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ABSTRACT 
 

A field experiment was carried out in Al-Mijar Al-Kabeer District, 25 km South of Misan 

Governorate, Iraq, during 2016/17 and 2017/18 seasons to study effect of spraying with Azolla extract at 0, 

20, 40 and 60% and NPK-fertilizers levels (60, 80 and 100% of the recommended doses "RD") on Egyptian 

wheat Sids 1cultivar productivity under new reclaimed soils. The experiment was applied according to split-

plot design with three replicates.The results showed that increasing concentration of the Azolla extract 

resulted in an increase in most studied characters in both seasons. The increasing rate in grain yield was 57.37 

and 51.71 % and in biological yield was 37.66 and 21.57 % for foliar spraying with Azolla extract at 60 % 

compared with control treatment in the first and second seasons, respectively. Most studied characters 

gradually increased due to increasing NPK-fertilizers levels from 60 to 80 and 100% of RD and without 

significant differences between 80 and 100% in both seasons. As for the interaction between spraying with 

Azolla extract levels and NPK-fertilizers levels, it was significant on spike length in 1st season only, number 

of spikes/m2, weight of 1000 grains and biological yield in both seasons. It can be stated that foliar spraying 

Egyptian bread wheat Sids 1cultivar with Azolla extract at 60 % alongside mineral fertilizing with 152.0 kg N 

+ 42.8 kg P2O5 + 45.6 K2O ha-1 (80% of RD)  to preserve high productivity simultaneously reduce 

production costs and environmental pollution under the environmental conditions of Misan, Iraq. 

Keywords: Wheat, Azolla extract, mineral NPK levels, biological and grain yields 
 

INTRODUCTION 
 

Wheat (Triticum aestivum L.) is the most important 

cereal crop of Poaceae family. Its importance lies in its 

economic and strategic role in achieving food security. 

Wheat grains occupy the first place in the consumer food 

list because they provide the adult person more than 25% 

of protein and 50% of energy, as well as containing amino 

acids, minerals and vitamins (Saudi, 2013).  

One of the most modern ways to develop crops and 

increase their growth is to provide their nutrients needs 

using some naturally occurring organic compounds, 

including the Azolla extract, which is called the green gold 

mine. The Azolla moss from the vital nutrients of 

agricultural crops, in order to provide a natural source of 

plant nitrogen and growing concern about preservation on 

the environment and the need for renewable and 

sustainable resources. Azolla can be of great importance to 

the future of organic agriculture as well as its 

environmental relevance and accessibility to many farmers 

in the world, especially those who cannot afford chemical 

fertilizers (Yadav et al, 2014). Azolla extract can be used 

to enhance the economic situation by increasing crop 

production with low costs and reducing environmental 

contaminants resulting from the use of chemical fertilizers 

(Kollah et al., 2016). Sulandjari and Yunindanova (2018) 

showed that application of Azolla at 200 g
-2

 could be 

improve plant growth, yield and properties of rice. 

The active role for the nitrogen (N) is due to his 

contribution to improving the growth; in addition, to raise 

the efficiency of the total vegetable especially flag leave. 

Their role in the manufacture of amino acids, which 

transferred to the grain and contribute to the increase in 

production, potassium is not less important than nitrogen in 

its roles within the plant, as contributing too many 

important processes in the plant. The phosphorus (P) 

component plays an important role in most plant processes. 

It enters into the composition of energy compounds and 

helps stimulate growth and development of roots, cell 

division, maturity and seed formation (Havlin et al., 2015). 

Potassium (K) is participate in photosynthesis, 

translocation of photosynthates, protein synthesis and 

enzyme activation in plants (Marschner, 1995). Nitrogen, 

phosphorus and potassium are the main nutrients needed 

by the plant in relatively large quantities as they contribute 

to increasing the grain yield and improve its quality. This 

increase comes from the important role of these elements 

and their contribution to many processes that occur within 

the plant, which increase the quantity and quality (Ali et 

al., 2014). Khan et al. (2014) showed that application of 

180 kg N/ha in combination  with 90 kg K2O/ha 

enhanced 1000-grain weight, grains weight/spike, grain 

yield and biological yield. Seadh and El-Metwally 

(2015) reported that fertilizing wheat plants with 80.0 

kg N + 22.5 kg P2O5 + 24.0 K2O/fed recorded the 
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highest values of yields and its attributes. Seadh et al. 

