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Dear friends, colleagues and partners, 

You are holding in your hands the second edition 
of our agronomic trials results, which we hope 

will help you to test the effectiveness of PhosAgro's 
proposed successful harvesting strategy.

In recent years, our company has strengthened its position in the field of innovative fertilizer 
production and moved from the supply of individual nutrient components to the creation of 
an integrated system of mineral nutrition for various types of soils and crops, which fully meets 
the requirements for precision farming as well as the most stringent environmental standards.

We have established qualified agronomy service in Russia to support the application of PhosAgro's 
fertilizers around the world. In partnership with Innopraktika, we launched an ideas incubator 
to develop innovative yield management solutions. PhosAgro launched a training centre in 
Timiryazevka where Russian and foreign students can gain practical knowledge of agronomy 
through the company's own expertise and the experience of our consumers. Five of the country's 
leading agricultural universities are implementing partner programmes with PhosAgro.

We were the first Russian company to start mineral fertilizer production trials at six of our 
own agricultural stations across different climatic zones and soil types. Naturally, the release 
of such a useful and complex material would not have been possible without the last year's 
work from our partners at field trial stations. Therefore, I would like to express my gratitude to 
the Russian Academy of Sciences, the Ministries of Agriculture of the Moscow Region, Saratov 
Region, Orel Region and Krasnodar Region; the All-Russian Research Institute of Agrochemistry 
named after D. N. Pryanishnikov (VNIIA), the Moscow Scientific Research Institute of Agriculture 
Nemchinovka (MSRIA Nemchinovka), the Agricultural Research Institute of South-East Region, 
the Saratov State Vavilov Agrarian University (SGAU); the companies Limagrain, German Seed 
Alliance, JSC AMAZONE Eurotechnika, Pegas-Agro, John Deere, Agrotek Group, JSC Schelkovo 
Agrohim, Orgpolimersintez SPB LLC, BASF, Bayer CropScience, AGROGALAXY LLC, JSC AUGUST 
Inc., Bisolbi Plus LLC, Farmers Edge, IntTerra, Agrochim XXI and Rossorgo, as well as AgroGard, a 
large agricultural company that is one of the leaders in Russian crop production and has been 
testing and using our effective crop yield management solutions for more than 15 years.

Andrey A. Guryev

Chief exeCutive offiCer

PhosAGro
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PhosAgro is a Russian vertically-integrated company, the largest European producer of 
phosphate fertilizers and the world's leader in the production of high-grade phosphate 
raw materials.

PhosAgro Group's main production assets are located in the Murmansk, Vologda, Leningrad 
and Saratov regions. Over the past five years, PhosAgro increased its production of mineral 
fertilizers and feed additives by more than 1.5 times to a record 9.5 million tonnes in 2019. 
During this time, around 200 billion RUB was invested in the development of PhosAgro Group.

Today, PhosAgro's product portfolio includes more than 40 grades of mineral fertilizers and 
feed additives. PhosAgro's agricultural products are highly efficient and comply with Russian 
standard GOST R 58658-2019 “Agricultural products, raw materials and food with improved 
environmental characteristics. Mineral fertilizers. General specifications” and can be used to 
produce agricultural products and food under the banner of the Green Standard brand.

The company's products are used to increase yield and quality of cultivated agricultural products 
and are the basis for obtaining healthy food in more than 100 countries around the world.

Russia remains our priority market, which uses more of PhosAgro's products than any other 
country in the world. Due to PhosAgro's significant investments in the development of our own 
distribution network, PhosAgro-Region, we remain the undisputed leader in the total sales of 
different types of mineral fertilizers to the Russian agro-industrial complex. Today, PhosAgro-
Region network is the widest mineral fertilizer distribution network both in terms of regional 
coverage and number of locations.

Samoilov Scientific Research Institute for Fertilizers and Insectofungicides (NIUIF), which 
is a part of PhosAgro, is Russia's leading institution in the field of standardisation and 
certification of mineral fertilizers; sulphuric and phosphoric acids and related 
products; as well as metrological production support. In accordance with 
the institute's projects, more than 80 process units producing mineral 
fertilizers, phosphoric and sulphuric acids and industrial salts were 
constructed in Russia, CIS countries and beyond. NIUIF holds 
approximately 70 patents related to various technologies for 
phosphate processing and fertilizer production.

About PhosAGro GrouP
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The second part of PhosAgro's results concerning field and 
on-farm experiments involves agronomic assessments on 
the usability of mineral fertilizers across various crops, 
providing an important supplement to the first edition 
of results. The 2020 brochure depicts results not 
only from Russia but also from several CIS countries 
and abroad, increasing the value of the material. 
The authors took a serious and thorough approach 
to preparing and interpreting the data collected. You 
are holding in your hands over 200 pages of detailed 
recommendations on using mineral fertilizers to obtain a 
high yield from high-quality crops. This material is intended to 
help managers and specialists answer important questions, such 
as: 'How do you make farms more efficient?' or 'How can one economically benefit from the 
available harvesting resources?'

Here you will find results from PhosAgro's own trials carried out in four experimental field 
stations established specifically to test the company's plant nutrition systems. We also worked 
to evaluate their effectiveness using both traditional and novel forms of mineral fertilizers to 
determine the most successful formulas.  You will also be able to gain important insights based 
on production results carried out in cooperation with leading scientific organizations. And of 
course, among other things, this brochure presents the international experience of PhosAgro's 
activities in Brazil, Lithuania and Poland.

The brochure is highly useful and well-timed, especially with the growing demand for quality 
food. PhosAgro is well equipped to provide the practical and timely advice needed for such a 
situation.

reviews

Alexey ZAvAlin

Academician of the Russian 
Academy of Sciences
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As far back as at the beginning of the last century, 
D. N. Pryanishnikov in his book 'Nitrogen in the Life of  
Plants' summarised the development of farming in 
Western European countries, showing that mineral 
fertilizers made it possible to double the yields of 
agricultural crops relative to 'crop rotation' techniques, 
which, at the time, were considered the most progressive 
methods for increasing the soil fertility.

A further increase in yield occurred with the advent of 
plant protection products, new varieties and advanced 
technologies.  However, global practice and scientific research 
show the primacy and lack of alternative to the use of mineral 
fertilizers.

PhosAgro's constant work to expand the range and improve the quality of mineral fertilizers 
enables us to develop mineral nutrition systems that take into consideration the particular 
requirements of different crops so we can obtain greater yield, conserve soil and achieve 
maximum return from fertilizers.

Results from the 2019 PhosAgro trials in many Russian regions and abroad convincingly show 
the high efficiency of mineral fertilizers, while demonstrating the appropriateness of PhosAgro's 
strategy to strengthen and expand its own agronomy service. Undertaking production trials 
with leading scientific institutions in Russia and abroad allows the company to develop and 
test effective plant nutrient systems, study innovative and promising fertilizer types, show their 
results and provide recommendations to those using the products on their land.  PhosAgro's 
course on developing training classes in universities and field trial stations, based on the 
country's leading research institutes, is a testament to the company's stability and development 
to the benefit of the domestic agriculture.

I hope that we are seeing the establishment of a new tradition, one in which 2020 PhosAgro 
trail results also provide informative and useful insights for landowners.

Academician of the Russian 
Academy of Sciences

viktor syChev
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PhosAGro's new GrAdes

Apaviva® complex fertilizers contain two (nitrogen and 
phosphorus) or three (nitrogen, phosphorus and potassium) 
main macronutrients as well as important mesonutrients 
(sulphur, magnesium). Almost all of our complex fertilizers 
contain different quantities of sulphur. Thanks to sulphur, 
productivity of all crops increases: grain, industrial and 
fodder crops. Our complex fertilizers form a part of almost 
all nutrition programmes, taking into account the finest 
features of the soil and climate. 

This category of fertilizers, in addition to the main 
macronutrients (nitrogen, phosphorus and potassium) and 
mesonutrients (sulphur, magnesium), also contain calcium 
and micronutrients (boron and zinc). Almost all crops need 
micronutrients: some are more sensitive to boron, others to 
zinc, still others to magnesium or combinations of several 
nutrients. 

Nitrogen-phosphate and complex fertilizers 

Nitrogen-phosphate and complex fertilizers with 
micronutrients

The correct fertilizer or feed additive, chosen from a wide range of our products, will 
ensure crops' balanced mineral nutrition in a variety of soil and climate condition, while 
also providing optimal nutrition for animals and poultry. 

APAvivA®

APAvivA®+

5 ProduCt CAteGories

8

Green Label is our guarantee that the selected product contains 
no concentrations of toxic substances that are harmful to human 
health and soils and boasts a high quality. Green Label confirms 
the environmental safety of PhosAgro's fertilizers. The cadmium 
content in our fertilizers does not exceed 5 mg/kg P2O5.



9

PhosAgro is the only producer of NP 11-37 in Russia. APP 
is liquid phosphorus and is more versatile mixing well 
with other fertilizers and agrochemicals and therefore 
each solution contains the same number of components. 
Apaliqua provides a more accurate and uniform introduction 
of nutrient into the soil. Liquid complex fertilizers are ideal for 
foliar applications in the initial stage growing season, when 
adjusting phosphorus levels is most needed.  

Nitrogen fertilizers are traditional sources of readily available 
nitrogen for plants. They are effectively applied in all soil 
types and for all cultivated crops. Nitrogen is one of the most 
important compounds: amino acids, proteins, chlorophyll, 
nucleic acids and B group vitamins. Therefore the nutritional 
value of food products depends on the content of nitrogen 
available to plants. Most cultivated plants require this nutrient 
in greater quantities than any other nutrient. 

Monocalcium phosphate and urea are additives to animal 
feedstuff. The introduction of urea to the diet leads to an 
increase in muscle mass and milk yield of animals and poultry. 
Monocalcium phosphate strengthens the skeletal, immune 
and reproductive systems of animals and poultry. 

Liquid complex fertilizers

Nitrogen fertilizers

Fodder additives

APAliquA®

nitrivA®

APAfeed®

9
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We look beyond the production and marketing of our products, seeking to make them 
effective and safe. That is why we pay a lot of attention to developing our agronomic service.

PhosAGro's  
AGronomiC serviCe

Mineral fertilizers are a source of highly concentrated nutrients and an extremely effective tool to 
replenish minerals in soil, but, like any concentrates, they should be used knowledgeably.

Overfertilization does not improve crop yields. Instead, it may result in the microbiological 
imbalance of the soil, damage the plants (burn roots or leaves in case of foliar application of 
fertilizers).

Balance and compatibility are the most important fertilization principles. Unbalanced 
fertilization (e.g. sufficient nitrogen and potassium and deficient phosphorous) causes the 
crop to uptake nutrients to the amount of the most limiting one, according to Liebig’s law of 
the minimum, and fails to fully utilized its potential.

Climate: temperatures and 
precipitation as plants take up 
mineral nutrients from soil solution;

Crop choice: compared to conventional 
varieties, hybrids for intensive cultivation 
need higher rates of mineral nutrients to 
deliver its yield potential;

Initial mineral composition of soil: 
nutrient sufficiency or deficiency 
and soil acidity;

Forecrop and general crop 
rotation plan.

THE TYPE AND RATE DEPEND ON A VARIETY OF FACTORS:
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PhosAgro’s agronomists rely on the principles of sustainable, environmentally friendly 
agriculture and responsible farming.

We offer our customers agronomic support and advice. Our experts will help you choose 
fertilizers that are best suited to your soil type and climatic conditions, determine the 
right rate and nutrition programme and provide comprehensive information on the 
agrochemical properties of our fertilizers and results of trials.

We are continuously testing our products and their performance in field-scale trials. Every 
year PhosAgro sets up demonstration and trial sites to showcase the best practices. These 
are located in the Krasnodar Region (Kuban branch of AgroGard), Orel Region (Orel branch 
of AgroGard), Saratov Region (Balakovo branch of Apatit) and Moscow Region (Barybino, 
D. N. Pryanishnikov All-Russian Research Institute of Agrochemistry site). The sites annually 
host agriculture technology days to present trial outcomes and answer questions about 
the nutrition system and its financial feasibility. Together with our partners from the elated 
industries producing agricultural machinery, crop protection systems and seeds, we offer 
bundled solutions, including full economic effect analysis.

Your feedback on our products and services is extremely important to us – it helps us learn and 
improve how we do things in the future. We truly want our products to meet your expectations 
and our agronomic support to help you increase crop quality and yield. For more details, 
please visit www.phosagro.com.

on-fArm triAls

feedbACk

field triAl stAtions used to showCAse 
CuttinG-edGe fArminG PrACtiCes

We can arrange trials at your farm to let you see the exact effect of our products and fertilization 
approaches on your crops.



12

Assessing the crop rotation system 
and the nutrient needs of the crop.

Relating the chemical analysis 
data to the nutrient needs and 
target yields of the crop.

Soil sampling. Soil chemical analysis, 
soil tests for nutrients, organic matter, 
acidity and contamination.

AGronomiC AdviCe

steP 1

steP 2

steP 3
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Calculating the cost-effectiveness 
of the proposed solution(s).

Developing a nutrition 
programme and a 
comprehensive set of 
recommendations.

Assisting the customer in implementing the proposed 
nutrition programme providing guidance through the 
stages of crop growth and development, making and 
interpreting measurements.

Determining the best nutrient formulation, rate, form 
and timing, given the farmer’s technical capabilities. 
The following factors are taken into account: available 
machinery (spreaders, sprayers, etc.); split application or 
minimised number of passes; soil cultivation techniques 
(minimum tillage, conventional tillage, strip-till, no-till) and 
the corresponding fertilization method and fertilizer form to 
ensure that nutrients move from soil to the rootzone where nutrients a r e 
absorbed and where moisture is available.

autumn or spring 
application;

broadcasting 
or banding;

granular or liquid 
fertilizers.

application at tilling/
ploughing or at sowing, 
foliar application;

steP 7

steP 6

steP 5

steP 4
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winter wheAt

sPrinG wheAt

The effectiveness of using urea treated with urease inhibitor 
when feeding winter wheat in ordinary chernozem

The effect of various forms of complex and straight fertilizers on 
grain yield and quality of spring wheat in light loamy soil with a 
high mobile phosphorus in Lithuania

Studying the comparative efficiency of liquid and granular 
phosphate-based fertilizers on winter wheat grown in leached 
chernozem in the central zone of the Krasnodar Region

Studying the agronomic efficiency of in-furrow application of 
phosphate-based fertilizers with different nutrient ratios to 
spring wheat in the Kurgan Region's Central zone

Studying the effectiveness of early spring topdressing with 
complex fertilizers in winter wheat in light-textured podzolic soils

Improving fertilizer application systems in the arid climactic 
conditions of the Middle Volga Region

The effectiveness of using various grades of complex fertilizers 
and magnesium urea on winter wheat in the Non-Chernozem 
zone

Effect of various forms of complex and liquid fertilizers on the yield 
and grain quality of spring wheat in the Lithuanian sod-podzolic 
loamy sandy soil

Krasnodar Region

Lithuania, Marijampole County

Krasnodar Region

Kurgan Region

Poland, Lodz Voivodeship

Saratov Region

Moscow Region

Lithuania, Vilnius County

2019 triAls

2

4

1

6

7

8

5

3
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The use of the complex fertilizer containing sulphur and zinc, as 
well as a liquid complex fertilizer in the technology of growing 
maize in leached chernozem

Improving the cultivation of Grain maize in leached chernozem 
due to the pre-sowing application of complex sulphur-containing 
fertilizers

Orel Region

Kursk Region

11

10

GrAin mAiZe

silAGe mAiZe

sunflower

Improving fertilizer application systems in the arid climactic 
conditions of the Middle Volga Region

The use of the liquid complex fertilizer and sulphur-containing 
complex granular fertilizer in an optimized technology for growing 
Silage maize in sod-podzolic soil

The optimisation of maize nutrients for silage with macro-, meso- 
and microelements in ordinary chernozem to increase biomass 
accumulation and improve its quality

Improving fertilizer application systems in the arid climactic 
conditions of the Middle Volga Region

Application of a complex fertilizer containing sulphur and boron, 
as well as liquid complex fertilizer in the technology for growing 
sunflowers in leached chernozem

Effect of various forms of complex and liquid fertilizers on the 
biomass accumulation by maize in loamy sandy soil in Lithuania

Saratov Region

Moscow Region

Belgorod Region

Saratov Region

Orel Region

Lithuania, Vilnius County

9

15

14

13

16

17

Study of effectiveness of the in-furrow application of the 
complex, sulphur-containing fertilizer in winter season maize in 
a dystrophic Red Latosol
Brazil, Mato Grosso

12
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sunflower

suGAr beet

tAble beet

hemP

millet

winter  
rAPeseed

sPrinG  
rAPeseed

Using liquid complex fertilizer and sulphur-containing 
complex granular fertilizer in the technology of growing 
sunflowers in sod-podzolic soil

Inclusion of the boron-, magnesium- and calcium-containing 
complex fertilizers in the technology for growing Sugar beets 
in the ordinary chernozem

Studying the agronomic efficiency of in-furrow application 
of phosphate-based fertilizers with different nutrient ratios 
to spring rapeseed in the Central zone of Kurgan region

Developing nutrition programme for table beets to obtain 
high-yielding, high-grade, high quality and safe production in 
sod-podzolic soils

Studying the effectiveness of early spring topdressing with 
complex fertilizers in winter rapeseed in light-textured 
podzolic soils

Improvement of the fertilizer application system in the arid 
climate of the Middle Volga Region

Optimisation of sunflower cultivation in leached chernozem 
due to pre-sowing application of complex sulphur- and 
boron-containing fertilizers

Development of a system for applying fertilizers for hemp in 
podzolised chernozem

18

20

22

19

24

25

23

21

Moscow Region

Krasnodar Region

Kurgan Region

Moscow Region

Poland, Lodz Voivodeship

Saratov Region

Kursk Region

Nizhny Novgorod Region
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ChiCkPeA

white  
CAbbAGe

CArrots

PerenniAl 
GrAsses

soybeAn

Developing a system for the use of mineral fertilizers when 
growing chickpeas in leached chernozem using complex sulphur-
containing fertilizers and liquid complex fertilizers

Technologies for soybean cultivation using the liquid complex 
fertilizer APP NP 11-37 and the low-nitrogen complex fertilizer 
with calcium in ordinary chernozem

Comparative efficiency of the in-furrow application of MAP 
from different producers when growing soybean on a dystrophic 
Red Latosol

Development of nutrition programme for white cabbage to 
obtain high yielding commercial quality and safe production in 
sod-podzolic soils

Studying soybean response to in-furrow application of complex 
sulphur- and calcium containing fertilizers in a dystrophic Red 
Latosol

Developing a nutrtrition programme for carrots to obtain high 
yielding commercial quality and safe production in sod-podzolic 
soil

Development of agricultural technologies to increase forage 
grass productivity and haylage quality in sod-podzolic soil

Inclusion of the use of a complex fertilizer containing sulphur 
and boron in the technology for growing soybeans in leached 
chernozem

26

29

32

31

30

33

27

28

Orel Region

Krasnodar Region

Brazil, Mato Grosso

Moscow Region

Brazil, Mato Grosso

Moscow Region

Perm Region

Orel Region
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Moscow Region, Barybino, 
Field trial station based 
on All-Russian Research 

Institute of Agrochemistry by 
D. N. Pryanishnikov (VNIIA):

Sunflower and silage maize.

Orel Region, 
AgroGard-Orel LLC's 

Field Trial Station:
Grain maize, sunflower,  
soybean and chickpea.

Krasnodar Region, 
AgroGard-Kuban LLC's Field 

Trial Station:
Winter wheat, soybean  

and sugar beet.

Saratov Region. JSC 
Apatit's Balakovo 
Branch Field Trial 

Station:
Millet, spring wheat,  
maize and sunflower.
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field triAl stAtions 2019

The success of the first field trial station based on AgroGard-Orel LLC's facilities in the 
Chernozem region demonstrated patterns for development of scientific and practical 
support for growing agricultural crops in Russia. Most of Field Days seminars have a 
narrow specialisation, for example, in seeds, plant protection products, machinery, etc. 
Such a format makes it difficult to comprehensively cover the issue, namely the ability to 
observe and evaluate the mutual influences that such variables have on the final result. 
Placing different crops on the same field, taking into consideration the area's agro-
climatic characteristics, varietal and hybrid material, nutrition programmes, as well as 
plant protection and satellite monitoring equipment systems allows us to solve the issue 
in an integrated manner.

Expanding its successful practice, PhosAgro and its partners in 2019 established four field 
trial stations in the Russian Federation:  AgroGard-Orel LLC (Pokrovsky district, Orel Region), 
AgroGard-Kuban LLC (Vyselkovsky district, Krasnodar Region), JSC Apatit's Balakovo Branch 
(Balakovo district, Saratov Region) and the All-Russian Research Institute of Agrochemistry 
by D. N. Pryanishnikov – Agrotechnology Field Trial Station (Domodedovsky district, Moscow 
Region).

The field trial station based on AgroGard-Orel LLC presented nutritional programmes for spring 
barley, chickpea, spring rapeseed, soybean, maize and sunflower. All plots at the field trial 
station are connected to satellite monitoring systems. A variety of systems for plant protection 
and foliar nutrition were demonstrated.

The AgroGard-Kuban LLC's field trial station exhibited not only nutrition programmes and plant 
protection products, but also biological systems for managing soil fertility and plant nutrition.

The field trial station at the JSC Apatit's Balakovo Branch, a scientific and practical centre of the 
Lower Volga Region, has shown ways to intensify crop production in the Saratov Region. The 
use of extensive technologies for growing crops in the region results in soil degradation and 
decrease in soil fertility and ultimately affects yield, production quality and profitability. Possible 
solutions were demonstrated and a multi-year farm-scale trial was established to improve soil 
structure and fertility using phosphogypsum.
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krAsnodAr reGion

Krasnodar Region,  
Vyselkovsky district, Ilyich 

Agrofirm LLC, AgroGard JSC's 
Kuban Branch:

Winter wheat, soybean  
and sugar beet.

FIELD TRIAL STATIONS
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FIELD TRIAL STATIONS

The 2019 growing season was characterised by generally unfavourable weather conditions 
for crop growth and development compared to the last 10 years. In 2019, May and summer 
months were especially hot. The average monthly air temperature in the specified months 
was 6.3–10.9 °C higher than the average values   for the last 10 years. In May 2019, there was 
95.4 mm of atmospheric precipitation, which is 1.3 times higher than the average value for 
the last 10 years. However, in June, the amount of precipitation was 3 times lower and in July 
it was 1.5 times lower than the average values   for the last 10 years. In August, atmospheric 
precipitation was close to the average ten-year level.

soil fertility
The soil at the experimental area is a heavy loamy ordinary chernozem with neutral pH. Before 
starting the trial, the soil was characterised by increased (area under sugar beet) and a high 
available phosphorus. It had high (area under sugar beet) and very high levels of available 
potassium. The content of mobile forms of sulfur and zink in soil was low.

wheAter Conditions

Field Crops to be grown
Humus,  
%

рНKCl,  
units

N‒NO3,  
mg/kg of soil

Mobile forms, mg/kg of soil

P2O5* K2O* S Zn

1 Winter wheat 3.98 6.75 21 50 684 1.5 0.41

2 Soybean 3.98 6.75 21 52 650 1.5 0.41

3 Sugar beet 3.86 6.75 24 40 435 1.5 0.41

Initial characteristics of ordinary chernozem (0–20 cm)

2019 Long-term annual average2019 Long-term annual average

Average monthly air temperature and precipitation for May–August 2019
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This project adopted the following winter wheat nutrition strategy: 

Urea treated with an urease inhibitor is more effective than common urea by means of  
nitrogen topdressing in ordinary chernozem.

The urea hydrolysis in the soil occurs under 
the action of the soil enzyme urease and 
ammonium nitrogen is generated.  Once 
urea is placed on the surface of neutral 
and slightly alkaline soils, there is a risk of 
gaseous nitrogen loss in the ammonia form.  

Under these conditions, in order to reduce gaseous loss of nitrogen, it is better to add 
urea after the soil thaws and under conditions of highly probable heavy precipitation, 
which helps the fertilizer to dissolve, infiltrate and penetrate deep into the soil. In such 
cases, the use of advanced urease inhibitors helps reduce nitrogen losses when urea is 
introduced to the surface.

Trial: The effectiveness of using urea treated 
with urease inhibitor when topdressing winter 
wheat in ordinary chernozem.

triAl ProGrAmme
In PhosAgro's farm-scale trial at Ilyich Agrofirm LLC's trial field station, our specialists 
compared results of winter wheat topdressings at the tillering stage with ordinary urea and 
urea containing an innivative urease inhibitor coating (Limus®). In the trial, the nitrogen 
application rate to the winter wheat was used: 116 kg/ha. In all other respects, conventional 
technologies for growing this crop were used.

winter wheAt

nutrition strAteGies

AntoninA vAriety

Location:
Krasnodar Region,  

Vyselkovsky district, Ilyich 
Agrofirm LLC, Kuban Branch 

JSC AgroGard.
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FIELD TRIAL STATIONS

Treatment Fertilizers
Rate, kg/ha

Application method
Application 
timephysical weight nutrients*

PhosAgro 
Treatment 1

NPK(S) 10-26-26(2) 100

N116P84K26S2

Broadcast before ploughing 21/8/2018

MAP NP 12-52 100 Application at sowing 30/9/2018

Urea 200 Topdressing at tillering stage 7/3/2019

APP NP 11-37 15 Foliar 26/3/2019

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) 100

N116P84K26S2

Broadcast before ploughing 21/8/2018

MAP NP 12-52 100 Application at sowing 30/9/2018

Urea + Limus 200 Topdressing at tillering stage 7/3/2019

APP NP 11-37 15 Foliar 26/3/2019

Seeding rate: 240 kg/ha 
Total plot area: 2.7‒3.4 ha

Sowing date: 30/9/2018 
Harvesting date: 3/7/2019

Forecrop: sugar beet

meAsurements And observAtions
According to observations of winter wheat growth and development 
made in early April (the start of stem elongation), the aboveground 
fresh biomass weight of 100 plants, the root fresh weight of 
100  plants and the total tillering coefficient were each higher 
in the trial treatment when using urea treated with the urease 
inhibitor (urea + Limus). Meanwhile, during the next observation 
period, at the end of the second ten-day period of April, the 
aboveground plant-top fresh weight of 100 plants and the 
fresh weight of 100 plant roots were higher in the treatment 
with ordinary urea topdressing. Nevertheless, according to 
the weight of ears from 100 plants at milk and wax ripeness 
stages, Treatment 2 stood out noticeably, in which urea 
treated with the urease inhibitor was used for topdressing. 
The indicators under consideration increased by 7–11 % as 
compared to Treatment1.

Nutrition programme in winter wheat field trial

* Here and afterwards we use an oxide basis for several nutrients, i.e. P2O5, K2O, CaO, and MgO.
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Growth and development indicators of winter wheat by observation periods

* 100 plants were selected from each plot.

Ten winter wheat plants and spikes from them from two treatments (14/6/2019)

Treatment 2

NPK(S) 10-26-26(2) in autumn 
MAP NP 12-52 during sowing  
Urea + Limus topdressing  
APP NP 11-37 foliar

Treatment 1

NPK(S) 10-26-26(2) in autumn 
MAP NP 12-52 during sowing  
Urea topdressing 
APP NP 11-37 foliar

Treatments,  
fertilizers and time  
of application

Observation period

3/4/2019 
Stem elongation beginning

19/4/2019 
Stem elongation

17/5/2019 
Milk  
ripeness

14/6/2019 
Wax  
ripeness

aboveground 
top fresh 
weight of  
100 plants, kg

root fresh 
weight of 
100 plants, 
kg

total  
tillering 
coefficient*

aboveground 
top fresh 
weight of  
100 plants, kg

root fresh 
weight of 
100 plants, 
kg

weight  
of ears from 
100 plants, 
kg

weight  
of ears from 
100 plants, 
kg

Treatment 1 
NPK(S) 10-26-26(2)  
in autumn
MAP NP 12-52  
during sowing
Urea topdressing
APP NP 11-37  
foliar

0.35 0.16 3.12 1.08 0.55 0.37 0.72

Treatment 2 
NPK(S) 10-26-26(2)  
in autumn
MAP NP 12-52  
during sowing
Urea + Limus  
topdressing
APP NP 11-37  
foliar

0.41 0.17 3.36 0.85 0.49 0.41 0.77
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yield
In the trial, plot-wise combine harvesting of winter wheat grain was performed. Using urea 
treated with an advanced urease inhibitor in ordinary chernozem, with neutral pH, made it 
possible to see an increase in grain yield equal to 0.21 t/ha on the harvest moisture. That is 
3 % relative to the trial treatment showing fertilizing with ordinary urea. The resulting increase 
comes down to an improvement in the conditions of plant nitrogen nutrition when using an 
innovative urea (urea + Limus). This inhibits the activity of urease and reduces gaseous nitrogen 
losses into the atmosphere in the form of ammonia.

Winter wheat grain yield (harvest moisture)

Treatment 1

NPK(S) 10-26-26(2) in autumn 
MAP NP 12-52 during sowing  
Urea topdressing 
APP NP 11-37 foliar

Treatment 2

NPK(S) 10-26-26(2) in autumn 
MAP NP 12-52 during sowing  
Urea + Limus topdressing  
APP NP 11-37 foliar
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6.61 6.82

Winter wheat grain quality

yield quAlity
In both trial treatments: when using both conventional and improved urea, the winter wheat 
grain corresponded to Class 3 quality indicators.

Treatment Fertilizers and application time

Grain 
moisture at 
harvest,  
%

Content of, % Gluten  
Deformation 
Index (GDI),  
units

Grain  
hardness, %

protein raw gluten

PhosAgro 
Treatment 1

NPK(S) 10-26-26(2) in autumn 
MAP NP 12-52 during sowing  
Urea topdressing 
APP NP 11-37 foliar

9.1 15.4 26.8 68 49

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) in autumn
MAP NP 12-52 during sowing 
Urea + Limus topdressing 
APP NP 11-37 foliar

9.3 14.9 25.5 69 49
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Economic efficiency of different winter wheat nutrition systems

Treatment Fertilizers and application time
Difference 
in fertilizer 
costs, RUB/ha

Grain yield (harvest 
moisture), t/ha

Crop value, 
RUB/ha

Economic effect  
compared to  
Treatment 1,  
RUB/ha

PhosAgro 
Treatment 1

NPK(S) 10-26-26(2) in autumn 
MAP NP 12-52 during sowing  
Urea topdressing 
APP NP 11-37 foliar

– 6.61 69,405 –

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) in autumn
MAP NP 12-52 during sowing 
Urea + Limus topdressing 
APP NP 11-37 foliar

200 6.82 71,610 2,005

Note: the price of winter wheat grain (harvest moisture) is 10,500 RUB/t.

When growing winter wheat in ordinary 
chernozem, the increase in the grain yield 

due to early spring feeding with urea treated 
with an advanced urease inhibitor amounted to  
0.21 t/ha (harvest moisture), compared to the use 
of ordinary urea.

Urease activity inhibition in ordinary 
chernozem by using the chemical industry's 

newest product (urea + Limus) made it possible 
to obtain an additional income of 2,005 RUB/
ha compared to traditional crop management 
technology: the use of conventional urea for 
feeding winter wheat.

1 2

ConClusions

eConomiC vAlue
When using urea with an innovative coating along with the urease inhibitor for feeding 
winter wheat, the costs for purchasing the fertilizers increased by 200 RUB/ha. However, the 
resulting increase in yield made it possible to generate an additional income of 2,005 RUB/ha,  
compared to the treatment in which ordinary urea was used.
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Winter wheat nutrition programme:  
NPK(S) 10-26-26(2) at 100 kg/ha before soil 
tillage in autumn, MAP NP 12-52 at 100 kg/ha 
at sowing, urea + Limus at 200 kg/ha topdressed 
at the tillering stage, APP NP 11-37 at 15 kg/ha: 
foliar feeding.
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In this project, the following soybean feeding strategy was used: 

a low-nitrogen fertilization system in spring, including phosphorus, potassium, sulphur and 
calcium, increases the seed yield in ordinary chernozem.

Soybean is a legume able to provide itself 
with nitrogen due to the biological fixation 
of atmospheric nitrogen. Nitrogen fixation 
satisfies more than half of soybeans' nitrogen 
requirements and on less fertile soils, the 

contribution of nitrogen fixation to soybeans' nitrogen nutrition can reach as much as 
80 %. This contribution depends on many factors, the most important of which is the 
nitrogen-fixing activity of plant root nodules. It assumed that soybean plants will need 
additional nitrogen from other sources including mineral fertilizers only for a very high 
yield potential.

Trial: Technologies for soybean cultivation 
using liquid complex fertilizer APP NP 11-37 
and low-nitrogen complex fertilizer with 
calcium in ordinary chernozem.

triAl ProGrAmme
In PhosAgro's production trial at Ilyich Agrofirm LLC's trial field station, against the background 
of the autumn application of complex fertilizer NP(S) 20-20(14), the spring application 
of liquid complex fertilizer APP NP 11-37 and the five-component complex fertilizer  
NPK(S) + Ca 5-15-30(5) + 7CaO* were compared. The latter has a low nitrogen content of 
5 %. In the trial, as for the soybean growing technology, a conventional strategy for the farm 
was used.

soybeAns

nutrition strAteGies

slAviA vAriety

* This grade is currently not available for sale, being under trial.

Location:
Krasnodar Region,  

Vyselkovsky district, Ilyich 
Agrofirm LLC, Kuban Branch 

JSC AgroGard.
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Treatment Fertilizer
Rate, kg/ha

Application method
Application 
timephysical weight nutrient

PhosAgro 
Treatment 1

NP(S) 20-20(14) 100

N31P57S14

Autumn broadcast before  
ploughing 

16/8/2018

APP NP 11-37 100
Spraying before 
pre-sowing cultivation

23/4/2019

PhosAgro 
Treatment 2

NP(S) 20-20(14) 100

N28P43K45S22Ca11

Autumn broadcast before  
ploughing 

16/8/2018

NPK(S)+Ca 5-15-30(5)+7CaO 100
Broadcast before  
pre-sowing cultivation

23/4/2019

Seeding rate: 90 kg/ha 
Total plot area: 0.36‒0.37 ha

Sowing date: 25/4/2019 
Harvesting date: 24/8/2019

Forecrop: winter wheat

Fertilization scheme in soybean field trial

meAsurements And observAtions
Towards the middle of June, the fresh weight of 100 plants was measured in the trial plots. The 
maximum values   of the indicator under consideration were obtained in Treatment 2 where, in 
addition to the autumn application of complex fertilizer NP(S) 20-20(14), a low-nitrogen grade 
NPK(S) + Ca 5-15-30(5) + 7CaO was applied before sowing, which also contained phosphorus, 
potassium, sulphur and calcium. On the whole, in kg nutrient/ha in treatment 2, nutrient 
application rates were as follows: N28P43К45S22Са11.

Five plants from two treatments (14/6/2019)

Fresh weight of 100 soybean plants (14/6/2019)

Treatment
Fertilizers and application 
time

Fresh weight of 
100 plants, kg

PhosAgro 
Treatment 
1

NP(S) 20-20(14) in autumn
APP NP 11-37 before sowing

3.70

PhosAgro 
Treatment 
2

NP(S) 20-20(14) in autumn
NPK(S)+Ca 5-15-30(5)+7CaO 
before sowing

3.90

Treatment 1

NP(S) 20-20(14) 
APP NP 11-37

Treatment 2

NP(S) 20-20(14) 
NPK(S)+Ca 5-15-30(5)+7CaO
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yield
In the trial, plot-wise combine harvesting of soybean seeds was performed. The best yield 
was obtained in Treatment 2 where, in addition to the autumn application of complex 
fertilizer NP(S) 20-20(14), a low-nitrogen grade NPK(S) + Ca 5-15-30(5) + 7CaO was applied 
before sowing. Thus, the use in spring in ordinary chernozem with a neutral pH, a very 
high supply of mobile potassium and a low supply of mobile sulphur of a complex fertilizer 
containing potassium, sulphur and calcium (the total application to the crop in kg nutrient/ha  
N28P43К45S22Са11) made it possible to increase soybean productivity by 0.09 t/ha, or 4 % 
compared to spring application of the nitrogen-phosphorus fertilizer (application in total in 
kg nutrient/ha N31P57S14).

eConomiC vAlue
The costs for fertilizer purchasing in Treatment 1 (kg nutrient/ha: N31P57S14) amounted to 
5,150 RUB/ha. In Treatment 2 (kg nutrient/ha: N28P43К45S22Са11), they were consequently 
higher by 500 RUB/ha, since in spring growers used a complex fertilizer containing 5 nutrients 
at a rate of 150 kg/ha. Nevertheless, an increase in seed yield of 0.09 t/ha in Treatment 2 
made it possible to obtain an additional revenue of 1,390 RUB/ha.

Economic efficiency of different soybean nutrition programmes

Treatment Fertilizers and application time
Fertilizer pur-
chase costs, 
RUB/ha

Seed yield  
(harvest  
moisture), t/ha

Crop value, 
RUB/ha

Economic effect  
compared to  
Treatment 1,  
RUB/ha

PhosAgro 
Treatment 1

NP(S) 20-20(14) in autumn
APP NP 11-37 before sowing

5,150 2.48 52,080 –

PhosAgro 
Treatment 2

NP(S) 20-20(14) in autumn
NPK(S)+Ca 5-15-30(5)+7CaO before 
sowing

5,650 2.57 53,970 1,390

Note: the price of soybean seeds (harvest moisture) is equal to 21,000 RUB/t.

Soybean seed yield (harvest moisture)

Treatment 1

NP(S) 20-20(14) in autumn 
APP NP 11-37 before sowing

Treatment 2

NP(S) 20-20(14) in autumn 
NPK(S)+Ca 5-15-30(5)+7CaO before sowing
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ConClusions
When cultivating soybean in ordinary 
chernozem with a high quantity of mobile 

phosphorus, a very high quantity of mobile 
potassium and a low quantity of mobile sulphur, 
the greatest yield of 2.57 t/ha (harvest moisture) 
was achieved after applying N28P43К45S22Са11  
(kg nutrient/ha) through the use of the following 
grades:
– NP(S) 20-20(14) in autumn before tillage; 
– NPK(S)+Ca 5-15-30(5)+7CaO before sowing.

The optimized system for fertilizer 
application for soybeans (including all the 

macro- and mesonutrients necessary for plants 
in the required ratios: nitrogen, phosphorus, 
potassium, sulphur and calcium) was 500 RUB/ha  
more expensive than the nutrition programme 
without potassium and calcium, but provided an 
additional income in the amount of 1,390 RUB/ha.

1 2

31
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The following sugar beet nutrition strategies were used in this project: 

The use of fertilizers containing boron provides a high beetroot yield;

Application of calcium-containing grades of complex fertilizer enriched with potassium is 
preferrable for sugar beet.

The characteristic sign of boron deficiency 
is dying of the plant growing point in plants. 
Sugar beets are highly sensitive to boron 
deficiency. In soils with low boron content, 
the use of boron fertilizers ensures a stable 
increase in root crop yields. The lack of 

calcium, which is often manifested in acidic soils, causes poor development of young 
sugar beet leaves. They become chlorotic.

triAl ProGrAmme
In PhosAgro's production trial at Ilyich Agrofirm LLC's field trial station, in addition to 
the autumn application of complex fertilizer NPK(S) 10-26-26(2), the spring pre-sowing 
application of three complex fertilizer grades, namely: containing boron – NPK(S) + B 15-15-
15(10) + 0.3B; boron and magnesium – NPK(S) + B + Mg 9-20-20(7) + 0.3B + 5MgO*; and also 
calcium – NPK(S) + Ca 5-15-30(5) + 7CaO* was demonstrated. In addition, in all treatments, 
the foliar application of APP NP 11-37 was performed one month after sowing. In all other 
respects, sugar beet cultivation techniques corresponded to grower practice.

nutrition strAteGies

Trial: Adding complex fertilizers containing 
boron, magnesium and calcium to the cultivation 
technology of sugar beet in ordinary chernozem.

suGAr beet

Location:
Krasnodar Region,  

Vyselkovsky district, Ilyich 
Agrofirm LLC, Kuban Branch 

JSC AgroGard.

sCorPion vAriety
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Treatment Fertilizer
Rate, kg/ha

Application  
method

Application 
timephysical 

weight
nutrients

PhosAgro 
Treatment 1

NPK(S) 10-26-26(2) 280

N122P101K95S21B0.5

Autumn broadcast 
before ploughing 

16/8/2018

NPK(S)+B 15-15-15(10)+0,3В 150 Broadcast before 
pre-sowing  
cultivation 

4/4/2019
Urea 150

APP NP 11-37 15 Foliar 4/5/2019

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) 280

N113P108K103S16Mg8B0.5

Autumn broadcast 
before ploughing 

16/8/2018

NPK(S)+B+Mg 9-20-20(7)+0,3В+5MgO* 150 Broadcast before 
pre-sowing  
cultivation 

4/4/2019
Urea 150

APP NP 11:37 15 Foliar 4/5/2019

PhosAgro 
Treatment 3

NPK(S) 10-26-26(2) 280

N107P101K118S13Ca11

Autumn broadcast 
before ploughing 

16/8/2018

NPK(S)+Ca 5-15-30(5)+7CaO* 150 Broadcast before 
pre-sowing  
cultivation 

4/4/2019
Urea 150

APP NP 11-37 15 Foliar 4/5/2019

Seeding rate: 124,000 seeds/ha 
Total plot area: 0.72 ha

Sowing date: 5/4/2019 
Harvesting date: 28/7/2019

Forecrop: winter wheat

Nutrition programme in sugar beet field trial

meAsurements And observAtions
Observations of sugar beet may be omitted growth and development were performed on 
17th  May and 14th June. As of 17th May, the fresh weight of 100 plants was noticeably 
higher in the third treatment (3.74 kg), where a complex fertilizer with calcium,  
NPK(S) + Ca 5-15-30(5) + 7CaO, was applied before sowing. It should be noted that this grade 
has a high potassium content of 30 % K2O compared to other trials, that allowed  to add more 
potassium to the soil. It is important to consider that sugar beet a potassium-demanding plant. 
The total nutrient application in Treatment 3 in kg/ha amounted to N107P101К118S13Са11.

The average root fresh weight as of 14 June was also highest in Treatment 3 (0.36 kg) with the 
broadcasting of complex fertilizer 5-15-30 (5) + 7CaO before sowing. Here the the parameter in 
question was 38–50 % higher than that in the other two treatments.

* This grade is currently not available for sale, being under trial.
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Note: 100 plants were taken from each plot.

