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ABSTRACT 

 

Two field experiments were conducted during the two successive growing seasons of 2011-2012 and 2012-

2013 in a newly cultivated sandy soil in private farm at El-Bostan area Nubaria region, Beheira Governorate, 

Egypt. The aim of this study was to study the effect of different sources of organic and bio-fertilizers i.e. sludge 

and composted municipal solid waste(C.M.S.W) combined with two types of bio-fertilizers (Azotobacter and 

yeast) on productivity and seed oil and minerals content of two flax cultivars (Linum usitatissimum  L.) i.e. 

Sakha-1 and Giza-8. The data revealed that there were significant differences between means of flax cultivars 

under study for straw yield, yield components and seed minerals content, while there were no significant 

differences for seed yield/feddan and seed oil content. The results indicated that application of the two types of 

organic fertilizers alone or combined with the two types of bio-fertilizers had significant effects on yield and its 

components as well as seed oil and minerals content as compared with the recommended mineral fertilizer 

treatment (control). Results also indicated that there were significant effects due to the interaction between flax 

cultivars and application of bio-organic treatments for all yield components traits, seed and straw yield and seed 

chemical composition. The study therefore, recommended that application of sludge or C.M.S.W manures and 

inoculation with bio-fertilizers (Azotobacter and/or yeast) is the best treatment for better growth and high seeds 

and oil yield of flax plants grown in sandy soil. 
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Introduction 

  

Flax (linum usitatissimum L.) is an annual plant grown in many different countries all over the world. In 

Egypt, it is one of the oldest crops cultivated for its oil and fiber yields as double purpose crop science pharaoh 

age. Hence they processed it in very tine linen fabrics for kings and princesses only. The oil from flaxseed is one 

of the richest of ∞ linolenic acid and is used mainly as drying oil in, paints, varnishes, other industrial and 

pharmaceutical applications and the oil extracted from unheated seeds is used for food purposes (El-Kady, 

Eman and Abd El-Fatah, 2009). Flax is an important economic crop which plays a role in our policy through its 

local fabrication as well as exportation. Although, the cultivated area in Egypt is relatively small and decreased 

dramatically in last decade, great reduction had happened in flax cultivated area which reached about, 16345 

feddan( feddan= 4200m
2
) in  2005/2006  winter season (AERMAE, 2007). This reduction was due to the strong 

competition between flax and other winter season crops such as wheat, berseem clover and other crops. Thus 

there is a great gap between the production and consumption especially in seed yield, this gap could be 

minimized by increasing the yield per unit area through new varieties characterized by high yielding potential 

and improvement of agriculture practices such as fertilization as well as, expanded of its cultivation in the newly 

reclaimed sandy soil. In this respect studies indicated that flax can successfully grow under newly reclaimed 

sandy soil conditions in Egypt, (Kandil et al., 2008) and Bakry, 2009). Meanwhile, deficiency of organic matter 

and micronutrients in such areas of soils has been shown as yield–limiting factor (El–Fouly, 1983) and organic 

manures application is effective in supplying N and other nutrients to the soil (Mostafa, 2002). Hence a greater 

effort is needed to promote the conservation and enrichment of organic matter. In addition, improving such 

conditions of sandy soil could be accomplished by the application of organic materials. Nowadays sewage 

sludge recycling is one of the main options adopted in agriculture of sandy soils because sewage sludge and 

wastes compost is plenty of organic matter and plant nutrients, especially N, P and micronutrients and are an 

effective long-lasting amendment. 

The aim of this work was to study the addition effect of sewage sludge and Composted Municipal Solid 

Waste alone and after their inoculation with two types of bio- fertilizers named, Azotobacter and yeast on flax 

crop yield, yield components and seeds mineral and oil content under field conditions in sandy soil of Egypt. 
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Material and Methods 

 

This study was conducted during the two successive growing seasons of 2011-2012 and 2012-2013. The 

experimental site is a newly cultivated sandy soil at El-Bostan area Nubaria region, Beheira Governorate, Egypt, 

where sprinkler irrigation system is generally used to study the impact of bio-organic farming system on two 

flax cultivars, i.e., Sakha-1 and Giza-8 performance in comparison with the use of recommended traditional 

chemical fertilization (N, P and K). A composite surface soil samples (0-30cm) were taken before sowing from 

the experimental site, air dried, passed through 2mm sieve pores for determination of physico-chemical 

properties. The physical and chemical properties of the experimental soil and organic fertilizers were determined 

according to Cottenie, et al, (1982) and Chapman and Pratt (1978) and are shown in Table (1).   