(2017) showed that mineral fertilizing wheat plants with 

80 kg N + 45.0 kg P2O5 + 48.0 K2O/fed gave the highest 

values of growth characters followed by fertilizing 64.0 kg 

N + 36.0 kg P2O5 + 38.4 K2O/fed.  

Thus, aim of this study to assess the effect of 

spraying with the Azolla extract to reduce the use of 

mineral NPK fertilizers and increasing productivity of 

Egyptian bread wheat Sids 1 cultivar, which cultivated for 

the first time in Iraq under the conditions of newly 

reclaimed soils. 
 

MATERIALS AND METHODS 
 

Two field experiments were proceeded at Al-Mijar 

Al-Kabeer District, Misan, Iraq, during the winter seasons 

of 2016/2017 and 2017/2018, to evaluate the role of Azolla 

extracts in limiting usage of mineral NPK fertilizers and 

increasing Egyptian bread wheat Sids 1 cultivar 

productivity grown under newly reclaimed soil.  

The experiments were carried out in a split-plot 

design with three replicates. Each experiment integrated 

twelve treatments comprising, four levels of spraying with 

Azolla extract, three  mineral NPK fertilizers levels.  

The main-plots were assigned to three foliar 

spraying with Azolla extract levels (20, 40 and 60 %), in 

addition control treatment (spraying with tap water). 

Azolla extract was extracted from fresh plant parts of 

Azolla depending on the extraction method according to 

Wilson et al.  (1997) with slight modification. Firstly, 

washing the fresh plant part with tap water, followed by 

distilled water, then put in plastic bags with sterilized 

distilled water at a rate of 1 : 1 (weight/volume) and kept in 

the freezer for at least 12 hours at -20°C. The plant material 

is then withdrawn from the refrigerator and allowed to melt 

at room temperature. Freeze and dissolve plant cells, then  

plant cell fluids in the corner of the bags outside the tissue. 

The mixture was mixed for 5 minutes, filtered through 

double layers of cheesecloth, centrifuged at 12,000 rpm for 

30minutesandsterilizedusinga0.22μmporemembrane

filter. The resulting solution was kept in the refrigerator at 

5°C until use. The crude extract was considered 100% 

concentration and serial dilutions (0, 20, 40 and 60%) were 

performed using distilled water. The spraying was 

conducted by hand sprayer at 475 liters/ha until saturation 

point 3 times after 30, 45 and 60 days from sowing.  

The sub-plots were allocated to three mineral NPK 

fertilizers levels as follows; 60 % of the recommended 

doses "RD" (114.0 kg N + 32.1 kg P2O5 + 34.2 K2O/ha), 

80 % of RD (152.0 kg N + 42.8 kg P2O5 + 45.6 K2O/ha) 

and 100 % of RD (190.0 kg N + 53.5 kg P2O5 + 57.0 

K2O/ha).  

P-fertilizer in the form of calcium superphosphate 

(15.5 % P2O5) at the above mentioned rates was useful 

during soil preparation. N-fertilizer in the type of 

ammonium nitrate (33.5 % N) at the aforementioned rates 

was applied in two equal doses prior the 1
st
 and the 2

nd
 

irrigations. K-fertilizer in the form of potassium sulphate 

(48 % K2O) at previously mentioned rates was applied in 

one dose before the 1
st
 irrigation. 

The soil of the experimental plots is clay loam with 

pH of 7.6, E.C. 7.2 dS m
-1

, available nitrogen 10 mg kg
-1

 

soil, available phosphorus 5.5 mg kg
-1
 soil and available 

potassium 145 mg kg
-1

 soil. 

The experimental field was divided into 

experimental plots, dimension for each one was 3 × 3.5 m, 

occupying an area of 10.5 m
2
.   

Wheat seeds were sown at the rate of 190 kg/ha 

during the last week of November by using hand drilling 

method in both seasons. The common agricultural 

practices for growing wheat according to the 

recommendations of Ministry of Agriculture were 

followed, except the factors under study.  

Studied characters: 

At harvesting, one square meter was randomly 

selected from each sub-plot to estimate spike length (cm), 

number of spikes per m
2
, number of spikelets spike

-1
,number 

of grains spike
-1
, weight of grains spike

-1
 (g), weight of 1000 

grains (g), grain and biological yields (t
.
ha

-1
).  

