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Abstract 
 
The experiment was conducted in a field of agricultural lands in Al-
Fudaliyah city which is located 11 km to the south of Dhi Qar for study 

Effect of heat accumulation on length and dry weight of spike for wheat 

cultivars fertilized with mineral and nanofertilization during the winter 

agricultural season 2018 - 2019.The experiment was conducted based on 
Split Plot Design using Randomized Complete Block Design (RCBD) with 

three replications. The first factor included wheat cultivars Al-Rasheed and 

Bohouth 22. Which represent a major factor (Main plot), the second factor 
(sub plot) included Fertilization levels (Mineral fertilizer recommendation, 

Nanofertilizer recommendation, 0.5 for each the Mineral and Nanofertilizer 

recommendation, 0.25 Mineral fertilizer recommendation +0.75 

Nanofertilizer recommendation, 0.75 Mineral fertilizer recommendation + 
0.25 Nanofertilizer recommendation). The results showed that the Al-

Rasheed variety significantly increased in the length and dry weight of spike 

reached 18.167, 19.867, 21.167, 21.567 cm and 1.105, 1.567, 3.679, 5.899 g 
under the effect of heat accretions (1269.31, 1414.26, 1548.25, 1638.4)°C 

respectively. While Bohouth 22 was given least spike length reached 12.233, 

13.667, 14.9, 15.03 cm and the lowest spike dry weight was 1.068, 1.427, 
3.31, 4.788 g respectively, at the same heat accretion. As for fertilizer level, 

treatment (0.5 for each Mineral and Nanofertilizer recommendation) was 

given the highest averages of spike length and dry weight (15.583, 17.333,  
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18.667, 18.834 cm and 1.185, 1.622, 3.815, 5.734 g respectively, fertilized 

with Nanofertilizer recommendation was given the lowest average spike 

length was (14.833, 16.417, 17.667, 17.833 ) cm, also fertilized with 0.25 
Mineral fertilizer recommendation + 0.75 Nanofertilizer recommendation 

was given the minimum dry weight of spike (1.02 g) upon heat build-up 

1269.31°C, and the level of fertilization (Nanofertilizer recommendation) 

(1.417, 3.28, 4.853) g at heat accretions ( 1414.26, 1548.25, 1638.4) °C 
respectively. According to the interaction between treatments the cultivar Al-

Rasheed fertilized with 0.5 for each the Mineral and Nano fertilizer 

recommendation was given the highest spike length and dry weight reached 
18.50, 20.667, 22.00, 22.00 cm and 1.197, 1.627, 4.00, 6.16 g respectively, 

while the cultivar Bohouth fertilized with Nanofertilizer recommendation 

was given least spike length averages 11.667, 13.167, 14.333, 14.333 cm. 
While the same cultivar gave the lowest average spike weight ( 0.997, 1.24 

g) when fertilized with 0.25 Mineral fertilizer recommendation + 0.75 

Nanofertilizer recommendation at heat accretions 1269.31, 1414.26 and the 

lowest average spike weight (3.057, 4.173) °C with fertilized Nanofertilizer 
recommendation at heat accretions 1548.25, 1638.4 °C respectively. 

 

Key words: Wheat, Heat accumulation, Mineral and Nanofertilization, 

Spike length and Dry weight. 
  

1 Introduction 
 
The addition of fertilizers in appropriate quantities and times is an 

important factor in the success of fertilization programs, which is one of the 

successful scientific methods to address nutrient deficiency [2], including the 
use of nano fertilization because it has a major role in improving the growth 

and productivity of agricultural crops [3] as these fertilizers lead to an 

increase in the efficiency of biological and physiological processes inside the 
plant (photosynthesis, respiration, chlorophyll formation, energy production, 

enzymatic reactions, and building amino, fatty, and nuclear acids) as well as 

their role in increasing the efficiency of transporting and distributing 

photosynthetic products from their places of manufacture to the rest of the 
plant, which is an important basis for plant growth and development  [11] , 

that the increase in the division of the Meristem cells leads to an increase in 

the growth of the vegetative and root system, which contributes to an 
increase in the absorption process of nutrients and then increases the 