Sugar beet growth and development parameters

Treatment Fertilizers and application time
Fresh weight of 100 plants, kg 
(17/5/2019)

Root fresh weight, kg 
(14/6/2019)

PhosAgro 
Treatment 1

NPK(S) 10-26-26(2) in autumn
NPK(S)+B 15-15-15(10)+0.3B before sowing
Urea before sowing
APP NP 11-37 foliar

1.52 0.24

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) in autumn
NPK(S)+B+Mg 9-20-20(7)+0.3B+5MgO before sowing
Urea before sowing
APP NP 11-37 foliar

2.78 0.26

PhosAgro 
Treatment 3

NPK(S) 10-26-26(2) in autumn
NPK(S)+Ca 5-15-30(5)+7CaO before sowing
Urea before sowing
APP NP 11-37 foliar

3.74 0.36

yield
In the trial, plot-wise combine harvesting of sugar beet roots was performed. The maximum 
yield (41.8 t/ha) was achieved in Treatment 3 where, before sowing, a potassium-enriched 
calcium-containing complex fertilizer NPK(S) + Ca 5:15:30(5) + 7CaO was applied. In this 
case, the crop demonstrated a 5-11% increase in root yield compared to to the other two 
treatments. In the third treatment, the total amount of nutrients applied was equal to 
(kg/ha) N107P101К118S13Са11. The above-indicated rates are close to the regional average 
recommendations when compared to the other treatments. For instance, in the Krasnodar 
Region, to obtain the maximum sugar beet yield, on average, it is recommended to apply 
120 kg N, P2O5 and K2O per hectare. It is possible that the presence of calcium in the complex 
fertilizer, which was used in the spring, also contributed to increase the root yield in the last 
treatment.

Sugar beet root yield

Treatment 1

NPK(S) 10-26-26(2) in autumn 
NPK(S)+B 15-15-15(10)+0.3B before sowing 
Urea before sowing 
APP NP 11-37 foliar

Treatment 2

NPK(S) 10-26-26(2) in autumn 
NPK(S)+B+Mg 9-20-20(7)+0.3B+5MgO  
before sowing 
Urea before sowing 
APP NP 11-37 foliar

Treatment 3

NPK(S) 10-26-26(2) in autumn 
NPK(S)+Ca 5-15-30(5)+7CaO  
before sowing 
Urea before sowing 
APP NP 11-37 foliar
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Sugar content in sugar beet roots and sugar yield per hectare

Treatment Fertilizers and application time Sugar content in roots, % Sugar output, t/ha

PhosAgro  
Treatment 1

NPK(S) 10-26-26(2) in autumn
NPK(S)+B 15-15-15(10)+0.3B before sowing
Urea before sowing
APP NP 11-37 foliar

16.3 6.2

PhosAgro  
Treatment 2

NPK(S) 10-26-26(2) in autumn
NPK(S)+B+Mg 9-20-20(7)+0.3B+5MgO before sowing
Urea before sowing
APP NP 11-37 foliar

16.5 6.6

PhosAgro  
Treatment 3

NPK(S) 10-26-26(2) in autumn
NPK(S)+Ca 5-15-30(5)+7CaO before sowing
Urea before sowing
APP NP 11-37 foliar

16.4 6.9

yield quAlity
The sugar content in sugar beet roots was quite similar across the experimental treatments.  In 
the Treatment 3, where complex fertilizer NPK(S) + Ca 5-15-30(5) + 7CaO was applied before 
sowing, the maximum sugar yield was obtained, 6.9 t/ha, due to the maximum root yield.

Five plants from three treatments  (14/6/2019)

Treatment 1

NPK(S) 10-26-26(2) in autumn 
NPK(S)+B 15-15-15(10)+0.3B before sowing 
Urea before sowing 
APP NP 11-37 foliar

Treatment 2

NPK(S) 10-26-26(2) in autumn 
NPK(S)+B+Mg 9-20-20(7)+0.3B+5MgO before sowing 
Urea before sowing 
APP NP 11-37 foliar

Treatment 3

NPK(S) 10-26-26(2) in autumn 
NPK(S)+Ca 5-15-30(5)+7CaO before sowing 
Urea before sowing 
APP NP 11-37 foliar
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eConomiC vAlue
The difference in the global fertilizer cost between the treatments was due to the cost of 
complex fertilizers applied before sugar beet sowing (150 kg/ha for all options). Indeed, 
the NPK(S) + B + Mg 9-20-20(7) + 0.3B + 5MgO grade was more expensive than the 
others, so the fertilizer cost in Treatment 2 was highest and reached 15,648 RUB/ha. The  
NPK(S) + 5:15:30(5) + 7CaO fertilizer grade was cheaper and provided a higher root 
yield, so the economic effect of Treatment 3 was better than in other treatments. Thus, 
the additional income compared to Treatment 1 was 10,337 RUB/ha and, compared to 
Treatment 2, 7,043 RUB/ha (10,337 - 3,294 = 7,043 RUB/ha).

Economic efficency of different sugar beet nutrition programmes to sugar beet

Treatment Fertilizers and application time

Fertilizer  
purchase  
costs,  
RUB/ha

Root  
yield, t/ha

Crop value, 
RUB/ha

Economic  
effect  
compared to 
Treatment 1,  
RUB/ha

PhosAgro 
Treatment 1

NPK(S) 10-26-26(2) in autumn
NPK(S)+B 15-15-15(10)+0.3B before sowing
Urea before sowing
APP NP 11-37 foliar

14,028 37.8 88,452 –

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) in autumn
NPK(S)+B+Mg 9-20-20(7)+0.3B+5MgO before 
sowing
Urea before sowing
APP NP 11-37 foliar

15,648 39.9 93,366 3,294

PhosAgro 
Treatment 3

NPK(S) 10-26-26(2) in autumn
NPK(S)+Ca 5-15-30(5)+7CaO before sowing
Urea before sowing
APP NP 11-37 foliar

13,051 41.8 97,812 10,337

Note: the root price is 2,340 RUB/t.
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ConClusions
 When cultivating sugar beet in ordinary 
chernozem with an increased mobile 
phosphorus, a high mobile potassium and 

a low supply of mobile sulphur, the maximum root 
yield (41.8 t/ha) and the maximum sugar yield 
(6.9 t/ha) were obtained with the application of 
N107P101К118S13Са11 (kg nutrient/ha) in form of the 
following fertilizers:
– NPK(S) 10-26-26(2) in autumn before tillage; 
– NPK(S)+Ca 5-15-30(5)+7CaO before sowing;
– Urea before sowing;
– APP NP 11-37 – foliar application one month 
after sowing.

The optimal system for applying the 
proposed fertilizers to sugar beet, based on 
the soil fertility and the necessary macro- 

and mesonutrients for plants in the required 
quantities (kg nutrient/ha: N107P101К118S13Са11), 
costs 13,051 RUB/ha and allowed to obtain an 
additional income of 7,043‒10,337 RUB/ha 
compared to the other two nutrition programmes 
studied (kg nutrient/ha: N122P101К95S21В0,5 and 
N113P108К103S16Mg8В0,5).

1 2

37
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mosCow reGion

Moscow Region, Domodedovo 
town, Barybino microdistrict, 

Trial Field of All-Russian Research 
Institute of Agrochemistry by 

D. N. Pryanishnikov:
Sunflower and silage maize.

FIELD TRIAL STATIONS
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The growing season's meteorological conditions were generally favourable for the growth 
and development of sunflower and maize. The weather in May was warm, with heavy rainfall. 
Sunflower and maize were sown under favourable conditions. June also turned out to be 
warmer than usual and characterised by excessive atmospheric precipitation, which exceeded 
the climate normal by 3.1 times. The average monthly temperature in July was below the 
climate normal, but there was considerable precipitation: 2.9 times higher than normal. It 
should be noted that prevailing weather conditions during the vegetation period contributed 
to developing of plant diseases, especially those caused by fungi.

soil fertility
Soil in the field trial is a slightly ameliorated heavy loamy sod-podsolic. Prior to the start of 
the trial, the soil of the trial area where maize for silage and sunflower were cultivated, was 
characterised by medium acidic pH, low mobile phosphorus with average supply of mobile 
potassium. According to concentration of mobile boron and zinc the soil refers to medium 
supply. 

wheAter Conditions

Initial characteristics of sod-podzolic soil (0–20 cm)

2019 Long-term annual average2019 Long-term annual average

Average monthly air temperature and total precipitation for April–August 2019
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In this trial, the following sunflower nutritional 
strategies were used: 

Liquid phosphate-containing fertilizers can 
be successfully used in sod-podzolic soils 
when applied before sowing;

The use of complex nitrogen-
phosphorus-potassium fertilizers that 
contain sulphur in sod-podzolic soils 
ensures high productivity;

Urea is an effective source of nitrogen in 
the Non-Chernozem zone.

When cultivating agricultural crops in 
sod-podzolic soils, especially those with 
low degree of improvement, it is necessary 
to take into consideration a whole range of 
yield limiting factors. Certainly excessive 
soil acidity is the major limiting factor.

The behaviour of phosphorus applied to  acidic soil includes its fixation by the soil as 
a result of phosphate's adsorption on the surface of iron and aluminium containing 
minerals. In this case, the uniform distribution of liquid phosphate-based fertilizers 
through the volume of acidic soil is often considered as a factor that enhances 
phosphate adsorption on the surface of soil particles. This point requires further 
investigation.

Trial: The use of complex liquid fertilizer 
and sulphur-containing complex granular 
fertilizer in sunflower cultivation technology in 
sod-podzolic soil.

sunflower

nutrition strAteGies

lG 5377 hybrid

Location:
Moscow Region, Domodedovo 
town, Barybino microdistrict, 

Trial Field of All-Russian Research 
Institute of Agrochemistry by 

D. N. Pryanishnikov.
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triAl ProGrAmme
Field experiments held at PhosAgro's trial field in Moscow Region – at the Reseach Station of 
the All-Russian Research Institute of Agrochemistry (by D. N. Pryanishnikov) – demonstrated 
advanced techniques mineral fertilizers' application in sunflower cultivation. Sunflower is a 
new crop for Moscow Region; it is therefore important to choose an effective technology for 
feeding hybrids recommended for cultivation in this region.

Both Treatments 1 and 2 involved the application of urea before pre-sowing cultivation. 
In Treatments 1 and 2, however, different complex fertilizers were used in combination 
with urea. In Treatment 1, the liquid complex fertilizer APP NP 11-37 was applied before 
pre-sowing cultivation and in Treatment 2, the granular complex sulphur-containing fertilizer  
NPK(S) 15-15-15(10) was applied during sowing.

We used the sunflower cultivation technologies recommended for non-chernozem regions. 
The field trial was arranged within a systematic experimental design with four replications.

Treatment Fertilizer
Rate, kg/ha

Application method Application time
physical weight nutrients

PhosAgro 
Treatment 1

Urea 100

N57P37

Broadcast before  
pre-sowing cultivation

30/4/2019

APP NP 11-37 100
Spraying before pre-sowing 
cultivation

8/5/2019

PhosAgro 
Treatment 2

Urea 100

N76P30K30S20

Broadcast before  
pre-sowing cultivation

30/4/2019

NPK(S) 15-15-15(10) 200 During sowing 21/5/2019

Seeding rate: 65,000 seeds/ha 
Total plot area: 0.54 ha

Sowing date: 21/5/2019 
Harvesting date: 14/10/2019

Forecrop: winter wheat

Nutrition Programme in sunflower field trial

meAsurements And observAtions
Sunflower yield structure was determined at the maturing stage (30 September). Significant 
differences between the treatments were found only for the number of seeds per head.  
It increased in trial Treatment 2 compared toTreatment 1.
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Sunflower yield structure (30/9/2019)

Treatment
Fertilizers  
and application time

Plant 
height,  
cm

Sunflower 
head  
diameter, 
cm

Head 
weight, g

Number of 
seeds per  
sunflower 
head

Weight of 
seeds from 
sunflower 
head, g

Weight of 
1,000 seeds,  
g

PhosAgro 
Treatment 1

Urea before sowing
APP NP 11-37 before 
sowing

169 17.5 98.3 1,225 65.9 47.1

PhosAgro 
Treatment 2

Urea before sowing  
NPK(S) 15-15-15(10) 
during sowing

168 19.7 111.7 1,440 69.8 46,6

LSD05 25 2.7 15.0 159 10.0 –

yield
In the trial, plot-wise combine harvesting of sunflower seeds was performed. The seed yield in 
Treatment 1, with the application of nitrogen and phosphorus N57P37 into the soil, amounted 
to 2.63 t/ha at standard moisture content due to the use of urea and a liquid complex fertilizer 
APP NP 11-37. In Treatment 2, where a more balanced sunflower nutrition programme was 
used with the application of nitrogen, phosphorus, potassium and sulphur (N76P30K30S20) 
into the soil, the seed yield reached 2.79 t/ha due to the combination of urea and complex 
fertilizer NPK(S) 15-15-15(10). The yield increase compared to the first treatment was 6 %. The 
difference in seed yield between two treatments was, however, statistically insignificant.

The results obtained show that liquid phosphate-based fertilizers can be successfully 
applied, or 'broadcasted', before pre-sowing cultivation in moderately acidic, sod-podzolic 
soil with a low supply of phosphorus. It is important to note that fixation of phosphorus 
applied with fertilizers by such soils occurs mainly due to phosphate adsorption on surfaces 
of iron and aluminium cobtaining minerals.

Sunflower seed yield (standard moisture content)

Treatment 1

Urea before sowing 
APP NP 11-37 before sowing

Treatment 2

Urea before sowing 
NPK(S) 15-15-15(10) during sowing

Se
ed
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, t

/h
a

3.0

2.0

1.0

0.0

2.63 2.79

Note: LSD05 = 0.40.
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Judging by the achieved yield of sunflowers seeds, when liquid phosphate-based fertilizer 
was placed along the upper soil layer before sowing and when solid phosphate-based 
fertilizer was applied during sowing, comparable conditions for plant nutrition with 
phosphorus were observed.

Sunflower seed quality

yield quAlity
With the studied sunflower nutrition programmes, high quality seeds were obtained, which, 
certainly, should be considered a positive achievement within Moscow's regional conditions. 
Thus, the crude oil content in the seeds was in the range of 51.8–53.1 % and the seed hull 
content was 27.0–28.0 %.

Treatment Fertilizers and application time Crude oil content, % Hull content, %

PhosAgro  
Treatment 1

Urea before sowing
APP NP 11-37 before sowing

53.1 27.0

PhosAgro  
Treatment 2

Urea before sowing  
NPK(S) 15-15-15(10) at sowing

51.8 28.0
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When growing sunflower in sod-podzolic 
soil with a moderate acidity, low in mobile 

phosphorus and a medium supply of potassium, 
a high seed yield (2.79 t/ha at standard moisture 
content) was achieved when N76P30K30S20  
(kg nutrient/ha) was applied due to the use of the 
following two fertilizers:
– Urea before pre-sowing cultivation;
– NPK(S) 15-15-15(10) during sowing.

The adjusted system for applying fertilizers 
sunflower nutrition system with the use of 

all the nutrients necessary for plants (nitrogen, 
phosphorus, potassium and sulphur) into the 
soil was 24 % more expensive compared to the 
nutrition programme without potassium and 
sulphur. Nonetheless, it provided an additional 
income of 1,200 RUB/ha, without taking into 
account the fertilizing and increased harvesting 
costs.

1 2

ConClusions

Economic efficiency of different sunflower fertilization programmes

Treatment Fertilizers and application time
Fertilizer  
purchase costs, 
RUB/ha

Seed yield  
(harvest  
moisture), t/ha

Crop value, 
RUB/ha

Economic effect  
compared to  
Treatment 1, RUB/ha

PhosAgro 
Treatment 1

Urea before sowing
APP NP 11-37 before sowing

5,090 2.63 39,450 –

PhosAgro 
Treatment 2

Urea before sowing  
NPK(S) 15-15-15(10) during sowing

6,290 2.79 41,850 1,200

Note: the sunflower seeds price (standard moisture content) is 15,000 RUB/t.

44

eConomiC vAlue
The cost of the sunflower nutrition system in the first treatment, with the use of urea and 
complex fertilizer APP NP 11-37, amounted to 5,090 RUB/ha. The combination of urea 
and complex fertilizer NPK(S) 15-15-15(10) in Treatment 2 increased the costs for fertilizer 
purchasing by 24 %, up to 6,290 RUB/ha. However, the balanced sunflower nutrition 
programme in the second treatment (containing nitrogen, phosphorus, potassium and 
sulphur) provided an additional income of 1,200 RUB/ha compared to the first treatment, 
where only nitrogen and phosphorus were applied.

The above calculations were performed without taking into account the costs for fertilizer 
application into the soil, as well as for harvesting and post-harvesting seed yield.  When 
calculating the fertilization costs in the first treatment, we should take into consideration two 
machine passes: the application of urea should be done using a spreader and the application 
of the liquid complex fertilizer should be done using a sprayer. 
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Sunflower nutrition system:  
Urea at 100 kg/ha before pre-sowing 
cultivation, NPK(S) 15-15-15(10)  
at 200 kg/ha at sowing.
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In this trial, the following nutrition strategies 
were used for silage maize: 

Liquid phosphate-based fertilizers can 
be successfully used in sod-podzolic soils 
when applied before sowing;

The use of sulphur-containing complex 
fertilizers in sod-podzolic soils ensures high 
productivity;

Urea is an effective nitrogen source in the 
Non-Chernozem zone.

Insufficient fertilizer rates along with low 
soil fertility lead to a significant loss of maize 
green mass yield. When growing plants 
in sod-podzolic soils, especially poorly 
ameliorated, it is necessary to take into 

account a whole range of yield limiting factors, including, first of all, soil acidity.

In acidic soils, the fixation of phosphorus applied with fertilizers occurs as a result of 
the phosphate adsorption on the surface of iron and aluminium containing minerals. At 
the same time, the uniform distribution of liquid phosphate-based fertilizer in acidic 
soil is often considered as a factor that enhances phosphate adsorption on the surface 
of soil particles. In this regard, it is important to study the response of plants to the use 
of liquid phosphate-based fertilizers in acidic sod-podzolic soils.

nutrition strAteGies

Trial: The use of the liquid complex fertilizer and 
sulphur-containing complex granular fertilizer in 
an optimized technology for growing silage maize 
in sod-podzolic soil.

silAGe mAiZe
nikitA hybrid

Location:
Moscow Region, Domodedovo 
town, Barybino microdistrict, 

Trial Field of All-Russian Research 
Institute of Agrochemistry by 

D. N. Pryanishnikov.
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Fertilization programme in the silage maize trial field

triAl ProGrAmme
A field trial carried out under the PhosAgro's field trial station (located in Moscow Region 
at the Trial Field of All-Russian Research Institute of Agrochemistry by D. N. Pryanishnikov) 
demonstrated advanced nutrition technologies for silage maize.

Both Treatments 1 and 2 involved the application of urea before pre-sowing cultivation. 
The difference between two treatments was that urea was combined with different complex 
fertilizers. In Treatment 1, the liquid complex fertilizer APP NP 11-37 was applied before 
pre-sowing cultivation and in Treatment 2, the granular complex sulphur-containing fertilizer 
NPK(S) 15-15-15(10) was applied during sowing.

In the trial, the silage maize cultivation technology recommended for the Non-Chernozem 
region was used. During V4-V5 growth stages, maize crop was treated with herbicides jointly 
with Ultramag Kombi complex micronutrient fertilizer for maize and Ultramag Chelate Zn-15. 
The field trial was arranged within a systematic experimental design with four replications.

Treatment Fertilizers
Rate, kg/ha

Application method Application time
physical weight nutrients

PhosAgro 
Treatment 1

Urea 200

N102P33

Broadcast at pre-sowing  
cultivation

30/4/2019

APP NP 11-37 90
Sprayed at pre-sowing  
cultivation

8/5/2019

PhosAgro 
Treatment 2

Urea 200

N122P30K30S20

Broadcast at pre-sowing  
cultivation

30/4/2019

NPK(S) 15-15-15(10) 200 At sowing 21/5/2019

Seeding rate: 40 kg/ha 
Total plot area: 0.68 ha

Sowing date: 21/5/2019 
Harvesting date: 10/10/2019

Forecrop: winter wheat

meAsurements And observAtions
Plant height and ear length were measured before harvesting. Significant differences 
between treatments were found in relation to the spike length. It was higher in Treatment 1 
compared to Treatment 2.
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Maize plant height and ear length

Treatment Fertilizers and application time Plant height, cm Spike length, cm

PhosAgro  
Treatment 1

Urea before sowing
APP NP 11-37  before sowing

265 18.0

PhosAgro  
Treatment 2

Urea before sowing
NPK(S) 15-15-15(10) at sowing

235 15.0

LSD05 32 2.2

yield
In the trial, plot-wise combine harvesting of maize silage was performed. The fresh yield 
in Treatment 1, with the application of 102 kg/ha of nitrogen and 33 kg/ha of phosphorus 
(N102P33) amounted to 54.0 t/ha due to the use of urea and the liquid complex fertilizer 
APP  NP  11-37. In Treatment 2, with a balanced nutrition of maize with the application of 
higher rates of nitrogen, phosphorus, potassium and sulphur (in kg nutrient/ha N122P30K30S20), 
due to the combination of urea and complex fertilizer NPK(S) 15-15-15(10), the fresh yield 
reached 60.0 t/ha. The yield increase compared to Treatment 1 was 10 %. The differences in 
the silage maize yield between two treatments were, however, statistically insignificant.

The obtained results show that liquid phosphate-based fertilizers can be successfully applied 
(broadcasted) before pre-sowing cultivation in acidic sod-podzolic soils with a low supply of 
phosphorus. It is important to note that fixation of phosphorus applied with fertilizers by soils 
occurs mainly due to phosphate adsorption on surfaces of iron and aluminium containing 
minerals.  Based upon the yield of maize fresh yield achieved, when the liquid phosphate-
based fertilizer was placed in the upper soil layer before sowing and the granulated 
phosphate-based fertilizer was applied at sowing, comparable conditions for plant nutrition 
with phosphorus were observed.

Yield of maize green biomass

Treatment 1

Urea before sowing 
APP NP 11-37 before sowing

Treatment 2

Urea before sowing 
NPK(S) 15-15-15(10) at sowing
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40

20
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54.0
60.0

Note: LSD05 = 8.0.
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ConClusions
The field trial with silage maize cultivation in 
sod-podzolic soil of medium acidity, low in 

mobile phosphorus and with moderate supply of 
potassium has produced a high fresh yield equal 
to 60.0  t/ha when N122P30K30S20 (kg nutrient/ha) 
has been applied into the soil. This is due to the 
use of the following two fertilizers:
– Urea before pre-sowing cultivation;
– NPK(S) 15-15-15(10) at sowing.

The optimised silage maize in which 
nutrients necessary for the plants were 

applied (nitrogen, phosphorus, potassium and 
sulphur) was 22 % more expensive than the  
feeding system without potassium and sulphur,  
but provided an additional income of  
4,496 RUB/ha, without accounting for fertilizer 
application and additional harvesting costs.
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1 2

The economic efficiency of different silage maize nutrition programmes

Treatment Fertilizers and application time
Fertilizer  
purchase costs,  
RUB/ha

Green mass 
yield, t/ha

Crop value, 
RUB/ha

Economic effect  
compared to  
Treatment 1, RUB/ha

PhosAgro 
Treatment 1

Urea before sowing
APP NP 11-37  before sowing

6,836 54.0 54,000 –

PhosAgro 
Treatment 2

Urea before sowing
NPK(S) 15-15-15(10) at sowing

8,340 60.0 60,000 4,496

Note: the maize green mass price is 1,000 RUB/t.

eConomiC vAlue
The costs for mineral fertilizer purchase in Treatment 1 when combining urea and the 
complex fertilizer APP NP 11-37 amounted to 6,836 RUB/ha. The combination of urea with 
complex fertilizer NPK(S)  15-15-15(10) in Treatment 2 increased the costs for fertilizer 
purchasing by 22 %, to 8,340 RUB/ha. At the same time, the balanced silage maize nutrition 
programme in Treatment  2, with the application of nitrogen, phosphorus, potassium and 
sulphur contributed to an additional income of 4,496 RUB/ha compared to Treatment 1, in 
which nitrogen (at a lower rate) and phosphorus were applied.

An analysis of the economic efficiency of two nutrition programmes was performed without 
taking into account the costs of fertilizer application, as well as costs associated with 
harvesting the additional fresh yield. When calculating fertilizing costs in Treatment 1, it is 
certainly necessary to take into consideration the costs of two machine passes: the first, in 
which urea is applied with a spreader, the second, in which the liquid complex fertilizer is 
applied with a sprayer.



50

orel reGion

Orel Region,  
Pokrovsky District, 

AgroGard-Orel LLC,  
JSC AgroGard's Branch  

in Orel:
Maize, sunflower, soybean,  

chickpea.

FIELD TRIAL STATIONS
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In May 2019, precipitation exceeded the normal by 2.5 times. However, June was characterised 
by extremely low rainfall. The total precipitation in June was only 5.5 mm. Precipitation in July 
was 2.1 times lower than the normal, but in August there was an excessive rainfall (1.5 times 
higher than the normal). The temperature regime was close to the long-time averages 
excepting   for warmer spring months (April–May) and especially for the first month of summer. 
Therefore, the growing season was characterised by rather favourable weather conditions for 
the growth and development of row crops, industrial crops and grain legumes.

soil fertility
Soil at the experimental area is a heavy loamy leached chernozem that has a slightly acidic 
pH. Before establishing the trial, the soil was characterised by a medium supply of phosphorus 
and an increased supply of potassium. The content of mobile forms of sulphur and zinc in the 
soil was low. According to the concentration of mobile boron, leached chernozem could be 
attributed to the soil group having a medium boron supply.

wheAter Conditions

Initial characteristics of leached chernozem (0–20 cm)

2019 Long-term annual average2019 Long-term annual average

Average monthly air temperature and total precipitation in April–September 2019
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* Chirikov method.
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In this project, the following maize nutrition programmes were used: 

Complex fertilizers with sulphur and zinc are in high demand for soils with a low supply of 
sulphur and zinc;

Urea is an effective source of nitrogen in all soils when incorporated immediately after 
application;

If the soil contains a sufficient amount of mineral nitrogen, even a low nitrogen application 
rate can produce economically justified productivity.

Zinc controls production of important growth 
regulators that stimulate plant growth and 
development; therefore, a lack of zinc results 
in a stunted plant growth and development. 
Maize is a crop that is very sensitive to zinc 
deficiency.

Trial: The use of complex fertilizer containing 
sulphur and zinc as well as a liquid complex 
fertilizer in grain maize cultivation technology 
leached chernozem.

triAl ProGrAmme
In a field trial at PhosAgro's field trial station in Orel Region, under on-farm conditions we 
demonstrated advanced systems for applying fertilizers to maize, which we compared to 
the standard practice of applying fertilizers in AgroGard-Orel. Agricultural technology for 
growing maize, typical for the farm, was applied. In all treatments, foliar application with 
water-soluble fertilizers was performed in the V3 stage (Poly-Feed 19-19-19) and in the 
V5 stage (Ultramag Combi for maize and Teknokel Amino Zn).

GrAin mAiZe

nutrition strAteGies

P8521 hybrid

Location:
Orel Region,  

Pokrovsky District, 
AgroGard-Orel LLC, 

Orel Branch JSC 
AgroGard.
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Treatment Fertilizer
Rate, kg/ha

Application method
Application 
timephysical weight nutrients

Treatment 1
Standard

NPK(S) 10-26-26(2) 100

N94P47K47S4

Autumn broadcast before  
ploughing 

16/9/2018

Ammonium nitrate 220
Broadcast before  
pre-sowing cultivation

25/4/2019

NPK(S) 10-26-26(2) 80
When seeding to the side  
of the seed

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) 100

N23P70K26S2

Autumn broadcast before  
ploughing 

16/9/2018

APP NP 11-37 100
Spraying before pre-sowing 
cultivation

25/4/2019

APP NP 11-37 20 Foliar at V3 stage 27/5/2019

PhosAgro 
Treatment 3

NPK(S) 10-26-26(2) 100

N87P66K26S9Zn1

Autumn broadcast before  
ploughing 

16/9/2018

Urea 141
Broadcast before  
pre-sowing cultivation

25/4/2019

NP(S)+Zn 12-40(7)+1Zn* 100
When seeding to the side  
of the seed

Seeding rate: 80,000 seeds/ha 
Total plot area: 0.48 ha

Sowing date: 25/4/2019 
Harvesting date: 10/9/2019

Forecrop: winter wheat

meAsurements  
And observAtions
During the growing season at V9-V11 stage the plant's 
height and the fresh weight of 100 plants were 
measured through the treatments. The highest 
values were obtained in Treatment 2  (N23P70К26S2) 
where, in addition to the autumn application 
of complex fertilizer NPK(S) 10-26-26(2),  
the APP  NP 11-37 was sprayed both before 
sowing and at V3 stage. The plant height in this 
Treatment was 86.7 cm and the fresh weight of 
100 plants was 11.33 kg.

Nutrition programme in maize field trial

* This grade is currently not available for sale, being under trial.
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Note: 100 plants were taken from each plot.

yield
In the trial, plot-wise combine harvesting of maize grain was performed. A standard 
maize nutrition programme in Treatment 1 (Control): application of complex fertilizer  
NPK(S) 10-26-26(2) in autumn and at sowing as well as ammonium nitrate before sowing, 
gave the grain yield of 13.83 t/ha (at harvest moisture). In this treatment, the quauntity of 
nutrients applied to maize was as follows: N94P47К47S4 in kg nutrient/ha.

The combination of complex fertilizers NPK(S) 10-26-26(2) and APP NP 11-37 in Treatment 
2 provided for obtaining a fairly high yield of 13.70 t/ha of grain, despite the application of 
the lowest amount of nitrogen (N23P70К26S2).

Indicators of maize growth and development at V9-V11 stage (7/6/2019)

Treatment Fertilizers and application time Plant height, cm Fresh weight of 100 plants, kg

Treatment 1  
Standard

NPK(S) 10-26-26(2) in autumn
Ammonium nitrate before sowing
NPK(S) 10-26-26(2) at sowing

81.2 9.61

PhosAgro  
Treatment 2

NPK(S) 10-26-26(2) in autumn
APP NP 11-37 before sowing
APP NP 11-37 foliar

86.7 11.33

PhosAgro  
Treatment 3

NPK(S) 10-26-26(2) in autumn
Urea before sowing
NP(S)+Zn 12-40(7)+1Zn at sowing

83.2 10.16

Maize grain yield (harvest moisture)

Treatment 1

NPK(S) 10-26-26(2) in autumn 
Ammonium nitrate before sowing 
NPK(S) 10-26-26(2) at sowing

Treatment 2

NPK(S) 10-26-26(2) in autumn 
APP NP 11-37 before sowing 
APP NP 11-37 foliar

Treatment 3

NPK(S) 10-26-26(2) in autumn 
Urea before sowing 
NP(S)+Zn 12-40(7)+1Zn at sowing
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13.83 13.70
14.49
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The maximum grain yield (14.49 t/ha) was achieved in Treatment 3 (N87P66К26S9Zn1) where, in 
addition to the autumn application of complex fertilizer NPK(S) 10-26-26(2), urea was used 
before sowing and complex zinc-containing fertilizer NP(S) + Zn 12-40 (7) + 1Zn applied at 
sowing. In leached chernozem with a medium supply of phosphorus, the plant demand in 
phosphorus was satisfied by the application of 66 kg of Р2О5/ha. It is also important to note 
the input of sulphur with fertilization (9 kg/ha) into the soil, which initially had a low mobile 
sulphur. The inclusion of a zinc-containing fertilizer in the maize nutrition programme in 
soils with low zinc supply makes a lot of sense too.

Maize grain quality

Treatment Fertilizers and application time
Moisture content at 
harvest, %

Content (at standard moisture  
content of 14 %), %

starch protein

Treatment 1  
Standard

NPK(S) 10-26-26(2) in autumn
Ammonium nitrate before sowing
NPK(S) 10-26-26(2) at sowing

35.2 69.0 9.9

PhosAgro  
Treatment 2

NPK(S) 10-26-26(2) in autumn
APP NP 11-37 before sowing
APP NP 11-37 foliar

37.5 69.2 9.5

PhosAgro  
Treatment 3

NPK(S) 10-26-26(2) in autumn
Urea before sowing
NP(S)+Zn 12-40(7)+1Zn at sowing

34.9 69.7 9.4

yield quAlity
Maize grain quality was fairly similar in three treatments. Grain moisture content was in the 
range of 34.9–37.5 %, grain starch content was 69.0–69.7 % and grain protein content was 
9.4– 9.9 %.

eConomiC vAlue
The fertilizer application system used at the farm, which corresponded to the first treatment 
(N94P47К47S4), cost 6,984 RUB/ha, excluding fertilizer application cost. The costs for fertilizer 
purchasing were the lowest in Treatment 2 (5,121 RUB/ha) due to the use of a low nitrogen 
rate equal to 23 kg N /ha (N23P70К26S2). However, this treatment gave a lower economic effect 
when compared to the farm practice for maize nutrition programme adopted by the farm.
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Maize nutrition programme in Treatment 3 (N87P66К26S9Zn1) – including the complex 
fertilizer NPK(S) 10-26-26(2) in autumn, urea before sowing and the complex fertilizer  
NP(S) + Zn 12-40 (7) + 1Zn at sowing – was only by 197 RUB/ha more expensive than the 
farm's nutrition programme in Treatment 1, but it provided greater additional income of 
4,753 RUB/ha.

When cultivating maize in leached 
chernozem low in mobile phosphorus, with 

increased supply of potassium and an insufficient 
supply of sulphur and zinc, the highest grain 
yield of 10.97 t/ha (standard moisture content) 
is achieved with the application of N87P66К26S9Zn1 
(kg nutrient/ha) by using the following three 
fertilizers:
– NPK(S) 10-26-26(2) in autumn before tillage;
– Urea before pre-sowing cultivation;
– NP(S)+Zn 12-40(7)+1Zn at sowing.

The optimal fertilizer application system 
to maize, including those most important 

for plants macro-, meso- and micronutrients 
in in required ratios, was only by 197 RUB/ha  
more expensive. Nonetheless, it provided an 
additional income of 4,753 RUB/ha adopted by the 
farm nutrition programme with application of the 
complex fertilizer NPK(S) 10-26-26(2) in autumn 
and at (instead of during) sowing and ammonium 
nitrate before sowing (N87P66К26S9Zn1).

1 2

ConClusions

Economic efficiency of different maize nutrition programme

Treatment Fertilizers and application time
Fertilizer  
purchase  
costs, RUB/ha

Grain yield  
(harvest  
moisture), t/ha

Crop value, 
RUB/ha

Economic effect 
compared to 
Treatment 1,  
RUB/ha

Treatment 1
Standard

NPK(S) 10-26-26(2) in autumn
Ammonium nitrate before sowing
NPK(S) 10-26-26(2) at sowing

6,984 10.42 93,780 –

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) in autumn
APP NP 11-37 before sowing
APP NP 11-37 foliar

5,121 9.96 89,640 −2,277

PhosAgro 
Treatment 3

NPK(S) 10-26-26(2) in autumn
Urea before sowing
NP(S)+Zn 12-40(7)+1Zn at sowing

7,181 10.97 98,730 4,753

Note: the maize grain price (standard moisture content) is 9,000 RUB/t.

56
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Grain maize nutrition programme:  
NPK(S) 10-26-26(2) at 100 kg/ha before tillage 
in autumn, urea at 140 kg/ha before pre-sowing 
cultivation, NP(S) + Zn 12-40 (7) + 1Zn at  
100 kg/ha at sowing.
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In this trial, the following sunflower nutritional strategies were used: 

Complex fertilizers with sulphur and boron are irreplaceable in soils with insufficient labile 
sulphur and boron;

Urea is an effective source of nitrogen in all soils when incorporated immediately after 
application;

Reducing the nitrogen rate is possible only if the data are available on the initial mineral 
nitrogen content in the soil.

Boron is important for plants ability to flower 
and form seeds. A characteristic sign of boron 
deficiency is the dieback of plant growth point. 
Sunflower is a crop that is highly sensitive to 
boron deficiency.

Trial: Application of a complex fertilizer 
containing sulphur and boron, as well as 
liquid complex fertilizer in sunflower nutrition 
programme in leached chernozem soil.

triAl ProGrAmme
In on-farm trial at PhosAgro's field trial station in the Orel Region, advanced technologies 
for sunflower nutrition were demonstrated. We compared these to the nutrition programme 
traditionally practiced by the farm. The standard farming technology for growing sunflower 
was used: in all treatments, foliar fertilization of plants with a water-soluble fertilizer (Poly-Feed 
19-19-19) was performed during the stage of 3 pairs of true leaves.

sunflower

nutrition strAteGies

lG 50635 klP hybrid

Location:
Orel Region,  

Pokrovsky District, 
AgroGard-Orel LLC, 

Orel Branch JSC 
AgroGard.
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Treatment Fertilizer
Rate, kg/ha

Application method
Application 
timephysical weight nutrient

Treatment 1
Standard

NPK(S) 10-26-26(2) 100

N72P26K26S2

Autumn broadcast before  
ploughing 

16/9/2018

Ammonium nitrate 180
Broadcast before  
pre-sowing cultivation 

20/4/2019

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) 100

N21P63K26S2

Autumn broadcast before  
ploughing 

16/9/2018

APP NP 11-37 100
Spraying before pre-sowing 
cultivation

20/4/2019

PhosAgro 
Treatment 3

NPK(S) 10-26-26(2) 100

N64P49K27S9Mg5

Autumn broadcast before  
ploughing 

16/9/2018

Urea 100
Broadcast before  
pre-sowing cultivation 

20/4/2019

NPK+Mg 5-15-30+3MgO* 150
When seeding to the side  
of the seed

25/4/2019

PhosAgro 
Treatment 4

NPK(S) 10-26-26(2) 100

N86P56K56S22B0,6

Autumn broadcast before  
ploughing

16/9/2018

Urea 100
Broadcast before  
pre-sowing cultivation

20/4/2019

NPK(S)+B 15-15-15(10)+0.3B 200
When seeding to the side  
of the seed

25/4/2019

Seeding rate: 75,000 seeds/ha 
Total plot area: 0.56 ha

Sowing date: 25/4/2019 
Harvesting date: 11/9/2019

Forecrop: winter wheat

Nutrition programme in soybean field trial

meAsurements And observAtions
Observations on sunflower growth and development were carried 
out in the first week of June, which corresponded to flower bud 
emerging (R1 stage). The maximum plant height, equal to 
76.4 cm and the maximum fresh weight of 100 plants, equal to 
26.74 kg were observed in Treatment 4 (N86P56К56S22B0,6) with 
application of the complex fertilizer NPK(S) 10-26-26(2)  
in autumn, urea before sowing, as well as the complex 
boron fertilizer NPK(S)+B 15-15-15(10)+0.3B at sowing. 
In this treatment, the maximum amount of nutrients was 
applied to the soil, a total of 221 kg of nutrients/ha.

FIELD TRIAL STATIONS

* This grade is currently not available for sale, being under trial.
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FIELD TRIAL STATIONS

Note: 100 plants were taken from each plot.

Sunflower growth and development indicators at R1 stage (07/06/2019)

Treatment Fertilizers and application time Plant height, cm Fresh weight of 100 plants, kg

Treatment 1  
Standard

NPK(S) 10-26-26(2) in autumn
Ammonium nitrate before sowing

68.8 23.26

PhosAgro  
Treatment 2

NPK(S) 10-26-26(2) in autumn
APP NP 11-37 before sowing

75.2 25.47

PhosAgro  
Treatment 3

NPK(S) 10-26-26(2) in autumn
Urea before sowing
NPK+Mg 5-15-30+3MgO at sowing

73.8 26.11

PhosAgro  
Treatment 4

NPK(S) 10-26-26(2) in autumn
Urea before sowing
NPK(S)+B 15-15-15(10)+0.3B at sowing

76.4 26.74

yield
In the trial, combine harvesting of sunflower seeds was performed by plots. The minimum 
seed yield, equal to 3.64 t/ha (at harvest moisture), was obtained in Treatment 1, where the 
standard sunflower nutrition plan was used with the application of the complex fertilizer 
NPK(S) 10-26-26(2) in autumn and ammonium nitrate before sowing. In this experimental 
treatment total nutrients applied into the soil was as follows: N72P26К26S2.

In Treatment 2 (N21P63К26S2) and Treatment 3 (N64P49К27S9Mg5), the same yield values were 
obtained, 3.78 and 3,79 t/ha, respectively.  Therefore, the application of the minimal nitrogen 
rate (21 kg/ha) in Treatment 2, where in addition to the autumn use of complex fertilizer 
NPK(S) 10-26-26(2), APP NP 11-37 was applied before sowing and led to an equivalent seed 
yield at the harvest moisture.

Sunflower seed yield (standard moisture)

Treatment 1

NPK(S) 10-26-26(2) in autumn 
Ammonium nitrate before sowing 

Treatment 2

NPK(S) 10-26-26(2) in autumn 
APP NP 11-37 before sowing

Treatment 3

NPK(S) 10-26-26(2) in autumn 
Urea before sowing 
NPK+Mg 5-15-30+3MgO  
at sowing

Treatment 4

NPK(S) 10-26-26(2) in autumn 
Urea before sowing 
NPK(S)+B 15-15-15(10)+0.3B 
at sowing
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3.64 3.78 3.79 3.86
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Sunflower productivity equal to 3.86 t/ha was 
achieved in Treatment 4 with the highest application 
of amount of nutrients (N86P56К56S22B0,6), including 
56 kg P2O5/ha, 22 kg S/ha and 0.6 kg B/ha. In this 
case the autumn application of the complex fertilizer 
NPK(S) 10-26-26(2) was combined with the use of 
urea (before sowing) and the complex boron fertilizer 
NPK(S)+B 15-15-15(10)+0.3B (at sowing). The 
differences in yield between Treatments 2, 3 and 
4 were statistically insignificant in the humid and 
warm 2019; Treatment 4 with the use of phosphorus, 
potassium, sulphur and boron in the complex fertilizer  
NPK(S)+B 15-15-15(10)+0.3B differed significantly 
from the standard option (by 6%).

Treatment 1

NPK(S) 10-26-26(2) in autumn 
Ammonium nitrate before sowng 

Treatment 2

NPK(S) 10-26-26(2) in autumn 
APP NP 11-37  before sowing

Treatment 3

NPK(S) 10-26-26(2) in autumn 
Urea before sowing 
NPK+Mg 5-15-30+3MgO  
at sowing

Treatment 4

NPK(S) 10-26-26(2) in autumn 
Urea before sowing 
NPK(S)+B 15-15-15(10)+0.3B 
at sowing

Se
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8.0
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6.0

2.0

0.0

5.40

14.40

5.00 5.20

Moisture content of sunflower seeds at harvest

yield quAlity
In Treatment 2 (N21P63К26S2) with the application of the minimum nitrogen rate equal to 
21  kg/ha, sunflower seeds had the highest moisture content of 14.4%. In this treatment, 
plants at harvesting did not reach the physiological maturity; this treatment was harvested 
too early and it is not possible to definitely assess the yield and quality in Treatment 2. The 
effect of the pre-sowing application of the APP NP 11-37 grade on sunflower yield and time 
to maturity will be studied in a research institute in 2020.

