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ABSTRACT 
This study investigate the influence of different levels of charcoal and inorganic fertilizer on the some 

growth and yield parameters of flax crop. The study conducted in Grdarasha Field which is belong to the 

College of Agricultural Engineering Sciences, Salahaddin University – Erbil in the 2017 – 2018 growing 

season. Charcoal has not been yet applied as a fertilizer in flax field and any crops in Kurdistan, therefore 

its potential effect has been investigated for the first time in this study. Interaction among charcoal and 

potassium at the rate of (800g/m2 and 60kg/ha), respectively were caused to significantly improve some 

growth and yield parameters such as plant height, technical stem length, total fresh yield and dry stem 

yield by the about (63.4cm, 46.3cm, 11.5 t/ha and 3.5 t/ha), respectively. Additionally, potassium alone 

especially at the rate of 60kg/ha showed an impact role to provide high value of both growth and 

yieldstudied characteristics. On the bright of the results, an opportunity could be seen to do more 

researches in the future about the effects of charcoal and inorganic fertilizers not only on flax but also on 

other crops. 
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1. INTRODUCTION 
 

lax is one ofthe trade and industral crop 

which plays an important role in regional 

policy through its local fabrication as well as 

exportation (Khalifa et al., 2011). Nevertheless, 

it is one of the most important medicinal plants; 

therefore, human consumption of the flax is 

increasing rapidly for food and industry 

(Khourang et al., 2012). Additionally, which is a 

multipurpose crop that can be growing for 

extraction oil from its seeds and fiber from stems 

(Martin et al., 2006). Other products substitute 

for linseed oil in paints. The health benefits of 

flaxseedsincreased market value for the crop. 

Charcoal increases nutrient contents and 

nutrient retention capacity of the soil,which was 

improved nutrient supply for plants and reduced 

nutrient losses by leaching (Glaser et al., 2002). 

Oguntunde et al.(2004) reported that the 

nutrient availability increased due to charcoal 

residues in the kiln sites.Charcoal addingto the 

soilestablished to sustain fertility if an extra 

nutrient source is provided. In comparison with 

soil fertilized by a mineral nutrients, the soil 

fertilized with charcoal the releasingand 

availability of (P, K, Ca, Mg, and N) did not 

reduced (Steiner et al., 2007). Application of 

charcoal and different levels of nitrogen affected 

significantly of chemical and physical properties 

of soil in one side and growth and yield 

parameters of kenaf in other side (Malisa et al., 

2011). Three different grain sizes of charcoal 

were added to the soil to reduce nutrient 

leaching from the soil and to improve plant 

growth (Kingshuk et al., 2012). Gale et al. 

(2017) reported that plants in biochar treatments 

flowered earlier and produce more biomass 

overall. 

Potassium has an important role in the growth 

of plants. Different levels of potassium fertilizer 

were apllaied to two varieties of kenaf FH-952 

and 4383 that planted in 2013 at  Universiti 

Putra Malaysia (UPM). Growth and yield 

parameters were improved by adding potassium 

especially at the rate of 150 kg/ha (Salih et al., 

2014a). Additionally, potassium has probable 

cause in an increasing the amount of crop yield 

and improving the quality of plants. Further, it 

improves nitrogen use efficiency which is 

directly linked to production of cellulose and 
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protein content in the cell wall of the plant fibers 

(Salih, 2015). 

2. MATERIALS AND METHODS 

 

The study was carried out in Gardarasha 

Field, College of Agricultural Engineering 

Sciences, Salahaddin University – Erbil. Local 

charcoal was selected as a first factor in different 

levels (0, 250 and 800 g/m2), and inorganic 

fertilizer potassium KCl was applied as the 

second factor at the rates of (0, 60 and 140 

kg/ha) giving a total 27 treatments. The 

experimental design used was Factorial 

Randomized Complete Block Design (RCBD). 

Twenty seven treatments weretested in three 

replications.Each treatment was applied on 1m2 

plots (1m × 1m) (Figure 1). The variety of 

flaxused was Thorshansity 72, Poland cultivar, 

sowing was done manually on 1st December 

2017. Seeds were planted in row, each plot 

consisted of 8 rows, the space between the rows 

was 8 cm, and the seed rate was 8 g/m2. 

Charcoal was mixed with soil of the surface 

layer of each plots at the same day of the 

sowing, while potassium was added on 15 

January 2018. Seeds were germinated after 13 

days of planting, on 8 January 2018 thinning was 

done. Plots were irrigated 18 times. Weeding 

control were done manually which was nearly 8 

times. Table 1 shows the meaning of treatments 

abbreviations.