efficiency of photosynthesis [3].Fertilization is not the only one that leads to 

raising productivity and improving quality, rather, it must be accompanied by 
the selection of good varieties suitable for the cultivation area that largely 

respond to fertilization [2].  
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The size and weight of wheat grains depends mainly on the Genotype of 

the variety, but it is strongly influenced by the environmental variables 

surrounding the plant such as the method of adding and quality fertilizers, 
water readiness, temperature during the growth stage, especially in the stage 

of filling the grains [5].The duration of plant survival in growth is determined 

mainly by three factors, temperature, the length of day the plant grows and 

the extent to which the varieties are affected by these two factors [1], The 
accumulation of heat is expressed by the sum of the thermal units above the 

average minimum temperature at which plants can grow [6], as each plant 

needs to complete its life cycle from germination to harvest to a certain 
number of Heat units that must accumulate during the season of its growth 

and the minimum in it is that which starts above zero growth.  

In view of the increasing need for plant production and associated with 
the increase in the population, this experiment came to find technical means 

to cope with this situation, in particular the use of mineral and 

nanofertilization together to ensure the provision and delivery of nutrients to 

the plant correctly and focus on the growth and emergence of spike to wheat 
plants as the main component of the grain holder, through a study The effect 

of heat accumulation on length and dry weight of spike for two wheat 

varieties with mineral and nanofertilization. 
 

2 Materials and Methods       
 

The experiment was carried out in one of the farmers' fields in the 

Fudaliyah region of Dhi Qar province for the winter agricultural season 2018 

- 2019. The experiment was designed according the Randomized Complete 
Block Design (RCBD) in the arrangement of split plot with three 

replications; the experiment included studying the following factors that 

shown in table 1. 
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Table 1: Level of factors and its detail 

 

Factor Level of 

factor 

The details Symbol 

The first factor 

Variety (A) 

Main plot 

Al-

Rasheed 

Bohouth 

Variety of Wheat 

Variety of Wheat 

A1 

A2 

The second 

factor 

Fertilization(B) 

Sub plot 

Level one 

Level two 

Level 

three 

 

Level four 

Level five 

Mineral fertilizer 

recommendation 

Nanofertilizer recommendation 

0.5  Mineral fertilizer 

recommendation +  0.5  

Nanofertilizer recommendation 

0.25  Mineral fertilizer 

recommendation +  0.75  

Nanofertilizer recommendation 

0.75  Mineral fertilizer 

recommendation +  0.25  

Nanofertilizer recommendation 

B1 

B2 

B3 

 

B4 

B5 

 

The field service operations were performed from tillage and softening of 

the soil, the land was divided into 30 Experimental unit with dimensions (2 x 

2) m. The experimental units included ten agricultural lines and a distance 20 
cm between the lines [4]. 1m distance left between experimental units as well 

as between repeaters. The seeds of wheat varieties were planted on 15 / 11 / 

2018 at a rate 120 Kg. ha-1 [4]. Add mineral fertilizer (urea fertilizer) N46% 
really 260 Urea kg. ha-1 and phosphate fertilizer (DAP)  46%  P 2O 5  really  

200  Kg. ha-1 [7], as for the nanofertilizer, obtained from a company  Sepehr 

parmis  Iranian and implicit  N 20%  in the form of an emulsion,  P 25%  in 

the form of granules, guidance notes for composting nanofertilizer 
recommendations were used (  1  Liter  N   for each  400  liter of water ,  1  -  

2  Kg  P   per hectare, use the minimum of the recommendation), add 

fertilizer for three stages  (Tillering, Stem Elongation, and Boot). Starting 
date  12  /  3  /  2019  upon flowering of plants, samples were taken for each  

10  days to follow the signs of flowers growth ( length and dry weight of 

spike), as it was taken  20  a plant for every treatment. Crop is harvested on 
18 / 4 / 2019.    
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2.1 Studied Traits  
 

1-  Spike length (cm). The length of the spike was measured from 

the lower knot of the spike holder to its top without the awns for twenty 

plants then calculated the average for it. 

