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Preface 

We would like to present, with great pleasure, the inaugural volume-4, Issue-1, January 2018, of a scholarly 

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

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

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

and the validation of emerging technologies. 

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

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

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

addressing researchers and practitioners in below areas  

Environmental Research: 

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

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

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

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

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

all field related to Environmental Research. 

Agriculture Research:  

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

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

management and all fields related to Agriculture. 

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

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

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

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

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

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

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

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

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

Environmental & Agriculture Research. 

 

 

 

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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The Effect of Different Seeding Rates on Grain Yield and Yield 

Components in SomeFlax (Linumusitatissimum L.) Varieties 
Yasemin ERDOĞDU1

, Seviye YAVER
2, Fadıl ONEMLI3 

Department of Field Crops, NKU University, TEKIRDAG-TURKEY 

Abstract— This study was carried out during the growing seasons of 2014/2015 and 2015/2016, in the Application and 

Experiment Fields of Namık Kemal University, Faculty of Agriculture, Department of Field Crops, according to the Split-

Plot Experiment Design in Randomized Blocks with 3 replications. In the study, it was aimed to determine the effect of three 

different amounts of seeds (30-50 and 70 kg/ha) applied to the unit area on the grain yield and yield components in five 

varieties of flax (Selection, York, Nekoma, Pembina, Neche). In the first year of the experiment on these genotypes, the plant 

height was 70.91-77.46 cm, the number of axillary branches was 6.50-10.24, the number of capsules was 48.46-81.87, the 

thousand grain weight (TGW) was 5.51-5.85 g and the grain yield was 1260.00-1863.30 kg/ha; while in the second year, the 

plant height was 74.61-82.25 cm, number of capsules was 14.50-27.52, the TGW was 5.51-5.83 g and the grain yield was 

1715.50-2071.10 kg/ha. Due to the increase in the sowing norm, the number of plants increasing in the unit area has also 

significantly increased the grain yield in both years. In addition, it was observed that the number of axillary branches, the 

number of capsules, and the weight of thousand grains significantly decreased with the increasing plant density, although 

there was no difference in plant heights between the two years in accordance with the increase in the number of seeds. While 

the number of seeds in the capsule was not affected by the number of seeds in the first year of the experiment, it decreased 

significantly in the second year when the number of seeds used in the unit area increased. 

Keywords— oilseed flax, seeding rate, grain yield, number of capsules, thousand grain weight. 

I. INTRODUCTION 

Flax (Linumusitatissimum L.) is a multi-purpose annual industrial plant, whose seeds are used and fiber is obtained from its 

stems. The flax's fibers obtained from its stems, its seeds, oil, and residue have been used in different sectors. The oil, which 

is approximately found in the rate of 35-46% in the flaxseed, has been used in chemical industry areas such as paint and 

varnish production due to having high amount of linoleic (16-75%) and alpha-linolenic (17-59%) acids in it and due to being 

a polyunsaturated oil (M. Zuk et al., 2015).  

The need for the oilseeds has been increasing every year throughout the world, and the flax has also been contributing to the 

production of the oilseeds in addition to the produced major oil plants. The flax, which is produced approximately 2.5 million 

tons in the world, is mostly cultivated in Canada, Kazakhstan, China, Russia, USA and India (FAO 2017). Considering the 

existence of agricultural areas in the world, since the horizontal growth is not possible, vertical growth should be considered; 

and selection of the plant types and agronomic applications should be emphasized to increase the yield in the unit area. 

There are three major components of yield in the production of flaxseed, namely, number of capsules, number of seeds in 

capsules and seed weight (Lafond 2001). Knowing the amount of seed is one of the most important facts of the agronomic 

applications (Casa et al., 1999). It has also been confirmed in scientific studies that the grain yield varies depending on 

agronomic applications and environmental factors, i.e. while the yield was 3,310-4,360 kg/ha in England (Turner 1991), it 

was 950-2,795 kg/ha in Germany (Diepenbrock and Parksen 1992). 

Studies have shown that the amount of seeds is important in flax and that the flax varieties can react differently to the plant 

density (Gabiana 2005). Studies on the number of seeds to be sowed in the unit area in the oilseed flax found the ideal rate as 

200-400 plants/m
2 

for the grain yield (Turner 1991; Diepenbrock and Parksen 1992; Gubbles and Kenaschuk 1989; Lisson 

and Mendham 2000) and reported that this plant density increased the photosynthesis capacity of the plant as a result of the 

length of the green leaf area during capsule and seed development (Diepenbrock and Parksen 1992). On the other hand, 
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Hassan and Leitch (2000) reported that when the plant density increased, plants entered into competition with each other, 

resulting in fewer and shorter branches with smaller leaves, limited plant growth and decreased number of capsules. In 

another study, it was observed that high sowing norm increased plant height, leading to the problem of leaning in plants 

(Lisson and Mendham 2000). Leitch and Sahi (1999) reported that when the plant density in the unit area increased, the 

individual plant size decreased, while the total dry matter ratio obtained from the unit area increased. In some studies on flax, 

the difference between the numbers of plant parts in the unit area did not make a difference in both dry matter and grain yield 

as a result of plants' denser branching and filling the existing gaps due to increased plant size (Khan and Bradshaw, 1976). 

It is observed that the effects of climate and soil factors are great on the difference found in terms of the effects of plant 

density on grain yield and yield components in the conducted researches. It is important to determine the most suitable plant 

frequency by carrying out studies in all of the ecologically different production areas. In this study, it was aimed to determine 

the ideal amount of seeds in Tekirdağ conditions, considering the yield and yield components of different flax varieties.  

II. MATERIAL AND METHOD 

This study was carried out during the growing seasons of 2014/2015 and 2015/2016, in the Application and Experiment 

Fields of Namık Kemal University, Faculty of Agriculture, Department of Field Crops. The total rainfall was 519.4 mm, the 
average temperature was 12.01°C during the growing season of 2014/2015, while the relative humidity was 78.8%, the total 

precipitation was 324.4 mm, the average temperature was 13.35°C, and the relative humidity was 79.2% during the growing 

season of 2014/2015, when the experiments were carried out. When the average of the flax growing seasons of the region for 

a long period of time, the season average of precipitation in 2014/2015 was the same as the average rainfall for many years, 

while, in 2015/2016 the precipitation was about 200 mm lower. When the temperature averages are examined, the figures are 

close to each other and the average temperature in 2015/2016 is found high. Regarding the relative humidity values, there 

was no difference between the average relative humidity values for a long period of years and no difference was found 

between the years when the tests were conducted.  

In both years, the soil of the test site was found to be neutral, unsalted, with very little lime, poor in organic matter, and 

sufficient in terms of phosphorus and potassium as the result of the soil analysis. 

Selection, York, Nekoma, Pembina and Neche varieties were used in the research. The experiments were carried out with 3 

replications in the Split-Plot Experiment Design in Randomized Blocks, with the main parcels formed by the varieties and 

the seed quantities (30, 50 and 70 kg/ha) forming the sub-parcels. Each sub-parcel consisted of 5 rows with a length of 5 m. 

In sowing, the distance between rows was kept constant at 20 cm. The experiments were conducted manually on October 21, 

2015 in the first year and on November 7, 2016 in the second year. 

The test sites were given 20-20-0 compound fertilizer with 60 kg/ha of pure nitrogen and 60 kg/ha of pure phosphorus in 

both growing years. In addition, during the flowering period of the plants, urea (46%) fertilizer was given in the form of pure 

nitrogen of 30 kg/ha. Mechanical intervention was applied against weeds. 

In the harvest carried out in June 11, 2015 in the first year and in June 20, 2016 in the second year, 50 cm of margins were 

left on the edge rows of each parcel, at the beginnings and the ends of the rows. In the research, plant height, number of 

axillary branches, number of capsules, number of seeds per capsule, thousand grain weight and grain yield were examined.  

For the data obtained from the experiments, variance analysis was performed by dividing the years according to the Split-Plot 

Experiment Design in Randomized Blocks. The statistical significance of differences between the averages was determined 

according to the LSD test, and JUMP program pack was used during the evaluations. 

III. RESULT AND DISCUSSION 

Average values and significance groups of seeding rate and variety × seeding rate interaction, plant height, number of 

axillary branches, number of capsules, number of seeds per capsule, thousand grain weight and grain yield are given in Table 

1 and Table 2. 
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TABLE 1 

 AVERAGE VALUES AND SIGNIFICANCE GROUPS OF PLANT HEIGHT, NUMBER OF AXILLARY BRANCHES, 

NUMBER OF CAPSULES 
Plantheight (cm) 

Year Varieties 
Seedingrates kg/ha 

30 50 70 Ort. 

2014-2015 

Seleksiyon 70.76 de 69.40 e 76.45 ab 72.2bc 

York 71.00 de 70.13 e 71.60 cde 70.91 c 

Nekoma 75.70 abc 69.73 e 74.84 bcd 73.41 b 

Pempina 79.20 a 79.70 a 73.48 b_e 77.46 a 

Neche 71.20de 76.86 ab 75.83 abc 74.63 b 

Ort. 73.57 73.16 74.43 73.72 

LSD %:  V= 2.47**             S.R= ns   V × S.R= 4.28** 

C.V. % = 3.47 

2015-2016 

Seleksiyon 74.83 73.80 75.20 74.61 b 

York 77.90 74.23 74.90 75.67 b 

Nekoma 81.36 77.90 80.46 79.91 a 

Pempina 82.00 81.96 82.63 82.20 a 

Neche 82.40 82.03 82.33 82.25 a 

Ort. 79.70 77.98 79.10 78.93 

LSD %:  V=2.46**              S.R= ns            V × S.R= ns 

C.V. % = 3.23 

Number of AxillaryBranches(perplant) 

Year Varieties 
Seedingrates kg/ha 

30 50 70 Ort. 

2014-2015 

Seleksiyon 10.22 ab 6.59 efg 7.75 cde 8.19 b 

York 10.83 a 9.06 bc 10.83 a 10.24 a 

Nekoma 8.16 cd 6.80 d_g 5.60 g 6.85 c 

Pempina 6.55 efg 6.76 efg 6.20 fg 6.50 c 

Neche 7.62 de 7.07 def 5.65 g 6.78 c 

Ort. 8.67 a 7.26 b 7.21 b 7.71 

LSD %:  V=0.79**               S.R=0.61**           V× S.R=1.38** 

C.V. % = 10.71 

2015-2016 

Seleksiyon 6.60 4.75 5.15 5.50 

York 5.70 5.56 5.34 5.53 

Nekoma 5.44 4.82 5.30 5.18 

Pempina 5.98 4.85 4.63 5.15 

Neche 5.75 4.77 4.43 4.98 

Ort. 5.89 a 4.95 b 4.97 b 5.27 

LSD %:  V=nsS.R=0.94 **           V× S.R=ns 

C.V. % = 10.75 

Number of Capsules (perplant) 

Year Varieties 
Seedingrates kg/ha 

30 50 70 Ort. 

2014-2015 

Seleksiyon 68.37 c 51.70 ef 45.87 fgh 55.30 c 

York 98.97 a 63.25 cd 83.40 b 81.87 a 

Nekoma 77.30 b 81.33 b 34.25 ı 64.29 b 

Pempina 56.43 de 47.60 fg 41.35 ghı 48.46 d 

Neche 63.90 cd 59.75 d 38.86 hı 54.17 c 

Ort. 72.99 a 60.72 b 48.74 c 60.82 

LSD %:  V=4.32**               S.R=3.35**        V × S.R=7.49** 

C.V. % = 7.36 

 

2015-2016 

Seleksiyon 21.26 de 15.74 fgh 14.73 fgh 17.24 bc 

York 35.71 a 21.73 cd 25.13 bc 27.52 a 

Nekoma 17.93 ef 17.53 fg 14.40 gh 16.62 c 

Pempina 27.01 b 14.12 h 15.23 fgh 18.78 b 

Neche 17.99 ef 12.82 h 12.70 h 14.50 d 

Ort. 23.98 a 16.39 b 16.44 b 18.93 

LSD %:  V=1.96**               S.R= 1.52 **          V× S.R=3.40 ** 

C.V. % =10.73 

*significant at p˂0.05 probability level, ** significant at p˂0.01 probability level ns: not significant, LSD: Least 

Significant Difference, C.V.: Coefficient of Variation 
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TABLE 2 

AVERAGE VALUES AND SIGNIFICANCE GROUPS NUMBER OF SEEDS PER CAPSULE, THOUSAND GRAIN 

WEIGHT AND GRAIN YIELD 
Number of SeedsPer Capsule 

Year Varieties 
Seedingrates kg/ha 

30 50 70 Ort. 

 

 

2014-2015 

Seleksiyon 9.33 ab 9.00 b 9.06 b 9.13 

York 9.40 ab 8.93 b 9.16 ab 9.16 

Nekoma 9.36 ab 9.16 ab 9.36 ab 9.30 

Pempina 9.63 a 9.30 ab 9.40 ab 9.44 

Neche 9.20 ab 9.40 ab 9.26 ab 9.28 

Ort. 9.38 9.16 9.25 9.26 

LSD %:  V=ns             S.R.= ns         V× S.R=0.51* 

C.V. % = 3.30 

 

 

 

2015-2016 

Seleksiyon 8.93 8.70 8.83 8.82 

York 8.80 9.46 8.53 8.93 

Nekoma 8.90 8.83 8.76 8.83 

Pempina 9.13 8.63 8.43 8.73 

Neche 9.26 9.06 8.96 9.10 

Ort. 9.00 a 8.94 a 8.70 b 8.88 

LSD %:  V=ns         S.R=0.22*         V × S.R= ns 

C.V. % = 3.42 

ThousandGrainWeight (g) 

Year Varieties 
Seedingrates kg/ha 

30 50 70 Ort. 