 

 
 

 
Fig. (1): Field experimental design. 

 

 

 
Table (1). Meaning of abbreviations 

Abbreviations Meaning 

C0K0 Charcoal zero g/m2, potassium 
zerokg/ha(control) 

C0K60 Charcoal zero g/m2, potassium 60 kg/ha 

C0K140 Charcoal zero g/m2, potassium 140 kg/ha 

C250K0 Charcoal 250 g/m2, potassium zero kg/ha 

C250K60 Charcoal 250 g/m2, potassium 60 kg/ha 

C250K140 Charcoal 250 g/m2, potassium 140 kg/ha 

C800K0 Charcoal 800 g/m2, potassium zero kg/ha 

C800K60 Charcoal 800 g/m2, potassium 60 kg/ha 

C800K140 Charcoal 800 g/m2, potassium 140 kg/ha 
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Data collection 

Ten plant samples at full maturity stage were 

selected from each experimental unit to estimate 

the following characteristics: 

1. Plant height (cm). 

2. Technical stem length (cm). 

3. Number of fruit branches/plant. 

4. Number of capsules/plant. 

5. Number of seeds/capsule. 

6. Stem diameter (mm). 

Plants were also harvested from the whole 

plots to determine some parameters in relation to 

yield  such as: 

1. Total fresh yield (t/ha). 

2. Dry stem yield (t/ha). 

3.  
3. RESULTS AND DISCUSSIONS 

 

Based on ANOVA (Table 2) and figures 

(2,3,4,5,6,7,8 and 9) there were highly 

significant effect (p=0.05)of different levels of 

charcoal, potassium and interaction between 

them on some growth and yield parameters.

 

 

Table (2). The analysis of variance (ANOVA) for the effect of different levels of charcoal and 

potassium on growth and yield parameters 
Source of Variation  *DF  PH TSL NFB/P NC/P NS/C SD TFY DSY 

  Mean Square 

Charcoal  2 4.15 17.71 0.06 9.41 0.07 0.02 0.34 0.18 

Potassium  2 70.14 14.28 0.01 2.18 0.15 0.01 4.07 1.23 

Charcoal × Potassium  4 21.14 24.01 0.42 1.66 0.16 0.01 1.90 0.47 

  F. value 

Charcoal 2 3.47 27.85 2.47 113.98 0.87 5.33 0.65 1.60 

Potassium 2 58.77 22.46 0.27 26.40 1.99 3.00 7.72 11.20 

Charcoal × Potassium 4 17.72 37.75 16.32 20.06 2.00 2.33 3.60 4.25 

  P. value 

Charcoal 2 0.06 0.00 0.12 0.00 0.44 0.02 0.54 0.23 

Potassium 2 0.00 0.00 0.77 0.00 0.17 0.08 0.01 0.00 

Charcoal × Potassium 4 0.00 0.00 0.00 0.00 0.14 0.10 0.03 0.02 

* Significant occurs when P.value ≤ 0.05. 

DF = Degree of Freedom. PH=Plant Height, TSL=Technical Stem Length, NFB/P=Number of Fruit 

Branches/Plant, NC/P=Number of Capsules/Plant, NS/C=Number of Seeds/Capsule, SD=Stem Diameter, 

TFY=Total Fresh Yield, DSY=Dry Stem Yield 

 
Plant height was increased dramatically with 

the addition of charcoal and potassium at the rate 

of (800g/m2 and 60kg/ha), respectively which 

was 63.4cm (Figure 2). This change might be 

due to effect of potassium of cell wall 

deviation(Salih et al., 2014b), since at the 

control treatment without charcoal and 

potassium the plant height was only 58.9cm but 

with adding potassium at the rate of 60 kg/ha 

plant height improved to (60.5cm).Also,it could 

be directly relationship to biochar affecting by 

improving soil quality (Bakry et al., 2014). Gale 

et al. (2017) was also showed the importance of 

biochar or charcoal on plant growth. However, 

the impact of different levels of charcoal and 

nitrogen fertilizer on kenaf plant were found by 

(Malisa et al., 2011).
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Fig. (2): Effect of charcoal and potassium and their interaction on plant height (cm). 

