intestine of two 

fish. The wall of intestine were thin and nematode clearly seen through the wall of intestine. However, in 

some fish showed haemorrhage of intestine. The mean intensity of this nematode is 3.4. From the lesions, 

this nematode may cause growth retarded, decreased the productivity and death. 

 

 

 

Refining of fish oil from Hilsa (Tenualosa Ilisha) fish by-product, (Liquor) available at canned fish 

industry in Sri Lanka 
 

Brintha, S.1, Vidanarachchi, J.K.2, Athauda, A.R.S.B.2 and Gunawardena, M.3 

1Dept of Animal science, Faculty of Agriculture, University of Jaffna, Sri Lanka 
2 Dept of Animal Science, Faculty of Agriculture, University of Peradeniya, Sri Lanka 

3Sri Lanka Institute of Nanotechnology, Colombo, Sri Lanka 

 

Fish liquor from hilsa (Tenualosa ilisha) by-product from canning industry has potential to develop as 

hilsa fish oil. Fish liquor contains large amount of impurities (35%) and it is generally in poor quality. 

This study was conducted to obtain standard refined bleached and deodorized (RBD) fish oil from hilsa 

by-product. The refining process of fish oil was done by using RBD method. The physicochemical 

properties of crude and RBD fish oil at room temperature (30˚C) were evaluated. The yield of RBD hilsa 

fish oil was 36% (w/w). Physical properties of the crude oil comprised of moisture content 0.51%, density 

0.92 g/mL, colour index 30.94 and reddish orange colour. The RBD hilsa fish oil was also evaluated as 

follows: moisture content 0.03%, density 0.91 g/mL, colour index 1.39 and golden yellow colour. The 

results showed that refining process significantly improved (p<0.05) the chemical quality of the oil, by 

decreasing its free fatty acid content (from 2.20% to 0.26%), peroxide value (from 9.11 to 2.86 meq 

peroxide/kg), TBARS value (from 3.72 to 1.37 µmol malonaldehyde equi/g), saponification value (from 

184.41 to 135.68 mg KOH/g) and iodine value (from 162.47 to 116.60 I2/100g). The percentage of 

unsaturated fatty acids (USFA) of RBD hilsa fish oil was higher than saturated fatty acids (SFA) 

accounting for 46.06 % and 35.97%, respectively and percentage of polyunsaturated fatty acids (PUFA) 

was 14.34% (w/w). The ω-6/ω-3 and EPA/DHA ratio of RBD hilsa fish oil were 2:3 and 3:1, 

respectively. These values are within acceptable standards. Refining of oil brought about a notable 

improvement in analytical properties of fish oil. Thus, leads to a high quality fish oil. Therefore, it could 

be suitable for applications in pharmaceutical and food industries. 

 

Keywords: Hilsa (Tenualosa ilisha); Refined Bleached and Deodorized fish oil; ω-3 PUFA 
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Bivalve fishery and consumer preference on Bivalves in Tambalagam Bay, Kinniya, Sri 

Lanka 
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1Dept of Fisheries and Aquaculture, Faculty of Fisheries and Marine sciences & Technology, University 

of Ruhuna, Matara, Sri Lanka 
2Dept of Animal science, Faculty of Agriculture, University of Peradeniya, Peradeniya, Sri Lanka 

 

The present study was conducted to evaluate the present status of bivalve fishery at Tambalagam bay, 

Kinniya, Sri Lanka. Information were collected from 81 residents of the area through a self administrative 

questionnaires. 39.5% of them involved in bivalve harvesting and out of that, 78.1% of them do it as a full 

time occupation. 59.4% of bivalve harvesters were in age between 41-60 years and most of bivalve 

harvesters have primary education (28.1%) and senior secondary (28.1%) education. Most frequently 

catching bivalve species were, Perna viridis, Anadara granosa, Geloina coaxans, Marcia sp., 

Crassostrea sp., Meretrix casta. The price for P. viridis and A. granosa is around Rs. 250-300/one kottu 