Municipal sewage sludge from Giza (Abu Rawash Station) and C.M.S.W (Composted Municipal Solid 

Waste) were mixed with the bio- fertilizers types (Azotobacter and yeast) and were applied during soil 

preparation at the rate of 10 m3/ fed. Chemical analysis of the tested organic wastes is presented in Table (2). 

The treatments of this study were as follows:  

1- Control (recommended mineral fertilizer.              2- Sludge.               

3- Sludge+Bio - A (Azotobacter).                              4- Sludge+ Bio – P (yeast).      

5- Sludge+ Bio (A+P).        6- C.M.S.W.                   7- C.M.S.W+Bio (A).   

8- C.M.S.W+Bio (P).          9- C.M.S.W +Bio (A+P). 

 

The experimental plots were arranged in split plot in RCB design with three replications where, flax 

cultivars were assigned in main plots and organic-bio- fertilization treatments were allocated in subplots. 

Sowing date took place on mid November, 15th in both seasons and seeds were sown in rows of 3. 5 m long 

with 15cm apart and were drilled with a rate of 60 kg/ fed. and plot area was 10.5 m
2
 (3.0 m x 3, 5 m) and 

consisted of fifteen rows. 

Each mineral fertilizers of NPK were added at the rates of 100% from that recommended by the Egyptian 

Ministry of Agriculture, i.e., 200 kg ammonium nitrate, 150 kg calcium superphosphate and 50 kg potassium 

sulphate per feddan. Phosphorus and Potassium fertilizer was added as one part before sowing during the 

preparation of land whereas; nitrogen fertilizer was splited into five equal doses i.e. 15, 30, 45, 60 and 75 days 

after sowing.  

At full maturity stage and appearance of harvesting symptoms, random representative samples of ten plants 

were taken from every experimental unit to estimate the following characteristics: 

1- Plant height (cm).   2- Dry weight/plant (g).       3- Seed yield/plant (g). 

4- Number of capsules/plant.   5- Number of fruiting branches/plant.  6- Fruiting zone length (cm).                                                       

 

Plants were harvested from each plot and dried under open air for one week and seeds were cleaned after 

removal from capsules, then the following parameters were calculated: 

1-Straw yield/feddan (ton).                                     2- Seed yield/ feddan (kg). 

 
Table 1: physico-chemical properties of the experimental site (average of the two seasons). 

Item Value Element Value 

Physical properties Available macro element (mg/100g) 

Sand% 86.00 P 0.85 L 

Silt% 11.00 K 9.92 L 

Clay% 3.00 Mg 18.00 L 

Texture Sandy Ca 92.00 L 

  Na 51.18 H 

Chemical properties Available microelement (ppm) 

PH 7.95 H Fe 7.40 L 

Ec(dS/m) 1.60 H Mn 6.50 L 

CaCO3% 1.98 L Zn 1.13 L 

O.M% 0.56 VL Cu 0.42 L 

VL= very low, L=low, M = medium   H= high, according to Ankerman and Large (1974). 