2-  Spike dry weight (g). According to the dry weight of the spike 
and twenty plants for each treatment, then the rate was calculated for it. 

3-  Heat accumulations (°C). The accumulated temperature for 

spike growth periods was calculated according to the following formula [8]  
Aggregate tem. = (M - 4) ×No. days per mo.  

That was altered to  

Aggregate tem. = (M - 4) ×10 days.  
M = daily average temperature  

Thus, the accumulated heat rates were calculated from the difference 

between the average monthly temperature and the minimum degree of 

growth multiplied by  10  days, and so the heat accumulated in  10  days 
were then grouped together to calculate the heat accumulated for the period 

of spike growth. In this way, the required heat for any crop can be calculated 

by multiplying the aggregate heat units for each day by the length of the 
growing season in days for that crop. 

4- All the studied traits was analyzed according to the statistical 

program Genstat version 12, and the averages were compared using the least 

significant difference test LSD at the level 0.05 [12] 
 

3 Results 
 
3.1 Spike Length (Cm) 
 

The data in the tables (1,2,3,4) and figure (1,2) showed that the spike 

length of the wheat cultivars was directly proportional to the increase in the 

specific heat accretions for each 10 days.. Al-Rasheed cultivar excelled by 
giving the highest spike lengths (  18.167  ,  19.867  ,  21.167  ,  21.567  (cm) 

at the effect of heat accretions  (1269.31  ,  1414.26  ,  1548.25  ,  1638.4  )°C    

respectively and with an increase of  18.71  %, while  Bohouth 22 cultivar 

gave the lowest mean average spike length (  12.233  ,  13.667  ,  14.90  ,  
15.033  ) cm at the same effect of the heat accumulations above and an 

increase in the amount  22.89  % . Also observed from the tables (1,2,3,4)  

and figure (2) excess fertilizer level  B3  by giving the highest spike lengths  
(  15.583  ,  17.333  ,  18.667  ,  18.834)  cm, respectively, and by an increase  

20.86  % by the effect of heat accumulations above, while the level of 

fertilization B2 was recorded  least spike length averages (  14.833  ,  16.417  
,  17.667  ,  17.833)  cm, respectively, and by an increase  20.23  % by the 

influence of the specified heat accretions. 
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As for Interaction treatment A1B3 was significant effect by giving it the 

highest spike lengths (  18.50  ,  20.667  ,  22.00  ,  22.00)  cm with an 
increase  18.92  %, while A2B2 treatment was given least average (  11.667  ,  

14.333) cm upon heat build-up ( 1269.31  ,  1548.25  ,  1638.4  )°C  A2B4 

treatment also gave the lowest average 13.167 cm when heat accumulation  
1414.26 °C . 

Table 1: Spike length (cm) under the influence of the first heat accretion 

Treatment B1 B2 B3 B4 B5 Mean LSD 

A1 

 

18.333    18.000 18.500 18.000 18.000 18.167  

A2 

 

  

12.333 

  

11.667 

  

12.667 

12.000 12.500 12.233 1.616 

Mean 15.333 14.833 15.583 15.000 15.250   

    

LSD   0.564    LSD of A×B 

1.233 

Means followed the same letter within a column are not significantly 

different (p≤0.05) 
 

Table 2: Spike length (cm) under the influence of the second heat accretion 

Treatment B1 B2 B3 B4 B5 Mean LSD 

A1 

 

19.833    19.333 20.667 19.833 19.667 19.867  

A2 

 

  

13.833 

  

13.500 

  

14.000 

13.167 13.833 13.667 1.138 

Mean 16.833 16.417 17.333 16.500 16.750   

    

LSD   0.570    LSD of A×B 

0.954 

Means followed the same letter within a column are not significantly 

different (p≤0.05) 
 

Table 3: Spike length (cm) under the influence of the third heat accretion 

Treatment B1 B2 B3 B4 B5 Mean LSD 

A1 

 

21.333    21.000 22.000 20.833 20.667 21.167  

A2 

 

  

