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Report for 2017/2018 

for contract assignment on topic:  
 
Study of the effect of foliar fertilizer Panamin on the plant growth, their resistance to biotic and 

abiotic stress, yield and grain quality in wheat and barley 
 
Scientific team: 
Professor DSc Dragomir Valchev – director 
Professor DSc Darina Valcheva – executor 
 
Subject of the trial: Foliar fertilizer Panamin - New foliar fertilizer produced from 
crushed rocks with different mineral composition, restricting to the minimum the use of 
chemicals against diseases and pests in plants. Panamin Agro® is a 100% biological 
mineral mixture, which in the form of suspension remineralizes the plants and the soil. 
 
Tested plants: 

1. Wheat – variety Miryana. High-yield wheat, widely grown in Bulgaria and 
abroad.  

2. Barley –  variety Zemela. New high-yield six-row fodder barley. 
 
Place of the trial: Trial plot in village Glumche – Agricultural Institute – Karnobat 
 
Purpose of the trial: Study of the effect of foliar fertilizer Panamin on the plant growth, 
their resistance to biotic and abiotic stress, yield and grain quality in wheat and barley. 
 
А. Meteorological characteristics of the year 

The data about the precipitation per months during the growth and the average 
monthly temperatures is given in Tables 1 and 2.  
2017/2018 was one of the most unfavourable years for grain-cereal crops trials. The 
autumn began with abundant rainfall, with a record of 170 mm/m2 on 25.10.2017 and in 
the following days the rain continued and reached 270 mm/m2. This caused floods that 
did not allow sowing of the scientific trial. The production trial was sown on 02.10.2017 
before the flood, and there the damage was less – to flooded small areas of the trial due 
to the staying water. The damage in the trial is about 5%. The scientific trial was sown 
on 15.12.2017. The date of sowing was also the first possibility to enter the flooded 
fields. Along with the heavy rainfall during the vegetation, another deviation from the 
usual climate for the region was the higher average monthly temperature from the 11th 
month to the end of the vegetation. Per months, the deviation varied from +1.10С for 
March to +3.4 for April. The lack of negative temperatures but only low positive ones 
around zero allowed continuation of the vegetation during the winter months. This 
allowed both barley and wheat to tiller and at the beginning of March 4-5 shoots per 
plant were reported. Colder weather with snow cover there was in March /on 01.03 and 
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on 21.03.2018/ when, in fact not the spring but the winter came. April was characterized 
by the highest deviation from the average monthly temperature and lack of rain. The 
drought and the warm weather in April accelerated the plant growth and reduced the 
developmental phases. Thus, the plants remained short, with small ears and 
insufficiently fed grains. On 17.05.2018, the trials were struck by hail, which caused 
serious damage to the crops in the area. The observations and measurements for 
reporting the losses caused by the hail to the trials with Panamin showed that both the 
production and the scientific trial were damaged and the losses were about 30%. The 
production trial with barley was most severely damaged, with losses of 100% and it was 
not harvested. 
 

Table 1. Average monthly temperatures in 0 С during the growth for 2017/2018 
for wheat and barley 

 
Indicators / Months Х ХІ ХІІ І ІІ lll ІV V VI 

Average monthly 
temperatures for 

2017/2018  
12.4 8.4 5.2 2.5 3.5 6.4 13.9 

 
17.9 

 
20.8 

Average multiannual 
monthly temperatures 

12.5 7.1 2.6 0.6 2.2 5.3 10.5 
 

15.6 
 

19.6 

Deviation 
-0.1 +1.3 +2.6 +1.9 +1.3 +1.1 +3.4 

 
+2.3 

 
+1.2 

 
 

Table 2. Precipitation in mm per months during the growth for 2017/2018 for 
wheat and barley 

 
Indicators / 

Months 
Х ХІ ХІІ І ІІ lll ІV V VI ∑ 

Precipitation per 
months for 
2017/2018 

 
270.0 

 
38.8 

 
93.1 

 
49.0 

 
81.1 

 
121.2 

 
6.0 

 
 

68.6 

 
 

98.6 

 
 

757.3 

Multiannual 
precipitation per 

month 44.3 53.7 51.2 36.5 35.8 34.1 45.3 

 
 

65.2 

 
 

49.9 

 
 

474.5 

Deviation 

+225.7 -14.9 
+41.

9 
+12.

5 
+45.

3 
+87.

1 -39.3 

 
+3.4 

 
+48.

7 

 
+282.8 

 
In 2017/2018, two production and one multifactorial scientific trials were carried 

out with variants of treatment with Panamin according to a previously specified 
methodology.  
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A. Scientific trial 
Variant I – Control group – the crop is grown by the standard technology 
 
Variant ІІ – 3 treatments with Panamin are carried out: 

− First treatment – in the autumn, when the crop is in phenophase 3-6 leaf with 150 
g/dca. 

