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Preface 

We would like to present, with great pleasure, the inaugural volume-3, Issue-3, March 2017, of a scholarly 

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

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

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

and the validation of emerging technologies. 

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

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

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

addressing researchers and practitioners in below areas  

Environmental Research: 

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

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

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

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

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

all field related to Environmental Research. 

Agriculture Research:  

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

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

management and all fields related to Agriculture. 

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

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

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

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

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

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

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

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

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

Environmental & Agriculture Research. 

 

 

 

Mukesh Arora 

(Editor-in Chief) 

Dr. Bhagawan Bharali  

(Managing Editor) 
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Fields of Interests 
Agricultural Sciences 

Soil Science Plant Science 

Animal Science Agricultural Economics 

Agricultural Chemistry Basic biology concepts 

Sustainable Natural Resource Utilisation Management of the Environment 

Agricultural Management Practices Agricultural Technology 

Natural Resources Basic Horticulture 

Food System Irrigation and water management 

Crop Production 

Cereals or Basic Grains: Oats, Wheat, Barley, Rye, Triticale, 

Corn, Sorghum, Millet, Quinoa and Amaranth 

Oilseeds: Canola, Rapeseed, Flax, Sunflowers, Corn and 

Hempseed 

Pulse Crops: Peas (all types), field beans, faba beans, lentils, 

soybeans, peanuts and chickpeas. 
Hay and Silage (Forage crop) Production 

Vegetable crops or Olericulture: Crops utilized fresh or whole 

(wholefood crop, no or limited processing, i.e., fresh cut salad); 

(Lettuce, Cabbage, Carrots, Potatoes, Tomatoes, Herbs, etc.) 

Tree Fruit crops: apples, oranges, stone fruit (i.e., peaches, 

plums, cherries) 

Tree Nut crops: Hazlenuts. walnuts, almonds, cashews, pecans Berry crops: strawberries, blueberries, raspberries 

Sugar crops: sugarcane. sugar beets, sorghum Potatoes varieties and production. 

Livestock Production 

Animal husbandry Ranch 

Camel Yak 

Pigs Sheep 

Goats Poultry 

Bees Dogs 

Exotic species Chicken Growth 

Aquaculture 

Fish farm Shrimp farm 

Freshwater prawn farm Integrated Multi-Trophic Aquaculture 

Milk Production (Dairy) 

Dairy goat Dairy cow 

Dairy Sheep Water Buffalo 

Moose milk Dairy product 

Forest Products and Forest management 

Forestry/Silviculture Agroforestry 

Silvopasture Christmas tree cultivation 

Maple syrup Forestry Growth 

Mechanical 

General Farm Machinery Tillage equipment  

Harvesting equipment Processing equipment 

Hay & Silage/Forage equipment Milking equipment 

Hand tools & activities Stock handling & control equipment 

Agricultural buildings Storage 
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Agricultural Input Products 

Crop Protection Chemicals Feed supplements 

Chemical based (inorganic) fertilizers Organic fertilizers 

Environmental Science 

Environmental science and regulation Ecotoxicology 

Environmental health issues Atmosphere and climate 

Terrestric ecosystems Aquatic ecosystems 

Energy and environment Marine research 

Biodiversity Pharmaceuticals in the environment 

Genetically modified organisms Biotechnology 

Risk assessment Environment society 

Theoretical production ecology horticulture 

Breeding plant fertilization 
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Effect of Grazing Land Improvement Practices on Herbaceous 

production, Grazing Capacity and their Economics: Ejere 

district, Ethiopia 
Abule Ebro

1
, Azage Tegegne

2
, Fekadu Nemera

3
, Adisu Abera

4
, Yared Deribe

5
 

1,2,4,5
Livestock and Irrigated Value Chains for Ethiopian Smallholders Project—International Livestock Research Institute 

(ILRI), P.O. Box 5689, Addis Ababa, Ethiopia 
3
Adami Tulu Research Center, P. O. Box, 35, Zeway, Ethiopia 

Abstract— The effects of different grazing land improvement practices on herbaceous production, grazing capacities and 

their economics were studied in Ejere district, west Shoa zone, Ethiopia. Four different treatments, i.e., application of Urea 

and Diammonium phosphate (DAP), cattle manure, wooden ash, and a control/no application) were randomly applied to the 

study plots in three replications for each treatment. All experimental plots were fenced throughout the study period. The 

application of urea and DAP significantly increased grass (3620.86 kg ha
-1

) and total biomass production (5742.93 kg ha
-1

). 

Of the 6 herbaceous species recorded in the Urea and DAP plots, four of them were grasses with Setaria verticellata having 

the highest percentage composition (35.54%) while the control plot was dominated by Cyperus rotundus (31.5%) and 

Cerastium octandrum (31.5%). Less land is required to maintain a tropical livestock unit (TLU) in Urea and DAP applied 

plots (0.03 ha TLU
-1

) than in plots applied with other treatments (mean = 0.09 ha TLU
-1

). Similar to the result of the 

biological data, the participants of the grassland day rated the Urea and DAP applied treatment best because of the high 

production of grass. Considering total biomass production, application of manure was advantageous to the farmers due to 

increased net benefits and the marginal rate of return is above the minimum accetable rate for this sort of treatment. On the 

other hand, considering grass production alone,  application of Urea and DAP was more profitable for farmers as far as 

they store and sell it in the dry seasons. In conclusion, we recommend a long-term study to examine the effects of the 

different treatments on productivity of grazing lands, herbaceous species composition, grazing capacities, livestock, the 

environment, and their economics. 

Keywords— Ash, grazing land improvement, manure, Urea, DAP. 

I. INTRODUCTION 

Ethiopia holds the largest livestock population in Africa estimated at about 54 million heads of cattle, 25.5 million sheep, 

24.06 million goats, 0.92 million camels, 4.5 million donkeys, 1.7 million horses, 0.33 million mules, 54 million chicken and 

4.9 million beehives [1]. It is also among the 28 smaller countries (25 in Africa) where grazing land accounts greater than 

60% of the total land area [2].  Despite these huge resources, the productivity of livestock in general is low and its 

contribution to the national economy is below expected. Among the major problems affecting livestock production and 

productivity in Ethiopia, feed shortage in terms of quantity and quality is the leading problem [1]. 

The major feed resources in Ethiopia are natural pasture (grasslands) and crop residues with varying proportion among the 

different zones of the country. Similar to the other parts of Ethiopia, the role of grazing lands as a major livestock feed 

resources is diminishing from time to time because of natural and human induced factors (increased conversion of grazing 

lands to crop land) which created heavy grazing pressure on the remaining grazing lands although the extent of degradation 

varies from site to site [4, 5, 6]. In addition, grazing land improvement practices are relatively less common particularly in 

the highlands of Ethiopia owing to the lack of awareness and appropriate training, lack of appropriate improvement methods 

and little attention given to grazing lands by the agricultural extension system. The pressure is likely to intensify in the 

coming decades creating more pressure on the remaining grazing lands justifying the need to improve the available 

remaining grazing lands to increase their livestock holding capacity [1]. Thus, the current study examined the effect of 

applying different grazing land improvement techniques on biomass production and herbaceous species composition, grazing 

capacities of the grazing lands and the economics of the different treatments. This paper will contribute to better 

understanding of grazing land rehabilitation techniques in Ethiopia and for similar ecosystem elsewhere. 
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II. MATERIALS AND METHODS 

2.1 Description of the study area 

This study was carried out in Ejere district, West Shoa zone, Ethiopia. The district was selected due to its potential for 

livestock production (dairy, small ruminant, poultry and apiculture) and it is one of the intervention districts for Livestock 

and Irrigation Value Chain for Ethiopian smallholders (LIVES) project of the International Livestock Research Institute 

(ILRI).  The altitude ranges from 2063 to 3158 meters above sea level (m.a.s.l).  The rainfall of the area is distinctly bimodal 

pattern, viz-a-viz. the main rainy season occurs from June to end of September and the short and small rainy season is in 

February and March. The mean annual rainfall ranges from 900 to 1200 mm.  

The livelihood of the communities in the study district is based on mixed crop-livestock production system and the human 

population is about 104 709 (49 829 males and 55 057 females) [1]. The livestock population is estimated to be: 119 854 

cattle, 37 423 sheep, 11 600 goats, 9436 mule, 356 donkey, 10 117 horses and 43 125 poultry. Crop residues, natural pasture, 

improved forage, hay, agro-industrial by-products and others contribute as livestock feed [1].  The district has upland and 

wetland grazing areas. In addition to grazing, the wetlands are the sources of water for livestock and irrigation for lower 

riparian’s [6]. Particularly, the Berga wetland is one of the two known breeding sites (Weserbi-near Sululta and Berga) for 

the globally threatened White-winged Fluff tail Sarothrura ayresi [7]. With regard to grazing land ownership, there are two 

types, i.e., private and communal although the former is larger (80%) than the latter in terms of area coverage (20%) at the 

current moment while the opposite was true in the past. The private grazing lands (0.25 to 0.5 ha/household on average) are 

used for hay making and/or grazing [8].  

2.2 Site selection 

In site selection for the study, which was undertaken with the help of farmers, livestock experts and development agents, the 

representativeness of the site for grazing lands in the mid altitude (2378 m.a.s.l), and poor herbaceous production condition 

of the site was taken into consideration.  

The treatments described in this study are mainly based on locally available resources (manure, wood ash, enclosing) except 

Urea and DAP which is imported and can be purchased at the service cooperative level in the villages. Fifteen plots of 4 m x 

4 m were laid out to apply 4 treatments (Urea and DAP, wooden ash, cow manure, and untreated/control) randomly in 3 

replications. All plots were fenced during the main growing season (June to November, 2015). The distance between plots 

and replications/blocks was 1 and 2 meters, respectively. The amount of urea and DAP, ash and dry manure applied on 16 m
-

2
 plots were 0.24 kg and 0.16  kg, 4.8 kg and 12 kg, respectively. The plots were ripped to incorporate the treatment materials 

into the soil. The manure, obtained from farmers was decomposed for three months at backyards of farmers and dissolved in 

water and added into the soil in form of slurry. Wood Ash from farmers was scattered over the plots. Urea and DAP was over 

sown by broadcasting. The treatments were applied after the beginning of main rainy season. At the end of the growing 

season, the different plots were harvested using hand sickles and sorted into grass, and non-grass components. Furthermore, 

they were sorted into different species using field guide [9] and experienced technician from Adami Tulu research center, 

Ethiopia.   The sorted materials were oven-dried at 65 ᵒC for 72 hours.  

2.3 Organization of grassland day and field assessment 

Thirty male and nine female model farmers and 23 male and 2 female extension staff drawn from 4 districts (Ejere, 

AdaBerga, Meta-Robi and Dendi of west Shoa zone) and west Shoa zonal office attended the grassland day which was 

organized with the objective of creating awareness on the importance of improved grazing land management for the public. 

2.4 Statistical and economic analyses 

Analysis of variance (ANOVA) was conducted to verify the significant differences among the treatments using the 

STATA/SE 14 program. The formula proposed by Moore et al. [10], modified by Moore and Odendaal (1987) [11] and 

Moore (1989) [12], was used for grazing capacity estimation by taking in account the grass and total biomass yields. The 

equation is as follows: 

 Y= d/(DM x f)r  

where Y is the grazing capacity (ha TLU
-1

), d the number of days in a year (365), DM the grass and total biomass DM yield 

(kg ha
-1

), f is the utilization factor, r the daily grass DM required.  The grazing capacity was calculated using tropical 

livestock unit (TLU) which is an animal weighing 250 kg and consuming 2.5% of its body weight. Thus, each TLU will 

consume 6.25 kg of forage dry matter daily and utilization factor of 0.5 (50%) was used [13].  
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The partial budget analysis (economic analysis) was done according to Upton 1979 [14] and CIMMYT 1988 [15] to 

determine economic benefit of the different treatments. Total variable cost, total return (TR), net benefit (NB), change in net 

benefit and marginal rate of return (%) were calculated for total biomass and grass production separately as grass is the most 

important feed resource for cattle and sheep. Furthermore, the economic analysis was undertaken considering the price of 

baled hay at harvest time and during the dry season.  

III. RESULTS 

3.1 Biomass production, herbaceous species composition and grazing capacities  

Grass dry matter yield was highest (P<0.02) in Urea and DAP treated plots (Table 1). Compared with the control, application 

of ash or manure increased grass production although it was non-significant (P>0.05).  On the other hand, the non-grass 

biomass was the highest in manure-treated plots although not significant (P<0.05). Application of ash produced more non-

grass biomass than the control. Urea and DAP application significantly increased (P<0.02) total biomass production (TBP). 

While the control was the least in TBP, ash and manure applications were comparable in TBP.   

TABLE 1 

APPLICATION OF DIFFERENT TREATMENTS ON MEAN HERBACEOUS DRY MATTER PRODUCTION (kg ha
-1

) AND 

GRAZING CAPACITIES (ha TLU
-1

) 

Treatments Grass Non-grass 
Total biomass 

(TB) 

GC (grass) 

(ha/TLU) 

GC (TB) 

(ha/TLU) 

Control (no treatment) 1042.7
b
 1786.7

b
 2829.3 

c
 0.11 0.04 

Ash 1170.7
b
 2773.3

b
 3944 

bc
 0.09 0.03 

Urea and DAP 3620.80
a
 2122.13

b
 5742.93

a
 0.03 0.02 

Manure (cow) 1716
b
 2986.7

b
 4702.7 

ab
 0.07 0.03 

SEM 151 121.6 178   

Significance level 0.0155 0.2361 0.0168   

 

Means with different letters down the column are significantly different (P<0.05); SEM= standard error of the mean. 

Cyperus rotundus (31.57%) and Cerastium octandrum (31.57%) were the highest in percentage herbaceous species 

composition in the control plot while Setaria verticellata (35.54%) in Urea and DAP applied plots (Table 2).  The ash 

applied plots were dominated by Cerastium octandrum (35.16%) and Trifolium ruppellianum (35.16%) which are non-grass 

species.  The most abundant herbaceous species in the manure applied plot were Cerastium octandrum (28.87%) and T. 

ruppellianum (28.87%). The T. ruppellianum is a legume palatable to livestock.  

TABLE 2 

PERCENTAGE COMPOSITION OF THE DIFFERENT HERBACEOUS SPECIES IN THE TREATMENT GROUPS  
Herbaceous species  

 
Control Ash Urea and DAP Manure 

Hyperhenia rufa 5.76 3.63 3.44 
 

Cyperus rotundus 31.57 0.00 28.15 5.77 

Eragrostis tenuifolia 6.91 8.48 18.34 13.84 
Andropogon abysincus 11.52 3.03 5.73 10.06 

Cerastium octandrum 31.57 35.16 0.00 28.87 

Setaria verticellata 12.67 10.90 35.54 12.58 
Trifolium ruppellianum 

 
35.16 8.80 28.87 

Commulina benegalensis 3.63 0.00 
 

 
100.00 100.00 100.00 100.00 

 

The land required per TLU (ha TLU
-1

) was the lowest for the Urea and DAP applied plots while it was the highest for the 

control plot (Table 1). 

3.2 Assessment and perception of the community 

The participants of the grassland day selected plot with Urea and DAP application as the most preferred one which was 

followed by plots treated with manure. The reasons for their choice of the Urea and DAP applied plot was that it favored the 

production of grass than other herbaceous plants which corresponds with the herbaceous biomass data. 
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3.3 Economic Analysis 

The partial budget analyses undertaken considering two time periods and total biomass and grass biomass are shown in 

Tables 3 and 4.  Considering the total biomass production, both at the time of harvest and during the dry season (Table 3), 

application of ash was advantageous to the farmers as the marginal rate of return was so attractive to invest more. 

Subsquently, it will also be interesting for farmers to invest more in manuring their land as it helps them to fetch additional 

income though the cost was higher. The dry season would be more encauraging since the price of hay will be better. The next 

treatment (DAP and Urea) did not yield better net benefits if hay is to be sold in the harvest season. For that of  the dry 

season, the marginal return was not so convincing and it is less likely to shift to this treatment.  Considering grass production 

(Table 4) as a result of Urea and DAP application, during the harvesting time, the marginal rate of return was 53%, while 

during the dry season the MRR was 113% which is more attractive for farmers to invest in fertilizing, and is the most 

economical option combined with enclosing the field. Therefore, the decision is sensitive to the price of hay, and hence it is 

advisable to store and sell in the dry season.  