15.000 

  

14.333 

  

15.333 

14.500 15.333 14.900 1.004 

Mean 18.167 17.667 18.667 17.667 18.000   

    

LSD   0.617    LSD of A×B 

0.937 

Means followed the same letter within a column are not significantly 

different (p≤0.05) 
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Table 4: Spike length (cm) under the influence of the fourth heat accretion 

Treatment B1 B2 B3 B4 B5 Mean LSD 

A1 

 

21.667    21.333 22.000 21.167 21.667 21.567  

A2 

 

  

15.000 

  

14.333 

  15.667 14.833 15.333 15.033 0.380 

Mean 18.333 17.833 18.834 18.000 18.500   

    

LSD   0.500    LSD ofA×B 

0.654 

Means followed the same letter within a column are not significantly 

different (p≤0.05) 

 

        
Figure 1: Spike length (cm) under the influence of varieties and heat accumulation 

 

 
 

Figure 2: Spike length (cm) under the influence of fertilization and heat 

accumulation 
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3.2 Dry Spike Weight (G)   
 

      Tables results confirmed (5,6,7,8) and figure (3,4) behavior of dry spike 
weight with the same behavior of spike length of wheat cultivare and its 

direct proportion to specific heat accretions. Also, Al-Rasheed cultivar 

continued to excel by giving it the highest averages of dry spike weight 
reached ( 1.105  ,  1.567  ,  3.679  ,  5.899) g, respectively, and by an increase  

433.85  % by increase in specific accumulations of heat, while Bohouth 22 

was given the lowest dry spike weight was (  1.068  ,  1.427  ,  3.31  ,  4.788)  
g, respectively, and by an increase  348.32  % . Show tables results ( 5,6,7,8  

and figure  4  ) The fertilizer level B3 continues to outperform by giving him 

the highest averages of dry spike weight (  1.185  ,  1.622  ,  3.815  ,  5.734) 

g, respectively, and by an increase  383.88  % by the effect of heat 
accumulations, while the level of fertilizer B4 was given the lowest average  

( 1.020) g,  upon heat build-up  1269.31 °C  and the level of fertilization  B2  

least averages  (1.417  ,  3.28  ,  4.853) g,  respectively, with the effect of 
subsequent heat accumulations and increased 356.97  % . Interaction 

treatment A1B3 was superior by giving it the highest averages (  1.197  ,  

1.627  ,  4.00  ,  6.160)  g, respectively, and by an increase  414.62  %, while 

given the treatment of interference  A2B4  least average (  0.997  ,  1.290) g 
by effect of heat accumulation  1269.31°C, interaction treatment  A2B2  least 

average (  3.057  ,  4.173) g  by effect heat of accumulation  (1548.25  ,  

1638.4  ) °C .  
 

Table 5: Dry spike weight (g) under the influence of the first heat accretion 

Treatment B1 B2 B3 B4 B5 Mean LSD 

A1 

 

1.120    1.080 1.197 1.043 1.087 1.105  

A2 

 

  

1.000 

  

1.043 

  1.173 0.997 1.127 1.068 0.079 

Mean 1.060 1.062 1.185 1.020 1.107   

    

LSD   0.106    LSD of 

A×B 

0.138 

 

Means followed the same letter within a column are not significantly 
different (p≤0.05) 
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Table 6: Dry spike weight (g) under the influence of the second heat accretion 

 

Treatment B1 B2 B3 B4 B5      

Mean 

LSD 

A1 

 

1.600    1.530 1.627 1.610 1.467      

1.567 

 

A2 

 

  

1.417 

  1.303   1.617 1.240 1.560 1.427 0.038 

Mean 1.508 1.417 1.622 1.425 1.513   

    

LSD   0.163    LSD of A×B 

0.207 

Means followed the same letter within a column are not significantly 

different (p≤0.05) 
 

Table 7: Dry spike weight (g) under the influence of the third heat accretion 

 

Treatment B1 B2 B3 B4 B5 Mean LSD 

A1 

 

3.603    3.503 4.000 3.517 3.773 3.679  

A2 

 