 
Table 2: Chemical analysis of the sewage sludge and C.M.S.W* for some minerals 

Type of 
Fertilizer 

O.M (%) 

Total mineral content 

N 

(%) 
P (%) 

K 

(%) 

Zn 

(%) 

Fe 

(%) 

Cu 

(%) 

Cd 

ppm 

Pb 

(ppm) 

Sludge 52.60 2.52 0.36 0.40 0.14 1.07 0.03 15.40 236 

C.M.S.W* 35.50 1.80 0.09 0.18 0.09 0.82 0.02 3.77 5.70 

C.M.S.W*: Composted Municipal Solid Waste 
 

Crude oil in the seed was determined according to A.O.A.C. (1980) using a Soxhlet apparatus and 

petroleum ether (40 – 60 
o
C).   
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The dry aching technique was used to extract mineral nutrients from dried and ground seeds as described by 

Chapman & Pratt (1978). Total N was détermined using Kjeldahl method; total P was photo metrically 

détermine using molybdate-vanadate méthode and measured by Spectrophotomètre apparats, while total K was 

measured by used Flame Photomètre. Heavy métal (Cd and Pb) was measured use Atomic Absorption 

Spectrophotomètre.  

 

Statistical analysis: 

 

The analysis of variance procedure of split-plot design according to Snedecor and Cochran (1990) was 

used. The combined analysis was conducted for the data of the two seasons after tested the variances 

homogeneity of both seasons according to Gomez and Gomez (1984). The least significant difference (LSD) 

was used to compare between different means. 

 

Results And Discussion 

 

Yield and its components: 

 

Effect of cultivar:  

 

Mean values of yield and its components for two flax cultivars from the combined analysis over two 

seasons are presented in table (3). The data revealed that there were significant differences between means of 

flax cultivars under study for yield and its components, where cultivar Sakha-1 significantly surpassed Giza–8 

cultivar for seed yield/plant, number of capsules and fruiting branches / plant, weight of plant and straw 

yield/feddan, while, Giza –8 cultivar gave the tallest plant and fruiting zone length. In addition, there were no 

significant differences between the two cultivars in respect of seed yield/feddan. In this connections, many 

investigators obtained higher levels of varietal differences in yield and its components in many regions of 

growing flax in the world, Verma and Pathak (1993), El-Nakhlay (1995), Dubey (2001), Kineber and El-Sayed 

(2004), Kineber et al. (2006), El – kady, Eman and Abd El–Fatah (2009) and khalifa et al (2011). 

 
Table 3: Main effect of varieties and bio-organic treatments on yield and yield components of two flax varieties (mean of the two seasons). 

Treatments Plant 
height 

(cm) 

Dry 
weight/plant 

(g) 

Fruiting 
zon length 

(cm) 

Number of Seed 
weight/p

lant (g) 

Straw 
yield/fed.* 

(ton) 

Seed 
yield/fed.* 

(kg) 
Capsule
s/ plnt 

Fruiting 
Branches/

plant 

Effect of varieties 

Sakha-1 114.70 7.54 25.05 43.14 12.00 2.14 1.96 721.44 

Giza-8 119.85 7.11 30.10 37.56 9.80 1.80 1.93 720.43 

L.S.D  5% 1.80 0.28 1.21 3.02 0.70 0.02 0.01 N.S 

Effect of bio- organic treatments 

Control 105.92 4.36 25.89 23.83 6.00 1.35 1.18 640.13 

Sludge 110.89 4.99 27.44 30.89 7.28 1.81 1.70 726.02 

Sludge+Bio (A) 117.33 5.76 21.50 28.00 6.78 1.06 1.61 741.50 

Sludge+ Bio (P) 117.50 7.04 22.28 44.67 12.14 1.98 2.22 729.37 

Sludge+ Bio (A+P) 121.50 7.97 31.39 45.67 9.06 2.56 2.05 740.50 

C.M.S.W 120.00 6.48 30.39 37.00 13.67 1.43 2.31 710.65 

C.M.S.W+Bio (A) 122.50 7.67 27.00 44.50 10.85 2.11 1.69 733.20 

C.M.S.W+Bio (P) 119.17 13.62 33.82 63.43 16.20 3.17 2.59 742.90 

C.M.S.W+Bio(A+P) 120.67 8.04 28.46 45.17 16.17 2.27 2.16 724.13 

L.S.D  5% 3.82 0.59 2.56 6.55 1.48 0.03 0.02 12.63 

*feddan(fed.) = 4200m2 

 

Effect of organic and bio-fertilization: 

 