TABLE 3 

GRAZING LAND IMPROVEMENT OPTIONS, COSTS AND RETURNS BASED ON TOTAL BIOMASS IN ETHIOPIAN 

BIRR (ETB) AND USD WHERE 1 USD = 22.63 ETHIOPIAN BIRR AND THE NUMBER IN BRACKETS IN THE TABLE 

ARE IN USD 

Improveme

nt options 

Cost of 

fertilizer 

Labor 

cost * 
CVT 

Herbaceou

s 

production 

(bales/ha) 

Sell of hay 

harvest 

time 

Sell of 

hay (dry 

season) 

NB (HT) NB (DS) 

MRR1 

(%) 

(HT) 

MRR2 

(%) 

(DS) 

Enclosing 0 
1381.5 

(60.1) 

1381.5 

(60.1) 
166.4 

5991.5 

(264.8) 

8321.5 

(367.7) 

4610.0 

(203.7) 

6940.0 

(306.7)   

Enclosing + 

Ash 
0 

2276.0 

(100.6) 

2276.0 

(100.60) 
232.0 

8352.0 

(369.1) 

11600.0 

(512.6) 

6076.0 

(268.5) 

9324.0 

(412.8) 
164 267 

Enclosing 

+ manure 
0 

3213.04 

(142) 

3213.0 

(142) 
276.6 

9958.7 

(440.1) 

13831.5 

(611.2) 

6745.6 

(298.0) 

10618.5 

(469.2) 
72 138 

Enclosing 

+ Urea and 

DAP 

3065 

(135.4) 

2777.56 

(122.70) 

5842.6 

(258.1) 
337.8 

12161.5 

(537.4) 

16891 

(746.4) 

6318.9 

(279.2) 

11048.4 

(488.2) 
- 16 

* Fencing, fertilizing, manuring, harvesting, transport and storage 

HT-price at harvest time = 36 ETB/bale (1.59 USD/bale), DS-price in dry season = 50 ETB/bale (2.21 USD/bale), CVT 

= Costs that vary by treatment, NB = Net benefit, MRR% Marginal rate of return in percent 

TABLE 4 

GRAZING LAND IMPROVEMENT OPTIONS, COSTS AND RETURNS BASED ON GRASS PRDUCTION IN ETHIOPIAN 

BIRR (ETB) AND USD WHERE 1 USD = 22.63 ETHIOPIAN BIRR AND THE NUMBER IN BRACKETS IN THE TABLE 

ARE IN USD 

Management 

Option 

Cost of 

fertilizer 
Labor cost*   CVT 

Herbaceous 

production 

(bales/ha) 

Sell of 

Hay 

(HT) 

Sell of 

Hay (DS) 

NB 

(HT) 

NB 

(DT) 

MRR

% 

(HT) 

MRR

% 

(DT) 

Enclosing 0 
1381.46 

(60.1) 

1381.5 

(60.1) 
61.3 

2208.1 

(97.5) 

3066.7 

(135.5) 

826.6 

(36.5) 

1685.31 

(74.5)   

Enclosing + 

Ash 
0 

2276.0 

(100.6) 

2276 

(100.6) 
68.9 

2479.1 

(109.6) 

3443.2 

(152.2) 

203.1 

(8.1) 

1167.2 

(51.6) 

 
  

Enclosing + 

Manuring 
0 

3213.04 

(142) 

3213.0 

(142) 

 

100.9 3633.9 5047.1 420.9 1834.0 
 

71.2 

Enclosing + 

Urea and DAP 
3065 (135.4) 

2777.56 

(100.6) 

5842.6 

(258.2) 
213.0 

7667.6 

(338.8) 

10649.4 

(470.6) 

1825.0 

(80.7) 

4806.9 

(212.4) 
53.4 113.1 

* Fencing, fertilizing, manuring, harvesting, transport and storage 

IV. DISCUSSION 

The significant improvement in grass production in response to chemical fertilizer application is document in literatures. For 

instance, increase in grass production with Urea application which is an excellent sources of soluble nitrogen was reported by 

Cameron et al. [16] and Gagnon et al. [17] and nitrogen is also known as the most limiting nutrient for pasture 

production[16]. Furthermore, the findings of other researchers like Cinar et al. [18]; Ayan and Acar (2008) [19] revealed 

increase in forage production in response to Urea/nitrogen and DAP applications. The higher non-grass biomass in manure 
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and ash applied plots although non-significant among the treatments is possibly associated with mineral composition of the 

treatments though not investigated in this study [20]. 

Cyperus rotundus is a species of sedge (Cyperaceae) found in all tropical, subtropical and temperate regions of the world 

(native to Africa, southern and central Europe and Southern Asia [21] and cattle feed on it when they are forced. Cerastium 

octandrum is an annual herb which is less palatable to livestock and indicator of degraded grazing land.  Seteria verticellata 

grows in disturbed (due to overgrazing, trampling or drought) and damp soil. It is also an annual and palatable grass [22]. 

Although long-term experiments are required to separate the effects of the different treatment on herbaceous species 

composition, Urea application encourages the production of grasses as evidenced in this study [16, 17]. This result was also 

supported by the perception of the participants of the field day which justified the findings of the biological study and acted 

as one means of disseminating knowledge of improved grazing land technologies among different actors.  Mamusha (2007) 

[23] justified the importance of improved flow of information and knowledge to, from and within the extension system as the 

key to realize agricultural transformation.      

The mean grazing capacities revealed that more land was required to sustain a TLU on the control, manure and ash plots than 

on the Urea and DAP applied plots which is a direct reflection of the increased production in response to Urea and DAP 

application than in the other treatments which is in agreement with the findings of others [16, 17].  

It was shown in the results that the net benefit and minimum MRR (%) favoured manure treated plots when considering total 

biomass production while it was better for Urea and DAP applied plots when taking into account grass production alone. The 

cost incurred for the former was lower than the latter and the non-grass production was higher numerically in the former than 

in the latter. Previous studies in Ethiopia indicated increasing price of grass hay from time to time [24, 25] which favored the 

Urea and DAP applied plots when considering grass production alone. Nevertheless, as this economic analysis is based on 

one season data, it is essential to undertaken detailed economic analysis by conducting research for more years and in 

different seasons of the year.  

V. CONCLUSION 

The study revealed local wooden ash, cow manure, urea with DAP applications improved total biomass production. Further 

long-term study is required to examine the effects of the different treatments on productivity of grazing lands, livestock 

productivity, soil and plant nutrients and economic considerations.  
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Abstract— CdTe quantum dots (QDs)/Poly (diallyldimethylammonium chloride) (PDDA) multilayer films (QDMF) have 

been self-assembled by layer-by-layer (LBL) technique. CdTe quantum dots (QDs) were synthesized by using Te, NaBH4, and 

CdCl2 as precursors and mercaptopropionic acid (MPA) as stabilizer. The as-prepared composites were characterized by 

transmission electron microscope (TEM), Fourier transform infrared spectroscopy (FTIR), UV-vis adsorption spectrum(UV-

vis), and Fluorescence spectrum(FS), respectively. It was shown that the self-assembled QDMF in this study could be used as 

gaseous sensors for detecting organic gases, such as ammonia, acetone, methanol and formaldehyde. The quenching 

mechanism of CdTe QDs multilayer films by formaldehyde was studied in detail and The detection limit was 10-236ppm. 

Keywords— CdTe quantum dots, gaseous sensor; PDDA, QDMF. 

I. INTRODUCTION 

A trend in current sensor development is miniaturization to obtain inexpensive and compact gas sensors that are robust and 

safe, have low power consumption and enable multiplexing of sensor arrays and remote sensing [1, 2]. Gas sensors play a 

key role in a variety of fields , such as environmental pollution monitoring, industrial process monitoring, leak detection of 

explosive gases, and medical breath analysis. In order to increase sensitivity, devices with nanostructure for gas sensors has 

shown lots of advantages[3].  

From previous literatures, we can find that there are many gas detecting methods so far. But, compared with those traditional 

gas detection techniques, which are often costly, low sensitivity and time-consuming, semiconductor sensors have drawn a 

great deal of attention in recent years for its unique optical advantages. Semiconductor luminescent nanocrystals, known as 

“quantum dots” (QDs), exhibit unique optical and electronic properties, including high luminescent quantum yields, tunable 

emission, high photostability and relatively long emission lifetime. All these advantages explain the reason of its presence 

[4]. Furthermore, it has been used for energy conversion and storage[5-8], fabrication of optoelectronic device[9], and 

particularly, sensor applications[10-12]. 

Recently, a number of QD-based sensors have been reported for ions, [13] biomacromolecules, [14-16] and small organic 

molecules. [17] And, CdTe QDs have been proved to be a promising material as elemental building blocks for the next 

generation of nanodevices [18, 19]. Self-assembled multilayers by layer-by-layer (LBL) method are stable, well-ordered, 

easy to prepare and low cost, and have been extensively applied for the constructions of chemo- and bio-sensors [20, 21]. 

Another important feature of LBL is recharging of the surface at every step of the adsorption self-assembly, which results in 

oppositely charged molecules to be adsorbed in the next step with molecular order during the films fabrication process. 

Therefore the stable LBL method can encapsulate the QDs efficiently into flexible nanofilms (thickness below 60 nm) [22]. It 

has been also successfully applied to the preparation of multiplayer films of polyelectrolytes with other materials such as 

proteins, graphite oxides, gold colloids, dyes and nanoparticles [23]. Many groups have developed QDs-based sensing 

systems for the detection of Hg
2+

 [24-26]  and Cu
2+

 [27-29] based on the fluorescence quenching of QDs.  

In this paper, CdTe QDs multilayer films was fabricated by the standard LBL assembly technique. The CdTe nanoparticles 

with negative charged in the presence of MPA can serve as the anionic entity needed in the multilayer fabrication technique. 



International Journal of Environmental & Agriculture Research (IJOEAR)            ISSN:[2454-1850]             [Vol-3, Issue-3, March- 2017] 

Page | 8  

  

Besides, The effects of assembling methods, concentration of PDDA and layer number of films on fluorescence intensity of 

QDMF have been studied.  

II. MATERIALS AND METHODS 

2.1 Materials 

Cadmium chloride (A. R.), sodium borohydride (NaBH4, A. R.), tellurium powder (H.R.), mercaptopropinic acid (MPA, 

>90%) and sodium hydride  (A. R.) were purchased from Sinopharm Chemical Reagent Company, Tianjin Guangfu Fine 

Chemical Research Institute, Tianjin Delan Fine Chemical Factory, Shanghai Jifeng Biotechnology Company and Tianjin 

Kermel Chemical Reagent company respectively. Poly (diallyl dimethyl ammonium chloride) (PDDA, G. R.) was obtained 

from Sigma Chemical Co. All regents were used as received without further purification. 

2.2 Synthesis of CdTe QDs coped with MPA  

The method for the preparation of NaHTe was described elsewhere[30,31] with a few modifications. 40 mg of sodium 

borohydride was put into a small flask, followed by adding  0.5mL of secondary distilled water. After 15 mg of tellurium 

powder was added in the flask, the reacting flask was rapidly sealed via a rubber plug with a small long syringe pinhead 

inserted into the flask to discharge pressure from the resulting hydrogen. After 4-5 hours, the black tellurium powder 

disappeared and a white sodium tetraborate precipitate appeared at the bottom of the flask. The resulting NaHTe aqueous 

solution with light pink was obtained. 

The CdTe QDs were prepared using a simple refluxing route in aqueous solution with some improvement [32]. The 

synthesized NaHTe was added into CdCl2 (0.173 mmol/mL) solution at pH 9.1 in the presence of MPA (80 μL) in N2 

atmosphere. The CdTe precursor solution was heated to 96℃ at different refluxing times. The whole process was carried out 

in N2 atmosphere.  

2.3 Preparation of CdTe quantum dots/ Poly (diallyl dimethyl ammonium chloride) Multilayer films (QDMF) 

The glass substrates were pretreated according to the literature [33]with some modifications. The glass chips were 

ultrasonically washed with pure water and boiled for 30 min, after being immersed in H2SO4 /H2O2 solution with the volume 

ratio of 7:3. Finally, the chips were washed with DI water and dried with nitrogen. QDMF were prepared using a layer-by-

layer procedure[34]. The chips were dipped in a PDDA aqueous solution for 20 min to modify a monolayer of positive 

PDDA. Then the modified substrates were rinsed with DI water several times to remove the physically absorbed PDDA, and 

dried under a stream of nitrogen. Then the chips were immersed in CdTe QDs aqueous solution to charge negatively QDMF 

were formed by repeating these steps in a cyclic fashion. The principle of multilayers’ self-assembling was based on the 

electrostatic interaction between negatively charged QDs and positively charged PDDA. 

2.4 Characterization 

The transmission electron microscope (TEM) images were taken with a Hitachi-7650 electron microscope operated at an 

acceleration voltage of 100kV. Fourier transform infrared spectroscopy (FTIR) was performed using a FTIR-650 

spectrometer. The UV-vis adsorption spectral values were measured on a Helios-  spectrophotometer. Fluorescence 

experiments were performed with the help of F-380 spectrofluorimeter.  

2.5 Quenching 

In this process, the prepared QDMF was taken in a bottle containing a certain amount of organic gases. After 40 minutes' 

standing, the change of fluorescence intensity of QDMF was detected by spectrofluorimeter to investigate the concentration 

of organic gases. Finally, the result of the detection reflects sensitivity of prepared samples. 
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FIG. 1. UV-VIS ABSORPTION (a) and PL (b) SPECTRA OF AS-PREPARED CdTe AQUESOUS SOLUTION AT THE 

REFLUXING TIME OF 4H WITH EXCITATION WAVELENGTH OF 390 nm 

 

  

FIG. 2. TEM IMAGES OF CdTe QDS (A), CdTe LATTICE STRUCTURE (B) 

III. RESULTS AND DISCUSSION 

3.1 Optical feature of CdTe QDs and QCMF 

Fig. 1 presents the typical absorption and PL spectra of CdTe QDs aqueous solution. It was found that the fluorescence 

intensity of CdTe quantum dot with 4 hours refluxing time was comparatively strong.The PL emission wavelength of QDs 

was 563 nm with a relatively narrow half peak width and best crystal quality, which is consistent with the literature report 

[35]. 

The distinct absorption (a) and PL (b) peaks of  0.024 a.u. and 38a.u. indicate that the QDs were highly monodispersed. The 

absorption shoulder of CdTe QDs was located at 525 nm, while the emission spectra display an emission maximum around 

563 nm upon excitation at 390 nm. The size of CdTe QDs is estimated to be ca.3.4 nm in virtue of the following empirical 

formula according to previous report [31]: 

      84.1940064.1107147.1108127.9 2337   D     (1)
 

Where D (nm) is the size of CdTe QDs, and   (nm) is the wavelength of the first excited absorption peak of the 

corresponding sample. The TEM image of CdTe QDs is shown in Fig. 2. The QDs was deposited with a high 

monodispersion without particle agglomeration, which corresponds to the Fig. 1, and the size of QDs is in line with the 

estimated results from equation 1. 
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3.2 Effect of assembling conditions on FL intensity of QDMF  

3.2.1 Assembling styles 

Two different assembling methods of QDs with PDDA were compared. First, aliquot of PDDA and CdTe QDs were dipped 

onto a glass ship by a pipette [32]. Second, the cleaned glass chip was immersed in positively charged PDDA and negatively 

charged QDs aqueous solution alternately [10]. It was found from Fig. 3 that the PL intensities of QDMF prepared by the two 

methods were 174 nm (a) and 123 nm (b), respectively, which indicates that the dip method was better than another one. In 

this study, the dip method was adopted for further experiment 

 

FIG. 3.  FLUORESCENCE INTENSITIES OF QDMF BY DIFFERENT ASSEMBLING METHODS: (A) DIPPING QDS 

AND PDDA SOLUTION ONTO THE GLASS CHIPS AND (B) IMMERSING THE GLASS CHIPS INTO QDS AND PDDA 

SOLUTION. THE CHIPS WERE DEPOSITED 6 TIMES FOR EACH CONDITION. 
 

3.2.2 The concentration of PDDA 

The influences of the concentration of PDDA on the PL intensity of QDMF are shown in Fig. 4. Note that the PL intensity of 

the QDMF increased remarkably with the increasing concentration of PDDA and reached a maxiumum at 0.03%  (Fig..4C), 

so it was chosen for the further experiment. In addition, all the CdTe QDs/ Polyeletrolyte multilayer film exhibited 

photoluminescent behaviors. 

 
FIG. 4.  THE PL INTENSITY WITH DIFFERENT CONCENTRATION OF PDDA DEPOSING ON THE QDMF. (A) 0 

PDDA, (B) 0.003% PDDA,(C) 0.03% PDDA, (D) 0.3% PDDA. 
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3.2.3 Layer number of QDMF 

The fluorescence intensity proportionately enhances along with the increasing of deposited QDs layer number as shown in 

Fig. 5. The PL intensity of QDMF can be adjusted by varying the number of deposited CdTe QDs layers. However, with the 

number of layers increased, the fluorescence emission peak at 550nm has a negative effect on the detection (detection 

accuracy). Therefore, in this study, six layers of QDMF is chosen for the further experiment. 

 
FIG. 5. FLUORESCENCE EMISSION SPECTRUM OF QDS-MULTILAYER FILMS WITH DIFFERENT QDS LAYERS. 

(A) 2-LAYER, (B) 4-LAYER, (C) 5-LAYER, (D) 6-LAYER, (E) 8-LAYER. INNER GRAPH IS THE RELATIONSHIP 

BETWEEN PL INTENSITY OF QDMF AND THE NUMBER OF QDS LAYERS. (n=5, RSD 5.47%). 

 
FIG. 6.  AFM PICTURES OF QDMF 

The AFM picture of CdTe QDs-multilayer films with 5 QDs layers are shown in Fig. 6. We can see that there are some peaks 

with different diameter on the surface of film, confirming that CdTe QDs were successfully grown in the reaction. The 

emergence of the  larger peak on the surface of PDDA may be due to the aggregation of CdTe quantum dots in process of 

electrostatic self-assembly. However, Tanaka [33]pointed out the reason for this phenomenon. First, only one end of the 

Polyelectrolyte molecules was combined on the surface of the substrate, and second, many pendant groups combined with 

Polyelectrolyte molecules have coupled with substrate .  

3.3 The quenching study of QDMF 

3.3.1 Different quenching time 

Quenching time was an important factor for the interaction between CdTe QDs and ammonia. QDMF was reacted with 

ammonia gas for different time. The corresponding fluorescence spectra of multi-layers are shown in Fig. 7. The fluorescence 

intensity progressively decreases along with the increasing of the quenching time .As shown in the picture, the fluorescence 
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intensity dramatically decreases from ca.193.3 to ca.128.5 in the first 40 min, and there is no decrease of PL intensity when 

the quenching time exceeds 40 min. This indicates that the quenching of ammonia on the PL intensity of QDMF achieved 

saturation when the quenching time reached 40 min. Based on the above results, 40 min was adopted as the optimal 

quenching time.  

3.3.2 Different organic gases 

 
FIG. 7. QUENCHED PL OF QDS-MULTILAYER FILMS BY AMMONIA GAS AT DIFFERENT REACTION TIMES. (a) 0 

min, (b) 10 min, (c) 20 min,(d) 30 min, (e)40 min, (f) 2 h. 

Fig. 8 shows that QCMF was quenched by the four kinds of gases with different concentrations. All the gas molecules 

include the group of amidogen and carbonyl. PL intensity of QDMF (6 layer numbers for all the experiments) was decreased 

by all the quenching gases: (A) 65.9 a.u. by formaldehyde; (B) 27.0 a.u. by methanol; (C) 45.8 a.u. by acetone; and (D) 64.8 

a.u. by ammonia. Therefore, the QDMF can be used as the sensors for certain gases with the group of amidogen and 

carbonyl, such as acetone, methanol, ammonia, formaldehyde, and so on. 