In other experimental treatments, seed moisture content at harvesting was within the range 
of 5.0–5.4%. That means sunflower maturity is close by.
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FIELD TRIAL STATIONS

Economic efficency of different sunflower nutrition programmes

Treatment Fertilizers and application time
Fertilizer  
purchase costs, 
RUB/ha

Seed yield  
(harvest 
moisture),  
t/ha

Crop value, 
RUB/ha

Economic  
effect compared 
to Treatment 1, 
RUB/ha

Treatment 1
Standard

NPK(S) 10-26-26(2) in autumn
Ammonium nitrate before sowing

4,683 3.70 66,600 –

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) in autumn
APP NP 11-37 before sowing

5,121 3.48 62,640 −4,398

PhosAgro 
Treatment 3

NPK(S) 10-26-26(2) in autumn
Urea before sowing
NPK+Mg 5-15-30+3MgO at sowing

7,771 3.87 69,660 −28

PhosAgro 
Treatment 4

NPK(S) 10-26-26(2) in autumn
Urea before sowing
NPK(S)+B 15-15-15(10)+0.3B at sowing

8,471 3.94 70,920 532

Note: the price of sunflower seed (standard moisture content) is RUB 18,000/t.

eConomiC vAlue
The costs for purchasing fertilizers under the standard sunflower nutrition programme, which 
corresponded to Treatment 1 (N72P26К26S2), amounted to RUB 4,683/ha.  In Treatment 3 
(N64P49К27S9Mg5) and especially in Treatment 2 (N21P63К26S2) with a reduced nitrogen rate, the 
economic effect was somewhat worse when compared to the farm's sunflower fertilization 
plan.

In Treatment 4 (N86P56К56S22B0,6) with the maximum nutrient application, the costs for 
fertilizers increased 1.8 times up to RUB 8,471/ha. However, the optimal nutrient ratio in this 
experimental treatment contributed to an additional income of RUB 532/ha compared to 
farm-adopted practice.



63

ConClusions
When growing sunflower in leached 
chernozem soil, with medium supply 

of mobile phosphorus, an increased mobile 
potassium and insufficient mobile sulphur 
and boron, a maximum seed yield of 3.94 t/ha 
(standard moisture content) was achieved with a 
total application of N86P56К56S22B0,6 (kg nutrients/ha) 
through the use of the following three fertilizers:
– NPK(S) 10-26-26(2) in autumn before tillage; 
– Urea before pre-sowing cultivation;
– NPK(S)+B 15-15-15(10)+0.3B at sowing.

The adjusted  nutrition programme that 
introduce the required ratio of macro-, 

meso- and micronutrients for sunflower was 
1.8  times more expensive but provided an 
additional income of RUB 532/ha compared to 
the costs for nutrition programme practiced by 
the farm using NPK(S) 10-26-26(2) in autumn and 
ammonium nitrate prior to sowing (N72P26К26S2), 
excluding fertilizer application.

63

1 2
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The following soybean nutrition strategies were used in this project: 

Complex fertilizers with sulphur and boron are irreplaceable in soils with an insufficient 
concentration of mobile sulphur and boron;

In soils with medium level of phosphorus, the use of phosphate-based fertilizers at sufficient 
rates is required;

It is preferable to apply complex fertilizers with a minimum nitrogen content to legume 
crops.

Legumes like soybeans consume more boron 
than cereals and other crops. In this regard, 
the general soil fertility classes based on 
availablity of boron in soil do not always 
allow to adequately assess legume nutrition 
conditions with boron.

Trial: Inclusion of a complex fertilizer containing 
sulphur and boron in soybeans cultivation 
technology leached chernozem soil.

triAl ProGrAmme
In the field trial at the PhosAgro's field trial station in the Orel Region, advanced technologies 
for soybean nutrition were demonstrated under on-farm conditions. We compared different 
nutrition programmes with the standard nutrition programme used on the farm. Treatment 1 
(standard) was consistent with the fertilization practices on the farm. In other respects, the 
standard farm technology for growing soybeans was used.

soybeAns

nutrition strAteGies

es nAviGAtor vAriety

Location:
Orel Region,  

Pokrovsky District, 
AgroGard-Orel LLC, 

Orel Branch JSC 
AgroGard.
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FIELD TRIAL STATIONS

Treatment Fertilizer
Rate, kg/ha

Application method
Application 
timephysical weight nutrient

Treatment 1
Standard

NPK(S) 10-26-26(2) 100

N44P26K26S2

Autumn broadcast before  
ploughing 

16/9/2018

Ammonium nitrate 180
Broadcast before  
pre-sowing cultivation 

26/4/2019

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) 100

N18P49K71S10

Autumn broadcast before  
ploughing 

16/9/2018

NPK(S) 5-15-30(5) 150
Broadcast before  
pre-sowing cultivation 

26/4/2019

PhosAgro 
Treatment 3

NPK(S) 10-26-26(2) 100

N18P49K71S10B0.5

Autumn broadcast before  
ploughing 

16/9/2018

NPK(S)+B 5-15-30(5)+0.3B* 150
Broadcast before  
pre-sowing cultivation 

26/4/2019

Seeding rate: 140 kg/ha 
Total plot area: 0.5 ha

Sowing date: 26/4/2019 
Harvesting date: 9/9/2019

Forecrop: winter wheat

Nutrition programme in soybean field trial

meAsurements And observAtions
Observations on the soybean growth and development 
were performed in the first week of June at budding 
stage. The maximum plant height, fresh weight of 
100  plants, rooting depth, as well as the maximum 
number of nodules per plant were obtained in Treatment  3 
(N18P49К71S10B0.5). In this treatment, two complex fertilizers 
were applied: NPK(S) 10-26-26(2) in autumn and  
NPK(S)+B 5-15-30(5)+0.3B before sowing. It should be noted 
that the number of nodules per one plant was 1.4 times higher 
compared to Treatment 1 (N44P26К26S2). Therefore, Treatment 
3 provided the best conditions for biological nitrogen fixation.

In Treatment 1, with application of the complex fertilizer 
NPK(S) 10-26-26(2) in autumn and ammonium nitrate before 
sowing, a higher nitrogen rate (44 kg/ha) was applied, and also 
lower rate of phosphorus, potassium and sulphur, while boron 
was not applied into the soil. The high mineral nitrogen in the 
soil is known to reduce its nitrogen fixation level.

Soybean plants and nodule  
development at budding stage

Treatment 1 Treatment 3 Treatment 2

* This grade is currently not available for sale, being under trial.
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FIELD TRIAL STATIONS

Note: 100 plants were taken from each plot.

Soybean growth and development indicators (7/6/2019)

Treatment Fertilizers and application time
Plant 
height, cm

Fresh weight of 
100 plants, kg

Root length, 
cm

Number of  
nodules per 
plant

Treatment 1
Standard

NPK(S) 10-26-26(2) in autumn
Ammonium nitrate before sowing

29.6 2.89 12.2 6.8

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) in autumn
NPK(S) 5-15-30(5) before sowing

29.5 2.68 10.9 7.3

PhosAgro 
Treatment 3

NPK(S) 10-26-26(2) in autumn
NPK(S)+B 5-15-30(5)+0.3B before sowing

30.4 3.11 13.1 9.4

yield
In the trial, combine harvesting of soybean seeds was performed by plots. The minimum seed 
yield of 2.58 t/ha (at standard moisture content) was obtained in Treatment 1 (N44P26К26S2,), 
with a standard nutrition programme application of NPK(S) 10-26-26(2) in autumn and 
ammonium nitrate prior to sowing.

The adjusted soybean nutrition in Treatment 2, taking into consideration insufficient levels 
of soil mobile phosphorus and sulphur (N18P49К71S10) provided for obtaining a somewhat 
higher yield of 2.65 t/ha as a result of using complex fertilizer NPK(S) 5-15-30(5) before 
sowing in addition to the autumn application of the NPK(S) 10-26-26(2) grade. In this case, 
2.4 times less nitrogen was applied into the soil (18 kg/ha) in comparison with the farm-
adopted practice (44 kg/ha).

When boron was added to the 
aforementioned adjusted soybean 
nutrition programme, an increase in seed 
yield was obtained equal to 0.22 t/ha. In 
Treatment  3, where N18P49К71S10B0.5 was 
applied, the seed yield reached 2.87 t/ha. 
The difference from Treatment 2 is the 
use of complex boron-containing fertilizer 
NPK(S)+B 5-15-30(5)+0.3B before sowing. 
Consequently, when growing soybeans 
in chernozem soils with medium mobile 
boron, one should expect positive crop 
response to the boron applied into the soil.
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Soybean seed yield (standard moisture content)

Soybean seed quality

Treatment 1

NPK(S) 10-26-26(2) in autumn 
Ammonium nitrate before sowing

Treatment 2

NPK(S) 10-26-26(2) in autumn 
NPK(S) 5-15-30(5) before sowing

Treatment 3

NPK(S) 10-26-26(2) in autumn 
NPK(S)+B 5-15-30(5)+0.3B before sowing
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2.58 2.65 2.87

yield quAlity
The moisture content in soybean seeds under various nutrition programmes was within the 
range of 14.9‒16.6 %; therefore, these values were rather close to each other. In Treatment 3 
(N18P49К71S10B0.5) with balanced plant nutrition with nitrogen, phosphorus, potassium, 
sulphur and boron by applying of two complex fertilizer grades: NPK(S) 10-26-26(2) and  
NPK(S)+B 5-15-30(5)+0.3B, seed protein content tended to increase to 40.9 %.

Treatment Fertilizers and application time Seed moisture content at harvest, % Protein content, %

Treatment 1
Standard

NPK(S) 10-26-26(2) in autumn
Ammonium nitrate before sowing

14.9 40.0

PhosAgro  
Treatment 2

NPK(S) 10-26-26(2) in autumn
NPK(S) 5-15-30(5) before sowing

15.9 40.6

PhosAgro  
Treatment 3

NPK(S) 10-26-26(2) in autumn
NPK(S)+B 5-15-30(5)+0.3B before sowing

16.6 40.9

eConomiC vAlue
The costs for purchasing fertilizer Treatment 1 (N44P26К26S2) amounted to RUB 3,571/ha. In 
Treatment 2, where plant nutrition was adjusted with macro- and mesonutrients (N18P49К71S10), 
but there was no boron application, the resulting economic effect was negative.
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Economic efficiency of different soybean nutrition programme

Treatment Fertilizers and application time
Fertilizer  
purchase costs, 
RUB/ha

Seed yield  
(harvest  
moisture), t/ha

Crop value, 
RUB/ha

Economic effect 
compared to 
Treatment 1,  
RUB/ha

Treatment 1
Standard

NPK(S) 10-26-26(2) in autumn
Ammonium nitrate before sowing

3,571 2.58 56,760 –

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) in autumn
NPK(S) 5-15-30(5) before sowing

5,721 2.65 58,300 −610

PhosAgro 
Treatment 3

NPK(S) 10-26-26(2) in autumn
NPK(S)+B 5-15-30(5)+0.3B before 
sowing

5,871 2.87 63,140 4,080

Note: the soybean seeds price (standard moisture content) is RUB 22,000/t.

The inclusion of boron in soybean nutrition programme in Treatment 3 (N18P49К71S10B0.5) 
when combining two grades of complex fertilizer: NPK(S) 10-26-26(2) and  
NPK(S)+B 5-15-30(5)+0.3B provided the best economic result. With a 1.6-fold increase in 
fertilizer costs, a substantial additional income of RUB 4,080/ha was obtained compared to 
the standard treatment.

 In the on-farm trial with soybeans carried 
out in leached chernozem soil medium 

level of mobile phosphorus, high level of mobile 
potassium and insufficient levels of mobile 
sulphur and boron, the maximum seed yield 
(2.87 t/ha at standard moisture content) was 
achieved with a total application of N18P49К71S10B0.5  
(kg nutrient/ha) due to the use of the following two 
complex fertilizer grades:
– NPK(S) 10-26-26(2) in autumn before tillage; 
– NPK(S)+B 5-15-30(5)+0.3B before sowing.

The optimized soybeans nutrition 
programme including macro-, meso- and 

micronutrients necessary for plants in the required 
ratios, was 1.6 times more expensive, but provided 
an additional income of RUB 4,080/ha compared 
to the standard mineral nutrition programme 
with the application of the complex fertilizer 
NPK(S)  10-26-26(2) in autumn and ammonium 
nitrate prior to sowing (N44P26К26S2).

1 2

ConClusions

68
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Soybean nutrition programme:  
NPK(S) 10-26-26(2) at 100 kg/ha before 
tillage in autumn, NPK(S)+B 5-15-30(5)+0.3B 
at 150 kg/ha before pre-sowing cultivation.



70

In this project, the following nutritional programmes for chickpea were applied: 

On soils with medium phosphorus supply the use of sufficient rates of phosphorus fertilizer 
is required;

In case of insufficient nutrient content in the soil, the necessary high fertilizer rates should 
be introduced prior to sowing;

It is preferable to apply moderate nitrogen rates for leguminous crops, for example, with 
part of complex fertilizers having a low nitrogen content.

Chickpea is a relatively new crop for Orel 
Region. Chickpea sprouts are sensitive to a 
high concentration of salt in the soil solution; 
therefore, it is recommended to apply mineral 
fertilizers before the crop is sowed.

Trial: Development of a system for nutrition 
programme for growing chickpea in leached 
chernozem soil using complex sulphur-
containing fertilizers and complex liquid 
fertilizers.

triAl ProGrAmme
Three chickpea nutrition programmes were demonstrated in the on-farm trial at PhosAgro's 
field trial station in Orel Region. The trial did not have a control treatment that reflected 
the practice of using fertilizers at the farm, since chickpea is a new crop for AgroGard. The 
nutrition programme for chickpea was advised by JSC Apatit's Agronomy Service specialists 
and the plant protection system was advised by JSC Schelkovo Agrohim.

ChiCkPeA

nutrition strAteGies

bonus vAriety

Location:
Orel Region,  

Pokrovsky District, 
AgroGard-Orel LLC, 

Orel Branch JSC 
AgroGard.
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Treatment Fertilizer
Rate, kg/ha

Application method
Application 
timephysical weight nutrients

PhosAgro 
Treatment 1

NPK(S) 10-26-26(2) 100

N33P57K26S16

Autumn broadcast before  
ploughing 

16/9/2018

NP(S) 20-20(14) 100
Broadcast before  
pre-sowing cultivation 

25/4/2019

APP NP 11-37 30
Spraying before pre-sowing 
cultivation

25/4/2019

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) 100

N21P63K26S2

Autumn broadcast before  
ploughing 

16/9/2018

APP NP 11-37 100
Spraying before pre-sowing 
cultivation

25/4/2019

PhosAgro 
Treatment 3

NPK(S) 10-26-26(2) 100

N18P46K56S4

Autumn broadcast before  
ploughing 

16/9/2018

NPK(S) 8-20-30(2) 100
Broadcast before  
pre-sowing cultivation 

25/4/2019

Seeding rate: 250 kg/ha 
Total plot area: 0.35‒0.42 ha

Sowing date: 26/4/2019 
Harvesting date: 9/9/2019

Forecrop: winter wheat

Nutrition programme in chickpea field trial

meAsurements And observAtions
The measurements and observations 
on the chickpea growth and 
development were carried out twice: 
first in mid-May, then in the first week 
of June. The following parameters 
were determined: plant height, fresh 
weight of 100 plants.

During the observed crop development 
stages, no fundamental trends in the 
above-mentioned indicators were 
found, when comparing the studied 
nutrition programme (kg nutrient/ha:  
N33P57К26S16, N21P63К26S2 and 
N18P46К56S4).

Chickpea plants from experimental plots (7/6/2019)

Treatment 1 Treatment 3Treatment 2
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Chickpea growth and development indicators

Treatment Fertilizers and application time

16/5/2019 7/6/2019

Plant height, 
cm

Fresh weight of  
100 plants, kg

Plant height,  
cm

Fresh weight of  
100 plants, kg

PhosAgro 
Treatment 1

NPK(S) 10-26-26(2) in autumn  
NP(S) 20-20(14) before sowing  
APP NP 11-37 before sowing

10.0 0.18 34.7 1.47

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) in autumn
APP NP 11-37 before sowing

12.4 0.23 27.6 1.31

PhosAgro 
Treatment 3

NPK(S) 10-26-26(2) in autumn
NPK(S) 8-20-30(2) before sowing

12.7 0.19 30.5 1.38

Note: 100 plants were taken from each plot.

yield
In the trial, combine harvesting of chickpea seeds was performed on plots. In Treatment 1 
(N33P57К26S16) with combining solid and liquid complex fertilizers, the seed yield amounted 
to 1.37 t/ha (at harvest moisture) and in Treatment 2 (N21P63К26S2), where solid and liquid 
complex fertilizers were also combined, with a slight decrease in the nitrogen rate, the yield 
was 1.61 t/ha.

The maximum chickpea seed yield 2.16 t/ha was obtained in Treatment 3 (N18P46К56S4), where 
the potassium rate was essentially increased up to 56 kg К2О/ha. The leached chernozem soil 
initially had medium supply of mobile phosphorus and an increased concentrations of mobile 
potassium; however, the plant's optimal nutrition with both phosphorus and potassium 
showed a positive effect on chickpea yield.

Chickpea seed yield (harvest moisture)

Treatment 1

NPK(S) 10-26-26(2) in autumn  
NP(S) 20-20(14) before sowing  
APP NP 11-37 before sowing

Treatment 2

NPK(S) 10-26-26(2) in autumn 
APP NP 11-37 before sowing

Treatment 3

NPK(S) 10-26-26(2) in autumn 
NPK(S) 8-20-30(2) before sowing
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FIELD TRIAL STATIONS

ConClusions
In the on-farm trial with chickpea, a new 
crop for Orel Region grown in leached 

chernozem soil, the maximum seed yield of  
2.16 t/ha (harvest moisture) was achieved with a 
total rate of N18P46К56S4 (kg nutrient/ha) due to 
application of the two complex fertilizer grades:
– NPK(S) 10-26-26(2) in autumn before tillage; 
– NPK(S) 8-20-30(2) before sowing.

This chickpea nutrition programme, 
including the required ratios for macro- 

and mesonutrients for plants, was cheaper 
compared to the other nutrition systems studied 
(N33P57К26S16 and N21P63К26S2); therefore, it 
provided the maximum income per hectare.

73

1 2

eConomiC vAlue
The fertilizer cost was minimal in Treatment 3 with a balanced chickpea nutrition programme 
(N18P46К56S4): RUB 4,761/ha. In this experimental treatment, the yield value reached 
RUB 43,200/ha, which allowed, with the lowest fertilizer costs, the higher income.

Thus, a correctly selected nutrition programme for chickpeas in Treatment 3, including 
application of the two grades of complex fertilizer: NPK(S) 10-26-26(2) in autumn and  
NPK(S) 8-20-30(2) before sowing, generated the greatest profit per hectare. Therefore, the 
additional income amounted to RUB 16,212/ha with respect to Treatment 1 (N33P57К26S16) and  
RUB 11,000/ha with respect to Treatment 2 (N21P63К26S2).

Economic efficiency of different chickpea nutrition programme

Treatment Fertilizers and application time
Fertilizer  
purchase costs, 
RUB/ha

Seed yield  
(harvest  
moisture), t/ha

Crop value, 
RUB/ha

Economic  
effect compared  
to Treatment 1, 
RUB/ha

PhosAgro 
Treatment 1

NPK(S) 10-26-26(2) in autumn  
NP(S) 20-20(14) before sowing  
APP NP 11-37 before sowing

5,173 1.37 27,400 –

PhosAgro 
Treatment 2

NPK(S) 10-26-26(2) in autumn
APP NP 11-37 before sowing

5,121 1.61 32,200 4,852

PhosAgro 
Treatment 3

NPK(S) 10-26-26(2) in autumn
NPK(S) 8-20-30(2) before sowing

4,761 2.16 43,200 16,212

Note: the chickpea seed price is RUB 20,000/t.
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sArAtov reGion

Saratov Region, 
Balakovo town, JSC 

Apatit, Balakovo 
Branch:

Millet, spring wheat, grain 
maize, sunflower.

FIELD TRIAL STATIONS
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FIELD TRIAL STATIONS

The growing season exhibited insufficient precipitation in April it was 10 % less than the 
normal, 21 % less in May, 85 % less in June and 15 % less in August.  Therefore, by June, we 
saw extremely unfavourable conditions for the development of plants, especially for cereal 
crops (spring wheat). Spell of dry weather started in the beginning of summer was broken by 
significant rainfalls only on 12–13 July which amounted to 30 mm in total for those 2 days. In 
recent years, the region as a whole has shown a deterioration in climatic conditions for the 
growth and development of spring grain crops in comparison to winter crops.

soil fertility
Soil at the experimental area is a clayey southern chernozem.  Before establishing the 
experiment, soil nitrification capacity was low, the level of mobile phosphorus content was 
within 'increased' class and the content of mobile potassium was high. Soil available sulphur 
was high, while the available zinc content was low.

wheAter Conditions

Initial agrochemical properties of southern chernozem (0‒20 cm)

2019 Long-term annual average

Total precipitation in April–September 2019
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Humus, % рНKCl, units
Nitrification capacity, 
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P2O5* K2O* S Zn

3.6 7.0 3.5 31 600 14 0.8

* Machigin method.
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In this trial, the following nutritional strategy was used for spring wheat, maize, sunflower 
and millet: 

An adequate supply of all the necessary nutrients provides for obtaining good, stable yields 
despite insufficient precipitation.

Balanced mineral nutrition of plants provides for increased resistance to adverse weather 
conditions. This is especially important in the area of   risky farming with insufficient 
moisture levels.

Trial: Improvement of nutrition programmes in 
the arid climate of the Middle Volga Region.

millet

sPrinG wheAt

mAiZe

sunflower

nutrition strAteGies

triAl ProGrAmme

sArAtovskoye 12 vAriety

voyevodA vAriety

lG 30189 hybrid

lG 5580 hybrid

During on-farm trials at PhosAgro's field trial station in Saratov Region, the aim was 
to demonstrate mineral fertilizers' role in crop production in a risky farming zone.  
MAP NP 12-52 was applied to all agricultural crops in autumn before tillage and urea was  

Location:
Saratov Region, 
Balakovo town,  

JSC Apatit,  
Balakovo branch.
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FIELD TRIAL STATIONS

yield
Crops were combine harvested in the trials. However, 
due to organizational limitations, it was not possible 
to harvest each plot separately; therefore, one can 
rely on an assessment of the average yield for the 
crops grown. So, the average crop yield in the trial 
was 1.7–2.9 times higher than the average yield 
obtained in Balakovo District of Saratov Region in 
2019. At the same time, the greatest difference is 
noted for sunflower productivity and the smallest 
for the millet productivity. Consequently, there 
is a very strong gap between the region's really 
attainable and currently obtained crop yields. In 
this regard, the optimisation of plant nutrition is 
undoubtedly the most important component of 
agro-technological measures aimed at minimizing 
the existing yield gap.

added in spring before sowing. On each crop, three treatments were established with 
an additional pre-sowing application of various complex fertilizers: MAP  NP 12-52,  
NP(S) 16-20(12) and APP NP 11-37. Fertilizers before sowing cultivation were applied in 
two passes. In trials, for organizational reasons, it was not possible to measure crop yield 
separately for each plot; therefore, in the table below, the average rates of nutrients applied 
to all crops are given. At the field trial station, growing technologies for spring wheat, maize, 
sunflower and millet recommended for the soil and climate zone were used.

Average fertilization rates in field trials with four crops

Crop Fertilizer combinations
Average rate,  
kg nutrient/ha

Spring wheat

MAP NP 12-52 + Urea + MAP NP 12-52
MAP NP 12-52 + Urea + NP(S) 16-20(12)
MAP NP 12-52 + Urea + APP NP 11-37

N73P89S7

Maize N73P89S7

Sunflower N74P94S7

Millet N71P88S5

Seeding rate: spring wheat 160 kg/ha, 
maize 70,000 seeds/ha, sunflower  
60,000 seeds/ha, millet 18 kg/ha

Sowing date: spring wheat 27/4/2019, maize 
11/5/2019, sunflower 11/5/2019, millet 17/5/2019

Total plot area: 0.3 ha  
Forecrop: spring barley
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FIELD TRIAL STATIONS

eConomiC vAlue
The costs for purchasing fertilizers for each crop, on average, over all the treatments 
established amounted to RUB 8,457–8,999/ha. The additional revenue from the optimized 
nutrition when comparing the average yield obtained at the field trial station with the 
average district yield is estimated as RUB 3,325/ha for spring wheat, RUB 18,543/ha for 
millet, RUB  26,455/ha for maize and RUB 27,181/ha for sunflower.  These estimates were 
carried out without taking into account average costs for fertilizer purchasing by farms in 
Balakovo district, as well as harvesting and drying costs for the assumed yield increase. In 
addition, the agricultural technology for growing spring wheat, maize, sunflower,and millet 
at the field trial station including the plant protection system, was generally better than on 
most farms in the area. Nevertheless, it is quite clear that best crop management practices, 
including nutrition programme, has ensured positive economic returns in   a risky farming 
area, especially when growing sunflower, maize and millet.

Four crops' yield (harvest moisture)

Cr
op

 y
ie

ld
, t

/h
a 

 
7.0

4.0

5.0

6.0

3.0

2.0

1.0

0.0

Average yield in Balakovo District Yield at the Field Trial Station

Spring wheat Maize Sunflower Millet

Economic efficiency of production practices of the four crops

Crop
Average costs for 
fertilizer purchasing, 
RUB/ha

Crop yield  
(harvest moisture), 
t/ha

Crop price, 
RUB/t

Yield value, 
RUB/ha

Estimated economic effect  
compared to regional  
average yields, RUB/ha

Spring wheat 8,645 2.64 9,500 25,080 3,325

Maize 8,645 6.74 10,000 67,400 26,455

Sunflower 8,999 3.06 18,000 55,080 27,181

Millet 8,457 3.35 20,000 67,000 18,543

Note: the crop price is indicated as of 11/9/2019.

1.38

3.23
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2.00
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3.06
3.35
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ConClusions
When growing spring wheat, maize, 
sunflower and millet in trials carried out 

in southern chernozem soil of Saratov Region, 
the crop yield was 1.7–2.9 times higher than the 
average crop yield in Balakovo District in 2019.

The optimized plant nutrition in the 
risky farming zone of the Middle Volga 

Region, according to the preliminary estimates 
performed, allows a positive economic return: 
RUB 3,325/ha on spring wheat, RUB 18,543/ha  
on millet, RUB 27,181/ha on sunflower and 
RUB 26,455/ha on maize.

79

1 2



80

on-fArm triAls

Successful results of research field experiments and studies obtianed at field trial stations 
during the previous years have been adopted by agricultural producers in Belgorod, Kursk, Orel, 
Lipetsk, Tambov, Nizhny Novgorod Regions and other regions of the country. In Semenovsky 
District of Nizhny Novgorod Region, as a result of optimisation of the hemp (for fibre)  
nutrition programme using fertilizers produced by PhosAgro, NPK(S) 5-15-30(5)+7CaO*  
grade at 300  kg/ha and urea at 400 kg/ha, stem yield was 12.7 t/ha and fibre yield was 
3.73 t/ha, while yields obtained from the control treatment were 4.63 t/ha and 0.76 t/ha, 
respectively. In Russkiy Yachmen LLC, an agricultural holding company located in Kursk 
Region, due to the optimization of maize nutrition system, a yield of 11.46 t/ha of grain was 
obtained (+8 % to the standard nutrition programme) owing to the pre-sowing application 
of NP(S) 20-20(14). On the same farm, 4.87 t/ha of sunflower seeds was obtained (+11 % to 
the standard fertilization system) as a result of balanced nutrition and inclusion of calcium 
and boron containing fertilizer of NPK(S)+Ca+B 5-15-30(5)+7CaO+0.3B* grade at 100 kg/ha.  
This generated an additional profit of RUB 6,313/ha.

The fertilizer NP(S)+Zn 20-20(14)+0.4Zn specially developed by PhosAgro for silage maize, 
was applied to Phenomenon hybrid of silage maize in Belgorod Region, Veidelevsky District, 
and increased green biomass yield by 12 % and improved crude protein content by 26 %.

The practical application of knowledge in in crop managemt technologies, integrated into 
fodder production systems, has shown practical successes in various regions of Russia in 
2019. Requests to address fodder production issues improve fodder quality and increase 
the yield of high-quality milk per hectare were received from Kuzminsky SPA (K) in Moscow 
Region and UralAgro LLC in Perm Region.

The variety of natural and climatic conditions in Russia requires solving individual 
problems in each particular farm. The 'plant – soil – fertilizer' system calls for a special 
attention and adjustment for maximum efficiency of applied fertilizers. The machinery, 
varieties and plant protection products are indispensable technological elements for 
an effective production process. In parallel, it is important that the main basic tasks 
be solved, that is to say: the plant is fed and the yield potential is to be protected is 
formed. PhosAgro's scientific and practical activity in the sphere of agricultural service 
is advancing from theory to practice. Our scientific trials help us to find cost-effective 
decisions and our field trial stations help to try them out in practice. PhosAgro's on-
farm trials provide targeted recommendations based on the long-term experience 
aimed at solving specific problems of each agricultural producer.
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The tasks set by the farms were not only limited to increasing the haylage quantity per hectar 
but also to improving its quality and yield per unit area, that after the first experimental year, 
allowed to reduce the percentage of concentrated fodder of animal diet, increase milk yield, 
reduce milk production costs and increase the economic efficiency of dairy production. 

The data from these and other on-farm trials enabled us to come close to developing the 
Green Standard for fodder production. This standard will provide for not only high-quality 
haylage and hay, but also managing the silage quality and production, as well as maintain and 
build up soil fertility. To define the Green Standard, in the autumn of 2019, a roadmap was 
signed between PhosAgro, DANONE, LimaGrain, DLF, Eurofins Agro and Kverneland aiming 
at developing and implementing best practices. The farm for testing these technologies and 
for performing the on-farm trial was selected: Verbilovskoye LLC (DANONE's experimental 
production farm). Fertilizer and seed producers are not the only one companies involved in 
developing effective production practices, but also producers of some of the best agricultural 
machinery. This approach will undoubtedly solve the problem at hand.

Every year, PhosAgro's agronomists expand the geographic network of field experiments. 
In 2019, only in Russia, 52 production trials were carried out on the fields of agricultural 
producers aimed at increasing the effectiveness of agricultural production through the 
use of more efficient types of mineral fertilizers, successful technologies and international 
practices.

* This grade is currently not available for sale, being under trial.
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Belgorod Region, 
Veidelevsky District, 

JSC Dolzhanskoye:
Silage maize.

belGorod reGion
ON-FARM TRIALS
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The spring-to-summer period was characterised by relatively favourable temperature and 
moisture conditions. In May, less precipitation was observed compared to the climate normal. 
Average monthly air temperature in May–July slightly exceeded the long-term average. In July, 
during the grain filling period, heavy precipitation fell within a short period of time. 

soil fertility
Field trial was conducted in ordinary chernozem with a neutral pH. An experimental field had 
a medium level of mobile phosphorus and a high level of mobile potassium in the soil.

wheAter Conditions

Initial agrochemical properties of ordinary chernozem (0–20 cm)

Humus, % рНKCl, units
Mobile forms, mg/kg of soil

P2O5* K2O*

4.30 6.70 95 131

2019 Long-term annual average2019 Long-term annual average

Average monthly air temperature and total precipitation in May–July 2019
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* Chirikov method.

ON-FARM TRIALS
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The following strategies of mineral nutrition of silage maize were applied in the trial: 

Increasing the nitrogen rate to the optimal level, introduction of phosphorus in the 
nutrition programme for soils with medium supply of mobile phosphorus (and a high 
supply of mobile potassium), as well as adding sulphur and zinc to boost the green 
biomass yield;

Optimising plant nutrition with macro-, meso- and micronutrients based on soil fertility 
to increase the nutritional value of production, namely, crude protein content in green 
biomass.

For a maize yield for silage of 30 t/ha (at a 67 % 
moisture content), an average rate of 147 kg 
N/ha, 48 kg P2O5/ha, 111 kg K2O/ha and 18 kg 
S/ha is removed from the soil. Application 

of nitrogen fertilizers without phosphorus and potassium does not allow for obtaining 
high green biomass yields, especially if the soil contains insufficient levels of available 
phosphorus, potassium and sulphur. Adequate phosphorus nutrition during the critical 
growth stages of maize ensures strong root development, which promotes good green 
biomass and ear formation. As known, maize responds well to the application of zinc 
containing fertilizers. 

It should be emphasised that the unbalanced removal of phosphorus and potassium from 
the soil leads to sever depletion of soil fertility after growing maize for silage.

Trial: Optimisation of the silage maize 
mineral nutrition with macro-, meso- and 
micronutrients in ordinary chernozem soil with 
the target to improve the biomass quality and 
production.

silAGe mAiZe

nutrition strAteGies

Phenomen hybrid

Location:
Belgorod Region, 

Veidelevsky District, 
JSC Dolzhanskoye.
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Treatment Fertilizer
Rate, kg/ha

Application method Application time
physical weight nutrients

Treatment 1
Dolzhanskoye
Control

Ammonium nitrate 80 N28 In-furrow during sowing 4/5/2019

PhosAgro  
Treatment 2

Urea 130

N86P31S17Zn0.5
In-furrow during sowing 4/5/2019

NP(S)+Zn 20-20(14)+0,4Zn 120

APP NP 11-37 20 Foliar –

Seeding rate: 80,000 seeds/ha 
Total plot area: 3 ha 

Sowing date: 4/5/2019 
Harvesting date: 28/8/2019 

Forecrop: winter wheat 
The working solution volume when applying  
APP NP 11-37: 20 kg/ha (instead of 200 l/ha)

meAsurements And observAtions

triAl ProGrAmme

During practically all the observation periods, the best maize development was observed in 
Treatment 2, with a combination of urea, complex sulphur and zinc containing fertilizer,  
NP(S)+Zn 20-20(14)+0.4Zn, and liquid complex fertilizer APP NP 11-37 (kg nutrient/ha: 
N86P31S17Zn0.5) compared to Treatment 1, where only ammonium nitrate was applied at a much 
lower nitrogen rate (28 kg N/ha).

In the trial, through the remote sensing of the Earth, the normalised difference vegetation index 
(NDVI) was determined. NDVI correlates well with the photosynthetically active biomass and its 
values   depend on vegetation shading and chlorophyll accumulation by plants. NDVI reached its 
maximum value of 0.77, then it decreased. In practically all observation periods, the vegetation 
index was higher in Treatment 2.

In the on-farm field trial, two systems of mineral fertilizer application to silage maize were 
compared. Treatment 1 (Control) is a standard technology developed by JSC Dolzhanskoye, 
which includes only pre-sowing application of ammonium nitrate at 80 kg/ha. Treatment 2 
is an optimised fertilizer application system using urea and the complex zinc-containing 
fertilizer NP(S)+Zn 20-20(14)+0.4Zn at sowing (fertilizer blend) and foliar application of the 
liquid complex fertilizer APP NP 11-37.

Standard crop management technologies practiced by JSC Dolzhanskoye for silage maize 
were used.

Fertilization programme in silage maize field trial

ON-FARM TRIALS
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View of experimental plots (5/6/2019)

Treatment 1

Ammonium nitrate at sowing

Treatment 2

Urea at sowing 
NP(S)+Zn 20-20(14)+0.4Zn at sowing 
APP NP 11-37 foliar

Note: 100 plants were selected from each plot.

Maize growth and indicators of development

Treatment Fertilizers and application time
Plant 
height,  
cm

Leaf  
width,  
cm

Leaf 
length,  
cm

NDVI Date

Treatment 1
Dolzhanskoye
Control

Ammonium nitrate at sowing

130 7 61 0.67 10/6/2019

136 10 77 0.65 24/6/2019

138 9 74 0.63 11/7/2019

PhosAgro  
Treatment 2

Urea at sowing
NP(S)+Zn 20-20(14)+0.4Zn at sowing
APP NP 11-37 for extra nutrition

140 9 69 0.60 10/6/2019

140 12 67 0.70 24/6/2019

170 12 70 0.77 11/7/2019

ON-FARM TRIALS
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yield
Maize green biomass was harvested from experimental 
plots using a normal combine. With a standard nutrition 
programme, i. e. the application of ammonium nitrate 
at 80 kg/ha only (Treatment 1), the green fresh yield 
was 26 t/ha. The optimised nutrition programme in 
Treatment 2, combining the application of urea, with the 
NP(S)+Zn 20-20(14)+0.4Zn grade and foliar application 
of liquid complex fertilizer APP NP 11-37 (kg nutrient/ha: 
N86P31S17Zn0.5), gave 29 t/ha of maize green fresh yield.

Therefore, a significant increase of the nitrogen rate while 
including phosphorus, sulphur and zinc in silage maize nutrition 
programme increased green fresh yield by 12 %.

It should be noted that the soil was high in mobile potassium; therefore, 
potash fertilizers were not used.

Green fresh yield quAlity
The combination of urea with the complex sulphur and zinc containig fertilizer  
NP(S)+Zn 20-20(14)+0.4Zn and the liquid complex fertilizer APP NP 11-37 in Treatment 
2 contributed to an increase in nutritional value of maize. The relative increase in the 
crude protein content by 26 % (an absolute difference by 2.2 % on a dry matter basis) was 
demonstrated compared to Treatment 1, where only ammonium nitrate was used.

Maize fresh yield

Treatment 1

Ammonium nitrate at sowing

Treatment 2

Urea at sowing 
NP(S)+Zn 20-20(14)+0.4Zn at sowing 
APP NP 11-37 foliar
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Economic efficiency of different silage maize nutrition programmes

Treatment Fertilizers and application time
Fertilizer  
purchase  
costs, RUB/ha

Fresh yield, 
t/ha

Crop value, 
RUB/ha

Economic  
effect compared to 
Control, RUB/ha

Treatment 1
Dolzhanskoye
Control

Ammonium nitrate at sowing 1,128 26.0 46,800 –

PhosAgro  
Treatment 2

Urea at sowing
NP(S)+Zn 20-20(14)+0.4Zn at sowing
APP NP 11-37 foliar

5,910 29.0 52,200 618

Note: the fresh yield of maize was sold at RUB 1,800/t.

eConomiC vAlue
The costs for mineral fertilizers in Treatment 2, where the following products were used: 
urea, NP(S)+Zn 20-20(14)+0.4Zn and APP NP 11-37, increased by RUB 4,782/ha compared 
to Treatment 1, where only ammonium nitrate was applied at nitrogen at rate of  N28. 
Nevertheless, the optimised plant nutrition programme in Treatment 2 provided for an 
additional income of RUB 618/ha, excluding the costs for fertilizer application and harvesting 
the additional yield.

ON-FARM TRIALS

Crude protein content in maize on a dry matter basis

Treatment Fertilizers and application time Crude protein, %

Treatment 1
Dolzhanskoye
Control

Ammonium nitrate at sowing 9.0

PhosAgro  
Treatment 2

Urea at sowing
NP(S)+Zn 20-20(14)+0.4Zn at sowing
APP NP 11-37 foliar

11.2
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ConClusions

89

When growing maize in ordinary 
chernozem with neutral pH medium 

supply of mobile phosphorus and a high supply 
of mobile potassium a combination of in-furrow  
application of urea and complex sulphur and zinc 
containing fertilizer NP(S)+Zn  20-20(14)+0.4Zn 
and foliar application of the liquid complex 
fertilizer APP  NP  11-37 (applying N86P31S17Zn0.5 
in kg nutrient/ha) increased fresh yield by 12 % 
compared to the farm nutrition programme 
ammonium nitrate at sowing only at a low 
nitrogen rate (N28).

Optimizing the mineral nutrition of silage 
maize with nitrogen, phosphorus, sulphur 

and zinc allowed to improve the fresh yield quality: 
indeed, the crude protein content increased by 
2,2 % (on a dry matter basis) in comparison with 
the unbalanced application of nitrogen (farm's 
mineral nutrition programme).  

Due to the use of the following three 
products: urea, NP(S)+Zn 20-20(14)+0.4Zn 
and APP NP 11-37, an additional income of 

RUB 618/ha was obtained (excluding the fertilizer 
application costs and those associated with 
harvesting the additional yield) in comparison 
with the farm fertilization system for growing 
maize implies ammonium nitrate only applied at 
sowing (at a lower nitrogen rate).

1

2

3
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kursk reGion
ON-FARM TRIALS

Kursk Region, 
Shchigrovsky District, 
Russkiy Yachmen LLC:

Grain maize, sunflower.
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The spring-summer period in the area of   field trials was characterised by an increased 
temperature regime. From May to July, the average daily air temperature was above normal. 
In May, less precipitation was observed than the long-term average. June saw high air 
temperatures and minimal precipitation. The air temperature in July was close to the long-
term average.

soil fertility
Two field trials were performed in medium acid leached chernozem soil. The selected fields, 
prior to starting the trial, were high in mobile phosphorus content in the soil. In the field, where 
grain maize was grown, the soil, had high content of mobile potassium, while in the field, where 
sunflower was cultivated, was high in mobile potassium.

wheAter Conditions

Initial properties of leached chernozem (0–20 cm)

Field Crop Humus, % рНKCl, units
Mobile forms, mg/kg of soil

P2O5* K2O*

1 Grain maize 4.70 4.70 115 121

2 Sunflower 4.10 4.80 146 108

* Chirikov method.

ON-FARM TRIALS



92

In this field trial, the following mineral nutrition strategies were used for growing grain 
maize: 

High productivity in leached chernozem soil is possible by optimising plant nutrition with 
nitrogen, phosphorus, potassium and sulphur;

The pre-sowing application of complex sulphur-containing fertilizers is an important 
element of intensive crop management practice.

With a yield of grain maize of 10 t/ha, an 
average of 120 kg N/ha, 63 kg P2O5/ha, 45 kg 
K2O/ha and 14 kg S/ha is removed from 
the soil. Adequate phosphorus nutrition 
of maize enhances the development of the 

root system, thus contributing to high grain yield. Signs of phosphorus deficiency 
in plants first appear on the older leaves, and then on the younger ones. With maize, 
the lower leaves and the lower part of stems become purple or reddish. This is due to 
the accumulation of sugars in the plants with a lack of phosphorus, especially at row 
temperatures, causing the synthesis of anthocyanin pigments.

Trial: Improving grain maize production 
practices in leached chernozem soil due to the 
pre-sowing application of complex sulphur-
containing fertilizers.

triAl ProGrAmme
An intensive technology of grain maize production was developed in the on-farm field trial 
held in Russkiy Yachmen LLC. Treatment 1 corresponded to the standard nutrition programme 
used by the farm. It included the appication of a complex fertilizer NPK(S) 8-20-30(2) in 

GrAin mAiZe

nutrition strAteGies

Asteroid hybrid

Location:
Kursk Region, 

Shchigrovsky District, 
Russkiy Yachmen LLC.
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Treatment Fertilizer
Rate, kg/ha

Application method
Application 
time

physical weight nutrients

Treatment 1 
Russkiy  
Yachmen
Control

NPК(S) 8-20-30(2) 250

N145P50K75S5

Broadcasting in autumn before 
chiselling

3/8/2018

Ammonium nitrate 350 In-furrow during sowing 7/5/2019

Urea 10 Foliar 7/6/2019

PhosAgro 
Treatment 2

NPК(S) 8-20-30(2) 250

N163P96K75S8

Broadcasting in autumn before 
chiselling

3/8/2018

DAP NP 18-46 100
Broadcast before pre-sowing  
cultivation

26/4/2019

Ammonium nitrate 350 In-furrow during sowing 7/5/2019

Urea 10 Foliar 7/6/2019

PhosAgro 
Treatment 2

NPК(S) 8-20-30(2) 250

N165P70K75S19

Broadcasting in autumn before 
chiselling

3/8/2018

NP(S) 20-20(14) 100
Broadcast before pre-sowing  
cultivation

26/4/2019

Ammonium nitrate 350 In-furrow during sowing 7/5/2019

Urea 10 Foliar 7/6/2019

Seeding rate: 70,000 seeds/ha 
Total plot area: 10 ha 

Sowing date: 7/5/2019 
Harvesting date: 27/10/2019 

Forecrop: winter wheat 
The volume of the working solution when applying 
urea (with Aminofol): 200 l/ha

meAsurements And observAtions
At the end of July, the plant height of maize was determined through experimental plots. The 
maximum plant height (291 cm) was observed in Treatment 3, where nutrient application 
amounted to N165P70К75S19, while the smallest plant height (234 cm) was registered in 
Treatment 1, with the farm nutrition programme including N145P50К75S5.