− Second treatment – in the spring, before the active growth, in phenophase 
"tillering" with 150 g/dca.  

− Third treatment - 10-15 days later.  
In this variant, the treatment with herbicide was carried with dose reduced by 

50%, nitrogen fertilizing was not carried out and fungicide was not applied. 
 
Variant ІІI – 3 treatments with Panamin are carried out: 

− First treatment – in the autumn, when the crop is in phenophase 3-6 leaf with 150 
g/dca. 

− Second treatment – in the spring, before the active growth, in phenophase 
"tillering" with 150 g/dca.  

− Third treatment - 10-15 days later.  
 In this variant, the treatment with herbicide was carried with dose reduced by 

50%, 50% nitrogen fertilizing was applied and the plots were treated with 50% of the 
fungicide dose. 

 
ІV variant – The seeds are treated with Panamin before the sowing with dose of 5 

g/kg seed. 3 treatments with Panamin are carried out: 

− First treatment – in the autumn, when the crop is in phenophase 3-6 leaf with 150 
g/dca. 

− Second treatment – in the spring, before the active growth, in phenophase 
"tillering" with 150 g/dca.  

− Third treatment - 10-15 days later.  
In this variant, the treatment with herbicide was carried with dose reduced by 

50%, 50% nitrogen fertilizing was applied and the plots were treated with 50% of the 
fungicide dose. 

 
Variant VІ – 2 spring treatments with Panamin are carried out: 

− First treatment – in the spring, before the active growth, in phenophase "tillering" 
with 150 g/dca.  

− Second treatment - 10-15 days later. 
 In this variant, the treatment with herbicide was carried with dose reduced by 50%, 
100% nitrogen fertilizing was applied and the plots were treated with 50% of the 
fungicide dose. 
  



Report for contract assignment for trial with foliar fertilizer Panamin in wheat and barley  

 

 
Variant VІ – 2 spring treatments with Panamin are carried out: 

− First treatment – in the spring, before the active growth, in phenophase "tillering" 
with 150 g/dca.  

− Second treatment - 10-15 days later. 
 In this variant, the treatment with herbicide was carried with dose reduced by 

50%, 60% nitrogen fertilizing was applied and the plots were treated with 50% of the 
fungicide dose. 

 
Results and discussion  
A. Wheat trial 
In the scientific trial, where three sprayings are foreseen, the first spraying was 

carried out in January. Due to the late sowing and the warm weather without negative 
temperatures, the plants germinated and by 15.01 they were already in phase 3-4 leaf. 
The second spraying was carried out in March, while Panamin was applied together 
with the herbicides. The third treatment was carried out in the first week of May and the 
product was applied together with the fungicide.    

During the tillering phase, after about 15 days from the first application of 
Panamin in the variants with two treatments, the fresh and the dry weight, as well as the 
% of dry matter in the leaves and in the roots of the wheat (Tables 3 and 4 ) were 
measured. 

 
Table 3. Fresh and dry weight, % dry matter in the leaves of wheat, variety Miryana in 

the tillering phase per variants 
 

Variants Fresh leaves 
weight /g/ 

Dry leaves 
weight /g/ 

% dry matter 

Variant 1 - 
control group 

1.80 a 0.33 a 1.92 b 

Variant ІI  0.76 c 0.16 c 20.83 ab 

Variant ІІІ 1.30 ab 0.24 bc 18.38 b 

Variant ІV 1.59 a 0.35 a 22.17 a 

Variant V 1.04 bc 0.22 bc 20.79 ab 

Variant VI 1.29  abc 0.28 ab 21.2 a 

Average 1.30 0.26 20.48 

LSD 0.54 0.10 2.84 

VC% 31.54 26.92 10.69 
 

The results statistically demonstrate that the plants of variant IV have the highest 
values of fresh and dry weight of the leaves and highest % dry matter. Here Panamin 
has resulted in faster growth and development due to the fact that the seeds are treated 
with the product. The first spraying with Panamin has also helped to the fertilization of 
the plants. In this variant, although only about 50% of the required nitrogen fertilizer is 
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applied, the plants have high fresh and dry weight and % dry matter in the leaves. 
Compared to Variant II where no nitrogen is applied, the results in variant IV are very 
good. For the effect of pre-sowing seed treatment with Panamin, the data for variants III 
and IV are discussed. At the time of measuring the weight of the leaf samples in the 
variants, one treatment with Panamin was carried out and 50% of the nitrogen dose was 
applied. The difference between the variants is in the pre-sowing treatment, which 
definitely ensures a good start of the plants. 