  

  

FIG. 8. QUENCHED PL SPECTRA OF QDMF BY DIFFERENT GASES AT QUENCHING TIME OF 40 MIN. (A) BY 

FORMALDEHYDE, (B) BY METHANOL, (C) BY ACETONE, (D) BY AMMONIA. 
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3.3.3 The fluorescence image of QDMF 

 
FIG. 9. THE FLUORESCENCE IMAGE OF QDMF, BEFORE EXCITATION(a),UV(365nm) excitation(b), 

UV(365nm) EXCITATION AFTER QUENCHED BY METHANOL(c). 

In our previous work, a preliminary study on the detection effect of the current sensor has been implemented. In this process, 

commercial UV light is used to detect prepared samples under conventional conditions(without the aid of fluorescence 

spectrometer and other advanced instruments).Fig.9 shows that the prepared sensors have high detection ability for 

formaldehyde and other harmful gases. As a result, the family self-detection could be initially realized and the market has 

huge potentiality. 

3.3.4 The detection limit of formaldehyde 

To study the detection limit, the as-prepared QDMF and different amount of formaldehyde (10ul, 20ul, 30ul, 40ul, 50ul) 

were placed into a bottle for fluorescence quenching experiment. After 40 min reaction, the PL intensity of sensors was 

detected. Fig.10 shows the change curves of PL intensity of QDMF with different concentration of formaldehyde, and its 

kinetics can be expressed as: I/I0=1.04586-0.00442*CHCHO (ppb),where I and I0 are the PL intensity of QDFM (before 

quenching and after quenching, respectively). The detection limit was calculated to be 10-236ppm, which is far below the 

country safety standard (80ppm). 

 
FIG.10 THE FLUORESCENCE INTENSITY OF QDMF WITH DIFFERENT FORMALDEHYDE CONCENTRATION 

IV. CONCLUSION 

The layer-by-layer method was adopted to prepare the QDMF, which was built up with PDDA and CdTe QDs modified by 

MPA. Owing to electrostatic interactions between anionic QDs and cationic PDDA, the LBL method affords more stable 

coating than physical adoption. The standard LBL self-assembling technique has been proven to be a rapid and convenient 

way to produce complex layered and hybrid structures. The multicolor CdTe quantum dots were prepared using a refluxing 

method in aqueous solution with high PL intensity. The PL intensity of QDMF can be quenched effectively by the groups of 

amidogen and carbonyl. Organic gas molecules without carbonyl and amidogen groups have no effect upon the fluorescence 

quenching of QDMF. Thus, the self-assembled QDMF in this study could be used as gaseous sensors for detecting organic 

gases, such as ammonia, acetone, methanol and formaldehyde. And for formaldehyde, The detection limit was calculated to 

be 10-236ppm. 
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Abstract— The biosorption of Malathion from aqueous solution by green algal biomass was investigated. The green algae 

used were of the species Spirogyra and was collected from Neugal river near Sujanpur, Himachal Pradesh. Batch 

biosorption experiments were performed to examine the effect of contact time, pH, biomass concentration and initial 

Malathion concentration. The concentration of residual Malathion concentration after biosorption was determined using 

UV-Vis Spectrophotometer at a wavelength of 309 nm. The maximum adsorption was found to be at pH 7 after a contact time 

of 5 hours with initial Malathion concentration of 100 mg/L and biomass of weight 75 mg. The equilibrium biosorption data 

were analyzed using Langmuir and Freundlich isotherm. Freundlich isotherm was found to be more favorable than 

Langmuir isotherm. 

Keywords— algae, biosorption, isotherm, Malathion, pesticide. 

I. INTRODUCTION 

The use of pesticide is essential for the modern agricultural practice. Pesticides not only kill unwanted pests and insects, they 

also increase the productivity of agriculture. In India, agricultural production increased by 100% while the cropping land 

increased by only 20% [1]. Pesticide residues that get released into the environment tend to stay in the environment for a 

very long time, and get accumulated throughout the food chain, making it hazardous to the environment. The U.S. Geological 

Survey conducted a study from which they reported that more than 90% of the water and fish samples that they collected 

from major rivers or water streams were contaminated with pesticides. The rivers and streams which were contaminated by 

pesticides were influenced by agriculture and urban land use [2]. Currently, India ranks 10th in the world pesticide 

consumption list [3] and the Indian agrochemical market is expected to reach U.S $ 6.3 billion by 2020 [4]. 

Pesticides are classified into many classes, out of which, organophosphates and organochlorines are deemed the most 

important ones. Malathion is an organophosphorus pesticide which is most commonly used in agriculture all over the world. 

It is used for killing insects on agricultural crops and stored products. It is also widely used for killing mosquitos in urban and 

residential areas. It is also used for the control of flies, household insects and head and body lice. In 2006, it was reported that 

approximately 15 million pounds of Malathion were used worldwide annually [5]. The Environmental Protection Agency has 

identified Malathion as a toxicity class III pesticide and a general use pesticide (GUP). Malathion interferes with the normal 

function of the nervous system and thus indirectly affects the function of other organs. The effect of exposure to Malathion 

on human health may include, but not limited to, difficulty in breathing, vomiting, diarrhoea, headaches, dizziness and loss of 

consciousness and death [6]. 

Several methods have been proposed for the removal/treatment of Malathion from raw water and wastewater such as 

electrocoagulation, advanced oxidation and coagulation/flocculation [7, 8, 9]. The limitations to these methods are that they 

are quiet expensive and the chemicals used for these methods require constant observation and it is preferable that they be 

handled by a skilled person. Adsorption with activated carbon is an easy and cost effective method for the removal of 

pesticides and has been extensively studied for the removal of Malathion [10- 11]. In recent years, studies about the removal 

of Malathion by biological materials have increased due to their easy availability, low cost and efficiency. Biosorption by 

activated sludge, isolated bacillus sp., Rhizopus oryzae, nanocellulose, algal biomass of Chlorella vulgaris, chesnut shells 

and the fungal biomass of Phanerochaete chrysosporium has been studied with positive results [12, 13, 14, 15, 16, 17, 18]. 

Either live or dead biomass can be used in biosorption process. Live biomass has been used for the removal of heavy metals 

in the past [19- 20]. The use of dead biomass is more desirable than the live ones as dead biomass do not require nutrients to 

sustain them and can be stored to be used later. While using live biomass, sorption as well as biodegradation may also occur 

and it is very difficult to distinguish which one of them has more contribution. 
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The present study investigates Malathion removal from aqueous solution by biosorption using green algal biomass of species 

Spirogyra, which is abundant in fresh water lakes and rivers. Laboratory batch experiments were carried out using a shaker-

incubator at a constant temperature to determine the optimum contact time, pH, weight of biomass and initial Malathion 

concentration for maximum removal. Langmuir and Freundlich isotherms were used for determining the sorption capacity of 

Spirogyra sp. 

II. MATERIALS AND METHOD 

2.1 Malathion solution 

Commercially available Malathion 50% E.C, Osothion, was used in this study.  

2.2 Biomass 

The green algae, Spirogyra sp., used in this study was collected from Neugal River near Sujanpur, located at 31.83ºN 

76.50ºE, Himachal Pradesh. The algae was washed with distilled water to remove dirt and other impurities after which it was 

sundried for 6 hours and then it was kept in an oven for 48 hours at 130º C to make sure it was completely dead. The dead 

biomass was grounded using a pestle and mortar to get fine powder. The powdered biomass was kept in a crucible and stored 

in a desiccator until used. 

2.3 Measurement of residual Malathion concentration 

Pure solution of Malathion was scanned in an UV-Vis Spectrophotometer from Aligent Technology, Cary Series to 

determine the wavelength with maximum absorbance. Maximum absorbance was found at wavelength 309 nm. Using this 

wavelength, a standard curve of Malathion solution of known concentration (50 – 250 mg/L) was prepared. This data was 

used to determine the unknown concentration of residual Malathion concentration. 

2.4 Batch Kinetic Study 

Batch kinetic study was performed by taking 100 mL of Malathion solution in 250 mL Erlenmeyer flasks. Optimum removal 

of Malathion from the solution was determined based on contact time, pH, amount of biomass kept in contact with the 

pesticide solution and initial Malathion concentration. The flasks were kept in a shaker-incubator for a specific amount of 

time at 130rpm and the temperature of the incubator was kept at 27 ± 2º C. The pH of the solution was adjusted using 0.1M 

NaOH and 5% HCl.  The final residual concentration of Malathion in the solution was determined using UV-Vis 

Spectrophotometer as mentioned before. 

The amount of Malathion adsorbed by the algal biomass was calculated using the formula 

Qe = (C0 – Ce) V/m          (1) 

Where, 

 Qe (mg/g) is the amount of Malathion adsorbed per unit weight of the algal biomass. 

 C0 (mg/L) is the initial Malathion concentration. 

 Ce (mg/L) is the Malathion concentration at equilibrium 

 V (L) is the amount of Malathion solution. 

 m (g) is the amount of biomass used. 

All tests were performed in triplets and their average was taken for the actual calculation. 

2.5 Biosorption isotherm 

To evaluate the biosorption performance, a graph between the sorbate in the solution and the amount of sorbate sorbed on the 

biosorbent is plotted. There are various isotherm models which have been proposed and used throughout the years. In this 

study, Langmuir and Freundlich isotherm are studied to evaluate the data. 

The equation for Langmuir isotherm is  
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Qe = QmbCe / (1+b.Ce)        (2)   

Where, 

Qe is the amount of Malathion adsorbed (mg/g) 

Qm is the maximum Malathion adsorbed per unit biomass (mg/g) 

Ce is the equilibrium concentration of Malathion (mg/L) 

b is the Langmuir equilibrium constant (L/mg) and it explains the affinity between the sorbent and sorbate.. 

The Langmuir isotherm equation can be arranged into linear form 

Ce/Qe = 1/b.Qm + Ce/Qm          (3) 

Which can be further rearranged into? 

1/Qe = 1/b.Qm Ce + 1/Qm          (4) 

A plot between 1/Qe and 1/Ce will give intercept 1/Qm and slope 1/b.Qm. 

The Freundlich isotherm is described by the following equation 

Qe = k.Ce1/n           (5) 

Where,  

k and n represents Freundlich constants. k indicates the adsorption/binding capacity (L/g) and n  indicates the intensity of the 

adsorption i.e. the affinity between the sorbent and sorbate. 

The linearized form of equation (4) can be written by taking logarithm on both sides 

ln Qe = 1/n ln Ce + ln k          (6) 

III. RESULTS AND DISCUSSION 

3.1 Effect of contact time 

After performing batch biosorption study, it was observed that with the increase in time, the percentage removal of 

Malathion increases. Highest Malathion removal was observed at 5 hours after which, the removal percentage remained 

constant. This can be explained by the fact that after 5 hours, all the active biosorption sites have been occupied by 

Malathion. The result of the contact time test is shown in Fig. 1.  

3.2 Effect of pH 

After performing biosorption test with different pH, it was found that highest amount of Malathion removal was achieved at 

pH 7, after which the removal percentage starts to decrease again, suggesting that at lower and higher pH, all the functional 

groups responsible for biosorption have bounded, thus resulting in lower biosorption. While, at neutral pH, the functional 

groups are free for biosorption. The result of Malathion removal with respect to pH is shown in Fig. 2. 

3.3 Effect of biomass weight 

Batch biosorption studies were done to determine the effect of weight of biomass made in contact with the Malathion 

solution for the removal of Malathion with varying weight of biomass. It was found that the removal of Malathion increased 

with increase in biomass concentration till 75 mg after which the removal decreased again, making 75 mg the optimum dose 

of biomass. This can be explained by the fact that with less amount of biomass, the amount of Malathion was much more 

such that there were not enough biomass surfaces where Malathion could bind on to. While at higher biomass concentration,    

all available sorption sites were not utilized causing agglomeration of the biomass which in turn decreases the amount of 

adsorption sites available. The result is shown in Fig. 3. 
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3.4 Effect of initial Malathion concentration 

The biosorption process was found to be highly effected by the initial Malathion concentration. The result shown in Fig. 4 

shows that Malathion removal decreases with increase in initial Malathion concentration. This is because with increase in 

Malathion concentration, there is not enough binding sites available for Malathion. And the Malathion molecules compete 

with each other for the available binding sites, thus reducing the biosorption efficiency. 

  

FIG. 1 EFFECT OF CONTACT TIME FOR THE 

REMOVAL OF MALATHION ON SPIROGYRA SP. 

BIOMASS 

FIG. 2 EFFECT OF PH FOR THE REMOVAL OF 

MALATHION USING SPIROGYRA SP. BIOMASS 

  

FIG. 3 EFFECT OF AMOUNT OF BIOMASS FOR THE 

REMOVAL OF MALATHION USING SPIROGYRA SP. 

BIOMASS 

FIG. 4 EFFECT OF INITIAL MALATHION 

CONCENTRATION FOR THE REMOVAL OF MALATHION 

USING SPIROGYRA SP. BIOMASS 

3.5 Biosorption isotherm analysis 

For the isotherm study, 100ml of Malathion solution was taken in 250ml Erlenmeyer flasks with different initial Malathion 

concentration ranging from 50mg/L to 250mg/L. After preliminary kinetics study, it was found that equilibrium was reached 

at 5 hours. The solution was made in contact with constant amount of biomass (75mg) and the pH was fixed at 7. From the 

results, a graph between 1/Ce and 1/Qe was plotted for Langmuir isotherm model (Fig. 5) and between ln Ce and ln Qe for 

Freundlich isotherm (Fig. 6). The coefficient of correlation for Freundlich was found to be higher than that of Langmuir 

isotherm indicating that the biosorption follows Freundlich isotherm model. The sorption following Freundlich isotherm can 
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mean that sorption occurred at heterogeneous surface or that the binding sites on the Spirogyra sp. have different affinities 

for the Malathion molecules.  

  

FIG.5 LANGMUIR ISOTHERM MODEL FOR THE 

REMOVAL OF MALATHION USING SPIROGYRA SP. 

BIOMASS 

FIG. 6 FREUNDLICH ISOTHERM MODEL FOR THE 

REMOVAL OF MALATHION USING SPIROGYRA SP. 

BIOMASS 

The values of Langmuir and Freundlich constants and their coefficient of correlation are shown in TABLE 1.  

TABLE 1 

R
2
 AND CONSTANTS FOR LANGMUIR AND FREUNDLICH ISOTHERM 

Langmuir Freundlich 

Qm b R
2
 1/n k R

2
 

833.3 mg/g 0.00525 L/mg 0.8423 0.3117 49.96 (mg/g)(L/mg)
1/n

 0.9352 

IV. CONCLUSION 

Malathion removal from aqueous solution by biosorption using Spirogyra sp. was studied. The residual Malathion 

concentration was determined using UV-Vis spectrophotometer. It was found that 76.34% of Malathion was removed from 

initial Malathion concentration of 100mg/L when the initial pH was kept at 7, using biomass concentration of 75mg and a 

contact time of 5 hours. Biosorption isotherm study showed that Freundlich isotherm was found to fit the experimental data 

more than Langmuir isotherm with R
2
 value at 0.9352 indicating that sorption occurred on heterogeneous surface. Further 

studies can be done by pre-treating the biomass to see if Malathion removal increases with it. 
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Abstract— This study was realized in 2014 – 2015 in two different sections of Kirklareli city Luleburgaz district Sakizkoy 

village natural pasture in order to research the effect of soil moisture and soil temperature on area covered by vegetation, 

plant species and dry yield. As research area, study was conducted in two different sections defined as A and B located to the 

north and south of village coppice forest area located within the borders of Kirklareli city Luleburgaz district Sakizkoy 

village. By this study, the relation between soil moisture and temperature with plant species were evaluated by CANOCO 4.5 

computer program. Accordingly, the effect of ecological values on vegetative properties was presented. According to 

research results, soil moisture and temperature have significant effect on vegetation. In the first year when soil moisture was 

high, hay yield was 2901.9 kg/ha while the yield was detected as 480.1 kg/ha after soil temperature (which is inversely 

correlated with soil moisture) increased in the second year. It was determined that Lolium perenne (one of the dominant 

species of vegetation) is common in parcels with high moisture while Chrysopogon gryllus is common in parcels where soil 

temperature is high.  

Keywords— pasture, dry yield, soil moisture, soil temperature, CANOCO 4.5. 

I. INTRODUCTION 

Climate change is expected to affect agriculture very differently in different parts of the world (Parry et al., 2004). Climate 

change impacts on crop yield are often integrated with its effects on water productivity and soil water balance. Global 

warming will influence temperature and rainfall, which will directly have effects on the soil moisture status and groundwater 

level (Kang et al.2009). According to Valentine, (1990), livestock products provide the major economic return from most 

range and pasture lands and compared with harvested or purchased feeds, pastures and pasture provide a relatively 

inexpensive and energy-efficient feed source for livestock. Climate change is change the community structure of grasslands 

(Buckland et al., 2001; Lüscher et al., 2004). Grasslands will differ in their response to climate change depending on their 

type (species, soil type, management) (Olesen , 2006 ). Management and species richness of grasslands may increase their 

resilience to change (Duckworth et al., 2000). Particularly climatic factors, like mean annual precipitation and precipitation 

variability, have a huge impact on rangeland condition and fodder production (Williams and Albertson, 2006). Climate 

change in the form of decreasing mean annual precipitation accompanied by increasing variability has important 

consequences for rangeland productivity and thus pastoral livelihood security (Martin et al.2013). Soil moisture plays a key 

role in vegetation restoration and ecosystem stability in arid and semiarid regions. The response of soil moisture to rainfall 

pulses is an important hydrological process, which is strongly influenced by land use during the implementation of 

vegetation restoration. Soil moisture depended strongly on precipitation (Yu et al.2015). Soil moisture is a key rangeland 

health parameter as it is the principal limiting factor in semi-arid ecosystems (Weber and Gokhale, 2010) . Soil moisture and 

temperature are together referred to as "soil climate". The effects of soil climate are mainly the basic determining criteria that 

separate range ecosystems from other natural ecosystems. In addition, soil climate affects all soil-plant relationships in range 

ecosystems. Rooting depth, water potentials, nutrient intake and nutrient element distribution are affected by the amount and 

time of moisture availability associated with the critical temperatures at which the root activity is observed. The temperature 

and moisture near the soil surface affect the germination of range plants. Besides germination, settlement and continuity also 

depend on the temperature and moisture of the soil (Altin et al. 2011). Temperature is an important feature that has a 

significant effect on the biological events that take place in the soil and directs the physical and chemical processes. The root 

development of most plants ceases at temperatures below 5˚C. The availability of soil and air temperature data is necessary 

to understand plant-soil relationships and to be able to make comments on the use of the soil (Dinc and Senol, 1998) and 

therefore will create a basis for the projections to be drawn for range management and improvement in the future. The 

objective of this study is to determine the effects of I) different pasture sites and II) soil moisture and temperature on 
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vegetation composition in a natural pasture. Fırıncıoglu et al. (2008) and Ababou et al. (2009) stated that, to perform a 

redundancy analysis (RDA) to determine the topographic and edaphic factors that influence plant species occurrence to 

understand the most important components affecting the segregation of plant species. For this purpose, RDA analyses were 

performed using CANOCO 4.5 computer program in this study. 