 

 

2014-2015 

Seleksiyon 5.78 cde 5.57 g 5.51 gh 5.62 c 

York 5.51 gh 5.53 gh 5.50 gh 5.51 d 

Nekoma 5.72 ef 5.69 f 5.47 h 5.63 c 

Pempina 6.00 a 5.74 ef 5.81 c 5.85 a 

Neche 5.88 b 5.81 cd 5.75 def 5.81 b 

Ort. 5.78 a 5.67 b 5.61 c 5.68 

LSD %:  V=0.037**              S.R=0.029**           V × S.R=0.065** 

C.V. % = 0.68 

 

 

 

2015-2016 

Seleksiyon 5.64 e 5.54 fg 5.47 h 5.55 c 

York 5.52 fg 5.51 gh 5.50 gh 5.51 d 

Nekoma 5.71 cd 5.67 de 5.53 fg 5.64 b 

Pempina 5.94 a 5.81 b 5.75 c 5.83 a 

Neche 5.74 c 5.64 e 5.57 f 5.65 b 

Ort. 5.71 a 5.63 b 5.56 c 5.63 

LSD %:  V=0.027**               S.R=0.021**           V × S.R=0.048** 

C.V. % = 0.51 

GrainYield (kg/ha) 

Year Varieties 
Seedingrates kg/ha 

30 50 70 Ort. 

 

 

2014-2015 

Seleksiyon 1760.00 c 1200.00 g 2043.30 a 1667.70 c 

York 906.60 h 1310.00 f 1563.30 d 1260.00 d 

Nekoma 1783.30 c 1746.60 c 2060.00 a 1863.30 a 

Pempina 1456.60 e 1643.30 d 1910.00 b 1670.00 c 

Neche 1610.00 d 1786.60 c 1786.60 c 1727.70 b 

Ort. 1503.30 b 1537.30 b 1872.60 a 1637.70 

LSD %:  V=5.53**             S.R=4.28**         V × S.R=9.56** 

C.V. % = 3.49 

 

 

 

2015-2016 

Seleksiyon 1840.00 de 1243.30 h 2123.30 bc 1735.50 b 

York 1893.30 d 1403.30 g 1850.00 de 1715.50 b 

Nekoma 2223.30 b 1610.00 f 2380.00 a 2071.10 a 

Pempina 1753.30 e 1446.60 g 2060.00 c 1753.30 b 

Neche 2160.00 bc 1880.00 d 2150.00 bc 2063.30 a 

Ort. 1974.00 b 1516.60 c 2112.60 a 1867.70 

LSD %:  V=7.25**            S.R=5.63**        V × S.R=12.59** 

C.V. % = 4.03 

*significant at p˂0.05 probability level, ** significant at p˂0.01 probability level ns: not significant, LSD: Least 

Significant Difference C.V.: Coefficient of Variation 
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3.1 Plant Height 

According to the results of variance analysis, plant height differences between the varieties in both years were statistically 

significant at 0.1% level. The plant height values of varieties varied between 70.91 and 77.46 cm during the growing season 

of 2014-2015 (Table 1). In this winter growing season, the highest plant height was obtained from the Pempina variety while 

the lowest plant height was obtained from the York variety. During the growing season of 2015-2016, the plant height values 

of the varieties ranged from 74.61 to 82.25 cm and the highest plant height was obtained from the Neche variety. This variety 

was followed by Pempina and Nekoma varieties with an insignificant difference. The lowest plant height was measured in 

the selection range. The varieties studied in the experiment showed similar performance in both trial periods. The varieties 

with the highest plant height in both years were Pempina and Neche while the varieties with the lowest plant height were the 

Selection and York varieties. When the average plant height performances according to years are examined, the plant height 

of the varietiesis measured higher in the growing season of 2015-2016. This may be due to the difference in climate factors 

between years. 

As the result of the variance analysis, the effect of the seeding rates on the plant height was found to be statistically 

insignificant in both growing season. Plant height values according to seed amount varied between 73.16-74.43 cm in the 

growing season of 2014-2015 and 79.10-79.70 cm in the growing season of 2015-2016 (Table 1).These results are similar to 

those of Gubbels and Kenaschuk (1989), R. Casa et al. (1999) who reported that the amount of seed and the size of the plant 

did not change. However, our study does not correspond with the studies of Dillman and Brinsmade (1938), Albrechtsen and 

Dybing (1973), Gubbels (1977), Lafond (1992), Agegnehu and Honermeier (1997), and Gabiana et al. (2005), which have 

shown that the plant height varies significantly according to the amount of seeds.   

Regarding the plant height, variety ×seeding rate interaction was statistically significant in the 2014-2015 growing season. 

The lowest plant height was obtained with application of 50 kg/ha seeding in Selection variety and the highest plant height 

was obtained with application of 30 kg/ha seeding in Pembina variety. In the 2015-2016 growing season, the variety x 

seeding rate interaction was insignificant and the plant height values were measured as 73.80-82.63 cm (Table 1). 

3.2 Number of Axillary Branches 

According to the results of the variance analysis, the difference between the varieties in terms of the number of axillary 

branches were found to be statistically significant in the 2014-2015 growing season, and insignificant in the 2015-2016 

growing season. When the average values of the varieties were examined, the highest number of the axillary branches in the 

first year was obtained in York variety with 10.24 pieces and the lowest number of axillary branches was in Pembina variety 

with 6.50 pieces (Table 1). In the second year, the average number of axillary branches was lower than the previous year. 

This may be due to the difference in climate factors between years. 

The difference between the seeding rates in terms of the number of axillary branches was statistically significant for both of 

the growing seasons. In the first year, the highest number of axillary branches was obtained as 8.67 using 30 kg/ha seeds and 

the lowest number of axillary branches was obtained using 70 and 50 kg/ha seeds respectively. In the second year, the 

highest number of axillary branches was seen as 5.89 in the seed amount of 30 kg/ha, while the lowest number of axillary 

branches was determined in applications of 50 and 70 kg/ha seeds respectively (Table 1). When the seeding rates were 

evaluated according to years, the highest number of axillary branches was obtained from the amount of 30 kg/ha seeds in 

both years of the experiment and there was no significant difference in the number of axillary branches in 50 and 70 kg/ha 

seed application. These results show similarity to the findings of Dillman and Brinsmade (1938), Gubbels (1977), Gubbels 

and Kenaschuk (1989), Diepenbrock and Pörksen (1992), Stevenson and Wright (1996), Agegnehu and Honermeier (1997), 

Gabiana et al. (2005), who have stated that the number of axillary branches decrease significantly with the increase in the 

number of seeds. 

When the varieties × seeding rates interaction was examined in terms of the number of axillary branches, statistically 

significant differences were found in 2014-2015, while the difference in the 2015-2016 growing season was not significant. 

As can be seen in Table 1, the highest number of axillary branches (10.83) in the variety × seeding rate interaction during the 
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2014-2015 growing season and the lowest number of axillary branches (5.60) in the application of 30 and 70 kg/ha of York 

variety seed, while the lowest number of axillary branches was seen in 70 kg/ha seeding rate application of Nekoma variety.  

3.3 Number of Capsules 

When the variance analysis results regarding the numbers of capsules were examined, the difference between the varieties 

was significant for both growing seasons. When the variety average was examined in 2014-2015, the highest number of 

capsules was determined in the York variety with 81.87 and the lowest number of capsules was found in the Pembina variety 

with 48.46. In 2015-2016, the highest number of capsules was obtained in the York variety with 27.52 and the lowest number 

of capsules in the Neche variety with the number of 14.50. With regard to the number of capsules, the average of varieties 

decreased in the second year of the experiment. In both years, the highest number of capsules was determined in the York 

variety, while the lowest number of capsules was obtained in Pembina in the first year and in Neche in the second year 

(Table 1). For flax plants, the number of capsules is one of the most important characters in terms of grain yield (Lafond 

2001). The fact that the capsule numbers of the varieties handled in the experiment are different may be due to the different 

genetic structure of the varieties and their different responses to the applied seeding rate. 

The effects of the different seeding rates on the number of capsules were significant for both growing seasons. According to 

2014-2015 data, the most capsules were counted as 72.99 in the application and 30 kg/ha seeds, followed by 60.72 capsules 

for 50 kg/ha seeds, 48.74 capsules for 70 kg/ha seeds, respectively. In the growing season of 2015-2016, the highest number 

of capsules was obtained as 23.98 from the application of 30 kg/ha seeds, and the lowest number of capsules was obtained as 

16.39 capsules from the application of 50 kg/ha seeds (Table 1). In both years of the experiment, the highest number of 

capsules was obtained from the application of 30 kg/ha seeds. When the two-year results of the experiment were evaluated 

together, the number of capsules decreased with the increasing amount of seeds. This is due to the fact that plants are not able 

to make enough use of the sunlight because of the increase in the number of seeds, resulting in less capsule growth 

(Diepenbrock and Parksen, 1992) and a decrease in the number of leaves and leaf size when the plant density is high and the 

branches are shorter (Hassan and Leitch 2000). The results of this study show similarity with the results of the studies of 

Dillman and Brinsmade (1938), Albrechtsen and Dybing (1973), Elsahookie (1978), Diepenbrock and Pörksen (1992), 

Agegnehu and Honermeier (1997), Casa et al. (1999), and Gabiana et al. (2005), which stated that the number of capsules 

decreased significantly with the rise in the number of seeds, in addition to this our result differed from the study of Gubbels 

(1977), who stated that there was no significant difference in the number of capsules after an increase in the number of seeds. 

When the results of variance analysis were examined, the varieties × seeding rates interaction was statistically significant for 

both growing seasons. The highest number of capsules (98.97) obtained from the varieties × seeding rates interaction during 

the 2014-2015 growing season was determined in the application of 30 kg/ha seeding rate in York variety and the lowest 

number of capsules (34.25 pieces) was determined in application of 70 kg/ha seeding rate in Nekoma variety. In the growing 

season of 2015-2016, 35.71 capsules were obtained from the application of 30 kg/ha seed in York variety, and the lowest 

number of capsules was taken as 12.70 pieces in Neche variety with the application of 70 kg/ha seeds (Table 1).  

3.4 Number of Seeds in the Capsule 

According to the results of the variance analysis, the differences between the varieties were statistically insignificant for both 

of the growing seasons (Table 2). When the seed numbers in the capsules of varieties were examined, a slight decrease was 

observed in the second year. This may be due to the fact that the second year was rather dry compared to the first year.  

In terms of the number of seeds in the capsule, the differences between the seeding rates appeared insignificant in the first 

year of the experiment, whereas in the second year it was statistically significant. In the period of 2015-2016, the maximum 

number of seeds was obtained as 9.00 seeds with 30 kg/ha seed application, and the lowest value with 8.70 seeds with 70 

kg/ha seed application (Table 2). In flaxseed production, the number of seeds in the capsule is an important criterion (Lafond 

2001). Findings from the first year were similar to the studies of Albrechtsen and Dybing (1973), Gubbels (1977), Elsahookie 

(1978), and Casa et al (1999), which reported that the number of seeds in the capsule did not change after a change in the 

amount of seeds. The findings of the second year were similar to those of Diepenbrock and Pörksen (1992), Agegnehu and 

Honermeier (1997), and Gabiana et al. (2005), which reported that the number of seeds in the capsule changed significantly 
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after a change in the amount of seeds. Despite the fact that there was no significant change in the first year of the experiment, 

the significant change in the second year indicates that this character was affected by climate factors, especially drought. 

In terms of the number of seeds in the capsule, the varieties × seeding rates interaction was found to be insignificant in the 

first year of study and significant in the second year. The highest number of seeds in the capsule (9.63) in the varieties × 

seeding rates interaction was found in the application of 30 kg/ha seeding rates of the Pembina variety, and the lowest seed 

number in the capsule (9.00) was found in the application of 50 kg/ha seeding rate of the Selection variety in 2014-2015 

(Table 2). 

3.5 Thousand Grain Weight 

As can be seen in Table 2, the difference between one thousand grain weights of the varieties used in the study was 

statistically significant for both growing seasons. In both growing seasons, the highest seed weight was found in the species 

of Pembina (5.85 g in the first year, 5.83 g in the second year) and the lowest seed weight was found in the species of York 

with 5.51 g for both of the growing seasons. 

According to the results of variance analysis, the differences in the amount of seeds regarding the thousand grain weight 

were significant for both growing seasons. In the period of 2014-2015, the highest thousand grain weight was determined as 

5.78 g in the application of 30 kg/ha seed, the lowest thousand grain weight was determined as 5.61 g in the application of 70 

kg/ha seed. In the period of 2015-2016, the highest thousand grain weight was obtained as 5.71 g in the application of 30 

kg/ha seed and the lowest thousand grain weight was obtained as 5.56 g in the application of 70 kg/ha seed (Table 2). When 

the seeding rates are evaluated, the increase in the amount of seed per two years decreases the thousand grain weight. The 

thousand grain weight in flax seed production is an important yielding factor (Lafond 2001) and it is desirable to be high. As 

in our research, findings from previously conducted studies indicate that the thousand grain weight is a highly influenced 

character affected by the genotype as well as the cultivating techniques such as the genotype and seeding rates (Gubbels 

1977). These findings show similarities with the findings that were obtained by Gubbels and Kenaschuk (1989) and 

Diepenbrock and Pörksen (1992); while this study does not correspond with the findings of Albrechtsen and Dybing (1973), 

Elsahookie (1978), and Casa et al (1999), who reported that the thousand grain weight did not change after a change in the 

amount of seeding. 