Maize nutrition programme in field trial

autumn before tillage and ammonium nitrate at sowing, as well as foliar application of urea 
(liquid solution). The maize production practice implied an additional pre-sowing application 
of complex fertilizers, namely, DAP NP 18-46 in Treatment 2 and the sulphur-containing 
fertilizer NP(S) 20-20(14) in Treatment 3. It is important to note that DAP NP 18-46 also 
contains sulphur (2.5 %).

ON-FARM TRIALS
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Note: 100 plants were selected from each plot.

Plant height of maize (23/7/2019)

Treatment Fertilizers and application time Plant height, cm

Treatment 1
Russkiy Yachmen
Control

NPK(S) 8-20-30(2) in autumn
Ammonium nitrate at sowing 
Urea foliar

234

PhosAgro 
Treatment 2

NPK(S) 8-20-30(2) in autumn
DAP NP 18-46 before sowing
Ammonium nitrate at sowing 
Urea foliar

257

PhosAgro 
Treatment 3

NPK(S) 8-20-30(2) in autumn
NP(S) 20-20(14) before sowing
Ammonium nitrate at sowing
Urea foliar

291

ON-FARM TRIALS

General view of field trial
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In the trial, a combine assessment of grain yield was carried out. The technology of maize 
production practiced by the farm (Treatment 1), included the following application of mineral 
fertilizers (kg nutrient/ha: N145P50К75S5) with high background levels of mobile phosphorus 
and potassium. These basic rates of nutrients seem to be sufficient to obtain a grain yield of 
about 10 t/ha. This was confirmed by the yield level achieved in Control: 10.62 t/ha (harvest 
moisture).

However, the adjustment of nitrogen-
phosphorus nutrition upward in Treatment   2, 
by means of the additional application of 
DAP NP 18-46 (total application of N163P96К75S8), 
increased grain yield by 7 % up to 11.29 t/ha 
(harvest moisture).

The optimisation of nitrogen, phosphorus 
and sulphur nutrition in Treatment 3 by using 
complex fertilizer NP(S) 20-20(14) before 
sowing with a total application of N165P70К75S19 
increased grain yield by 8.5 % compared to the 
Control (farm nutrition programme: N145P50К75S5). Therefore, in Treatment 3, the maximum 
grain yield was reached, equal to 11.46 t/ha (harvest moisture). However, it should be noted 
that in Treatments 2 and 3, on the whole, a similar grain maize productivity was obtained.

AN INCREASE FROM THE 
MAIZE MINERAL NUTRITION 
OPTIMISATION PROVIDES AN 
ADDITIONAL 0.7–0.9 T/HA OF 
GRAIN.

yield

ON-FARM TRIALS

Maize grain yield (harvest moisture)

Treatment 3

NPK(S) 8-20-30(2) in autumn 
NP(S) 20-20(14) before sowing 
Ammonium nitrate at sowing 
Urea foliar

Treatment 2

NPK(S) 8-20-30(2) in autumn 
DAP NP 18-46 before sowing 
Ammonium nitrate at sowing 
Urea foliar

Treatment 1

NPK(S) 8-20-30(2) in autumn 
Ammonium nitrate at sowing 
Urea foliar
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Economicefficeincy of different maize nutrition programme

Treatment Fertilizers and application time
Fertilizer  
purchase  
costs, RUB/ha

Grain yield  
(harvest  
moisture), t/ha

Crop value, 
RUB/ha

Economic effect 
compared to Control, 
RUB/ha

Treatment 1
Russkiy  
Yachmen
Control

NPK(S) 8-20-30(2) in autumn
Ammonium nitrate at sowing 
Urea foliar

12,093 10.62 90,270 –

PhosAgro 
Treatment 2

NPK(S) 8-20-30(2) in autumn
DAP NP 18-46 before sowing
Ammonium nitrate at sowing 
Urea foliar

15,363 11.29 95,965 2,425

PhosAgro 
Treatment 3

NPK(S) 8-20-30(2) in autumn
NP(S) 20-20(14) before sowing
Ammonium nitrate at sowing
Urea foliar

14,353 11.46 97,410 4,880

Note: the maize grain price is RUB 8,500/t.

eConomiC vAlue
The costs of mineral fertilizer under the farm-practiced maize production in Treatment  1 
amounted to RUB 12,093/ha. The addition of two complex fertilizers, DAP NP 18-46 
and NP(S) 20-20(14), in Treatments 2 and 3 increased fertilizer purchasing costs by  
RUB 3,270/ha and RUB 2,260/ha, respectively, compared to the Control.

Maize production practice optimized by pre-sowing application of complex fertilizers 
in Treatments  2 and 3 provided an additional income of RUB 2,425/ha and RUB 4,880/
ha, respectively, compared to farm fertilization programme. The above-listed economic 
indicators were estimated without taking into account the costs for fertilizer application and 
harvesting the additional grain yield.

ON-FARM TRIALS



9797

ConClusions
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When growing maize in moderately acidic 
leached chernozem soil, with high levels of 

mobile phosphorus and potassium, a maximum 
grain yield of 11.5 t/ha (harvest moisture) was 
achieved by applying of N165P70К75S19 in form of 
the following fertilisers:
– NPK(S) 8-20-30(2) in autumn before tillage;
– NP(S) 20-20(14) before pre-sowing cultivation;
– Ammonium nitrate at sowing;
– Urea: foliar application.

Optimized practice of grain maize 
production with nitrogen, phosphorus 

and sulphur nutrition adjusted  to N165P70К75S19 
provided for an additional income of  
RUB 4,880/ha (excluding the costs for fertilizer 
application and harvesting the additional yield) 
compared to the farm nutrition programme 
implying the application of N145P50К75S5.

1 2
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In this trial, the following sunflower nutritional strategies were used: 

Obtaining a high seed yield in leached chernozem soil is possible by optimising the nutrition 
of plants with nitrogen, phosphorus, potassium, sulphur and boron;

Pre-sowing application of complex sulphur and boron containing fertilizers allows high 
productivity and high seed quality.

With a sunflower grain yield of 5 t/ha, an 
average of 135 kg N/ha, 49 kg P2O5/ha  
and 45  kg K2O/ha is removed from the soil. 
However, when designing sunflower nutrition 
programme, it is also important to take into 
account the conditions of plant nutrition 
with sulphur and boron.

Boron is essential for the development of heads, flower and seed. With its defficiency, 
growing points are stunned and ultimately die off, causing the abortion of heads. Sulphur 
helps to increase the seed oil content. The leaves of plants suffering from sulfur defficiency 
exhibit a yellow-green coloration and yellowing first occurs on young leaves.

Trial: Optimisation of sunflower production 
in leached chernozem soil due to pre-sowing 
application of complex sulphur- and boron-
containing fertilizers.

triAl ProGrAmme
In the on-farm field trial carried out by Russkiy Yachmen LLC, we improved sunflower production 
technology aiming to obtain high seed yields and improved seed quality. Treatment  1 is 
a typical farm fertilization programme, including the application of the complex fertilizer 
NPK(S)  8-20-30(2) in autumn with tillage and in-furrow application of ammonium nitrate 

sunflower

nutrition strAteGies

nk neomA hybrid

Location:
Kursk Region, 
Shchigrovsky 

District, Russkiy 
Yachmen LLC.
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at sowing. Treatment 2 differed in the pre-sowing application of the complex sulphur- and 
boron-containing fertilizer NPK(S)+B 5-15-30(5)+0.3B*.

Treatment Fertilizer
Rate, kg/ha

Application method
Application 
timephysical weight nutrients

Treatment 
1 Russkiy 
Yachmen
Control

NPК(S) 8-20-30(2) 250
N72P50K75S5

Broadcasting in autumn 
before chiselling

August

Ammonium nitrate 150 In-furrow at sowing 8/4/2019

PhosAgro 
Treatment 2

NPК(S) 8-20-30(2) 250

N77P65K105S10B0.3

Broadcasting in autumn 
before chiselling

August

NPК(S)+В 5-15-30(5)+0,3В* 100
Broadcasting before  
pre-sowing cultivation

4/4/2019

Ammonium nitrate 150 In-furrow at sowing 8/4/2019

Seeding rate: 60,000 seeds/ha 
Total plot area: 5.0 ha

Sowing date: 8/4/2019 
Harvesting date: 25/9/2019

yield
In the trial, grain yield was measured using a normal combine 
harvester. Due to the positive effect of the optimised fertilizer 
application system (Treatment 2) on the sunflower yield 
components (seed weight per head and 1,000 seeds 
weight), a significant increase in seed yield was observed 
in comparison with the conventional nutrition 
programmes used at the farm (Treatment 1). The seed 
yield increase was 0.5 t/ha, or 11 %.

Thus, sunflower nutrition programme optimised 
with macro- (nitrogen, phosphorus, potassium), 
meso- (sulphur) and micronutrients (boron) by 
means of additional pre-sowing application of 
complex fertilizer NPK(S)+B 5-15-30(5)+0.3B had 
a significantly positive impact on crop productivity. 
In Treatment 1 (farm nutrition programme), the 
application of fertilizers into the soil was N72P50К75S5 
in kg nutrient/ha and in Treatment 2 (optimised 
nutrition programme): N77P65К105S10В0.3.

Sunflower nutrition programme in field trial

ON-FARM TRIALS

* This grade is currently not available for sale, being under trial.
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yield quAlity
Quality indicators of sunflower seeds grown at two nutrition levels showed almost identic 
values. The content of crude fat in sunflower seeds in Treatments 1 and 2 was 46.8–47.1 %. 

Oil content in sunflower seeds

Treatment Fertilizers and application time Crude fat content, %

Treatment 1  
Russkiy Yachmen
Control

NPK(S) 8-20-30(2) in autumn
Ammonium nitrate at sowing

46.8

PhosAgro Treatment 2
NPK(S) 8-20-30(2) in autumn
NPK(S)+B 5-15-30(5)+0.3B before sowing
Ammonium nitrate at sowing

47.1

eConomiC vAlue
The costs for purchasing the mineral fertilizer sunflower in Treatment 1 amounted to RUB 
8,653/ha. The addition of sulphur and boron containing grade of NPK(S)+B 5-15-30(5)+0.3B 
in Treatment 2 led to an increase of the mineral nutrition costs by 30 % up to RUB 11,223/ha.

However, a balanced nutrition of sunflower with macro- (nitrogen, phosphorus, potassium), 
meso- (sulphur) and micronutrients (boron) in Treatment 2 provided for a yield increase of  
0.5 t/ha and an additional income equal to RUB 6,880/ha. In the above economic calculations 
the costs of fertilizer application and harvesting the additional seed yield was not accounted for.

Sunflower seed yield (harvest moisture)

Treatment 1

NPK(S) 8-20-30(2) in autumn 
Ammonium nitrate at sowing

Treatment 2

NPK(S) 8-20-30(2) in autumn 
NPK(S)+B 5-15-30(5)+0.3B before sowing 
Ammonium nitrate at sowing
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When growing sunflower in moderately acidic leached 
chernozem soil with high levels of mobile phosphorus 

and potassium the highest seed yield of 4.9 t/ha  
(at harvest moisture) was obtained when applying 
N77P65К105S10В0.3 in the following fertilizers:
– NPK(S) 8-20-30(2) in autumn before tillage;
– NPK(S)+B 5-15-30(5)+0.3B before pre-sowing 
cultivation;
– Ammonium nitrate at sowing.

 
An optimised system sunflower nutrition 
programme, which includes macro-, meso- and 

micronutrients necessary for plants in appropriate 
ratios, i. e. nitrogen, phosphorus, potassium, sulphur and 
boron, ensured high-quality seed production with a fat 
content of 47.1 %. It also provided an additional income of 
RUB 6,880/ha (excluding the costs for fertilizer application 
and harvesting the additional yield) compared to the farm 
nutrition programme.

1

2

ConClusions

Economic efficency of different sunflower nutrition programmes

Treatment Fertilizers and application time
Fertilizer  
purchase  
costs, RUB/ha

Seed yield  
(harvest  
moisture), t/ha

Crop value, 
RUB/ha

Economic effect 
compared to  
Control, RUB/ha

Treatment 1  
Russkiy 
Yachmen
Control

NPK(S) 8-20-30(2) in autumn
Ammonium nitrate at sowing

8,653 4.4 83,160 –

PhosAgro 
Treatment 2

NPK(S) 8-20-30(2) in autumn
NPK(S)+B 5-15-30(5)+0.3B before sowing
Ammonium nitrate at sowing

11,223 4.9 92,610 6,880

Note: the sunflower price is RUB 18,900/t.

ON-FARM TRIALS
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Nizhny Novgorod Region, 
Sechenovsky District, 

Nizhegorodskiye Volokna 
Konopli (Nizhny Novgorod 

hemp fibres) LLC:
Hemp.

niZhny novGorod reGion
ON-FARM TRIALS
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The 2019 growing season was characterised by lower than favourable temperature and 
moisture conditions for the growth and development of hemp plants. On the whole, the 
prevailing weather conditions were not conducive to obtaining the maximum achievable 
industrial yield of hemp stalk in accordance with the inherent high genetic potential. There 
was a deficit of precipitation, as well as periods with high air temperatures and a lack of 
rainfall. In June, plants were stressed.

soil fertility
The field trial was carried out in podzolised chernozem. Soil at the area selected was 
characterised by a slight acidity, a very high level of mobile phosphorus and a high level of 
mobile potassium.

wheAter Conditions

Initial agrochemical properties of podzolised chernozem (0–20 cm)*

Humus, % рНKCl, units
Mobile forms, mg/kg of soil

P2O5** K2O**

6.98 5.43 259 162

* Average values for soil samples taken by plot.

** Chirikov method.

ON-FARM TRIALS
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In this study, the following hemp nutrition strategies were used: 

To obtain a high stem and fibre yields, high rates of fertilizers are required even in soils with 
high mobile phosphorus and potassium;

Balanced plant nutrition with nitrogen, phosphorus, potassium, sulphur and calcium in 
podzolised chernozem soil contributes to high-quality hemp fibre production.

Hemp in the process of growth and 
development, changes its architectonics, as 
new organs appear. Hemp is very demanding 
of the growing conditions.

This is due to plants' special biological developmental aspects, namely, the discrepancy 
between the intensively developing dense aboveground biomass and poorly developed 
root system. With a fibre yield of 1 t/ha, hemp removes 160 kg/ha of nitrogen and potassium 
and 35 kg/ha of phosphorus from the soil. Obtaining high hemp yields is possible only if 
the soil is sufficiently supplied with plant-available forms of nutrients. 

Trial: Development of a system for the hemp 
nutrient programme in podzolised chernozem.

triAl ProGrAmme
The system for hemp nutrition was tested in the on-farm field trial, which was carried out 
at Nizhegorodskiye Volokna Konopli LLC. This is the only agricultural enterprise in Nizhny 
Novgorod Region where industrial hemp is cultivated. In the field trial, given granular 
potassium chloride applied before tillage in autumn, the increasing rates of urea, applied 

hemP

nutrition strAteGies

verA vAriety  
(monoeCious)

Location:
Nizhny Novgorod Region, 

Sechenovsky District, 
Nizhegorodskiye volokna 

konopli LLC.
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Treatment Fertilizer
Rate, kg/ha

Application method
Application  
periodphysical 

weight
nutrients

Treatment 1
Control

Potassium chloride 250 K150
Broadcasting in autumn 
before cultivation

September 2018

PhosAgro 
Treatment 2

Potassium chloride 250

N102P30K210S10Ca14

Broadcasting in autumn 
before cultivation

September 2018

Urea 200
Broadcasting before 
pre-sowing cultivation

14/5/2019

NPK(S)+Ca 5-15-30(5)+7CaO* 200 In-furrow during sowing 15/5/2019

PhosAgro 
Treatment 3

Potassium chloride 250

N151P38K225S12,5Ca18

Broadcasting in autumn 
before cultivation

September 2018

Urea 300
Broadcasting before 
pre-sowing cultivation

14/5/2019

NPK(S)+Ca 5-15-30(5)+7CaO* 250 Inter-row during sowing 15/5/2019

PhosAgro 
Treatment 4

Potassium chloride 250

N200P45K240S15Ca21

Broadcasting in autumn 
before cultivation

September 2018

Urea 400
Broadcasting before 
pre-sowing cultivation

14/5/2019

NPK(S)+Ca 5-15-30(5)+7CaO* 300 Inter-row during sowing 15/5/2019

Total plot area: 1.09 ha 
(0.27 ha for the Control)

Sowing date: 15/5/2019 
Harvesting date: 28/8/2019

Seeding rate: 72 kg/ha
Forecrop: ploughed fallow

meAsurements And observAtions
In the field trial conducted, the height of hemp plants was assessed at the following growth 
and development stages: inflorescence development, flowering, end of flowering and 
beginning of seed maturing. The plant height definitely increased in Treatments 2 to 4, where 

Hemp nutrition programme in field trial

before a pre-sowing cultivation, as well as sulphur and calcium-containing complex fertilizer 
NPK(S)+Ca 5-15-30(5)+7CaO* applied at sowing, were studied.

Hemp was grown on the fallow land a year after plaughing. Since autumn, ploughing was 
performed, the field was treated with herbicides and granulated potassium chloride was 
broadcasted before cultivation at 250 kg/ha.

The trial was arranged with two replications.

ON-FARM TRIALS

* This grade is currently not available for sale, being under trial.
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nitrogen, phosphorus, potassium, sulphur and calcium were added to the soil, compared 
with Treatment 1, where only potash fertilizer was added to the soil. During the inflorescence 
development stage, no differences in plant height were observed between Treatments 2, 3 and 
4. In other plant development stages, the hemp height did not reliably change when the highest 
rate of fertilizers was applied in Treatment 4 (N200P45K240S15Ca21) compared with Treatment 3 
(N151P38K225S12,5Ca18).

Note: Fertilizer rates in kg/ha physical weight are given in brackets.

Hemp plants (10 each) taken from each four experimental treatments (5/7/2019)

Treatment 1

Potassium chloride (250)

Treatment 2

Potassium chloride (250) 
Urea (200) 
NPK(S)+Ca 5-15-30(5)+7CaO (200)

Treatment 3

Potassium chloride (250) 
Urea (300) 
NPK(S)+Ca 5-15-30(5)+7CaO (250)

Treatment 4

Potassium chloride (250) 
Urea (400) 
NPK(S)+Ca 5-15-30(5)+7CaO (300)

ON-FARM TRIALS
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Note: 30 plants were selected from each experimental plot.

Hemp height by growth stage (cm)

Treatment Fertilizers (physical weight, kg/ha)
Inflorescence 
development

Flowering
End of  
flowering

Beginning of seeds 
maturation

Treatment 1
Control

Potassium chloride (250) 93.3±3.1 210.5±6.5 223.0±7.1 228.2±7.3

PhosAgro 
Treatment 2

Potassium chloride (250)
Urea (200)
NPK(S)+Ca 5-15-30(5)+7CaO (200)

110.8±3.6 233.5±6.3 254.2±7.3 265.0±7.4

PhosAgro 
Treatment 3

Potassium chloride (250)
Urea (300)
NPK(S)+Ca 5-15-30(5)+7CaO (250)

110.8±3.6 244.8±6.5 269.8±7.4 281.7±7.4

PhosAgro 
Treatment 4

Potassium chloride (250)
Urea (400)
NPK(S)+Ca 5-15-30(5)+7CaO (300)

108.3±4.0 256.2±6.7 277.8±7.5 290.6±7.4

In the trial, the biological stem yield of hemp was measured. Treatment 4 showed the best 
stem yield (12.70 t/ha), given the application of the highest rate of urea prior to sowing 
as well as the highest rate of the complex sulphur- and calcium-containing fertilizer  
NPK(S)+Ca 5-15-30(5)+7CaO at sowing: N200P45K240S15Ca21 (kg nutrient/ha).

yield

Treatment 1

Potassium chloride (250)

Treatment 2

Potassium chloride (250) 
Urea (200) 
NPK(S)+Ca 5-15-30(5)+7CaO (200)

Treatment 3

Potassium chloride (250) 
Urea (300) 
NPK(S)+Ca 5-15-30(5)+7CaO (250)

Treatment 4

Potassium chloride (250) 
Urea (400) 
NPK(S)+Ca 5-15-30(5)+7CaO (300)

Hemp stem and fibre yield

Yi
el

d,
 t/

ha
  

14.0

8.0

10.0

12.0

6.0

4.0

2.0

0.0

Stem yield, t/ha Fibre yield, t/ha

4.63

8.50

10.76

12.70

0.76

2.36
3.06 3.73

Note: Fertilizer rates in kg/ha in physical weight are given in brackets.

ON-FARM TRIALS
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Treatment 4 also showed the highest fibre yield (3.73 t/ha). High rates of mineral fertilizers 
are required to obtain a high hemp stem and fibre yield in podzolised chernozem soil, in spite 
of good phosphorus and potassium supply in soil.

yield quAlity
According to laboratory-determined quality parameters of hemp retted stalks, quality 
indicators including technical stem length and thickness, as well as fibre strength and content, 
improved significantly in Treatments 2 to 4 with the application of nitrogen, phosphorus, 
potassium, sulphur and calcium into the soil compared with the application of potash 
fertilizer only. When calculating the quality index (QI) of hemp retted stalks by summing 
individual quality indicators, the maximum QI value (117 units) is observed for Treatment 4, 
where the maximum nutrient rates were applied to the soil (N200P45K240S15Ca21). The quality 
index in Treatment 4 was reliably higher than in Treatment 1 (K150), as well as in Treatment 2 
(N102P30K210S10Ca14). Treatment 4 showed the best determined quality number of the hemp 
retted stalks (1.5) given the application of the highest rates of mineral fertilizers.

Quality of hemp retted stalks

Treatment Fertilizers (physical weight, kg/ha)

The  
technical  
stem 
length,  
cm

Stem  
thickness, 
cm

Fibre  
content,  
%

Fibre 
strength, 
kgf

Quality 
index

Grade 
number 
of retted 
stalks

Treatment 1
Control

Potassium chloride (250) 94.7±3.5 9.9±0.2 16.4±0.6 23.6±0.9 75±3.3 0.5±0.02

PhosAgro 
Treatment 2

Potassium chloride (250)
Urea (200)
NPK(S)+Ca 5-15-30(5)+7CaO (200)

121.5±3.8 15.3±0.2 27.8±0.8 34.0±1.0 108±3.7 1.3±0.03

PhosAgro 
Treatment 3

Potassium chloride (250)
Urea (300)
NPK(S)+Ca 5-15-30(5)+7CaO (250)

136.5±4.0 16.7±0.3 28.5±1.0 35.4±1.2 112±4.1 1.3±0.04

PhosAgro 
Treatment 4

Potassium chloride (250)
Urea (400)
NPK(S)+Ca 5-15-30(5)+7CaO (300)

144.5±4.3 18.5±0.3 29.4±1.1 36.4±1.3 117±4.5 1.5±0.05

ON-FARM TRIALS
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Due to the balanced use of mineral fertilizers, the 
weight percentage of long fibre improved markedly 
from 16.4 % in Treatment 1 to 27.8–29.4 % in 
Treatments 2 to 4. It is important to note that with 
the increasing fertilizer rate, the long fibre weight 
percentage increased and, accordingly, the short 
fibre weight percentagedecreased. Long fibre 
weight percentage reached 25.6 % in Treatment 4, 
with the application of the maximum rate of mineral 
fertilizers (kg nutrient/ha: N200P45K240S15Ca21). 

Due to the use of mineral fertilizers containing 
important macro- and mesonutrients (nitrogen, 
phosphorus, potassium, calcium and sulphur), 
there was an increase in the grab length and fibre 
splitness. Therefore, the fibre number definitely 
increases with increasing fertilizer rates. The 
highest number (7.8) was assigned to the fibre 
obtained from hemp plants grown in Treatment 4 
(N200P45K240S15Ca21).

Technological fibre properties

Treatment Fertilizers (physical weight, kg/ha)

Fibre wet percentage, %
Fibre grab 
length,  
cm

Fibre  
splitness, 
tex

Fibre 
number

long fibre short fibre total

Treatment 1
Control

Potassium chloride (250) 7.6±0.1 8.8±0.1 16.4±0.6 120.1±1.5 27.6±0.4 5.2±0.1

PhosAgro 
Treatment 2

Potassium chloride (250)
Urea (200)
NPK(S)+Ca 5-15-30(5)+7CaO (200)

21.9±0.1 5.9±0.1 27.8±0.8 149.4±4.9 43.1±1.0 7.2±0.2

PhosAgro 
Treatment 3

Potassium chloride (250)
Urea (300)
NPK(S)+Ca 5-15-30(5)+7CaO (250)

24.3±0.8 4.2±0.1 28.5±1.0 158.2±5.2 45.7±1.5 7.4±0.3

PhosAgro 
Treatment 4

Potassium chloride (250)
Urea (400)
NPK(S)+Ca 5-15-30(5)+7CaO (300)

25.6±1.0 3.8±0.1 29.4±1.1 164.0±5.6 46.6±1.8 7.8±0.3

ON-FARM TRIALS
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Economic efficiency of hemp fertilization

Treatment Fertilizers (physical weight, kg/ha)
Fertilizer cost  
(in spring),  
RUB/ha

Stem yield,  
t/ha

Crop value, 
RUB/ha

Economic effect  
compared to  
Control, RUB/ha

Treatment 1
Control

Potassium chloride (250) – 4.63 61,116 –

PhosAgro 
Treatment 2

Potassium chloride (250)
Urea (200)
NPK(S)+Ca 5-15-30(5)+7CaO (200)

8,850 8.50 112,200 42,234

PhosAgro 
Treatment 3

Potassium chloride (250)
Urea (300)
NPK(S)+Ca 5-15-30(5)+7CaO (250)

12,038 10.76 142,032 68,878

PhosAgro 
Treatment 4

Potassium chloride (250)
Urea (400)
NPK(S)+Ca 5-15-30(5)+7CaO (300)

15,225 12.70 167,640 91,299

Note: the product price is RUB 13,200/t.

eConomiC vAlue
An economic efficiency analysis of fertilizer use to hemp shows that an increase in fertilizer 
costs also leads to additional income from the fertilizer use to sold. Thus, in Treatment 4 with 
the application of maximum urea rate before sowing and the maximum rate of the complex 
fertilizer NPK(S)+Ca 5-15-30(5)+7CaO at sowing in addition to the autumn application of 
potassium chloride (kg nutrient/ha: N200P45K240S15Ca21), the maximum additional income was 
obtained compared to Treatment 1 (K150), amounted to RUB 91,299/ha, excluding the costs 
for harvesting the yield increase.

ON-FARM TRIALS

Thus, optimisation of hemp nutrition programme provided for obtaining the best quality 
of hemp fibre due to the application of potassium chloride in autumn, the maximum 
rate of urea before sowing and the complex calcium- and sulphur-containing fertilizer  
NPK(S)+Ca 5-15-30(5)+7CaO at sowing.
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ConClusions
 When growing hemp in podzolised slightly 
acidic chernozem soil, with a very high 

content of mobile phosphorus and high content 
of mobile potassium, the best stem (12.70 t/ha) 
and fibre (3.73 t/ha) yields were obtained when 
the optimal nutrient rates were applied into the 
soil: nitrogen, phosphorus, potassium, calcium 
and sulphur (in kg nutrient/ha) in form of the 
following fertilizers:
– Potassium chloride in autumn before cultivation 
(250 kg/ha in physical weight);
– Urea before sowing (400 kg/ha in physical 
weight);
– NPK(S)+Ca 5-15-30(5)+7CaO (300 kg/ha in 
physical weight) inter-row at sowing.
 

In the treatment with the application 
of the maximum rates of mineral 

fertilizers (N200P45K240S15Ca21), hemp retted 
stalks had the best grade number  (1.5). 
Moreover, it was very important that the 
resulting fibre had the best technological 
properties: the weight percentage of long fibre 
was 25.6 % and the number of fibre was 7.8. 
 

The application of the highest rates of 
mineral fertilizers (N200P45K240S15Ca21) 

to hemp provided an additional income of 
RUB 91,299/ha excluding additional costs for 
harvesting, compared to the Control where only 
potash fertilizer was applied (K150).

111
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Perm Region, 
Chastinsky District, 

UralAgro LLC:
Perennial grasses.

Perm reGion
ON-FARM TRIALS
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The weather conditions of the 2019 growing season (the 1st year of grass stand) were 
characterised by excessive precipitation compared with normal.

soil fertility
The field trial was established in a sod mid-podzolic heavy loamy soil. Before starting the trial, 
soil fertility tests were done for the agricultural area. The mobile phosphorus content in the 
initial soil fell into an "increased" category; mobile potassium was within a medium group and 
mobile sulphur supply was high.

wheAter Conditions

Initial agrochemical properties of sod-podzolic soil (0–20 cm)*

Humus, % рНKCl, units
Hydrolytic acidity

CEC (cation  
exchange capacity)

Mobile forms, mg/kg of soil

mmol (eq)/100 g of soil P2O5** K2O** S

2.04 4.76 3.75 22 103 119 18

* Weighted average values based on soil fertility data for three plots within the agricultural area.

** Kirsanov method.

ON-FARM TRIALS
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When intensifying forage production, one should take into account the high requirements 
of forage grasses in soil nutrient supply. For example, with 1 tonne of dry matter of 
cold-season cereal grasses of temperate zone an average of 23 kg N/ha, 6 k P2O5/ha,  
26 kg K2O/ha, 5 kg Ca/ha, 2 kg Mg/ha and 2 kg S/ha is removed from the soil. With 
1  tonne of red clover dry matter an average of 28 kg N/ha, 6 kg P2O5/ha, 23 kg K2O/ha,  
12 kg Ca/ha, 3 kg Mg/ha and 3 kg S/ha is removed from the soil. Therefore, legume grasses 
provide themselves with nitrogen due to nitrogen fixation.

When cultivating legume-cereal mixtures, it is necessary to carefully study the plant 
nutrition programme which should include several fertilizer placement methods during 
each year of stand life.

For example, phosphate fertilizers can be applied once for three years of the grass stand. 
The autumn application of potassium is a practice to ensure winter survival of grasses.  
Nitrogen fertilization is required after each cut, excluding the last one. It is important 
to take into account that plants often lack sulphur in Non-Chernozem zone.

Trial: Development of crop management 
technologies to increase forage grass  
productivity and haylage quality on a 
sod-podzolic soil.

PerenniAl 
GrAsses

nutrition strAteGies

forAGe mixture  
forAGemAx CutmAx:
red Clover: 15 % 
festulolium tyPe ryeGrAs: 20 % 
PerenniAl ryeGrAss: 25 % 
timothy: 10 % 
CoCksfoot: 10 % 
tAll fesCue: 20 %

Location:
Perm Region, 

Chastinsky District, 
UralAgro LLC.
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Throughout this forage project, the following nutritional strategies were used for 
perennial legume-cereal mixture grown in sod-podzolic soil: 

The highest forage productivity and high haylage quality are achieved through a balanced 
use of nitrogen, phosphorus, potassium and sulphur;

When content of mobile phosphorus is increased, only a single application of phosphate-
based fertilizers is required, taking into account the stand life of the grasses;

Optimizing the nutrient management system allows for cutting the costs of haylage 
production and, ultimately, reducing the cost of milk production.

triAl ProGrAmme
The on-farm trial at UralAgro LLC, Perm Region was established with the aim of developing 
a nutrition programme that would give a highly productive grass mixture, with the optimal 
ratio between legumes and cereals based on site-specific conditions.

In Treatment 1, no fertilization was applied (Control). In Treatments 2 to 4, mineral fertilizers 
were applied before sowing. Treatment 2 follows a farm standard forage grass nutrition 
programme, which implies the use of ammonium nitrate only. In Treatment 3, complex 
fertilizer NPK(S) 8-20-30(2) and ammonium nitrate were combined before sowing, and in 
Treatment 4, the complex fertilizer NP(S) 20-20(14) with a high sulphur content was combined 
with potassium chloride.

Due to high precipitation in summer 2019, a number of planned 
technological operations mandatory for intensive forage 
production systems were not carried out, namely, topping 
to control weeds and the subsequent application of 
ammonium nitrate in Treatments 2 to 4.

With this in mind, it was not possible to apply 
similar nitrogen rates through the experimental 
treatments. It should be noted that in 
Treatments 3 and 4, after autumn cutting, 
potassium chloride was broadcasted to 
ensure a successful winter survival while 
providing the grass with potassium during 
the 2nd year of stand life.

The trial was designed with four 
replications.

ON-FARM TRIALS
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Treatment Fertilizer
Rate, kg/ha

Application method Application time
physical weight nutrients

Treatment 1
Control

– – – – –

UralAgro 
Treatment 2

Ammonium nitrate 200 N69

Before pre-sowing 
cultivation

21‒22/6/2019
PhosAgro 
Treatment 3

Ammonium nitrate 80
N48P50K75S5

NPK(S) 8-20-30(2) 250

PhosAgro 
Treatment 4

NP(S) 20-20(14) 250
N50P50K72S35

Potassium chloride 120

Seeding rate: 27 kg/ha 
Total plot area: 1.97 ha

Sowing date: 24/6/2019 
Cutting date: 11‒12/9/2019

Forecrop: spring wheat

Nutrition programme in field trial with perennial grasses (1st year of stand life)

yield
Due to the late date of the grass mixture sowing, only one cutting was performed in the 
1st year of grass stand life. The cutted wilted grass biomass was harvested into round bales. 
Rainy weather, unfortunately, did not allow to pick up and prepare the wilted grass from 
one replication; therefore, yield measurements were performed using three replications. 
The harvested bales were counted on the experimental plots.  Here, the number of bales 
from the plot was rounded up or down to integer values. Ten bales were randomly weighted 
to determine the average bale weight, equal to 776 kg. The yield of harvested haylage per 
hectare was calculated based on the indicated average bale weight.

ON-FARM TRIALS
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To determine the dry matter content in the harvested haylage as well as other quality indicators, 
a mixed sample of wilted grass biomass was compiled from each experimental treatment 
(with five individual samples from each replication). An average sample of 1.0–1.5  kg was 
then taken from the mixed sample.

The harvested haylage (withered mass)
yield in Control recieiving no fertilizers was 
equal to 3.68 t/ha. A reliable increase in the 
haylage yield over the Control  was observed 
only in Treatment 4, with the application of 
the complex sulphur-containing fertilizer 
NP(S)  20-20(14) and potassium chloride 
before sowing. Here the yield of harvested 
haylage increased 2.2  times and reached 
8.27  t/ha. It is the maximum harvested 
forage yield in the first cut.

In Treatment 4, with the pre-sowing 
application of the complex sulphur-
containing fertilizer NP(S) 20-20(14) and 
potassium chloride, the maximum dry matter yield was also obtained (2.29 t/ha). Thus, the 
balanced nutrition of perennial grasses with nitrogen, phosphorus, potassium and sulphur  
significantly increased the productivity of forage grasses. It is important to emphasise that in 
Treatment 4, a comparatively high rate of sulfur of 35 kg S/ha was applied. At the same time 
the initial mobile sulphur content in the soil was high, that may be contributed to intense 
mineralisation of humus as a result of favourable moisture conditions and temperature 
regimes typical for June 2019, when soil samples were taken. Without the use of sulphur-
containing fertilizers in sod-podzolic soils, plants often exhibited evidence of sulphur 
defficiency symptoms.

Perennial grass yield during the 1st year of stand life

Treatment Fertilizers
Number of bales, 
per ha

Wilted biomass yield, 
 t/ha

Dry matter yield, t/ha

Treatment 1
Control

– 4.74 3.68 0.89

UralAgro  
Treatment 2

Ammonium nitrate 8.12 6.30 1.71

PhosAgro  
Treatment 3

NPK(S) 8-20-30(2)
Ammonium nitrate

7.95 6.17 1.42

PhosAgro  
Treatment 4

NP(S) 20-20(14)
Potassium chloride

10.66 8.27 2.29

LSD05 3.40 2.64 –

Haylage making and taking average samples 
(12/9/2019)

ON-FARM TRIALS
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yield quAlity
According to the measurements of haylage quality, the treatment that receiving a complex 
sulphur-containing fertilizer NP(S) 20-20(14) and potassium chloride showed the highest 
values   of the following indicators: feed digestibility, crude protein and crude fat content, 
crude fibre content, 'degraded protein balance' (OEB/DM) and neutral detergent fibre 
(NDF). It should be noted that grass digestibility is the most important indicator of roughage 
fodder nutritional value. Premium haylage should contain no more than 30 % crude fibre. 
It is well known that an increase in dietary fibre leads to a decrease in nitrogen use from 
the feed.

The broken down fraction of crude protein serves as a source of nitrogen for the fermentation 
process by rumen microorganisms. The excessive limit values   (30–50 g) of the 'degraded 
protein balance' index (OEB/DM) in the diet indicates a problem with ruminal digestion.

Neutral detergent fibre (NDF) is a compound that includes lignin, cellulose and 
hemicellulose. The NDF amount and digestibility determine the value of the nutrition 
received. It is important to emphasise that the NDF content in the diet correlates with the 
amount of milk produced.

The grass biomass obtained in Treatment 4, however, exhibits a minimum sugar content 
in comparison with the other experimental treatments. The limited amount of sugar in 
the harvested haylage can be beneficial as it creates less favourable conditions for yeast 
reproduction.

Harvested haylage quality

Treatment
Dry  
matter,  
g/kg

Organic  
matter  
digestibility, %

Crude  
protein,  
g/kg*

Crude 
fat,  
g/kg*

Crude fibre, 
g/kg*

Sugar,  
g/kg*

Degraded 
protein  
balance  
(OEB/DM), g

NDF,  
g/kg*

Treatment 1
Control

242 75.7 165 33 227 86 13 450

UralAgro 
Treatment 2

272 78.7 168 36 238 91 13 464

PhosAgro 
Treatment 3

230 77.9 165 35 247 83 12 477

PhosAgro 
Treatment 4

277 78.8 171 39 249 66 17 494

ON-FARM TRIALS

* Dry matter.
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In the sod-podzolic heavy loam soil with 
an increased level of mobile phosphorus, 

a medium level of mobile potassium and a 
high level of mobile sulphur, application 
of N50P50K72S35 in kg nutrient/ha resulted 
in the maximum perennial grass 
productivity in its 1st year, equal to 
2.29 tonnes of dry matter/ha (one cut). 
This was due to the application of the 
complex sulphur-containing fertilizer 
NP(S) 20-20(14) in combination with 
potassium chloride before sowing.

 
In the experimental treatment 
with pre-sowing application 

of complex sulphur-containing 
fertilizer NP(S) 20-20(14) and 
potassium chloride during the 1st 
year of grass stand life, the high-
quality haylage was harvested and 
had the highest values   of the following 
indicators: feed digestibility, crude 
protein content and neutral detergent 
fibre (NDF).

1

2

ConClusions

eConomiC vAlue
This project economic results will be summed up after its completion, since the phosphate-
based complex fertilizers were applied one time under the assumption that the stand life 
of grasses would be equal to three years.  In addition, due to the late sowing date, only one 
cut was possible in the 1st year. Thus, the most part of phosphorus applied with fertilizers 
remains in the soil and will be used by grasses during the 2nd and 3rd years of stand life.

ON-FARM TRIALS
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PhosAgro provides support to its customers not 
only through high-quality logistical services. 
Buyers have access to the latest information on 
the agronomic efficiency of fertilizers used in 
various soil and climatic conditions across different 
continents.

sCientifiC APProACh

triAls CArried out  
in CooPerAtion with  
sCientifiC orGAniZAtions

Data on fertilizer effectiveness obtained in the field are critical for the end users of company's 
products. With regard to currently top-requested crops and fertilizers grades to be used to 
generate the greatest return, PhosAgro's Agronomy Service has developed and conducted 
a number of studies. Experimental work is carried out both in the commercial fields and in 
academic institutions.

Based on the exclusive information on fertilizer effects on some of the world's most important 
crops (wheat, sugar beet, potato, sunflower, maize, rapeseed, barley and soybean), PhosAgro 
agronomists give recommendations how to maximize the response to our fertilizers.  Field 
trials are conducted according to the methodological requirements needed to ensure our 
trials provide reliable results. We also use an advanced experience accumulated not only by 
the agronomy science but also by the IT industry. There is a close cooperation with leading 
companies that provide precision farming services. This enables agronomists to monitor the 
crops on a daily basis and quickly respond to any changes that may arise in the field.

studies on effiCienCy  
of fertiliZer sourCes And forms
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Care for people is critical to the company. Following 
our slogan 'From ore to food', we carry out research 
for nitrogen and complex fertilizers in order to develop 
production technologies to obtain vegetables meeting 
high safety standards. We study the optimal use of fertilizers 
and fertiliser effects on the residual amounts of nitrates in the 
final crop production. The results of these activities are published 
as recommendations on fertilizer use to obtain high quality vegetables.

For example, in the trial with white cabbage, the use of PhosAgro' technology has 
led to get products with a twice lower nitrate content and with an increased content of useful 
vitamins and minerals. In trials with urea, the timing of its application is being studied, taking 
into consideration the phenological stages of growth and development of plants.

Depending on the tasks that a farmer is to solve (obtaining fodder or food grain), we can 
recommend using optimal and economically justified fertilizer rates and time. Implementation 
of scientific approach  enables comprehensive study of fertilizers effect on crop yield.

fertiliZer effeCt 
on CroP quAlity

Attention focused on the quality of crop production, 
soil fertility and the environmental quality. 
Alternative approaches to nutrient management 
and recommendations on optimal time and 
fertilizer application methods are developed. Work 
patterns are structured to meet the needs of various 
client groups. Plant nutrition issues are also being 
examined both under draught conditions and 
excessive water supply.