 Regarding the roots in the tillering phase, the results also show that the plants of 
variant IV are best developed. In variant II, the fresh and dry weight of the roots 
indicate that in the absence of nitrogen fertilizer, the roots are shorter, with very high % 
dry matter indicating that they are dry and their drawing ability is weak. The first 
spraying with Panamin cannot compensate the lack of nitrogen fertilizing.  

 
Table 4. Fresh and dry weight, % dry matter in the roots of wheat, variety Miryana in 

the tillering phase per variants 
 

Variants Fresh leaves 
weight /g/ 

Dry leaves 
weight /g/ 

% dry matter 

Variant 1 - 
control group 

0.10 bc 0.0342 b 34.20 bc 

Variant ІI  0.05 c 0.0310 bc 57.95 a 

Variant ІІІ 0.10 bc 0.0220 c 22.47 c 

Variant ІV 0.15 а 0.0494 a 32.96 b 

Variant V 0.07 c 0.0216 c 33.50 b 

Variant VI 0.09 bc 0.0280 bc 34.37 b 

Average 0.09 0.0310 35.91 

LSD 0.04 0.01 8.38 

VC% 40.00 29.03 18.45 
 

 
Table 5. Fresh and dry weight, % dry matter in the leaves of wheat, variety 

Miryana in the earing phase per variants 
 

Variants Fresh leaves 
weight /g/ 

Dry leaves 
weight /g/ 

% dry matter 

Variant 1 - 
control group 

2.92 b 1.07 b 36.64 a 

Variant ІI  3.92 b 1.45 ab 36.99 ab 

Variant ІІІ 4.23 ab 1.51 ab 35.70 ab 

Variant ІV 4.78 b 2.03 b 37.05 a 

Variant V 5.69 a 2.06 a 36.20 ab 

Variant VI 3.65 b 1.38 b 37.81 a 
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Average 3.86 1.42 36.51 

LSD 1.71 0.64 3.85 

VC% 33.94 35.21 8.11 
 

During the earing phase, second measurement of the fresh and dry weight and 
the % dry matter in the leaves per variants was carried out. The results in Table 5 show 
that the values of the indicators in Variant V are the best. There 2 treatments +100% 
nitrogen fertilizing was carried out. The values of variants III and IV are close to it. By 
the moment of sampling, 3 treatments with Panamin +50% nitrogen fertilizing were 
carried out. 

The data in Table 6 convincingly demonstrate visible trends in the weight of 
leaves and roots per variants. The high values of nitrogen are in variants III and IV 
where, apart from 50% nitrogen fertilizing, one treatment with Panamin was carried out. 
In variant II, the nitrogen quantity is less because it has been treated with Panamin but 
without nitrogen fertilizing. The nitrogen ingested from Panamin is not sufficient to 
accumulate high values in the leaves in the tillering phase. In contrast to the total 
nitrogen, in this variant the phosphorus and potassium content has values close to the 
values in variants III and IV. This indicates that the treatment with Panamin has allowed 
sufficient accumulation of phosphorus and potassium despite the lack of nitrogen 
fertilizing.  

  
Table 6. Total nitrogen, phosphorus and potassium content in the leaves of wheat, 

variety Miryana in the tillering phase per variants 
 

Variants Total nitrogen 
/%/ 

Phosphorus /%/ Potassium /%/ 

Variant 1 - control 
group 

1.12 0.56 4.92 

Variant ІI  1.81 0.60 5.67 

Variant ІІІ 2.31 0.61 5.31 

Variant ІV 2.23 0.65 5.92 

Variant V 1.55 0.58 4.75 

Variant VI 1.92 0.56 4.51 

 
During the earing phase, the nitrogen content is again highest in variants III and 

IV. Lowest are the values in variant II, where the lack of nitrogen fertilizing is even more 
noticeable and despite the 3 treatments no values close to the control could be obtained. 
The phosphorus content is highest in variants II, III and IV and the potassium content is 
highest in variants III and IV. 
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Table 7. Total nitrogen, phosphorus and potassium content in the leaves of wheat, 

variety Miryana in the earing phase per variants 
 

Variants Total nitrogen 
/%/ 

Phosphorus /%/ Potassium /%/ 

Variant 1 - control 
group 

1.87 0.33 2.44 

Variant ІI  1.58 0.53 2.36 

Variant ІІІ 2.20 0.53 2.87 

Variant ІV 2.30 0.53 2.90 

Variant V 1.94 0.47 2.20 

Variant VI 1.97 0.38 2.39 
 

Table 8 shows the results for chlorophyll content in the leaves. The highest values 
of chlorophyll are in variant V where nitrogen fertilizing was carried out with a dose of 
100% + 2 treatments with Panamin. The values of the chlorophyll are close in variants III 
and IV with 50% nitrogen fertilizing and 3 treatments with Panamin. The high values of 
the chlorophyll in these variants imply better photosynthesis and better nutrition of the 
grain in the plants.  