(≅1300g), while, the price for M. casta is lower (Rs. 100-150/one kottu). 90% of harvesters sold bivalves 

only in fresh form, either to local consumers (59.4%) or middlemen (3.1%) or for both (34.4%).  Average 

daily income of most (59.4%) of the bivalve harvesters was Rs. 201-300/day/person. 96.3% of the 

respondents prefer to eat bivalves and 3.7% do not prefer to eat bivalves due to bad texture, odor and 

allergy. Cooking methods of bivalves included, frying, making curry and devil. Present study was stated 

that high bivalve production and high consumer preference only within local people are present even in 

now. Therefore it can be concluded that, these bivalve resources can be used for national economical 

development, while it will be a good protein source for humans in world wide. 
 

Key words: Tambalagam bay, Bivalve fishery, Consumer preference   

 

 

Heritability Genetic and Phenotypic Correlations of Body Capacity Traits with Milk Yield 
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The objectives of the present study were to estimate heritability and genetic and phenotypic correlations 

between some body measurement traits and milk yield in Sahiwal cows. The body measurements and 

milk yield records of 310 cows were utilized. The model included fixed effects of herd, parity and stage 

of lactation. The herd and parity was a significant source of variation for heart girth (HG), paunch girth 

(PG), chest depth (CD), body depth (BD), top wedge area (TWA), front wedge area (FWA), side wedge 

area (SWA) and sprung at 6th rib (S6R) (P<0.001). Stage of lactation was a significant source of variation 

for HG, PG, BD and SWA (P<0.001). The linear and quadratic effects of age of cows were significant for 

FWA and SWA (P<0.001) and for PG, BD, SLR (P<0.01) and CD (P<0.05). The mean±SD (cm) were for 

hearth girth 158.7±21.39, paunch girth 244.5±29.7, chest depth 65.3±3.40, body depth 68.1±3.93, sprung 

at 6th rib 39.8±3.71, sprung at last rib 56.7±5.35, top wedge area 1429.5±153.57 (cm2), front wedge area 

814.5±99.97 (cm2) and side wedge area 2232.4±279.2 (cm2), respectively. The heritability±SE were for 

HG 0.84±0.02, PG 0.75±0.02, CD 0.66±0.03, BD 0.69±0.03, S6R 0.70±0.03, SLR 0.63±0.03, TWA 

0.82±0.02, FWA 0.76±0.02 and SWA 0.70±0.03, respectively. The HG had the highest genetic 

correlation 0.29±0.00 with test-day milk yield and 0.22±0.00 with 305-day milk yield. All the traits are 

highly heritable. These traits could be improved through selection. 
 

Keywords: Body capacity traits, heritability, genetic/phenotypic correlations, milk yield Sahiwal cows 
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Evaluation of growth parameters of freshwater prawn (Macrobrachium rosenbergii) fed  on 

formulated diets supplemented with probiotics 
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A seven weeks feeding trial was carried out to determine the growth performance of  giant fresh water 

prawn (Macrobrachium rosenbergii) post larvae (PL) fed on diets containing probiotics. Three different 

dietary treatments; Control diet without probiotics (Commercial feed  with 42% Protein [P]), and two 

formulated diets with probiotics Biosyn AQ and varying levels of protein; Diet-1 (probiotics 4 g/Kg of 

feed and 35% P) and Diet 2 (probiotics 4 g/Kg of feed and 33% P) were used in triplicate groups. PL were 

stocked at a rate of 40PL/tank (60 cm ×30 cm ×30cm). Feeding was done at 10% of body weight per day 

and prawns were weighed every 2 weeks. At the end of the feeding trial, Final lengths of prawns were 

3.63, 3.58 and  3.47cm for control diet, diet-1 and diet-2 respectively. Final weights were 0.78, 0.77 and 

0.70g for control diet, diet 1 and diet 2 respectively. Final lengths and weights were not significantly 

differed (p>0.05) among treatments. Growth parameters; length gain, weight gain and specific growth 

rate of prawns showed no significant difference (p>0.05) between treatments. Significantly higher 