The collected data were compiled and subjected to 

analysis of variance for the split-plot design as published 

by Gomez and Gomez (1984) using GenStat statistical 

computer package. LSD method was used to test the 

differences among treatment means (5% level of 

probability) as described by Al-Rawi and Khalaf (2000). 
 

RESULTS AND DISCUSSION 
 

1. Spike length (cm): 

The obtained results show that  foliar spraying with 

Azolla extract levels insignificantly affected length of the 

spike in both seasons (Table 1).  

Fertilization at the top level of NPK (100 % of the 

RD) resulted in an increase in length of the spike, which was 

given a higher means (8.51 and 8.93 cm) for both seasons, 

respectively (Table 1). Whereas, the level 60 % of the RD of 

NPK gave the lowest average length of the spike (7.09 and 

7.07 cm) for both seasons, respectively. These results may 

be due to the role of nitrogen phosphorus potassium 

elements in increasing the transmission of photosynthesis 

results from source to downstream in the plant, which led to 

an increase in spike length. These results are consistent with 

that reached by Zeboon (2016) who reported to NPK 

fertilization increase the length of spike. 

The effect of the interaction between NPK levels 

and spraying by Azolla extracts significantly affected 

length of the spike in the first season only (Table 1). The 

highest average of length of the spike (8.80 cm) resulted 

from foliar spraying with Azolla extract at 40 % and 

application 100 % of the RD of NPK, while the lowest 

average of length of the spike (6.30 cm) resulted from 

foliar spraying with water (control treatment) and 

application 60 % of the RD of NPK. 

2. Number of spikes per m
2
:  

The results in Table 2 charley show that spraying 

by Azolla  extract led to a significant increase in the 

number of spikes per m
2
 in both seasons, which recorded 

the highest averages 199.10 and 205.3 spike m
-2
 at the 

highest concentration (60%), while the control treatment 

gave the lowest number of spikes per m2 (176.0 and 

190.8) for the two seasons in the sequence. The increases 

in the number of spikes per m
2
 due to increasing 

concentrations of Azolla  in the spray solution may be due 

to improved efficiency of root the absorption of water and 
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nutrients, which led to increased efficiency of 

photosynthesis and the transfer of output to the spikes. This 

result was consistent with what he referred to Yadav et al. 

(2014), Kollah et al. (2016) and Sulandjari and 

Yunindanova (2018). 

The results in Table 2 indicate that there is a 

significant effect of NPK fertilization levels in increasing 

the number of spikes per m
2
 in both seasons. The highest 

level of NPK levels (100 % of the RD) gave the highest 

mean of number of spikes per m
2
 (199.3 and 205.1), which 

did not significantly differed from the second level (80 % 

of the RD), which gave the average of 188.3 and 196.7 

spike m
2
. While, the level of 60 % of the RD gave the 

lowest average of this character (177.9 and 188.7 spike m
2
) 

for two seasons in the sequence. These results are agreed 

with Seadh and El-Metwally (2015) and Seadh et al. 

(2017), who found an increase in the number of spikes per 

m
2
 when increasing fertilizing with NPK on wheat.    

The effect of the interaction between NPK 

fertilization and spraying with Azolla  showed significant 

differences in the number of spikes per m
2
 in both seasons. 

It was observed that the combination of the highest 

concentration of Azolla  at 60% and the second 

concentration of NPK fertilization (80 % of the RD) 

produced the highest number of spikes per m
2 

(204.3 and 

210.3 spike m
-2

) in both seasons, respectively. While, the 

combination of control treatment (without Azolla) and 60 

% of the recommended NPK doses gave the lowest mean 

of number of spikes per m
2
 (157.1 and 179.6 (Spike m

-2
) 

for the two seasons on the relay (Table 2). 

 

 
 

Table 1. Effect of foliar spraying with Azolla extract levels and mineral NPK fertilizers levels as well as their 

interaction on spike length (cm) during 2016/2017 and 2017/2018 seasons. 

First season (2016/2017) 

Azolla  

extract 

NPK-levels Means of  

Azolla extract 60% 80% 100% 

Control 6.30 7.43 8.30 7.34 

20% 7.16 7.60 8.32 7.69 

40% 7.33 7.70 8.80 7.94 

60% 7.56 8.13 8.63 8.11 

Mean of NPK-levels 7.09 7.72 8.51  

LSD  

(0.05) 

Azolla NPK Azolla × NPK-levels 

NS 0.74 0.84 

Second season (2017/2018) 

Azolla  

extract 

NPK-levels Means of  

Azolla extract 60% 80% 100% 

Control 6.36 7.43 8.66 7.48 

20% 7.23 7.60 8.85 7.89 

40% 7.33 7.70 9.20 8.08 

60% 7.36 8.00 9.03 8.13 

Mean of NPK-levels 7.07 7.68 8.93  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

NS 0.80 NS 
 

Table 2.Effect of foliar spraying with Azolla extract levels and mineral NPK fertilizers levels as well as their 

interaction on number of spikes per m
2
 during 2016/2017 and 2017/2018 seasons. 