II. MATERIAL AND METHOD 

The study was carried out in Sakizkoy village of Luleburgaz district of Kırklareli province in 2014-2015. Although 

Luleburgaz is involved in the temperate climate zone by its latitudes, it has a cold and rainy character in winters and dry and 

hot character in summers. The region where the study area is located has a "Semi-Arid Climate" feature (Donmez, 1968). 

While the total annual rainfall was 788, 8 mm in Luleburgaz District of Kirklareli Province in 2014, which was the first year 

of the study, it was 493,0 mm in 2015, the second year. While the average relative humidity of the year 2014 was 84.4%, the 

average relative humidity of the year 2015 decreased to 75.2%. The average temperatures of the years 2014 and 2015 were 

measured as 14, 2 
o
C and 15, 6 

o
C, respectively. It was observed that the maximum temperature average of the year 2014 was 

26.9 
o
C and the maximum temperature average of the year 2015 was 27.6 

o
C (Anonymous 2016). A sites,and  B sites pasture 

of Sakizkoy village, Kirklareli  (Europe Part)  in Turkey; Latitude 41;46;24 N Longitude 27;48;66  E ,  41;47;16N, 27;49;38 

E , respectively.  

 

FIGURE 1.  GOOGLE EARTH IMAGE OF SAKIZKOY PASTURE 

As research area, study was conducted in two different sections defined as A and B located to the north and south of village 

coppice forest area located within the borders of Kirklareli city Luleburgaz district Sakizkoy village.  Regarding two separate 

regions designated as sites A and B located in the North and South part of the Village coppice forest which is within the 

borders of Sakizkoy Village where the study was carried out, Site A is closer to the Village settlement area, Site B is closer to 

the sheepfolds.  While site A is generally exposed to cattle grazing pressure, site B is further exposed to small cattle grazing 

pressure although they are grazed on both sites.  Presence/absence data of all vascular plant species were recorded in the 

sites. A total of 40 sites were sampled at two units to determine dry matter yield according to weight. For determination dry 

matter yield of the samples were harvested about 5 cm above the soil surface. All the plots in 0.25 m
2 

were clipped from 20 

sites in 2014 and 2015 year. The aboveground standing crop was measured by cutting herbaceous biomass (at ground level) 

and dried at hay yield was determined by drying the samples at 78ºC for 24 h.  We also determined soil moisture and 

temperature these sites. We recorded soil temperature values using a portable electronic thermohygrometer (Mannix THPen , 

model PTH 8708) and soil moisture values were determined using “Economy Soil Moisture Tester”. 

Statistical Analysis 

Multivariate relationships between environmental variables and vegetation composition  were determined Redundancy 

analysis (RDA) using Lepsˇ and S ˇ milauer, (2003) and Monte Carlo permutation test was used to prove if the results of the 

ordination are significant  All default parameters in CANOCO(Version 4.5) were used (Ter Braak and Smilau, 2002).  An 

analyses of variance was conducted using SPSS, (Version 18.0).  

III. RESULTS AND DISCUSSION 

Soil moisture measurement results in the years 2014-2015, during which the study was carried out, are presented in Table 1.  
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TABLE 1 

 ANALYSES OF VARIANCE, SOIL MOISTURE (%) AND SOIL TEMPERATURE (
O
C) 

 Soil Moisture % Soil Temperature 
0
C 

Sites 2014 2015 2014 2015 

A Sites 8.4a 5.6b 16.8b 24.5a 

B Sites 7.6a 6.4b 16.8b 26.4a 

 Year:22.814** Year * Site 4.176* Year * Site 462.352** Site11.027** Year x 

S ite11.027** 

*   P< 0.05,** P<0.01 ,
a 

Means within rows with different superscripts differ significantly 

Soil temperature measurement results in the years 2014-2015, during which the study was carried out, are presented in Table 

1. Soil temperature measurement results in the years 2014-2015, It was observed that the soil temperature increased from 

16,8 
0
C to 24,5 

0
C on site A and from 16,8 

0
C to 26,4 

0
C on site B (Table 1). When these measurement results were 

compared, while the soil moisture was 8.4% on site A in 2014, it decreased to 5.6% in 2015. While the soil moisture was 

7.6% on site B, it was decreased to 6.4% (Table 1).  Deeply-rooted plants are more likely to survive extended periods of 

drought by accessing lower soil layers that contain higher levels of soil moisture (Chaves et al. 2003). It is generally assumed 

that plants respond to drought in surface layers by shifting water and nutrient uptake to deeper soil layers (Garwood and 

Sinclair 1979; Sharp and Davies 1985), Soil temperature, a controlling factor for soil moisture as it affects evaporation, is 

also affected by the amount of litter (Davidson et al. 1998). During the dry period, deep-rooted plants can well utilise the 

water and nutrients in the lower layers of the soil (Hoekstra et al. 2014).  

TABLE 2  

ANALYSES OF VARIANCE, DRY YIELD (KG/HA) AND REDUCTION OF DRY YIELD (%) 
 2014 2015 Reduction of Yield % 

Sites Grasses(kg/ha) Grasses (kg/ha)  

A Sites 1509.2a 451.0b 70 

B Sites 1091.3a 154.1b 85 

Average 1300.2a 302.5b 76 

 Legumes(kg/ha) Legumes (kg/ha)  

A Sites 513.4a 128.0b 76 

B Sites 831.7a 17.9b 97 

Average 672.5a 72.9b 89 

 Others(kg/ha) Others(kg/ha)  

A Sites 1444.0a 177.8c 87 

B Sites 414.1b 31.0d 95 

Average 929.0a 190.4b 79 

A SitesTotal 3466.6a 757.0c  

B Sites Total 2337.2b 203.0d  

 2901.5a 480.1b  

 GrassYear:17.816** LegumesYear:31.633** OthersYearxSites:7.453* Others 

Site:13.234** 

OthersYear:25.997** 

*   P< 0.05, ** P<0.01, 
a 

Means within rows with different superscripts differ significantly 

In the first year when soil moisture was high dry  yield was 2901.9 kg/ha while the yield was detected as 480.1 kg/ha after 

soil temperature (which is inversely correlated with soil moisture) increased in the second year. As it is understood from 

Table 2 above, there was a significant yield loss in dry yields in the second year of the study. In both years, the 

measurements were performed during the same vegetation period, and there was not any difference in grazing. Therefore, 

rainfall regime is estimated to be the effective factor for this yield loss.  Indeed, it was determined that the effect of soil 

moisture factors on dry yields was very significant. Drought is usually the most important environmental stress for the range 

plants that try to survive against the constant consumption of the animals. Drought stress is characterized by reduction of 

water content, diminished leaf water potential and turgor loss, closure of stomata and decrease in cell enlargement and 

growth . Severe water stress may result in the arrest of photosynthesis, disturbance of metabolism and finally the death of 

plant (Jaleel et al., 2008). Thomas and Squires (1991) argue that soil moisture is the principal determinant of productivity and 

the primary driver of rangeland condition in semi-arid ecosystems. Seedling emergence rate and root and shoot growth were 

decreased by limiting soil water content, while root-to-shoot length ratio (43%) was increased (Gazanchian et al. 2006).  Low 

http://link.springer.com/article/10.1007/s11104-014-2352-x#CR6
http://link.springer.com/article/10.1007/s11104-014-2352-x#CR12
http://link.springer.com/article/10.1007/s11104-014-2352-x#CR44
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water availability in arid and semiarid regions severely limits seed germination, seedling establishment, and persistence of 

perennial grasses (Bassiri et al., 1988). Johnson and Asay (1993) reported that water deficit also limits the establishment, 

growth, and production of cool season grasses on semiarid rangelands. There is a strong linear relationship between 

aboveground net primary productivity (ANPP) and annual precipitation in rangeland ecosystems (Le Houérou, 1984; Sala et 

al., 1988; Scholes, 1993). Annual forage pastures are seeded every spring (with the exception of fall-seeded winter cereals), 

have shallower root systems with lower biomass (Baron et al. 1999; Mapfumo et al. 2002), and therefore tend to use less 

water than perennial forages (Baron et al. 1999; Twerdoff et al. 1999). Differences in water use occur among perennial 

forage species. Root depth, root density, and timing of canopy closure impact procurement and evaporative demand for soil 

moisture among species (Bradshaw et al. 2007).  

As a result of the study, according to dry yields, it was observed that the yield loss was less in grasses compared to legumes 

and other family members. In the results of the study, while the average yield loss in grasses between 2014-2015 was found 

to be 70%, this ratio was 89% in legumes and 79.4% in other families (Table 2). Olesen (2006) stated that climate variability 

is one of the most significant factors influencing year to year crop production, even in high-yield and high-technology 

agricultural areas .  

Redundancy analysis (RDA) was performed to determinate which of the measured environmental variables would 

significantly explain the species composition. 

TABLE 3  

REDUNDANCY ANALYSIS (RDA) OF ENVIRONMENTAL-VEGETATION COMPOSITION   
 Axis1 Axis2 Axis3 Axis4 Total 

Eigenvalues 0.304 0.058 0.201 0.122 1.000 
Species-environment correlations 0.926 0.602 0.000 0.000  

Cumulative percentage variance of species data 30.4 36.2 56.3 68.5  

of species-environment relation 84.1 100.0 0.0 0.0  

 

The RDA showed a high cumulative percentage variance of species occurrence data explained on the fi rst two axes of the 

RDA (34.4%) (Table3). With RDA of the vegetation data, eigen values of 0.304, 0.058, 0.201, 0.122 were found for axes one 

to four, respectively (Table 3). There was a strong relationship between the vegetation and the environmental factors, with 

species-environment correlations of 0.926 on the first axis and 0.602 on the second axis. The Monte Carlo permutation test 

was significant for the first axis (P = 0.002), the second axis (P = 0.002). 

 

FIGURE 2. ORDINATION DIAGRAMS (SPECIES-SITES--ENVIRONMENT) OF RDA 
Species:Achillea millefolium Achimill; Aira caryophyllea Airacary, Bromus benekenii Brombene, Bromus hordelymus Bromhord, Bupleurum rotundifolium 

Buplrotun, Capsella bursa-pastoris Capsburs,Carex flacca Careflac, Cynosurus echinatus Cynoech, Chrysopogon gryllus Chrygryl, Dactylis glomerata 

Dactyglom, Eryngium campestre Eryncamp, Festuca ovina Festovin, Galium rotundifolium Galirotu, Geranium robertianum Gerarobe, Koeleria nitidula 

Koelnitu, Lamium purpureum Lamipurp, Lolium perenne Lolipere, Medicago minima Medimini, Plantago lanceolata Planlanc, Potentilla recta Poterect, 

Ranunculus neapolitanus Ranuneap, Sanguisorba minor Sangmino, Sinapis arvensis Sinaarve, Taraxacum officinale Taraoffi, Taraxacum serotinum 

Tarasero, Teucrium chamaedrys Teuccham, Thymus striatus Thymstri, Trifolium campestre Trifcamp, Trifolium echinatum Trifechi, Trifolium nigrescens 

Trifnigr, Trifolium ochroleucum Trifochr, Trifolium subterraneum Trifsubt,Trifolium tomentosum Triftome, Trifolium vesiculosum Trifvesi, Vicia sativa 

Vicisati,Vulpia ciliata Vulpcili 

Environmental variables: Soil mois Soil moisture, Soil temp Soil temperature 
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The distribution of the sites according to the soil temperature and moisture and species  of the study area is presented in 

Figure 2. There is a mutual relationship between plant species and environmental factors such as soil temperature and soil 

moisture.  Weniger (1973) stated that the excess of water in the soil leads to a decrease in soil temperature and that the soils 

with a higher amount of air presenting in soil pores get heated more quickly compared to water-saturated soils as the amount 

of heat the water needs to get heated is more with respect to the air. 

 
FIGURE 3. T- VALUE PLOT OF SOIL MOISTURE 

Species:Achillea millefolium Achimill; Aira caryophyllea Airacary, Bromus benekenii Brombene, Bromus hordelymus Bromhord, Bupleurum rotundifolium 

Buplrotun, Capsella bursa-pastoris Capsburs,Carex flacca Careflac, Cynosurus echinatus Cynoech, Chrysopogon gryllus Chrygryl, Dactylis glomerata 

Dactyglom, Eryngium campestre Eryncamp, Festuca ovina Festovin, Galium rotundifolium Galirotu, Geranium robertianum Gerarobe, Koeleria nitidula 

Koelnitu, Lamium purpureum Lamipurp, Lolium perenne Lolipere, Medicago minima Medimini, Plantago lanceolata Planlanc, Potentilla recta Poterect, 

Ranunculus neapolitanus Ranuneap, Sanguisorba minor Sangmino, Sinapis arvensis Sinaarve, Taraxacum officinale Taraoffi, Taraxacum serotinum 

Tarasero, Teucrium chamaedrys Teuccham, Thymus striatus Thymstri, Trifolium campestre Trifcamp, Trifolium echinatum Trifechi, Trifolium nigrescens 

Trifnigr, Trifolium ochroleucum Trifochr, Trifolium subterraneum Trifsubt,Trifolium tomentosum Triftome, Trifolium vesiculosum Trifvesi, Vicia sativa 

Vicisati,Vulpia ciliata Vulpcili 

Environmental variables: Soil mois Soil moisture, Soil temp Soil temperature 

In Figure 3, the t-values of the statistical significance relation between soil moisture and plant species are presented by a 

Van-Dobben circle. It was found out that the plants such as Carex flacca, Trifolium campestre and Lolium perenne had a 

positive relationship with soil moisture, and Eryngium campestre and Sinapis arvensis had a negative relationship with soil 

moisture. In addition to this, it was observed that especially Lolium perenne, Carex flacca developed better in moist soils. 

These plants are dominant especially in areas where soil moisture is high. Annual legumes such as Trifolium campestre, 

Trifolium echinatum, Trifolium vesiculosum, remaining in the circle can also utilise the water in the soil with the taproot 

systems in the drought period.   

-1.0 1.0

-0
.4

0
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FIGURE 4. DISTRIBUTION OF SITES ACCORDING TO SOIL MOISTURE 

The distribution of the parcels according to the soil moisture of the study area is presented in Figure 4. The soil moisture in 

the parcels displayed with dark-colored symbols in the biplot parcel refers to high values. The parcels with the high ratios of 

Lolium perenne (Figure 5) generally show parallelism with the parcels with high soil moisture (Figure 4) 
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FIGURE 5. PRESENCE OF LOLIUM  PERENNE IN SITES  

Lolium perenne among common plants was selected as an example, and their statuses of presence in sites are shown in 

Figure 5. The Lolium perenne  in the parcels displayed with dark-colored symbols in the biplot parcel refer to high values.  

Lolium perenne, Carex flacca, and Trifolium repens among the plant species in these shaped pasture sites are more common 

in wet soils.  Lolium perenne is a graminae that prefers damp, fertile and heavy soils Altin (1992). Dengler et al. (2014) 

reported that water limitation reduces productivity as it reduces the ability of dominants to develop sufficient growth, even 

under nutrient-rich conditions. At the same time, taller plants were probably favoured by deeper soils which were more 

frequent in abandoned grasslands (Vassilev et al.2011). 

 

FIGURE 6. T- VALUE PLOT OF SOIL TEMPERATURE 

Species:Achillea millefolium Achimill; Aira caryophyllea Airacary, Bromus benekenii Brombene, Bromus hordelymus Bromhord, Bupleurum 

rotundifolium Buplrotun, Capsella bursa-pastoris Capsburs,Carex flacca Careflac, Cynosurus echinatus Cynoech, Chrysopogon gryllus Chrygryl, Dactylis 

glomerata Dactyglom, Eryngium campestre Eryncamp, Festuca ovina Festovin, Galium rotundifolium Galirotu, Geranium robertianum Gerarobe, Koeleria 

nitidula Koelnitu, Lamium purpureum Lamipurp, Lolium perenne Lolipere, Medicago minima Medimini, Plantago lanceolata Planlanc, Potentilla recta 

Poterect, Ranunculus neapolitanus Ranuneap, Sanguisorba minor Sangmino, Sinapis arvensis Sinaarve, Taraxacum officinale Taraoffi, Taraxacum 

serotinum Tarasero, Teucrium chamaedrys Teuccham, Thymus striatus Thymstri, Trifolium campestre Trifcamp, Trifolium echinatum Trifechi, Trifolium 

nigrescens Trifnigr, Trifolium ochroleucum Trifochr, Trifolium subterraneum Trifsubt,Trifolium tomentosum Triftome, Trifolium vesiculosum Trifvesi, 

Vicia sativa Vicisati,Vulpia ciliata Vulpcili 

Environmental variables: Soil mois Soil moisture, Soil temp Soil temperature 

It was found out that there was a positive relationship between soil temperature and Sanguisorba minor, Chrysopogon 

gryllus, Vulpia ciliata.  Annual legumes such as Medicago minima, Trifolium vesiculosum, Trifolium subterraneum  have a 

negative relationship with soil temperature (Figure 6). 
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FIGURE 7. DISTRIBUTION OF SITES ACCORDING TO SOIL TEMPERATURE 

The distribution of the parcels according to the soil temperature of the study area is presented in Figure 7. The soil 

temperatures in the parcels displayed with dark-colored symbols in the biplot parcel refer to high values. These parcels 

include the soil temperatures during the second year of the study. It is observed in Figures 6 and 3 that Sanguisorba minor 

efficiently benefits from the soil temperature and soil moisture. The distribution (Terri and Stowe, 1976; Tieszen et al., 1979) 

and seasonal activities of C3 and C4 grasses (Kemp and Williams, 1980; Hicks et al., 1990) often are highly correlated with 

temperature(IPCC, 1995). According to previous research Adams et al. (1986), grasses are usually dominant in pastures all 

over the world. Indeed, it was determined that Chrysopogon gryllus among these common species are found in grazed dry 

pasture sites (Figure 8).   
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FIGURE 8.  PRESENCE OF CHRYSOPOGON GRYLLUS IN SITES 

The distribution of the hot climatic plant Chrysopogon gryllus (C4), one of the important species in the study area, is 

presented in figure 8. The Chrysopogon gryllus  in the parcels displayed with dark-colored symbols in the biplot parcel refer 

to high values. The parcels with the high ratios of Chrysopogon gryllus (Figure 8) generally show parallelism with the 

parcels with a high soil temperature (Figure 7). Chrysopogon gryllus,  grows on warm, dry, illuminated, sandy grassy slopes 

and hills as well as on dry pasture land  (Djurdjevıć et al.2005, Dajıć Stevanovıć et al. 2008). The most widely spread species 

on Buzagici(Tekirdag) pasture was scented grass (Chrysopogon gryllus) (Uluocak, 1974; Davis, 1985; Tuna et al. 2011). 