Studies of alternative forms of liquid fertilisers are now conducted on an annual basis. One of 
the most striking examples on the market is a product produced by PhosAgro: APP NP 11-37. 
In the last year, the effect of liquid fertilizer application on the yield and quality of grain crops 
(wheat, barley, maize) and root crop (sugar beet) was studied.

studies on new fertiliZer forms

85 TRIALS CARRIED OUT 
IN 2019, INCLUDING 23 
SCIENTIFIC ONES.
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Krasnodar Region, 
P. P. Lukyanenko National 

Grain Centre:
Winter wheat.

krAsnodAr reGion
SCIENTIFIC TRIALS
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The weather conditions during the 2018–2019 agricultural year were satisfactory for winter 
wheat. The precipitation in October was 63.6 mm and ensured a good emergence of seedlings. 
Subsequently, at good temperatures rainfall in November (70.5 mm) and December (68.6 mm) 
ensured positive plant development and tillering. The winter was mild and warm: the minimum 
ten-day average temperature in January, February and March did not exceed minus 1.4 °C, minus 
3.4 °C and minus 2.0 °C, respectively, resulting in a good overwintering and creating optimal 
conditions for further plant growth. However, it should be noted that rainfall on 25‒26.05.2019 
amounted to 32.5 mm with the intensity of 14 to 174 mm/h. Moreover, on 13.06.2019, rainfall 
reached 8.13 mm per hour with the intensity up to 244 mm/h, causing the lodging of winter 
wheat plants and negatively, affecting grain yield.

soil fertility
Soil at the experimental area is a slightly acidic leached chernozem with a high level of mobile 
phosphorus and increased level of mobile potassium.

wheAter Conditions

Initial agrochemical properties of leached chernozem (0–20 cm)

2018‒2019 Long-term annual average2018‒2019 Long-term annual average

Average monthly air temperature and precipitation from September 2018 to June 2019
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Humus, % рНKCl, units
Mobile forms, mg/kg of soil

P2O5* K2O*

3.40 5.1‒5.3 55‒60 379‒380
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In this study, the following strategy for winter wheat nutrition was used: 

the use of phosphorus as both solid and liquid complex fertilizers in leached chernozem 
soil to obtain a high increase of grain yield.

A sufficient phosphorus supply improves 
the total and productive tillering of plants, 
promotes overwintering, increases the 
efficiency of water use by plants, hastens 
maturity and reduces grain moisture content 
at harvest.

The liquid complex fertilizer APP NP 11-37 mainly consists of ammonium polyphosphates. 
In the soil, polyphosphate chains are broken to phosphate monomers (are hydrolized) 
under the action of enzymes produced by soil microorganisms and plant roots. About 
half of the polyphosphates are broken within 1–2 weeks. A small part of phosphorus in 
APP NP 11-37 is represented by phosphate monomers, which are immediately available 
to plant roots.

Trial:  Study of the comparative effectiveness of 
liquid and granular phosphate-based fertilizers 
in winter wheat grown in leached chernozem 
soil in the Central zone of Krasnodar Region.

triAl ProGrAmme
The field trial was carried out in the Central climatic zone of Krasnodar Region: at the 
Experimental Field of the agrotechnological division of P. P. Lukyanenko National Grain Centre 
in Krasnodar. In the trial, the following granular and liquid phosphate-based fertilizers were 
compared: MAP NP 12-52, DAP NP 18-46 and APP NP 11-37. Phosphorus rates were high 
and ranged from 81 to 162 kg P2O5/ha.

winter wheAt

nutrition strAteGies

silA vAriety

Location:
Krasnodar Region, 

P. P. Lukyanenko National 
Grain Centre.
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A relatively warm winter and early cool spring with optimal reserves of productive moisture 
in the soil layer 0–100 cm (168 mm) contributed to the normal development of winter 
wheat plants. Clear visual differences in plant height and colour were observed through the 
experimental treatments during the stem elongation stage.

Fertilization programme in winter wheat field trial

meAsurements And observAtions

SCIENTIFIC TRIALS

Liquid complex fertilizer APP NP 11-37 was applied in a volume of 150 l/ha per pass that 
corresponded to 220 kg/ha taking into consideration fertilizer density of 1.47 kg/l.

Winter wheat in the trial was grown on a basis of recommendations by P. P. Lukyanenko 
National Grain Centre. The trial was arranged with three replications.

Treatment Fertilizer
Rate, kg/ha

Application method Application time
physical weight nutrients

Treatment 1
Control

– – – – –

PhosAgro 
Treatment 2

MAP NP 12-52 200

N93P104

Broadcasting in autumn 
before disc ploughing

6/10/2018

Ammonium nitrate 200 Early spring topdressing 18/3/2019

PhosAgro 
Treatment 3

DAP NP 18-46 200

N105P92

Broadcasting in autumn 
before disc ploughing

6/10/2018

Ammonium nitrate 200 Early spring topdressing 18/3/2019

PhosAgro 
Treatment 4

APP NP 11-37 220

N93P81

Broadcasting in autumn 
before disc ploughing

6/10/2018

Ammonium nitrate 200 Early spring topdressing 18/3/2019

PhosAgro 
Treatment 5

APP NP 11-37 220

N48P162

Broadcasting in autumn 
before disc ploughing

6/10/2018

APP NP 11-37 220 Early spring topdressing 18/3/2019

Seeding rate: 4.5 million/ha 
Total plot area: 0.5 ha

Sowing date: 8/10/2018 
Harvesting date: 27/6/2019

Forecrop: grain maize
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Winter wheat grain yield was measured by direct combining of experimental plots. According 
to the results obtained, the maximum grain yield (6.13–6.21 t/ha at the standard moisture 
content) was obtained in Treatments 3 and 4 that received in the fall either DAP NP 18-46 or 
APP NP 11-37 (kg nutrient/ha: N105P92 and N93P81). The grain yield increase over the Control  
was thus equal to 68–71 %.

In Treatments 2 and 5, where phosphorus rates exceeded 100 kg Р2О5/ha (N93P104 and N48P162), 
there was a statistically significant grain yield decrease compared to Treatments 3 and 4. 
Taking into account the high content of mobile phosphorus in the soil, the introduction of 
excessive phosphorus rates had a negative effect. The application of DAP NP 18-46 in slightly 
acidic soil may have an advantage over the application of MAP NP 12-52. It is important to 
note the temporary alkalisation of the soil around granules of DAP NP 18-46 due to the 
ammonium form of nitrogen.

yield

Treatment 1

Control

Treatment 2

MAP NP 12-52 in autumn 
Ammonium nitrate  
topdressing

Treatment 3

DAP NP 18-46 in autumn 
Ammonium nitrate  
topdressing

Treatment 4

APP NP 11-37 in autumn 
Ammonium nitrate  
topdressing

Treatment 5

APP NP 11-37 in autumn 
APP NP 11-37  
topdressing

Winter wheat grain yield (standard moisture content)
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SCIENTIFIC TRIALS

Note: LSD05 = 0.21.
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Analysis of the yield quality indicates the production of class 3 grain when applying mineral 
fertilizers in Treatments 2 to 4. In the Control that did not receive fertilizers as well as in 
Treatment 5, class 4 grain was obtained. In Treatment 5, a low rate of nitrogen (N48P162) 
was aplplied that negatively affected the grain quality. Wheat grain harvested from all 
experimental treatments had a satisfactorily weak gluten.

yield quAlity

Winter wheat grain quality

Treatment Fertilizers and application time Gluten, %
Gluten Deformation  
Index (GDI), units

Grain class

Treatment 1
Control

– 15.1 100 4

PhosAgro 
Treatment 2

MAP NP 12-52 in autumn
Ammonium nitrate topdressing

24.4 90 3

PhosAgro 
Treatment 3

DAP NP 18-46 in autumn
Ammonium nitrate topdressing

25.0 80 3

PhosAgro 
Treatment 4

APP NP 11-37 in autumn
Ammonium nitrate topdressing

25.4 80 3

PhosAgro 
Treatment 5

APP NP 11-37 in autumn
APP NP 11-37 topdressing

21.5 90 4

SCIENTIFIC TRIALS

Fertilizer costs were minimal in Treatment 4 (RUB 8,020/ha), since a comparatively lower 
amount of nutrients was applied with APP NP 11-37 and ammonium nitrate (N93P81 or  
174 kg/ha of nitrogen plus phosphorus). In terms of the costs of DAP NP 18-46 and ammonium 
nitrate (N105P92), Treatment 3 was more expensive than the others: RUB 10,430/ha.

When compared to zero fertilizer Control, Treatment 4 gave the best economical result due 
to the application of the APP NP 11-37 in autumn and ammonium nitrate in early spring. 
Additional income compared to the Control amounted to RUB 19,747/ha excluding fertilzer 
application costs, as well as those related to harvesting and drying the additional yield.

eConomiC vAlue
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ConClusions
During winter wheat cropping in the 
Krasnodar Region's Central zone – in 

slightly acidic leached chernozem soil with a high 
content of mobile phosphorus and an increased 
content of mobile potassium a nutrition 
programme with application of N105P92 and N93P81 
in kg nutrient/ha resulted in a grain yield increase 
by 68–71 % over the zero-fertilizer Control. 
 

Pre-sowing application of DAP NP 18-46  
(N36P92) and an early spring topdressing 

of ammonium nitrate (N68) were equivalent to a 
combination of pre-sowing application of the 

liquid complex fertilizer APP NP 11-37 (N24P81) 
with early spring topdressing with ammonium 
nitrate (N68).

A roughly assessed additional income 
over the Control was highest when 

combining  NP  11-37 (N24P81) with early 
spring application of ammonium nitrate (N68): 
RUB 19,747/ha, excluding costs of fertilizing and 
of harvesting the yield's increases.

1

2

3

Economic efficiency of different winter wheat nutrition programmes

Treatment Fertilizers and application time
Fertilizer  
purchase 
costs, RUB/ha

Grain yield  
(standard  
moisture  
content), t/ha

Crop value, 
RUB/ha

Economic effect 
compared to  
Control, RUB/ha

Treatment 1
Control

– – 3.64 37,128 –

PhosAgro 
Treatment 2

MAP NP 12-52 in autumn
Ammonium nitrate topdressing

10,280 5.76 60,192 12,784

PhosAgro 
Treatment 3

DAP NP 18-46 in autumn
Ammonium nitrate topdressing

10,430 6.13 64,059 16,501

PhosAgro 
Treatment 4

APP NP 11-37 in autumn
Ammonium nitrate topdressing

8,020 6.21 64,895 19,747

PhosAgro 
Treatment 5

APP NP 11-37 in autumn
APP NP 11-37 topdressing

9,480 5.82 59,364 12,756

Note: the wheat price (standard moisture content) for class 3 is RUB 10,450/t and for class 4 is RUB 10,200/t.
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Winter wheat nutrition programme:  
APP NP 11-37 sprayed at 220 kg/ha before 
tillage in autumn, ammonium nitrate 
topdressed at 200 kg/ha in early spring.
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Kurgan Region, Central 
Experimental Field  
of Kurgan Research  

Institute of Agriculture:
Spring wheat, spring rapeseed.

kurGAn reGion
SCIENTIFIC TRIALS
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Characterizing weather conditions is essential for explaining yield levels and the effectiveness of 
crop management technologies studied in the trial, as well as for analysing results. According to 
research performed by the Kurgan Research Institute of Agriculture's Agrochemistry Laboratory, 
70–80 % changes in grain crop yield over the years are associated with the fluctuations in the 
precipitation and air temperature. Weather conditions in spring, summer and autumn 2019 at 
the Central Experimental Field of Kurgan Research Institute of Agriculture's were characterised 
by water shortage. Cold spells were repeated. In June, for example, the average daily air 
temperature dropped to 16 °C. Drought, with precipitation of 8.4 and 2.7 mm in the 2nd and 
3rd ten-day periods of June and as low as 1.5 mm in the 2nd ten-day period of July. With a 
severe moisture deficit, uneven plant development appears across the plots that depends on 
the microrelief.

soil fertility
Soil in the trial is a low-thickness, low-humus medium loamy leached chernozem. The soil 
fertility parameters were measured before establishing the trial in May 2019. The soil at the site 
corresponds to the tasks set, since levels of mobile phosphorus, sulphur and zinc were quite low. 
The accumulation of productive moisture in fallow soil was sufficient, amounting to 152 mm 
within a one-metre layer.

wheAter Conditions

Initial agrochemical properties of leached chernozem

2019 Long-term annual average2019 Long-term annual average

Average air temperatures and total precipitation of ten-day periods in May–September 2019
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Humus, % рНKCl, units Total N, %
NО3‒N,  
kg/ha (0‒100 cm)

Mobile forms, mg/kg of soil

P2O5* K2O* SO3 Zn

4.80‒4.90 4.21‒4.95 0.24 158‒220 54‒65 120‒179 6.5‒9.9 0.56‒0.88

* Chirikov method.
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Research tasks: 

Study the effect of various phosphate-based fertilizer forms on the plant growth and 
development, on yield and quality of spring wheat grain;

Accumulate data on the use of the complex fertilizers studied in order to prepare 
recommendations to be effectively used by growers.

In the short-term trial, four types of fertilizers 
with different ratios of nitrogen and 
phosphorus were studied. Besides the above-
mentioned nutrients, sulphur and zinc were 
presented in the fertilizers studied. Granular 

fertilizers were applied at sowing, since the placement of granules close to the seeds 
allows greater effect from low rates of mineral fertilisers.

Trial:  Studying the agronomic efficiency of 
in-furrow application of phosphate-based 
fertilizers with different nutrient ratios to spring 
wheat in the Kurgan Region's Central zone.

triAl ProGrAmme
Sowing of Zauralochka variety spring wheat was carried out on 3 June with a coulter seed drill 
SKP-2.1 with seeding rate of 4.3 million germinable seeds per hectare. The soil temperature was 
21 °C; the planting depth was 4–5 cm. The seed parameters are as follows: 3rd reproduction, 
biological purity 99.68 %, laboratory germination percentage 91 %, germination energy 83 %, 
moisture content 14.4 %, 1,000 grain weight 34.7 g; diseases and pests were not detected, 
seeds were treated with fungicide (Benefis, 0.7 l/t). Fertilizers were applied simultaneously 
with sowing. In the nutrition programme, various ratios of nitrogen and phosphorus as well 
as sulphur and zinc are presented to select the most effective ratio of nutrients for in-furrow 
spring wheat fertilization.

sPrinG wheAt

nutrition strAteGies

ZAurAloChkA vAriety

Location:
Kurgan Region, Central Trial Field 

of Kurgan Research Institute of 
Agriculture (NIISH).
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At the beginning of the growing season, 
DAP  NP 18-46 had a positive effect on the 
spring wheat germination rate; the number 
of seedlings increased by 54 plants per 1 m2. 
The complex NP fertilizer with sulphur had 
also a positive effect on seedling density.

During the stem elongation stage, the status 
of plants in fertilized plots contrasted sharply 
to plants in zero-fertilizer plots.

During the stem elongation stage, plant 
samples were taken and the number of 
stems were counted so that it became 
possible to roughly estimate wheat tillering 
in different experimental treatments: it was 
higher when NP(S) 20-20(14) and NP(S)+Zn 
14-40(7)+1Zn were applied. In terms of plant 
fresh weight, each fertilized Treatment showed an increase exceeding the least significant 
difference in comparison with the Control. In the Treatment receiving NP(S) 20-20(14), the 
fresh weight of plants per m2 exceeded the Control by  613 g/m2 and reached the value of 
1,130 g/m2. The fresh weight of one stem was significantly higher than in the Control: 2.50 g 
vs 1.44 g. Further observations on wheat growth (flowering stage) showed that this complex 
fertilizer had clear benifits based on its positive effect on plant height. The Treatment with 
MAP performed well too.

Spring wheat nutrition programme in field trial

Treat-
ment

Fertilizer
Rate, kg/ha

Application method
physical weight nutrients

1 Control – – –

2 MAP NP 12-52 48 N6P25

Seedbed application
3 DAP NP 18-46 54 N9P25

4 NP(S) 20-20(14) 100 N20P20S14

5 NP(S)+Zn 14-40(7)+1Zn 100 N14P40S7Zn1

Seeding rate: 4.3 million germinable seeds/ha 
Total plot area: 73.5 m2

Sowing date: 3/6/2019 
Harvesting date: 6/9/2019

Forecrop: fallow 
Number of replications: 3

meAsurements And observAtions

Wheat plants at the stem elongation stage 
(16/7/2019), Control on the right

SCIENTIFIC TRIALS
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yield
Spring wheat grain yield was harvested 
on 6 September 2019 using a Sampo-
500 combine. Although NP(S) 20-20(14) 
seemed to be more beneficial in the first 
half of the growing season, the effect of the 
complex fertilizer with the addition of zinc, 
NP(S)+Zn14-40(7)+1Zn, proved even more 
dramatic afterwards. The grain yield increase 
amounted to 6.8 dt/ha. Yield level at the 
Control was equal to 16.3 dt/ha.

The addition of sulphur to nitrogen and 
phosphorus resulted in an additional yield 
increase of 0.7–1.2 dt/ha compared to 
MAP and DAP. As already mentioned, wheat 
responded positively to the additional 
inclusion of zinc in fertilizer.

The highest yield increase was observed in 
the above-mentioned Treatment. All yield 
increases were statistically significant.

Wheat at the milk stage, the Treatment  
with applying the complex fertilizer with  
zinc at 100 kg/ha

Evaluation of spring wheat status in a trial with complex fertilizers

Treatment

Per 1 m2

Estimated 
tillering

Per 1 m2, 9 July

Fresh weight 
of 1 stem, g

Plant height, cm

seedlings
19 June

stems
9 July

fresh weight  
of plants, g

± to Control 30 July ± to Control

Control 321 360 1.12 517 – 1.44 58.4 –

N6P25 354 429 1.21 990 473 2.31 67.9 9.5

N9P25 375 373 0.99 827 310 2.22 61.7 3.3

N20P20S14 355 453 1.28 1,130 613 2.50 70.2 11.8

N20P40S7Zn1 318 426 1.34 937 420 2.20 66.5 8.1

LSD05 37 80 196 6.8

SCIENTIFIC TRIALS
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Complex fertilizer effect on spring wheat yield, dt/ha

Fertilizer effect on physical properties of spring wheat grain

Treatment
Replication

Mean ± to Control
1st 2nd 3rd

Control 15.0 18.0 15.5 16.3 –

N6P25 17.0 21.1 21.0 19.7 3.4

N9P25 17.5 20.1 23.0 20.2 3.9

N20P20S14 17.0 21.9 23.8 20.9 4.6

N20P40S7Zn1 21.4 22.3 25.6 23.1 6.8

LSD05 2.9

Treatment

Weight of 1,000 grains, g Test weight, g/l Glassiness, %

mean ± to Control mean ± to Control mean ± to Control

Control 32.5 – 788 – 49.0 –

N6P25 31.1 0.6 781 ‒7 48.0 ‒1

N9P25 34.6 2.1 802 14 49.0 0

N20P20S14 35.4 2.9 794 6 47.0 ‒2

N20P40S7Zn1 35.4 2.9 783 ‒5 47.0 ‒2

LSD05 1.1

yield quAlity
Measurements of wheat grain quality showed that test weight and glassiness in fertilized 
treatments, were similar to the Control. An increase in the weight of 1,000 grains by 2–3 grams 
was significant in most treatments. Treatments receiving NPS-fertilizer both with and without 
zinc showed best results.

The effect of fertilizers applied in different grades on the raw gluten content was insignificant, 
since it was within a narrow range of 28.2–30.6 %. This level usually corresponds with the grain 
quality parameters obtained when fallow precedes spring wheat spring wheat is grown after 
a fallow crop. Protein content in wheat grain was similar across the experimental treatments 
and ranged from 13.45 to 14.48 %.

SCIENTIFIC TRIALS
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Calculations show that the greatest profit was equal to RUB 10,178/ha. It was obtained 
when zinc-containing fertilizer NP(S)+Zn 14-40 (7)+1Zn was applied while sowing. The 
profitability level was the highest and reached 74 %. DAP application at 0.5 dt/ha gave the 
same profitability due to lower fertilizer costs.

Economic value of different spring wheat nutrition programmes

Treatment
Yield,  
dt/ha

Yield value,  
RUB/ha

Total costs, 
RUB/ha

Fertilizer costs  
including application, 
RUB/ha

Profit, 
RUB/ha

Profitability, %

Control 16.3 16,952 10,164 – 6,788 67

N6P25 19.7 20,488 12,101 1,342 8,387 69

N9P25 20.2 21,008 12,049 1,228 8,959 74

N20P20S14 20.9 21,736 13,231 2,323 8,505 64

N20P40S7Zn1 23.1 24,024 13,846 2,662 10,178 74

eConomiC vAlue
All fallow field costs are attributed to the costs of growing of the 1st crop after fallow. 
These were calculated using an algorithm developed by the Kurgan Research Institute of 
Agriculture to determine the economic efficiency of commonly used technologies; and a 
total of RUB  3,133/ha was spent on fallow tillage. The cost of sowing including seeds and 
seed fungicide treatment, amounted to 3,076 RUB (Control). Plant protection included the 
purchase and application of Argo and Drotik herbicides, and amounted to RUB 1,591/ha.  
Harvesting with grain drying required RUB 2,038/ha in the Control, RUB  2,463/ha when 
using MAP and slightly more in other treatments due to the higher wheat grain yield. Total 
costs were equal to RUB 10,164/ha in zero-fertilizer (Control) treatment and, for example,  
RUB 12,101/ha in the treatment receiving MAP.

Nutrient removal by spring wheat (grain + straw), kg/haIn all treatments, the concentration of N, 
P2O5, K2O in grain and straw was measured 
to calculate nutrient removal from the soil 
by the crop. The total removal of N, P2O5, K2O 
by wheat was high, especially for nitrogen, 
which is typical when fallow precedes 
spring wheat. The higher the wheat yield 
due to fertilizer use, the greater removal of 
nitrogen was observed. Nutrient removal 
was highest in the treatment receiving: 
NP(S)+Zn 14-40(7)+1Zn fertilizer.

Treatment N P2O5 K2O

Control 81.1 11.9 21.2

N6P25 120.8 15.2 38.0

N9P25 117.6 26.1 45.5

N20P20S14 122.2 27.4 42.8

N20P40S7Zn1 135.2 28.4 50.5

SCIENTIFIC TRIALS
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ConClusions
The highest grain yield of spring wheat 
(23.1 dt/ha) was obtained in the treatment 

receiving NP(S)+Zn 14-40(7)+1Zn at 100 kg/ha, 
that significantly exceeded grain yield obtained 
when applying 48 kg/ha of MAP and 54 kg/ha of 
DAP.

Highest economic effects were observed 
when NP(S)+Zn 14-40(7)+1Zn, was applied 

at sowing that generated an additional income 
of RUB 3,390/ha.

137
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Research tasks: 

Study the effect of different phosphate-based fertilizer forms on the growth and development 
of spring rapeseed as well as on the seed yield and quality;

Accumulate data on the use of complex fertilizers to be studied to prepare recommendations 
on more effective use of these fertilizer products by growers.

Long-term study of nitrogen application 
in addition to phosphorus in stationary 
experiment has shown the importance 
of optimal ratio between nitrogen and 

phosphorus. In the short-term trial, three types of fertilizers with different ratios between 
nitrogen and phosphorus were tested. In addition to these two nutrients, fertilizers studied 
in this project contained potassium, sulphur and zinc. Researchers used the in-furrow 
placement method to apply granular fertilizers. The closeness of granules to the seeds 
allows plants to use low rates of mineral fertilizers most effectively.

The area under spring rapeseed in the Russian Federation is expanding; therefore, particular 
importance needs to be given to studies on optimal nutrient rates and ratios to obtain 
stable yields of seeds.

Trial: Studying the agronomic efficiency of 
in-furrow application of phosphate-based 
fertilizers with different nutrient ratios to spring 
rapeseed in the Central zone of Kurgan region.

triAl ProGrAmme
Spring rapeseed of the Luch variety was sown on 17 June. Seeding rate: 3.5 million germinable 
seeds per hectare, soil temperature 22 °C, sowing depth 3–4 cm. Seed quality parameters: 
biological purity 99.68 %, laboratory germination percentage 100 %, germination energy 50 %, 

sPrinG  
rAPeseed

nutrition strAteGies

luCh vAriety

Location:
Kurgan Region, Central  

Experimental Field of Kurgan 
Research Institute  

of Agriculture.



139

Spring rapeseed nutrition programme

Treatment Fertilizer
Rate, kg/ha

Application method
physical weight nutrients

Treatment 1 Control – –

At sowing
Treatment 2 MAP NP 12-52 48 N6P26

Treatment 3 DAP NP 18-46 54 N9P25

Treatment 4 NP(S) 20-20(14) 100 N20P20S14

Seeding rate: 3.5 million germinable seeds/ha 
Total plot area: 73.5 m2

Sowing date: 17/6/2019 
Harvesting date: 6/9/2019

Forecrop: fallow 
Number of replications: 3

moisture content 7.4 %, 1,000 seeds weight 4.22 g; diseases and pests were not detected, seeds 
were fungicide treated (Imidor Pro: 1.1 l/t + Biostim Start: 1 l/t).

At the beginning of the growing season, DAP NP 18-46 demonstrated a positive effect on the 
germination of spring rapeseed increasing the seedling number by 54 plants per 1  m2. The 
complex fertilizer with sulphur had a positive effect on rapeseed germination too.

Rapeseed crop growth was evaluated twice by plant population and three times by plant  height. 
These data are shown in the table. A positive effect of NP(S) 20-20(14) on the plant growth was 
revealed. Sulphur-containing fertilizers gave statistically significant differences compared to 
the Control.

meAsurements And observAtions

Rapeseed plants at flowering stage (30/7/2019): Control on the left, MAP at 0.5 dt/ha on the right

SCIENTIFIC TRIALS
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During the green pod stage, 10 plants were collected from each plot to analyse yield structure.

Rapeseed plants at flowering stage (6/8/2019), the treatment with NPS fertilizer is on the left

Yield components of spring rapeseed at the beginning of milk stage (18/9/2019)

Treatment

Weight of 10 plants, g Weight of pods per 10 plants, g Number of pods per 10 plants

mean ± to Control mean ± to Control mean ± to Control

Control 365 – 178 – 53 –

N6P26 427 62 210 32 63 10

N9P25 418 53 218 40 61 8

N20P20S14 613 248 283 105 74 21

LSD05 148

Assessment of spring rapeseed by vegetation stages

Treatment

Plant population per 1 m2 Plant height, cm

26 June 13 July survival, %
22 July
Branching

22 July
Flower bud 
development

6 August Full 
flowering

± to Control

Control 346 232 67 23 33 80 –

N6P26 324 235 72 29 34 84 4

N9P25 316 279 88 27 34 83 3

N20P20S14 312 223 71 28 39 87 7

LSD05 61 32 4 7 8 8

SCIENTIFIC TRIALS
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The weight of 10 plants as well as the weight and number of their pods per 10 plants, were 
determined. According to these yield components, the treatment receiving NPS fertilizer was 
more beneficial. The biological rapeseed yield was determined prior to harvesting. Comparing 
this yield with actual yield allowed to assess losses from pod cracking during maturing.

Biological and actual yield of spring rapeseed

Treatment
Number of 
pods per 1 m2

Weight of 
seeds per 
pod, g

Biological 
yield, dt/ha

Actual yield, 
dt/ha

Loss, %
Weight of 1,000 seeds, g

mean ± to Control

Control 3,736 0.067 25.1 15.7 37.4 3.1 –

N6P26 3,865 0.069 26.1 20.8 20.0 3.3 0.2

N9P25 3,989 0.068 26.9 21.3 20.1 3.4 0.3

N20P20S14 4,284 0.068 28.8 22.5 22.0 3.4 0.3

LSD05 3.8 2.6 0.3

Treatment
Replication

Mean ± to Control
1st 2nd 3rd

Control 15.8 14.5 17.0 15.7 –

N6P26 21.7 22.0 18.8 20.8 5.1

N9P25 21.8 22.1 19.9 21.3 5.6

N20P20S14 22.5 23.1 21.7 22.5 6.8

LSD05 2.5

Because of the prolonged growing season in unfavourable weather conditions, on 17 September 
(while still in the green pod stage), rapeseed was treated with a Sukhovey desiccant (1.8 l/ha). 
Harvesting was carried out on 7 October through direct combining using Sampo-500.

Measurements of actual seed yield revealed same patterns of positive effects from fertilizers 
as for most observations done during the growing season. NPS fertilizer was somewhat more 
effective than MAP and DAP (+6.8 dt/ha and +5.1‒5.6 dt/ha, respectively). NPS fertilizer 
gave a higher yield compared to the Control and tended to increase yield compared to other 
fertilizers.

yield

Spring rapeseed yield, dt/ha
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eConomiC vAlue
Agronomic efficiency (AE) may serve as an important economic parameter of nutrient use, it 
is calculated in units of yield increase per unit of nutrient applied and should not be less than 
10 kg/kg. In the three experimental treatments, an even higher AE was obtained: 12–17 kg/kg. 
These treatments included MAP (0.5 dt/ha), DAP (0.5 dt/ha) and NPS fertilizer (1 dt/ha).

Economic efficiency of different spring rapeseed nutrition prorgammes

Treatment Yield, dt/ha Yield value, RUB/ha
Total costs, 
RUB/ha

Fertilizer cost  
including  
application, RUB/ha

Profit,  
RUB/ha

Profitability, %

Control 15.7 29,830 17,724 – 12,106 68

N6P26 20.8 39,520 19,910 1,342 19,610 98

N9P25 21.3 40,470 19,862 1,228 20,608 104

N20P20S14 22.5 42,750 21,115 2,323 21,635 102

Agronomic efficiency (AE) of nutrient use

Treatments Total nutrients, kg/ha Yield increase, dt/ha AE, kg grain/kg nutrient

N6P26 32 5.1 15.9

N9P25 32 5.6 17.5

N20P20S14 54 6.8 12.5

Across three replications, average samples of combine harvested seeds were formed to 
determine seed quality indicators. Most treatments showed a higher oil content in seeds of 
Luch variety, up to 48–50 %, the highest value (50.36 %) was obtained with MAP use.

yield quAlity

Spring rapeseed quality

Treatment Weight of 1,000 seeds, g Oil content, %

Control 3.1 48.98

N6P26 3.4 50.36

Treatment Weight of 1,000 seeds, g Oil content, %

N9P25 3.4 48.48

N20P20S14 3.2 48.84
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143

ConClusions
The maximum yield (22.5 dt/ha) was 
obtained in the Treatment receiving 

NP(S) 20-20(14) at 100 kg/ha, that significantly 
exceeded seed yield obtained in the Control. The 
yield obtained with MAP application at 48 kg/ha 
and with DAP application at 54 kg/ha was not 
differed significantly from the yield observed with 
NP(S) 20-20(14).

The maximum economic effect was 
obtained in the treatment receiving 

NP(S)  20-20(14); an additional profit of  
RUB  9,529/ha was obtained compared to the 
Control.

143

1 2



144

Moscow Region, Domodedovo 
town, Barybino microdistrict, 

Experimental Field of  
All-Russian Research Institute  

of Agrochemistry by  
D. N. Pryanishnikov:

Winter wheat.

mosCow reGion
SCIENTIFIC TRIALS
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Meteorological conditions in the 2018‒2019 growing season were quite favourable for winter 
wheat growth and development. Optimal precipitation during germination emergence 
allowed to obtain uniform seedlings. The renewal of growth could be observed in early April. 
The first ten-day period of March had precipitation in the form of snow, which led to a partial 
waterlogging of  winter wheat and, as a result, a decrease in plant population. Weather in May 
and June was sufficiently warm with abundant rainfall. July was cooler than usual, but it was also 
characterised by excessive atmospheric precipitation. It should be noted that the prevailing 
weather conditions during the growing season favoured the development of plant diseases, 
especially those caused by fungi. 

soil fertility
The trial field was conducted in a slightly ameliorated medium acidic, heavy loamy sod-podzolic 
soil. Prior to establishing the trial with winter wheat, the soil had a medium level of mobile 
phosphorus and potassium. Mobile boron and zinc also corresponded to medium supply. 

wheAter Conditions

Initial agrochemical properties of sod-podzolic soil (0–20 cm)

2018‒2019 Long-term annual average2018‒2019 Long-term annual average

Average monthly air temperature and precipitation from September 2018 to August 2019
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In this field trial, the following winter wheat nutrition strategies were applied: 

On acidic sod-podzolic soils, to achieve high productivity, it is necessary to use not 
only macro- (nitrogen, phosphorus, potassium), but also mesonutrients (sulphur, 
magnesium); 

A split nitrogen application is not always effective in increasing grain yield, since with 
split nitrogen application as well as with a single application weather conditions can 
have a negative effect (although to a lesser extent).

Insufficient plant nutrition with magnesium 
has a negative effect on the effectiveness 
of nitrogen, phosphorus and potassium 
fertilizers; it limits yield and also reduces 
crop quality. 

With high soil acidity, the amount of hydrogen ions in the soil solution increases, which 
typically impairs plants' magnesium supply. It is necessary to note the high mobility of 
magnesium in the soil and its susceptibility to significant migration down  through the 
soil profile. 

In addition, there is significant unreplenished magnesium removal with crop yields; 
however, in the soil, there is a slow release of magnesium from soil reserves. This all 
leads to the need for the use of magnesium-containing fertilizers. 

Trial:  Effectiveness of the use of various grades 
of complex fertilizers and magnesium urea in 
winter wheat in the Non-Chernozem zone.

winter wheAt

nutrition strAteGies

moskovskAyA 56 
vAriety

Location:
Moscow Region, Domodedovo town, 
Barybino microdistrict, Experimental 

Field of All-Russian Research  
Institute of Agrochemistry  

by D. N. Pryanishnikov.
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triAl ProGrAmme
In the field trial established at the All-Russian Research Institute of Agrochemistry by 
D.  N.  Pryanishnikov advanced winter wheat nutrition programmes were demonstrated. 
Treatment 1: zero fertilizer use. In Treatments 2 to 5, complex sulphur-containing fertilizers 
were applied in autumn prior to tillage, namely, NPK(S) 15-15-15(10) in Treatments 2 to 4 
and NPK(S) 8-20-30(2) in Treatment 5. Nitrogen fertilization of plants was performed using 
the following fertilizers: ammonium nitrate (Treatment 2), magnesium urea containing 46 % 
nitrogen and 1 % MgO (Treatment 3) and urea (Treatments 4 and 5). 

Seeds were treated with Kinto Duo fungicide solution containing phosphate-based liquid 
fertilizer with micronutrients Kora R7. Winter wheat production technologies recommended 
for the region were used. The field trial was arranged within a systematic experimental design 
with four replications. 

Nutrition programme in winter wheat field trial

SCIENTIFIC TRIALS

Treatment Fertilizer
Rate, kg/ha

Application method
Application 
timephysical weight nutrients

Treatment 1
Control

– – – – –

PhosAgro 
Treatment 2

NPK(S) 15-15-15(10) 200

N115P30K30S20

Autumn broadcast before  
ploughing

9/9/2018

Ammonium nitrate

150 Topdressing (tillering) 25/4/2019

100 Topdressing (stem elongation) 20/5/2019

PhosAgro 
Treatment 3

NPK(S) 15-15-15(10) 200

N122P30K30S20Mg2

Autumn broadcast before  
ploughing

9/9/2018

Urea+Mg (NMg 46-1)* 200 Topdressing (tillering) 25/4/2019

PhosAgro 
Treatment 4

NPK(S) 15-15-15(10) 200

N122P30K30S20

Autumn broadcast before  
ploughing

9/9/2018

Urea 200 Topdressing (tillering) 25/4/2019

PhosAgro 
Treatment 5

NPK(S) 8-20-30(2) 200

N108P40K60S4

Autumn broadcast before  
ploughing

9/9/2018

Urea 200 Topdressing (tillering) 25/4/2019

Seeding rate: 300 kg/ha 
Total plot area: 0.08 ha

Sowing date: 17/9/2018 
Harvesting date: 8/8/2019

Forecrop: winter wheat

* This grade is currently not available for sale, being under trial.
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Yield components of winter wheat were determined at the full maturity stage (1 August). 
According to the obtained results, the plant height reliably increased in Treatments 2 to 5 
receiving various mineral fertilizers, compared to the zero-fertilizer Control.

The maximum number of productive stems (349 per 1 m2) was observed in Treatment 4 with 
the application of N122P30К30S20 in kg nutrient/ha. 

The maximum number of grains per spike (38.3–39.8) was noted in Treatment 2 (N115P30К30S20), 
3  (N122P30К30S20Mg2) and Treatment 5 (N108P40К60S4). In the abovementioned treatments, the 
grain weight per spike (1.7–1.8 g), as well as the weight of 1,000 grains (43.5–46.4 g) were 
significantly higher than in the zero-fertilizer Control, as well Treatment 4 (N122P30К30S20).

meAsurements And observAtions

Yield components of winter wheat

Treatment
Fertilizers 
and application time

Plant 
height,  
cm

Number of  
productive  
stems,  
 per 1 m2

Spike  
length,  
cm

Number  
of grains  
per spike 

Weight  
of grain  
per spike, 
g

Weight 
of 1,000 
grains, g

Treatment 1
Control

– 89 140 7.9 36.1 1.3 36.0

PhosAgro 
Treatment 2

NPK(S) 15-15-15(10) in autumn 
Ammonium nitrate  
(2 topdressings)

97 302 8.1 38.3 1.7 43.5

PhosAgro 
Treatment 3

NPK(S) 15-15-15(10) in autumn 
Urea + Mg (1 topdressings) 

91 283 7.9 39.2 1.8 46.7

PhosAgro 
Treatment 4

NPK(S) 15-15-15(10) in autumn 
Urea (1 topdressings) 

95 349 7.6 30.6 1.3 40.9

PhosAgro 
Treatment 5

NPK(S) 8-20-30(2) in autumn  
Urea (1 topdressings) 

93 240 8.5 39.8 1.8 46.4

LSD05 7 17 0.7 2.6 0.1 3.8

SCIENTIFIC TRIALS
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Combine harvesting of winter wheat grain was performed by experimental plot. In Treatment 
1, without mineral fertilizers, grain yield was 1.82 t/ha at standard moisture content. The use 
of mineral fertilizers in a slightly ameliorated sod-podzolic soil contributed to a high grain 
yield increase by 2.4–2.8 times or by 140–182 %. 

Upon that, the best yield of winter wheat, equal to 
5.02–5.13 t/ha at the standard moisture content, 
was achieved in Treatment  2 (N115P30К30S20) and 
Treatment 3 (N122P30К30S20Mg2) in kg nutrient/ha.  
In the abovementioned treatments similar 
nitrogen rates were applied, i.e. 115–122 kg N/ha;  
however, in Treatment 2 two ammonium 
nitrate topdressings were performed and in 
Treatment 3, one magnesium urea topdressing 
was done in addition to autumn application 
of the complex sulphur-containing fertilizer  
NPK(S) 15-15-15(10). 

It is important to emphasise that acidic sod-podzolic soils have a low supply of magnesium 
for plants; therefore, its application in such environments is highly justified. In addition, 
in sod-podzolic soils plants often suffer from sulphur deficiency, especially in the spring, 
when soil humus mineralisation is slow, sulfate-sulfur migrates to lower soil layers due to 
the dawnward movement of water.

yield

THE USE OF MINERAL 
FERTILIZERS IN A SLIGHTLY-
AMELIORATED SOD-PODZOLIC 
SOIL CONTRIBUTED TO A 
HIGH GRAIN YIELD INCREASE, 
BY 2.4–2.8 TIMES, OR BY 
140–182 %.

Treatment 1

Control

Treatment 2

NPK(S) 15-15-15(10)  
in autumn  
Ammonium nitrate  
(2 topdressings)

Treatment 3

NPK(S) 15-15-15(10)  
in autumn  
Urea + Mg (1 topdressings)

Treatment 4

NPK(S) 15-15-15(10)  
in autumn  
Urea (1 topdressings) 

Treatment 5

NPK(S) 8-20-30(2)  
in autumn  
Urea (1 topdressings) 

Winter wheat grain yield (standard moisture content) 
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4.37 4.43

Note: LSD05 = 0.26.
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The grain quality of winter wheat was quite similar across experimental treatments. The content 
of grain protein was within the range of 10.97–12.58 %, the gluten content was 26.1–26.6 %, 
the test weight was 731–746 g/l and GDI was 86–90.

Winter wheat nutrition programme in Treatment 3  
(N122P30К30S20Mg2) including complex sulphur-containing 

fertilizer NPK(S) 15-15-15(10) applied in autumn before 
tillage and magnesium urea (NMg 46-1) topdressed at 

the tillering stage, ensured the highest economic effect 
compared to the zero-fertilizer Control. For instance,  
the fertilizer purchasing costs in Treatment 3 
amounted to RUB 8,627/ha and the additional 
income compared to the Control was RUB 24,473/ha, 
excluding costs associated with fertilizer application, 
additional grain yield harvesting and drying the 
additional grain yield.

yield quAlity

eConomiC vAlue

Winter wheat grain quality

Treatment Fertilizers Protein, %
Crude  
gluten, %

Grain test 
weight, g/l

Gluten Deformation 
Index (GDI), units

Treatment 1
Control

– 11.50 26.2 746 90

PhosAgro 
Treatment 2

NPK(S) 15-15-15(10) in autumn 
Ammonium nitrate  
(2 topdressings)

11.77 26.6 740 88

PhosAgro 
Treatment 3

NPK(S) 15-15-15(10) in autumn 
Urea + Mg (1 topdressings) 

10.97 26.3 740 86

PhosAgro 
Treatment 4

NPK(S) 15-15-15(10) in autumn 
Urea (1 topdressings) 

12.58 26.4 737 87

PhosAgro 
Treatment 5

NPK(S) 8-20-30(2) in autumn  
Urea (1 topdressings) 

12.00 26.1 731 88

SCIENTIFIC TRIALS
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Economic efficiency of different winter wheat nutrition systems 

Treatment Fertilizers and application time
Fertilizer cost, 
RUB/ha

Grain yield  
(standard  
moisture  
content), t/ha 

Yield value, 
RUB/ha 

Economic effect 
compared to  
Control, RUB/ha 

Treatment 1
Control

– – 1.82 18,200 –

PhosAgro 
Treatment 2

NPK(S) 15-15-15(10) in autumn 
Ammonium nitrate  
(2 topdressings)

7,865 5.02 50,200 24,135

PhosAgro 
Treatment 3

NPK(S) 15-15-15(10) in autumn 
Urea + Mg (1 topdressings) 

8,627 5.13 51,300 24,473

PhosAgro 
Treatment 4

NPK(S) 15-15-15(10) in autumn 
Urea (1 topdressings) 

8,340 4.37 43,700 17,160

PhosAgro 
Treatment 5

NPK(S) 8-20-30(2) in autumn  
Urea (1 topdressings) 

9,260 4.43 44,300 16,840

Note: the winter wheat price (standard moisture content) is RUB 10,000/t.

ConClusions
When growing winter wheat in 
moderately acidic sod-podzolic soil with 

a medium level of mobile phosphorus and 
potassium a maximum grain yield of 5.13 t/ha  
(standard moisture content) was achieved 
as a result of N122P30К30S20Mg2 application  
(kg nutrient/ha) through the use of the following 
fertilizers:
– NPK(S) 15-15-15(10) in autumn prior to tillage;
– Magnesium urea (NMg 46-1) topdressing at 
the tillering stage.

The optimised winter wheat nutrition 
programme, including macro- (nitrogen, 

phosphorus, potassium) and mesonutrients 
(sulphur, magnesium) in the required ratios 
generated the highest additional income of 
RUB 24,473/ha (excluding the cost of fertilizer 
application, as well as harvesting and post-
harvesting the yield increase) in comparison 
with the zero-fertilizer Control.