 
The importance of interaction between 

charcoal and potassium fertilizer was also found 

on technical stem length (Figure 3). The longest 

technical stem length was recorded in both 

control and interaction treatments charcoal and 

potassium at the rate of (800g/m2 and 60kg/ha) 

respectively, which was 46.3 cm. Despite the 

fact that thetechnical stem length was 45.5cm 

when potassium was added alone at the rate of 

60kg/ha, so this value reduced with charcoal 

alone 250g/m2 to 40.9cm. These outcomes 

showed the impact of charcoal on plant ability to 

uptake potassium and other nutrients in the soil. 

Similar results were recorded by (Bakry et al., 

2014 and Bakry et al., 2015).

 
 

 
Fig. (3): Effect of charcoal and potassium and their interaction on technical stem length (cm). 

 

The greatest value of number of fruit 

branches/plant and number of capsules/plant 

were recorded in both of charcoal and potassium 

treatments at the rate of (250g/m2 and 

60kg/ha)and (250g/m2 and 140kg/ha), 

respectively (Figures 4 and 5). These results are 

in agreement with the results of (Shaaban and 

Abou El-Nour, 2012) who reported that the 

number of shoots and capsules/plant of flax were 

effected signifecantelly by adding K2SO4.Also, 

the current study is supported by Faloye et al. 

(2017) who reached to the fact that the combined 

application of fertilizer and biochar improved 

the crop development better than when applied 

individually.
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Fig. (4): Effect of charcoal and potassium and their interaction on number of fruit branches/plant. 

 
Fig. (5): Effect of charcoal and potassium and their interaction on number of capsules/plant. 

 
Number of seeds/capsule was increased with 

adding charcoal at the rate of 250g/m2 which was 

about (8.8 seeds/capsule), (Figure 6). 

Additionally, potassium alone at the rate of 

140kg/ha and  charcoal with potassium at the 

rate of (800g/m2 and 60kg/ha) produced 

approximately 8.7 seeds/capsule which was too 

close to the best result or endpoint according to 

the results from this study because,increasing 

fertilizer dose of N:P:K significantly increased 

number of seeds/capsule (Gupta et al., 2017).
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Fig.(6): Effect of charcoal and potassium and their interaction on number of seeds/capsule. 

 

 

Stem diameter was also significantly 

increased by potassium and charcoal addition 

and their interaction. In the control treatment the 

value of the stem diameter was only about 

(1.6mm), while this result improved with adding 

potassium at the rate of (60kg/ha), and charcoal 

with potassium (250g/m2 and 140kg/ha) which 

was about (1.8mm) (Figure 7).

  

 

 
Fig. (7): Effect of charcoal and potassium and their interaction on stem diameter (mm). 

 
 

Total fresh yield and dry stem yield were the 

parameters which relationship to fiber yield or 

straw yield determined during this current study 

(Figures 8 and 9). In the control treatment the 

value of the total fresh yield and dry stem yield 

were about (10.8 and 2.8 t/ha), respectively. 

While, these results improved with adding 

potassium at the rate of (60 kg/ha), which were 

approximately (11.3 and 3.3 t/ha), respectively. 

Potassium fertilizer has an impact role to 

improve not only the yield but also the quality. 

These results were in agreement with (Salih et 

al., 2014a; Salih et al., 2014b; Salih et al., 

2014c; Salih et al., 2015; Salih, 2015; and Salih 

et al., 2016).
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Fig. (8): Effect of charcoal and potassium and their interaction on total fresh yield (t/ha). 

 

Interaction among charcoal and potassium 

also significantly increased yield parameters. As 

mentioned earlier, charcoal may caused to 

improve soil chemical, biological, and physical 

properties and plant ability to uptake nutrients, 

thus improve crop production. similar fact about 

affecting of charcoal and fertilizers on soil and 

plant were stated by (Steiner et al., 2007). The 

greatest value of the total fresh yield and dry 

stem yield were recorded when charcoal and 

potassium added at the rate of (800g/m2 and 

60kg/ha), respectively which was about (11.5 

and 3.5 t/ha), respectively.

 

 

 
Fig. (9): Effect of charcoal and potassium and their interaction on dry stem yield (t/ha). 

 
4. CONCLUSIONS 

 

The current study is strongly indicating the 

importance of including charcoal and potassium 

application in improving the growth and 

productivity of flax. The results directly confirm 

the role of charcoal, potassium, and their 

interaction on the parameters were studied. 