The albedo of the crop is determined by means of light meter Extech Instruments 
407026. The various studies have found that in industrial conditions the crops use 
average 0.5–1.0% of the light energy that falls on them. This means that the modern 
varieties have many times greater opportunities for increasing of the yield 
(Nichiporovich, 1978). The trial determined the albedo of the wheat crops. This indicator 
reveals the capacity of the crop to utilize the fallen solar radiation. In similar trials in 
drought conditions the daily values of this indicator for wheat vary between 1.0 and 8% 
(Febrero et al., 1998). In this trial these values are highest in the control variant and in 
variant II decrease in the other variants (Table 9). The lower albedo values mean better 
absorption capacity of the leaves in the variants fertilized with nitrogen and 2 to 3 
treatments with Panamin. The increased utilization capacity of the leaves is due to the 
increased chlorophyll content in the leaves of the variants. 

The effect of Panamin on the crop microclimate has been determined also by: the 
surface temperature of the soil outside the crop by means of an infrared thermometer - 
Oakton; the surface temperature and inside the crop by means of thermometers Oakton 
and Extech; the air temperature by means of thermometer Extech; the air humidity 
outside and inside the crop by means of moisture meter Extech. 

It was found that the pre-sowing treatment of the seeds and the fertilizing with 
Panamin lowers the surface temperature of the crop and slightly increased the 
temperature and the relative humidity inside the crop (Table 10). This is due to the 
better developed root system that provides a better water regime for the plants, which 
by changing the intensity of transpiration regulate the microclimate in the crop. 
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Table 11 gives the productivity elements per variants. As in the previous trials, 
here the best results were achieved in the variants fertilized with nitrogen and 2 to 3 
treatments with Panamin (variants III, IV and V). The data about the number of 
productive shoots per m2, as well as about the other indicators convincingly 
demonstrate that without nitrogen fertilizing the effect of 3 treatments with Panamin is 
lower than that in the control group. 
The yield is shown in Table 12. The values are slightly lower than the typical ones for 
the Miryana variety in the region. There are two reasons for this – the later sowing of 
trial and the hail on 17.05.2018, which caused a loss of 30%.
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Table 8. Chlorophyll content of the leaves during the period of ripening and maturing of the grain /SPAD/ 
 

Crop 
Variety 

Variant I - 
control group 

Variant 
II 

Variant 
III 

Variant 
IV 

Variant 
V 

Variant 
VI 

Wheat 
Miryana 

8.3 10.2 17.5 17.8 18.3 15.5 

 
Table 9. Albedo of the wheat crop in phase ears (%). 

 

Crop 
Variety 

Variant I - 
control group 

Variant 
II 

Variant 
III 

Variant 
IV 

Variant 
V 

Variant 
VI 

Wheat 
Miryana 

8.3 8.5 5.2 5.0 5.1 7.0 

 
Table 10. Microclimate of the wheat crop in phase ears 
 
Air temperature 33.60 С 
Relative air humidity 28.0 % 
Temperature of the soil surface 64.20 С 
Average velocity of the wind 24.7 km/h 
 

Indicators Variant 
I 

Variant 
II 

Variant 
III 

Variant 
IV 

Variant 
V 

Variant 
VI 

Temperature of 
the crop surface, 

0С 

33.7 33.4 32.9 33.6 30.0 32.0 

Temperature 
inside the crop, 0 С 

40.9 38.9 35.6 35.9 33.7 34.0 

Relative humidity 
inside the crop, % 

35.8 34.6 37.0 38.7 42.0 40.1 
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Table 11. Productivity elements of wheat, variety Miryana in Panamin trial 

 

Variants Total 
tillering 
per m2 

Number 
of 

producti
ve shoots 

per m2 

% of non-
producti
ve shoots 

per m2 

Length of 
the ear  

 
 

/cm/  

Number 
of grains 
in the ear 

Weight of 
the grain 
in the ear 

 
 /g/ 

Mass of 
1000 grains  

 
 