1 2
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Moscow Region, VNIISSOK 
township, Federal Research 
Vegetable Growing Centre's 

Experimental Production Unit:
White cabbage, carrots, table beet.

mosCow reGion
SCIENTIFIC TRIALS
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The average air temperature for the 2019 growing season was 16.1 °C, or 1.3 °C lower than 
the climatic normal. The average air temperature in May and June was lower than the climatic 
normal by 4.2 °C and 3.1 °C, respectively. July was hot: the average temperature in July 
exceeded the long-term average by 2.6 °C. In 2019, during the most active growing period 
from June to August, precipitation totalled 140 mm, that is 35 % less than normal (215 mm). 
It should be noted that August was least favourable month in 2019 in terms of precipitation, 
and there was more than a twofold decrease in precipitation compared to normal. The 
observed weather conditions had a negative impact on the growth and development of 
vegetable crops. To timely eliminate the lack of soil moisture, irrigation was performed at 
an irrigation rate of 300 m3/ha (30 mm) when soil moisture decrease to 80 % field (water) 
capacity under white cabbage and 75 % field (water) capacity under carrots and table beets. 

soil fertility
Soil of the experimental area is a neutral medium loamy sod-podzolic soil. In the ploughed soil 
layer before establishing the trial, the mineral nitrogen content was within the medium class, 
mobile phosphorus level was very high (6th class), mobile potassium level was high while level 
of mobile sulphur was low.

wheAter Conditions

Initial agrochemical properties of sod-podzolic soil (0–20 cm)* 

SCIENTIFIC TRIALS

2019 Long-term annual average2019 Long-term annual average

Average monthly air temperature and total precipitation for May – September 2019
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Crop
Humus, 
%

рНKCl, units
Mineral nitrogen, 
mg/kg of soil 

Mobile forms, mg/kg of soil

P2O5** K2O** S

1 White cabbage 1.61 6.29 45 417 228 3

2 Carrots 1.54 6.10 57 437 220 2

3 Table beet 1.81 6.36 45 354 202 2

* Average values   for soil samples taken from each plot. 
** Kirsanov method.
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The following white cabbage nutrition strategies were used in this project: 

Balanced use of macronutrients (nitrogen, phosphorus, potassium) and mesonutrients 
(sulphur, calcium) when combining solid and liquid complex fertilizers to increase crop 
productivity in sod-podsolic soils; 

When choosing phosphate-based complex fertilizers to improve the quality of cabbage 
heads in sod-podzolic soils, preference should be given to fertilizer grades enriched with 
potassium, sulphur and calcium; 

Optimised mineral nutrition contributes to the production of safe production in terms of 
nitrate content.

White cabbage has high requrements to 
nutrient supply from the soil. With a head 
yield of 70 t/ha, an average of 273 kg 
nitrogen, 63  kg phosphorus (Р2О5) and 252 
kg potassium (К2О) is removed. Realizing 

potential crop production, i.e. obtaining high yields, high grade and high quality 
cabbage heads highly depends on the nutrition programme used. 

Trial:  Development of nutrition programme 
for white cabbage to obtain high yielding 
commercial quality and safe production in 
sod-podzolic soils.

triAl ProGrAmme
A field trial at the Federal Research Vegetable Growing Centre's Experimental Production 
Unit was carried out with the aim of developing an agronomically and economically sound 
white cabbage nutrition programme. Granular complex fertilizers NPK(S)  8-20-30(2) and  
NPK(S)+Ca 5-15-30(5)+7CaO* were applied into the soil before repeated ploughing  

white CAbbAGe

nutrition strAteGies

PodArok 2500 vAriety 

Location:
Moscow Region, VNIISSOK 
township, Federal Research 
Vegetable Growing Centre's 

Experimental Production Unit.



155

White cabbage nutrition programme

SCIENTIFIC TRIALS

Treatment Fertilizer
Rate, kg/ha

Application method
Application 
timephysical 

weight
nutrients

Treatment 1
Control

– – – – –

PhosAgro 
Treatment 2

NPK(S) 8-20-30(2) 230

N111P46K69S5

Broadcasting in spring before  
re-ploughing

8/5/2019

Urea 100 Topdressing (rosette) 18/7/2019

Urea 100 Topdressing (head growth) 5/8/2019

PhosAgro 
Treatment 3

NPK(S) 8-20-30(2) 230

N127P102K69S5

Broadcasting in spring before  
re-ploughing

8/5/2019

APP NP 11-37 50 Foliar (4–5 leaves) 30/6/2019

APP NP 11-37 40 Foliar (rosette) 

18/7/2019
Urea 100 Topdressing (rosette)

APP NP 11-37 40 Foliar application (head growth) 

5/8/2019
Urea 100 Topdressing (head growth) 

APP NP 11-37 20 Foliar (head maturation) 2/9/2019

PhosAgro 
Treatment 4

NPK(S)+Са 5-15-30(5)+7CaO 400

N76P93K120S20Ca28

Broadcasting in spring before  
re-ploughing

8/5/2019

APP NP 11-37 30 Foliar (4–5 leaves) 30/6/2019

APP NP 11-37 20 Foliar (rosette) 

18/7/2019

Urea 50 Topdressing (rosette)

APP NP 11-37 20 Foliar (head growth) 

5/8/2019

Urea 50 Topdressing (head growth) 

APP NP 11-37 20 Foliar (head maturation) 2/9/2019

Total plot area: 20 m² 
Transplanting scheme: 70 х 60 cm

Transplanting date: 29/5/2019 
Harvesting date: 25/9/2019

Forecrop: vegetable beans 

of autumn-ploughed soil, urea was topdressed and liquid complex fertilizer APP NP 11-37 was 
foliar applied. Liquid fertilizer APP NP 11-37 was diluted by water at 1:10. The trial was designed 
with four replications.

* This grade is currently not available for sale, being under trials.
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White cabbage was grown by using transplants in accordance with the techniques 
recommended by the Federal Research Vegetable Growing Centre. Re-ploughing of autumn-
ploughed field and harrowing were performed in spring. Cabbage seedlings were grown in 
a greenhouse in cassettes and manually transplanted. Irrigation was performed during the 
entire growing season as needed (at least once a week during the dry season, when soil dried 
up). Weeding was also performed manually throughout the growing period as needed.

meAsurements And observAtions
The observations carried out during the growing season did not 
put in evidence any differences in the duration of  phenological 
stages of white cabbage. After foliar application of the liquid 
complex fertilizer APP NP 11-37, no burns were observed on 
the plants; the cabbage heads and rosettes looked healthy, 
without signs of damage or wilting. 

At the end of the growing season (3 weeks before harvest), 
plant biometric characteristics were assessed. It was found 
that the rosette diameter significantly increased as a result of 

mineral fertilizer use in comparison with the Control. The diameter of cabbage head increased 
by 1.9 cm when NPK(S) 8-20-30(2) was applied in the spring and when fertilizing with urea and 
APP NP 11-37 was performed compared with the Control. The height of cabbage head did not 
change significantly across treatments. 

Yield components of white cabbage

Treatment Fertilizers and application time

Rosette  
diameter, cm

Head diameter, 
cm

Head height,  
kg

Head weight,  
kg 

3/9/2019 25/9/2019

Treatment 1
Control

– 73.0 22.7 21.5 3.4

PhosAgro Treat-
ment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings 

88.0 23.1 21.8 3.5

PhosAgro Treat-
ment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 4 foliar sprays 

83.0 24.6 22.3 3.5

PhosAgro Treat-
ment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings 
APP NP 11-37: 4 foliar sprays

85.0 22.9 21.9 3.4

LSD05 6.9 1.8 0.9 FФ<F05

SCIENTIFIC TRIALS
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yield And mArketAbility

The average cabbage head weight was determined during the harvesting period. It amounted 
to 3.4–3.5 kg and did not depend on the nutrition programme system used. 

In the trial, white cabbage heads were harvested 
manually. The total cabbage head yield increased by 
9.0–11.2 t/ha, or by 16–19 %, with the use of mineral 
fertilizers when compared to the Control, where no 
fertilizers were applied. A statistical analysis of the 
results obtained showed that all nutrition programmes 
studied with different rates of nutrients were equally 
effective, which is largely attributed to well ameliorated 
sod-podzolic soil: this provided favourable pH and a 
good supply of plant-available macronutrients. Percent 
increases in head yield with mineral fertilizers obtained 
in this study are compatible with the findings of the 
previous studies held in similar environments. 

It is important to note an increase in the marketable 
yield from 94 % in the in the zero-fertilizer Control to 
96–98 % in Treatments 2–4, where different fertilizer 
forms, rates, timing and placement methods of were 
studied.

Total yield and quality of white cabbage heads 

SCIENTIFIC TRIALS

Treatment Fertilizers and application time Total yield, t/ha % marketable heads

Treatment 1
Control

– 57.6 94

PhosAgro  
Treatment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings 

66.6 97

PhosAgro  
Treatment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 4 foliar sprays 

68.8 96

PhosAgro  
Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings  
APP NP 11-37: 4 foliar sprays

68.1 98

LSD05 5.1 –

Treatment 3:
NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings 
APP NP 11-37: 4 foliar sprays
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Marketable yield increased by 9.6–12.5 t/ha, or by 18–19 %, with the use of mineral fertilizers 
compared to the Control.

yield quAlity
For white cabbage, such biochemical indicators like the content of dry matter, sugars and 
vitamin C (ascorbic acid) are important. The content of dry matter and sugars was significantly 
higher in Treatment 2 compared to other experimental treatments; Treatment 2 included a 
complex fertilizer NPK(S) 8-20-30(2) in the spring and two urea topdressings (N111P46K69S5 in 
kg nutrient/ha).

With all the nutrition programmes, the 
vitamin C content in cabbage heads 
significantly increased over the Control. 
However, the most healthy production was 
the one in Treatment 4 receiving calcium- 
and sulphur-containing complex fertilizer 
NPK(S)+Ca 5-15-30(5)+7CaO in the spring,  
4 foliar sprays of APP NP 11-37 and two 
urea topdressings (in kg nutrient/ha totalling 
N76P93K120S20Ca28). In the abovementioned 
experimental treatment, vitamin C content was 20.7  mg/100 g fresh weight, much higher 
than in other treatments. It is important to note that vitamin C is supplied to the human body 
mainly through plant foods. 

The content of nitrates in cabbage heads in all treatments did not exceed the MPC (maximum 
permissible concentration), which is equal to 500 mg/kg fresh weight. It should be noted that 
nitrates concentration in cabbage heads in the Control was 2.5–2.9 times higher than in 
fertilized treatments. 

Treatment 1

Control

Treatment 2

NPK(S) 8-20-30(2) in spring  
Urea: 2 topdressings 

Treatment 3

NPK(S) 8-20-30(2) in spring  
Urea: 2 topdressings  
APP NP 11-37: 4 foliar sprays

Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring  
Urea: 2 topdressings  
APP NP 11-37: 4 foliar sprays

Marketable yield of white cabbage heads
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Note: LSD05 = 4.8.
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IN THE CONTROL, THE NITRATE 
CONTENT WAS 2.5–2.9 TIMES 
HIGHER THAN IN THE TREATMENTS 
WITH FERTILIZERS.
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White cabbage head quality

eConomiC vAlue
Fertilizer costs in Treatment 2 were the lowest: RUB 10,034/ha, since the lowest amount 
of nutrients was used here, totalling 231 kg nutrient/ha (N111P46K69S5). Fertilizer costs in 
Treatments 3 and 4 were higher: RUB 14,226–14,594/ha because of higher nutrient rates 
namely, 303–337 kg nutrient/ha (N127P102K69S5 and N76P93K120S20Ca28). 

According to the economic assessment, Treatments 3 and 4, where the complex fertilizers 
NPK(S)  8-20-30(2) or NPK(S)+Ca 5-15-30(5)+7CaO were incorporated into the soil and 
combined with foliar applications of APP NP 11-37 as well as urea topdressings, an additional 
income of RUB 227.8–235.4 thousand/ha was obtained (compared to the zero-fertilizer 
Control), excluding costs for fertilizer application and harvesting the additional yield. 

The highest additional income versus the Control (RUB 235.4 thousand/ha excluding the 
costs for fertilizer application, as well as for harvesting the additional yield) was obtained 
in Treatment 3 combining the application of NPK(S) 8-20-30(2) into the soil with 4 foliar 
sprays of APP NP 11-37 and 2 urea topdressings. Fertilizer application in kg nutrient/ha was 
N127P102K69S5 in this experimental treatment. 

Treatment Fertilizers and application time
Dry matter,  
%

Total sugars,  
% 

Nitrates, mg/kg  
fresh weight 

Vitamin C,  
mg/100 g fresh 
weight

Treatment 1
Control

– 8.32±0.45 3.41±0.12 110±35 11.7±1.4

PhosAgro 
Treatment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings 

9.40±0.00 4.17±0.42 38±13 14.2±1.5

PhosAgro 
Treatment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 4 foliar sprays 

8.04±0.09 3.43±0.18 38±13 16.8±1.9

PhosAgro 
Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings  
APP NP 11-37: 4 foliar sprays

7.84±0.12 3.36±0.38 44±16 20.7±2.1

LSD05 0.45 0.29 18 2.1

SCIENTIFIC TRIALS
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ConClusions
 When growing white cabbage in 
sod-podzolic soil with a medium mineral 

nitrogen content, a very high content of mobile 
phosphorus, a high content of mobile potassium 
and a low content of mobile sulphur, the nutrition 
programmes studied studied (with application of  
N111P46K69S5, N127P102K69S5 and N76P93K120S20Ca28  
in kg nutrient/ha) gave an increase in the 
marketable head yield by 18–19 % over the zero-
fertilizer Control.

All nutrition programmes studied 
contributed to a decrease in nitrate content 

in cabbage heads by 2.5–2.9 times compared 
to the zero-fertilizer Control, due to a balanced 
nutrition. 

The healthiest products, with the highest 
vitamin C content of 20.7 mg/100 g fresh 

weight, were grown when N76P93K120S20Ca28  

(kg nutrient/ha) were applied in form of the 
following fertilizers: 
– NPK(S)+Ca 5-15-30(5)+7CaO in spring before 
re-ploughing of the autumn-ploughed field; 
– APP NP 11-37: 4 foliar applications in the stages 
of 4–5 leaves, rosette, head growth and head 
maturing; 
– Urea: 2 topdressings in the stages of rosette and 
head growth.

The best economic effects were observed 
in the treatment where soil application of  

NPK(S) 8-20-30(2) was combined with 4 
foliar sprays of APP  NP  11-37 and 2 urea 
topdressings (kg nutrient/ha: N127P102K69S5);  
an additional income over the Control amounted 
to RUB 235.4  thousand/ha, excluding the costs 
of fertilizer application and harvesting the 
additional yield.

1

2

3

4

Economic efficiency of different white cabbage nutrition programmes

Treatment Fertilizers and application time
Fertilizer cost, 
RUB/ha 

Marketable 
yield, t/ha

Yield value, 
RUB/ha

Economic effect 
compared to Control, 
RUB/ha

Treatment 1
Control

– – 54.4 1,088,000 –

PhosAgro 
Treatment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings 

10,034 64.0 1,280,000 181,966

PhosAgro 
Treatment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 4 foliar sprays 

14,594 66.9 1,338,000 235,406

PhosAgro 
Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings  
APP NP 11-37: 4 foliar sprays

14,226 66.5 1,330,000 227,774

Note: the white cabbage price was RUB 20,000/t.

160
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White cabbage nutrition programme:  
NPK(S) 8-20-30(2) at 230 kg/ha before  
re-ploughing in spring, urea at 200 kg/ha  
total: 2 topdressings, APP NP 11-37 at  
150 kg/ha total: 4 foliar sprays.
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In this project, the following nutritional strategies for carrots were used: 

Balanced use of macronutrients (nitrogen, phosphorus, potassium) and mesonutrients 
(sulphur, calcium) when combining solid and liquid complex fertilizers to increase crop 
productivity in sod-podzolic soils; 

Optimisation of carrot nutrition to obtain high-quality roots with the lowest nitrate 
content. 

Carrots like all root crops are highly 
demanding to nutrient supply. With 1 tonne of 
roots, taking into account the non-harvested 
portion of crops (tops), carrots remove from 
the soil up to 3.4 kg of nitrogen, up to 1.3 
kg of phosphorus (Р2О5) and up to 4.4 kg of 
potassium  (К2О). Carrot plants take up more 
potassium compared to other macronutrients.

Trial: Developing a nutrtrition programme 
for carrots to obtain high yielding commercial 
quality and safe production in sod-podzolic soil.

triAl ProGrAmme
The field trial at the Federal Research Vegetable Growing Centre's Experimental Production 
Unit was carried out with the aim of developing an agronomically and economically 
sound carrot nutrition programme. Granular complex fertilizers NPK(S)  8-20-30 (2) and  
NPK(S)+Ca 5-15-30(5)+7CaO* were applied into the soil in spring before re-ploughing of 
autumn-ploughed field, urea was topdressed and the liquid complex fertilizer APP NP 11-37 
was used as a foliar spray. The liquid fertilizer APP NP 11-37 was diluted with water at 1:10. 
The trial was arranged with four replications. 

CArrots

nutrition strAteGies

mArGoshA vAriety

* This grade is currently not available for sale, being under trial.

Location:
Moscow Region, VNIISSOK 
township, Federal Research 
Vegetable Growing Centre's 

Experimental Production Unit.
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Carrots were grown in accordance with the technology recommended by the Federal Research 
Vegetable Growing Centre. Re-ploughing of autumn-ploughed field and harrowing were 
performed in spring. The carrots were sown mechanically on ridges prepared beforehand. Due 
to the dry conditions, irrigation was started one week after sowing. Trial plots were weeded 
manually during the entire growing season as required. 

Carrot nutrition programme in field trial

Treatment Fertilizer
Rate, kg/ha

Application method
Application 
timephysical 

weight
nutrients

Treatment 1
Control

– – – – –

PhosAgro 
Treatment 2

NPK(S) 8-20-30(2) 230

N92P46K69S5

Broadcast in spring before  
re-ploughing

8/5/2019

Urea 80
Topdressing (leaves formation and 
growth)

18/7/2019

Urea 80 Topdressing (root growth) 3/8/2019

PhosAgro 
Treatment 3

NPK(S) 8-20-30(2) 230

N101P76K69S5

Broadcast in spring before  
re-ploughing

8/5/2019

APP NP 11-37 20 Foliar (2–4 leaves) 1/7/2019

APP NP 11-37 20 Foliar (leaves formation and growth)

18/7/2019

Urea 80
Topdressing (leaves formation and 
growth)

APP NP 11-37 20 Foliar (root growth)

3/8/2019
Urea 80 Topdressing (root growth)

APP NP 11-37 20 Foliar (2–3 weeks before harvesting) 20/8/2019

PhosAgro 
Treatment 4

NPK(S)+Са 5-15-30(5)+7CaO 400

N57P90K120S20Ca28

Broadcast in spring before  
re-ploughing

8/5/2019

APP NP 11-37 30 Foliar (2–4 leaves) 1/7/2019

Urea 30
Topdressing (leaves formation and 
growth) 

18/7/2019

APP NP 11-37 30 Foliar (root growth)

3/8/2019
Urea 30 Topdressing (root growth) 

APP NP 11-37 20 Foliar (2–3 weeks before harvesting) 20/8/2019

Total plot area: 8 m² Sowing date: 18/5/2019 
Harvesting date: 10/9/2019

Forecrop: onion 

SCIENTIFIC TRIALS
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meAsurements And observAtions

yield And mArketAbility

At the time of sowing the soil was extremely dried and seedlings appeared only one month later. 
While growing carrots seedings crop looked uniform, without pronounced differences between 
the treatments. Foliar applications of APP NP 11-37 did not damage the plants. Treatment 
2 showed the maximum length (12.1 cm) and weight of root (102.2 g), it received complex 
fertilizer NPK(S) 8-20-30(2) in the spring and two urea topdressings. The root head diameter in 
all experimental treatments was 1.7 cm.

In the trial, carrot roots were harvested manualy from individual 
plots. The use of mineral fertilizers increased the total carrot 
yield by 5.6–8.9 t/ha, or 15–23 %. In Treatment 3, that received 
the complex fertilizer NPK(S) 8-20-30(2) in the spring, four foliar 
sprays of APP NP 11-37 and two urea topdressings (N101P76K69S5 
was applied), the total carrot yield was significantly higher than in 
Treatment 4, where spring-applied NPK(S)+Ca 5-15-30(5)+7CaO 
was combined with three foliar sprays of APP NP 11-37 and 
two surface applications of urea topdressings resulting in lower 
nitrogen rates (N57P90K120S20Са28). It should be emphasised that 
percent marketability in the Control was 89 %; however, this 
indicator reached 91–93 % in treatments receiving fertilizers. 

Yield components of carrrots (10/9/2019)

Treatment Fertilizers and application time Root length, cm 
Root head  
diameter, cm

Root weight, g

Treatment 1
Control

– 11.7 1.7 96.8

PhosAgro  
Treatment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings

12.1 1.7 102.2

PhosAgro  
Treatment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 4 foliar sprays

11.2 1.7 97.2

PhosAgro  
Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings  
APP NP 11-37: 3 foliar sprays

11.9 1.7 97.8

LSD05 0.2 F<F05 6.2

SCIENTIFIC TRIALS

Carrot roots from Treatment 3
NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 3 foliar sprays

3
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Total yield and percent marketability of carrot roots 

Treatment Fertilizers and application time Total yield, t/ha % marketable roots

Treatment 1
Control

– 38.6 89

PhosAgro  
Treatment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings

45.3 91

PhosAgro  
Treatment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 4 foliar sprays

47.5 93

PhosAgro  
Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings  
APP NP 11-37: 3 foliar sprays

44.2 92

LSD05 3.3 –

SCIENTIFIC TRIALS

The marketable yield increased by 6.2–10.1 t/ha, or 
by 18–29 % in the treatments with different nutrition 
programmes compared to the Control. Similar to the 
total yield, the marketable yield in Treatment 3 with 
the complex fertilizer NPK(S) 8-20-30(2), 4 foliar 
applications of APP NP 11-37 and 2 urea topdressings 
was significantly higher than in Treatment 4 with  
NPK(S) + Ca 5-15-30(5)+7CaO , 3 foliar applications 
of APP NP 11-37 and 2 urea topdressings. It should be 
noted that the initial soil was characterised by medium 
content of mineral nitrogen and, in Treatment 4, a 
relatively low total nitrogen (57 kg/ha) was applied.

Treatment 1

Control

Treatment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings

Treatment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings 
APP NP 11-37: 4 foliar sprays

Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings  
APP NP 11-37: 3 foliar sprays

Marketable yield of carrot roots

M
ar

ke
ta

bl
e 

yi
el

d,
 t/

ha
 

50.0

40.0

20.0

30.0

10.0

0.0

34.3

41.4
44.4

40.5

Note: LSD05 = 3.1.

The last foliar applications of APP NP 11-37 
in Treatments 3 and 4 was performed 2–3 
weeks before harvesting
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yield quAlity
Nitrate content was compatible across all treatments and it was significantly lower than the 
MPC value, 250 mg/kg fresh weight. The vitamin C content noticeably increased with the use 
of mineral fertilizers in comparison with the Control. Treatment 2 gave production with the 
highest vitamin C content (7.8 mg/100 g of fresh weight), due to spring-applied complex 
fertilizer NPK(S) 8-20-30(2) and 2 urea topdressings. 

Carrot roots quality 

Treatment Fertilizers and application time
Dry matter, 
% 

Total  
sugars, % 

Nitrates, 
mg/kg 
fresh 
weight 

Vitamin C, 
mg/100 g 
fresh weight

Carotene, 
mg/100 g  
fresh weight

Treatment 1
Control

– 11.82±1.19 6.02±0.60 <30 3.5±0.3 20.3±1.7

PhosAgro 
Treatment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings

10.64±1.06 6.70±0.64 <30 7.8±0.6 20.9±1.7

PhosAgro 
Treatment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 4 foliar sprays

10.61±1.06 6.44±0.61 32 4.0±0.4 21.5±1.8

PhosAgro 
Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings  
APP NP 11-37: 3 foliar sprays

11.52±1.16 6.57±0.62 <30 5.1±0.5 19.7±1.5

LSD05 1.02 F<F05 F<F05 0.4 F<F05

eConomiC vAlue
The fertilizer cost in Treatment 2 was the lowest: RUB 9,214/ha, since in this treatment 
lower amounts of nutrients were added (kg nutrient/ha: N92P46K69S5). The fertilizer costs 
in Treatments 3 and 4 were higher: RUB 11,646–13,102/ha, as these treatments received 
higher nutrient rates (N101P76K69S5 and N57P90K120S20Са28). 

According to the economic assessment, in Treatment 3 where the application of the 
complex fertilizer NPK(S) 8-20-30(2) into the soil was combined with 4 foliar applications 
of APP NP 11-37 and 2 urea topdressings, the highest additional income (over the Control) 
totalled approximately to RUB 89.4 thousand/ha, excluding fertilizer application costs and 
harvesting costs related to the resulting increase in the root yield.

SCIENTIFIC TRIALS
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SCIENTIFIC TRIALS

Economic efficiency of different carrot nutrition programmes

Treatment Fertilizers and application time
Fertilizer  
purchase costs, 
RUB/ha

Marketable 
yield, t/ha 

Crop value, 
RUB/ha

Economic effect 
compared to Control, 
RUB/ha

Treatment 1
Control

– – 34.4 343,000 –

PhosAgro 
Treatment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings

9,214 41.4 414,000 61,786

PhosAgro 
Treatment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 4 foliar sprays

11,646 44.4 444,000 89,354

PhosAgro 
Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings  
APP NP 11-37: 3 foliar sprays

13,102 40.5 405,000 48,898

Note: the carrots price is equal to RUB 10,000/t.

ConClusions
When carrots are grown in sod-podzolic 
soils with a medium level of mineral 

nitrogen, a very high level of mobile phosphorus, 
a high level of mobile potassium and a low level 
of mobile sulphur, the highest increase in the root 
marketable yield over the zero-fertilizer Control is 
observed to be 29 %. This was obtained by using 
the following three fertilizers (with application of 
N101P76K69S5): 
– NPK(S) 8-20-30(2) in the spring before 
re-ploughing the autumn-ploughed field; 
– APP NP 11-37: 4 foliar applications at the stages 
of 2–4 leaves, leaves formation and growth, root 
growth as well as 2–3 weeks before harvesting; 
– Urea: 2 topdressings in the stages of leaves 
formation and growth as well as root growth.

Root productions obtained in all 
experimental treatments, both with and 

without mineral fertilizer application, were safe in 
terms of nitrate content.

The production of roots having the highest 
vitamin C content of 7.8 mg/100 g fresh 

weight was possible by applying the complex 
fertilizer NPK(S) 8-20-30(2) in the spring and 
conducting 2 urea topdressings. 

The best economic value was obtained 
when spring-applied NPK(S) 8-20-30(2)  

was combined with 4 foliar applications of 
APP  NP  11-37 and 2 urea topdressings: an 
additional income over the Control amounted 
to RUB 89.4 thousand/ha, excluding costs for 
fertilizer application and harvesting the resulting 
yield increase. 

1 2

3

4
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In this project, the following nutritional strategies for table beet were used: 

Balanced use of macronutrients (nitrogen, phosphorus, potassium) and mesonutrients 
(sulphur, calcium) when combining granular and liquid complex fertilizers to increase the 
root productivity in sod-podzolic soils; 

Applying optimal rates of mineral fertilizers to obtain high quality productions with a nitrate 
content strictly within the MPC.

Like carrots, table beet is highly demanding to 
soil fertility. The use of fertilizers is the most 
important element of crop management when 
growing this vegetable crop. With 1 tonne of 
roots, taking into account the non-harvested 

portion of crops (tops), table beet removes up to 3.2 kg of nitrogen, up to 2.0 kg of 
phosphorus (Р2О5) and up to 7.7 kg of potassium (К2О) from the soil. This vegetable crop 
takes up significantly more potassium than other macronutrients. 

Trial:  Developing nutrition programme for table 
beets to obtain high-yielding, high-grade, high-
quality and safe production in sod-podzolic soils.

triAl ProGrAmme
The field trial at the Federal Research Vegetable Growing Centre's Experimental 
Production Unit was aimed to develop an agronomically and economically sound 
table beat nutrition programme. Granular complex fertilizers NPK(S) 8-20-30(2) and  
NPK(S)+Ca 5-15-30(5)+7CaO* were applied in spring prior to re-ploughing of autumn-
ploughed field. Urea was topdressed and the liquid complex fertilizer APP NP 11-37 was used 

tAble beet

nutrition strAteGies

dobrynyA vAriety 

* This grade is currently not available for sale, being under trial.

Location:
Moscow Region, VNIISSOK 
township, Federal Research 
Vegetable Growing Centre's 

Experimental Production Unit.
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Table beat nutrition programme in field trial

SCIENTIFIC TRIALS

Treatment Fertilizer
Rate, kg/ha

Application method
Application 
timephysical 

weight
nutrients

Treatment 1
Control

– – – – –

PhosAgro 
Treatment 2

NPK(S) 8-20-30(2) 230

N83P46K69S5

Broadcast in spring before  
re-ploughing

8/5/2019

Urea 70 Topdressing (4 true leaves) 16/7/2019

Urea 70 Topdressing (6 true leaves) 1/8/2019

PhosAgro 
Treatment 3

NPK(S) 8-20-30(2) 230

N88P65K69S5

Broadcast in spring before  
re-ploughing

8/5/2019

APP NP 11-37 30 Foliar (2 true leaves) 30/6/2019

Urea 70 Topdressing (4 true leaves) 16/7/2019

Urea 70 Topdressing (6 true leaves) 1/8/2019

APP NP 11-37 20 Foliar (row closure) 15/8/2019

PhosAgro 
Treatment 4

NPK(S)+Са 5-15-30(5)+7CaO 400

N72P79K120S20Ca28

Broadcast in spring before  
re-ploughing

8/5/2019

APP NP 11-37 30 Foliar (2 true leaves) 30/6/2019

Urea 50 Topdressing (4 true leaves) 16/7/2019

Urea 50 Topdressing (6 true leaves) 1/8/2019

APP NP 11-37 20 Foliar (row closure) 15/8/2019

Total plot area: 10 m² Planting date: 30/5/2019 
Harvesting date: 3/9/2019

Forecrop: bulb onions 

for foliar sprays. Liquid fertilizer APP NP 11-37 was diluted in water at a ratio of 1:10. The trial 
was arranged with four replications.

Crop management followed the technologies recommended by the Federal Research 
Vegetable Growing Centre. Spring re-ploughing of autumn-ploughed field and harrowing 
were performed. Beet was sown mechanically on ridges prepared beforehand. When sowing, 
the weather conditions were dry and high daily air temperatures were observed. Soil was dry, 
so the first irrigation was performed 4 days after sowing. From there, irrigation was continued 
once per week until the July rains. Trial plots were weeded manually during the entire growing 
season as required.
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meAsurements 
And observAtions
The time of beet seedling emergence and the onset of 
other phenological stages practically did not differ across 
the experimental treatments. In-season fertilizers did 
not damage the crop. Plants were fairly uniform when 
compared by leaf length and width. 

Determination of yield components at harvest indicates 
a significant increase in the diameter and weight of 
roots across all treatments receiving mineral fertilizers 
as compared to the Control. 

Yield components of table beet (3/9/2019)

Treatment Fertilizers and application time Root diameter, cm Root weight, g

Treatment 1
Control

– 10.5 213

PhosAgro  
Treatment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings 

11.3 238

PhosAgro  
Treatment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 2 foliar sprays

11.8 244

PhosAgro  
Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings  
APP NP 11-37: 2 foliar sprays

11.7 233

LSD05 0.8 18

SCIENTIFIC TRIALS

Plants after the 2nd foliar application of 
APP NP 11-37 in the row closure stage in 
Treatment 4
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Manual harvesting of table beet was performed in the trial. The total root crop yield increased 
by 5.1–8.6 t/ha, or by 11–19 %, when using mineral fertilizers compared to the Control. The 
nutrition programme studied increased the share of marketable roots in yield from 90 % in the 
Control to 93–94 %.

yield And mArketAbility

Total yield and percent marketability of beet roots

Treatment Fertilizers and application time Total yield, t/ha Quality, %

Treatment 1
Control

– 46.2 90

PhosAgro  
Treatment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings 

51.3 94

PhosAgro  
Treatment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 2 foliar sprays

54.8 93

PhosAgro  
Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings  
APP NP 11-37: 2 foliar sprays

54.5 94

LSD05 4.2 –

SCIENTIFIC TRIALS

The marketable yield of beet roots increased by 6.2–9.3 t/ha, or by 15–22 %, when using 
different mineral nutrition programmes compared to the zero-fertilizer Control. 

Treatment 1

Control

Treatment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings

Treatment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 2 foliar sprays 

Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings  
APP NP 11-37: 2 foliar sprays

Marketable yield of table beet roots 

M
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60.0

50.0

40.0

30.0

20.0

10.0

0.0

41.8

48.0
50.8 51.1

Note: LSD05 = 4.0.
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root quAlity
According to the results obtained, applying mineral fertilizers produces a slight decrease in 
the content of dry matter and sugars in roots compared to the control. The nitrate content 
in roots obtained in all treatments was within the MPC, which is 1,400 mg/kg fresh weight. 
The vitamin  C accumulation in roots grown without fertilization and with fertilization 
in Treatments  2–3 was practically the same (3.3–3.4 mg/kg fresh weight). However, in 
Treatment 4, the vitamin C content in roots was the lowest.

Quality of table beet roots 

Treatment Fertilizers and application time
Dry matter, 
% 

Total  
sugars, % 

Nitrates,  
mg/kg fresh 
weight 

Vitamin C, 
mg/100 g  
fresh weight

Betanin, 
mg/100 g 
fresh weight 

Treatment 1
Control

– 16.90±1.85 10.30±1.12 156±20 3.3±0.3 173±11

PhosAgro 
Treatment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings 

14.62±1.49 7.92±0.77 118±18 3.4±0.3 180±12

PhosAgro 
Treatment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 2 foliar sprays

12.72±1.66 7.92±0.77 251±27 3.3±0.3 181±12

PhosAgro 
Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings  
APP NP 11-37: 2 foliar sprays

12.46±1.32 7.36±0.74 334±42 2.1±0.2 171±11

LSD05 1.15 1.05 33 0.3 FФ<F05

eConomiC vAlue
The cheapest nutrition programme used in Treatment 2 was estimated as RUB 8,804/ha, 
since this experimental treatment had the lowest amount of nutrients added (kg nutrient/ha: 
N83P46K69S5). Costs for fertilizer purchasing in Treatments 3 and 4 were higher, RUB 10,324–
13,010/ha, since higher amounts of nutrients were added (N88P65K69S5 and N72P79K120S20Са28).

According to the calculations, when compared to the Control in Treatments 3 and 4, 
where complex fertilizers NPK(S) 8-20-30(2) or NPK(S)+Ca 5-15-30(5)+7CaO were applied 

SCIENTIFIC TRIALS
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Economic efficiency of different table beet nutrition programme

Treatment Fertilizers and application time
Fertilizer  
purchase costs, 
RUB/ha

Marketable 
yield, t/ha 

Crop value, 
RUB/ha

Economic effect 
compared to  
Control, RUB/ha

Treatment 1
Control

– – 41.8 418,000 –

PhosAgro 
Treatment 2

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings 

8,804 48.0 480,000 53,196

PhosAgro 
Treatment 3

NPK(S) 8-20-30(2) in spring 
Urea: 2 topdressings  
APP NP 11-37: 2 foliar sprays

10,324 50.8 508,000 79,676

PhosAgro 
Treatment 4

NPK(S)+Ca 5-15-30(5)+7CaO in spring 
Urea: 2 topdressings  
APP NP 11-37: 2 foliar sprays

13,010 51.1 511,000 79,990

Note: the beets price is equal to RUB 10,000/t.

ConClusions
When growing table beet in sod-podzolic 
soils with a medium level of mineral 

nitrogen, a very high level of mobile phosphorus, 
a high level of mobile potassium and a 
low level of mobile sulphur, three nutrient 
management systems studied (kg nutrient/ha:   
N83P46K69S5, N88P65K69S5 and N72P79K120S20Са28) 
resulted in a 15–22 % increase in the marketable 
root yield over the zero-fertilizer Control.

 

Root production from all experimental 
treatments met safety standards in terms 

of the nitrate content. 

The combination of spring-
applied NPK(S) 8-20-30(2) or  

NPK(S) + Ca 5-15-30(5)+7CaO with 2 foliar sprays 
of APP NP 11-37 and 2 topdressings of urea gave 
the highest additional income of RUB  79.7–
80.0  thousand/ha as compared to the zero-
fertilizer Control, excluding costs for fertilizer 
application and harvesting the additional yield.

1 2

3

and 2 foliar applications of APP NP 11-37 and 2 urea topdressings were performed,  
the highest additional income of RUB  79.7–80.0 thousand/ha was obtained, excluding 
fertilizer application costs and harvesting the additional root yield. 

SCIENTIFIC TRIALS
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brAZil, mAto Grosso
FOREIGN TRIALS

Mato Grosso, Itiquira 
Municipality, Santa Maria II 

Experimental Station:
Soybean.
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The growing season 2018‒2019 was favourable for soybean. The average monthly air 
temperature and total monthly precipitation from October 2018 to March 2019 were close to 
normals. 

Average daily air temperature during the growing season was within the range of 20–35 °C. 
Soybean sowing period in October and vegetative and reproductive stages had the optimal 
atmospheric precipitation. Rainfall reached 130 mm/day in December 2018 and 110 mm/day  
in January 2019. Such an amount of water in this period contributed to a good soybean 
productivity. 

soil fertility
Field trials with soybean were conducted on a dystrophic Red Latosol. The soil had the 
following particle-size distribution in the 0–20 cm layer: clay ‒ 33 %, sand ‒ 60 % and silt ‒ 
7 %. The soil was characterised by a medium degree of humus content, a medium acidity 
and a good degree of base saturation for this region. Exchangeable calcium and magnesium 
in the 0–20 cm layer were within a range from medium to high. Available phosphorus and 
potassium in the 0–20 cm layer before the start of the trial were medium. The initial level of 
available sulfur ranged from medium to high (> 10 mg S/dm3 of soil is considered to be high). 

wheAter Conditions

Initial agrochemical properties of a dystrophic Red Latosol

Notes: Trial 1 examined soybean response MAP from different producers; Trial 2 explored the response to the complex fertilizer  
NPK(S)+Ca 01-20-20(5)+20CaO; soil testing methods: exchangeable Ca, Mg and Al ‒ 1.0 M KCl; exchangeable H + Al ‒ 1.0 M Ca(CH3COO)2 (pH = 7.0); 
mobile P, K and Fe ‒ Mehlich-1 (0.05 M HCl + 0.0125 M H2SO4); available S ‒ 0.01 M Ca(H2PO4)2;  V ‒ base saturation; BDL ‒ below detection limit. 

Field trial Depth, cm 
Humus,  
g/dm3 of soil

рНCaCl2,  
units

Ca Mg Al H+Al
V,  
%

P K S Fe

cmol(+)/dm3 of soil mg/dm3 of soil

Soybeans  
(Trial 1)

0‒20 22.7 5.2 2.6 1.0 BDL 3.8 50 4.9 26.1 9.4 129

20‒40 18.1 4.9 1.7 0.7 BDL 3.5 41 1.5 15.6 13.0 –

Soybeans  
(Trial 2)

0‒20 24.8 5.2 2.7 1.0 BDL 3.5 51 9.0 28.6 8.8 125

20‒40 18.1 4.8 1.8 0.7 BDL 3.8 40 2.2 13.8 11.4 –

FOREIGN TRIALS
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In this field trial, the following soybean nutrition strategy was used: 

MAP NP 12-52 with a high water-soluble phosphorus content being produced by PhosAgro 
Group, may provide advantages when applied to Brazil's soils compared to MAP from other 
producers. 

In Brazil, highly weathered tropical soils had 
a high content of iron and aluminium oxides. 
Such soils have high phosphorus-fixation 

capacity, mainly due to adsorption of phosphates by iron and aluminium oxides and 
hydroxides. Rapid immobilisation of inorganic phosphates introduced into the soil 
calls for the increased rates of phosphorus fertilizers so that phosphorus inputs with 
fertilizers exceeds its removal from the soil by plants. 

Phosphorus fertilizers produced around the world have different contents of water-soluble 
and citrate-soluble phosphorus (extracted with ammonium citrate solution) that can affect 
the availability of phosphorus to plants grown in soils with a high phosphorus fixation 
capacity. For example, MAP NP 12-52 produced by PhosAgro Group, has a very high content 
of both water-soluble (90 %) and citrate-soluble phosphorus (95 %).

triAl ProGrAmme
In the field trial, the soybean response to MAP from different producers including PhosAgro 
Group was compared. All treatments also received potassium chloride and gypsum.  

nutrition strAteGies

Trial: Comparative efficiency of the in-furrow 
application of MAP from different producers 
when growing soybean on a dystrophic Red 
Latosol.

soybeAn 
(triAl 1)
bmx bonus iPro vAriety

Location:
Mato Grosso, Itiquira 

Municipality, Santa Maria II 
Experimental Station.
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Treatment Fertilizer
Rate, kg/ha

Application method Application time
physical weight nutrients

Treatment 1 
Control

Potassium chloride 134
K80S30 Broadcast After seeding

Gypsum 250

Treatment 2

MAP NP 12-52 (PhosAgro) 158

N20P80K80S30

In-furrow at sowing 21/11/2018

Potassium chloride 134
Broadcast After seeding

Gypsum 250

Treatment 3

MAP NP 11-52 (China) 158

N18P80K80S30

In-furrow at sowing 21/11/2018

Potassium chloride 134
Broadcast After seeding

Gypsum 250

Treatment 4

MAP NP 11-52 (Morocco) 158

N18P80K80S30

In-furrow at sowing 21/11/2018

Potassium chloride 134
Broadcast After seeding

Gypsum 250

Seeding rate: 60 kg/ha 
Total plot area: 32.4 m2

Sowing date: 21/11/2018 
Harvesting date: 22/3/2019

Forecrop: maize 

Soybean nutrition programme in field trial (Trial 1) 

FOREIGN TRIALS

MAP was not used in Treatment 1 that served as a Control. In Treatments 2–4, MAP was applied 
at sowing (in-furrow) at the similar phosphorus rate of 80 kg P2O5/ha. 

Potassium chloride and gypsum were broadcasted after sowing. The use of gypsum is 
recommended in tropical Brazilian soils that have high subsurface acidity caused by 
aluminium. Here, the abandant precipitation enables the calcium from gypsum to migrate 
to the subsurface horizon. In highly weathered tropical soils having a low potassium fixation 
capacity the surface application of potash fertilizers is also acceptable. 