First season (2016/2017) 

Azolla extract 
NPK-levels 

Means of Azolla extract 
60% 80% 100% 

Control 157.1 172.3 198.7 176.0 

20% 178.7 182.3 195.7 185.6 

40% 184.7 194.3 201.0 193.3 

60% 191.2 204.3 201.9 199.1 

Mean of NPK-levels 177.9 188.3 199.3  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

5.9 11.8 12.9 

Second season (2017/2018) 

Azolla extract 
NPK-levels 

Means of Azolla extract 
60% 80% 100% 

Control 179.6 188.3 204.6 190.8 

20% 185.6 188.3 201.6 191.8 

40% 191.6 200.0 206.6 199.4 

60% 198.0 210.3 207.6 205.3 

Mean of NPK-levels 188.7 196.7 205.2  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

3.9 10.2 10.4 
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3. Number of spikelets spike
-1

: 

The effect of  spraying with Azolla extract at 

various levels had a significant effect on number of 

spikelets spike
-1

 during the seasons (Table 3). It could be 

observed that the highest concentration Azolla extract 

(60%) having the highest mean of number of spikelets 

spike
-1
 (20.14 and 19.89  spikelets spike

-1
) for the first and 

second seasons on the relay, which was not significantly 

different from Azolla extract levels at 40% and 20%. 

While, control treatment (without application of Azolla 

extract) was given the lowest average for this character 

(18.23 and 18.33 spikelets spike
-1
) of the two seasons on 

the sequence. 

Fertilization levels of NPK under study i.e. 60%, 

80% and 100% of the RD were significantly affected 

number of spikelets spike
-1

 in the two growing seasons as 

shown in Table 3. The level of NPK fertilization (100% of 

the RD) recorded the highest number of spikelets spike
-1

 

(20.37 and 20.16) of the two seasons on the sequence. The 

second level of NPK fertilization (80% of the RD) did not 

significantly differed from the highest level (100 % of the 

RD), which recorded 19.58 and 19.58 spikelets spike
-1

 for 

the two seasons, respectively. While, the level of 60% 

recorded the lowest values of number of spikelets spike
-1

 

(18.41 and 18.34) in the first and second seasons, 

respectively.  This result agreed with Seadh and El-

Metwally (2015) and Seadh et al. (2017). 

The interaction between spraying with Azolla 

extract and NPK fertilization levels showed insignificant 

effect on number of spikelets spike
-1

 in both seasons. 

4. Number of grains spike
-1
:
 
 

Results presented in Table 4 show that the effect of 

foliar application of Azolla extract levels, fertilization with 

NPK levels and their interaction on number of grains spike
-

1 
was insignificant in both seasons (Table 4). 

 

Table 3. Effect of foliar spraying with Azolla extract levels and mineral NPK fertilizers levels as well as their 

interaction on number of spikelets spike
-1

 during 2016/2017 and 2017/2018 seasons.  

First season (2016/2017) 

Azolla  

extract 

NPK-levels Means of  

Azolla extract 60% 80% 100% 

Control 16.77 18.27 19.67 18.23 

20% 18.23 19.77 19.93 19.31 

40% 19.30 20.03 20.00 19.78 

60% 19.33 19.23 21.87 20.14 

Mean of NPK-levels 18.41 19.32 20.37  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

1.00 0.93 NS 

Second season (2017/2018) 

Azolla  

extract 

NPK-levels Means of  

Azolla extract 60% 80% 100% 

Control 16.71 18.67 19.63 18.33 

20% 18.00 20.00 20.33 19.44 

40% 19.33 20.33 19.67 19.78 

60% 19.33 19.33 21.00 19.89 

Mean of NPK-levels 18.34 19.58 20.16  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

0.99 0.88 NS 
 

Table 4. Effect of foliar spraying with Azolla extract levels and mineral NPK fertilizers levels as well as their 

interaction on number of grains spike
-1 

during 2016/2017 and 2017/2018 seasons. 