According to the results of the variance analysis on the thousand grain weights, the varieties × seeding rates interaction was 

found to be statistically significant. When the varieties × seeding rates interaction obtained in the 2014-2015 growing season 

was examined, the highest thousand grain weight was found in 30 kg/ha seed application of Pembina as 6.00 g, and the 

lowest thousand grain weight was found in 70 kg/ha seed application of York as 5.50 g. When the varieties × seeding rates 

interaction obtained in the growing season 2015-2016 was examined, the highest thousand grain weight was found in 30 

kg/ha seed application of Pembina as 5.94 g, and the lowest thousand grain weight was found in 70 kg/ha seed application in 

the species of Selection as 5.47.g (Table 2).  

3.6 Grain Yield 

In both years of the study, the differences between the grain yields of the flax varieties were statistically significant. In 2014-

2015, the highest grain yield was obtained in the Nekoma variety with 1863.30 kg/ha, while the lowest grain yield was 

obtained in the York variety with 1260.00 kg/ha. In the period of 2015-2016, the highest grain yield was determined in the 

Necoma with 2071.10 kg/ha and Neche varieties with 2063.30 kg/ha, being in the same statistical group; while the lowest 

grain yield was respectively in York species with 1715.50 kg/ha, in Selection species with 1735.50 kg/ha and in Pembina 

species with 1753.30 kg/ha, again being in the same statistical group (Table 2). When the two-year results of the experiment 

were evaluated together, the highest grain yield was obtained in the Nekoma variety and the lowest grain yield was obtained 

in the York variety in both years. When the results were examined, it was seen that the average of varieties is higher in the 

growing season of 2015-2016. This may be due to the difference in climate factors between years. 

According to the results of the variance analysis, the differences between the amounts of seeds were found to be significant 

for both years, with regard to the grain yield. When the grain yields of the year 2014-2015 are examined, the highest grain 

yield was obtained by applying 1872.60 kg/ha with 70 kg/ha of seed and the lowest grain yield was obtained by applying 
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1503.30 kg/ha with 30 kg/ha of seed and by applying 1537.30 kg/ha with 50 kg/ha of seed, which are in the same statistical 

significance group. In 2015-2016, the highest grain yield was obtained from the application of 70 kg/ha seed with 2112.60 

kg/ha and the lowest grain yield was obtained from the applying 1516.60 kg/ha with 50 kg/ha of seed (Table 2). When the 

two-year results were evaluated together for the amounts of seeds, the highest grain yield was obtained at a rate of 70 kg/ha 

seed for both of the years. In the production of flaxseed, there are three major yield components, namely the number of 

capsules, the number of seeds in the capsule and the seed weight (Lafond 2001). In our study, the highest grain yield was 

obtained from the application of 70 kg/ha seeds, while the highest number of capsules, number of seeds in capsule, and the 

thousand grain weight were obtained from 30 kg/ha seed application. This can be explained by the large number of plants in 

the unit area. Findings obtained were similar to those of Lafond (1992), Agegnehu and Honermeier (1997), Gubbels and 

Kenaschuk (1989), Diepenbrock and Pörksen (1992), which reported that the yield increased with seeding rate. However, 

Gabina (2005) reported that the yield decreased with the increase in the seeding rate, while Albrechtsen and Dybing (1973), 

Elsahookie (1979), Stevenson and Wright (1996), Casa et al (1999), and Easson and Molloy (2000) stated that the yield was 

not affected by changes in the amounts of seeds.  

According to the results of variance analysis of the grain yield, the varieties × seeding rates interaction was found to be 

statistically significant for both of the years. When the varieties × seeding rates interaction for the 2014-2015 growing season 

was examined, the highest grain yield was 2060.00 kg/ha from the application of Nekoma seeding rate with 70 kg/ha and the 

lowest grain yield was 906.60 kg/ha from the application of York seeding rate with 30 kg/ha. In the 2015-2016 growing 

season, the highest grain yield was 2380.00 kg/ha from the application of Nekoma seeding rate at 70 kg/ha and the lowest 

grain yield was taken as 1243.30 kg/ha from Selection variety with 50 kg/ha seed application (Table 2).  

IV. CONCLUSION 

The research findings show that the genotype has a significant effect on the yield and yield components of the flax plant, and 

the highest grain yield was obtained with a seeding rate 70 kg/ha, which was the highest seeding amount during the 

experiments. When we look at the interactions between the two factors, it was seen that the varieties reach the highest yields 

with the application of 70 kg/ha of seed. Although the measured yield components were adversely affected by the increase in 

plant density, there has been a significant increase in yield statistics due to the increase in the number of plants in the unit 

area. If we apply new interrow spaces such as twin rows which will ensure that the yield elements are minimally affected, it 

may be possible to reach even higher yields. In this respect, it is deemed necessary to investigate new seed norms which can 

reduce the competition between plants and increase the unit field yields with new interrow applications by taking the 

application of 70 kg/ha of seed, which is determined as the optimal norm in our research, as the lowest sowing norm.  
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Abstract— The petrochemicals wastes and pollutants are dumped without treatment in the environment, lakes and soil 

in Libya. The objective of our present research is to study the impact of waste from crude oil extraction on the 

environment of the Libyan region of Ajdabiya. The monitored physicochemical indicators are: Temperature, pH, 

electrical conductivity (CE), TDS, CL- , NO3-, SO4
2-

, HCO3-, Na+, Mg
2+

, K+, Ca
2+

, Salinity, Total Hardness (TH). The 

mineralization faithfully follows the rates of dissolved salts. The electrical conductivity varies from 7880 to 46700 

μs/cm and far exceeds the Libyan irrigation standards (>2700μs/cm). Concerning the nitrate their contents range from 

230 to 1210 mg/L and clearly reflect the crude oil pollution origin. The Piper diagram and Wilcox -Riversade 

projections shows that the waters associated with crude oil have a chloride-sodium and potassium or sulphated sodic 

and slightly bicarbonated sodium or potassium facies. Moreover, the hydrophysico chemical plot shows that the quality 

of this water is poor and above all a degraded quality.  

Keywords— Agriculture, Irrigation, Hydrochimestry, Pollution, Ajdabiya, Libya. 

I. INTRODUCTION 

Oil is a natural resource that is an important resource for many countries in the Gulf, Africa, Asia and America [1-2]. 

Unfortunately the history of oil in the African region is fraught with problems identified by the Extractive Industries 

Assessment Report (EIR) which has highlighted social and environmental problems [3-4]. Several marine, coastal and 

continental ecosystems have been damaged by oil activities around the world and especially Libyan cities, such as the city of 

Ajdabiyia [5-8]. 

Our work evaluates the degree and the modalities of pollution generated by the waste of oil in Jalo-Libya. Thus, to provide 

decision-makers with scientific and technical support to initiate a continuous decision-making dynamic aimed at protecting 

the environment and waters for irrigation that is vital for the whole country. 

Indeed, the present study proposes to validate a physicochemical monitoring [9-11] intended to describe and evaluate the 

nature, the quality and quantity of pollutants generated by the oil extraction in the Libyan region of Jalo. In fact, the waters 

associated with the oil production are highly polluted and have an environmental impact on groundwater, surface water and 

oceans. We will also look for ways to reduce their consequences [12-13]. 

II. MATERIAL AND METHODS 

2.1 Field of study 

Ajdabiya is the capital of Al Wahat district, located in north-eastern Libya. It is located about 160 km south of Benghazi, on 

the coastal highway leading to Tripoli in the Gulf of Sirte. It was from 2001 to 2007 the capital of the district of the same 

name, Ajdabiya which has about 76968 inhabitants (Fig.1) [14]. 

2.2 Water sampling and analysis 

For all sampling area (Tab.1), the parameters studied and the methods used are as follows: 

*Temperature (T °C) is measured on site by a thermometer probe; 
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*The pH was measured directly after sample collection using a Model 3310 pH meter; 

*The electrical conductivity of the water samples was measured directly after sample collection using a Conductimeter 

Model Consort. Electrical conductivity EC is expressed in ds / m or µs / cm at 25 °C;  

*Total Dissolved Solute TDS in mg / L and Salinity in g / L ; 

*Estimate of calcium and magnesium (Ca
+ 2

, Mg
+ 2

). Calcium and magnesium ions were estimated by plating the EDTA 

solution, which is a stable compound with calcium and magnesium ions using the Eriochrome black T reagent, Murexid [15-

16] ; 

*Determination of chloride (Cl-). Chlorides are measured by the method of Mohr (AFNOR T90-014). The chlorinated water 

samples were calibrated with 0.014M silver nitrate using potassium chromate as a reagent in a neutral or alkaline medium 

[17]. 

*Determination of sulfates SO4
2-

. The method used was based on the fact that the sulfate ions are deposited in the 1: 1 HCl 

acid medium in the presence of barium chloride due to the formation of barium sulfate in the form of single crystals of 

barium sulfate. Absorption can be measured by UV. V is Spectrophotometer [18]; 

*Determination of carbonate and bicarbonate (HCO3
-
, CO3

2-
). Carbonates and bicarbonates were estimated by the 

concentration of HCL (0.05 N) [19] ; 

*Determination of sodium and potassium (Na
+
, k

+
). Each element was estimated to have distinct radii when excited by a 

flame (photovoltaic) using a flame photometer [20]. 

*Total hardness TH, calcium or magnesian hardness, alkalinity, bicarbonate and carbonates are measured by volumetric 

method of hydrochloric acid (0.05N) titration method (AFNOR T90-036). 

 

FIGURE 1: MAP OF THE STUDY AREA AJDABIYA-JALO, LIBYA 

TABLE 1 

GEOLOCATION OF WATER SAMPLING STATIONS ASSOCIATED WITH CRUDE OIL IN AJDABIYA-JALO. 
Stations Latitude Longitude  Stations Latitude Longitude 

Well 2 27°51'18.12"N 21°56'49.03"E  Well SEP 28°59'44.44"N 21°34'29.73"E 

Well 3 27°10'52.51"N 21°34'55.18"E  Well 249 28°59'12.19"N 21°22'32.48"E 

Well 4 27°47'56.12"N 20°31'54.67"E  Well 256 28°45'50.37"N 22°12'26.00"E 

Well 5 29°10'45.26"N 21°17'56.09"E  Well D44 29°15'50.42"N 19°12'27.11"E 

Well 6 28°59'44.44"N 21°34'29.73"E  Well G128 28°56'47.46"N 19°42'23.98"E 

Well 7 28°59'12.19"N 21°22'32.48"E  Well G144 29°50'29.70"N 19°46'38.06"E 

Well 8 28°45'50.37"N 22°12'26.00"E  Well G36 30°20'30.24"N 19°35'34.61"E 

Well 9 29°15'50.42"N 19°12'27.11"E  Well tank 30°45'44.17"N 20°14'22.06"E 

Well 10 28°56'47.46"N 19°42'23.98"E  Well S1 27°51'18.12"N 21°56'49.03"E 

Well 11 29°50'29.70"N 19°46'38.06"E  Well S2 27°10'52.51"N 21°34'55.18"E 

Well 12 30°20'30.24"N 19°35'34.61"E  Well S3 27°47'56.12"N 20°31'54.67"E 

Well 13 30°45'44.17"N 20°14'22.06"E  Well S4 29°10'45.26"N 21°17'56.09"E 
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FIGURE 2: SPREADING AND STORAGE AREAS FOR CRUDE OIL WASTE IN LIBYA 

  

  

  

FIGURE 3: METHODS OF ASSAYING AND ANALYZING PETROLEUM WASTE 
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III. RESULT AND DISCUSSION 

In the initial production of oil fields, the oil is not associated with water, but after a period of production, begins the 

emergence of water with oil extracted. The amount of water is gradually increased due to the upward water creep and in the 

final phase of the field operation, the proportion of produced water can reach 90% and more [25-26]. 

In the tanks, there is always water that is below the tank is the water associated with the oil. The water that accompanies the 

oil is characterized by a huge amount of dissolved mineral salts. It is salt water; see very salty ranging from a few hundred 

thousand to more than 600000 ppm. The salinity varies in Libya from 25 to 117,5 g/L and comes from a salt-laden oil of 

25000 to 117500 mg / L (Tab. 3). Nitrates (234 to 609 mg / L); sulphates (278 to 2609 mg/L); Total Hardness (572 to 9820 

mg / L) are present at levels exceeding acceptable standards [27]. 

TABLE 2 

DESCRIPTIVE STATISTICS OF PHYSICOCHEMICAL CRUDE OIL WASTE OF AJDABIYA. 

Variables Observations Minimum Maximum Mean Standard deviation 

T°C 42 21 46 33,3714 6,71 

pH 42 6,2 7,96 7,2195 0,41 

CE µS/cm 42 12654 66925 36855,5476 19135 

TDS mg/L 42 8225 48432 24075,0952 12649 

TH mg/L 42 572 9820 4095,9762 2435 

Na
+
 mg/L 42 723 37320 9941,3786 10894 

Mg
2+

 mg/L 42 219 1009 622,5048 208 

Ca
2+

 mg/L 42 464 5820 1894,0714 1434 

K
+
 mg/L 42 19,5 1140 403,3238 373 

CL- mg/L 42 2800 70421 27537,1667 17119 

SO4
2-

 mg/L 42 278 2609 1238,2333 640 

NO3- mg/L 42 234 609 402,1190 108 

HCO3- mg/L 42 410 6561 799,1024 923 

CaCO3 mg/l 42 28,8 4032 1829,5262 1121 

Salinity g/L 42 25 117,50 76,1429 19 

 

The pH does not show significant variations and the waters are generally acidic to slightly basic ranging between 5.57 and 

7.86 (Tab.2) following their contamination by petroleum residues. 