/g/ 

Variant I – 
 control 
group 

910 c 792 12.97 ab 7.18 ab 35.72 a 1.83 a 48.70 a 

Variant ІI  998 a 650 d 34.87 cd 5.30 c 26.76 b 1.15 b 42.55 b 

Variant ІІІ 940 b 830 а 11.70 a 7.76 a 40.76 a 1.96 a 46.84 ab 

Variant ІV 966 b 844 а 12.63 ab 7.74 a 40.76 a 1.91 a 51.29 a 

Variant V 950 b 840 a 11.58 a 7.62 a 35.96 a 1.93 a 48.35 a 

Variant VI 900 c 790 b 12.22 ab 6.60 b 29.88 b 1.40 b 46.07 ab 

Average 950 758  20.21 6.98 34.89 1.70 47.30 

LSD 55.70 45.27 15.16 0.61 5.39 0.30 5.58 

VC% 10.23 16.23 22.13 15.76 27.54 30.59 21.06 
 

Table 12. Yield of wheat, variety Miryana in Panamin trial 
 

Variants Yield, kg/dca % compared to the 
control group 

Variant 1 - control group 433 c 100.0 

Variant ІI  457 b 105.5 

Variant ІІІ 530 a 124.4 

Variant ІV 548 a 126.6 

Variant V 534 a 123.3 

Variant VI 529 a 122.2 

Average 505.06  

LSD 21.10  

VC% 5.84  
 

Table 13. Quality of the grain of wheat, variety Miryana in Panamin trial 
 

Variants Protein 
content 

/%/ 

Hectolitr
e mass 

 
/kg/hl/ 

Mass of 
1000 

grains 
/g/ 

Gluten 
 
 

/%/ 

Softening Bread 
porosity 

Variant I – 
 control group 

16.10 ab 68.35 c 33.63 ab 29.33 ab 17.93 ab 42.50 b 
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Variant ІI  14.98 c 72.18 a 35.45 a 26.48 c 13.70 d 45.25 a 

Variant ІІІ 15.95 b 70.58 b 32.75 b 28.98 ab 16.08 c 44.50 a 

Variant ІV 15.78 b 70.48 b 32.75 b 28.63 b 16.95 bc 43.25 b 

Variant V 16.50 a 69.63 bc 32.00 b 30.08 a 18.55 a 42.25 b 

Variant VI 16.00 ab 70.28 b 33.38 ab 28.88 b 17.53 b 43.00 b 

Average 15.88 70.25 33.33 28.73 16.79 43.46 

LSD 0.53 1.51 2.21 1.16 0.99 1.11 

VC% 2.27 1.45 4.47 2.71 3.93 1.06 
However, in the trial with wheat, the following trends are very obvious:  

− The statistically proven highest yield was found in variants III, IV, V and 
VI, while variant IV has the highest values - 548 kg/dca or 26.6% more than the control 
group.  

− - The effect in the yield with 50% nitrogen fertilizing +3 treatments with 
Panamin is equalized to 60% nitrogen fertilizing + 2 treatments with Panamin.  

− - Close values for the yield in variant IV has variant V, i.e. high yield can 
be achieved with 50% nitrogen fertilizing +3 treatments with Panamin or 100% nitrogen 
fertilizing and 2 treatments with Panamin. 

− - The low yield in variant II are due to the lack of nitrogen fertilizing and 
the strong yellow rust attack because the variant was not treated with fungicide. 

− - The reduced herbicide doses did not give differences in the variants 
during the current growth due to the abundant rainfall and the weed infestation of the 
field. In order to harvest the trial, the plots had to be hoed and cleaned from secondary 
weeds. 

− - In the variants treated with Panamin + 50% of the fungicide dose, a lower 
rate of disease attacks was found. 

− - In the variants with 3 treatments with Panamin, the total tillering is the 
highest. The number of the productive shoots per m2 is very high in all variants with 
Panamin except variant II, where without nitrogen fertilization the % of the non-
productive shoots is very high.  

Table 13 shows the results for the qualitative indicators of the grain in wheat, 
variety Miryana. The data shows that the highest protein content in the grain was found 
in variants V and VI. The hectolitre mass has very high values in variant II, indicating 
that 3 treatments with Panamin can provide a high hectolitre grain, even without 
nitrogen fertilizing. The 1000 grain mass is highest in variants II and IV, while the gluten 
is definitely highest in variant V. For all indicators, the best results for 3 of them have 
variants II and V. 

 
B. Barley trial 

The treatments with Panamin in the trial with barley, Zemela variety were 
carried out at the same time with the treatments of the wheat. 

The results statistically demonstrate that the plants of variant IV have the highest 
values of fresh and dry weight of the leaves and highest % dry matter. Here, as well as 
in the wheat, Panamin has resulted in faster growth and development due to the fact 
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that the seeds are treated with the product. The first spraying with Panamin has also 
helped to the fertilization of the plants. In this variant, although only about 50% of the 
required nitrogen fertilizer is applied, the plants have high fresh and dry weight and % 
dry matter in the leaves. Compared to Variant II where no nitrogen is applied, the 
results in variant IV are very good. For the effect of pre-sowing seed treatment with 
Panamin, the data for variants III and IV are discussed. At the time of measuring the 
weight of the leaf samples in the variants, one treatment with Panamin was carried out 
and 50% of the nitrogen dose was applied. The difference between the variants is in the 
pre-sowing treatment, which definitely ensures a good start of the plants. 