3.253   3.057   

3.663 

3.283 3.293 3.310 0.311 

Mean 3.428 3.280 3.815 3.400 3.533   

    

LSD   0.191    LSD of A×B 

0.290 

Means followed the same letter within a column are not significantly 
different (p≤0.05) 

 
Table 8: Dry spike weight (g) under the influence of the fourth heat accretion 

 

Treatment B1 B2 B3 B4 B5 Mean LSD 

A1 

 

5.983    5.533 6.160 6.110 5.710 5.899  

A2 

 

    

4.653 

  4.173   5.307 4.660 5.147 4.788 0.539 

Mean 5.318 4.853 5.734 5.385 5.428   

    

LSD   0.306    LSD of A×B 

0.481 

Means followed the same letter within a column are not significantly 
different (p≤0.05) 
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Figure 3: Dry Spike Weight (g) under the influence of varieties and heat 

accumulation 

 
 

Figure 4: Dry Spike Weight (g) under the influence of fertilization and heat 

accumulation 

 

4 Discussions 
 

Results related to the length and dry weight of spike showed that Al-

Rasheed cultivar was superior by the effect of heat accumulations than 

Bohouth 22,  this may be attributed to the production of dry matter resulting 
from photosynthesis varies in different cultivars due to its genetic differences 

in terms of their ability to form tillers and leafy area (it was noted that 

Bohouth  22 has more tillers than the Al-Rasheed cultivar), and plant 
height(Al-Rasheed cultivar is more high than Bohouth 22), and consequently 

the varieties lead to a difference in their efficiency in the process of 

photosynthesis(effect of shading from increasing plant density in the  
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Bohouth 22), this is reflected in the reduction of the material produced per 

gram, or it may be explained that the amount of dry matter formed in 

Bohouth 22 cultivar less than the amount of dry matter in the Al-Rasheed 
variety (increased plant density in Bohouth 22 cultivar  an increase in the 

number of tillers and plant shortening) was reflected in the growth rates of 

the Bohouth 22 cultivar  , Therefore, the less dry matter remaining is already 

present in Bohouth 22 cultivar  compared to the Al-Rasheed cultivar, which 
possesses more dry residual material, therefore, the distribution result for the 

number of fines is lower when the Bohouth 22 cultivar  who consumes a 

higher dry matter and vice versa with this Al-Rasheed cultivar on the one 
hand, and the other side, that the moral effect of the stages of adding 

fertilizers (add fertilizers to three stages of tillering, stem elongation, and 

Boot) coincides with the stages of growth and development of the plant parts, 
which creates a better incentive for growth due to the availability of nutrients 

And raising the efficiency of photosynthesis (Al-Rasheed cultivar took 

longer to reach a stage  50  % Flowering , the average number of days  

109.12 day, while Bohouth 22 cultivar needed less time to get to  50  % 
flowering , the average number  101.67  day .This result was in agreement 

with [3].  

Surpass of fertilizer level B3 may be for the addition of mineral and 
nanofertilizers during the growth stages has helped increase the readiness of 

these fertilizers for the plant (both the root and vegetative growth) and thus 

the contribution of these fertilizers, especially the nanofertilizer (the speed of 

access and high absorbability) in the main biological processes represented 
by the vital paths of Meristem cells leading to the accumulation of living 

mass  [13],  the readiness of these fertilizers leads to an increase in the 

synthesis and production of proteins through chemical stimulation, or it 
preserves the protein structure and stability and enhances the physical and 

biological properties of the leaves  [10],which reflected positively on the 

vegetative group of the plant, which led to an increase in the dry weight of 
the plant. This result agreed with [9]. 

 

5 Conclusions 
 

The use of mineral and nanofertilization helped increase the readiness of 

these fertilizers for the plant by increasing the effectiveness of the vegetable 
and root group together, thus increasing the effectiveness of the 

photosynthesis process that provided a surface area for the plant to intercept 

fallen solar radiation and take full advantage of the heat accumulations and 

increase the production of dry matter, and this was evident in the Al-Rasheed 
cultivar. 
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