(p<0.05)  feed conversion efficiencies and survival were recorded for control diet and diet-1. Feed costs 

for diet 1 and 2 were lower compared to the price of control diet. However, PL fed on diet-1 performed on 

par with PL fed on protein rich control diet in terms of better growth performance. Therefore, PL fed diet-

1 showed the best growth performance among two formulated diets. Hence, it can be concluded that diet-

1 with probiotics Biosyn-AQ can be suggested for promoting sustainable culture of M.rosenbergii under 

Sri Lankan conditions in accordance with better growth parameters and low cost thus leading to higher 

profits. 
 

Keywords: Macrobrachium rosenbergii, Post Larvae, Probiotics Biosyn-AQ  

 

Empowerment Women Through Sericulture 
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Women in India constitute 48.5 per cent of the total population. Their welfare and development have been 

a matter of great concern. As a dynamic cottage industry the employment potential of sericulture is 

sustainable. A majority of wide range of intricate, subtle and skillful activities that go into the making of 

silk are carried out by women. Ease in operation, low physical stress and minimum drudgery make 

sericulture an ideal occupation for women. Therefore, the industry has considerable potential to improve 

the status of women. If women are to be made economically viable and self generating, the employment 

of rural women needs to be given top priority. Technologies thus selected should allow women to 

combine the productive work with their responsibilities. Sericulture is one such technology playing 

significant role in uplift of the rural poor, particularly women. Women all over the world have excelled as 

dress designers. Fashion shows related to dress are mostly monopolized by women with beautiful girls as 

models, therefore there no field in silk industry where women’s participation is not seen. Although 

sericulture has great potential for women’s employment, their contribution has inadequately been 

understood or recognized. In view of the significance women participation in sericulture, the paper wishes 

to highlight the role of women and strategies to be taken for the empowerment of women in the Industry.  
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Effect of various cryoprotectants on sperm quality of cobia, Rachycentron canadum. 
 

Dhanasekar Krishnamoorthy and Munuswamy Natesan 

Unit of Aquaculture & Cryobiology, Dept. of Zoology, University of Madras,Guindy Campus, Chennai, 

Tamil Nadu, India. 
 

This study emphasis the possible effects of cryoprotectants [Dimethyl sulfoxide (DMSO), Dimethyl 

acetamide (DMA) and DMSO + Ethylene glycol (EG)] on the morphology, motility, viability, functional 

integrity and DNA integrity of sperm in cobia, Rachycentron canadum. Milt was collected using cannula 

and diluted (1:40 v/v) with extender 5 then cooled slowly to 4°C with equilibration time for 15 min. The 

samples were then loaded into 1.5 ml cryovial and frozen using control programmable freezer (Kryo 360-

1.7, UK) at single step freezing protocol of -6⁰C/min from +4⁰C to -150⁰C without seeding. The vials 

were then immediately plunged into liquid nitrogen at -196⁰C. After long-term storage (108 days), 

cryopreserved samples were thawed individually at 37°C for 45s in a water bath. Post-thaw sperm were 

analyzed for their morphology using Scanning electron microscope, motility, viability, functional 

integrity using Hypo osmotic swelling test (HOST) and DNA integrity by comet assay. Scanning electron 

micrographs further showed no significant deformity on the surface topography of spermatozoa of fresh 

as well as cryopreserved with DMSO (5%) + EG(5%). Motility, viability, HOST and DNA integrity were 

high and registered 62.8±2.7%, 72.4±1.8%, 68.7±3.5% and 94.8±2.8%, respectively with DMSO (5%) 

with EG (5%). Thus freezing with combination of DMSO (5%) with EG (5%) yielded better results on 

post-thaw sperm characteristics of Cobia sperm and this concentration establish remarkable 

cryoresistance of cobia sperm, Rachycentron canadum. 
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The aim of this study was to find out the cheap animal protein source from our local area, and prepare the 

fish feed including the fish meal (cheap animal protein source) as a animal protein source. Three types of 

fish feeds were prepared including 400 g, 550 g and 700 g fish meal respectively. Prepared fish feeds and 

control fish feed (Ceylon Grain Elevator's Broiler Starter) were fed to the Rohu fry at Dambulla 

Aquaculture Development Centre for find out the best fish feed through the five weeks feeding trial. 