The electrical conductivity is measured in μs / cm and varied from 12654 and 66925 µs/cm (Tab.2). When pure water is free 

of salts, bases and acids, it increases the electrical conductivity in the water [15]. This fact makes it possible to introduce the 

quantity of salts into the water. Any water has an electrical conductivity, but the removal of the ionic concentration of the 

water decreases its conductivity.  

The Total dissolved solutes (TDS) is an important indicator of the suitability of water for various uses. The more soluble 

salts, the less soluble is water. If the water contains less than 1 mg / liter, the water is unacceptable and this water is not valid. 

For many uses, the concentration of dissolved salts in water varies considerably from one region to another [28]. In water 

polluted by oil it varies from 8225 and 48432 mg/L and is far from norms. 

Total Hardness TH varied from 572 to 9820 mg/L and is linked to calcium and magnesium concentrations. 

Calcium and magnesium with bicarbonate and carbonate and sulphate or silica components are insulation materials for heat 

in boilers and in household and industrial appliances. But combined with fatty acid ions give undesirable deposits lead to 

distortion of basins and walls in bathrooms and toilets. The high level of magnesium also causes intestinal diarrhea, 

especially for new users who do not know this water. 

Chlorides with a concentration greater than 100 mg / L for salt water, lead to physiological complications and various 

diseases. The food industry usually requires less than 250 mg / L and the textile, paper and synthetic rubber industries require 

less than 100 mg / L of chloride. With 2800 and 70421 mg / L of chlorides the waters associated with oil exceed the norms of 
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agricultural irrigation.Sulphates also combine with calcium to be an adhesive that limits the thermal conductivity in the tubes. 

Therefore, it is prohibited for certain industries such as sulphate level higher than 250 mg / L. The sulphate level of 500 mg / 

L or more gives the water a bitter taste. Water containing more than 1000 mg / L of sulphates causes damage to physical 

health. The waters studied had between 278 and 2609 mg / L of sulphates and are widely polluted.Bicarbonate when heated 

with water vapor gives carbon dioxide and carbonate and the latter combines with alkaline earth elements and the head of 

calcium and magnesium and forms a crust composed of Calcium and magnesium carbonate leads to reduced thermal 

conductivity through the walls of the conduction tubes and reduces the flow of fluid in these tubes and sometimes clogged 

completely. For many industries, the level of carbonate, bicarbonate or alkalinity is generally high. Concerning the nitrate 

contents (Tab.2), the values oscillate between 234 mg / L and 609 mg/L and clearly reflect a nitrogen pollution of petroleum 

origin [27]. 

The Piper diagram (Fig.4) shows that globally the waters associated with petroleum have a chloric sodium facies and 

potassium or sulphated sodium and slightly bicarbonated sodium or potassium. Moreover, the projection of 

hydrophysicochemical data in the Wilcox diagram and Riversade (Fig.4), shows that the water quality associated with 

Ajdabiya Libya oil is poor and above all a deteriorated quality at because of the alkalizing power of sodium (SAR). These 

waters are classified in group C4S4 and outside this grid and are unfit for irrigation. 

 
FIGURE 4: HYDROCHEMICAL FACIES OF WATER ASSOCIATED TO CRUDE OIL IN AJDABIYA, LIBYA 

IV. CONCLUSION 

All water studies and research have identified water needs in light of Libya's population increase, which is expected to reach 

about 14 million by 2025. Total freshwater resources are around 4.5 billion cubic meters and the total needs of this 

population are about 7.6 billion. The expected deficit is about 1.3 billion cubic meters. To compensate for this deficit, 

groundwater resources must be studied and rationalized. This study has explore and analyze water resources in order to 

assess their quality and validity [33]. Clouds are not well distributed and precipitation is random [34]. 

Large-scale oil pollution has led to a deterioration of water quality. In addition to increased salinity of the waters due to 

several factors such as the intrusion of salt water from layers carrying salt water to fresh rolling classes or the entry of 

seawater or salt water to proximity. The water associated with oil "or" productive water "is estimated at 44 million barrels of 

water a day, assuming an average rate of four million barrels of water per million barrels of oil, with a production rate of only 

11 million barrels a day. 

In conclusion of this study it is proposed to develop WWTPs for the treatment of water produced with the extraction of oil 

and its purification and re-injection into waterways. Thus, further reduce the amount of metal ions present in the treated 

water and the removal of metal ions and also reduce sulphate ions, nitrates, salinity and electrical conductivity [36-39]. 
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Most countries already involved in offshore oil development have developed their own laws and standards at national and 

regional level. Instead of presenting final policy recommendations, we prefer to put in place tools and build a strong 

normative, regulatory and legal framework to protect the environment in Libya.  
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Abstract— Water stress causes serious yield loss of upland rice under water stress condition due to reduction in various 

physiological parameters, more particularly nitrogen use efficiency (NUE). Therefore, a pot experiment was conducted to 

evaluate six indigenous upland rice genotypes (viz., Mairen Ake-er, Soksu Ajoha, Soksu Abara, Chubok Abara, Bijor Soksu, 

and Inglongkiri) from North Hill zones (i.e. Karbi Anglong) for higher NUE and yield potential under different water 

regimes (Full irrigation & No water + 5000ppm of 6000PEG spray at tillering and heading stages). Real Time Nutrient 

Management (RTNM) approaches were used to determine the optimum rate of nitrogen for maximum yield and higher NUE 

under physiological drought condition. As such, amount of nitrogen fertilizer received by each of the varieties during 

growing period was 130 kgN/ha (1300ppm=1.3%) irrespective of water regimes. The genotypes showed differences in grain 

yield, plant height, chlorophyll content, proline, nitrate reductase, N-content and N-uptake. The variety Inglongkiri with the 

highest score corresponding to total N-uptake (88.85%), NUE (25.78%) and HI (43.51%), and the lowest reduction in grain 

yield (1.6%) has emerged as suitable genotype under water stress condition as compared to the irrigated one. Inglongkiri, a 

developed variety of Assam (RARS, Diphu), was found physiologically efficient among the varieties tested. This variety 

possesses the adaptive traits, especially higher N use efficiency, higher yield and attributes under physiological drought 

condition. Therefore, Inglongkiri may be taken as a donor in breeding programme for direct seeded upland limited moisture 

condition, and can be grown suitably under agro climatic conditions of elsewhere in Assam during Ahu season. 

Keywords— Chlorophyll, grain yield, leaf area, plant height, proline, rice, water productivity. 

I. INTRODUCTION 

Rice is a semi-aquatic (mesophyte) plant which is commonly grown under submerged conditions. Submersed rice occupies 

about half of the cultivating areas (79 million hectares) in the world. Alternatively, rice is also grown in upland conditions. 

The yield of upland rice is reduced to some extent by scarcity of water, so called drought. Drought is defined as a period of 

no rainfall or no irrigation that affects crop growth (Hanson et al., 1990). Rice is the principal food crop for North Eastern 

region of India accounting for more than 80 per cent of the food grain production. The crop is extensively cultivated (72 per 

cent of the total cultivated area) in upland, lowland and deep water conditions. On an average 3,869 km
2
 areas are put under 

shifting cultivation every year. The productivity of upland rice in N.E. India is very poor (0.9 tonnes per hectare) as 

compared to the national average (i.e. about 1.9 tonnes per hectare) (Singh 2002) 

Water stress or drought is one of the most important abiotic constraints in rice. The effect of varying soil water regimes 

during different growth phases on rice yield. They reported that the soil water stress applied at any of the growth phases 

reduced rice grain yield, compared to the continuous flooding irrigation. The ripening phase appeared to be most sensitive as 

compared to the other phases. Soil water stress during the earlier growth phases (vegetative) reduces the production of 

effective tillers which lessens grain yield ultimately. Water stress during the later growth phases (reproductive) appeared to 

affect the reproductive physiology by interfering with pollination, fertilization and grain filling. As a result, there is reduction 

of grain yield in rice crop (Jana et al. 1971).  

Nutrient availability might be further reduced by the often alternating soil water regimes and soil chemistry. Low soil fertility 

and the limited use of fertilizers contribute considerably to the low productivity of rain fed rice based systems (Haefels and 

Hijmans, 2007; Wade et al., 1999; Pandey, 1998). Increased yield from fertilizer application even under water limited 

conditions were reported repeatedly, but it is often assumed that the economic return to applied fertilizer decreases with 

increasing drought stress (O’Toole and Baldia, 1982).  
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Indigenous rice genotypes grown in different water regimes may vary in nutrient use efficiency. Genotypic differences in 

nutrient use efficiency have been reported when they were mostly grown in well water intensive lowlands (Broadbent et al., 

1987; De Datta and Broadbent, 1990). It is, therefore, one of the major considerations to identify the critical steps controlling 

plant N use efficiency (NUE). Moll et al. (1982) defined NUE as being the yield of grain per unit of available N in the soil 

(including the residual N present in the soil and the fertilizer). According to Ladha et al. (1998), desirable cultivars with high 

nitrogen use efficiency (NUE) should produce large yields at low N supply. This seems even more important in upland 

environment where no nitrogen rates are applied. Several studies have addressed the optimization of fertilization and the 

improvement of NUE of crops to achieve high yields with reduced N fertilization rates, and limited environmental side 

effects related to N leaching (Agostini et al., 2010; Burns, 2006; Neeteson and Carton, 2001; Rahn, 2002). Species and 

cultivars are expected to play a primary role: the genotype affects both the N uptake and the use of absorbed N, because 

every genotype has its own morphological and functional characteristics for roots, leaves, etc. (Schenk, 2006; Thorup-

Kristense and Sørensen, 1999; Thorup-Kristensen and Vander Boogard, 1999). However, the same genotype can show 

different NUEs when subjected to different levels of N availability. New technologies in nutrient management in rice have 

been developed to increase nutrient use efficiency in recent years. Site-specific nutrient management (SSNM) such as Real-

Time Nitrogen Management (RTNM) and Fixed-Time adjustable-dose Nitrogen Management (FTNM) were developed to 

increase the N use efficiency of irrigated rice (Peng et al., 1996 and Dobermann et al., 2002). In RTNM, N is applied only 

when the leaf N content is below a critical level. In this approach, the timing and number of N applications vary across 

seasons and locations, while the rate of each N application is fixed. The leaf N content is estimated non-destructively with a 

chlorophyll meter (SPAD: Soil Plant Analytical Development value) or Leaf Color Chart, commonly known as LCC (Tao et 

al., 1990, Peng et al., 1996, Balasubramanian et al., 1999 and Yang et al., 2003). In FTNM, the timing and number of N 

applications are fixed, while the rate of each N application varies across season and location. There is paucity of information 

on the responses of upland indigenous rice genotypes from North Hill zones (i.e. Karbi Anglong) to varying levels of water 

stress conditions. Moreover, management of Nitrogen in upland rice crop based on SPAD values under water stress 

conditions is lacking. The experiment was conducted to evaluate upland rice genotype(s) for higher nitrogen use efficiency 

(NUE) and yield potential using the Real Time Nutrient Management (RTNM) approaches, nitrogen use efficiency and 

productivity under water regimes and nitrogen levels. 

II. MATERIALS AND METHODS 

The investigation was carried out in 2015 at the vicinity of stress physiology laboratory under the Department of Crop 

physiology during Ahu season as a part of the M.Sc (Agri) degree program in Assam Agricultural University, Jorhat. A pot 

experiment was carried out with six upland (Ahu) rice varieties of same medium duration. The study was carried out by 

keeping the pots inside a poly house only during drought treatment periods in vegetative and reproductive stages, and then in 

the open field conditions for exposure to more sunlight so that crop does not suffer from low light situations during its 

developmental periods. A mixture of sandy loamy soil with FYM was used to fill in one pot (capacity: 6.5 Kg soil). FYM 

@5t/ha (≈.50g/pot) was applied initially to each pot. The whole amount of P&K @ 20:20 in the form of SSP (Single Super 

Phosphate) and MoP (Muriet of Potash) were applied as basal. N was applied based on RTNM method (Section 3.7). In here, 

N @ 20-150 Kg Nha
-1

 was applied according to the demand of the crop based on the SPAD (Soil Plant Analytical 

Development) values measured at different growth stages of the crop. In RTNM, a certain rate of N- fertilizer was applied 

when leaf N content was below a critical level (Peng et al., 1996) as follows: First dose: 30 KgN/ha was applied at 10 days 

after sowing, Second dose: 40 kgN/ha was applied at tillering (SPAD value <33), Third dose: 40 kgN/ha was applied at 

panicle initiation (SPAD value <33), Fourth dose: 20 kgN/ha at heading (SPAD value <33). A constant water supply (2-3cm) 

was ensured from transplanting till seven days before harvesting except the periods of drought in treated pots. The soil of the 

experimental field was sandy loam with acid in reaction (pH= 5.6), available N, P and K was 257.2 kg/ha, 24.6kg/ha and 

106.3 kg/ha respectively. The total rainfall received during the crop growth period was 1314.6 mm in the open field 

conditions. The temperature (31-25 ºc and 33-27 ºc) relative humidity (69-66 % and 72-69 %) and light intensity (2050 and 

1685 lux) was also maintained inside the polyhouse in the vegetative and reproductive stage. Grain yield and straw yield was 

calculated. 
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TABLE 1 (A) 

METEOROLOGICAL DATA DURING THE CROP SEASON (2015) 

Months 

Temperature (ºC) 

(Monthly mean) 

Relative Humidity (%) 

(Monthly mean) 

Monthly total 

Bright Sunshine 

(Hours) 

Monthly total 

Rainfall (mm) 
Max. Min. Morn. Even. 

