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Summary of 3 Studies conducted by Warsaw University 
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nitrogen fertilizer Authors: Arkadiusz Artyszak and Dariusz Gozdowski. 
 
Three studies1, conducted by the Institute of Agriculture, Warsaw University of Life Sciences (SGGW) 
in Poland, tested the possibility of replacing 30% of the dose of mineral nitrogen with penergetic alone 
and penergetic in combination with plant growth promoting rhizobacter (PGPR).  

Abstract 

All studies show that despite the reduction of mineral nitrogen by 30%, the yield was higher when the 
penergetic soil and plant products were applied in combination with plant growth promoting 
rhizobacteria. 
 
[…] The obtained results proved that it was possible to reduce the mineral application of nitrogen by 
30% without a decrease in the biological and pure sugar yield, and even with an increase in the sugar 
yield caused by the application of the growth activators Penergetic (K + P) and Azoter. […] 
(Artyszak & Gozdowski, Fertilizer reduction trial in sugar beet, 2020) 
 
[…] It was confirmed that the two combinations allowed a higher yield of maize grain by 2.9%2 and 
8.8%3, respectively, compared to the full nitrogen dose. Positive changes in the content of some 
assimilable macro and microelements and soil organic carbon (SOC), and an increase in soil pH, were 
also observed. […] (Artyszak & Gozdowski, Fertilizer reduction trial in maize, 2020) 
 
[…] It was confirmed that these two combinations allowed the obtention of a higher yield of grain by 
13%, compared to the full nitrogen dose. Simultaneously, the grain quality did not change significantly. 
[…] (Artyszak & Gozdowski, Fertilizer reduction trial in winter wheat, 2021) 
 

  

 
1 (Artyszak & Gozdowski, Fertilizer reduction trial in sugar beet, 2020) (Artyszak & Gozdowski, Fertilizer reduction trial 

in maize, 2020) (Artyszak & Gozdowski, Fertilizer reduction trial in winter wheat, 2021) 

2 Treatment 1: 30% less mineral nitrogen + penegertic soil and plant 

3 Treatment 2: 30% less mineral nitrogen + penegertic soil and plant with Azoter 
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Study details 

Crops: 

 Sugar beet 

 Maize 

 Winter wheat 

Dates: 2016-2019 

 Sugar Beet: 2017 - 2019 

 Maize: 2017 – 2019 

 Winter Wheat : 2016 – 2019 

Locations 

 Seven field experiments with sugar beet  

 Eight field experiments with maize for grain 

 Nine field experiments with winter wheat 

 

Figure 1: Locations of experimental fields for the three trials (Artyszak & Gozdowski, Fertilizer reduction 
trial in sugar beet, 2020) (Artyszak & Gozdowski, Fertilizer reduction trial in maize, 2020) (Artyszak & 

Gozdowski, Fertilizer reduction trial in winter wheat, 2021) 
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Treatments 

 Sugar beet 

Treatment Mineral Nitrogen4 Penergetic soil  5 Penergetic plant6 Azoter7 

0 100%  
(112 to 175 kg ha−1 N) 

- - - 

1 70% 8  
(78 to 123kg ha−1 N) 

400 g ha−1 on the 
harvest residuals of 
the fore-crop 

400 g ha−1 with first 
herbicide spray in 
spring 

300 g ha−1 with 
second herbicide 
spray in spring 

300 g ha−1 at BBCH 
16. 

 

- 

2 70%9 
(78 to 123 kg ha−1N) 

400 g ha−1 on the 
harvest residuals of 
the fore-crop 

400 g ha−1 with first 
herbicide spray in 
spring 

300 g ha−1 with 
second herbicide 
spray in spring 

300 g ha−1 at BBCH 
16). 

 

10 dm3 ha−1 with 
penergetic for soil on fore 
crop 

10 dm3 ha−1 with 
penergetic for soil with first 
herbicide spray in spring  

 Maize 

Treatment Mineral Nitrogen10 Penergetic soil Penergetic plant Azoter 

0 100%  

(56 to 184 kg ha−1 N.) 

- - - 

1 70%   (60% in Rogów) 

(34 to 110 kg ha−1 N) 

400 g ha−1 on the 
harvest residuals of 
the fore-crop 

400 g ha−1 with first 
herbicide spray in 
spring 

300 g ha−1 with 
second herbicide 
spray in spring 

300 g ha−1, 3 weeks 
later 

- 

2 70%  

(97 to 167 kg ha−1N) 

400 g ha−1 on the 
harvest residuals of 
the fore-crop 

400 g ha−1 with first 
herbicide spray in 
spring 

300 g ha−1 with 
second herbicide 
spray in spring 

300 g ha−1, 3 weeks 
later 

10 dm3 ha−1 with 
penergetic for soil on fore 
crop 

10 dm3 ha−1 with 
penergetic for soil with first 

 

  

 
4 Dose depending on location 

5 Depending on market: penergetic k or penergetic b 

6 Penergetic p for plants 

7 Azoter is a preparation which contains plant growth-promoting rhizobacteria (PGPR). The manufacturer states that 

the pH of the preparation is 5.8–8.5, a total number of living microorganisms (Azotobacter chroococcum, Azospirillum 

brasilense, Bacillus megaterium) is at least 4×109 colony-forming units (CFU) cm−3. 