Twelve hapas were prepared for the feeding trial. One thousand and two hundred fry were included into 

the each and every hapa. Different fish feeds categorized into four treatments, three replicates were 

arranged for each and every treatment. Completely Randomized Design Experiment was used. Each and 

every week length measurements and weight measurements were taken. At the end of the experiment 

Feed Conversion Ratio (FCR), Feed Efficiency (FE) and other parameters were calculated. The results 

were analyzed with the help of  Analysis of Variance (ANOVA) through Computer Packages Microsoft 

EXCEL 2007 and SAS Systems for windows V8. Duncan's New Multiple Range Test was done for the 

mean separation process. The results showed Feed Conversion Ratio, Feed Efficiency were significantly 

(p<0.05) affected by different amount of fish meal included in fish feed. It can be concluded that Feed 

Efficiency (FE) significantly increased with increasing amount of fish meal; Feed Conversion Ratio 

(FCR) was significantly decreased with increasing amount of fish meal. 
 

Keywords: Fish meal; Fish feed; Feeding trials 
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Diversity of Crabs and Shrimps in Thondaimanaru lagoon, Jaffna, Sri Lanka 
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Thondaimanaru is shallow brackish water to saline lagoon stretching about 45km along the northern side 

of Jaffna Peninsula. The North western section of the lagoon is connected to the Indian Ocean by narrow 

channel at Thondamanaru. It was rich in fishery resources and an ecosystem with high biodiversity upto 

installation of barrage with sluice gate. It consists of sea grass beds, mangrove and scrub forest.  The 

natural productivity and rich diverse resources of gives economic values to the lagoon. There is no recent 

update about its faunal and floral diversity in Thondaimanaru lagoon. Since, a study was conducted 

during a year period of June 2014 to May 2015, with an objective of identification of crabs and shrimp 

found in the lagoon ecosystem. Collected shrimps and crabs were initially identified using standard keys 

according to the morphological features.  Study revealed that five species of shrimps Penaeus indicus, P. 

monodon, P.  latisulcatus, P. semisulcatus and Metapenaeus monoceros and two  crab species Scylla 

serrata and Portunus pelagicus were identified. Penaeus indicus and Metapenaeus sp. also abundant in 

the lagoon with rainy seasons. However, lagoon is being subjected to adverse environmental conditions 

that threaten to diminish the value of its biodiversity, fisheries and natural habitats. 
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Excessive applications of chemical fertilizers (CF) increase the possibility of accumulating soil toxicities 

in potato tubers since tuber is entirely an underground part. Therefore, the current study aimed to 

investigate the rhizo-remediation ability of the beneficial microbial inoculants such as biofilmed 

biofertilizers (BFBFs) for soil contaminations. A pot experiment was conducted using potato seed tubers 

and contaminated soil to evaluate the rhizo-remediation abilities by different treatments (TR1- 100% CF, 

TR2- 50% CF, TR3- 50% CF + BFBFs, TR4- BFBFs alone, TR5- No amendments). Soil and tuber 

samples were analyzed for the availability of heavy metals and nitrosamine contents. The lowest soil 

(0.00123 AU ± 0.001) and tuber (0.000963 AU ± 0.0002) nitrosamine contents and the lowest soil (P < 

0.05, 1.792 µg/g ± 0.34) and tuber (P < 0.05, 0.11 µg/g ± 0.02) Cd contents were observed in the 

treatment TR3. Further, the lowest soil (17.158 µg/g ± 0.51) and tuber (2.962 µg/g ± 0.39) Pb availability 

were recorded from the treatment TR4. All BFBFs treatments (TR3 and TR4) reduced the level of 

nitrosamine and targeted heavy metal (Cd and Pb) availability in the soil and the tuber tissues. Therefore, 

it can be concluded that the BFBFs has the ability to remediate nitrosamine, Cd and Pb contaminants in 

soil and thereby to reduce the possibilities of those soil toxicities accumulating in tuber tissues.  