Mean values of yield and its components for bio-organic treatments from the combined analysis over the 

two seasons are presented in table (3). The results revealed that application of the two types of organic fertilizers 

alone or combined with the two types of bio-fertilizers had significant effects on yield and its components.  The 

results also revealed that CMSW application as combined with Bio-2 gave the highest values of yield and all 

characteristics studied with the exception of plant height and significantly surpassed on other treatments. On the 

other hand, the mineral fertilizer treatment (control) recorded the lowest values of plant height, seed and straw 

yields. Data clearly indicated that bio- fertilizer addition either to sludge or CMSW organic fertilizers led to 

plant growth enhancing and gave increments of most studied characteristics values. This might be due to the 

ability of the Azotobacter bacteria to release some chemical compounds that stimulate growth hormones like 

cytokinins, indoleacetic acid and gibberellins (Marha et al., 2000). In addition, the positive effects of yeast 

addition may be due to its ability to improving the environment of plant roots or because the development of the 
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yeast after its analysis into wide groups of amino acids and vitamins. Ahmed et al. (1995) and Glick (1995) 

recorded that the yeast be capable of increasing the simulative growth compounds like gibberellins, auxins and 

cytokinins that act in improving plant cell division and growth. 

 

Effect of the interactions:  

 

Results presented in table (4) indicated that there were significant effects due to the interaction between flax 

varieties and application of bio-organic fertilizers for all yield components traits, seed and straw yield. Also, it is 

clear that the highest mean values for most studied characteristics of yield and yield components, i.e. seed yield / 

plant, number of capsules/plant, weight of plant , straw and seed yields / feddan were obtained from Giza –8 

cultivar under treated with CMSW + Bio(P). On the other hand the treatments of CMSW+ Bio (A),Sludge 

+Bio(A+P) and CMSW+ Bio(A+P) on Giza–8 cultivar resulted the highest values of plant height, fruiting zone 

length and fruiting branches per plant, respectively. 

However, cultivar Sakha-1 showed the lowest values of plant height, plant weight and straw yield/feddan 

under the mineral fertilizer treatment (control) as well as Giza–8 and Sakha-1 cultivars with the mineral 

fertilizer treatment (control) recorded the lowest value of seed yield/feddan.  In addition Giza–8 cultivar with 

sludge addition was recorded the lowest number of fruiting branches and capsules/plant. 

 
Table 4: Interactions effect of varieties and bio-organic treatments on yield and yield components of two flax varieties (mean of the two 

seasons). 

Varieties Treatments Plant 

height 

(cm) 

Dry 

weight/plant 

(g) 

Fruiting 

zon 

length 
(cm) 

Number of Seed 

weight/

plant 
(g) 

Straw 

yield/fed. 

(ton) 

Seed 

yield/fed. 

(kg) 
Capsules

/ plnt 

Fruiting 

Branches/
plant 

Sakha-1 Control 99.17 4.61 29.33 27.00 7.67 1.68 0.89 647.73 

Sludge 104.44 3.77 26.67 27.44 8.00 1.52 1.48 710.53 

Sludge+Bio (A) 117.33 5.25 22.63 30.67 4.56 0.99 1.31 742.00 

Sludge+ Bio (P) 116.00 8.50 14.00 52.67 19.50 2.16 2.82 724.90 

Sludge+ Bio (A+P) 119.33 8.46 23.59 51.33 10.11 3.60 2.13 744.03 

C.M.S.W 119.67 6.28 30.11 42.67 15.67 1.40 2.76 736.37 

C.M.S.W+Bio (A) 121.00 11.12 27.00 60.33 16.70 3.03 1.52 734.90 

C.M.S.W+Bio (P) 116.67 13.15 32.45 62.52 14.83 3.14 2.30 740.90 

C.M.S.W+Bio(A+

P) 