First season (2016/2017) 

Azolla  

extract 

NPK-levels Means of  

Azolla extract 60% 80% 100% 

Control 43.33 47.33 47.00 45.89 

20% 46.33 44.67 49.33 46.78 

40% 48.33 49.00 49.33 48.89 

60% 44.67 50.67 53.00 49.45 

Mean of NPK-levels 45.67 47.92 49.67  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

NS NS NS 

Second season (2017/2018) 

Azolla  

extract 

NPK-levels Means of  

Azolla extract 60% 80% 100% 

Control 45.33 47.67 47.67 46.89 

20% 47.67 47.67 50.67 48.67 

40% 49.67 49.67 51.00 50.11 

60% 46.33 51.00 53.67  

Mean of NPK-levels 47.25 49.00 50.75  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

NS NS NS 
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5. Weight of grains spike
-1
 (g): 

The obtained results show that the effect of  

spraying with Azolla extract levels significantly affected 

weight of grains spike
-1

 in the two growing seasons (Table 

5). The highest concentration of Azolla extract (60 %) gave 

the highest average of weight of grains spike
-1
 (2.53 and 

2.70 g) in the first and second seasons, respectively. While, 

the control treatment was given less average for a weight 

of grains in spike of 1.80 and 1.91 g for both seasons on 

the relay. The superiority of spraying with the Azolla 

extract may be due to the presence of nitrogen in its 

formulation, which is included in many plant processes 

including photosynthesis and then increasing grain weight 

in the spike (Kiguli, 2000).  

NPK fertilization levels under study i.e. 60, 80 and 

100 % of the RD were significantly affected weight of 

grains spike
-1

 in the first and second growing seasons 

(Table 5). In the two grown seasons under in newly 

reclaimed soil, application of 100% of the recommended 

NPK doses gave the heaviest grains (2.42 and 2.55 g) in 

the first and second seasons, respectively. While, 

application of 80% of the recommended NPK doses 

ranked secondly after 100% of the RD without significant 

differences between them in both season. Whereas, using 

60 % of the recommended NPK doses gave the lowest 

mean of this characters (1.89 and 2.03 g) in the first and 

second seasons, respectively. This result was agreed with 

what was indicated by Khan et al. (2014), Seadh and El-

Metwally (2015) and Seadh et al. (2017). 

The interaction between spraying with Azolla 

extract and NPK fertilization levels showed insignificant 

effect on weight of grains spike
-1

 in both seasons. 
 

Table 5. Effect of foliar spraying with Azolla extract levels and mineral NPK fertilizers levels as well as their 

interaction on weight of grains spike
-1

 (g) during 2016/2017 and 2017/2018 seasons.  

First season (2016/2017) 

Azolla extract 
NPK-levels 

Means of Azolla extract 
60% 80% 100% 

Control 1.64 1.83 1.93 1.80 

20% 1.71 2.09 2.41 2.07 

40% 1.87 2.48 2.60 2.32 

60% 2.36 2.46 2.76 2.53 

Mean of NPK-levels 1.89 2.21 2.42  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

0.16 0.23 NS 

Second season (2017/2018) 

Azolla  

extract 

NPK-levels Means of  

Azolla extract 60% 80% 100% 

Control 1.75 1.90 2.08 1.91 

20% 1.82 2.16 2.47 2.15 

40% 2.11 2.56 2.67 2.44 

60% 2.46 2.68 2.98 2.70 

Mean of NPK-levels 2.03 2.32 2.55  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

0.18 0.24 NS 
 

6. Weight of 1000 grains (g):  

Spraying wheat plants with Azolla extract levels 

significantly affected the weight of 1000 grains in both 

seasons (Table 6). Spraying wheat plants with Azolla 

extract at concentration of 60% significantly increased 

weight of 1000 grains than other studied concentrations, 

which gave the highest averages of this characters (50.24 

and 52.31 g) in the first and second seasons, respectively. 

While, control treatment (spraying with water) gave the 

lowest averages weight of 1000 grains (40.46 and 41.65 g) 

for the first and second seasons, respectively. These results 

are in agreed with those reported by Bindhu (2013), who 

indicated that the weight of the grain was increased when 

Azolla was added to the green pea yield. 