Actually, there is a mutual relationship between plant species and environmental factors as is known. 

IV. CONCLUSION 

According to our study results, it was determined that the annual amount of rainfall affected the soil moisture and 

temperature. Indeed, during the two years of the study, rainfall differences caused significant changes in the soil moisture and 

temperature. Accordingly, decreases were found in dry yields along with the decreasing soil moisture and increasing 

temperature, and this was found to have a significant effect on plant species distribution.  Such studies will create a resource 

for the studies to be carried out from now on for the ranges of arid and semi-arid regions.  In addition, they will allow us to 

reach more information about climate, soil and pasture interactions by extending the study area and scope and ensuring their 

continuity for many years. Such studies will also allow the determination of species that can adapt to the arid conditions in 

the pastures. 
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Abstract— Plant tissue culture has been used as a tool for crop improvement in many different ways. Such as somaclonal 

variation that occurred in many different crops. In this study a program for disease resistance was established in sesame 

using somaclonal variation. As resistance to Fos is very important so different kinds and concentrations of Plant Growth 

Regulators were tested for producing of plantlet regenerated from apical shoot explants.  

The results showed that the combination of BA and NAA also BA and IAA with ABA could be used for regenerating sesame 

plantlets from apical shoots. The difference in BA concentrations had a positive effect on shoot and root regeneration and at 

least plant regeneration. So with combination of high level of BA and low level of NAA shooting from explants was dominant 

and with low level of BA and high level of NAA rooting was progressed. Regenerated plantlets and seeded planlets were 

compared for examining of resistance or susceptibility to Fos. The result showed that somaclonal variant resulted from 

regeneration of shoot and root of sesame could lead to producing resistant plantlets.  

Keywords— fusarium, sesame, somaclonal variation. 

Abbreviations: ABA – Abscisic acid; BA – 6 benzylaminopurin; Fos – Fusarium oxysporum fsp sesami,  IAA – Indole-3 

acetic acid; MS – Murashige and Skoog
,
s medium 1962; NAA – α-naphthalene acetic acid;  PGRs – Plant Growth 

Regulators. 

I. INTRODUCTION 

Somaclonal variation, resulting from a sum of genetic and epigenetic changes can induce mutations (Wei et al 2016). 

Somaclonal variation occurs through tissue culture in plants and plant tissue culture techniques proffer a substitute method of 

vegetative propagation of horticultural crops (Krishna et al. 2005; Alizadeh et al. 2010). On the other hand somaclonal 

variation is a basic method for inducing resistance in many plants against biotic and abiotic stresses (Chae et al., 1987; Kim 

et al., 1987 and Kariallappa, 2003). However Larkin and Scowkraft in 1981 coined a general term “somaclonal variation” for 

plant variants derived from any form of cell or tissue cultures, It is important that  genetic variations occur in undifferentiated 

cells, isolated protoplasts, calli, tissues and morphological traits of in vitro raised plants (Bairu et al. 2011; Currais et 

al. 2013). So for inducing of variation in plants duo to somaclonal variation at first we need to a suitable and practical system 

for regeneration of plants. It means that denovo organs must to be regenerated by callusing phase. In this research we 

established a system for sesame regeneration and compared resistance of regenerated and seeded sesame against Fusarium 

oxysporum fsp sesami that is a one of the most devastating agents for sesame in Iran. Also In Iran alike all over the world 

sesame is the quine of oilseed.  

This important oilseed ranks third among the oilseed in production. Its oil content varies from 44 – 66 % containing two 

unsaturated fatty acids – oleic and linoleic together account for 85% (Maximum) with a combination of different essential 

amino acids and vitamins particularly β carotene (Brar, 1982 and Arslan et al., 2007). 

II. MATERIALS AND METHODS 

2.1 Preparation of plant materials 

Seeds of sesame CV. Darab1 were obtained from Seed and Plant Improvement Institute, Karaj, Iran.  

Mature seeds of sasame were aseptically sterilized by immersing in 100% commercial hypochlorite sodium (with 5% 

available chlorine) for 20, 30 and 60 min. Sterilized seeds then rinsed with sterilized distilled water for 4 – 5 times in order to 

remove the effects of disinfecting agent then cultured on 0.5 MS (Murashige and Skoog 1962), plus 3% sucrose and 0.7% 

agar in 9 cm petri dishes that were closed with parafilm. The cultures maintained in room temperature and mild light.  Seven 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4752953/#CR105
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4752953/#CR5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4752953/#CR11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4752953/#CR32
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days later pieces of hypocotyl (3 – 5 mm), apical shoots ( 2 – 3 mm) and cotyledon (9 – 16 mm
2
) from seedlings were used as 

explants. 

2.2 Media and culture conditions 

For production of regenerated plants the explants were cultured on MS media supplemented with different kinds and 

concentrations of PGRs such as BA, IAA, NAA, ABA and 554.94 µm
-1

  myo-Inositol, 0.3 µml
-1

  Thiamin, 24.3 µml
-1

  

Pyridoxine, 4.06 µml
-1

  Nicotinic acid , and 26.64 µml
-1

  Glycine. Explants were subcultured to fresh media with the same 

composition every 4 weeks duo to consumption of nutrition and oxygene. All media included 3% sucrose and 4% phytagel in 

this phase.  

pH of all media was adjusted to 5.7 prior to autoclaving. All cultures were incubated at 25 ± 2 º C under a 16-h photoperiod 

and 1500 Lux illumination.  

2.3 Inoculum preparation   

To prepare of inoculum approximately 3 – 4 discs (1 cm
2
 length) from PDA including Fos mycelia were cut and put on 

autoclaved wheat grains that placed in clear plastic bag. Clear plastic bag plugged by cotton and incubated at 25º for three 

weeks. Seventy five grams inoculum was mixed with two kg autoclaved soil and prepared for each pot before sowing.  

Plantlets inoculation and evaluation of resistance  

Two kinds of plantlets including seeded plantlets (4 foliage) and regenerated plantlets (approximately 4 foliage) planted in 

inoculated soil for evaluating for resistance or susceptibility against Fos.  For evaluation of resistance dead or alive of 

plantlets was mentioned (See Pavlou)  

III. RESULTS AND DISSCUTION  

Explants (Leaf, hypocotyl and apical shoot) produced callus after nearly two weeks. Leaf explants doubled in size and 

produced callus on the wounded edges. Hypocotyl explants produced callus on their entire surface and apical shoots 

produced callus a little.  The calli were apparently categorised based on the potential of organogenesis or embryogenesis. The 

effective factore on this classification was at first the component of media and the second explant type.  So that on media 

supplemented with BA the adventitious shoots developed from hypocotyl and apical shoot within 14 – 28 days after 

callusing. Shoot developed much more by increasing of BA concentration. 4.44 and 22 µml
-1

 BA produced adventitious 

shoots with 5.70 µml
-1 

IAA + 3.78
 
µml

-
1 ABA and 1.61 µml

-1  
NAA respectively (Fig 1). Because a cluster of shoots usually 

formed on explants it was difficult to count the number of shoots on these two media. It is clear that regeneration efficiency 

in a range of BA ( 4.44 – 22 µml
-1

) increased as BA concentrations increased but dense mass of shoots formed on explants 

affected not only by BA concentrations but also kind and concentration of auxins and other plant growth regulators. On the 

other hand BA concentrations with auxin(s) concentrations had influence in shoot regenerations. In Fig 7 the effect of BA 

and auxin(s) (NAA) on shoot regeneration was summerized. Also this picture shows that the kind of auxin(s) that cooperats 

with BA on shoot regeneration has an effective role. Shoots (1 – 2 cm) were excised and cultured on suitable rooting media 

especially medium with 8.05 µml
-1

 NAA and 0.13 µml
-1

 BA.  After 7 - 10 days 5 – 6 white, thick and semi strong roots 

appeared on base of regenerated shoots (Fig 2).  It is interesting that BA and NAA with different balances formed both shoot 

and root in sesame. Successful regeneration have a key role for somaclonal variation. At BA and NAA concentrations 

regeneration tended to shooting by rising in BA concentration and rooting by rinsing in NAA concentration. Similar results 

were observed in apple cultivars or rootstocks (Welanders, 1992; Ancherani et al., 1990; Yepes et al., 1994 and Famiani et 

al., 1994) where the low concentration of auxin in combination with height cytokinin content resulted in an increase in 

number of shoots per explants. Also there are many reports about the positive effect of BA in shooting (Lee et al., 2003; 

Ahmad et al., 2010; Rai et al., 2012;  Kadota et al., 2001).  

After establishment of regenerated plantlets and seeded plantlets the resistance (Fig 3 and Fig 4 respectively) of both 

compared against Fos. Two different kinds of plantlets displayed significant differences. According to Pavlou and 

Vakalounakis in 2005 sign of necrosis in xylem and phloem, dead or dying plantlets and wilt is indicator for susceptibility. 

As figures show four foliage seeded planlets after transplanting in inoculated soil displayed all of mentioned signs and dead 

after 20 days completely (Fig 5). So regenerated plantlets not only died but also grew and produced new leaflets after 12 – 20 

days transplanting in inoculated soil (Fig 6). So we can result resistance to Fos altered in sesame by tissue culture. It is clear 

that a wide range of plant characteristics can be altered as a result of regeneration from cell and tissue culture including 

agronomacally important traits such as diseases resistance (Van den bulk 1991 and Sebastiani et al., 1994).  Also Somaclonal 
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variation was claimed to be a source of variation for crop improvement (Ching – Yan Tang, 2005). Although somaclonal 

variation has been reported in crop with reproduction vegetatively (Larkin and Scowcroft, 1981) more there are a few reports 

about selection of somaclonal resistant to alternaria blight in sesame through tissue culture (Lokesha and Naik, 2011). On the 

other hand Fusarium is one of the most devastating microorganism that has been combatted by somaclonal variation (Pierk, 

1994 and Ching Yan – Tang, 2005). Also this study that their results demonstrated the resistance of regenerated sesame 

plantlels against Fos agreed with researches that mentioned above. As figures show clearly one of the difficult in this 

research was weakness and smallness of regenerated plants when they compared with seeded plantlets duo to unfavourable 

conditions especially oxygen deficiency and high level of humidity. We tested seeded plantlets in 4 folige stage.  Long-term 

maintenance (regenerated plantlets) in order to complete adaptation was not our purpose. But it is interesting that regenerated 

plantlets resisted against pathogen (Fos) despite of weakness and smallness.  

So included in this study that would be presented method for inducing resistance in sesame by somaclonal variation as the 

one of results of tissue culture. 
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FIGURE 1 – 6. Occurance of somaclonal variation in regenerated sesame and the effect of it on resistance or 

susceptibility plantlets to Fos. 1- Shooting on apical shoots explants on MS medium with 8.88 µml
-1

 BA and 1.61 8.88 

NAA. Rooting of regenerated shoots on MS medium with 8.05µml
-1

 NAA and 0.13 µml
-1

 BA. 3- Regenerated plantlets 

in pot. 4- Seeded plantlets in 4 foliage phase. 5-Dead seeded plantlets 20 days after inoculating with Fos. 6- Resistance 

of regenerated plantlets 20 days after inoculating with Fos. 

 

FIGURE 7. Effect of elavated BA concentrations with 5.7 mµl
-1

 IAA + 3.78 mµl
-1 

ABA (T1) and 1.61 mµl
-1

 

NAA (T2) 
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Abstract— Thirteen years old provenance trials of Acacia mangium from five provenances were established at five sites in 

the state of Sarawak, Malaysia, were sampled for this study. Fifty trees were sampled at random and cut to study radial 

variation in microfibril angle in the SS2 of secondary wall of the fibre using polarised microscope. Microfibril angle 

decreased from pith to bark with the greatest decrease occurred within the first two radial sampling near to the pith.  It 

ranged from 5.9
°
 to  28.8

°
 with an overall mean and coefficient of variation of 12.6

°
 and 45.8% respectively. It had a mean 

value of 21.4

 at pith and 6.9


 near the bark, which is a decrease of 67.8%. Highly significant different in mircrofibril angle 

were detected between radials of individual trees at α≥0.001. It was the major contributors to the total variance in which 

contributed for about 64.8%. Variations between trees were highly significant at α≥0.001 and accounted for 25.5% of the 

variation in microfibril angle while differences between the two orientations were not significant at α≤0.05. 

Keywords— Acacia mangium, microfibril angle, radial variation, pith to bark, interaction. 

I. INTRODUCTION 

In future, it is expected that Malaysian and international market will be flooded with wood produced by short rotation fast 

growing timber species.  A major concern with short rotation is the present of higher proportion of juvenile wood known as 

core wood (Burdon et al. 2004). Juvenile wood displays poor characteristics like higher microfibril angle (MFA), lower 

density, low stiffness, thinner cell walls, and shorter tracheids than mature wood (Cown 1992). Lower densities and reduced 

fibre dimensions, higher MFA, and low stiffness of juvenile woods are expected to produce a poorer quality product, often 

causing dimensional instability, for example in loblolly pine (Kretschmann and Bendtsen 1992) and Sitka spruce 

(Macdonald and Hubert 2002), resulting in poor acceptance in the market (Cown and van Wyk 2004). For these reasons, 

wood property traits have begun to receive more attention in the tree improvement programs as well as in forest industry 

(Powell et al. 2004).  

In addition to specific gravity the other most important wood characteristic, which has direct impact on wood stiffness and 

strength, is microfibril angle (Butterfield 1998; Bendtsen and Senft 1986; Cave 1969). It also has an influence on shrinkage 

of wood (Harris and Meylan 1965; Ying et al. 1994). Microfibril angle (MFA) is referred to the mean helical angle that the 

cellulose microfibril in the S2 layer of the cell wall makes with the longitudinal axis of the cell (Barnett & Bonham 2004). 

Microfibril angle is a property of the cell wall of wood fibers, which is made up of millions of strands of cellulose called 

microfibril (Walker & Butterfield 1995 and Butterfield 1998).  

Now in Malaysia as Acacia mangium is gaining popularity for both timber and for pulping, understanding the wood 

properties of this species is particularly important to effectively utilize this timber and before any improvement program has 

been developed to improve its quality. This study was therefore carried out to fulfil this objective. The work described in this 

paper forms part of a larger study of the genetic and environmental influences, and their interaction on growth, wood 

properties and mechanical properties in Acacia mangium.  The main objective of this study is to establish a radial variation 

in MFA and to study the extent of variations in microfibril angle between trees, orientations and radial subsamples. 

II. MATERIALS AND METHODS 

2.1 The trial 

Thirteen years old provenance trials of Acacia mangium, which were established in five sites in the state of Sarawak, 

Malaysia, were sampled for this study. Five provenances were planted. Details of the trials were reported in Lokmal & Mohd 

Noor (2010). The trial was conducted using randomised complete block design and was laid in complete factorial of five 

sites x five blocks x five provenances x 25 trees.  
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2.2 Tree sampling 

Three trees were sampled randomly and cut from each treatment plot making a total of 375 sampling trees. However, due to 

some heart-rot and termites attack, only 362 trees were managed for final process. For the purpose of this study, 50 trees 

were sampled at random. The number was a compromise between high variability in MFA within tree and the difficulty of 

measuring the MFA.  

2.3 Wood sampling 

A two (2) cm thick disc was cut at 1.3 m height for every tree. A strip of two (2) cm width was cut running through the centre 

(pith) of the disc along east west orientation of the tree. The strip was cut at the centre into two parts i.e.  east and west. Each 

part was measured and cut into four (4) equal-length samples, hence producing 400 samples (50 trees x 2 orientations x 4 

radial positions). 

2.4 Measurement of the microfibril angle  

The method for measuring microfibril angle was adopted from Leney (1981). It involved several stages and were briefly 

explained below. All selected samples were separated and placed in a 40-ml beaker and 25 ml distilled water was poured 

over it. The sample was then boiled in the autoclave at 100

C for a total of 10 hours. Slices were cut from the tangential face 

of the samples using a sliding microtome with thickness set at 10 micron (about 50% of fibre thickness) in order to produce 

half-cut fiber required for the measurement of MFA through this method.   

2.5 Maceration process  

The slices were placed in 50 ml test tubes with 2 ml of maceration solution (a mixture of 44 parts of glacial acetic acid and 

56 parts 30% hydrogen peroxide). The test tubes were heated in a water bath at 90C - 95C for 12 hours until the samples 

were bleached white and easily separated into components cells or fibres when shaken gently. The maceration solution was 

then poured off. The remaining maceration solution was diluted by adding 20 ml distilled water into the test tube, shaking 

and removing the mixed distilled water and solution using a 30 ml pipette. This step was repeated three times. A wide-mouth 

bulb pipette (8 mm inside diameter) was put in the suspension of fibres. The bulb of the pipette was then released quickly to 

suck a random sample   of fibres into the pipette.  