 

Keywords: Biofilmed biofertilizers (BFBFs), Rhizo-remediation, Potato 
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The First record of Fusarium oxysporum infestation of laboratory zebrafish system 
 

Kulatunga D.C.M, Dananjaya S. H .S, Bae Keun Park, Mahanama De Zoysa 

College of Veterinary Medicine and Research Institute of Veterinary Medicine, 

Chungnam National University, Daejeon, 305-764, Republic of Korea 
 

Fusarium oxysporum is a highly diverse fungi inhabited in every ecosystem as a saprophyte or a 

pathogenic fungi. The host range of F. oxysporum is very broad, ranging from plants to animals including 

reported cases from humans. Recently, unusual aquarium water pollution was identified from zebrafish 

(Danio rerio) culture systems. Initially, rapid whitish smudge was appeared in the water with the severity, 

fungal blooming on fish tank walls, clogging of water circulatory tubes was observed.  Reduction of fish 

vigor and fungal gill infection of zebrafish was noticed in the affected water systems. The fungal sample 

collection was done by scrapping of fish tanks and circulatory tubes, centrifugation of affected water and 

infected fish gills. Fungal isolation was done by inoculating the specimens on potato dextrose agar (PDA) 

at room temperature. Microscopic studies on fungal hyphae in the water system and the PDA, colony 

pigmentation, clamidospore formation and the presence of macro and microspores were morphologically 

confirmed the fungi as the F. oxysporum. Furthermore, the internal transcribed spacer regions of nuclear 

rDNA repeat units (ITS) sequences of isolated fungi were identical to nine F. oxysporum sequences in 

Genbank. Experimental hypodermis injection of zebrafish with F. oxysporum was developed the infection 

by revealing the virulence of these isolates. Histopathological studies were carried out to examine the 

pathogen invasion in zebrafish tissues.  This is the first reported case of F. oxysporum infection in 

zebrafish systems. 
 

Keywords: Danio rerio; Fusarium oxysporum; fungal gill infection 
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Sericulture is an art, science and technique of silk production.  It is a potential segment of the agriculture 

to raise economic status of the farming community and also earning foreign revenue. Sericulture industry 

in India has grown from its traditional status and cultural bondage to a commercial venture. India lives in 

villages: Sericulture being an agro-based enterprise plays a predominant role in shaping the economic 

destiny of the rural people and fits very well in India’s rural structure, where agriculture continues to be 

the main stay.  The pursuit of sericulture offers gainful employment not only for the rural masses but also 

for the educated youth in semi-urban and urban areas. Sericulture growth will certainly lead to vibrant 

rural development by creating income generating entrepreneurial opportunities enabling poverty reduction 

and arresting rural to urban migration of the rural poor. Sericulture with its unique features plays an 

important role in upgrading the socio-economic conditions of the rural folk and preferred rural enterprise 

in India.  Therefore, due attention should be given for the sustainable development sericulture to alleviate 

rural poverty and usher the rural prosperity. 
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Studying the effect of  wood vinegar  and nitrogen fertilizer on  potato tubers production in 

Ardabil, Iran 
 

Morteza, Barmaki; Alireza, Gholizadeh 

Dept of Agronomy & plant breeding, Faculty of Agricultural Sciences, University of Mohaghegh 

Ardabili, Ardabil, Iran 

 

In order to study the effect of wood vinegar (WV) and nitrogen fertilizer (N) on potato cropping, a 

factorial (3×2) experiment was performed as a RCBD with three replications in 2013 in Ardabil, Iran. The 

first factor was WV levels (0, 2.5 and 5 %) and the second factor was N levels (0 and  250 kg ha-1  as 

Urea). WV were foliage sprayed four times in vegetative growth stage and N was applied in three stages 

as: growing, flowering, tuber bulking. ANOVA showed that the main effects and interactions between 