The results in Table 6 show that raising NPK 

fertilizers levels from 60, 80 to 100% of the RD caused 

significant increases in weight of 1000 grains in both 

seasons. Highest values of weight of 1000 grains (48.49 

and 49.45 g) were recorded due to application of 100% of 

the recommended NPK doses with no significant 

difference from level of 80 % of the recommended NPK 

doses, which recorded 46.40 and 47.57 g in the first and 

the second seasons, respectively. On opposition to, the 

lowest values of weight of 1000 grains were produced 

from the least level of NPK fertilizers i.e. 60% of the RD 

(41.71 and 44.98 g in the first and the second seasons, 

respectively. These results probably due to the provision of 

essential nutrients and their role in the activation of vital 

processes and some enzymes and regulation to work of 

hormones, which contributed to the increased transmission 

of photosynthesis products to the spike and thus increased 

the weight of the grains. These results are consistent with 

the findings by Khan et al. (2014), Seadh and El-

Metwally (2015) and Seadh et al. (2017).  

The interaction between levels of Azolla extract 

and NPK fertilization had a significant effect on the weight 

of 1000 grains for both seasons (Table 6). The combination 

treatment of 60% Azolla extract and 100 % NPK levels 

was given the highest averages of this characters (52.40 

and 53.87 g) for two seasons frequently, which did not 

significantly different than the combination treatment of 

40% Azolla extract and 100 % NPK levels, 60% Azolla 

extract and 80 % NPK levels and 40% Azolla extract and 

80 % NPK levels in both seasons. While, the combination 

treatment of without Azolla extract (control treatment) and 

60 % NPK levels gave the lowest averages for weight of 

1000 grains, which were 38.73 and 41.00 g for the first and 

second seasons, respectively. 
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Table 6. Effect of foliar spraying with Azolla extract levels and mineral NPK fertilizers levels as well as their 

interaction on weight of 1000 grains (g) during 2016/2017 and 2017/2018 seasons.  

First season (2016/2017) 

Azolla  

extract 

NPK-levels Means of  

Azolla extract 60% 80% 100% 

Control 38.73 40.69 41.96 40.46 

20% 39.71 43.70 48.27 43.90 

40% 40.20 51.10 51.31 47.54 

60% 48.19 50.11 52.40 50.24 

Mean of NPK-levels 41.71 46.40 48.49  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

2.03 2.37 3.26 

Second season (2017/2018) 

Azolla  

extract 

NPK-levels Means of  

Azolla extract 60% 80% 100% 

Control 41.00 41.19 42.76 41.65 

20% 43.65 44.50 49.07 45.64 

40% 45.47 51.60 52.11 49.73 

60% 49.79 53.28 53.87 52.31 

Mean of NPK-levels 44.98 47.57 49.45  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

1.74 2.05 2.69 
 

7. Grain yield (t
 
ha

-1
): 

The obtained results of this study show that there 

was a significant effect in grain yield/ha with increasing 

concentrations of Azolla extracts in the spray solution for 

both seasons (Table 7). The higher concentration of Azolla 

extract (60 %) gave a significantly higher increases in grain 

yield than the rest concentrations, which recorded 4.80 and 

5.31 t ha
-1

 with an increase of 57.37 and 51.71 % % than 

control treatment (spraying wheat plants with tap water 

without Azolla extract), which gave the lowest values of 

grain yield (3.05 and 3.50 t ha
-1

) for the first and second of 

seasons, respectively. These result was consistent with 

what found Yadav et al. (2014), Kollah et al. (2016) and 

Sulandjari and Yunindanova (2018). 

Data presented in Table 7 show that the increases in 

grain yield when NPK fertilization levels increased in both 

seasons. With level 100% of the recommended NPK doses 

giving the highest average for grain yield, which reached 

4.61 and 5.02 t ha
-1

, with the increases of 43.16 and 37.91 

% than the level 60% of the recommended NPK doses, 

which recorded the lowest average of grain yield (3.22 and 

3.64 t ha
-1

) for two seasons, respectively. However. 80% of 

the recommended NPK doses ranked secondly after 100% 

of the recommended NPK doses without significant 

differences between them in both season. The reason for 

the increase in grain yield may be due to the higher 

fertilization level of NPK in the yield components likes the 

number of spikes per m
2
 (Table 2) and the weight of 1000 

grains (Table 6). This results agreed with what obtained by  

Meena et al. (2013), Khan et al. (2014), Seadh and El-

Metwally (2015) and Seadh et al. (2017). 