118.67 6.75 19.67 33.67 11.00 1.74 2.45 704.33 

Giza-8 Control 112.67 4.10 22.44 20.67 4.33 1.01 1.48 632.53 

Sludge 117.33 6.21 28.22 34.33 6.56 2.09 1.92 741.50 

Sludge+Bio (A) 117.33 6.26 20.37 25.33 9.00 1.12 1.91 741.00 

Sludge+ Bio (P) 119.00 5.59 30.56 36.67 14.33 1.80 1.63 733.83 

Sludge+ Bio (A+P) 123.67 7.48 39.19 40.00 8.00 1.52 1.98 736.97 

C.M.S.W 120.33 6.68 30.67 31.33 11.67 1.45 1.85 684.93 

C.M.S.W+Bio (A) 124.00 4.22 27.00 28.67 5.00 1.20 1.85 731.50 

C.M.S.W+Bio (P) 121.67 14.09 35.19 64.33 17.56 3.19 2.88 744.90 

C.M.S.W+Bio(A+

P) 

122.67 9.33 37.26 56.67 21.33 2.81 1.87 736.67 

L.S.D 5% 5.42 0.84 3.64 9.27 2.10 0.04 0.03 17.95 

 

Seed oil and minerals content: 

 

Effect of cultivar: 

 

As shown from table (5), there are no significant differences in seed oil percentage among the two cultivars, 

while there are significant differences in seed N, P, K Cd and Pb contents. Data clearly indicated that Sakha-1 

cultivar exhibited significantly surpassed on Giza–8 for all seed minerals content except N. The differences 

between flax cultivars in seeds oil and minerals content were reported by, Moawed, (2001), El–Kady, Eman and 

Abd El–Fatah (2009) and Khalifa et al (2011). 

 

Effect of organic and bio-fertilization: 

 

According to the data presented in Table (5), average seed oil and mineral content were significantly differed 
between treatments. It is clear that the highest values of seeds oil content were resulted from the addition of two 
types of bio-fertilizers combined with either sludge or C.M.S.W organic fertilizer. In addition, the highest seeds 
content of N, P, and K were obtained by sludge + Bio(B), C.M.S.W and sludge + Bio (A+B) treatments, 
respectively. With respect to the influence of bio-organic fertilization on some heavy metal accumulation in 
seeds, data given in table(4) clearly showed that sludge + Bio (A) and C.M.S.W treatments led to the highest 
values of heavy metals i.e. Cd and Pb accumulation in seeds, respectively. These results are in agreement with 
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those obtained by Awad (1991) and Rabie et al. (1997). The enhancement of mieral uptake by plants due to bio 
fertilizers addition may be as a result of changing in rhizosphere pH which affect on nutrient uptake. In this 
context, Tinker 1984   reported that soil and rhizosphere bacteria can affect the mineral nutrition of plants by 
changing root-uptake characteristics, due to a modification of root morphology or alteration of uptake 
mechanisms, relative growth rate or internal composition of plants. Also, Bashan and Levanony (1990); Becking 
(1992) mentioned that the ability of Azotobacter and Azospirillum to change root morphology and plant growth 
rates has been widely described and commonly related to the production of biologically active substances by 
these bacteria.  

 
Table 5: Main effect of varieties and bio-organic treatments on oil and some minerals content of flax seeds (mean of the two seasons). 

Treatments Oil N P K Cd Pb 

(  %  ) (ppm) 

Effect of varieties 

Sakha-1 36.79 1.50 0.19 2.11 13.78 251.44 

Giza-8 37.07 1.61 0.15 1.98 11.40 233.67 

L.S.D  5% N.S 0.02 0.02 0.04 0.24 2.37 

Effect of bio- organic treatments 

Control 35.39 0.62 0.10 1.28 11.10 183.50 

Sludge 36.83 1.44 0.09 2.64 14.10 249.50 

Sludge+Bio (A) 36.84 1.60 0.15 1.77 14.30 266.00 

Sludge+ Bio (P) 36.84 2.24 0.22 2.12 13.20 250.00 

Sludge+ Bio (A+P) 37.50 1.66 0.11 2.70 13.10 242.50 

C.M.S.W 36.50 1.64 0.28 1.73 13.30 272.50 

C.M.S.W+Bio (A) 37.16 1.68 0.16 1.62 12.85 262.00 

C.M.S.W+Bio (P) 36.84 1.44 0.20 2.10 11.10 207.5 

C.M.S.W+Bio(A+P) 38.50 1.66 0.24 2.46 10.25 249.50 

L.S.D  5% 0.98 0.05 0.02 0.04 0.51 5.10 

 
In the respect of seed oil content, Zahana and Abo-Kaied (2007) and Samya et al. (2009) reported that 

organic and bio-fertilizer application significantly increased flax seeds oil content. 