March 29.8 16.1 90 55 154.6 42.7 

April 27.4 19.0 93 73 115.7 293.3 

May 30.1 22.5 92 77 97.4 298.0 

June 31.6 24.4 94 80 78.7 335.8 

July 34.0 25.3 90 72 161.1 344.8 

Total      1314.6 

Source: Meteorological observatory, Agricultural Meteorological Department, Assam Agricultural University, Jorhat 

TABLE 1(B) 

METEOROLOGICAL DATA DURING DROUGHT TREATMENTS INSIDE THE POLY HOUSE 

Duration of withholding water and 

Polyethylene Glycol (PEG) treatments 

Temp. (ºC) (Mean of 

7days) 

Relative Humidity (%) 

(Mean of 7days) 

Light intensity 

(Reading x10) Lux 

(Mean of 7days) Max. Mini. Morn. Eve. 

7 Days (11
st
 – 20

th
 April) + apply PEG 

6000 (5000ppm) 
31 25 69 66 2050 

7 Days (13
th

 May – 22
nd

 May) + apply 

PEG 6000 (5000ppm) 
33 27 72 69 1685 

 

III. RESULTS AND DISCUSSION 

The crop was subjected to water stress by withholding irrigation for seven days plus spraying with PEG-6000 (5000ppm) 

both at maximum tillering and heading stages. The crop was deprived of natural precipitation during these periods inside a 

poly house except supply of live saving water while soil tensiometer auto-fixed its readings at 80 centibars, and crop wilted 

visually. All the plants received a range of temperature (25-33°C), Relative humidity (66-72%) and light intensity (1685-

2050 Lux) during the drought treatments in the months of April and May. The crop experienced same weather conditions 

outside the poly house during the rest of the growth periods. As the soil was strongly acidic in nature (pH 5.64), and N, P, K 

were in the lower ranges, fertilizer SSP and MoP were applied at recommended doses (20:20) as basal, but N was supplied 

based on SPAD values at different growth stages to get rid of crop starvation and to contribute in crop growth. Interestingly, 

all the plants, irrespective of drought and irrigation treatments, demanded equal amount of N (i.e. 130 kg/ha) throughout the 

growth periods (10days after sowing to tillering, panicle initiation and heading). As such, soil moisture remained as the only 

variable factor during the period of treatments, and its impacts on physiological changes were recognised subsequently.  

3.1 Growth characteristics 

Water and nitrogen significantly influenced average plant height and leaf area. Plant height and leaf area increased with 

nitrogen application in the well-watered treatment, but excessive nitrogen inhibited their growth. The variety Inglongkiri has 

the highest percent reduction and Soksu ajoha has the lowest percent reduction in plant height among the varieties at harvest. 

The reduction in plant height was either as a result of water stress imposed at tillering stage or might be due to its genetic 

behaviour x environment interaction, which inclined it towards high yielder at harvest. Bhattacharjee et. al., (1973) and De 

Datta (1973) found significant reductions in tillers and panicles numbers as well as plant height and grain yield when water 

stress was imposed at tillering stage. Water stress resulted to decrease in plant height, number of tillers per plant, total 

biomass and grain yield (Tantawi and Ghanem, 2001; Tuong et. al., 2005). The water deficit in rice caused a larger reduction 

in leaf area demonstrating the greater sensitivity of leaf enlargement to water stress (Gloria et. al., 2002).  

Specific leaf weight (SLW), characteristic features of plants which could be used as a selection criterion for abiotic stress 

factor (Bharali and Chandra 1996). The variety Inglongkiri had the highest per cent reduction (19.7 %) of SLW at heading 

stage as compared to tillering stage among all the other varieties, illustrated in (Fig. 3) Stress leaves had a lower SLW, 

suggesting that these leaves were thicker or had more densely packed mesophyll cells with less intracellular air space.  
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FIG. 1. CHANGES OF LEAF AREA (LA) UNDER 

DROUGHT AS COMPARED TO IRRIGATION 

FIG. 2. CHANGES OF PLANT HEIGHT UNDER 

DROUGHT AS COMPARED TO IRRIGATION 

 

  

FIG. 3. CHANGES OF SPECIFIC LEAF WEIGHT (SLW) 

UNDER DROUGHT AS COMPARED TO IRRIGATION 

FIG. 4. CHANGES OF RLWC UNDER DROUGHT AS 

COMPARED TO IRRIGATION 

 

Relative leaf water content (RLWC) of all the genotypes decreased significantly under drought condition (Fig. 4). There was 

more reduction in RLWC at tillering stage of all the varieties except Inglongkiri. Although at heading stage, Inglongkiri had 

the highest RLWC reduction (10.4%) among the varieties. Khan et. al., (2007) concluded that water deficit stress results in a 

considerable decline in RLWC (18-68%). The variety Soksu abara with 1 % reduction contained the highest relative leaf 

water at heading stage: it might possess a drought tolerant tendency. Schonfeld et. al., (1988) suggested that cultivars with 

high RLWC are likely to be drought resistant.  
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In the present investigation there was a fluctuate per cent reduction of chlorophyll content at tillering and heading stage under 

drought as compared to irrigation. The variety Bijor (40.4 %) had the highest and Soksu Ajoha (6.06%) had the lowest per 

cent reduction at heading stage (Fig.  5). Mohan et. al., (2000) stated that the chlorophyll content is an indication of stress 

tolerance capacity of plants, and its high value means that the stress did not have much effect on chlorophyll content of 

tolerant plants. It is apparent from the (Fig. 6) that there were significant increase in proline contents both in tillering (upto 

47.35 % in Soksu Ajoha) and heading stages (17.38%) of the varieties under water stress condition. Under water stress, 

accumulated proline might act as a compatible solute regulating and reducing water loss from the plant cell during water 

deficit (Yokota et. al., 2006). Proline accumulates under stress also supplies energy for survivor and growth, and thereby 

helps the plants to tolerate stress condition (Kumar et al., 2011). Chubok Abara had the highest nitrate reductase activity 

reduction (37.46%) at tillering whereas Bijor soksu (40.6%) had the highest nitrate reductase activity at heading stage. There 

was a significant decline of NR at maximum tillering (1-37%) and heading (12-41%) stages in the varieties. Polyethylene 

glycol induces stress resulting in free amino acids as well as reduction in nitrate reductase activity in pearl millet (Hanson et 

al., 1981; Hanson et al., 1982). Water stress induced decline in nitrate reductase activity has also been reported by Sarkar et 

al. (1991). In the study, changes of (0-0.71%) and (0-0.43%) were found at the two subsequent growth stages of rice varieties 

respectively. As such, the highest per cent changes were observed in Soksu ajoha (0.71%) at tillering and Soksu abara 

(0.43%) at heading stage. This means, Soksu Abara contained the highest amount of leaf nitrogen at reproductive stage under 

drought as compared to irrigated, indicating better ability of this genotype in acquiring N either from soil or applied nitrogen, 

and in remobilizing N under favorable water regime (normal) conditions. The results of Ghanbari et al. (2013) were also in 

confirmatory with the present finding. According to Janadhan and Murty (1980) nitrogen present in all plant parts decreases 

at harvest when compared with that of flowering stage. There was higher changes in carbohydrate contents in Mairen ake-er 

(1.32%) at maximum tillering stage followed by Soksu Ajoha (1.0%) under drought as compared to irrigated one. Whereas, 

at heading stage Chubok Abara (1.17%), Mairen ake-er (1.15%) and Bijor soksu (0.98%) had experienced some changes in 

carbohydrate content. Inglongkiri (1.03%) followed by Soksu abara (0.98%) and Soksu ajoha (0.70%) had higher changes in 

carbohydrate contents at this stage. It indicates that these varieties could carry out the process of photosynthesis well, 

particularly at maximum tillering stage under physiological drought stress. Dubey and Singh (1999) also reported that the 

sugar contents increases more in the sensitive than in the tolerant rice cultivars. Nakayama (1974) suggested that reduce 

transport of carbohydrate from the source to the developing grain might be a casual factor for impaired grain filling in rice. 

  

FIG. 5. CHANGE OF TOTAL CHLOROPHYLL UNDER 

DROUGHT AS COMPARED TO IRRIGATION 

FIG. 6. CHANGES OF PROLINE UNDER DROUGHT AS 

COMPARED TO IRRIGATION 
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Photosynthesis is the main metabolic process determining crop production, and is affected by drought stress. Drought 

reduces photosynthetic rate of rice crop (Ji et al., 2012; Lauteri et al., 2014; Yang et al., 2014). The lowest per cent reduction 

was seen in Chubok abara (14.14%) at tillering, and in Mairen ake-er (26.95%) at heading under drought as compared to 

normal (Fig. 10). The lowest per cent reduction under drought as compared to normal indicates the increase in photosynthetic 

rate in rice leaves. The increase in leaf photosynthetic rate is important to increase the yield potential of rice (Hirasawa et al., 

2010), because the photosynthetic rate of individual leaf which form the canopy, affects dry matter production via 

photosynthesis within the canopy. There were insignificant differences in Root: shoot among the varieties (Fig. 11a), and 

increase in root biomass (Fig. 11b) under drought as compared to normal. The highest changes in root: shoot was observed in 

Chubok Abara (0.072%) followed by Soksu Abara (0.065%) under drought as compared to irrigated. The highest increment 

in root biomass was found in Chubok Abara (41.2%) under drought. O’Toole and Chang (1979) suggested that upland 
variety should have a relatively high root-shoot ratio in order to yield efficiently under soil moisture stress conditions. Root 

dry mass and length are good predictor of rice yield under drought (Fageria and Moreira, 2011; Feng et al., 2012). 

  

FIG. 7. CHANGES OF NITRATE REDUCTASE (NR) 

UNDER DROUGHT AS COMPARED TO IRRIGATION 

FIG. 8. CHANGES OF N-CONTENT OF LEAF TISSUES 

UNDER DROUGHT AS COMPARED TO IRRIGATION 

  

FIG. 9. CHANGES OF CARBOHYDRATE CONTENT OF LEAF 

TISSUES UNDER DROUGHT AS COMPARED TO IRRIGATION 

FIG. 10. CHANGES OF PHOTOSYNTHETIC RATE 

UNDER DROUGHT AS COMPARED TO IRRIGATION 
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FIG. 11(A). CHANGES OF ROOT: SHOOT UNDER 

DROUGHT AS COMPARED TO IRRIGATION 

FIG. 11(B). CHANGES OF ROOT BIOMASS UNDER 

DROUGHT AS COMPARED TO IRRIGATION  

3.2 Yield and yield attributing characters 

There were significant variations among the varieties and between the treatments with respect of grains per panicle, which is 

illustrated in (Fig. 12). The highest per cent reduction of number of grains per panicle was observed in Soksu abara (8.37%) 

under drought as compared to irrigated one, and the lowest reduction was in Bijor soksu (1.10%). The lowest per cent 

reduction indicates increase in number of seeds per panicle under drought. However, grains per panicle are genetically 

controlled yielding component. This finding supports the result of Chaunhan et al. (1989). They reported that grains per 

panicle was a varietal character, and varied according to cultivars. Thousand grain weights (Test weight) differed 

significantly among the varieties, but the water regimes had no significant effects on it. The highest per cent reduction (Fig. 

12) of test weight was found in Chubok Abara (1.4%), and the lowest was in Bijor soksu (0.61%). This is in support of the 

findings of Schonfeld et al. (1988) who were also in the opinion that kernel weight of wheat cultivars decreased under stress. 

It is apparent from the (Fig. 13) that there was significant difference in economical yield among the varieties under drought 

as compared to irrigation. The highest per cent reduction in economical yield under drought was observed in Soksu ajoha 

(21.06%), whereas the lowest per cent reduction in grain yield was maintained in Inglongkiri (2.27%). This indicates that 

Inglongkiri behaves as one of the drought tolerant varieties. This finding is in support with Pandey et al., (2014). They 

reported that rice crop under water stress markedly reduces the grain-filling percentage and grain weight, resulting in a 

significant decrease of grain yield. Biological (straw) yield of rice showed significant difference among the varieties under 

stress condition. There is much reduction of straw yield in rice under moisture stress condition in some varieties which have 

higher grain yield (Fig. 13). The highest reduction per cent in straw yield was in Bijor soksu (29.78%) > Soksu abara 

(24.64%) > Chubok abara (23.7%) and Inglongkiri (21.19%). These varieties have higher grain yield and lower straw yield. 

The lowest per cent reduction was observed in Soksu ajoha (2.21%), which indicates the highest straw yield in the variety 

under drought as compared to irrigated condition. These results are in accordance with the findings of Radford (1986), 

Kalamian et al. (2006), Jasso et al. (2002), who also showed decreasing biological yield because of drought stress. It is 

evident from the (Fig. 13) that there were significant varietal variations in HI in rice crop in the study. Among the varieties, 

Soksu ajoha (14.67%) had the highest per cent reduction of HI under drought as compared to normal. The physiological 

drought condition did not affect HI in Soksu Abara, Chubak Abara, Bijor Soksu and Inglongkiri at all; rather there were 

increases (8-20%) in HI in these varieties under drought condition. Water stress at flowering and grain filling resulted in 

lower HI than water stress at tillering stage. Sharma et al., (2003) observed higher HI in well irrigated genotypes compared to 

that of the genotypes which were grown under water stress condition. They reported that water stress at flowering and grain 

filling caused lower HI than water stress at tillering stage.  