8 1st dose of nitrogen in spring is the same as in the control, 2nd, and 3rd nitrogen application with reduced dose 

9 1st dose of nitrogen in spring is the same as in the control, 2nd, and 3rd nitrogen application with reduced dose 

10 Dose depending on location 
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 Winter wheat 

Treatment Mineral Nitrogen11 Penergetic soil Penergetic plant Azoter 

0 100%  

(111–238 kg ha−1 N) 

- - - 

1 70%   

(97 to 167 kg ha−1N) 

400 g ha−1 on the 
harvest residuals of 
the fore-crop 

400 g ha−1 with first 
pesticide spray in 
spring 

300 g ha−1 with 
second pesticide 
spray in spring 

300 g ha−1, 3 weeks 
later 

- 

2 70%  

(97 to 167 kg ha−1N) 

400 g ha−1 on the 
harvest residuals of 
the fore-crop 

400 g ha−1 with first 
pesticide spray in 
spring 

300 g ha−1 with 
second pesticide 
spray in spring 

300 g ha−1, 3 weeks 
later 

10 dm3 ha−1 with 
penergetic for soil on fore 
crop 

10 dm3 ha−1 with 
penergetic for soil with 
pesticide spray in spring 

  

 
11 Dose depending on location 
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Results 

Sugar beet 

 

Figure 2: The influence of Penergetic activators and Azoter bacterial preparation on the yield, the 
technological quality of the roots and traits of sugar beet plants (2017–2019), and the effects of treatment, 
environment (location x year) and their interaction. (Artyszak & Gozdowski, Fertilizer reduction trial in sugar 

beet, 2020) 
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Figure 3: The influence of Penergetic activators and Azoter bacterial preparation on the yield of roots, sugar 
yield and sucrose content (2017-2019). Same letters next to means indicate lack of significant difference 
between means at 0.05 probability level. (Artyszak & Gozdowski, Fertilizer reduction trial in sugar beet, 2020) 

 

Figure 4: Descriptive statistics for all experiments with sugar beet (2017 – 2019). (Artyszak & Gozdowski, 

Fertilizer reduction trial in sugar beet, 2020) 
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Maize 

 

Figure 5: Influence of Penergetic activators and Azoter bacterial preparation on yield and traits of maize 
plants (2017–2019) and effects of treatment and environment (location x year) and their interaction. 
(Artyszak & Gozdowski, Fertilizer reduction trial in maize, 2020) 

 

 

Figure 6: Influence of Penergetic activators and Azoter bacterial on yield and traits of maize plants 
(2017–2019). Same letters next to means indicate lack of significant difference between means at 0.05 
probability level. (Artyszak & Gozdowski, Fertilizer reduction trial in maize, 2020) 

 

 

Figure 7: Descriptive statistics for all experiments with maize (2017–2019), (Artyszak & Gozdowski, 
Fertilizer reduction trial in maize, 2020) 
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Winter wheat 

 
Figure 8: Influence of Penergetic activators and Azoter bacteria preparation (Azoter Trading, Bratislava, 
Slovakia) on yield and traits of winter wheat plants (2016/17–2018/2019) and effects of treatment and 
environment (location year) and their interaction. For the treatments, marginal means for all experiments 
together are presented. (Artyszak & Gozdowski, Fertilizer reduction trial in winter wheat, 2021) 

 

Figure 9: Means of grain yield, protein content and wet gluten of treatments of winter wheat in years 
2017–2019. For the treatments, marginal means for all experiments together are presented (different 
letters indicate significant differences at 0.05 probability). (Artyszak & Gozdowski, Fertilizer reduction trial 
in winter wheat, 2021) 
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Figure 10: Descriptive statistics for all experiments with winter wheat (2017–2019). (Artyszak & 
Gozdowski, Fertilizer reduction trial in winter wheat, 2021) 

 

 

Figure 11: grain yield of treatments of winter wheat in years 2017–2019. For the treatments, marginal 
means for all experiments together are presented (different letters indicate significant differences at 0.05 

probability). (Artyszak & Gozdowski, Fertilizer reduction trial in winter wheat, 2021) 

 

7.44a 7.64ab 7.95b
6.79a

8.36b 8.14b
8.82a

10.32a 10.32a

0

2

4

6

8

10

12

C
o

n
tr

o
l

p
e

n
e

rg
et

ic

p
e

n
e

rg
et

ic
 +

 P
G

P
R

C
o

n
tr

o
l

p
e

n
e

rg
et

ic

p
e

n
e

rg
et

ic
 +

 P
G

P
R

C
o

n
tr

o
l

p
e

n
e

rg
et

ic

p
e

n
e

rg
et

ic
 +

 P
G

P
R

2017 2018 2019

Grain yield (t ha-1)



 

Penergetic Int. AG ©   EN_SCI_p154_3 trials for fertilizer reduction_Uni Warsaw_2021_220117.docx 10 / 10 

 

Figure 12: Weight of 1000 grains (g) of treatments of winter wheat in years 2017–2019. For the 
treatments, marginal means for all experiments together are presented (different letters indicate 
significant differences at 0.05 probability). (Artyszak & Gozdowski, Fertilizer reduction trial in winter 
wheat, 2021) 
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