 Regarding the roots in the tillering phase, the results also show that the plants of 
variant IV are best developed.  

 
Table 14. Fresh and dry weight, % dry matter in the leaves of barley, variety Zemela in 

the tillering phase per variants 

Variants Fresh leaves 
weight /g/ 

Dry leaves 
weight /g/ 

% dry matter 

Variant 1 - control 
group 

1.26 b 0.33 a 27.11 a 

Variant ІI  1.28 b 0.17 b 14.51 a 

Variant ІІІ 0.79 b 0.22 ab 28.04 a 

Variant ІV 1.95 a 0.25 ab 29.36 a 

Variant V 1.16 b 0.25 ab 13.20 a 

Variant VI 1.11 b 0.25 ab 22.82 a 

Average 1.26 0.24 22.51 

LSD 0.54 0.12 16.97 

VC% 32.54 37.60 4.58 
 

Table 15. Fresh and dry weight, % dry matter in the roots of barley, variety 
Zemela in the tillering phase per variants 

Variants Fresh leaves 
weight /g/ 

Dry leaves 
weight /g/ 

% dry matter 

Variant 1 - 
control group 

0.090 b 0.040 a 45.82 a 

Variant ІI  0.100 b 0.020 b 24.72 bc 

Variant ІІІ 0.050 b 0.020 b 37.78 ab 

Variant ІV 0.190 a 0.023 ab 39.45 ab 

Variant V 0.120 ab 0.030 ab 27.18 bc 

Variant VI 0.060 b 0.020 b 33.13 ab 

Average 0.100 0.025 34.69 

LSD 0.08 0.016 16.97 

VC% 30.00 25.00 37.56 
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Table 16. Fresh and dry weight, % dry matter in the leaves of barley, variety 
Zemela in the earing phase per variants 

Variants Fresh leaves 
weight /g/ 

Dry leaves 
weight /g/ 

% dry matter 

Variant 1 - 
control group 

2.92 b 1.07 b 36.64 a 

Variant ІI  3.92 b 1.45 ab 35.99 b 

Variant ІІІ 4.23 ab 1.51 ab 35.70 b 

Variant ІV 2.78 b 1.03 b 37.05 a 

Variant V 5.69 a 2.06 a 37.81 a 

Variant VI 3.65 b 1.38 b 36.20 a 

Average 3.86 1.42 36.51 

LSD 1.71 0.64 3.85 

VC% 33.94 35.21  

 
For fresh and dry weight and % dry matter, the best results were obtained in 

variant II with 2 treatments. Obviously, the strongest effect on the growth and the 
accumulation of dry matter is achieved with 100% nitrogen fertilizing + 2 treatments. 

 
Table 17. Total nitrogen, phosphorus and potassium content in the leaves of barley, 

variety Zemela in the tillering phase per variants 
 

Variants Total nitrogen 
/%/ 

Phosphorus /%/ Potassium /%/ 

Variant 1 - control 
group 

2.66 0.5634 5.12 

Variant ІI  2.07 0.5933 4.86 

Variant ІІІ 1.71 0.6426 3.12 

Variant ІV 1.81 0.6753 5.89 

Variant V 2.02 0.6521 6.71 

Variant VI 1.76 0.5300 5.24 
 

Table 18. Total nitrogen, phosphorus and potassium content in the leaves of barley, 
variety Zemela in the earing phase per variants 

 

Variants Total nitrogen 
/%/ 

Phosphorus /%/ Potassium /%/ 

Variant 1 - control 
group 

2.53 0.4635 2.49 

Variant ІI  1.62 0.5031 2.30 

Variant ІІІ 1.73 0.5499 1.84 

Variant ІV 1.91 0.4353 2.22 
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Variant V 1.92 0.3842 2.34 

Variant VI 1.91 0.5970 1.93 

 
For the total nitrogen, phosphorus and potassium content, no specific trend can be 
found (Tables 17 and 18). 
 
Table 19. Chlorophyll content of the leaves during the period of ripening and maturing 
of the grain /SPAD/ 
 

Crop 
Variety 

Variant I - 
control 
group 

Variant 
II 

Variant 
III 

Variant 
IV 

Variant 
V 

Variant 
VI 

Wheat 
Miryana 

8.3 10.2 17.5 17.8 18.3 15.5 

 
The highest values of chlorophyll were found in variants III, IV and V, which 

suggests more intense photosynthesis. In these variants, 3 treatments + 50% of the 
nitrogen fertilizer dose gave almost the same effect as of 2 treatments + 100% of the 
nitrogen fertilizer dose. 
 