2.6 Preparation of the slides 

The pipette was held vertically and moved to a position over a slide on a hot plate (80-90C). The fibre suspension was 

squeezed out of the pipette on to the centre of the slide.The fibres were allowed to settle on the slide, and part of the water 

was allowed to evaporate on the hot plate. A cover glass was then put on the slide taking special care not to trap bubbles in 

between the fibres. Two slides were prepared from each sample to ensure enough microfiber are captured. A microfibril 

angle was measured once from each of the individual 29 half-cut fibres generating a total of 11,600 MFA for this study. The 

high sample number of fibres was needed because of the high variability of microfibril angle between fibres within a tree. 

2.7 Polarised microscope procedures 

With the polariser and analyser of a polarised light microscope set in the cross position (darkest), a first order red wave plate 

was introduced into the beam below the analyser at an angle of 45 to give a red field. The slide was then introduced into the 

field of view of the polarised light microscope. It was rotated clockwise to an angle where the colour changed from yellow to 

red to blue, indicating that it was in the major extinction position (MEP).  The red plate was then removed and slight 

adjustment was made for the best major extinction position in black and white (when the central part of the fibre was the 

darkest). The angle of the rotary stage was recorded. Then the fibre axis was aligned parallel to the vertical cross hair line in 

the eyepiece. Again the angle of the rotary stage was recorded. The difference between these two readings was the 

microfibril angle for the secondary cell wall (S2).  

2.8 Data analysis 

SAS (SAS 2008) was employed throughout the analysis of this study. Two types of analysis were carried out in this study as 

described below.  
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2.9 Analysis of variance 

Mean over 29 microfibrils were subjected to analysis of variance using Procedure general linear model (SAS 2008) using the 

following model: 

ijk =  + αi + βj + δk + ij + ik + θjk + ijk 

Where 

ijk is the mean microfibril angle in kth radial position at jth orientation of ith tree.  

  is the overall mean. 

αi is the random effect of ith tree (i=1, 2 .... 50).  

βj is the fix effect of  jth orientation (j=1,2). 

δk is the fix effect of kth radial position (k=1,2,3,4) 

ij is the interaction between ith tree and jth orientation. 

ik is the interaction between ith tree and kth radial position.   

θjk is the interaction between jth orientation and kth radial position. 

ijk is the random error associated with the kth radial position in the jth orientation at the ith tree. 

Student-Newman-Keuls multiple-range test was also performed to identify differences between samples within the radial. 

2.10 Variance components 

Variance components were estimated using proc varcomp via restricted maximum likelihood (REML) method (SAS 2008) 

with the same model as in the analysis of variance. 

III. RESULTS 

3.1 Radial Variation 

Microfibril angle decreased from pith to bark. Its mean ranged from 5.9
°
 to 28.8

°
 with an overall mean and coefficient of 

variation of 12.6
°
 and 45.8% respectively (Table 1). It had a mean value of 21.4


 near pith and 6.9


 near the bark, which 

involved a decrease of 67.6%, or a reduction of 14.5

. The most rapid changes occurred between the first two radial sampling 

i.e. SS1 and SS2 (Figure 1 and Table 1). It involved a reduction of 39.4% (reduction of 8.5

). The decrease in MFA from SS2 

to SS3 and SS3 to SS4 were 28.7% and 25.0% involving a reduction of 3.7

 and 2.3


 respectively.Highly significant different 

in mircrofibril angle were detected between radials at α≥0.001. Student-Newman-Keuls multiple range test have shown that 

all the four radials were differed significantly at α≥0.05. 

 
FIGURE 1: VARIATION IN MICROFIBRIL ANGLE FROM PITH TO BARK IN ACACIA MANGIUM. 

 



International Journal of Environmental & Agriculture Research (IJOEAR)            ISSN:[2454-1850]             [Vol-3, Issue-3, March- 2017] 

Page | 38  

  

TABLE 1 

VARIATION IN MICROFIBRIL ANGLE FROM PITH TO BARK IN ACACIA MANGIUM. 

Radial Mean Min Max CV (%) Std error 

SS1 21.4
°a 

16.6
°
 28.8

°
 15.1 0.32 

SS2 12.9
°b 

11.5
°
 15.5

°
 7.2 0.09 

SS3 9.2
°c 

7.6
°
 11.6

°
 10.4 0.10 

SS4 6.9
°d 

5.9
°
 8.8

°
 9.10 0.06 

Overall 12.6
°
 5.9

°
 28.8

°
 45.8 0.29 

Notes: SS1 sample nearest to pith; SS4 sample closest to bark; Mean with the same letter are not significantly different at 

α≤0.05 via Student Newman Keuls. 

3.2 Variation between trees 

Mean of individual tree varied from 11.0

 to 15.3


 with an average and coefficient of variation of 12.6


 and 9.7% respectively. 

Differences between trees were also highly significant at α≥0.001 (Table 2). Student-Newman-Keuls multiple-range test was 

performed and separated all trees in to 22 significantly distinct groups reinforced the high variation between trees. Tree 

accounted for 25.5% of the total variance in MFA.  

3.3 Variation between orientations 

Mean of MFA for east and west orientation 12.8

 and 12.4


 respectively. The differences between the two orientations were 

not significant at α≤0.05 (Table 2 and Figure 3). 

TABLE 2 

ANALYSIS OF VARIANCE AND VARIANCE COMPONENT FOR MICROFIBRIL ANGLE 

Source df Mean square Variance Variance (%) 

Tree (T) 49 12.1
***

 11.0 25.5 

Orientation (O) 1 16.8
ns 

0.1 0.1 

Radial (R) 3 4015.1
***

 28.1 64.8 

TXO 49 0.4
ns 

0.1 0.1 

TXR 147 3.6
***

 2.6 6.0 

OXR 3 4.2
***

 1.1 2.5 

error 147 0.4 0.4 0.9 

Total 399  43.3 100.0 

Notes: 
*
, 

**
, 

***
 significant at p≥0.05, p≥0.01 and p≥0.001.  

ns
 not significant at p≤0.05 

3.4 Interaction between Trees and Orientations  

Interaction between trees and orientations was not significant (Table 2). Although there was highly significant different 

between trees, the different between both orientations for individual tree was very small (Figure 3).  

3.5 Interaction between Trees and Radials  

Interaction between trees and radials was highly significant (Table 2). Further examinations have shown that the interaction 

was due to different rate of reduction in microfibril angle within each radial of individual tree (Figure 2). This was very 

obvious especially within the first quarter from pith where tremendous change in MFA occurred. 

3.6 Interaction between orientations and radials 

Interaction between orientations and radials were highly significant (Table 2). Further examinations have shown that the 

interaction was due to different rate of reduction in microfibril angle within each radial of different orientations especially in 

the region of 50%-75% from pith.  
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FIGURE 2: VARIATION IN MICROFIBRIL ANGLE IN FIVE SELECTED TREES FROM PITH TO BARK IN ACACIA 

MANGIUM. 
 

 
FIGURE 3: VARIATION IN MICROFIBRIL ANGLE IN FIVE SELECTED TREES IN EAST AND WEST ORIENTATIONS 

OF ACACIA MANGIUM. 

IV. DISCUSSIONS 

4.1 Radial Variation 

A decrease in microfibrils angle from pith to bark in Acacia mangium is consistent with work on Pinus radiata by Baltunis et 

al. (2007), Donaldson & Burdon (1995), Donaldson (1997). This was also reported in other species such as loblolly pine 

(Megraw et al. 1998, and Myszewski et al. 2004) and in Picea abies (Lundgren 2004). A significantly higher value of MFA 

near pith was probably due to the present of juvenile wood in the region of core wood, which eventually led to the 

inconsistent and poor strength at the centre (Cown 1992).  Bendtsen (1978), further revealed that juvenile wood displayed 

shorter tracheids, with thinner cell walls and consequently lower wood density, while in mature wood in which the MFA is 

smaller, the trachieds are longer with thicker walls and consequently higher wood density. 

The most drastic reductions which occurred between SS1 and SS2 may suggest the presence of juvenile wood within this 

region; however, almost the same magnitude of reductions which extended between SS2 and SS3 may further suggest that 

the juvenile regions may presence up to SS3 or within 75% radially from pith. Microfibril angle in the S2 layer of the 

tracheid cell wall is the only known physical characteristic of wood that is capable of affecting large changes in the stiffness 

of wood (Meylan and Probine 1969). Independent studies have shown that decreasing in MFA have increased MOE and 

MOR from pith to bark in eastern cottonwood (Bendtsen and Senft 1986) and in quaking aspen (Roos et al. 1990). 

Fibers with high MFA at the centre of the tree, which were produced when the tree was in the sapling stage, endow the wood 

with a low Young’s modulus. This enables the sapling to bend during strong wind without breaking. As the tree grows, the 

stem has to become stiffer to support the increasing weight of the stem and crown. The lower MFA at the outer wood means 
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the tree has higher Young’s modulus which enables them to fulfill the role. The other possibility is probably due to its 

colonising habit (Wiemann & Williamson, 1988), which combine rapid early growth in stature with the production of a weak 

stem due to high microfibril angle. As the tree grows, reducing microfibril angle in inevitable as to increase stem stiffness to 

maintain structural stability. These changes are probably associated with the ecological habit of pioneer species of wet 

tropical lowland forest. Differences in mircrofibril angle between radial was highly significant at P0.001. This is in contrast 

with the work by Lima et al. (2004) on 11 clones of hybrid between Eucalyptus grandis and E. urophylla who found no 

significant different in microfibril angle between radials.  

The decreasing radial variation alone contributed for 64.1% of the total variation in MFA, implied that the wood strength in 

the region of core wood would be low and caused further problem during wood processing. This was consistence with the 

finding by Butterfield (1998) who concluded that MFA was the dominant wood characteristics underlying the poor wood 

quality in many fast-grown and short-rotation plantation softwoods. However this situation creates an opportunity in tree 

improvement by reducing the MFA in the central regions. This will result in improved wood quality at the central hence 

improve wood strength. Evans & Ilic (2001) found that MFA accounted for 96% of the variation in modulus of elasticity of 

Eucalyptus delegatensis. The scenario was unwelcome as in future most timbers reaching the markets were most likely will 

be coming from fast grown short rotation with high proportion of juvenile wood.  

4.2 Variation between trees 

Effect of trees was significant and contributed for 25.5% toward the total variation in MFA. Though the amount was only a 

third of radial variance, it was substantial to ensure a successful gain in tree selection.  Very high MFA variation between 

radials within trees implicated that attempts to improve MFA must take this into account and must make sure that 

considerable variation between trees exists.  Similar observation was reported in Pinus radiata (Donaldson & Burdon 1995). 

Differences among trees, a large part of observed variation was probably attributed to the differences in genetic makeup of 

the individual tree provenance which was not taking care during sampling and microclimate surrounding the individual tree. 

Evans et al. (2000) also found very large variation in microfibril angle between hardwood trees of red alder (Alnus rubra) 

and proposed for tree selection for steeper MFA in the central region. The same strategy was suggested by Donaldson & 

Burdon (1995) following their work in Pinus radiata. 

4.3 Variation between orientations 

There was no effect of orientation on MFA in this study. Although there was some variation in MFA between east and west 

orientation, it was very small and was not significant. The small variation observed in this study was probably  an inherent. It 

may also due to the influence of strong wind blow which came from the east direction annually during heavy-rain monsoon 

season which also triggered formation of new fiber. To our knowledge, there was no work been done comparing the MFA 

between two opposite direction to compare with this study. 

4.4 Interaction between trees and orientations  

Interaction between trees and orientations was not significant and only accounted for 1% of the total variance in MFA. Since 

there was no significant different between orientations, the interaction between trees and orientations is probably and solely 

due to highly significant differences in microfibril angle between trees (Table 2). To our knowledge, there was no work been 

done comparing the MFA between trees and orientations to compare with this study. 

4.5 Interaction between trees and radials  

Interaction between trees and radials was highly significant (Table 2). Further examination of the data proved that the 

interaction was due to differences in rate of reductions between radials of different trees (Figure 2). To our knowledge, there 

was no work been done comparing the MFA between trees and radials to compare with this study. 

4.6 Interaction between orientations and radials 

Interaction between orientations and radials was significant (Table 2). Further examination of the data proved that the 

interaction was due to different rate of reductions in MFA between radials of both orientations (Figure 1). To our knowledge, 

there was no work been done comparing the MFA between orientations and radials to compare with this study? 

V. CONCLUSIONS 

All trees exhibited the same decreasing pattern of microfibril angle radially from pith to bark. The largest decrease occurred 
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in the first two sub samples from pith followed by a gradual decrease in the last two sub samples towards bark. Radial 

variation in microfibril angel is the most important factor affecting variation in MFA. It accounted for 61% of the total 

variation. Variation between trees is substantial and contributed for 22.3% of the total variation. Although this variation is 

only one third of the radial variation, it provides a basis for an improvement in MFA hence the wood strength in Acacia 

mangium. 

ACKNOWLEDGEMENT 

I thank Professor Dr Saidi Moin of UPM for his kind review and assistance in the statistical analysis. I extend my thanks to 

Abang Abdul Hamid Abang Abdul Karim and the staff of Forest Research Centre, Forestry Department of Sarawak for the 

permission, and logistic and invaluable field assistance during the course of my assessment and sample collection throughout 

the state of Sarawak. I especially thank Mr. Ling Wang Choon and the staff of Timber Research and Technical Training 

Centre, Forestry Department of Sarawak for their invaluable assistance during the wood sample processing. I thank En. 

Abdul Rahman Mansor and the staff of Similajau National Park, Bintulu for making my stays during tree sampling works 

pleasant. I sincerely thank Dr Daniel Baskaran for his continuous moral supports and helps in preparing this dissertation. To 

my staff in the Tree Improvement, FRIM, i.e. Amir Sharifuddin, CikMi, Asri, Sam, Rosli, Amran, Ramli and Ida, I thank 

them for their excellent field and lab assistance. 

REFERENCES 

[1] Baltunis BS, Wu HX & Powell MB 2007. Inheritance of density, microfibril angle, and modulus of elasticity in juvenile wood of 

Pinus radiata at two locations in Australia. Canadian Journal Forest Research 37:2164-2174.  

[2] Barnett JR & Bonham VA 2004. Cellulose microfibril angle in the cell wall of wood fibers. Biology Review 79:461-472. 

[3] Barrett JD, AP Schniewind & RL Taylor 1972. Theoretical shrinkage model for wood cell walls. Wood Science 4(3):178-192. 

[4] Bendtsen BA & Senft J 1986. Mechanical and anatomical properties in individual growth rings of plantation-grown eastern cotton 

wood and loblolly pine. Wood and Fibre Sciences 18: 23-38. 

[5] Bouriaud O, Breda N, Le Moguedec G & Nepveu G 2004. Modelling variability of wood density in beech as affected by ring age, 

radial growth and climate. Trees Structure and Function 18:264-275. 

[6] Boyd JD. 1983. Anisotropic shrinkage of wood: Identification of dominant determinants. Mokuzai Gakkaishi 20(10):473-482. 

[7] Burdon, R.D., Kibblewhite, R.P., Walker, J.C.F., Megraw, R.A., Evans, R., and Cown, D.J. 2004. Juvenile versus mature wood: a 

new concept, orthogonal to corewood versus outer wood, with special reference to Pinus radiata and P. taeda. Forest Science 50:399-

415. 

[8] Butterfield BG 1998 Editorial notes. In Butterfield BG (ed.) Proceeding of the IAWA/IUFRO International Workshop on the 

Significance of Microfibril Angle to Wood Quality, November 1997, Westport, New Zealand. 

[9] Cave ID 1969. The longitudinal modulus of Pinus radiata. Wood Science and Technology 3:40-48. 

[10] Cown DJ 1992. Corewood (juvenile wood) in Pinus radiata – Should we be concerned? New Zealand Journal of Forest Science 

22(1):87-95. 

[11] Cown, D., and van Wyk, L. 2004. Profitable wood processing -hat does it require? Good wood! New Zealand Journal of Forestry 49: 

10-15. 

[12] Donaldson LA & Burdon RD 1995. Clonal variation and repeatability of microfibril angle in Pinus radiata. New Zealand Journal of 

Forest Science 25:164-174.  

[13] Donaldson LA 1997. Microfibril angle: its influence on wood properties, and prospects for improvement in radiata pine. Proceedings 

of the Wood Quality Workshop 1995. New Zealand Forest Research Institute, Rotorua, New Zealand. Forest Research Institute 

Bulletin 201: 20-25. 

[14] Evans J.W., J.F. Senft, D.W. Green 2000. Juvenile wood effect in Red alder: analysis of physical And mechanical data to delineate 

Juvenile and mature wood zones Forest Products Journal Vol. 50, No. 7/8 75-87 

[15] Evans R, & Ilic J 2001. Rapid prediction in wood stiffness from microfibril angle and density. Forest Product Journal 51: 27-33. 

[16] Harris JM & BA Meylan 1965. The influence of microfibril angle on longitudinal and tangential shrinkage in Pinus radiata. 

Holzforschung 19(5):144-153.  

[17] Kretschmann, D.E., and Bendtsen, B.A. 1992. Ultimate tensile strength and modulus of elasticity of fast-grown plantation loblolly 

pine lumber. Wood Fiber Science. 24: 189-203. 

[18] Leney L 1981. A technique for measuring fibril angle using polarized light microscope. Wood and Fiber 13: 13-16. 

[19] Lima JT, Breese MC & Cahalan CM 2004. Variation in microfibril angle in Eucalyptus clones. Holzforschung 58: 160-166. 

[20] Lokmal N & Ernest COK (1995). Genotype and environment interaction and it’s stability in Acacia mangium Journal of Tropical 

Forest Science 8:247-254. 

[21] Lokmal N, Darus A & Ernest COK (1993). Genotype and Environment Interaction in Acacia mangium. In Rao V, Henson IE & 

Rajanaidu N (eds.) Proceeding of the International Symposium on Genotype and Environment Interaction on Perennial Species. 

Hilton Hotel, Kuala Lumpur, 12-13 September 1991.  