It is seen from the (Fig. 14) that the moisture stress exerted significant effect on nitrogen uptake by grain, straw and total N 

uptake among the varieties under different water regimes. The nitrogen uptake into grain, straw and total uptake decreased 

significantly with water stress. The highest per cent reduction of grain N uptake was seen in Soksu ajoha (31.05%), and the 

lowest was in Inglongkiri (1.93%). The highest per cent reduction in N uptake into straw was in Bijor soksu (47.75%), and 
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the lowest was seen in Mairen ake-er (13.92%). In case of total N uptake, the highest per cent reduction was recorded in 

Bijor soksu (32.6%), and the lowest was obtained in Mairen ake-er (9.3%) under drought as compared to irrigated. The 

increase in uptake of nitrogen at higher moisture regimes due to cumulative effect of increase in grain and straw yield as well 

as increased nitrogen content in grain and straw. Increase in uptake of nitrogen at higher moisture regimes have also been 

reported by Murthy and Reddy (2013) and Sandhu and Mahal (2014).  

3.3 Nitrogen Use Efficiency  

The (Fig. 15) clearly indicates that there was significant variation among the varieties in respect of nitrogen use efficiency 

(NUE). However, it was observed that Soksu Ajoha (31.06%) had the highest NUE per cent reduction, while Inglongkiri 

(1.9%) exhibited the lowest per cent reduction of NUE under drought as compared to irrigated one. Haefele et al. (2008) 

observed that water stress lowered the NUE in rice plants. This parameter remained high in tolerant cultivars that presented 

greater production. In the current study, as equal amount of fertilizer was demanded by all the varieties at different stages 

based on the RTNM method of N application. There was an exception with the variety Inglongkiri, which showed the lowest 

per cent reduction of NUE, and produced more yield. This might be due to varietal character or the variety has an adaptive 

mechanism under the stress condition as evidenced from its higher yield. Campbell and Davison (1979) suggested that, 

inefficient use of N is associated with excessive vegetative growth. Part of the decrease in NUE can be attributed to decrease 

in light Intensity or increase in evapotranspiration that could result from excessive vegetation (Pearman et al., 1977). 

3.4 RTNM Technique 

In use of the Real Time Nitrogen Management (RTNM), a certain amount of N- fertilizer is applied only when leaf N content 

is below a critical level (Peng et al., 1996). Therefore, N status in leaf (Tao et al., 1990) determines the timing, number of 

Nitrogen applications and doses of N in crop conditions. Feeding with N nutrition at different successive growth stages of 

rice crop following the N management technique for higher NUE of the genotype under physiological drought condition is in 

the heart of the present investigation. So, the RTNM approaches were followed for application of N-fertilizer in splits to 

increase NUE and corresponding yield of the varieties under different water regimes (physiological drought and full 

irrigation). Although each of  the varieties equally received an amount 130 kg N during their period of growth, a few of them 

could maintain higher N uptake in grains, boost NUE, and exhibit higher yield in response to the whole dose of applied N. 

Therefore, such varieties(s) viz., Inglongkiri might have some special molecular features (i.e. QTL) for higher NUE and yield 

potential under physiological drought condition. This possibility has not been explored in the current study, and needs serious 

attention in future frontier research goal.    

  

FIG. 12. CHANGES OF NO. OF SEEDS/PANICLE & 1000 

GRAIN WEIGHT UNDER DROUGHT AS COMPARED TO 

IRRIGATION  

FIG. 13. CHANGES OF ECONOMICAL, BIOLOGICAL 

YIELD AND HARVEST INDEX UNDER DROUGHT AS 

COMPARED TO IRRIGATION  
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FIG. 14. CHANGES OF GRAIN, STRAW AND TOTAL N- 

UPTAKE UNDER DROUGHT AS COMPARED TO 

IRRIGATION 

FIG. 15. CHANGES OF NITROGEN USE EFFICIENCY 

(NUE) UNDER DROUGHT AS COMPARED TO 

IRRIGATION 

IV. CONCLUSION 

In present study, the reduction in plant height was observed highest in Inglongkiri (18.03%) under drought as compared to 

irrigated. The highest per cent reduction in economical yield under drought was observed in Soksu ajoha (21.06%), whereas 

the lowest per cent reduction in grain yield was maintained in Inglongkiri (2.27%). This indicates that Inglongkiri behaves as 

one of the drought tolerant varieties. Inglongkiri (1.93%) processes the lowest per cent reduction of grain N uptake. The 

lowest per cent reduction of NUE under drought as compared to irrigated was exhibited in Inglongkiri (1.9%). Thus in this 

series of experiment, it could be concluded that Inglongkiri, a developed variety of Assam (RARS, Diphu), was found 

physiologically efficient among the varieties tested. This variety possesses the adaptive traits, especially higher N use 

efficiency, higher yield and attributes under physiological drought condition. Therefore, Inglongkiri may be taken as a donor 

in breeding programme for direct seeded upland limited moisture condition, and can be grown suitably under agro climatic 

conditions of elsewhere in Assam during Ahu season. Furthermore, to achieve an optimum yield, the cumulative dose of 

nitrogen as envisaged in the RTNM approaches, may be applied in splits up to 130 kg/ha based on the SPAD values of 

upland Ahu rice crop under physiological drought condition. 
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which included denaturation at 94°C for 1 min, annealing at 60°C for 30 s (phsC1/phsC2, cadAf/cadAr, zntAf/zntAr), 56°C 

for 30 s (SmtA1/SmtA2), 67°C for 15 s (czcNf/czcNr, czcIf/czcIr, czcRf/czcRr, czcSf/czcSr, czcEf/czcEr), 50°C for 30 s 

(CzcC1/CzcC2), 56°C for 15 s (CzcB1/CzcB2), 63.8°C for 30s (CzcA1/CzcA2), 53°C for 15s (CzcD1/CzcD2) and extension 

72°C for 1 min and a final extension at 72 °C for 10 min. The amplification products were electrophoresed on a 1.5% agarose 

gel buffer with 0.5 X TBE at 100 V for 25 min along with standard DNA (Gen 100-3000 DNA ladder, GeneMark 

Biotechnology). The amplified DNA fragments were stained with ethidium bromide and photographed with a Gene Genius 

Bioimaging System.  

2.5 Cloning and sequencing of PCR products 

PCR products were extracted with a QIAquick Gel Extraction kit (Qiagen, Hilden, Germany) and the purified DNAs were 

then sequenced by using an automated sequencer at the Minsheng Biotechnology Co. (Taipei, Taiwan). The sequence thus 

obtained was analyzed using BLASTn search (http://www.ncbi.nlm.nih.gov/Blast).   

2.6 Southern hybridization 

In order to confirm  the existence of czcA and czcC gene, total DNA from bacterial strains, rcd 6, rcd 8, rcd 12, rcd 21, nod 1, 

nod s1, nod s2, nod s7, PSS36, PS99, PSS161 and PSS189 were digested with 2 µl BamHI (2 U/µl; New England BioLabs, 

Beverly, MA, USA), digoxigenin (DIG)-labelled as probes as described by the manufacturer (Boehringer, Mannheim, 

Germany) and used in subsequent southern hybridization procedures (Sambrook et al., 1989).  

III. RESULTS AND DISCUSSION 

3.1 Comparison of 16S rRNA gene sequences of tested strains 

Based on the results of amplification with primer pair, fD1/rP1, a 1500-bp band was generated. Following the sequencing of 

theses PCR products, 16S rDNA sequence alignment among 25 tested strains in this study and published data from NCBI 

were made using the BLASTn program. The data revealed that the levels of sequence identity among all of the tested strains 

and published data from NCBI were relatively high (identity 98-100%). The results suggested that strains rcd 6, 8, and 19 

were Cupriavidus (=Ralstonia) spp.; strains rcd 12, 14, and 21 were Cupriavidus taiwanensis (=Ralstonia taiwanensis)-like 

organisms; strains nod 1 to nod 5 and nod s1 to nod s12 and 9 were similar to Cupriavidus taiwanensis (=Ralstonia 

taiwanensis); the remaining strains PSS36 and Ps-Au-11 were Ralstonia solanacearum (Table 1). Chen et al. (2005) reported 

strain rcd 6 appeared to be Ralstonia eutropha tested by BIOLOG bacterial identification system and 16s rRNA gene 

sequence comparison. Their results also suggested that strain rcd 8 was similar to Cupriavidus metallidurans (=Ralstonia 

eutropha) and strain rcd 19 was Cupriavidus taiwanensis (=Ralstonia taiwanensis)-like organism.  

Nitrogen fixation is carried out by the nitrogenase enzyme encoded by the genes nifH, nifD, and nifK. Of the three, nifH 

(encoding the nitrogenase reductase subunit) is the most sequenced and has become the marker gene of nitrogen-fixing 

microorganisms. Thus, many PCR primers have been developed for nifH gene with the purpose of amplifying this gene 

sequence (Gaby and Buckley, 2012). In order to understand whether the test strain has a nitrogen fixation ability to confirm 

the identity of the strain, a specific primer pair, nifH3/nifH4, was designed according to the R. taiwanensis nifH gene 

sequence. PCR amplification results showed that only strains nod 1 to 3 and nod s1 to s12 isolated from root nodules of 

Mimosa spp. with the expected size of 624 bp (Fig. 1).  

These nifH gene sequences have more than 95% identity compared with GenBank database using the BLASTn program of 

NCBI. However, no products were amplified from the strains nod 4, 5 (C. taiwanensis), rcd 6, 8, 19 (C. metallidurans), rcd 

12, 14, 21 (C. taiwanensis) and all strains of Ralstonia solanacearum. The specific primer pair nifH3/nifH4 has detected 15 

from 20 (75%) of R. taiwanensis-like strains. Gaby and Buckley (2012) found that there were 15 universal nifH primers that 

targeted 90% or more of nitrogen fixers, but that there were also 23 nifH primers that targeted less than 50% of nifH 

sequences. 

3.2 Cadmium tolerance and antibiotic resistance 

Cadmium-resistant organisms were isolated from cadmium-polluted soil in Yunlin, Taiwan. The concentration of cadmium 

in soil was 79.6 mg/kg. Whereas the concentration of cadmium in root zone soils of Mimosa spp. sampled from Chiayi, 

Taiwan, was 0.14 to 0.23 mg/kg (Table 3).  
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FIG. 1. PCR amplification of nifH gene from tested strains. M: 100 bp DNA Ladder Marker; Lanes 1-6: 

strains rcd 6, 8 (Cupriavidus metallidurans), rcd 12, 14 (C. taiwanensis), rcd 19 (C. metallidurans), rcd 21 (C. 

taiwanensis); Lanes 7-11: strains nod 1 to nod 5 (C. taiwanensis). 

TABLE 3 

CHARACTERISTICS OF TESTED SOIL 

Character 
Description 

Huwei, Yunlin
1
 Holland Lake, Chiayi Pa Cha River, Chiayi 

Bacterial strains rcd  6, 8, 12, 14, 19, 21 nod 1 to nod 5 nod s1 to s12 

pH 7.5 5.3 5.3 

Conductance (dS/m) 2.1 0.35 0.59 

Water (%) 12 22 9.4 

Texture Loam Silty clay loam Sandy loam 

Sand (%) 41.2 8 42 

Silt (%) 44 61 43 

Clay (%) 14.8 31 15 

Organic matter (%) 1.58 3.3 0.4 

Cadmium (mg/kg) 79.6 0.23 0.14 
1 
Data from Chen et al. (2005). 

According to cadmium tolerance, these organism were then separated into three groups: (i) strains rcd 12, 14, 21 (C. 

taiwanensis) and PSS161 (Ralstonia solanacearum) higher than 5 mM; (ii) strains rcd 6, 8, and 19 (C. taiwanensis), nod s1-

s6, s9 and s11 (C. taiwanensis), PS99, Ps-Au-11, CLWl579, PSS36 and PSS253 (R. solanacearum) ranges from 2.1 to 4.9 

mM; and (iii) strains nod 1 to nod 5, nod s7, s8, s10, s12 (C. taiwanensis), PSS225, PSS189, GB03 and PsL-11c (R. 

solanacearum) lower than 2 mM, respectively (Table 4). Soil environment of sensitive plant and giant sensitive plant was not 

cadmium-contaminated and the isolated strains of C. taiwanensis have lower cadmium tolerance. The results were consistent 

with previous report that strains rcd 12, 14, 21 could be tolerant to cadmium ion at 900 mg/kg and strains rcd 6, 8, and 19 

could reach 650 mg/kg (Chen et al., 2005). 
 

TABLE 4 

CADMIUM SUSCEPTIBILITY OF STRAINS OF CUPRIAVIDUS AND RALSTONIA SPP. 

Strains Cadmium concentration (mM) 

rcd 12, 14, 21
b
 6.70 

PSS161
c
 5.81 

rcd 6, 8, 19
a
; nod s1 to s6, s9, s11

b
; PS99, Ps-Au-11, CLWl579

c
 3.13 

PSS36, PSS253
c
 2.68 

nod 1 to nod 5
b
; nod s7, s8, s10, s12

b
; PSS225

c
 1.34 

PSS189, GB03, PsL-11
c
 0.67 

a 
Cupriavidus metallidurans; 

b 
Cupriavidus taiwanensis; 

c
 Ralstonia solanacearum 

500 bp 

1500 bp 

624 bp 
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location had diverse results of antibiotics resistance. However, more informations, eg. soil characteristics and application 

history of bactericides, are required to confirm the relationship with these findings..  

Together with other genes, czcA forms the czc determinant, which encodes a multi-protein complex associated with a high 

level resistance to cadmium, cobalt and zinc in bacteria (Nies, 2003). Moreover, this bacterium was resistant to antibiotics 

(Mowade and Bhattacharyya, 2000), which suggested the existence of multi-resistance mechanisms against drugs and/or the 

expression of efflux pumps (Pages et al., 2008).  

Efflux pumps are transport proteins involved in the extrusion of toxic substrates (including virtually all classes of clinically 

relevant antibiotics) from within cells into the external environment (Andersen et al., 2001; Webber and Piddock, 2003). 