WV and N on yield, tuber protein, starch and dry matter were significant. Application of  2.5 and 5%  

WV  alone and in combination with N  increased the chlorophyll index comparing to the controls. The 

highest potato tuber yield (36 ton ha-1) was obtained by using 5%WV and N but 0% WV and 0% N had 

the least (26 ton ha-1). The highest tuber protein (5.68%) and starch (18.37%) belonged to the combined 

use of 2.5%WV and N while  the control (0%WV with 0%N) had the least (3.6% and 10.2% 

respectively). Using 5%WV and 0% N produced tubers with the highest dry matter(18.39%), but 0%WV 

and 0%N had the least (10.93%). All in all, WV application in potato cultivation can be advantageous to 

improve qualitative and quantitative characteristics.    

 

Keywords: Potato, Nitrogen fertilizer,Wood vinegar 
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The development of nanostructured films with combination of natural polymers and metals become an 

important research area under nanotechnology. These nono films can be applied in various aspects in 

aquaculture such as filtration in water treatments, control diseases (as antimicrobial agents), reduce 

environmental toxicity, antifouling in aquaculture nets, and new packaging materials. The objective of the 

present study was to make silver nano particles embedded chitosan nano films with antibacterial 

properties against fish pathogenic bacteria. Two different chitosan silver nano composite (CAgNC) films 

(12 mM and 52 mM) were prepared based on the amount of Ag content.  To determine the formation of 

AgNPs in films, UV–Vis absorption spectrum of colloidal CAgNC solutions was determined and results 

revealed characteristic silver SPR absorption band at 415 nm over a wavelength range from 300 to 500 

nm. The FE- SEM image of the two CAgNC films shows embedded circular shape AgNPs, which are 

uniformly distributed in the film matrix. However, 12 mM CAgNC film has smaller AgNPs and the better 

degree of dispersion compared to that of 52 mM CAgNC film. The thickness of 12 mM and 52 mM were 

approximately 25 nm and 45 nm, respectively. Results from disc diffusion and turbidimetric assays 

clearly indicated that both types of CAgNC films can inhibit the growth of pathogenic bacteria of Vibrio 

(Allivibrio) salmonicida and Vibrio tapetis. Interestingly, CAgNC films significantly reduced the level of 

experimentally introduced A. salmonicida from artificial seawater suggesting that our CAgNC films 

could be used to develop filtering films in water recirculating units to eliminate the pathogenic bacteria in 

aquaculture systems.  

 

Keywords: Aquaculture; antibacterial; chitosan silver nano composite (CAgNC) films; water filtering 
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Green home technology - need for global advancement 
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       In the era of explosion of population, urban concrete jungles are in surge. The global concern is to 

protect the environment and build eco-friendly habitations. Urbanization leads to global warming, over 

exploitation of ground water, fossil fuels, over consumption of electricity and other natural resources too. 

In the process natural flora and fauna is also being adversely affected. There is an eminent global alarm to 

build and develop nature oriented habitations that are eco friendly. The concept of green home envisages 

importance on usage of natural lighting, recycling of used water, reduced usage of wood, building homes 

using light weight clay bricks that cut the cost of metal structure, usage of chemical free natural paintings, 

natural stone/clay/bamboo flooring, usage of energy efficient bulbs, growing of exterior wall climbing 

creepers to reduce heat absorption, flush out using less water, construction of inclined roofs to enabling 

for solar panels, catchment of every single drop of rain water, construction of glass and  hallow brick 

walls, designing of cross ventilation, growing of urban forestry, etc. Adopting green home technology not 

only leads to affordable housing but it is also eco friendly, protects our natural resources. 

 

Keywords: Eco-friendly, Green home, Nature 

 

 

Productivity of sweet patato (Ipomoea botatas (L.) Lam) as affected by NPK fertilizer rate, 

intra-row spacing and vine length in the northern guinea savanna agro ecological zone of 

Nigeria. 
 