In the field trial, the recommended soybean growing techniques were used. Treatments were 
arranged in a randomized block design with five replications.

meAsurements And observAtions
Before harvesting, the following soybean yield components were determined: plant 
population, plant height and weight of 1,000 grains. The use of phosphate-based fertilizers 
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yield
Yield measurements in the trials were done using a plot combine harvester. The 
soybean seed yield reliably increased (significant level α < 0.1) as a result of in-furrow 
application of MAP from different producers in Treatments 2–4 in comparison with the 
Control (where phosphorus was not applied into the soil).  Yield increases amounted to  
0.95–1.04 t/ha at standard seed moisture content, or 31–34 %. This indicates the high 
importance of optimising applied soybean nutrition with phosphorus in soils with insufficient 
phosphorus supply and a moderate phosphorus fixation capacity. 

The soybean seed yield in Treatments 2, 3 and 4 using MAP from different producers was 
reliably higher than in the control treatment. Nevertheless, it should be noted that when 
using MAP NP 12-52 produced by PhosAgro Group, the highest soybean seed yield was 
observed: 4.11 t/ha (at the standard moisture content).

Yield components of soybean (Trial 1)

Treatment Fertilizers and application time
Plant population, 
thousand plants/ha 

Plant height, cm 
Weight  
of 1,000 grains, g

Treatment 1 
Control

Potassium chloride after sowing 
Gypsum after sowing

277.8 89.6 160.4

Treatment 2
MAP NP 12-52 (PhosAgro) at sowing 
Potassium chloride after sowing 
Gypsum after sowing 

267.8 105.6 182.6

Treatment 3
MAP NP 11-52 (China) at sowing  
Potassium chloride after sowing 
Gypsum after sowing

268.6 106.7 183.4

Treatment 4
MAP NP 11-52 (Marocco) at sowing 
Potassium chloride after sowing 
Gypsum after sowing

271.9 107.8 182.6

LSD10 F<F10 8.7 11.1

FOREIGN TRIALS

did not affect the plant population. The plant height significantly increased (significance level 
α < 0.1) from 89.6 cm in the Control to 105.6‒107.8 cm in Treatments 2–4 with the addition 
of MAP produced by different companies. When using MAP in Treatments 2–4 the weight 
of 1,000  grains reached 182.6–183.4 g; in the Control this parameter was lower: 160.4  g.  
The above-mentioned differences were statistically reliable.
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FOREIGN TRIALS

Soybean experimental plots (Trial 1) 

Treatment 1

Potassium chloride after 
sowing  
Gypsum after sowing 

Treatment 2

MAP NP 12-52 (PhosAgro) at 
sowing  
Potassium chloride after sowing 
Gypsum after sowing

Treatment 3

MAP NP 11-52 (China) at sowing 
Potassium chloride after sowing 
Gypsum after sowing 

Treatment 4

MAP NP 11-52 (Morocco) at 
sowing  
Potassium chloride after sowing 
Gypsum after sowing

Soybean seed yield at standard moisture content (Trial 1) 

Se
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5.0

4.0

3.0

2.0

1.0

0.0

3.07

4.11 4.04 4.02

Note: LSD10 = 0.60.

Treatment 1 Treatment 2

Treatment 3 Treatment 4
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Economic efficiency of different soybean nutrition programmes (Trial 1) 

Note: the soybean seeds price (standard moisture content) is BRL 1,416.7/t. Here BRL 1.0 = USD 0.21.

Treatment Fertilizers and application time
Fertilizer cost, 
BRL/ha 

Yield value, 
BRL/ha

Seed yield  
(standard  
moisture  
content), t/ha 

Economic effect 
compared to  
Control, BRL/ha 

Treatment 1 
Control

Potassium chloride after sowing 
Gypsum after sowing

262.4 4,349.3 3.07 –

Treatment 2
MAP NP 12-52 (PhosAgro) at sowing 
Potassium chloride after sowing 
Gypsum after sowing 

550.6 5,822.6 4.11 1,185.1

Treatment 3
MAP NP 11-52 (China) at sowing  
Potassium chloride after sowing 
Gypsum after sowing

550.6 5,723.5 4.04 1,086.0

Treatment 4
MAP NP 11-52 (Marocco) at sowing 
Potassium chloride after sowing 
Gypsum after sowing

550.6 5,695.1 4.02 1,057.6

eConomiC vAlue
Similar costs for purchasing MAP from different producers, as well as potassium chloride and 
gypsum were observed in Treatments 2-4 estimating as BRL 550.6/ha (USD 115.6/ha). The 
use of phosphate fertilizer MAP NP 12-52 as well as MAP NP 11-52 generated a substantial 
additional income of BRL 1057.6–1185.1/ha (USD 222.1–248.9/ha) as compared with the 
Control, where only potassium chloride and gypsum were applied into the soil. 

At the same time, the use of MAP NP 12-52 produced by PhosAgro Group allowed for obtaining 
a better economic effect compared with the use of MAP from other producers (China, 
Morocco). This additional income amounted to BRL 99.1‒127.5/ha (USD 20.8–26.8/ha).  
Thus, the use of MAP NP 12-52 produced by PhosAgro Group was more cost-effective. Taking 
that into consideration, the costs of fertilizer application to the soil in Treatments 2-4 were the 
same.

FOREIGN TRIALS
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ConClusions
When growing soybeans in medium acidic 
dystrophic Red Latosol with a medium level 

of available phosphorus seed yield increased by 
0.95–1.04 t/ha (standard moisture content), or 
by 31–34 %, due to the use of MAP produced by 
different producers.

The use of MAP NP 12-52 produced by 
PhosAgro Group in soybean generated 

an additional income BRL 99.1–127.5/ha  
(USD 20.8–26.8/ha), excluding costs for 
harvesting and drying of the additional yield, 
when compared with MAP fertilizers from other 
producers: MAP NP 11-52 grade from China and 
Morocco.

181
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In this field trial, the following soybean feeding strategy was used: 

practically nitrogen-zero complex fertilizer NPK(S)+Ca 1-20-20(5)+20CaO* produced by 
PhosAgro Group contains calcium, in particular in a form of calcium sulphate, and may have 
advantages when applied in Brazilian soils. 

The highly weathered tropical soils of Brazil 
are characterised by a high content of iron 
and aluminium oxides and hydroxides. 

These soil characteristics determine many of the physicochemical properties. Such 
soils demonstrate a high phosphorus-fixation capacity, and calls for increased rates of 
phosphorus fertilizers. In addition, aluminium causes an excessive soil acidity, especially 
in the subsurface horizon, that requires the use of a calcium-containing ameliorants like 
gypsum. Gypsum solubility in soil solution is not high, but with a sufficient amount of 
precipitation calcium migrates to the subsoil. The use of calcium carbonate is less effective 
in this case. Another significant inputs of calcium are calcium-containing fertilizers. 

triAl ProGrAmme
In the field trial, soybean response to different nutrition programmes were assessed. PhosAgro 
Group recommended in-furrow application of complex low-nitrogen sulphur- and calcium-
containing fertilizer, NPK(S)+Ca 1-20-20(5)+20CaO *, at sowing (Treatment 2). The nutrition 
programme, often practiced by farmers, included the in-furrow application of a fertilizer blend 

nutrition strAteGies

soybeAn  
(triAl 2)

* This grade is currently not available for sale, being under trial.

Location:
Mato Grosso, Itiquira 

Municipality, Santa Maria II 
Experimental Station.

Trial: Studying soybean response to in-furrow 
application of complex sulphur- and calcium-
containing fertilizers in a dystrophic Red Latosol.

bmx bonus iPro vAriety
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Treatment Fertilizer
Rate, kg/ha

Application method Application time
physical weight nutrients

Treatment 1 
Control

– – – – –

PhosAgro 
Treatment 2

NPK(S)+Ca 1-20-20(5)+20СаО 400 N4P80K80S20Ca20 In-furrow sowing 21/11/2018

Treatment 3 
Farmers 

NP(S) 8-40(9) 200
N16P80K80S18

In-furrow sowing 21/11/2018

Potassium chloride 134 Broadcast After seeding

Seeding rate: 60 kg/ha 
Total plot area: 32.4 m2

Sowing date: 21/11/2018 
Harvesting date: 23/3/2019

Forecrop: maize  

Soybean nutrition programme in soybean field trial (Trial 2) 

FOREIGN TRIALS

of NP(S) 8-40(9) formulation, as well as the potassium chloride broadcasted after sowing 
the soybean. In Treatments 2 and 3, the rates of phosphorus and potassium were equalised, 
amounting to 80 kg of P2O5 and K2O per hectare. In Treatment 1, fertilizers were not applied 
(Control). 

In the field trial, crop management technology recommended for the region was used. 
Treatments were arranged in a randomized block design with five replications.

meAsurements And observAtions
Before harvesting, plant population, plant height and weight of 
1,000 seeds were determined. Plant population did not change 
between the experimental treatments. Plant height increased 
remarkably (significant level α < 0.1) from 94.2  cm in the 
Control to 107.5–108.6  cm in Treatments 2 and 3 with 
different nutrition programmes. 

When using fertilizers in Treatments 2 and 3, the 
weight of 1,000 seeds reached 185.8–189.1 g but 
in the Control it was significantly lower (α < 0.1), 
namely 163.5 g. Concurrently, the soybean nutrition 
systems used in Treatments 2 and 3 were equally 
effective at increasing plant height and the weight 
of 1,000 seeds.
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Treatment 2

Yield components of soybean (Trial 2)

Treatment Fertilizers and application time
Plant population, 
thousand plants/ha

Plant height, cm
Weight of 1,000 
seeds, g

Treatment 1 
Control

– 276.5 94.2 163.5

PhosAgro 
Treatment 2

NPK(S)+Ca 1-20-20(5)+20CaO at sowing 267.8 107.5 185.8

Treatment 3 
Farmers 

NP(S) 8-40(9) at sowing 
Potassium chloride after sowing

261.8 108.6 189.1

LSD10 F<F10 5.6 10.3

FOREIGN TRIALS

Soybean experimental plots (Trial 2)

Treatment 3

Treatment 1
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yield
Researchers performed combine harvesting 
of soybean experimental plots. The soybean 
yield from individual plots  was evaluated by 
means of combine harvester. Soybean seed 
yield was significantly higher (α < 0.1) with 
the use of mineral fertilizers in Treatments 2 
and 3 compared to the zero-fertilizer control. 
The yield increase caused by the use of the 
fertilizers was very high, 43–46 %, which is 
undoubtedly associated with low level of soil fertility. There were no significant differences in 
soybean seed yield between Treatments 2 and 3. Nevertheless, it should be noted that the 
use of the complex calcium-containing fertilizer NPK(S)+Ca 1-20-20(5)+20CaO produced by 
PhosAgro Group during soybean sowing ensured the highest soybean seed yield of 4.3 t/ha (at 
standard moisture content). 

FOREIGN TRIALS

Treatment 1

Control

Treatment 2

NPK(S)+Ca 1-20-20(5)+20CaO 
at sowing

Treatment 3

NP(S) 8-40(9) at sowing  
Potassium chloride after sowing

Soybean seed yield at standard moisture content (Trial 2) 
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0.0

2.9

4.3 4.2

Note: LSD10 = 0.39.

THE MAXIMUM SEED YIELD  
(4.3 T/HA) WAS ACHIEVED 
WHEN THE COMPLEX CALCIUM-
CONTAINING FERTILIZER 
NPK(S)+CA 1-20-20(5)+20CAO 
AT 400 KG/HA WAS APPLIED. 

eConomiC vAlue
The cost of soybean nutrition in Treatment 2 with the use of the PhosAgro complex calcium-
containing fertilizer NPK(S)+Ca 1-20-20(5)+20CaO was 13 % more expensive than in 
Treatment 3, where the typical nutrition programme practiced by farmers was implemented. 
It involved a combination of a nitrogen-phosphorus sulphur-containing fertilizer blend and 
potassium chloride. The application of mineral fertilizers in Treatments 2 and 3 generated an 
additional income of BRL 1,280.5–1,349.8/ha (USD 268.9–283.5/ha) ras compared with the 
zero-fertilizer Control. However, with the complex fertilizer NPK(S)+Ca 1-20-20(5)+20CaO 
produced by PhosAgro Group (Treatment 2), the economic effect was slightly higher than 
with the farmers' nutrition programme (Treatment  3). The additional income in monetary 
terms was equal to BRL 69.3/ha (USD  14.5/ha). It should be noted that when performing 
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ConClusions
When growing soybeans in moderately 
acidic dystrophic Red Latosol with medium 

levels of available phosphorus and potassium 
and a good level of available sulphur the highest 
seed yield of 4.3 t/ha (standard moisture content) 
was achieved due to in-furrow application 
of the complex calcium-containing fertilizer  
NPK(S)+Ca 1-20-20(5)+20CaO or N4P80K80S20Са20 
(kg nutrient/ha).

The use of the complex calcium-containing 
fertilizer NPK(S)+Ca 1-20-20(5)+20CaO,  

produced by PhosAgro Group for soybean 
and other crops, allowed an additional 
income of BRL 69.3/ha (USD  14.5/ha)  
compared to the practiced by farmers nutrition 
programme including nitrogen-phosphorus 
sulphur-containing fertilizer blend and potassium 
chloride. However, these do not take into account 
costs for fertilizing and harvesting the resulting 
yield increase.

1 2
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Economic efficiency of different soybean nutrition programmes (Trial 2) 

Note: the soybean seeds price (standard moisture content) is BRL 1,416.7/t. Here BRL 1.0 = USD 0.21.

Treatment Fertilizers and application time
Fertilizer cost, 
BRL/ha

Seed yield  
(standard  
moisture  
content), t/ha

Yield value,  
BRL/ha 

Economic effect 
compared to  
Control, BRL/ha

Treatment 1 
Control

– – 2.9 4,108.4 –

PhosAgro 
Treatment 2

NPK(S)+Ca 1-20-20(5)+20CaO at 
sowing 

633.6 4.3 6,091.8 1,349.8

Treatment 3 
Farmers 

NP(S) 8-40(9) at sowing 
Potassium chloride after sowing

561.2 4.2 5,950.1 1,280.5

FOREIGN TRIALS

economic calculations, the costs for harvesting and drying the additional yield as well as 
the application of fertilizers were not taken into account. Additional costs associated with 
machinery pass for applying potassium chloride after sowing should be highlighted when 
referring to the nutrition programme used in Treatment 3. This, undoubtedly, brings about 
an increase in costs for application of mineral fertilizers.
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Soybean nutrition programme:  
NPK(S)+Ca 1-20-20(5)+20CaO  
at 400 kg/ha at sowing.
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Mato Grosso, Itiquira 
municipality, Cachoeira 

Experimental Station:
Grain maize.

brAZil, mAto Grosso
FOREIGN TRIALS
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The winter season in 2019 was favourable for maize production. The precipitation was in 
line with the climatic normal when sowing the crop in February and during the vegetative 
development stage. It is important to note that at flowering stage, the atmospheric moisture 
was sufficient enough to ensure a high productivity. 

soil fertility
This soybean field experiment was conducted in a dystrophic Red Latosol. In terms of soil 
texture, it can be considered as a clay soil. The clay content in the 0–20 cm soil layer was 66 %; 
sand, 19 % and silt, 15 %. Red Latosol was characterised by a high humus content, medium 
acidity and a comparatively good base saturation for this region. Exchangeable calcium and 
magnesium in the 0–20 cm soil layer before starting the trial corresponded to the high class. 
The content of available phosphorus was medium, while the content of available potassium 
was low (0–20 cm). The level of available sulphur was high. 

wheAter Conditions

Initial agrochemical properties of a dystrophic Red Latosol

Notes: soil testing methods: exchangeable Ca, Mg and Al – 1.0 M KCl; exchangeable H + Al – 1.0 M Ca(CH3COO)2  (pH = 7,0); available P, 
 K and Fe – Mehlich-1 (0.05 М HCl + 0,0125 М H2SO4); available  S – extract 0.01 M Ca(H2PO4)2; V – base saturation; BDL – below detection limit.

Depth, cm
Humus,  
g/dm3 of soil

рНCaCl2,  
units

Ca Mg Al H+Al
V,  
%

P K S Fe

cmol (+)/dm3 of soil mg/dm3 of soil

0‒20 33.9 5.5 3.6 1.3 BDL 3.3 60 6.5 24 10 68.9

20‒40 29.5 4.4 1.1 0.4 0.5 4.9 22 0.9 16 17 –

FOREIGN TRIALS
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In this field trial, the following nutritional strategy was used for grain maize during the 
winter season: 

Balanced nutrition of plants with macro- (nitrogen, phosphorus, potassium) and 
mesonutrients (sulphur) contributes to maximum productivity; 

Nitrogen, phosphorus, potassium and sulphur are most effectively applied once at sowing 
through the use of complex fertilizers.

In Brazil, the winter maize growing season 
lasts from February to August. The maize 
cultivated during the winter season is called 
'safrinha'. This period is characterised by lower 
atmospheric precipitation compared to the 

summer season, which lasts from November to April. In this regard, it is very important to 
optimise plant nutrition in the winter growing seasonto make plants resistant to adverse 
weather conditions and take full advantage of their genetic potential. 

triAl ProGrAmme
In the field trial, the response of winter maize to different nutrition programmes was studied. 
In Treatment 1, fertilizers were not used (Control). Treatment 2 was in line with the typical 
farmers' fertilization technology.  It included MAP NP 12-52 applied in-furrow with the seeds, 
as well as urea topdressing at the V4 stage. PhosAgro Group recommends, farmers to apply 
the complex sulphur-containing fertilizer NPK(S) 15-15-15(10) with the seed (Treatment 3). 

nutrition strAteGies

Trial: Study of effectiveness of the in-furrow 
application of the complex, sulphur-containing 
fertilizer in winter season maize in a dystrophic 
Red Latosol. 

GrAin mAiZe
P3707 vyh hybrid

Location:
Mato Grosso, Itiquira 

municipality, Cachoeira 
Experimental Station. 
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Treatment Fertilizer
Rate, kg/ha

Application method
Application 
time

physical weight nutrients

Treatment 1 
Control

– – – – –

Treatment 2 
Farmers 

MAP NP 12-52 100

N51P52

In-furrow at sowing 15/2/2019

Urea 85 Topdressing (V4 stage) –

PhosAgro 
Treatment 3

NPK(S) 15-15-15(10) 333 N50P50K50S33 In-furrow at sowing 15/2/2019

Treatment 4 NPК 16-16-16 312 N50P50K50 In-furrow at sowing 15/2/2019

Seeding rate: 18-20 kg/ha 
Total plot area: 63 m2

Sowing date: 15/2/2019 
Harvesting date: 3/7/2019

Forecrop: soybean 

Maize nutrition programme in field trial 

FOREIGN TRIALS

For comparison, a complex NPK fertilizer from another producer was included in the trial's 
programme and was also applied at seeding (Treatment 4). 

In the field trial, the recommended techniques for growing winter maize were used. Treatments 
were arranged in a randomized block design with five replications.

meAsurements 
And observAtions
Before harvesting, maize yield components were determined, 
namely plant population, plant height and the weight of 
1,000 grains. The plant height increased reliably (with a 
significant level α < 0.1) under all nutrition programmes 
as compared to the zero-fertilizer Control. The weight 
of 1,000 grains did not change reliably across the 
experimental treatments.
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Yield components of maize

Treatment Fertilizers and application time
Plant population, thousand 
plants/ha 

Plant height, cm
Weight of 1,000 
grains, g 

Treatment 1 
Control

– 64.6 181.7 290.5

Treatment 2 
Farmers 

MAP NP 12-52 at sowing  
Urea topdressing

66.0 195.5 286.0

PhosAgro 
Treatment 3

NPK(S) 15-15-15(10) at sowing 64.6 198.2 307.4

Treatment 4 NPK 16-16-16 at sowing 64.2 200.6 299.5

LSD10 FФ<F10 11.1 FФ<F10

FOREIGN TRIALS

Maize experimental plots

Treatment 1 Treatment 2

Treatment 3 Treatment 4
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yield
Maize experimental plots were combine harvested. The grain yield increased reliably 
(significant level α < 0.1) in Treatments 2–4; therefore, with all the nutrition programmes 
used, compared to Control the increase in the grain yield was 29–39 %. In 2019 winter, when 
sufficient precipitation was observed during the growing season, the split application of 
nitrogen did not provide any agronomic advantages compared to the single application of 
nitrogen at sowing at 50 kg N/ha. 

The highest productivity level (8.17 t/ha of grain at standard moisture content) was obtained 
in Treatment 3 by using the complex sulphur-containing fertilizer NPK(S) 15-15-15(10) at 
sowing. 

Treatment 1

Control

Treatment 2

MAP NP 12-52 at sowing  
Urea topdressing

Treatment 3

NPK(S) 15-15-15(10) at sowing  

Treatment 4

NPK 16-16-16 at sowing

Maize grain yield (standard moisture content)
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10.0

6.0

8.0

2.0

4.0

0.0

5.87

7.59
8.17 7.87

Note: LSD10 = 0.88.

eConomiC vAlue
Mineral nutrition of maize in Treatments 3 and 4 receiving complex NPKS and NPK fertilizers 
cost 50–55 % more than in Treatment 2 that corresponded with the farmers' nutrition 
programme. In general, the use of mineral fertilizers in Treatments 2–4 provided an additional 
income of BRL 972.5–1234.0/ha (USD 204.2–259.1/ha) as compared to the zero-fertilizer 
Control. 

However, when using the complex sulphur-containing fertilizer NPK(S) 15-15-15(10), 
produced by PhosAgro Group (Treatment 3), the economic effect was significantly higher 
than with the farmers' nutrition programme (Treatment 2) as well as the use of the complex 
NPK fertilizers from another producer (Treatment 4). The rise in income in monetary terms 
was equal to BRL 208.3‒261.5/ha (USD 43.7‒54.9/ha). 

FOREIGN TRIALS
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ConClusions
When growing maize in moderately acidic 
dystrophic Red Latosol with a medium level 

of available phosphorus, a low level of available 
potassium and a high level of available sulphur, the 
highest grain yield of 8.17 t/ha (standard moisture 
content) was obtained after the complex sulphur-
containing fertilizer was applied at sowing:  
NPK(S) 15-15-15(10) at 333 kg/ha (N50P50K50S33).

When applying the complex sulphur-
containing fertilizer NPK(S) 15-15-15(10)  

produced by PhosAgro Group at sowing, 
additional income equals to BRL 208.3‒261.5/ha  
(USD 43.7‒54.9/ha) compared with traditional 
nutrition programmes practiced on farms (MAP 
at sowing and application of urea at the V4 stage) 
and the application of a complex NPK fertilizer 
from another producer. 

1 2
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Economic efficiency of different maize nutrition programmes

Note: the maize price (standard moisture content) is BRL 745/t. Here 1.0 Brazilian Real = 0.21 US Dollar.

Treatment Fertilizers and application time
Fertilizer cost, 
BRL/ha

Seed yield  
(standard  
moisture  
content), t/ha 

Yield value,  
BRL/ha

Economic effect 
compared to 
Control,  
BRL/ ha

Treatment 1 
Control

– – 5.87 4,373.2 –

Treatment 2 
Farmers 

MAP NP 12-52 at sowing  
Urea topdressing

308.9 7.59 5,654.6 972.5

PhosAgro 
Treatment 3

NPK(S) 15-15-15(10) at sowing 479.5 8.17 6,086.7 1,234.0

Treatment 4 NPK 16-16-16 at sowing 464.3 7.87 5,863.2 1,025.7

FOREIGN TRIALS

As to Treatment 2 with in-furrow application of MAP NP 12-52 and urea topdressing, costs 
associated with additional machinery pass for spaying urea are to be considered as well.
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Grain maize nutrition programme:  
NPK(S) 15-15-15(10) at 333 kg/ha  
at sowing.



196

Vilnius County, Lithuanian 
Research Centre for Agriculture 

and Forestry's Voke 
Experimental Station:

Spring wheat, maize for silage.

lithuAniA, vilnius County
FOREIGN TRIALS
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In May, an average air temperature (11.5‒13.1 °C) was close to the long-term average; in June 
it was equal to 15.9‒17.8 °C, significantly higher than long-term average. The average air 
temperature of ten-day periods in July was 19.2‒20.9 °C. 

Annual precipitation has almost half decreased compared with the long-term average. Total 
precipitation of ten-day periods was low, more specifically, 11‒70 % of the long-term average. 
Insufficient precipitation, in general for the year and during the growing season caused drought 
at the critical stages of plant growth. 

In August, the precipitation amount was significantly lower than the normal, but this factor 
no longer had an effect on spring wheat yield. The precipitation amount in September was 
only about 40 mm. Thus, in 2019, during the growing season of maize, the meteorological 
conditions were unfavourable for plant growth and development. 

soil fertility
The sod-podzolic soil of the Voke Experimental Station is characterised by a loamy sand texture, 
a near neutral pH, a fairly low humus content, a good level of mobile phosphorus and a high 
level of mobile potassium. 

wheAter Conditions

Initial agrochemical properties of sod-podzolic soil 

2019 Long-term annual average2019 Long-term annual average

Average air temperature and total precipitation of ten-day periods for April – September 2019
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Note: рHKCl in 1 M KCl (ISO 10390: 2005); humus ‒ by dry combustion (ISO 10694: 1995); mobile phosphorus and potassium ‒ Egner-Riem-Domingo 
method (AL-method, GOST 26208-91:1993).

Humus, % рНKCl, units
Mobile forms, mg/kg of soil

P2O5 K2O

1.79 5.80 219 174
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The strategy for feeding spring wheat with phosphorus fertilizers: 

The use of various forms of phosphate-based fertilizers has a different effect on spring wheat 
yield and grain quality; 

Wheat grain quality depends among other factors, on the amount of phosphorus available 
to plants in the soil during the growing season and especially during critical growth periods.

Increasing nitrogen fertilizer rates raises 
plant requirements in phosphorus. Plants are 
most susceptible to phosphorus deficiency at 
the beginning of growth when the roots are 
still weak. Lack of phosphorus slows down 

crop growth and maturing, reduces yield and grain quality. Most of the phosphorus 
accumulates in the grain and is therefore irreversibly removed from the field. After entering 
into the plant, phosphorus is included in various organic compounds. A significant part 
of phosphorus is found in seeds and is used as a source of phosphorus for germination; 
phosphorus is found in such compounds as vitamins and many enzymes. In plant cells, 
phosphorus plays an exceptional role in the energy metabolism and is involved in the 
metabolism of nutrient substances and cell division. Phosphorus is also involved in the 
metabolism of nitrogen compounds; therefore, it is very important to maintain a balance 
between nitrogen and phosphorus. 

Trial: Effect of various forms of complex and 
liquid fertilizers on the yield and grain quality 
of spring wheat in the Lithuanian sod-podzolic 
loamy sandy soil. 

triAl ProGrAmme
In the trial, we studied the effect of different forms of phosphate-based fertilizers on spring 
wheat's yield and quality. In the control treatment, the complex fertilizer NP 12-52 was used 

sPrinG wheAt

nutrition strAteGies

quintus vAriety 

Location:
Vilnius County, Lithuanian Research 
Centre for Agriculture and Forestry's 

Voke Experimental Station.
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Treatment Fertilizer
Rate, kg/ha Application 

time
Application method

physical weight nutrients

Treatment 1

APP NP 11-37 160 N15P60
23/4/2019 Before sowing 

Ammonium nitrate 150 N51

Ammonium nitrate 100 N34 22/5/2019 Topdressing

Treatment 2 
Control

MAP NP 12-52 115 N15P60
18/4/2019 Before sowing 

Ammonium nitrate 150 N51

Ammonium nitrate 100 N34 22/5/2019 Topdressing

Treatment 3

APP NP 11-37 245 N30P90
23/4/2019 Before sowing 

Ammonium nitrate 147 N50

Ammonium nitrate 59 N20 22/5/2019 Topdressing

Treatment 4

MAP NP 12-52 175 N20P90
23/4/2019 Before sowing 

Ammonium nitrate 147 N50

Ammonium nitrate 88 N30 22/5/2019 Topdressing

Treatment 5

NPK(S) 10-26-26(2) 230 N23P60K60S5
23/4/2019 Before sowing 

Ammonium nitrate 147 N50

Ammonium nitrate 79 N27 22/5/2019 Topdressing

Treatment 6

APP NP 11-37 160 N15P60

23/4/2019 Before sowing Ammonium nitrate 147 N50

Potassium chloride 100 K60

Ammonium nitrate 59 N20 22/5/2019 Topdressing

Treatment 7

NPK(S) 15-15-15(10) 400 N60P60K60S40
23/4/2019 Before seeding 

Ammonium nitrate 59 N20

Ammonium nitrate 59 N20 22/5/2019 Extra nutrition

Treatment 8

NP(S)+Zn 20-20 (14)+0.4Zn 300 N60P60S42Zn1

18/4/2019 Before seeding Ammonium nitrate 59 N20

Potassium chloride 100 K60

Ammonium nitrate 59 N20 20/5/2019 Extra nutrition

Seeding rate: 200 kg/ha 
Total plot area: 40 m2

Sowing date: 24/4/2019 
Harvesting date: 25/7/2019

Forecrop: buckwheat  
The experiment was replicated four times

Spring wheat nutrition programme in field trial 

at 115 kg/ha before pre-sowing cultivation; moreover, ammonium nitrate was used as a 
nitrogen source to equalize the total nitrogen rates across experimental treatments. The 
total amount of nutrients for the planned spring wheat yield level of 4 t/ha was determined 
as N100P60K60. To assess the effect of liquid and granular phosphorus fertilizers and the effect 
of potash fertilizers on spring wheat yield and grain quality, the following fertilizer treatments 
were arranged: N100P60 (Treatment 1 and 2) minus and plus potassium with application 
of NPK(S) 10-26-26(2) (Treatment 5) and NPK(S) 15-15-15(10) (Treatment 7), and with 
potash fertilizer added separately (Treatments 6 and 8) as N100P60K60, and increased rates of 
phosphorus fertilizers as N100P90 (Treatments 3 and 4). 

FOREIGN TRIALS
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meAsurements And observAtions

yield

Before harvesting, spring wheat yield components were measured. The best values were noted 
in Treatment 3: plant height, root weight per plant, number of productive stems, number of 
grains per spike and the weight of 1,000 grains. In this treatment, an increased rate of liquid 
nitrogen-phosphorus fertilizer was used (with phosphorus rate of Р90). 

Under the abnormally dry conditions of 2019, spring wheat grain yield was critically higher in 
Treatment 3 (N100P90), where 245 kg/ha of APP NP 11-37 grade was applied, when compared with 
Treatment 2 (Control) receiving N100P60 (115 kg/ha of MAP NP 12-52) and Treatment 4 receiving  
N100P90 (175 kg/ha MAP NP 12-52). The use of potash fertilizers (Treatments 5, 6, 7 and 8) under 
the 2019 conditions did not have a significant effect on the spring wheat grain yield. 

Yield components of spring wheat

Treatment Fertilizers and application rates
Plant 
height, 
cm 

Spike 
length, 
cm

Root 
weight 
per 
plant, g

Number of 
productive 
stems,  
per 1 m2

Number 
of grains 
per spike 

Weight 
of 1,000 
grains, g

Treatment 1
N15P60 (APP NP 11-37 160 kg/ha) + N51+34  
(Ammonium nitrate 250 kg/ha (150 + 100))

36.7 7.5 71.2 256 39 41.2

Treatment 2 
Control

N15P60 (MAP NP 12-52 115 kg/ha) + N51+34  
(Ammonium nitrate 250 kg/ha (150 + 100)) 

35.3 6.8 70.0 228 43 38.5

Treatment 3
N30P90 (APP NP 11-37 245 kg/ha) + N50+20   
(Ammonium nitrate 206 kg/ha (147 + 59))

48.0 9.0 102.4 352 59 43.9

Treatment 4
N20P90 (MAP NP 12-52 175 kg/ha) + N50+30  
(Ammonium nitrate 235 kg/ha (147 + 88))

38.5 8.5 75.9 248 47 39.0

Treatment 5
N23P60K60S5 (NPK(S) 10-26-26(2) 230 kg/ha) + 
N50+27 (Ammonium nitrate 226 kg/ha (147 + 79))

40.0 8.2 81.9 266 50 40.9

Treatment 6
N15P60 (APP NP 11-37 160 kg/ha) + N50+20K60  
(Ammonium nitrate 206 kg/ha (147 + 59) +  
KCl 100 kg/ha)

41.0 8.0 79.2 292 48 41.4

Treatment 7
N60P60K60S40 (NPK(S) 15-15-15(10)  400 kg/ha) + 
N20+20 (Ammonium nitrate 118 kg/ha (59 + 59))

40.5 7.8 82.6 285 48 42.0

Treatment 8
N60P60K60S42Zn1 (NP(S)+Zn 20-20 (14)+0.4Zn  
300 kg/ha) + N20+20K60 (Ammonium nitrate  
118 kg/ha (59 + 59) + KCl 100 kg/ha)

42.0 8.2 83.2 279 50 42.5

LSD05 2.0 1.9 6.5 17.0 2.5 1.9
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Note: LSD05 = 0.56.Spring wheat grain yield (standard moisture content) 

Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6 Treatment 7 Treatment 8
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yield quAlity
High quality grain with protein content of 16.5–17.4 % and gluten content of 32.3–33.4 % was 
obtained across all treatments. A significant increase in the protein content (+0.9 %) over the 
Control could be observed in Treatment 3 with APP NP 11-37 applied at 245 kg/ha. 

FOREIGN TRIALS

Treatment Fertilizers and application rates
Protein,  
% 

Crude  
gluten, %

Sedimentation 
volume, ml

Test weight,  
g/l 

Treatment 1
N15P60 (APP NP 11-37 160 kg/ha) + N51+34  
(Ammonium nitrate 250 kg/ha (150 + 100))

17.0 32.5 68.8 745

Treatment 2 
Control

N15P60 (MAP NP 12-52 115 kg/ha) + N51+34  
(Ammonium nitrate 250 kg/ha (150 + 100)) 

16.5 32.3 67.5 730

Treatment 3
N30P90 (APP NP 11-37 245 kg/ha) + N50+20   
(Ammonium nitrate 206 kg/ha (147 + 59))

17.4 33.4 70.1 785

Treatment 4
N20P90 (MAP NP 12-52 175 kg/ha) + N50+30  
(Ammonium nitrate 235 kg/ha (147 + 88))

16.9 32.9 69.0 746

Treatment 5
N23P60K60S5 (NPK(S) 10-26-26(2) 230 kg/ha) +  
N50+27 (Ammonium nitrate 226 kg/ha (147 + 79))

17.0 32.5 68.7 739

Treatment 6
N15P60 (APP NP 11-37 160 kg/ha) + N50+20K60  
(Ammonium nitrate 206 kg/ha (147 + 59) +  
KCl 100 kg/ha)

17.1 32.6 68.9 742

Treatment 7
N60P60K60S40 (NPK(S) 15-15-15(10)  400 kg/ha) +  
N20+20 (Ammonium nitrate 118 kg/ha (59 + 59))

16.8 32.6 70.0 745

Treatment 8
N60P60K60S42Zn1 (NP(S)+Zn 20-20 (14)+0.4Zn  
300 kg/ha) + N20+20K60 (Ammonium nitrate  
118 kg/ha (59 + 59) + KCl 100 kg/ha)

16.9 32.4 69.9 739

LSD05 0.86 2.8 4.0 29

Spring wheat grain quality 

3.18
2.83

3.56

3.00 3.05
3.26 3.14

3.32
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eConomiC vAlue
We assessed the economic indicators obtained from grain harvesting and sales results under 
2019 conditions for each experimental treatment. So, income from 1 hectare for Treatment 
3 reached a maximum of EUR 63.47/ha more than the Control, as a result f application of the 
phosphorus rate of P90 and the liquid complex fertililzer APP NP 11-37 at 245 kg/ha (without 
potassium application). 

Economic efficiency of different spring wheat nutrition programmes

Note: the spring wheat price is EUR 155/t. 

Treatment Fertilizers and application rates

Costs for  
fertilizer  
purchase and  
application,  
EUR/ha 

Grain yield 
(standard 
moisture  
content), t/ha 

Yield value, 
EUR/ha 

Economic effect 
compared to  
Control, EUR/ha 

Treatment 
1

N15P60 (APP NP 11-37 160 kg/ha) + N51+34 
(Ammonium nitrate 250 kg/ha (150 + 100))

126.15 3.18 492.90 32.15

Treatment 
2 
Control

N15P60 (MAP NP 12-52 115 kg/ha) + N51+34 
(Ammonium nitrate 250 kg/ha (150 + 100)) 

104.05 2.83 438.65 –

Treatment 
3

N30P90 (APP NP 11-37 245 kg/ha) + N50+20  
(Ammonium nitrate 206 kg/ha (147 + 59))

153.73 3.56 551.80 63.47

Treatment 
4

N20P90 (MAP NP 12-52 175 kg/ha) + N50+30 
(Ammonium nitrate 235 kg/ha (147 + 88))

125.90 3.00 465.00 4.50

Treatment 
5

N23P60K60S5 (NPK(S) 10-26-26(2) 230 kg/ha) + 
N50+27 (Ammonium nitrate 226 kg/ha  
(147 + 79))

131.99 3.05 472.75 6.16

Treatment 
6

N15P60 (APP NP 11-37 160 kg/ha) +  
N50+20K60 (Ammonium nitrate  
206 kg/ha (147 + 59) + KCl 100 kg/ha)

146.44 3.26 505.30 24.26

Treatment 
7

N60P60K60S40 (NPK(S) 15-15-15(10)   
400 kg/ha) + N20+20 (Ammonium nitrate  
118 kg/ha (59 + 59))

150.70 3.14 486.70 1.40

Treatment 
8

N60P60K60S42Zn1 (NP(S)+Zn 20-20 (14)+0.4Zn  
300 kg/ha) + N20+20K60 (Ammonium nitrate  
118 kg/ha (59 + 59) + KCl 100 kg/ha)

141.91 3.32 514.60 38.09
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ConClusions
It was found that all the components of 
spring wheat yield measured, namely plant 

height (48.0 cm), spike length (9.0 cm), root 
weight per plant (102.4 g), number of productive 
stems per 1 m2 (352), number of grains per spike 
(59) and the weight of 1,000 grains (43.9 g) were 
best when applying N30P90 (APP NP  11-37 at  
245 kg/ha) + N50+20 (ammonium nitrate at 
206 kg/ha (147 + 59)).

The highest spring wheat yield (3.56 t/ha) 
in loamy sandy soil was obtained with the 

addition of N30P90 (APP NP 11-37 at 245 kg/ha) +  
N50+20 (ammonium nitrate at 206 kg/ha (147 + 
59)) in Treatment 3.

The best quality of spring wheat 
grain: protein 17.4 %, gluten 33.4 %, 

sedimentation volume 70.1 ml, test weight 
785  g/l, was achieved when using APP NP 11-37 
in Treatment 3.

Treatment 3 showed the best economic 
effect when using APP NP 11-37 at 

245 kg/ha together with ammonium nitrate and 
provided an additional income of EUR 63.47/ha 
over the Control.
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During this trial, the following plant nutrition strategies were used: 

A balanced fertilization with nitrogen and phosphorus will produce a higher yield of 
maize green biomass in light textured soils; 

Accelerated development and maturing of maize due to balanced nitrogen and 
phosphorus fertilization with APP NP 11-37; 

Phosphorus has a great influence on energy 
metabolism. The average maize demand for 
phosphorus is 100–150 kg/ha. During V3–V4 
stages, maize plants form their secondary 
root system. During this time, it is very 
important that the plants do not experience 

any phosphorus deficiency. Root formation, further plant development and green 
biomass accumulation depend on phosphorus availability in the soil. 

In silage maize crop, the more the rate of nitrogen fertilizer increases, the more the 
need for phosphorus nutrition increases. Plants are most sensitive to phosphorus 
deficiency at the beginning of their growth when the roots are still weak, and while 
the establishment of generative organs is in progress. It is very important to know that 
phosphorus deficiency revealed during early stages of plant growth and development 
cannot be eliminated in the later stages of maize growth. 

Maize is also very sensitive to zinc deficiency. Zinc deficiency reduces the ability of plants 
to regulate phosphorus accumulation in the biomass. High levels of mobile phosphorus 
in the soil and high rates of phosphorus fertilizers can lead to a severe zinc deficiency 
in plants if there is insufficient mobile zinc in the soil and zinc-containing fertilizers are 
not used. 

Trial: Effect of various forms of complex and 
liquid fertilizers on the biomass accumulation 
by maize in loamy sandy soil in Lithuania.

silAGe mAiZe

nutrition strAteGies

si-tAlismAn hybrid

Location:
Vilnius County, Lithuanian Research 
Centre for Agriculture and Forestry's 

Voke Experimental Station.
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Treatment Fertilizer
Rate, kg/ha

Application method
Application 
timephysical weight nutrients

Treatment 1 
Control

MAP NP 12-52 115 N15P60
Before pre-sowing cultivation 13/5/2019

Urea 272 N125

Treatment 2
NP(S)+Zn 20-20(14)+0.4Zn 450 N90P90 S63Zn2

Before pre-sowing cultivation 13/5/2019
Urea 152 N70

Treatment 3
NPK(S) 10-26-26(2) 346 N35P90К90S7

Before pre-sowing cultivation 13/5/2019
Urea 272 N125

Treatment 4
NPK(S) 15-15-15(10) 600 N90P90 К90S60

Before pre-sowing cultivation 13/5/2019
Urea 152 N70

Treatment 5

NP(S)+Zn 20-20(14)+0.4Zn 400 N80P80 S56Zn2 Before pre-sowing cultivation
13/5/2019

Urea 174 N80 Before pre-sowing cultivation

APP NP 11-37 27 N3P10 Foliar –

Seeding rate: 70 kg/ha 
Total plot area: 30 m2

Sowing date: 13/5/2019 
Harvesting date: 16/9/2019

Forecrop: buckwheat  
The experiment was replicated four times

Use of fertilizers containing zinc to improve phosphorus utilization by plants. 

triAl ProGrAmme
The trial studied the effect of different forms of phosphate-based granular and liquid 
fertilizers on the accumulation of maize biomass. As the control treatment, we used a standard 
nutrition programme for growing silage maize: N140P60. It includes MAP NP 12-52 at 115 kg/ha  
prior to pre-sowing cultivation and urea as a nitrogen source, at 272 kg/ha. Urea was 
applied in all experimental treatments. In order to test our hypothesis on the positive 
effects of increased phosphorus nutrition on biomass productivity, the following PhosAgro 
recommended nutrient rates were used: N160P90 with the inclusion of sulphur and zinc in 
Treatment 2, from NP(S) + Zn 20-20(14)+0.4Zn grade applied at 450 kg/ha before sowing; 
potassium (К90) in Treatment 3 from NPK(S)  10-26-26(2) applied at 346 kg/ha; potassium 
and sulphur in Treatment 4 from NPK(S) 15-15-15(10) fertilizer added at 600 kg/ha; sulphur 
and zinc in Treatment 5 from NP(S) + Zn 20-20(14)+0.4Zn grade used at 400 kg/ha before 
sowing in combination with foliar application of the liquid fertilizer APP NP 11-37 at 27 kg/ha  
once the maize plants reached a height of 10-15 cm. 