The interaction between spraying with Azolla 

extract and NPK fertilization levels showed insignificant 

effect on grain yield in both seasons. 
 

Table 7. Effect of foliar spraying with Azolla extract levels and mineral NPK fertilizers levels as well as their 

interaction on grain yield  (t ha
-1
) during 2016/2017 and 2017/2018 seasons.  

First season (2016/2017) 

Azolla  

extract 

NPK-levels Means of  

Azolla extract 60% 80% 100% 

Control 2.46 3.05 3.64 3.05 

20% 2.89 3.66 4.50 3.68 

40% 3.27 4.58 4.99 4.28 

60% 4.28 4.79 5.33 4.80 

Mean of NPK-levels 3.22 4.02 4.61  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

0.16 0.23 NS 

Second season (2017/2018) 

Azolla  

extract 

NPK-levels Means of  

Azolla extract 60% 80% 100% 

Control 2.98 3.44 4.09 3.50 

20% 3.19 3.92 4.77 3.96 

40% 3.82 4.89 5.28 4.66 

60% 4.60 5.39 5.95 5.31 

Mean of NPK-levels 3.64 4.41 5.02  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

0.33 0.62 NS 
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8. Biological yield (t ha
-1

):  

The effect of spraying wheat plants with the extract 

of Azolla  gave a significant effect on biological yield in 

both seasons (Table 8). The highest levels of Azolla  

extract at 60% gave the highest average of this characters, 

which were 6.36 and 8.85 t ha
-1
 in the first and second 

seasons, respectively. While, the control treatment gave the 

lowest average of the biological yield, that were 4.62 and 

7.34 t ha
-1

 in the first and second seasons, respectively. The 

reason for excellence of concentration 60% of Azolla 

extract in the biological yield may be attributed to the 

increase in grain yield (Table 7), which contributed to the 

increase in biological yield (Bindhu, 2013). 

The results of the two seasons in Table 8 indicate a 

significant effect in biological yield increasing levels of 

NPK fertilizers. The highest level of NPK fertilization (100 

% of the RD) recorded the highest values of biological 

yield (6.11 and 8.42 t ha
-1

) in the first and second seasons, 

respectively. However, application of 80% of the 

recommended NPK doses ranked secondly after 

application of 100% of the RD without significant 

differences between them in both season, which recorded 

5.63 and 7.96 t ha
-1
 in the first and second seasons, 

respectively. On the other hand, the level of 60 % of the 

recommended NPK doses gave a lowest averages of the 

biological yield, which were 4.96 and 6.88 t ha
-1

 for two 

seasons, respectively. The increase in 100 % and 80% % of 

the recommended NPK doses were due to its superiority in 

grain yield (Table 7), which resulted in a significant 

increase in the biological yield. These results were 

consistent with the findings of Al-Hilfy and Flayyah 

(2017), who indicated an increase in the biological yield 

when increasing levels of NPK fertilization. 

There was also a significant effect of the interaction 

between spraying with Azolla extracts and NPK 

fertilization levels and on biological yield during both 

seasons (Table 8). The highest level of Azolla  extract  (60 

%) and NPK fertilization (100 % of the RD) gave the 

highest averages of biological yield (7.12 and 10.79 t ha
-1
) 

in the first and second seasons, respectively. While, the 

combination treatment of spraying wheat plants with tap 

water without Azolla extract and application of 60 % of the 

recommended NPK doses gave the lowest averages of 

biological yield (4.30 and 6.44 t ha
-1

) for the two seasons in 

the sequence. 

 

Table 8. Effect of foliar spraying with Azolla extract levels and mineral NPK fertilizers levels as well as their 

interaction on biological yield (t ha
-1

) during 2016/2017 and 2017/2018 seasons.  

First season (2016/2017) 

Azolla  

extract 

NPK-levels Means of  

Azolla extract 60% 80% 100% 

Control 4.30 4.57 5.27 4.62 

20% 4.96 5.53 5.67 5.38 

40% 5.31 6.00 6.40 5.90 

60% 5.55 6.41 7.12 6.36 

Mean of NPK-levels 4.96 5.63 6.11  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

0.19 0.49 0.30 

Second season (2017/2018) 