However, the results of the antibiotic resistance analysis showed that cadmium-resistant strains were not positively correlated 

to the resistance to antibiotic. It was still needed further study to investigate the relevance between cadmium efflux 

mechanism and antibiotic efflux system of Ralstonia species.  

3.3 Cadmium ion uptake and efflux 

In the state of 53 ppm cadmium ion, the residual cadmium ion concentration decreased at 20-min incubation by rcd 6 (C. 

metallidurans), rcd 12 and nod s1 (C. taiwanensis). At that time, the cadmium ion uptake by tested strains were rcd 12 (2.7 

mg/kg), rcd 6 (0.54 mg/kg) and nod s1 (0.53 mg/kg). After that time, the cadmium ion efflux by bacterial cells and the 

residual cadmium ion concentrations were raised again. On the other hand, the strains nod 1 and nod s7 had not showed a 

phenomenon of cadmium ion uptake and efflux (Fig. 2).  

 
FIG. 2. Uptake of cadmium by strains of rcd 6 (Cupriavidus metallidurans), rcd 12, nod 1; nod s1, nod s7 (C. 

taiwanensis) at 30°C. Cd: untreated controls. 

Strains PSS36 and PSS161 of Ralstonia solanacearum uptake cadmium ion after 20-min incubation (3.11 mg/kg, strain 

PSS161) and then cadmium ions were effluxed. Strain PSS225 uptaked cadmium ion after 20 to 60 minutes and then 

cadmium ions efflux occurred. Strain PSS189 uptake cadmium ion after 20 to 360 minutes and had no efflux trend. No 

cadmium ion uptake and efflux phenomenon were found for strain Ps-Au-11 (Fig. 3).  

Thus, at lower cadmium ion concentration (53 ppm), it was found that the most tolerant strain (rcd12, 6.70 mM/1500 ppm) 

appeared to uptake and efflux cadmium ion at an earlier stage of incubation. Other than strain PSS189, whereas strains with a 

cadmium tolerance above 1.34 mM (300 ppm), PSS161 (5.81 mM/1300 ppm), rcd 6 and nod s1 (3.13 mM/700 ppm), Ps-Au-

11 and PSS36 (2.68 mM/600 ppm), nod 1, nod s7 and PSS225 (1.34 mM/300 ppm), were also showing the phenomenon. On 

the other hand, when at higher cadmium ion concentration (390 ppm) state, the strains rcd 6, rcd 12 and nod s1 had the same 

uptake phenomenon after 20-min incubation and the bacterial cell cadmium concentrations were 30.56 mg/kg, 18.48 mg/kg 

and 10.67 mg/kg, respectively, and then cadmium efflux occurred (Fig. 4). The bacterial cell cadmium concentration of strain 

PSS161 was 33.71 mg/kg at 20 min incubation and then cadmium efflux occurred (Fig. 5). 
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TABLE 6 

CHARACTERISTICS OF CD-RESISTANT MECHANISM OF TESTED STRAINS OF CUPRIAVIDUS AND RALSTONIA 

SPP. 

Strains
1
 

Cadmium 

(mM) 

Cd-resistant genes 

phsC smtA cadA zntA 
czc efflux system 

czcN czcI czcC czcB czcA czcD czcR czcS czcE 

rcd 12, 14, 21 6.70 - - + - + + + + + + + + + 

PSS161 5.81 - - - - - - + - - - - - - 

rcd 6, 8, 19; nod s1 to nod 

s6, s9, s11 
3.13 - - - - - - + - - - - - - 

PS99, Ps-Au-11, 

CLWl579 
3.13 - - - - - - - - - - - - - 

PSS36, PSS253 2.68 - - - - - - - - - - - - - 

nod 1 to nod 5; nod s7, 

s8, s10, s12; PSS225 
1.34 - - - - - - - - - - - - - 

PSS189, GB03, PsL-11 0.67 - - - - - - - - - - - - - 

1 
Cupriavidus metallidurans: rcd 6, 8, 19; C. taiwanensis: rcd 12, 14, 21; nod 1 to nod 5; nod s1 to nod s12; Ralstonia 

solanacearum: PSS36, PS99, PSS161, PSS189, PSS225, PSS253, GB03, Ps-Au-11, PsL-11, CLWl579 

 

The czc operon located on plasmid or chromosome of Cadmium-resistant Cupriavidus metallidurans and C. taiwanensis 

strains is resopsible for releasing cadmium out of these microorganisms (Chen et al., 2005). Cadmium and zinc are removed 

from cells of Ralstonia metallidurans by the CzcCBA efflux pump and by two soft-metal-transporting P-type ATPases, 

CadA and ZntA. Resistance-Nodulation-Cell division (RND)-type cation efflux systems of the Czc type comprising of an 

inner membrane pump CzcA associated with two membrane bound factors, CzcB and CzcC (Legatzki et al., 2003). In order 

to determine the genes responsible cadmium resistance, phsC, smtA, cadA, zntA and nine components of efflux pump, czc 

operon were targeted by PCR, all the tested strains consisted of this operon with some variations. Higher cadmium-resistant 

strains rcd 12, 14, 21 (C. taiwanensis) consisted of cadA and nine components of czc efflux system, whereas strain PSS161 

(Ralstonia solanacearum) only consisted of czcC. Strains rcd 6, 8, 19 (C. metallidurans) and nod s1 to nod s6, s9, s11 (C. 

taiwanensis) could grow on moderate cadmium levels (2.1 to 4.9 mM) only consisted of czcC (Table 6).  

However, no PCR products of phsC, smtA, cadA, zntA and nine components of efflux pump, czc operon were amplified from 

lower cadmium-resistant strains PS99, Ps-Au-11, CLWl579, PSS36, PSS253, PSS225, PSS189, GB03, PsL-11 (R. 

solanacearum) and strains nod 1 to nod 5; nod s7, s8, s10, s12 (C. taiwanensis). Sequence analysis of these PCR products of 

C. taiwanensis strain rcd 12 showed  nucleotide and amino acid sequence differences were 1 to 3% and 0 to 2%, respectively, 

as compared with the published data from NCBI (Table 7). 

The czcC nucleotide and amino acid sequences among four tested strains rcd 6 (C. metallidurans), rcd 12 (C. taiwanensis), 

nod s1 (C. taiwanensis), and PSS161 (R. solanacearum) showed a 1 to 25% nucleotide sequence difference and 1 to 2% 

amino acid sequence difference compared with the GenBank sequence database provided by the National Center for 

Biotechnology Information (NCBI) (Table 8). 

In Cupriavidus metallidurans CH34, the regulatory genes of czcCBA are arranged in an upstream region consisting of czcN 

and czcI, and a downstream region consisting of czcD, czcR, czcS and czcE. CzcRS and a periplasmic copper-binding protein 

designated CzcE, exert metal-dependent control of czcNICBA expression via regulation of czcNp activity (Van der Lelie et al., 

1997; Grosse et al., 2004; Petit-Haertlen et al., 2010). Phosphorylated CzcR activates the expression of czcCBA operon 

encoding an efflux pump specific for zinc, cadmium, and cobalt. Liu et al. (2015) reported that czcRSs regulated the 

expression of czcCBA and a cross-link existed between different czcRSs in the heavy metal resistance of Pseudomonas 

putida X4. 
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TABLE 7 

IDENTITY OF CADMIUM-RESISTANT RELATED GENES NUCLEOTIDE AND AMINO ACID SEQUENCES BETWEEN 

STRAIN RCD 12 OF CUPRIAVIDUS TAIWANENSIS AND PUBLISHED DATA FROM NCBI GENBANK 

Gene Strain 
NCBI GenBank 

(CP000354) 

Nucleotide 

sequences 

identity (%)
1
 

Amino acid 

sequences 

identity 

(%)
1
 

Suppositional function 

cadA rcd 12 R. metallidurans CH34 98 98 Heavy metal translocating P-type ATPase 

czcN rcd 12 R. metallidurans CH34 98 98 Cobalt-zinc-cadmium resistance protein CzcN 

czcI rcd 12 R. metallidurans CH34 97 98 Cobalt-zinc-cadmium resistance protein CzcI 

czcC rcd 12 R. metallidurans CH34 99 99 Outer membrane efflux protein 

czcB rcd 12 R. metallidurans CH34 99 99 
Cobalt-zinc-cadmium resistance protein CzcB, 

Membrane Fusion Protein cluster 2 

czcA rcd 12 R. metallidurans CH34 99 99 
Heavy metal efflux pump CzcA, 

Cation efflux system protein CzcA 

czcD rcd 12 R. metallidurans CH34 99 100 Cobalt-zinc-cadmium resistance protein, CzcD 

czcR rcd 12 R. metallidurans CH34 98 98 
Two component heavy metal response 

transcriptional regulator, winged helix family 

czcS rcd 12 R. metallidurans CH34 98 98 
Heavy metal sensor signal transduction histidine 

kinase 

czcE rcd 12 R. metallidurans CH34 98 99 ORF131 protein 
1 
Identity (%) of nucleotide acid sequences was compared using the BLASTn program and amino acid sequences were 

compared using the BLASTx program of NCBI. 

TABLE 8 

IDENTITY OF CZCC NUCLEOTIDE AND AMINO ACID SEQUENCES BETWEEN TESTED STRAINS OF CUPRIAVIDUS 

AND RALSTONIA SPP. AND PUBLISHED DATA FROM NCBI GENBANK 

Strains Species 
NCBI GenBank 

(CP000354) 

Nucleotide 

sequences 

identity (%)
1
 

Amino acid 

sequences 

identity (%)
1
 

Suppositional function 

rcd 6 C. metallidurans C. metallidurans CH34 75 88 Outer membrane efflux protein 

rcd 12 C. taiwanensis C.  metallidurans CH34 99 99 Outer membrane efflux protein 

nod s1 C. taiwanensis C. metallidurans CH34 75 88 Outer membrane efflux protein 

PSS161 R. solanacearum C. metallidurans CH34 75 88 Outer membrane efflux protein 
1 
Identity (%) of nucleotide acid sequences was compared using the BLASTn program and amino acid sequences were 

compared using the BLASTx program of NCBI. 

CzcA is one of the primary proteins in cadmium, cobalt and zinc resistance in several microorganisms, including the tolerant 

bacterium Cupriavidus metallidurans CH34 (Nies, 2003), Caulobacter crescentus CB15N (Hu et al., 2005), Pseudomonas 

putida CD2 (Hu and Zhao, 2007), Sinorhizobium meliloti 1021 (Rossbach et al., 2008) and Gluconacetobacter 

diazotrophicus PAl 5 (Intorne et al., 2012).  

When czcA used as probe in a Southern blot analysis, the results revealed that this operon was located on plasmid and 

chromosome as well (Chen et al., 2005). In order to further confirm the results of PCR amplification, the czcA and czcC 

probes were prepared for Southern blot hybridization. The results showed only the strain rcd 12 and rcd 21 (Cupriavidus 

taiwanensis) have the hybridization signals on the position of DNA digestion fragment (>10 kb). However, no hybridization 

results were found on other tested strains rcd 6, rcd 8 (C. metallidurans), nod 1, nod s1, nod s2, nod s7 (C. taiwanensis), 

PSS36, PS99, PSS161 and PSS189 (R. solanacearum) (Fig. 6 and Fig. 7).  
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FIG. 6. Bacterial genomic DNA digested with the restriction enzyme BamHI and separated by gel electrophoresis 

(Left). The detection of specific DNA fragment czcC in lanes 3 and 4 by Southern blot hybridization (Right). 

M1: 1 kb DNA Ladder Marker; Lanes 1-2: strains rcd 6 and 8 (Cupriavidus metallidurans), Lanes 3-4: rcd 12 and 21 (C. 

taiwanensis); Lanes 5-8: strains nod 1, nod s1, s2 and s7 (C. taiwanensis); Lanes 9-12: strains PSS36, PS99, PSS161, and 

PSS189 (Ralstonia solanacearum); M2: Lambda DNA/HindIII Marker.  

 

 

 
 
 
 
 
 
 
 
 
 

FIG. 7. Bacterial genomic DNA digested with the restriction enzyme BamHI and separated by gel electrophoresis 

(Left). The detection of specific DNA fragment czcA in lanes 3 and 4 by Southern blot hybridization (Right). 

M1: 1 kb DNA Ladder Marker; Lanes 1-2: strains rcd 6 and 8 (Cupriavidus metallidurans), Lanes 3-4: rcd 12 and 21 (C. 

taiwanensis); Lanes 5-8: strains nod 1, nod s1, s2 and s7 (C. taiwanensis); Lanes 9-12: strains PSS36, PS99, PSS161, and 

PSS189 (Ralstonia solanacearum); M2: Lambda DNA/HindIII Marker.  

 

As concluding remarks, our findings have demonstrated that the higher cadmium resistant capability of strains rcd 12, 14, 21 

(Cupriavidus taiwanensis) was related to the presence of cadA and czc efflux system (czcN, czcI, czcC, czcB, czcA, czcD, 

czcR, czcS and czcE). In addition to this, some strains of Cupriavidus species and Ralstonia solanacearum, rcd 6, 8, 19 (C. 

metallidurans), nod s1 to nod s6, s9, s11 (C. taiwanensis) and PSS161 (R. solanacearum), exhibit moderately elevated 

cadmium resistance. Our results revealed that cadmium resistant capability in these Cupriavidus and Ralstonia strains was 

related to the presence of czcC, thought to encode the outer membrane factor (OMF) of czc efflux system.  
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monitoring of the pH, EC electrical conductivity, sodium, chloride, sulphate, calcium, magnesium, potassium, bicarbonate, 

ammonium and nitrates. 