Fertilization programme in silage maize field trial

FOREIGN TRIALS
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meAsurements And observAtions
Lack of moisture impeded the uniform germination 
of maize seeds. Therefore, the plants grew unevenly. 
In August, with more rainfall, maize began to grow 
more intensively. Due to a prolonged drought, maize 
plants could not fully utilise nutrients and were 
under prolonged stress. Before harvesting, yield 
components of silage maize were measured. Plant 
height differed significantly from the Control (150 
cm) in all other treatments, ranging from 165 to 205 
cm. The most positive effect on the plant growth 
and root formation was observed in Treatment  5 
(NP(S)+Zn  20-20(14)+0.4Zn at 400 kg/ha + 
APP NP 11-37 at 27 kg/ha + urea at 174 kg/ha). 

With improved nutrient supply in Treatment 5, 
maize height reached more than two meters, which 
was 0.35–0.55 m higher than in other treatments. 
The biomass distribution among plant organs also 
changed; the highest percent of ear and stem biomass was also observed in Treatment 5. 
The highest percent of leaf biomass was revealed when NPK(S) 15-15-15(10) was applied at 
600 kg/ha.  

Yield components of silage maize

Treatment Fertilizers and application rates
Plant 
height, m

Biomass distribution among 
plant organs, % 

stems leaves ears roots

Treatment 1 
Control

MAP NP 12-52 115 kg/ha + Urea 272 kg/ha 1.50 44 31 18 7

Treatment 2 NP(S)+Zn 20-20(14)+0.4Zn 450 kg/ha + Urea 152 kg/ha 1.69 42 33 18 7

Treatment 3 NPK(S) 10-26-26(2) 346 kg/ha + Urea 272 kg/ha 1.70 43 31 18 8

Treatment 4 NPK(S) 15-15-15(10) 600 kg/ha + Urea 152 kg/ha 1.65 40 35 19 6

Treatment 5
NP(S)+Zn 20-20(14)+0.4Zn 400 kg/ha + APP NP 11-37  
27 kg/ha + Urea 174 kg/ha

2.05 45 25 20 10

LSD05 0.15 2.0 1.9 0.8 0.4

FOREIGN TRIALS
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yield
The data show that the green biomass yield across experimental treatments was within the 
range from 32.5 to 42.9 t/ha, while dry matter yield was 7.6–10.8 t/ha. The highest yield of green 
biomass (42.9 t/ha) and dry matter (10.8 t/ha) was obtained in Treatment 5 with a fertilization 
system that includedNP(S)+Zn 20-20(14) + 0.4Zn at 400 kg/ha + APP NP 11-37 at 27 kg/ha 
and also urea at 174 kg/ha additionally. 

Maize biomass yield
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eConomiC vAlue
Treatment 5 produced the highest additional income per 1 hectare, totalling EUR 576.32 with 
the use of NP(S) Zn 20-20(14)+0.4Zn, urea and liquid phosphorus fertilizer APP NP 11-37 at  
27 kg/ha (without potassium application).

FOREIGN TRIALS



208

ConClusions
Treatment 5 showed the best biometric 
indicators of maize including plant height 

(2.05  m) and biomass distribution among 
plant organs (in %): stems – 45, leaves – 25, 
ears – 20, roots – 10; these were achieved using 
NP(S)+Zn  20-20(14)+0.4Zn at 400 kg/ha + 
APP NP 11-37 at 27 kg/ha + urea at 174 kg/ha.

Treatment 5 also demonstrated the  
highest yield of maize for silage under 

deficient moisture conditions in 2019: 42.9 t/ha  
of green biomass and 10.8 t/ha of dry matter,  

when growing in a light-textured 
sod-podzolic soil; this was achieved using  
NP(S)+Zn 20-20(14)+0.4Zn at 400 kg/ha +  
APP NP 11-37 at 27 kg/ha + urea at 174 kg/ha. 

Moreover, Treatment 5 also demonstrated 
the highest additional income of 

EUR  576.32/ha when compared with 
Treatment  1 (Control); this was achieved using  
NP(S)+Zn 20-20(14)+0.4Zn at 400 kg/ha + 
APP NP 11-37 at 27 kg/ha + urea at 174 kg/ha. 

1

2

3
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Economic efficiency of different silage maize nutrition programmes

Note: the green biomass price is EUR 60/t. 

Treatment Fertilizers and application rates

Costs for fertilizer 
purchase and  
application,  
EUR/ha

Yield value,  
EUR/ha

Yield value  
minus fertilizer 
costs, EUR/ha 

Economic effect  
compared to  
Control, EUR/ha 

Treatment 1  
Control

MAP NP 12-52 115 kg/ha + Urea 
272 kg/ha

129.90 1,950.00 1,820.10 –

Treatment 2
NP(S)+Zn 20-20(14)+0.4Zn  
450 kg/ha + Urea 152 kg/ha

173.85 2,214.00 2,040.15 220.05

Treatment 3
NPK(S) 10-26-26(2) 346 kg/ha + 
Urea 272 kg/ha

202.70 2,346.00 2,143.30 323.20

Treatment 4
NPK(S) 15-15-15(10) 600 kg/ha + 
Urea 152 kg/ha

229.20 2,052.00 1,822.80 2.70

Treatment 5
NP(S)+Zn 20-20(14)+0.4Zn  
400 kg/ha + APP NP 11-37  
27 kg/ha + Urea 174 kg/ha

177.58 2,574.00 2,396.42 576.32
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The nutrition programme for silage maize:  
NP(S)+Zn 20-20(14)+ 0.4Zn at 400 kg/ha 
and urea at 174 kg/ha before pre-sowing 
cultivation, APP NP 11-37 at 27 kg/ha:  
foliar application.
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Marijampole County, 
Lithuanian Research 

Centre for Agriculture 
and Forestry's Rumokai 
Experimental Station:

Spring wheat.

lithuAniA,  
mArijAmPole County
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The meteorological conditions of the growing season were unusual for the region. For instance 
average air temperature of the last ten days of May as well as well as in June exceeded the 
climatic normal by 2–6 °C (long-term averages for 1981–2010). 

Atmospheric precipitation from April to July 2019 was significantly lower than the normal. 
Only for the last ten days of May and the 1st ten-day period of July did the total precipitation 
approach long-time averages. Other periods were characterised by very dry conditions for 
plant growth and development. 

soil fertility
The sod-podzolic soil of the Rumokai Experimental Station is characterised by a light loam 
texture, a neutral pH, a fairly low humus content and a high level of mobile phosphorus and 
potassium. 

wheAter Conditions

Initial agrochemical properties of sod-podzolic soil 

2019 Long-term annual average2019 Long-term annual average

Average air temperature and total precipitation of ten-day periods for April – July 2019
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Note: рHKCl – 1 M KCl (ISO 10390: 2005); humus – by dry combustion (ISO 10694: 1995); mobile phosphorus and potassium – Egner-Riem-Domingo 
method (AL-method, GOST 26208-91:1993). 

Humus, % рНKCl, units
Mobile forms, mg/kg of soil

P2O5 K2O

1.91 6.20 323 208
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In this trial, the following spring wheat nutrition strategies were used: 

The use of different forms of phosphate-based fertilizers affects yield and grain quality; 

Grain quality depends, among other factors, on the amount of available phosphorus in the 
soil during the growing season, especially during critical growth periods.

Spring wheat plants are quite sensitive to 
phosphorus deficiency at initial growth and 
development stages, when the root system is 
still poorly developed. Phosphorus deficiencies 
at the early plant development stages cannot 

be corrected at the later crop development stages; therefore, plants supply with available 
phosphorus at the beginning of the growing season is vital for plant development and 
yield formation. 

Trial: The effect of various forms of complex 
and straight fertilizers on grain yield and quality 
of spring wheat in light loamy soil with a high 
mobile phosphorus in Lithuania.

triAl ProGrAmme
We studied the effect of different forms of phosphate-based fertilizers on grain yield and 
quality of spring wheat in this trial. As a control treatment, the complex fertilizer NPK(S) 
15-15-15(10) was used at 400 kg/ha before pre-sowing cultivation and ammonium nitrate 
as a source of nitrogen was applied to level off N addition among experimental treatments. 
The total amount of nutrients for spring wheat was calculated based on the planned yield 
level of 4 t/ha (Treatment 1): N100P60K60. To assess the effect of liquid and granular forms 
of phosphorus-based fertilizers as well as the effect of potash fertilizers on grain yield and 
quality of spring wheat the following nutrient rates were applied: the full rates of N100P60 

sPrinG wheAt

nutrition strAteGies

quintus vAriety 

Location:
Marijampole County, Lithuanian 

Research Centre for Agriculture and 
Forestry's Rumokai Experimental 

Station.
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Treatment Fertilizer
Rate, kg/ha

Application method
Application 
timephysical weight nutrients

Treatment 1 
Control

NPK(S) 15-15-15(10) 400

N100P60K60S40

Broadcasting before pre- 
sowing cultivation

18/4/2019
Ammonium nitrate 59

Ammonium nitrate 59 Topdressing at BBCH 30 20/5/2019

Treatment 2

APP NP 11-37 80

N100P30

Broadcasting before pre- 
sowing cultivation

18/4/2019
Ammonium nitrate 165

Ammonium nitrate 100 Topdressing at BBCH 30 20/5/2019

Treatment 3

MAP NP 12-52 115

N100P60

Broadcasting before pre- 
sowing cultivation

18/4/2019
Ammonium nitrate 150

Ammonium nitrate 100 Topdressing at BBCH 30 20/5/2019

Treatment 4

APP NP 11-37 160

N100P60

Broadcasting before pre- 
sowing cultivation

18/4/2019
Ammonium nitrate 197

Ammonium nitrate 59 Topdressing at BBCH 30 20/5/2019

Treatment 5

MAP NP 12-52 175

N100P90

Broadcasting before pre- 
sowing cultivation

18/4/2019
Ammonium nitrate 147

Ammonium nitrate 88 Topdressing at BBCH 30 20/5/2019

Treatment 6

NPK(S) 10-26-26(2) 230

N100P60K60S5

Broadcasting before pre- 
sowing cultivation

18/4/2019
Ammonium nitrate 147

Ammonium nitrate 79 Topdressing at BBCH 30 20/5/2019

Treatment 7

APP NP 11-37 80

N100P30K60

Broadcasting before pre- 
sowing cultivation

18/4/2019Ammonium nitrate 162

KCl 100

Ammonium nitrate 79 Topdressing at BBCH 30 20/5/2019

Seeding rate: 230 kg/ha 
Total plot area: 30 m2

Sowing date: 18/4/2019 
Harvesting date: 16/8/2019

Forecrop: sugar beet  
The experiment was rreplicated four times

Fertilization programme in spring wheat in field trial 

(Treatments 3 and 4) without potassium and with potassium (regional standard using 
NPK(S) 10-26-26(2), Treatment 6); half phosphorus rates of N100P30 (Treatment 2) without 
potassium and with separate application of potash fertilizer as N100P30K60 (Treatment 7), as 
well as elevated rates of phosphorus-based fertilizers, i.e. N100P90 (Treatment 5).

FOREIGN TRIALS



214

meAsurements And observAtions

yield

Yield componemts of spring wheat were measured before harvesting. The number of grains 
per plant was not changed significantly across experimental treatments. The highest weight 
of 1,000  grains was obtained in Treatment 5 with increased rates of phosphorus-based 
fertilizers of N100P90 (60.9 g). The difference was statistically significant compared with 
Treatments 2, 3 and 7 and insignificant compared to other treatments including the Control.

A machine harvesting of spring wheat was done in the trial using a plot combine harvester. 
Under abnormally dry conditions prevailing in the 2019 season, the replications showed a high 
difference in yield, and based on LSD05 = 0.79 t/ha it is not possible to conclude regarding the 
best treatment. Nevertheless, it is clear from the table below that Treatment 2 produced the 
highest grain yield with the half rate of phosphorus, i.e. N100P30 when applying 80 kg/ha of the 
APP NP 11-37 grade, along with Treatment 6 receiving NPK(S) 10-26-26(2) and total nutrient 
rates of N100P60K60S5. Higher rates of phosphorus-based fertilizers in Treatment 5 receiving  
MAP NP 12-52 at 175 kg/ha has not increased yield. 

Yield componets of spring wheat

Treatment Fertilizer
Number of grains  
per plant 

Weight of 1,000 grains,  
g

Treatment 1 
Control

NPK(S) 15-15-15(10) + Ammonium nitrate +  
Ammonium nitrate

54 58.3

Treatment 2
APP NP 11-37 80 kg/ha + Ammonium nitrate +  
Ammonium nitrate

52 53.9

Treatment 3
MAP NP 12-52 115 kg/ha + Ammonium nitrate + 
Ammonium nitrate

56 56.2

Treatment 4
APP NP 11-37 160 kg/ha + Ammonium nitrate +  
Ammonium nitrate

50 58.2

Treatment 5
MAP NP 12-52 175 kg/ha + Ammonium nitrate + 
Ammonium nitrate

54 60.9

Treatment 6
NPK(S) 10-26-26(2) + Ammonium nitrate +  
Ammonium nitrate

53 58.5

Treatment 7
APP NP 11-37 80 kg/ha + Ammonium nitrate +  
KCl + Ammonium nitrate

54 57.3

LSD05 6.1 3.2

FOREIGN TRIALS
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Note: LSD05 = 0.79.Spring wheat grain yield (standard moisture content)

Treatment 1

NPK(S) 15-15-15(10) 
+ Ammonium nitrate 
+ Ammonium nitrate 
(Control) 

Treatment 2

APP NP 11-37 80 
kg/ha + Ammonium 
nitrate + Ammonium 
nitrate 

Treatment 3

MAP NP 12-52 115 
kg/ha + Ammonium 
nitrate + Ammonium 
nitrate 

Treatment 4

APP NP 11-37 160 
kg/ha + Ammonium 
nitrate + Ammonium 
nitrate 

Treatment 5

MAP NP 12-52 175 
kg/ha + Ammonium 
nitrate + Ammonium 
nitrate 

Treatment 6

NPK(S) 10-26-26(2) + 
Ammonium  
nitrate + Ammonium 
nitrate 

Treatment 7

APP NP 11-37 80 
kg/ha + Ammonium 
nitrate + KCl +  
Ammonium nitrate 
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Treatment Fertilizer Protein, % Crude gluten, % Starch, % Test weight, g/l

Treatment 
1 
Control

NPK(S) 15-15-15(10) + Ammonium nitrate +  
Ammonium nitrate

17.0 33.3 60.5 739

Treatment 
2

APP NP 11-37 80 kg/ha + Ammonium  
nitrate + Ammonium nitrate

16.7 32.6 61.0 740

Treatment 
3

MAP NP 12-52 115 kg/ha + Ammonium  
nitrate + Ammonium nitrate

16.7 32.3 60.8 740

Treatment 
4

APP NP 11-37 160 kg/ha + Ammonium  
nitrate + Ammonium nitrate

17.1 33.1 60.4 734

Treatment 
5

MAP NP 12-52 175 kg/ha + Ammonium  
nitrate + Ammonium nitrate

17.1 33.4 60.3 734

Treatment 
6

NPK(S) 10-26-26(2) + Ammonium nitrate +  
Ammonium nitrate

16.8 32.6 61.0 742

Treatment 
7

APP NP 11-37 80 kg/ha + Ammonium  
nitrate + KCl + Ammonium nitrate

17.1 33.1 60.7 742

LSD05 0.8 3 1.1 13.5

yield quAlity
Deviations in quality parameters across treatments were within the experimental error. High 
quality grain was obtained in all treatments: protein content was 16.8–17.1 % and gluten 
content was 32.3–33.4 %. 

Spring wheat grain quality 

FOREIGN TRIALS
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The economic indicators obtained 
from grain harvesting and sales results 
under 2019 conditions for each 
experimental treatment were assessed 
with the results as follow.  So, Treatment 
2 showed the highest additional income 
from 1  hectare of EUR 122.81/ha  
(over the Control). This was achieved 
through reduced rates of phosphorus 
(N100P30) without potassium when using liquid phosphorus fertilizer APP NP 11-37 at 80 kg/ha.

eConomiC vAlue

The trial will be continued in 2020 and 2021 to assess how forms and types of phosphate-
based fertilizers influence grain yield and quality of spring wheat in light loamy soils at the 
Rumokai Experimental Station.

Treatment Fertilizer
Grain  
price,  
EUR/t 

Fertilizer 
costs,  
including 
application, 
EUR/ha 

Yield 
value,  
EUR/ha 

Yield value 
minus  
fertilizer  
costs, EUR/ha 

Economic effect 
compared to 
Control, EUR/ha 

Treatment 1 
Control

NPK(S) 15-15-15(10) + Ammonium 
nitrate + Ammonium nitrate

152.00

148.71 582.16 433.45 –

Treatment 2
APP NP 11-37 80 kg/ha + Ammonium  
nitrate + Ammonium nitrate

94.30 650.56 556.26 122.81

Treatment 3
MAP NP 12-52 115 kg/ha + Ammonium 
nitrate + Ammonium nitrate

104.05 638.40 534.25 100.90

Treatment 4
APP NP 11-37 160 kg/ha + Ammonium  
nitrate + Ammonium nitrate

127.49 580.64 453.15 19.70

Treatment 5
MAP NP 12-52 175 kg/ha + Ammonium 
nitrate + Ammonium nitrate

125.90 577.60 451.70 18.25

Treatment 6
NPK(S) 10-26-26(2) + Ammonium  
nitrate + Ammonium nitrate

130.90 647.52 516.62 83.17

Treatment 7
APP NP 11-37 80 kg/ha + Ammonium  
nitrate + KCl + Ammonium nitrate

114.58 624.72 510.14 76.69

Economic efficiency of different spring wheat nutrition programmes

FOREIGN TRIALS
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ConClusions
Under 2019's dry conditions, the highest 
spring wheat grain yield was obtained by 

using the APP NP 11-37 grade and ammonium 
nitrate (4.28 t/ha). 

The highest grain protein content (17.1 %) 
was obtained in treatments receiving 

APP NP 11-37 at 160 kg/ha + double application 
of ammonium nitrate along with treatments 

combining MAP NP 12-52 at 175  kg/ha and 
ammonium nitrate. 

The highest economic effect was obtained 
when using APP NP 11-37 at 80 kg/ha 

together with ammonium nitrate. These gave 
the additional income of EUR 122.81/ha over the 
Control. 

217
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Lodz Voivodeship, Maslowice 
gmina, Polish Research 

Centre for Cultivar Testing's 
Experimental Station:

Winter wheat, winter rapeseed.

PolAnd, lodZ voivodeshiP
FOREIGN TRIALS
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Early sowing of winter wheat in the trial (20 September) saved the plants from autumn drought 
during the seed germination stage. In general, the 2018‒2019 growing season exhibited arid 
conditions: the amount of precipitation was below the normal and the average monthly air 
temperature exceeded the normal (meteorological observations started in 1951). June 2019, 
for example, saw 1.5 times less precipitation and the average monthly air temperature was 
4.5 °C higher than the long-term average. 

soil fertility
Field trials with winter wheat and winter rapeseed were carried out in loamy sandy podzolic 
soils. At the experimental area where winter wheat was grown, the original soil was neutral, 
with a high nitrate content (legume forecrop), a medium level of mobile phosphorus 
compound and a high level of mobile potassium. 

At the experimental area, where winter rapeseed was grown, the soil was initially characterised 
by a near-neutral pH, a low nitrate content (after barley), a low mobile phosphorus and a high 
mobile potassium. 

wheAter Conditions

Initial agrochemical properties of sod-podzolic soil (0–20 cm) 

* Egner-Riem method (DL-method): 0.02 M calcium-lactate and 0.02 M HCl.

Crop Soil texture
рНKCl,  
units

N-NO3,  
mg/kg of soil

Mobile forms,  
mg/kg of soil

Exchangeable forms,  
mg/kg of soil

P2O5* K2O* CaO MgO

Winter wheat Heavy loamy sand 6.2 65 101 168 4,234 68

Winter rapeseed Light loamy sand 5.9 16 53 152 2,538 131

FOREIGN TRIALS
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The following strategy of winter wheat feeding in light-textured podzolic soils were 
employed in the trials: 

Early spring application of complex fertilizers helps growers obtaining a high grain yield 
of good quality; 

When choosing complex fertilizers for early spring application, preference should be 
given to sulphur-containing grades. 

With a grain yield of winter wheat equal to  
7 t/ha, an average of 133 kg N/ha, 56 kg  
P2O5/ha, 34 kg K2O/ha and 12 kg S/ha 
is removed from the soil. Podzolic soils, 
especially those characterised by light 

texture, as a rule, have a low content of plant-available nutrient forms, including sulphur. 
In such soils, there is a risk of nutrient leaching below the arable horizon; therefore, a 
split application of mineral fertilizers has certain advantages. Spring topdressing of 
nitrogen, phosphorus, potassium and sulphur under the climatic conditions considered 
ensures effective nitrogen assimilation and the rapid spring vegetation renewal. It 
ensures a strong root system and an effective use of soil moisture accumulated during 
winter. With a cold snap in spring, winter crops can show phosphorus deficiency 
symptoms because of reduced phosphorus supply to plants. 

Trial:  Studying the effectiveness of early spring 
topdressing with complex fertilizers in winter 
wheat in light-textured podzolic soils.

triAl ProGrAmme
The field trial was carried out at the Polish Research Centre for Cultivar Testing's Experimental 
Station in Maslowice to develop intensive winter wheat growing technologies. Across all 

winter wheAt

nutrition strAteGies

Artist vAriety 

Location:
Lodz Voivodeship, Maslowice 

gmina, Polish Research 
Centre for Cultivar Testing's 

Experimental Station.
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Fertilization programme in winter wheat field trial 

Treatment Fertilizer
Rate, kg/ha

Application method Application time
physical weight nutrients

Treatment 1
Control

Triple superphosphate 100
P40K100 Broadcast in pre-sowing 19/9/2018

Potassium chloride 170

Treatment 2

Triple superphosphate 100

N150P40K100

Broadcast in pre-sowing 19/9/2018
Potassium chloride 170

Ammonium nitrate
220

Topdress
15/2/2019

220 18/3/2019

PhosAgro 
Treatment 3

Triple superphosphate 100

N150P85K145S30

Broadcast in pre-sowing 19/9/2018
Potassium chloride 170

NPK(S) 15-15-15(10) 300

Topdress
15/2/2019

Ammonium nitrate
100

210 18/3/2019

Treatment 4

Triplesuperphosphate 100

N150P40K100S39

Broadcast in pre-sowing 19/9/2018
Potassium chloride 170

Ammonium sulphonitrate 300

Topdress
15/2/2019

Ammonium nitrate
100

110 18/3/2019

Treatment 5

Triple superphosphate 100

N150P88K148

Broadcast in pre-sowing 19/9/2018
Potassium chloride 170

NPK 16-16-16 300

Topdress
14/2/2019

Ammonium nitrate
100

210 18/3/2019

Seeding rate: 220 seeds/m2 
Total plot area: 21 m2

Sowing date: 20/9/2018 
Harvesting date: 8/7/2019

Forecrop: peas

FOREIGN TRIALS

experimental treatments, a triple superphosphate with 40 % Р2О5 and potassium chloride 
were applied separately before sowing. Treatment 1, where there was only pre-sowing 
fertilization, served as the Control. Two ammonium nitrate topdressings were performed in 
Treatment 2: in mid-February and in mid-March. 

In Treatments 3–5, in addition to two applications of ammonium nitrate, an additional 
complex fertilizer topdressing was performed. In Treatment 3, a complex sulphur-containing 
fertilizer NPK(S) 15-15-15(10), produced by PhosAgro Group, was topdressed; Treatment 4 
received ammonium sulphate nitrate containing 26 % N and 13 % S from another producer 
and Treatment 5 received a zero-sulphur grade of NPK 16-16-16, also from another producer. 
Complex fertilizers were topdressed in mid-February separately from ammonium nitrate. In 
Treatments 2–5, nitrogen addition was leveled off as 150 kg/ha. The trial was arranged in a 
randomized block design with three replications. 
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meAsurements And observAtions

yield

Before harvesting winter wheat, plant height and thousand kernel weight (TKW) were measured. 
The plant height in the trial was within a rather narrow range of 84–87 cm. But a statistically 
significant difference of the TKW compared to the control receiving only phosphorus-potassium 
nutrition could be observed in Treatments 3-5. In Treatments 4 and 5, the TKW increased 
substantially compared to the Treatment 2, where only ammonium nitrate was topdressed.

Winter wheat experimental plots were harvested using a plot combine harvester. When 
comparing the yield obtained in Treatments 1 and 2, no statistically significant differences were 
found. Consequently, in the drought conditions that prevailed in the year 2019, ammonium 
nitrate topdressing only did not affect crop productivity. Undoubtedly, a high soil nitrate content 
was after growing field pea as a forecrop. 

Plant height and 1000 grain weight of winter wheat grains

Treatment Fertilizers and application time Plant height, cm 1,000 grain weight, g

Treatment 1  
Control

Triple superphosphate before sowing  
Potassium chloride before sowing

84.0 37.23

Treatment 2
Triple superphosphate before sowing  
Potassium chloride before sowing 
Ammonium nitrate: 2 topdressings

86.0 38.45

PhosAgro 
Treatment 3 

Triple superphosphate before sowing  
Potassium chloride before sowing  
NPK(S) 15-15-15(10) topdressing  
Ammonium nitrate: 2 topdressings 

87.0 41.18

Treatment 4

Triple superphosphate before sowing  
Potassium chloride before sowing  
Ammonium sulphate nitrate topdressing  
Ammonium nitrate: 2 topdressings

86.0 42.74

Treatment 5

Triple superphosphate before sowing  
Potassium chloride before sowing  
NPK 16-16-16 topdressing  
Ammonium nitrate: 2 topdressings 

87.0 41.53

LSD05 – 3.91

FOREIGN TRIALS
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yield quAlity
Protein content in winter wheat grain was significantly higher in Treatments 2, 4 and 5  
compared to the Control where phosphorus-potassium fertilizers were only used. Treatment 2 
showed the highest accumulation of protein in grain (13.95 %) when two nitrogen topdressings 
were performed in the spring in addition to fall-applied phosphorus and potassium. 

FOREIGN TRIALS

Note: LSD05 = 0.53.

Note: LSD05 = 1.86.

Winter wheat grain yield (standard moisture content)

Protein content in winter wheat grain 

Treatment 1

Treatment 1

Treatment 2

Treatment 2
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A significant increase in the grain yield as compared to both Treatment 1 (Control with 
pre-sowing application of phosphorus and potassium only) and Treatment  2 where 
pre-sowing application of phosphorus and potassium was combined with two nitrogen 
topdressings was revealed in Treatments 3-5 with additionally topdressed complex fertilizers. 
The increase in grain yield amounted to 10–23 % thanks to complex fertilizer topdressing, 
including NPK(S) 15-15-15(10), ammonium sulphate nitrate and NPK 16-16-16. 

Treatment 3 showed the highest grain yield (6.93 t/ha at standard moisture content) due to 
the addition of N150P85K145S30 in kg nutrient/ha. Preplant triple superphosphate and potassium 
chloride were combined with two ammonium nitrate topdressings and the additional 
topdressed application of a complex, sulphur-containing fertilizer NPK(S) 15-15-15(10) in 
this experimental treatment. 
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eConomiC vAlue
The cost of topdressing fertilization in Treatments 2-5 was about PLN 422–732/ha  
(EUR 92.8–161.0/ha), including fertilizer spreading. According to economic calculations, 
without taking into account the additional costs for grain harvesting and drying, the additional 
income in Treatments 2–5 (with different topdressing nutrition programme) varied widely:  
PLN 221–1,117/ha (EUR 48.6–245.7/ha) compared to the Control. 

The winter wheat nutrition programmes used in treatments 3 and 4 with complex fertilizer 
topdressing including ammonium sulphate nitrate, as well as the NPK(S) 15-15-15(10) 
produced by PhosAgro Group showed better economic effects. Without taking into account 
the fertilizing and increased grain harvesting costs the economic benefit derived from an 
early spring topdressing fertilization of winter wheat with ammonium sulphate nitrate and  
NPK(S) 15-15-15(10) amounted to PLN 896/ha and PLN 804/ha (respectively EUR 197.1/ha 
and EUR 176.9/ha), when compared to the economic effects of Treatment 2.

Economic efficiency of different winter wheat nutrition programmes

* The wheat price (standard moisture content) is PLN 750/t for grain protein content < 13 %;  
PLN 800/t for grain protein content > 13 %.  
PLN 1 = EUR 0.22 

Treatment Fertilizers and application time

Costs for  
fertilizer  
purchasing 
in the spring 
including  
application, 
PLN/ha

Grain  
yield  
(standard 
moisture 
content),  
t/ha

Grain  
price*,  
PLN/ha

Yield 
value,  
PLN/ha 

Economic effect 
compared to  
Control, PLN/ha

Treatment 1 
Control

Triple superphosphate before sowing  
Potassium chloride before sowing

– 5.17 750 3,878 –

Treatment 2
Triple superphosphate before sowing  
Potassium chloride before sowing  
Ammonium nitrate: 2 topdressings

422 5.65 800 4,520 221

PhosAgro 
Treatment 3

Triple superphosphate before sowing  
Potassium chloride before sowing  
NPK(S) 15-15-15(10) topdressing  
Ammonium nitrate: 2 topdressings 

642 6.93 800 5,544 1,025

Treatment 4

Triple superphosphate before sowing  
Potassium chloride before sowing  
Ammonium sulphate nitrate topdressing  
Ammonium nitrate: 2 topdressings

478 6.84 800 5,472 1,117

Treatment 5

Triple superphosphate before sowing  
Potassium chloride before sowing  
NPK 16-16-16 topdressing  
Ammonium nitrate: 2 topdressings 

732 6.19 800 4,952 343

FOREIGN TRIALS
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ConClusions
When cultivating winter wheat in a podzolic 
loamy sandy soil having a neutral pH, a 

high nitrate content, a medium level of mobile 
phosphorus  and a high level of mobile potassium, 
the highest grain yield of 6.93 t/ ha (standard 
moisture content) was obtained by applying 
(kg nutrient/ha) N150P85K145S30 in the following 
mineral fertilizers:
– Triple superphosphate before sowing;
– Potassium chloride before sowing;
– NPK(S) 15-15-15(10): topdressed application 
in mid-February;

– Ammonium nitrate: 2 topdressed applications 
(in mid-February and in mid-March).

The economic benefit from early spring 
topdressing fertilization of winter 

wheat with ammonium sulphate nitrate 
and complex sulphur-containing fertilizer  
NPK(S) 15-15-15(10) produced by PhosAgro 
Group amounted to, respectively, PLN 896/ha and 
PLN 804/ha (EUR 197.1/ha and EUR 176.9/ha)  
excluding the costs for fertilizing and grain 
harvesting the resulting yield increase.

225
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View of winter wheat field trial (November 2018) 
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The following strategy for feeding winter rapeseed in a light-textured podzolic soil was 
employed in this trial: 

Early spring application of nitrogen-phosphorus-potassium sulphur-containing complex 
fertilizer contributes to higher seed productivity and oil accumulation in seeds. 

With 1 tonne of rapeseed seeds, an average of 
32 kg N/ha, 16 kg P2O5/ha, 8 kg K2O/ha and 5 kg 
S/ha is removed. Rapeseed is one of the most 

sulphur-demanding crops, highly responding to sulphur-containing fertilizers. Nitrogen 
utilization by plants depends on the status of rapeseed nutrition with sulphur. Podzolic 
soils, especially those having a light texture, as a rule, have a low content of available 
sulphur. On average, the N:S ratio of the fertilizers used should be 5:1. In the beginning of 
growing season, soil should contain sufficient amounts of available phosphorus, potassium 
as well as nitrogen and sulphur. A properly designed nutrient management system for 
winter rapeseed provides plants with the necessary macro-, meso- and micronutrients 
with balanced ratio in thus contributing to active growth of the vegetative biomass in the 
spring. Split fertilization is advantageous when done in light-textured soils, where there 
is a risk of nutrient leaching through the soil profile. In addition, during the spring cold 
snap, crops often suffer from phosphorus deficiency because of lower phosphorus uptake 
by plants.

triAl ProGrAmme
This field trial was carried out at the Polish Research Centre for Cultivar Testing's 
Experimental Station in Maslowice to develop nutrition programmes for winter rapeseed. 

nutrition strAteGies

Trial: Studying the effectiveness of early spring 
topdressing with complex fertilizers in winter 
rapeseed in light-textured podzolic soils. 

winter  
rAPeseed
Cs CesArio hybrid 

Location:
Lodz Voivodeship, Maslowice 

gmina, Polish Research 
Centre for Cultivar Testing's 

Experimental Station.
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Fertilization programme in winter rapeseed field trial 

Treatment Fertilizer
Rate, kg/ha

Application method Application time
physical weight nutrients

Treatment 1
Control

Triple superphosphate 100
P40K100 Broadcast in pre-sowing 24/8/2018

Potassium chloride 170

Treatment 2

Triple superphosphate 100

N180P40K100

Broadcast in pre-sowing 24/8/2018
Potassium chloride 170

Ammonium nitrate
265

Topdress
15/2/2019

265 18/3/2019

PhosAgro 
Treatment 3

Triple superphosphate 100

N180P85K145S30

Broadcast in pre-sowing 24/8/2018
Potassium chloride 170

NPK(S) 15-15-15(10) 300

Topdress
15/2/2019

Ammonium nitrate
100

300 18/3/2019

Treatment 4

Triple superphosphate 100

N180P40K100S39

Broadcast in pre-sowing 24/8/2018
Potassium chloride 170

Ammonium sulphate nitrate 300

Topdress
15/2/2019

Ammonium nitrate
100

190 18/3/2019

Treatment 5

Triple superphosphate 100

N180P88K148

Broadcast in pre-sowing 24/8/2018
Potassium chloride 170

NPK 16-16-16 300

Topdress
14/2/2019

Ammonium nitrate
100

300 18/3/2019

Seeding rate: 45 seeds/m2 
Total plot area: 21 m2

Sowing date: 25/8/2018 
Harvesting date: 13/7/2019

Forecrop: barley

FOREIGN TRIALS

Triple superphosphate containing 40 % Р2О5 and potassium chloride were broadcasted  
separately before sowing the rapeseed in all experimental treatments. Treatment 1, where 
there was pre-sowing fertilization only, served as the Control. Two topdressed applications of 
ammonium nitrate were performed in Treatment 2: in mid-February and in mid March. 

Various complex fertilizers were topdressed in Treatments 3-5 in addition to ammonium 
nitrate. The following fertilizers were used for topdressing: a complex sulphur-containing 
fertilizer NPK(S) 15-15-15(10), produced by PhosAgro Group, in Treatment 3; ammonium 
sulphate nitrate containing 26 % N and 13 % S from another producer in Treatment 4 and 
a sulphur-free NPK 16-16-16 grade also from another producer in Treatment 5. Complex 
fertilizers were topdressed in mid-February, 2–3 weeks before spring vegetation renewal, 
separately with ammonium nitrate. Nitrogen addition in Treatment 2-5 was kept equal 
as180 kg/ha. The trial was arranged in a randomized block design with three replications.
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meAsurements And observAtions

yield

Before harvesting the crop, plant height and 1000-seed weight were measured. Treatment 4 
that received N180P40K100S39 in kg nutrient/ha exhibited a significant increase in plant height 
over the Control, with phosphorus-potassium nutrition only. The increase in the plant height 
was 15 cm. Treatment 5 showed the highest weight of 1,000 seeds equal to 5.73 g (N180P88K148 
kg nutrient/ha).

Winter rapeseed experimental plots were harvested using a plot combine harvester. Under 
drought conditions prevailing in the year 2019, ammonium nitrate topdressing in Treatment 
2 did not lead to an increase in the seed yield compared to the Control, where phosphorus 
and potassium were only applied to the soil. No significant differences were observed in this 
case. 

Complex fertilizers topdressing in Treatments 3-5 resulted in a significant increase in the seed 
yield over the Control, where phosphorus-potassium fertilizers were only applied into the soil.  

Plant height and 1,000 grain weight of winter rapeseed

Treatment Fertilizers and application time Plant height, cm 1,000 seed  weight, g

Treatment 1   
Control

Triple superphosphate before sowing  
Potassium chloride before sowing

132.5 5.22

Treatment 2
Triple superphosphate before sowing  
Potassium chloride before sowing  
Ammonium nitrate: 2 topdressings

140.0 5.65

PhosAgro 
Treatment 3

Triple superphosphate before sowing  
Potassium chloride before sowing  
NPK(S) 15-15-15(10) topdressing  
Ammonium nitrate: 2 topdressings

142.5 5.68

Treatment 4

Triple superphosphate before sowing  
Potassium chloride before sowing  
Ammonium sulphate nitrate topdressing  
Ammonium nitrate: 2 topdressings 

147.5 5.61

Treatment 5

Triple superphosphate before sowing  
Potassium chloride before sowing  
NPK(S) 16-16-16 topdressing  
Ammonium nitrate: topdressings 

141.0 5.73

LSD05 10.5 –

FOREIGN TRIALS
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yield quAlity
When comparing the oil content in winter rapeseeds obtained in Treatments 1, 2 and 3, 
no statistically significant differences were found. Having said that, in Treatments 4 and 5,  
a statistically significant decrease in the oil content in seeds was observed when compared to 
the Control (where only phosphorus-potassium fertilizers were used). Thus, topdressing with 
ammonium sulphate nitrate and NPK 16-16-16 resulted in a lower crop quality. 

It should be noted that Treatment 3 demonstrated the highest oil content in seeds (41.34 %) with 
N180P85K145S30 (kg of nutrient/ha) applied as triple superphosphate and potassium chloride before 
sowing, two ammonium nitrate topdressings and one topdressing with the complex sulphur-
containing fertilizer NPK(S) 15-15-15(10).  

FOREIGN TRIALS

Note: LSD05 = 0.53.

Note: LSD05 = 3.92.

Winter rapeseed yield (standard moisture content)

Oil content in winter rapeseeds

Treatment 1

Treatment 1

Treatment 2

Treatment 2

Treatment 3

Treatment 3

Treatment 4

Treatment 4

Treatment 5

Treatment 5

Se
ed

 y
ie

ld
, t

/h
a

O
il,

 %

2.8

50.0

40.0

2.1

30.0

1.4

20.0

0.7

10.0

0.0

0.0

1.85

41.02

2.32

37.27

2.60

41.34

2.49

36.80

2.56

35.73

The increase in seed yield was within a range of 35–41%. 

At the same time, it should be noted that the highest seed yield equal to 2.60 t/ha (standard 
moisture content) was obtained in Treatment 3 with the application of N180P85K145S30  
(kg nutrient/ha) due to pre-sowing triple superphosphate and potassium chloride. Two 
topdressed applications of ammonium nitrate and one topdressed application of the sulphur-
containing fertilizer NPK(S) 15-15-15(10) were done in this experimental treatment too.
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The cost of mineral fertilizer topdressings performed in Treatments 2–5, including fertilizer 
spreading costs, was equal to PLN 510–819/ha (EUR 112.2–180.2/ha). Given that the nutrition 
programme studied had a different effect on the winter rapeseed yield, as well as on seed 
quality, economic calculations showed that an extra income in Treatments 2–5 (as compared 
to the Control) varied widely: PLN 47–510/ha (EUR 10.3–112.2/ha), excluding additonal seed 
harvesting drying  costs. 

It is important to note that Treatment 3, where topdressing with the complex sulphur-
containing fertilizer NPK(S) 15-15-15(10), produced by PhosAgro Group, was included into 
the crop nutrition programme was significantly more profitable compared to Treatments 
2, 4 and 5, where other topdressing nutrition programmes were used. The aforementioned 
monetary advantage amounted to PLN 276–499/ha (EUR 60.7–109.8/ha), excluding 
additional costs for grain harvesting and drying. This, certainly, was the result of Treatment 3 
obtaining not only the highest seed yield, but also the highest oil content in the seeds. In this 
regard, PLN 1,632 (EUR 359.0) could be gained per 1 tonne of seeds in Treatment 3. It is the 
the highest production value in the trial. 

eConomiC vAlue

Economic efficiency of different winter rapeseed nutrition programme 

* The price of rapeseed (standard moisture content) is PLN 1,600/t for oil content in seeds equal to 40 %.  
When the oil content is increased by 1 %, the premium is 1.5 % and when the oil content is reduced by 1 %, the price is reduced by 1.5 %.  
PLN 1 = EUR 0.22 .

Treatment Fertilizers and application time

Costs for  
fertilizer  
purchasing 
in the spring 
including  
application, 
PLN/ha 

Seed yield 
(standard 
moisture 
content),  
t/ha 

Seed 
price*,  
PLN /t

Yield value, 
PLN/ha 

Economic  
effect  
compared to 
Control,  
PLN/ha 

Treatment 1   
Control

Triple superphosphate before sowing  
Potassium chloride before sowing

– 1.85 1,624 3,004 –

Treatment 2
Triple superphosphate before sowing  
Potassium chloride before sowing  
Ammonium nitrate: 2 topdressings

510 2.32 1,535 3,561 47

PhosAgro 
Treatment 3

Triple superphosphate before sowing  
Potassium chloride before sowing  
NPK(S) 15-15-15(10) topdressing  
Ammonium nitrate: 2 topdressings

729 2.60 1,632 4,243 510

Treatment 4

Triple superphosphate before sowing  
Potassium chloride before sowing  
Ammonium sulphate nitrate topdressing  
Ammonium nitrate: 2 topdressings 

554 2.49 1,523 3,792 234

Treatment 5

Triple superphosphate before sowing  
Potassium chloride before sowing  
NPK(S) 16-16-16 topdressing  
Ammonium nitrate: topdressings 

819 2.56 1,498 3,835 11

FOREIGN TRIALS
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ConClusions
When cultivating winter rapeseed in a loamy 
sandy podzolic soil having a near-neutral 

pH, a low nitrate content, a low level of mobile 
phosphorus and a high level of mobile potassium 
the application of N180P85K145S30 in kg nutrient/ha 
resulted in the highest seed yield equal to 2.60 t/
ha (standard moisture content). This was achieved 
by combining the following mineral fertilizers:
– Triple superphosphate before sowing;
– Potassium chloride before sowing;
– NPK(S) 15-15-15(10): topdressed application 
before spring vegetation renewal in mid-February;
– Ammonium nitrate: 2 topdressed applications 
(in mid-February and in mid March).

 

Seed production obtained from the 
experimental treatment receiving 

the complex sulphur-containing fertilizer 
NPK(S)  15-15-15(10) as topdressed application 
got a higher price of PLN 1,632/t of seeds 
(EUR  359.0/t of seeds) due to the highest oil 
accumulation in seeds (41.34 %).

Rapeseed nutrient programme 
including topdressing with the 

complex sulphur-containing fertilizer  
NPK(S)  15-15-15(10) produced by PhosAgro 
Group provided an economic advantage of 
PLN 276–499/ha (EUR 60.7–109.8/ha) when 
compared with other nutrient programmes 
studied, not taking into consideration additional 
costs for seed harvesting and drying.
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View of winter rapeseed trial (13/3/2019) 
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Location: 
Gotthardstrasse 2, Zug, Switzerland CH-6300 

Tel.: +4 141 747 0370

E-mail:  sales@phosagro.com 
Website: www.phosagro.com

PhosAgro Trading SA