 
Effect of the interactions:  

 
Table (6) illustrates the different interaction effects between cultivar and organic and bio-fertilization on 

seed oil and some minerals content. The data revealed that there were significant effects due to the interactions 
and it is clear that the treatment of C.M.S.W+ bio (A+B) with the two cultivars resulted the highest values of 
seed oil content, while the mineral fertilization treatment (control) gave the lowest one for the two cultivars. 
Regarding the interaction effects on seeds minerals content, it is evident that there was significant effect on all 
seed minerals accumulation.  

 
Table 6: Interaction effect of varieties and bio-organic treatments on oil and some minerals content of flax seeds (mean of the two seasons). 

Varieties Treatments Oil N P K Cd Pb 

( % ) (ppm) 

Sakha-1 Control 35.11 0.73 0.10 1.18 10.30 218.00 

Sludge 36.33 1.18 0.08 2.36 15.00 228.00 

Sludge+Bio (A) 36.67 1.62 0.12 2.13 15.80 267.00 

Sludge+ Bio (B) 37.00 1.51 0.20 1.91 15.40 223.00 

Sludge+ Bio (A+B) 37.33 1.68 0.13 2.70 14.80 254.00 

C.M.S.W 36.67 1.64 0.34 2.02 14.20 276.00 

C.M.S.W+Bio (A) 37.00 1.92 0.20 1.73 13.10 269.00 

C.M.S.W+Bio (B) 36.67 1.45 0.23 2.34 14.10 246.00 

C.M.S.W+Bio(A+B) 38.33 1.79 0.30 2.59 11.30 282.00 

Giza-8 Control 35.67 0.52 0.10 1.37 11.90 149.00 

Sludge 37.33 1.70 0.09 2.92 13.20 271.00 

Sludge+Bio (A) 37.00 1.58 0.18 1.41 12.80 265.00 

Sludge+ Bio (B) 36.67 2.98 0.25 2.32 11.00 277.00 

Sludge+ Bio (A+B) 37.67 1.65 0.09 2.71 11.40 231.00 

C.M.S.W 36.33 1.65 0.22 1.44 12.40 269.00 

C.M.S.W+Bio (A) 37.33 1.43 0.11 1.51 12.60 255.00 

C.M.S.W+Bio (B) 37.00 1.44 0.16 1.86 8.10 169.00 

C.M.S.W +Bio(A+B) 38.67 1.53 0.19 2.33 9.20 217.00 

L.S.D 5% 1.38 0.08 0.03 0.06 0.72 7.10 

 

Moreover, the highest values of seeds K and N content were obtained from Giza–8 cultivar at sludge 

addition alone or combination with bio-B treatments, respectively while the highest seed P content resulted from 

Sakha-1 under treatment with C.M.S.W addition. On the other hand Giza-8 cultivar showed lower values of N 

and K under mineral fertilization (control), while Sakha-1 cultivar recorded the lowest seeds P content under 

sludge treatment. In concern of heavy metals accumulation, it is worth to mention that the treatment of 
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C.M.S.W+ bio (B) on Giza-8 cultivar recorded the lower values of Cd and Pb accumulation in seeds as 

compared with Sakha-1 cultivar under the same treatment. The differences between the two cultivars in minerals 

elements accumulation in seeds are attributed to its variability in uptake and translocation efficiency.        

 

Conclusion: 

 

The study recommended that application of either sludge or C.M.S.W as organic manures after inoculated 

with bio-fertilizers (Azotobacter and/or yeast) can be use for producing flax seeds and obtaining better growth 

and higher seed yield for such sandy soil conditions of reclaimed land which has low amounts of organic matter 

and mineral nutrients contents. 
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