Crop 
Variety 

Variant I - 
control 
group 

Variant 
II 

Variant 
III 

Variant 
IV 

Variant 
V 

Variant 
VI 

Wheat 
Miryana 

8.3 8.5 5.2 5.0 5.1 7.0 

 
Table 20. Albedo of the wheat crop in phase ears (%). 
 

Albedo has the lowest values again in these variants and shows a better 
absorption capacity of the leaves. 
 
Table 21. Microclimate of the wheat crop in phase ears 
 
Air temperature 33.60 С 
Relative air humidity 28.0 % 
Temperature of the soil surface 64.20 С 
Average velocity of the wind 24.7 km/h 
 

Indicators Variant 
I 

Variant 
II 

Variant 
III 

Variant 
IV 

Variant 
V 

Variant 
VI 

Temperature 
of the crop 
surface, 0 С 

33.7 33.4 32.9 33.6 30.0 32.0 
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Temperature 
inside the 
crop, 0 С 

40.9 38.9 35.6 35.9 33.7 34.0 

Relative 
humidity 
inside the 
crop, % 

35.8 34.6 37.0 38.7 42.0 40.1 

 
Better water regime was found in variants V and VI, which creates a better 

microclimate for the plants and allows better development of the grain ripening and 
maturing phase. 

Table 22 gives the productivity elements of variety Zemela per variants. The data 
shows that the variants with 3 treatments with Panamin have higher total tillering. The 
plots are significantly denser. The largest number of productive shoots per m2 has 
formed in variants II, III and IV, where the % of non-productive shoots is also 
significant. The three treatments have obviously stimulated the nourishment of the 
shoots but a larger number remain without ears too. Besides the control group, variant 
V has formed long classes – 4. 72 cm. The largest number of grains in the ear was formed 
in variant III, but unfortunately the highest number of sterile ears is also there. In the 
variant V during the earing, the second treatment +100% of the nitrogen fertilizing was 
carried out and this led to a more favourable situation of blooming, fertilization and 
nutrition of the germ. The ears of variant V are definitely the heaviest, followed by the 
ears of variants II and III. 
 
Table 22. Productivity elements in variety Zemela per variants 
 

Variants Total 
tillering 
per m2 

Number 
of 

producti
ve shoots 

per m2 

% of 
non-

producti
ve 

shoots 
per m2 

Length of 
the ear  

 
 

/cm/  

Number 
of grains 
in the ear 

Number 
of sterile 

ears 

Weight of 
the grain 
in the ear 

 
 /g/ 

Mass of 
1000 grains  

 
 

/g/ 

Variant I – 
 control 
group 

860 810 ab 5.81 c 4.84 a 46.80 a 8.40 a 1.60 a 41.13 a 

Variant ІI  1046 845 a 19.22 a 4.66  abc 49.32 a 13.28 bc 1.42 ab  39.17 ab 

Variant ІІІ 999 830 а 16.92 ab 4.28 bc 44.68 a 9.96 bc 1.44 ab 41.60 a 

Variant ІV 1020 844 а 17.25 ab 4.18 c 44.88 a 9.24 b 1.23 b 35.12 c 

Variant V 805 640 b 20.50 a 4.72 ab 47.28 a 6.72 a 1.57 a 38.90 ab 

Variant VI 890 790 b 11.24 ab 4.68  abc 47.76 a 14.16 c 1.23 b 36.26 bc 

Average 937 803  15.16 ab 4.56 46.79 10.29 1.42 38.70 

LSD 52.13 42.27 10.08 0.71 5.41 3.41 0.32 3.76 

VC% 32.00 26.23 22.14 19.96 20.65 58.89 40.85 17.36 
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The highest 1000 grains mass of variant III is the highest, followed by variants II and V. 

 
Table 22. Yield of barley, variety Zemela in Panamin trial 

 

Variants Yield, kg/dca % compared to the 
control group 

Variant 1 - control group 461 c 100.0 

Variant ІI  474 c 102.8 

Variant ІІІ 543 b 117.8 

Variant ІV 536 b 116.3 

Variant V 569 a 123.4 

Variant VI 577 a 125.2 

Average 526.83  

LSD 22.62  

VC% 5.26  

 
In line with the data in Tables 19-21, the highest yield is in variants V and VI  – 567 

kg/dca and 577 kg/dca and based on the LSD values, both variants fall into a group а. 
The highest values of protein content in the grain are in variant V where nitrogen 
fertilizing was carried out with a dose of 100% + 2 treatments with Panamin. The 
highest hectolitre mass is in variants II and III, while the highest starch content is in 
variant II. The grains with biggest sizes are in variants II, III, IV and VI. 
 