International Journal of Environmental & Agriculture Research (IJOEAR)            ISSN:[2454-1850]             [Vol-3, Issue-3, March- 2017] 

Page | 42  

  

[22] Lokmal N. and Mohd Noor A.G. 2010. Variation of Specific Gravity in Acacia mangium. J. Agrobiotech. Food Sci. 1(1):60-68. 

[23] Lundgren C 2004. Microfibril angle and density patterns of fertilized and irrigated Norway spruce. Silva Fennical 38: 107-117. 

[24] MacDonald E, Hubert J 2002. A review of the effects of silviculture on timber quality of Sitka spruce. Journal of  Forestry 75:107–

138 

[25] Megraw RA, Leaf G & Bremer D 1998. Longitudinal shrinkage and microfibril angle in loblolly pine. In Butterfield BG (ed.) 

Proceeding of the IAWA/IUFRO International Workshop on the Significance of Microfibril Angle to Wood Quality, November 1997, 

Westport, New Zealand. 

[26] Meylan. B.A and M.C. Probine. 1969. Microfibril angle as a parameter in timber quality assessment. Forest Product Journal 19(4):30-

34. 

[27] Myszewski JH, Bridgewater FE, Lowe WJ, Byram TD & Megraw RA 2004. Genetic variation in the microfibril angle of loblolly pine 

from two test sites. Southern Journal of Applied Forestry 28: 196-204. 

[28] Powell, M.B., McRae, T.A., Wu, H.X., Dutkowski, G.W., and Pilbeam, D.J. 2004. Breeding strategy for Pinus radial in Australia. In 

Forest Genetics and Tree Breeding in the Age of Genomics: Progress and Future, Proceedings of the 2004 IUFRO Joint Conference of 

Division 2, 1-5 November 2004, Charleston, South Carolina. Edited by B. Li and S. McKeand. (Available from 

http://www.ncsu.edu/feop/iufro-genetics2004/proceedings.pdf).  

[29] Roos, K.D., J.E. Shottafer, and R.K. Shepard, 1990. The relationship between selected mechanical properties and age in quaking 

aspen. Forest Prod. J. 40(7\8):54-56. 

[30] SAS 2008 

[31] Sarén MP, Serimaa R, Anderson S, Saranpää P, Keckes J & Fratzl P 2004. Effect of growth rate on mean microfibril angle and cross-

sectional shape of tracheids of Norway spruce. Trees Structure and Function 18: 354-362. 

[32] Walker JCR & Butterfield BG 1995. The importance of microfibril angle for the processing industries. New Zealand Forestry 40: 34-

40. 

[33] Watt MS, Downes GM, Whitehead D, Mason EG, Richardson B, Grace JC & Moore JR 2005. Wood properties of juvenile Pinus 

radiata growing in the presence and absence of competing under storey vegetation at a dry land site. Trees Structure and Function 19: 

580-586.  

[34] Wiemann MC & Williamson GB 1988. Extreme radial changes in wood specific gravity in some tropical pioneers. Wood and Fiber 

Science 203: 344-349. 

[35] Xu P & Walker J 2004. Stiffness gradient in radiata pine trees. Wood Science and Technology 38: 1-9. 

[36] Ying L, DE Kretschmann & BA Bendtsen 1994. Longitudinal shrinkage in fast grown loblolly pine plantation wood. Forest Products 

Journal 44(1):58-62. 

[37] Zobel BJ, & Buijtenen J (1989). Wood variation. Its causes and control. Springer, Berlin Heidelberg New York. 



International Journal of Environmental & Agriculture Research (IJOEAR)            ISSN:[2454-1850]             [Vol-3, Issue-3, March- 2017] 

Page | 43  

  

Atmospheric Deposition of Nitrogen compounds in Assam (India) 
Bhagawan Bharali

1
, Bhupendra Haloi

2 

Department of Crop Physiology, Assam Agricultural University, Jorhat-785013, Assam (India) 

Abstract— The study comprises estimate of wet deposited nitrogenous compounds in Assam (India). Deposition has been 

estimated from a survey works (2010-11) at urban and peri-urban areas of Assam. Air samples were collected by clinical 

syringe (10 cm
3
) for Oxides of Nitrogen (NO, NO2: NOx) and reduced Nitrogen (NH3, NH4

+
: NHy). The samples were 

diffused into 10 cm
3
 each of distilled water and 0.1N HCl respectively for estimation of mean concentration of weighted 

hydrogen (µeql
-1

), quantity of elemental nitrogen (N) or nitrate (NO3
-1

) and ammonium (NH4
+
) ions expressed in mg l

-1
 or kg 

ha
-1

y
-1

. The measured concentrations of the nitrogenous compounds were interpolated with a properly used Kriging 

Technique on a 1km x 1km grid covering districts characterised by varying congestions of population, vehicular transport 

and of industrial evidences. There were many fold variations of these air quality parameters among the major sites and 

locations of the pollutants e.g. nitrogen deposited through aerosol of its oxides ranged from 6.0-38 kg ha
-1

yr
-1

, whereas 

nitrogen accumulation from the reduced aerosol was 7-24 kg ha
-1

yr
-1

. Tissue nitrogen in some indicator plant species 

(e.g.Pinus longifolia, Ficus benjamina), collected from the square grids of polluted areas was also elevated. Thus, the 

hypothesis that the North-east India, especially Assam is also facing with enrichment of nitrogenous pollution due to 

anthropogenic activities, mass vehicular and industrial growth, was tested. 

Keywords— Oxides of nitrogen, reduced nitrogen, weighted hydrogen, aerosols, pollution. 

I. INTRODUCTION 

The inputs of reactive N (termed here as NHx:NH3 and NH4
+
, NOx :(NO + NO2), and nitrate (NO3

-
) and nitrite (N2O) are 

through increased biological fixation of atmospheric N2 in certain crops, combustion of fossil fuels and release of NOx, and 

production of synthetic fertilizer nitrogen (Galloway et al., 1994, 1995). There is an additional release of reactive N from 

stable soil organic matter as a result of soil disturbance for crop production that is not readily quantifiable (Edu Dorland et 

al., 2013). 

Nitrogen oxides have increased in importance in recent decades as atmospheric pollutants in rapidly growing urban and its 

surrounding areas of India (Bharali et al., 2012; Vitousek et. al., 1997). Deposition of gaseous Ammonia and particulate 

NH4
+ may also contribute to the acidification of the ecosystem (Mohan and Kumar, 1998; McClean et. al. 2011). The wet 

and dry deposited oxides of N redistribute nitrogen throughout the environment. Ammonia as an atmospheric pollutant can 

contribute to a substantial portion of total deposition of nitrogen (Sutton, Moncrieff and Fowler, 1992). In fact, emissions of 

ammonia and nitrogen oxides have been strongly increased globally since the 1950s (Galloway et. al. 2008). The source of 

volatilised Ammonia is the intensive agricultural systems related to dairy farming, animal husbandry, whereas nitrogen 

oxides are linked to mainly anthropogenic activities viz., burning of fossil fuel by traffic, industry and households. So, many 

natural and semi-natural ecosystems across the world are deposited with the atmospheric nitrogen as a result of short- and 

long-range transport of the nitrogenous pollutants (Bobbink et. al. 2010). Since 1990s, areas recognised historically with high 

atmospheric N deposition (20–100kgNha
−1

year
−1

) have been the central and western Europe, eastern USA, eastern Asia and 

India. Estimated background inputs (pre-1900s) ranged between 1 and 3 kgNha
−1

 year
−1

 (e.g. Asman et. al. 1998; Dentener 

et. al. 2006; Galloway and Cowling 2002). Thus, atmospheric nitrogen deposition and climate variability are both measured 

as major components of global change (Gaudnik et al. 2011). The exploration for possibilities of current deposition of 

nitrogen in the province of Assam by virtue of any reason needs a strong attention.  

II. MATERIALS AND METHODS 

Collection of Air (by clinical syringe,) and vegetation samples during October 2010 to January 2011 for their analyses: Air 

samples were collected for NO2 concentrations based on diffusion tube measurement (Hyvarinen and Crittenden, 1998) by 

dissolving 10 cm
3
 of it into equal volume of double distilled water, and NH3 concentrations based on trapping 10 cm

3
 air into 

a 10 ml of 0.1N HCl to analyse NH4
+ (Harrison et. al., 1989). The places for collection of air samples in Northeast India 

(Latitude 26
o 

North, Longitude 92
o
E, Altitude 86.6 meter above the mean sea level) were from Guwahati (district of Kamrup 

Metro), Jagiroad (Morigaon), Jorhat-Titabor (Jorhat) and Namrup (Dibrugarh). The sites comprised of the highly populated, 

most traffic congested areas in the cities and towns, factories and industrial complexes (e.g.Pulp and paper industry at 

Jagiroad, Fertilizer manufacturing complexes at Namrup), Oil refinery at Guwahati). The Kriging Technique (Zapletal, 1998) 



International Journal of Environmental & Agriculture Research (IJOEAR)            ISSN:[2454-1850]             [Vol-3, Issue-3, March- 2017] 

Page | 44  

  

was properly used for square grids of size about 1Km x 1Km inside the cities and crop fields nearby National Highways at 

certain elevation (5-10 feet above ground). The grids consisted of the locations, representative of a range of N deposition 

loads. We collected some vegetation samples also to examine the possibility of nitrogen deposition in the sampling sites. 

The pH values of the aerosols were measured using a digital pH meter. Blanks for the oxides of nitrogen with distilled water, 

and 0.1N HCl for reduced nitrogen were also considered for net deposition of nitrogen. The pH value for blanks for NOx 

(distilled water only) was 6.61 (with weighted hydrogen ion:  -48.2 ll
-1

), and pH values for blanks for NHy (0.1N HCl only) 

was 2.7 (with weighted hydrogen ion: 119.39ll
-1

). The values of the parameters obtained after subtracting the blank values 

from the solution values were considered as the net values. The values for calculation of weighted hydrogen from pH values 

in case of NOx (sample dissolved in distilled water) were referred to UKRGAR (1997). The calculation of weighted 

hydrogen from pH values for NHy (samples dissolved from 0.1N HCl) were done using the equation eqH
+
l
-1 

= antilog(6-

pH) directly. The relationship of pH with respect to weighted hydrogen and nitrogen in samples collected, and the 

calculations of Nitrate and Ammonium ions or Nitrogen (mgl
-1

, or kg ha
-1

), depending upon the quantity of rainfall in the 

places surveyed are as follows: 

Parameters of NOx: mgNO3
-
l
-1

=weighted H
+ 

for pH x 0.062, gNO3
-
ha

-1
yr

-1
 = [mgNO3

-
l
-1

 x amount of rainfall ]/1000; gNha
-

1
yr

-1
 = [mgNl

-1
 x amount of rainfall ]/1000,  0.014mgNl

-1
=0.062mgNO3l

-1.
 

Parametrs for NHy: mgNH4
+
l
-1

=weighted H
+
 for pH x 0.018, gNH4

+
ha

-1
yr

-1
 = mgNH4

+
l
-1

 x amount of rainfall ]/1000; 

gNha
-1

yr
-1

 = [mgNl
-1

 x amount of rainfall ]/1000, 0.014mgNl
-1

=0.018mgNH4
+
l
-1

. Wet Nitrogen Deposition: DM (gMm
-2

) = 

[M](mg l
-1

) x rainfall (mm) x 10 
-3

 

Where DM is the deposition of ion M and [M] is the concentration, 1g m
-2 

= 10 kg ha
-1

. In pH scale, lower is the value than 

the neutral pH (7.0), higher is the value of weighted hydrogen ion, and more is the Nitrogen in the sample.  

Annual rainfall data were collected from the respective meteorological observatories situated nearby the air sampling areas. 

The total annual rainfall data considered for calculations for Guwahati & Morigaon, Jorhat & Titabor, and Namrup & 

Dibrugarh were 1440.3mm, 2344.10mm and 3129.90mm respectively. Nitrogen contents in the vegetation samples collected 

from the various polluted and relatively unpolluted sites were also analysed. The Kjeldhal method was used to determine 

total Nitrogen estimation, which is based on catalytic conversion of organic nitrogen into ammonia and its subsequent 

estimation by acid base titration (Yoshida, 1976). 500 mg of oven dried (at 60-80
o
C) samples were digested in a 100 cm

3
 

Kjeldahl flask. Added the same amount of salt mixture (K2SO4 or Na2SO4 with CuSO4.5H2O and  metallic selenium @ 

50:10:1 ratio) and 3 ml of concentrated H2SO4. Each tube was heated gently and then at increasing intensity up to 400
o
C after 

the initial vigorous reaction is subsided. When the digest becomes clear on continued heating for about 1-1.5 hour, allowed 

30 minutes to cool it. The digested samples were diluted with 10 ml of distilled water, mixed thoroughly and allowed the 

sample to cool again. Blank digestions were also carried out.  

Automatic analyses of nitrogen were undertaken using the Kjeltech Auto  Analyzer. Transferred the digested sample and 

three rinses with distilled water into the micro-Kjeldahl distillation tube. Then added 10 ml of the 40 per cent NaOH to it. 

Prepared a 200-ml flask containing 10 ml of 4 per cent boric acid reagent and three drops of mixed indicator (0.3 g of bromo 

cresol green and 0.2 g methyl red in 400 ml of 90 per cent ethanol). Placed the flask under the condenser of the distillation 

apparatus, and made sure that the tip of the condenser outlet was beneath the surface of the solution in the flask. Allowed 

steam from the boiler to pass through the sample, distilling off the ammonia into the flask containing boric acid and mixed 

indicator solution for about 7 minutes. The tip of the condenser outlet was washed by distilled water. Then, titrated the 

solution of boric acid and mixed indicator containing the ‘distilled off’ ammonia with the standardized 0.1 N HCl. The 

reading was noted down each time and calculations were done as: Total N (%) in sample = [(Sample titre - Blank titre) x 

normality of HCl x 14 x 100]/ Sample weight (g) x 1000. 

III. RESULTS AND DISCUSSION 

Results on various parameters of oxidized and reduced nitrogen compounds collected from different sites of urban and peri-

urban areas of Assam are presented on Table (1-4). There were significant differences of weighted hydrogen, nitrate, 

ammonia and elemental nitrogen present in the aerosols of oxidized and reduced nitrogen. The four major sites and also the 

specific locations of sample collections varied significantly. The concentrations of weighted hydrogen, nitrate, ammonium 

ions and content of elemental nitrogen increased in the aerosol samples collected near the sources of NOx & NHy emissions 

as compared to the samples taken away from the relatively unpolluted areas. The annual average total wet depositions of 

nitrogen compounds estimated in the province of Assam were NO3
-
:23.83, 72.63, 112.33, 104.79 kgha

-1
yr

-1
 and NH4

+
: 10.65, 

35.78, 26.42,  97.06 kgha
-1

yr
-1

 for the districts of Kamrup, Morigaon, Jorhat and Dibrugarh respectively (Table 1-4).
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TABLE 1 

PARAMETERS ON AEROSOL PRODUCTS OF NOX AND NHy SAMPLES FROM EACH THREE MAJOR SITES (I, II & III) AT GUWAHATI CITY (KAMRUP  

DISTRICT OF ASSAM) 

Parameters 

(Mean values) 

Mean of ten NOx samples (S) from each site 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Blank (Without air sample) 

PH of Air sample in 

distilled water 
5.1 5.3** 4.9 4.8* 4.97 5.1 5.0 5.0 5.1 4.9 

6.61 

(distilled water only) 

Weighjted H
+
 (eql

-1
) 120 70* 140 207** 173 93 103 113 93 130 < 0 

mg NO3
-
l
-1

 7.44 4.34 8.7 12.8 10.75 5.79 6.41 7.03 5.79 8.06 0 

kg NO3
-
ha

-1
yr

-1
 17.59 10.94 38.16 32.55 19.07 20.92 29.85 22.49 20.92 26.52 0 

kg N ha
-1

yr
-1

 24.19 14.11 28.23 41.7 34.95 18.82 20.83 22.85 18.8 26.21 0 

Mean of ten NHy samples from each site 

PH of Air sample in 0.1N 

HCl 
1.12** 0.947 1.03 1.07 1.06 10.9 0.89 1.01 0.98 0.987 

2.7 

(0.1N HCl only) 

Weighjted H
+
(eql

-1
) 158.4* 162 160.2 159.5 159.6 159 163 160.6 161. 161.1 119.39 

mg NH4
+
 l

-1
 2.85 2.92 2.887 2.870 2.873 2.863 2.933 2.890 2.90 2.90 2.975 

kg NH4
+
ha

-1
yr

-1
 41.07 42.0 41.54 41.36 41.38 41.22 42.26 41.65 41.8 41.76 30.95 

kg N ha
-1

yr
-1

 37.94 38.86 38.38 38.21 38.18 38.03 39.06 38.45 38.6 38.55 24.07 

Site-I: Around Oil Refinery at Guwahati (S1:Noonmati refinery, (S2:Noonmati training centre, S3:Noonmati main gate, S4:Noonmati sector 3, S5:Birkuchi, 

S6:Patherkuwari,S7:Narengi oughuli road, S8:Narengi Junior college, S9:Narengi Tiniali, S10:New Guwahati Baminimaidan 

Site-II: Around Maligaon: (S1-S5):Adabari Buses’ stand-(S6-S7):Near Assam Engineering College, (S8-S9):near Sarighat Bridge at Jalukbari, S10: Towards Gopinath 

Bordoloi Airport 

Site-III:  (S1-S2):Manik Nagar, (S3-S5):Rajdhani Nursery, (S6-S8):Baisistha,  (S9):Near Reginal passport office,  (S10)Near Arohan , Beltola 

* The lowest pH value (highest acidity) with maximum H
+
 concentration 

**Highest pH value (lowest acidity) with minimum H
+
 concentration 
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TABLE 2 

PARAMETERS ON AEROSOL  PRODUCTS OF NOX  AND NHy AT JAGIROAD (MORIGAON DISTRICT OF ASSAM) 

Parameters Mean of  sixteen NOx  samples (S) at Jagiroad 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 Blank 

PH of Air 

sample in 

distilled water 

5.4 5.3 5.3 5.4 5.5** 5.2 5.3 5.3 5.2 4.9* 5.2 5.4 5.4 5.5* 5.4 5.1 

6.61 

(distilled 

water 

only) 