II. MATERIAL AND METHOD 

2.1 Study area 

The Gharb region is bordered on the west by the Atlantic sea, bordered to the north by the pre-Rif hills and to the south by 

the Maâmora shelf (Fig.1). It is composed of a coastal zone (dune cord, flooded depressions, interior dunes), continental 

borders and the central alluvial plain of the lower Sebou which is the main river. The Sebou basin forms a basin between the 

Rif in the North, the Middle Atlas and the Meseta in the South, the Taza corridor in the East and the Atlantic sea in the West. 

It is the most important basin of the kingdom with approximately 38380 km
2 

and currently contains a total population of 5.73 

million inhabitants, of which 49% in urban and 51% in rural areas. It is characterized by an agricultural and industrial activity 

that contributes significantly to national economy. 

The climate prevailing on the whole basin is of Mediterranean type with oceanic influence and inside the basin the climate 

becomes more continental. The Sebou basin has a very developed industrial activity. Large units at the basin scale are: sugar 

mills, paper mills, oil mills, tanneries, cement plants, the textile industry and the oil refinery. The taking of a water sample is 

a delicate operation to which the greatest care must be taken, it determines the analytical results and the interpretation that 

will be given. In general, the sample must be homogeneous and representative, and not modify the physicochemical 

characteristics of the water (dissolved gas, suspended matter, etc) [5]. Sampling equipment should be given special attention. 

The washing of the flasks will depend on the desired analyzes on the sample. The most frequently used sampling method is 

instant sampling. The vials are filled without shaking the water and sometimes without contact with the air [6-7]. 

2.2 Study method 

2.2.1 Water removal 

1000 ml polyethylene bottles were previously rinsed with distilled water and then with the sample water in the field. 

Sampling was done in areas where the water is not stagnant and in the direction of flow. It is carried out in total immersion, 

so that the bottles are filled flush without air bubbles, in order to minimize the contamination on the one hand, and the 

evolution of the samples on the other. The water samples taken for analysis were transported at low temperature (4 °C) in 

portable coolers to the laboratory where analyzes were carried out. In addition, from one campaign to another, the samples 

were taken at approximately the same time and place for the same station. 
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FIGURE 1: GEOGRAPHICAL LOCALIZATION OF SAMPLING AREA GHARB MOROCCO 

2.2.2 Water analyzes 

In the present study the parameters that were analyzed are: pH, electrical conductivity (EC), calcium (Ca
++

), magnesium 

(Mg
++

), sodium (Na
+
), potassium (K

+
), carbonate and bicarbonate (CO3-- HCO3-), chlorides (Cl-), sulphates (SO4--), 

ammonium (NH4 
+
) and nitrate (NO3-). The devices used are Assays C831, Jenway flame photometer, NOVASPEC II 

pharmacy-type spectrophotometer, UV-Visible spectrophotometer (Fig. 2, 3) [8-11]. 

Calcium and magnesium are determined by complexometry with EDTA in the presence of Eriochrome black T. 

Determination of carbonates and bicarbonates by a solution of 0.02N sulfuric acid in the presence of phenophthalein and 

bromocresol green as a colored indicator. Determination of the combined chloride in the chloride state by silver nitrate, in the 

presence of a solution of potassium chromate. Determination of sulfates by colorimetry by precipitation of sulphate ions in 

the presence of barium chloride in a hydrochloric acid medium in the form of barium sulphate. Determination of nitrates and 

ammoniums by distillation in the presence of a catalyst respectively magnesium oxide and alloy DEVARDA. NH4
+
 and NO3- 

are collected in a boric acid solution and finally assay with H2SO4. 
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FIGURE 2: DEVICES FOR MEASURING WATER QUALITY IN THE TRAINING LABORATORY (ORMVAG-

KENITRA) 
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FIGURE 3: METHODS OF ASSAYS AND TITRATIONS OF MINERAL ELEMENTS IN THE WATER OF THE LOWER 

SEBOU 
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TABLE 2 

PHYSICOCHEMICAL DATA (CATIONS) OF THE RAW WATERS OF THE LOWER SEBOU RIVER 

Stations 
Ca2+ 

mg/L 

Mg2+ 

mg/L 

K+ 

mg/L 

Na+ 

mg/L 

NH4+ 

mg/L 

TH 

mg/L 

CE 

µS/cm 

S1 97,6 89,04 6,44 1240 0,18 6,15 1190 

S2 118 46,56 6,24 1270 0,43 4,89 1120 

S3 126,4 59,52 2,54 1560 0,04 5,72 1240 

S4 166,4 17,76 5,27 1360 0,68 4,9 1160 

SD5 150,8 44,4 4,29 1820 0,22 5,62 1430 

SD6 169,2 68,64 9,56 1330 0,18 7,09 1400 

SD7 148,4 51,36 4,68 1470 0,68 5,85 1490 

SD8 220,4 111,6 12,48 1840 0,5 10,16 2370 

SD9 217,6 17,28 3,71 51 0,68 6,16 629 

SD10 914,4 631,2 5,07 140 1,76 49,16 15820 

SD11 148,4 26,64 6,63 190 15,34 4,82 11960 

SD12 314,8 39,36 17,55 390 0,54 9,51 22760 

SD13 170,8 124,08 9,75 2530 2,66 9,44 2200 

SD14 1072,8 74,88 15,99 150 1,26 57,94 16700 

SD15 144,8 94,08 7,41 400 1,29 7,54 1660 

SD16 174 99,36 2,73 120 1,51 8,49 880 

 

  

FIGURE 4: PIPER AND WILCOX DIAGRAMS OF WATER OF THE LOWER SEBOU 
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degrading fungal cell walls (Lee et al., 2009; Chen et al., 2012; Patil et al., 2012). Furthermore, Penicillium sp. also produce 

antimicrobial compounds that could control a wide spectrum of microorganisms (Komai et al., 2006; Wang et al., 2008). 

In this study, we reported the screening and isolation of endophytic fungi from healthy dragon fruit plant. The antifungal 

activity of the potential strain against C. gloeosporioides was also characterized. The introduction of the paper should explain 

the nature of the problem, previous work, purpose, and the contribution of the paper. The contents of each section may be 

provided to understand easily about the paper. 

II. MATERIAL AND METHOD 

2.1 Sample collection 

Stem and aerial root samples of healthy dragon fruit plants were collected from the dragon fruit field at three different 

locations in Malaysia including Telong, Kelantan; Mantin; Negeri Sembilan; and Serdang, Selangor from May 2011 to 

August 2011. The samples were collected using a clean knife and immediately processed for isolation of the endophytic 

fungi. 

2.2 Fungal pathogen 

The plant pathogenic fungus C.gloeosporioides (Accession number: MARDICG1) was obtained from the Malaysian 

Agriculture Research and Development Institute (MARDI), Serdang, Selangor, Malaysia. The fungus was maintained on 

potato dextrose agar (PDA) medium and stored at 4°C. 

2.3 Isolation of endophytic fungi 

The isolation of endophytic fungi followed the method described by Tan et al. (2006) with slight modifications. Malt extract 

agar (MEA), Potato Dextrose Agar (PDA) and Czapek Dox Agar (CDA) were used as isolation media. The dragon fruit plant 

part was cut approximately to 4 cm in length with a sterilized blade, cleaned by washing under running tap water several 

times and dried in a laminar airflow. Then the prepared organ was surface sterilized with 70% (v/v) ethanol for 1 min 

followed by 2% NaOCl for 1 min and then sequentially rinsed in sterile distilled water three times and dried on sterile filter 

paper. The surface sterilized organ was cut approximately to about 5 mm in length using a sterile blade and placed onto the 

isolation medium. All the plates were incubated at 30°C for 7 to 15 days. Individual hyphal tips developed from the stems 

were transferred onto fresh PDA plates to get pure culture.  

2.4 Dual culture test of endophytic fungi against C.gloeosporioides 

All the pure cultures of the endophytic fungi were tested for their antagonistic activity against C.gloeosporioides using dual 

culture test on PDA plate.  Agar discs (10 mm diameter) of pure endophytic fungus and fungal pathogen from 7 day old 

cultures were put at the periphery of the PDA plate opposed to each other. As for the control, the pathogen was inoculated on 

PDA with no opposed fungi. All the plates were incubated at 30°C and observed daily for 7 days. Antagonistic activity was 

observed daily for seven days after incubation. Fungal strains that showed mutual inhibition were chosen and the size of the 

inhibition zone was measured. 

2.5 Cultivation of the potential strains for production of antifungal compounds 

The strains that exhibited mutual inhibiton were selected and cultivated for the production of antifungal compounds. An agar 

plug of the pure culture of the potential strain was inoculated into 100 ml of Richard medium (KNO3, 1 g/l; glucose, 30 g/; 

KH2PO4, 0.5 g/l; MgSO4.7H2O, 0.25 g/l; FeCl3, 0.001 g/l) pH 5.5 in a 250 ml of conical flask. The flask was incubated on 

rotary shaker at 30°C, 150 rpm for 10 days. Each strain was prepared in triplicates. 

2.6 Extraction of metabolite 

Following fermentation, the mycelia of the fungi were separated from the fermentation broth by passing through a funnel 

layered with cotton wool. The mycelia were placed in a beaker and an equal volume of ethylacetate was added into the 

beaker. This mixture was left at room temperature overnight. The solvent fraction was separated and collected from the 

mixture. As for the fermentation broth, the broth was transferred into a conical flask and an equal volume of ethylacetate was 

added into the broth. The mixture was stirred using a magnetic stirrer for an hour. After that the solvent phase was separated 

and collected from the mixture using a separatory funnel. An equal volume of ethylacetate was added for the second time and 







International Journal of Environmental & Agriculture Research (IJOEAR)         ISSN:[2454-1850]              [Vol-4, Issue-1, January- 2018] 

Page | 69  

III. RESULTS 

3.1 Isolation of endophytic fungi 

A group of 126 endophytic fungi were successfully isolated from healthy dragon fruit plants from three different locations in 

Malaysia. Of that number, 86 endophytic fungi were isolated from stem whereas 40 strains were isolated from aerial roots. 

Based on morphological identification of the endophtic fungi isolated, Aspergillus sp., Phoma sp., Monilia sp., Botrytis sp., 

Trichoderma sp., Penicillium sp. and Fusarium sp. were among the fungal species that resided in dragon fruit plants. Some 

endophytic fungi did not have reproductive structures and could not be identified.  

3.2 Dual culture test and disc diffusion test of potential strains against C.gloeosporioides 

Based on the interactions observed in the dual culture test plates, seven strains showed mutual inhibition interaction against 

C.gloeosporioides. Further screening of the seven potential strains was carried out by using the disc diffusion test. Referring 

to table 1, strain T3.3 exhibited the highest antifungal activity against the pathogen tested. The highest inhibition zone against 

C.gloeosporioides was exhibited by strain T3.3 whereas the lowest inhibition zone was shown by strain Ma6. Strain T3.3 

produced inhibition zone of 12±1.00 mm (Fig 1). The 10 mg/mL of crude extract of this isolate could inhibit the growth of 

C.gloeosporioides by 33.33±2.89%. 

TABLE 1 

INHIBITION ZONE AND ANTIFUNGAL ACTIVITIES OF SELECTED ENDOPHYTIC FUNGI ISOLATED FROM DRAGON 

FRUIT PLANT AGAINST C.GLOEOSPORIOIDES 

Strain Origin Inhibition zone
 
(mm)

a 
PIRG of crude extract (%)

b 

T3.3 Telong, Kelantan 12±1.00 33.33±2.89 

Mn10 Mantin, Negeri Sembilan 4±1.00 20.00±5.00 

UN9 Telong, Kelantan 6±0.50 26.67±2.89 

TPU22 UPM, Selangor 8±0.50 26.67±5.77 

Ma6 Telong, Kelantan 3±0.50 13.33±5.77 

TPU19 UPM, Selangor 4±0.86 15.00±0.00 

Mn21 Mantin, Negeri Sembilan 6±1.00 23.33±5.77 
a
The size of inhibition was measured when the three colonies in the control covered the whole plate. 

b
The PIRG value was measured when the three colonies in the control reached the disc with no crude extract. 

 

FIG. 1: Growth inhibition of C.gloeosporioides by endophytic strain T3.3 cultured on PDA plate at 30°C for 

1 week. Left: control; right: in the presence of strain T3.3. 
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3.8 Scanning electron microscopy 

The SEM images revealed no direct contact between the hyphae of endophytic P.oxalicum T3.3 and C.gloeosporioides. The 

hyphae of C.gloeosporioides showed normal and rigid structure in the absence of P.oxalicum T3.3 (Fig. 5a). Compared to the 

pathogen hyphae in the control plate, there were severe morphological alterations in hyphae of this pathogen in the presence 

of P.oxalicum T3.3. The mycelial cell wall of this pathogen showed abnormal growth and became disintegrated resulting in 

growth inhibition of the fungal pathogen (Fig. 5b). The metabolites secreted by the endophytic P.oxalicum T3.3 in the 

medium had evoked abnormal growth of C.gloeosporioides where the growth of the hyphae became irregular, such as 

shriveling of the pathogen hyphae (Fig. 5c), necrosis of the hyphal cell wall (Fig. 5d) and leakage in the hyphae of 

C.gloeosporioides (Fig. 5e). 

  
FIG. 5 (a): intact and healthy C.gloeosporioides hyphae 

from control plate 
FIG. 5(b): abnormal growth of C.gloeosporioides 

  

FIG. 5(C) distorted hyphal growth FIG. 5(d) shriveled C.gloeosporioides hyphae 

 
FIG. 5(e) Incomplete cell wall formation causing cytoplasm leakage from the hyphae. 

 























 


	1.pdf (p.1)
	2.pdf (p.2-6)
	3.pdf (p.7-8)
	4.pdf (p.9-17)