 
Table 23. Grain quality of Zemela variety in the Panamin trial 

 

Variants Protein 
content, % 

Hectolitre 
mass 

(kg/hl) 

Starch 
content 

(%) 

Mass of 
1000 

grains 
(g) 

Variant 1 - control group 14.00 bcd 61.30 b 52.91 b 35.63 a 

Variant ІI  13.85 cd 64.55 a 57.53 a 35.50 ab 

Variant ІІІ 14.43 ab 62.88 ab 53.57 b 35.00 ab 

Variant ІV 14.38  abc 62.18 b 62.18 b 34.50 ab 

Variant V 14.58 a 62.13 b 62.13 b 34.00 b 

Variant VI 13.80 d 61.83 b 61.83 b 34. 00 ab 

Average 14.17 62.48 54.02 34.92 

LSD 0.55 1.79 2.06 1.49 

VC% 2.61 2.57 2.57 2.89 
 

The trial with barley outlines the following trends: 
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− The statistically proven highest yield was found in variants V and VI – 569 
kg/dca and 577 kg/dca respectively or by 23.4% to 25.2% more than the control group.  

− Close values for the yield in variants V and VI have variants III and IV, i.e. 
high yield can be achieved with 50% nitrogen fertilizing +3 treatments with Panamin or 
100% nitrogen fertilizing and 2 treatments with Panamin. 

− The low yield in variant II are due to the lack of nitrogen fertilizing and 
the strong Pyrenophora teres attack because the variant was not treated with fungicide. 

− - The reduced herbicide doses did not give differences in the variants 
during the current growth due to the abundant rainfall and the weed infestation of the 
field. In order to harvest the trial, the plots had to be hoed and cleaned from secondary 
weeds. 

− - In the variants treated with Panamin + 50% of the fungicide dose, a lower 
rate of disease attacks was found. 

− - In the variants with 3 treatments with Panamin, the total tillering is the 
highest. The number of productive shoots per m2 is very high in all variants treated with 
Panamin.  
 
C. Industrial trial 

Of both industrial trials, only the trial with wheat, variety Miryana was harvested 
because the trial with barley, variety Veslets was 100% damaged by hail. 

The following variants were sown and each variant was sown on an area of 10 
dca: 
Variant I – control group /the crop is grown by the standard technology/ 
Variant ІІ – pre-sowing decontamination of the seeds, 3 sprayings with Panamin – 1 in 
the autumn and 2 in the spring, 100% nitrogen fertilizing in the spring and fungicide 
treatment with 50% of the dose 
Variant ІІI – 2 autumn treatments with Panamin, 100% nitrogen fertilizing and 50% 
fungicide 
Variant IV – 2 autumn treatments with Panamin, 50% nitrogen fertilizing and 50% 
fungicide 
 
Table 24. Yield of wheat, variety Miryana in industrial trial with Panamin 

 
Variants Yield, kg/dca % compared to the 

control group 

Variant 1 - control group 380 100.0 

Variant ІI  410 107.9 

Variant ІІІ 440 115.8 

Variant ІV 390 102.6 

 
The following conclusions can be drawn: 
1. In wheat and barley, 3 treatments without nitrogen fertilizing and without fungicide 
Panamin definitely has no effect. 
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2. High yields in wheat and barley are achieved with 3 treatments + 50% of the nitrogen 
dose and 50% of the fungicide or 2 treatments + 100% of the nitrogen dose + 50% of the 
fungicide. The difference in wheat is 115 kg/dca or 26.6% more compared to the control 
group. For barley the increased yield is 116 kg/dca or 25.2% more compared to the 
control group. 
3. With 3 treatments with Panamin high total tillering is achieved, but the nitrogen 
fertilizing is obligatory for the nutrition of the shoots. 
4. As a result of the use of Panamin, a greater intensity of photosynthesis is achieved, the 
absorption capacity of the leaves is increased, and the water regime and the 
microclimate in the crop are improved, which enables the crop to overcome the stress 
abiotic factors more easily. 
5. The treatment with Panamin improves the quality of the grain, while in wheat and 
barley the protein content increases, in wheat the gluten increases and in barley the 
starch increases. 
 
Recommendations: 
1. Three treatments with Panamin must not be recommended without nitrogen 
fertilizing and without fungicide. 
2. Economic justification must be done for the variants with 3 treatments with Panamin 
+ 50% nitrogen fertilization and 2 treatments + 100% nitrogen fertilization and it has to 
be assessed which of the two variants is economically applicable in the production. 
 
October 04, 2018 Author of the report: 
Town of Karnobat /Professor DSc Darina Valcheva/ 
 