Weighjted 

H
+
(eql

-1
) 

45 50 55 35 30* 60 50 50 50 100** 55 40 40 30 40 80 < 0 

mg NO3
-
l
-1

 2.79 3.10 3.41 2.17 1.86 3.72 3.10 3.10 3.10 6.20 3.41 2.48 2.48 1.86 2.48. 4.96 0 

kg NO3
- 

ha
-1

yr
-1

 
40.18 44.65 49.11 31.25 26.79 53.58 44.65 44.65 44.65 89.30 49.11 35.72 35.72 26.79 35.72 71.44 0 

kg N ha
-1

yr
-1

 9..07 10.08 1109 7.06 6.05 12.10 10.08 10.08 10.08 20.16 11.09 8.07 8.07 6.05 8.07 16.13 0 

Mean of sixteen NHy  samples at Jagiroad 

PH of Air 

sample in 

0.1N HCl 

0.857 0.59* 0.857 1.07 0.97 1.07 0.97 0.97 0.88 1.14 0.97 0.93 0.95 0.78 1.18 1.75** 

2.7 

(0.1N 

HCl 

only) 

Weighjted 

H
+
(eql

-1
) 

163.6 168.5** 163.8 159.4 161.5 159.5 161.5 161.5 163.2 158.1 161.5 162.4 162 165.3 157.3 144.7* 119.39 

mg NH4
+
 l

-1
 2.947 3.033 2.95 2.870 2.091 2.873 2.910 2.910 2.940 2.850 2.907 2.923 2.917 2.970 2.830 2.60 2.975 

kg NH4
+ 

ha
-1

yr
-1

 
42.42 43.68 42.46 41.34 41.88 41.35 41.88 41.88 42.32 40.99 41.87 42.10 42.00 42.84 40.77 37.51 30.95 

kg N ha
-1

yr
-1

 32.99 33.97 29.36 32.15 32.57 32.16 32.57 32.57 32.91 31.88 32.57 32.74 32.66 33.32 31.71 25.85 24.07 

In Table 2 Morigaon District: Nawgaon Paper Mill and nearby areas: 

(S1) Near ASTC, (S2) Near industry, (S3) CISF Unit, (S4) Choudhury Nursery, (S5) Near Main Gate (1), (S6) Wall (Main Gate), (S7) Residential area (A), 

(S8) Near Main Gate (2), (S9) Near field, (S10), Kendriya Vidyalay, (S11) Near ATM, (S12) Residential area (B), (S13) Near Factory, (S14) Near Servo 

petrol pump, (15) near Trucks' stand, (16) Near Field.  * The lowest pH value (highest acidity) with maximum H
+
 concentration, **Highest pH value 

(lowest acidity) with minimum H
+
 concentration 
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TABLE 3 

PARAMETERS ON AEROSOL PRODUCTS OF NOX  AND NHy AT TWO SITES OF JORHAT DISTRICT (SITE 1:TITABOR &SITE2:JORHAT) OF ASSAM 

Parameters 

Mean of ten NOx samples (S) each at Jorhat and Titabor 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

Blank 

(Without air 

sample) 

PH of Air sample in 

distilled water 
5.317 5.26 5.66** 5.54 5.46 5.01 5.08 5.42 4.99 4.67* 

6.61 

(distilled 

water only) 

Weighjted H
+
(eql

-1
) 39.33 66.67 26.67* 33.33 43.33 50.00 58.33 66.67 130.0 193.33** < 0 

mg NO3
-
l
-1

 3.93 4.13 1.65 2.07 2.69 3.10 3.62 3.24 8.54 11.99 0 

kg NO3
-
ha

-1
yr

-1
 92.04 96.89 98.75 48.45 62.98 72.67 84.78 96.89 188.9 280.99 0 

kg N ha
-1

yr
-1

 20.783 21.877 8.75 17.14 19.65 23.22 26.29 29.34 35.13 55.92 0 

Mean of ten NHy samples each at Jorhat and Titabor 

PH of Air sample in 

0.1N HCl 
1.26* 1.38 1.39 1.43 1.44 1.45 1.55 1.60 1.68** 1.49 

2.7 

(0.1N HCl 

only) 

Weighjted H
+
(eql

-1
) 155.6** 152.9 152.7 151.9 151.4 151.3 149.3 148.1 146.2* 150.5 119.39 

mg NH4
+
 l

-1
 2.797 2.750 2.750. 2.733 2.723 2.723 2.687 2.670 2.633 2.713 2.975 

kg NH4
+
ha

-1
yr

-1
 66.65 64.51 64.44 64.11 63.91 63.84 62.98 62.50 61.70 63.52 30.95 

kg N ha
-1

yr
-1

 51.06 50.18 50.12 49.86 49.70 49.65 48.98 48.61 47.99 49.41 24.07 

SiteI: Rice growing areas towards Titabor: (S1) Namghar area , Titabor, (S2):Regional Rice research station Titabor, (S3): Titabor tiniali,, (S4):Titalbaor Chariali, 

(S5):Chinamora tiniali, (S6): Gatany factory, (S8-S10): ONGC area, Cinnamora; 

Site II: Jorhat town: (S1):Samples from Cinnamora railgate, :Cinamora petrol pupm, (S2): Lahoti petrol pump, (S3):AT Road, Joraht town, (S4): Bhogdoi bridge, & AT 

Road, Borpool, (S5):samples from Garali, Dos & Co. (S6): Borbheta Tiniali,, Rowraia chariali, Civil Hospital, Jorhat, (S7):Baruah chariali, ASTC, Jorhat, (S8): Malowali 

Tiniali, (S9):Tarajan, Byepass, (S10): Dikha Nursery & Moubandha, 

* The lowest pH value (highest acidity) with maximum H
+
 concentration, **Highest pH value (lowest acidity) with minimum H

+
 concentration 
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TABLE 4 

PARAMETERS ON AEROSOL PRODUCTS OF NOX  AND NHy AT NAMRUP (DIBRUGARH DISTRICT OF ASSAM) 

NOx samples (S) around Barak Valley fertilizer Corporation of India Ltd. Namrup 

Parameters S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 
Blank (Without air 

sample) 

PH of Air 

sample in 

distilled water 

5.45 5.55** 5.35 5.45 5.35* 5.50 5.45 5.50 5.50 5.45 5.50 5.45 5.50 5.45 5.40 
6.61 

(distilled water only) 

Weighjted H
+
 

(eql
-1

) 
40.0 35.0* 55.0 40.0 

45.0*

* 
35.0 40.0 35.0 35.0 35.0 35.0 35.0 35.0 40.0 40.0 < 0 

mg NO3
-
l
-1

 2.480 2.170 3.410 2.480 2.790 2.170 2.480 2.170 2.170 2.170 2.170 2.170 2.170 2.480 2.480 0 

kg NO3
-
ha

-1
yr

-

1
 

77.62 67.92 106.73 77.62 87.32 67.92 77.62 67.92 67.92 67.92 67.92 67.92 67.92 77.62 77.62 0 

kg N ha
-1

yr
-1

 17.53 15.34 24.10 17.53 19.72 15.34 17.53 15.34 15.34 15.34 15.34 15.34 15.34 17.53 17.53 0 

NHy samples around Barak Valley fertilizer Corporation of India Ltd. Namrup 

PH of Air 

sample in 

0.1NHCl 

1.135 1.23 1.395 1.24 1.44 1.14 1.49** 1.14 1.17 1.09 1.08* 1.29 1.20 1.16 1.25 
2.7 

(0.1N HCl only) 

Weighjted 

H
+
(eql

-1
) 

158.2 156.2 152.7 156.1 151.6 158.2 150.4* 158.2 157.4 159.2 159.3** 155.5 156.8 157.7 155.9 119.39 

mg NH4
+
 l

-1
 2.85 2.81 2.75 2.81 2.73 2.8/5 2.71 2.82 2.81 2.87 2.87 2.79 2.85 2.84 2.81 2.975 

kg NH4
+
ha

-

1
yr

-1
 

89.12 87.99 86.14 87.96 45.42 89.12 84.76 89.12 88.71 89.69 89.76 87.31 88.36 88.83 87.81 30.95 

kg N/ha
-1

yr
-1

 69.32 68.43 66.92 68.41 66.43 69.32 65.92 69.32 68.99 69.76 69.81 67.90 68.72 69.10 68.29 24.07 

Namrup : Around Brahmaputra Valley Fertilizer corporation (BVFC) Pvt. Ltd., Duliajan  and Dibrugarh:  (S1): BVFC  Gate, (S2):inside BVFC, (S3): Loha Gate 10km away 

from BVSC, (S4) Oil collecting site, Jaipur (S5):Naharkotia Market, (S6-S7)Tipling Duliajan, (S8):Chaukidinghi, (S9):Dibrugarh, (S10):Dibrugarh Chalkhowa  station, 

(S11):): Duliajan Oil market, (S12): Duliajan Uco Bank, (S13):Duliajan Chariali, (S14):Near Oil India, (S15):Near Police Station 

Conversions as per UKRGAR (1997):Weighted H
+
 (eql

-1
) for NOx and NHy =ln (6-pH), Parametrs for NOx: mgNO3

-
l
-1

=weighted H
+
x 0.062, gNO3

-
ha

-1
yr

-1
 = [mgNO3

-
l
-1

 x 

amount of rainfall ]/1000; gNha
-1

yr
-1

 = [mgNl
-1

 x amount of rainfall ]/1000 

Parametrs for NHy: mgNH4
+
l
-1

=weighted H
+
(eql

-1
) x 0.018, gNH4

+
ha

-1
yr

-1
 = mgNH4

+
l
-1

 x amount of rainfall ]/1000; gNha
-1

yr
-1

 = [mgNl
-1

 x amount of rainfall ]/1000 

* The lowest pH value (highest acidity) with maximum H
+
 concentration 

**Highest pH value (lowest acidity) with minimum H
+
 concentration
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TABLE 5  

GUWAHATI AND ITS PERIURBAN AREAS (KAMRUP DISTRICT)  

S. No. Samples (Local with Botanical names) Nitrogen % 

1 Forget me not (Hydrangea macrophyla) 2.579 

2 Kanchan (Bouhinia alba) 2.492 

3 Hasnahana (Cestrum nocturnam) 2.268 

4 Ficus  (Ficus  benzamina) 1.344** 

5 Litchi (Litchi chinensis) 0.924 

6 Titasopa (Michelia champaca) 2.94 

7 Gerbera (Gerberas anandria) 1.176 

8 Arjun (Terminalia arjuna) 1.54 

9 Radhasura (Delonix regia) 1.904 

10 Bottlebrass (Callistemon lanceolatus) 1.148 

11 Gamari (Gmelina arborea) 1.568 

12 Aralia (Aralia apioides) 

 
2.716 

13 Boga chandan (Santalum album L) 0.728 

14 Pine (Pinus longifolia) LONGIFOLIA 1.344** 

15 Thuja (Tthuja orientalis) 0.70 

 

TABLE 6 

ADJOINING AREAS OF NAGAON PAPER MILL, JAGIROAD (NAGAON DISTRICT) 

S. No. Samples  Nitrogen % 

1 Dahlia (Dahlia coccinea) 0.784 

2 Zerenium (Pelargonium hortorum) 1.184 

3 Silverdust (Centaurea cineraria) 0.504 

4 Dianthus (Dianthus chinensis) 

 

0.28 

5 Pancy (Viola tricolour) 0.224 

6 Gerbera (Gerbera jamesonii)) ) 

 

0.168 

7 Ficus (Ficus benjamina) 0.364* 

8 Ashok (Saraca indica ) 0.196 

9 Ixora (Ixora coccinea) 0.308 

10 Tomato (Solanum lycopersicum) 

 

0.112 

11 Brinjal (Solanum melogana) 0.224 

12 Cabbage (Brassica oleraceae)) 0.14 

13 Mausombi (Citrus raticulata) 

 

0.336 

In Table 5-8: Lowest value (*), Highest value (**) of the same species at different locations. 
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TABLE 7 

JORHAT DISTRICT OF ASSAM (JORHAT & TITABOR) 

S. No. Samples Nitrogen % 

1 Rice (Oryza sativa L.) 0.056 

2 Marygold (Tagetis erecta) 

 

0.056 

3 Bakul (mimusops  elengi) 0.084 

4 Hedge plant (Ccleodendron  inerme) 0.168 

5 Hibiscus  (Rosa sicencis ) 0.196 

6 Khutara (Amaranthus  viridi) 0.224 

7 Thuja (Thuja orientalis  ) 0.112 

8 Pine (Pinus longifolia) 0.140* 

9 Mussanda (Musanda philippica) 0.168 

10 Bougainvillea (Bougainvillea spp.) 0.364 

11 Mango (Mangiffera indica L.) 0.168 

12 Rabab Tenga (Citrus grandis) 0.196 

13 Clove (Syzygium aromaticum) 0.224 

14 Guava (Psidium guajava) 0.140 

15 Peeple (Ficus religosa) 0.150 

16 Tomato (Solanum lycopersicum) 0.168 

17 Pumkin (Cucurbita moschata) 0.140 

18 Rice (Oryza sativa L) 0.168 

 

TABLE 8 

BRAHAMAPUTRA FERTILIZER CORPORATION PVT. LIMITED, NAMRUP (DIBRUGARH DISTRICT) 

S. No. Samples Nitrogen % 

1 Bamboo (Bambusa textiles) 0.168 

2 Carpet grass (Axonopus fissifolius) 0 .196 

3 People tree  (Ficus relegiosa ) 

 

0.084 

4 Krishnasura  (Delonix regia) 

 

0.112 

5 Creeper fruit (Quisqualis indica) 

 

0.014 

6 Papaya  (Carica papaya) 

 

0.112 

7 Gourd  (Lagenaria siceraria ) 

 

0.56 

8 Knolkhol  (Brassica oleraceae) 

 

0.84 

9 Potato (Solanum tuberosum) 

 

0.112 

10 Lai sak  (Brassica juncea) 

 

0.168 

11 Black pepper    (Piper nigram) 

 

0.112 

12 Tea  (Camalia sinensis  ) 

 

0.14 

13 Brinjal (Solanum melogana ) 

 
0.196 



International Journal of Environmental & Agriculture Research (IJOEAR)            ISSN:[2454-1850]             [Vol-3, Issue-3, March- 2017] 

Page | 51  

  

The analyses of vegetation samples from the polluted sites (e.g. city of Guwahati) also revealed the enrichment of tissue 

nitrogen while compared to the nitrogen content in the same plant species from the distant relatively unpolluted places 

(Table 5-8). N is the primary limiting nutrient for plant growth in many natural and semi-natural ecosystems, especially 

under oligotrophic and mesotrophic conditions in temperate and boreal regions (Bobbink et. al. 2010; Sala et. al. 2000). 

Many plant species in such ecosystems are adapted to nutrient-poor conditions, and can only survive or compete successfully 

on soils with low N availability (Aerts and Chapin 2000; Tamm 1991). The series of events which occur when N inputs 

increase in an area with originally low background deposition rates is complex. Many ecological processes interact and 

operate at different temporal and spatial scales. As a consequence, large variations in sensitivity to atmospheric N deposition 

have been observed between different natural and semi-natural ecosystems (e.g. Maskell et. al. 2010).  The increased N 

deposition may impact on foliar toxicity, changes in structure and function of plant species by soil-mediated effects of 

acidification, such as stunted root growth by NHy. All these may largely linked to significant changes in the N cycle, in 

vegetation composition and in plant diversity in many ecosystems of high nature conservation value (Bobbink et. al. 2010, 

1998). 

 
SITE MAP1: GUWAHATI CITY AND SURROUNDING AREAS 

Site-I: Around Oil Refinery at Guwahati (S1:Noonmati refinery, (S2:Noonmati training centre, S3:Noonmati main gate, 

S4:Noonmati sector 3, S5:Birkuchi, S6:Patherkuwari,S7:Narengi oughuli road, S8:Narengi Junior college, S9:Narengi 

Tiniali, S10:New Guwahati Baminimaidan 

Site-II: Around Maligaon: (S1-S5):Adabari Buses’ stand-(S6-S7):Near Assam Engineering College, (S8-S9):near Sarighat 

Bridge at Jalukbari, S10: Towards Gopinath Bordoloi Airport 

Site-III:  (S1-S2):Manik Nagar, (S3-S5):Rajdhani Nursery, (S6-S8):Baisistha,  (S9):Near Reginal passport office,  (S10)Near 

Arohan , Beltola 

 

SII (S10) 
Towards Gopinath 
Bordoloi Airport, 

Guwahati 
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SITE MAP2: MORIGAON DISTRICT: NAWGAON PAPER MILL AND NEARBY AREAS 

(S1) Near ASTC, (S2) Near industry, (S3) CISF Unit, (S4) Choudhury Nursery, (S5) Near Main Gate (1), (S6) Wall (Main 

Gate), (S7) Residential area (A), (S8) Near Main Gate (2), (S9) Near field, (S10), Kendriya Vidyalay, (S11) Near ATM, 

(S12) Residential area (B), (S13) Near Factory, (S14) Near Servo petrol pump, (15) near Trucks' stand, (16) Near Field. 

 
SITE MAP3: JORHAT DISTRICT OF ASSAM 

SiteI: Rice growing areas towards Titabor: (S1) Namghar area , Titabor, (S2):Regional Rice research station Titabor, (S3): 

Titabor tiniali,, (S4):Titalbaor Chariali, (S5):Chinamora tiniali, (S6): Gatany factory, (S8-S10): ONGC area, Cinnamora; 

Site II: Jorhat town: (S1):Samples from Cinnamora railgate, :Cinamora petrol pupm, (S2): Lahoti petrol pump, (S3):AT 

Road, Joraht town, (S4): Bhogdoi bridge, & AT Road, Borpool, (S5):samples from Garali, Dos & Co. (S6): Borbheta 

Tiniali,, Rowraia chariali, Civil Hospital, Jorhat, (S7):Baruah chariali, ASTC, Jorhat, (S8): Malowali Tiniali, (S9):Tarajan, 

Byepass, (S10): Dikha Nursery & Moubandha, 
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