Mu’azu A.1 and A. Sulaiman2 
1Department of agronomy, Faculty of Agriculture, Federal University, Yobe State, Nigeria. 

2Dept of Crop Protection, Faculty of Agriculture, Ahmadu Bello University, Kaduna State,Nigeria 

 

A two year field study was conducted during the rainy seasons of 2013 and 2014 at the research farm of 

institute for Agricultural Research, Ahmadu Bello University Samaru Zaria North Western Nigeria (11o 

11’ 070N 38E and 686m above sea level) to determine the effects of NPK fertilizer rate, intra-row spacing 

and vine length on the productivity of sweet potato variety (Dan Zaria) in the Northern Guinea savanna 

Agro ecological zone of Nigeria.The treatment consisted of three NPK fertilizer rates (0,150 and 300 

NPK kg/ha), three intra-row spacings of (15,30 and 45cm) and three vine lengths (10,20  and 30cm) . The 

treatments were laid out in split-plot design with NPK fertilizer rate and vine length in the main plot and 

intra-row spacing in the sub-plot and replicated three times. Results indicated that application of NPK 

fertilizer significantly enhanced most of the growth and yield components of the crop across the two 

years, namely: vine length, number of branches per plant, crop growth rate, relative growth rate, leaf area 

index and tuber yield (t/ha). Varying intra-row spacing from 15 to 45cm significantly increased most of 

the growth components due to decreased in competition among the plants.Planting of sweet potato using 

30cm vine length performed better than 10cm or 20cm which were statistically similar in both 

years.Based on the results obtained in the study area it could be concluded that application of NPK 

fertilizer at 300 kg/ha, planting sweet potato on intra-row spacing of 45cm and 30cm vine length could 

support good production of sweet potato in both years respectively. 

 

Keywords: sweet potato variety, NPK fertilizer, intra-row spacing vine length.          
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Selective breeding improved the performance of Yellowtail kingfish Seriola lalandi 
 

H.K.A. Premachandra; Nguyen H. Nguyen; Wayne Knibb 
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Yellowtail kingfish (YTK) Seriola lalandi has emerged as an important species in marine aquaculture 

sector in resent past. Captive breeding and domesticated selection has started recently at Clean Seas Tuna 

Ltd in South Australia to manage inbreeding and improve the breeding value and genetic gain. The main 

objectives of this study were, i) to compare the performances among the full-sib families, and ii) to 

estimate heritability for growth traits. A total of 1500 YTK offspring belonging to the same age (17 

months) were sampled from a grow-out sea-cage from Clean Seas Tuna, and fin clip samples were 

collected.  Additionally, body weight and fork length were recorded for each individual fish. Seven 

microsatellite markers were used for pedigree analysis. Microsatellite markers analysis identified that the 

YTK are offspring of 65 full-sib families in which 31 sires and 16 dams contributed. The number of 

offspring per sire, dam and family were varied widely from 2 to 296.  Mean total body weight, mean fork 

length and condition index exhibited significant differences (p < 0.05) between the full-sib families, 

suggesting that genetic variations exist in this population. Our estimates for heritability for these traits 

were moderate to high (0.17 – 0.41). These results confirm our earlier findings that there is a large genetic 

variability in the present YTK population which provides scope for continuing selection to improve 

production performance. 
 

Keywords: Yellowtail Kingfish; Microsatellite markers; Mariculture; Heritability 
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Global aquaculture  production of Channa striata, which has tripled in the last decade, relies heavily on 

seed collected from the wild. A broodstock development programme using tailor made feeds for optimal 

reproductive development of farm raised fish is a strategy to ensure a steady supply of high quality seed 

to meet this growing demand. This paper reports the results of a study designed to determine the most 

suitable dietary protein level for reproductive development in Channa striata (Av. wt. 65.54 ± 0.26 g) and 

subsequently on egg and larval quality.  Triplicate groups of fish were fed 350, 400 and 450 g kg-1 of 

crude protein and 100 g kg-1 lipid, respectively, to apparent satiation, twice daily and after 6 months, 

allowed to breed in outdoor concrete rectangular tanks (1500 m3).  The reproductive performance i.e. 