Finally, future research must be focused on 

testing different sources and types and amount 

and size of charcoal, to obtain the right effect of 

charcoal on quantity and quality of plant 

production. 
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بو ئاستێن جیاواز ژ .(  Linum usitatissimum L)بەرسڤدانا گەشەو بەرهەمێ دەرامەتێ کەتان 

 عێراق-رەژی و پەینێ پوتاسی ل هەڤلێر، هەرێما کوردستانێ
 

 پوختە

ئەڤ ڤەکولینە هاتە ئەنجامدان بو دەرئێخستنا کارتێکرنا ئاستێن جیاواز ژ رەژی و پەینێن 

لسەر سەخلتێن گەشە و بەرهەمێ دەرامەتێ کتانی. ئەڤ ڤەکولینە هاتە جێ بەجێ  نەئورگانیک

کرن ل زەڤیا ڤەکولینێ ل گردەرەش یا سەر ب کولیژا زانستێن ئەندازیاریا چاندنێ، زانکویا 

(.بو زانین پێش نها رەژی وەک پەین دزەوێ ٧١٠٢-٧١٠٢هەڤلێر ڤە بو وەرزێ چاندنێ )-سەلاحەدین

ێن دیتر نەهاتبو بکارئینان. ژ بەرڤێ چەندێ کارتێکرنا وێ بو جارا ئێکێ دڤێ کتانی و چ دەرامەت

کگم/هکتار( ٠١و  ٧گم/م٢١١ڤەکولینێ دا هاتە دیارکرن. کارتێکرنا پێکڤەیا رەژی و پوتاسی و برێژا )

لدوین ئێک بو ئەگەرێ باشبوونا بەرچاڤ دهندەک سەخلەتێن گەشەکرن و بەرهەمێ وەک 

ێژیا تەقەنیا قەدی و سەرجەمێ بەرهەمێ تەر و بەرهەمێ هشک برێژا بلنداهیا رووەکی و در

تەن/هکتار( لدوێن ئێک. زێدەباری ڤێ چەندێ هاتە دیتن کو ١٦٤تەن/هکتار، ١٦٠٠سم، ٤٦٣٠سم،٣٦٠٤)

کگم/هکتار( بو ئەگەرێ هەبوونا رولەکێ گرنگ بو ٠١کارتێکرنا پوتاسی بتنێ و بتایبەت برێژا )

سەخلەتێن هاتینە دەستنیشانکرن بو گەشەکرن و بەرهەمێ. لدوین بەرهەڤکرنا بهایێ بلند د 

ئەنجامێن هاتینە بدەستڤەئینان، دەرفەتەک هاتە رەخساندن بو ئەنجامدانا ڤەکولێن زێدەتر ل 

ئایندەیدا سەبارەت کارتێکرن پەینێ رەژی و نەئورگانیک نەبتنێ لسەر دەرامەتێ کتان بەلێ لسەر 

 دەرامەتێن دیتر ژی.

 

 

 

 

 

 

 

( لمستويات مختلفة من الفحم .Linum usitatissimum Lاستجابة نمو والحاصل الكتان )

 العراق –والأسمدة البوتاسية في أربيل ، إقليم كردستان 
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 خلاصةال

اجرى هذا البحث لدراسة تاثير مستويات مختلفة من الفحم و السماد الغير عضوي في بعض 

تنفيذ هذه الدراسة في حقل كرده ره شه التابعة خواص النمو و الحاصل لمحصول الكتان. تم 

حيث تم   .7102-7102اربيل خلال موسم النمو -جامعة صلاح الدين ،لكلية علوم الهندسة الزراعية

استخدام الفحم لاول مرة كسماد على نبات الكتان وحتى لم يستخدم مع المحاصيل الاخرى في 

كردوستان. التاثير المحتمل قد تم تحقيقه لاول مرة في هذا الدراسة. ادت المعاملات العاملية 

الى  كغم بوتاسيوم/هكتار 01و  2غم فحم /م 211بين الفحم و مستويات السماد البوتاسي بمعدل 

زيادة معنوية في نمو و معايير الانتاج كارتفاع النبات، طول الساق، حاصل الوزن الطري، حاصل 

طن/هكتار( على التوالى.  1..طن/هكتار و   00.1سم،  ..60سم،  6..0الوزن الجاف حيث بلغت )

انتاج كغم بوتاسيوم/هكتار الى تدوين اعلى قيمة لصفات النمو الخضري و ال 01كما ادت اضافة  

اعتمادا على النتائج المتحصلة من هذا البحث. وعلى ضوء النتائج التى تم الحصول عليها من 

الدراسة، من الضروري اجراء المزيد من البحوث حول تاثير الفحم و السماد البوتاسي ليس فقط 

 على محصول الكتان وانما على المحاصيل الاخرى.

 