Azolla  

extract 

NPK-levels Means of  

Azolla extract 60% 80% 100% 

Control 6.44 7.64 7.60 7.23 

20% 6.78 7.63 7.27 7.23 

40% 6.89 8.21 8.00 7.70 

60% 7.39 8.36 10.79 8.85 

Mean of NPK-levels 6.88 7.96 8.42  

LSD (0.05) 
Azolla NPK Azolla × NPK-levels 

0.49 0.45 0.77 
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حذج ظروف الأراضى وزيادة إًخاجيت القوخ ( NPK)لوعذًيت االأسوذة الأزولا في الذذ هي اسخخذام فعاليت هسخخلص 

 دذيثت الإسخصلاحالجذيذة 
ضرغام صبيخ كرين الطائي

1
علي ردين الذساًي ؛ 

2
علي دليل ًعيوت ؛ 

2
ورود جبار عيذاى؛  

1
الهام هذوذ الفرداىو 

3
 

1
 اى، العراق.قسن وقايت الٌباث، كليت السراعت ،جاهعت هيس

2
 قسن الوذاصيل الذقليت، كليت السراعت، جاهعت الوثٌى، العراق.

3
 .وزارة السراعت، هذيريت زراعت البصرة، قسن وقايت الوسروعاث، العراق

 

نذساعت  5102/5102و  5102/5102خلال  انًىاعى انضساعُت  (كى صُىة يغبفظت يُغبٌ، انعشاق 52) انًضش انكبُشيُطقت َفزث حضشبت عقهُت فٍ 

 011و  21 ،  21 ؛ وهٍ( NPKانًعذَُت )ورلارت يغخىَبث يٍ الأعًذة  (٪21و  01،  51،  )بذوٌحأرُش انشػ انىسقٍ بأسبعت حشاكُض يٍ يغخخهص الاصولا 

ُى انقطع انًُشقت . طبقج انخضشبت وفقب نخصًحغج ظشوف الأساضً عذَزت الإعخصلاط 0نصُف انقًظ انًصشٌ عذط انًىصً بهب انغًبدَت انًعذلاث ٪ يٍ 

فٍ يعُىَت صولا فٍ يغهىل انشػ أدي إنً صَبدة الأ رلاد يكشساث. أظهشث انُخبئش أٌ صَبدة حشكُض يغخخهصفً انعشىائُت كبيهت انقطبعبث  ببعخخذاو حصًُى

و  72.22ل انبُىنىصٍ كبٌ ٪ وفٍ انًغصى 20.20و  22.72يغصىل انغبىة كبٌ يعذل انضَبدة . عُذ يعظى انصفبث حغج انذساعت فٍ كلا انًىعًٍُ

. يٍ َبعُت فٍ انًىعًٍُ الأول وانزبٍَ ، عهً انخىانٍبًعبيهت انًقبسَت )سػ ببنًبء( ٪ يقبسَت  21٪ َخُضت نهشػ انىسقٍ بًغخخهص الأصولا بخشكُض  50.22

٪ يٍ انخىصُبث انغًبدَت يٍ دوٌ  011و  21نً إ 21يٍ ( NPKالأعًذة انًعذَُت )يعظى انصفبث انًذسوعت حذسَضُب َخُضت نضَبدة يغخىَبث  اصدادثخشي أ

الأصولا يغخىَبث الأعًذة انًعذَُت خهص ببنُغبت نهخفبعم بٍُ انشػ انىسقٍ بًغخ٪  عهً انخىانٍ فٍ كلا انًىعًٍُ.  011و  21كبُشة بٍُ انًغخىٍَُ   فشوق

(NPK) ٌانبُىنىصٍ فٍ ًغصىل عبت وان 0111وصٌ عذد انغُببم نكم يخش يشبع ، ، فٍ انًىعى الأول فقط عهً صفبث طىل انغُبهت         يعُىَب  شا نه حأرُ، فقذ كب

خشكُض صولا بالأًغخخهص ضساعت ب           َىي ب يٍ ان 21و  02و  71رلاد يشاث بعذ  0عذط قًظ انخبض انًصشٌ نصُف انىسقٍ                   عًىيب  َىصً ببنشػ كلا انًىعًٍُ. 

ورنك نهغفبظ عهً إَخبصُت  (/ هكخبس K2Oكضى  P2O5  +02.2 كضى N  +05.2 كضى 025.1  % يٍ انًعذلاث انًىصً بهب ) 21 بـانًعذٍَ يع انخغًُذ ٪ 21

 انظشوف انبُئُت نًُغبٌ ، انعشاق.حغج  وفٍ َفظ انىقج خفض حكبنُف الإَخبس انضساعً وحقهُم انخهىد انبُئٍ