ovary protein content, potential fecundity, egg diameter (mm), egg lysozyme activity, IAA and DAA 

contents as well as  hatching rate were significantly highest (P< 0.05) among fish fed the 450 g kg-1 CP 

diet.  Correspondingly, larvae from this treatment had the best morphometric and ontogenic development 

rates, and was significantly tolerant to stressors such as temperature, pH and starvation. The results 

indicate that feeding  Channa striata young adults a  dietary protein level of 450 g kg-1 for at least 6 

months was sufficient to promote optimal reproductive development. 
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Ex situ conservation of fruit and berry plants by means of creation of live plant collections is realized in 

the severe conditions of the subzone of northern desert of Central Kazakhstan. The collection of fruit and 

berry plants including 311 accessions has been created in Zhezkazgan Botanical Garden. Conditions for 

growth of plants are extremely adverse here. Absolute minimum of temperature is -39,2° С, absolute 

maximum of temperature is 43°С (2004 – 2013). The most injurious stresses in plants are caused with 

strong and prolonged frosts in combination with low snow cover in a winter and high temperature with 

dry air in a summer. The Zhezkazgan Botanical Garden modern collection of fruit and berry cultures 

consists from 5 families, 14 genera and 39 species of fruit and berry plants and includes 127 apple 

cultivars (Malus domestica Borkh), 52 currant cultivars (Ribes aureum Pursh., R. nigrum L., R. nigrum × 

R. dicusha Fisch. ex Turcz., R. rubrum L.), 49 strawberry cultivars (Fragaria ananаssa Duch., F. ananаssa 

Duch. × F. moschata (Duch.) Weston, 42 pear cultivars (Pyrus. communis L., P. communis L. × P. 

ussuriensis Maxim.), 8 cherry cultivars and species (Cerasus fruticosa Pall., C. vulgaris Mill., C. vulgaris 

Mill. × C. fruticosa Pall., C. tomentosa (Thunb.) Wall., 9 honeysuckle cultivars (Lonicera altaica Pall., L. 

kamtschatica (Sevast.) Pojark., L. Turczaninowii Pojark. × L. Kamtschatica, 8 bird cherry cultivars 

(Padus avium Mill. × P. virginiana (L.) M. Roem.). 
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The Siamese fighting fish (Betta splendens) is widely distributed throughout Southeast Asia and one of 

the most popular species for freshwater aquarium. Siamese fighting fishes are of great commercial value 

to the aquarium fish industry. Although successful breeding techniques have been developed for Fighter 

fish, high rate of mortality at the larval production stage is a critical issue. Fighter fish larval rearing in Sri 

Lanka uses Artemia as the sole source of live feed since it ensures high growth and survival. But, high 

cost and occasional scarcity of Artemia makes it unsuitable for commercial aquaculture. Thirty days of 

feeding trial was conducted to evaluate the growth performance of fighter fish fry fed on three different 

live feeds (Artemia, Moina and Bread worm) as treatments with triplicates. Five day old fry of fighter fish 

were stocked in glass aquaria ((60 cm ×30 cm ×30cm) at a stocking density of 25 fry/tank and fed on 3% 

of the body weight per day and sampled in every two weeks interval. In the final day of the feeding trial, 

Final lengths of fry were 1.65, 1.23 and 1.07cm for Artemia, Bread worm and Moina respectively where 

as final weights were 0.05, 0.03 and 0.02g for Artemia, Bread worm and Moina. Final lengths and 

weights were showed significant difference (p<0.05) between treatments. Weight gains, specific growth 

rates and feed conversion efficiencies were significantly higher for Artemia and Bread worm than Moina. 

Better survival rates were observed among treatments with no significant difference (p>0.05). Therefore, 

Bread worm can be used as a best source of live feed and an alternative to the Artemia in terms of better 

growth performance and survival during the larval stage of the fighter fish.  
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