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PhosAgro is a Russian vertically integrated company and one of the world’s leading producers of 
phosphate-based fertilizers and high-grade phosphate rock (P2O5 content at 39% and above).

About PhosAgro grouP

The Group’s key production assets are located in the Murmansk, Vologda, Leningrad and Saratov Regions. 
With more than RUB 180 bn invested in growth, innovations, best available technologies and R&D over 
the last five years, PhosAgro has doubled its production capacities, bringing them to an entirely new 
technological level. As a result, fertilizer and feed phosphate production for the period grew 1.5 times to a 
record 9 mt. 

PhosAgro’s mineral fertilizers are highly effective and safe for human health and soils thanks to the 
exceptional purity of its feedstock – phosphate rock mined at the Khibiny deposit. The Company’s products 
help increase the yields and quality of crops that are ultimately processed into healthy foods in more than 
100 countries worldwide. 

Russia is of strategic priority to PhosAgro, which sells 30% of its products domestically. The Group has 
invested significantly in its own distribution network to maintain its strong market leadership as the largest 
supplier of all types of mineral fertilizers to the Russian agricultural industry 
(based on aggregate volumes). Today, PhosAgro-Region boasts the 
widest distribution network in terms of Regional footprint and the 
number of locations where it operates. 

In late 2018, PhosAgro became the first privately owned 
corporation in Russia to reach a long-term agreement 
with the Russian Academy of Sciences (RAS) on 
cooperation in fertilizer production innovations. The 
parties agreed to collaborate in R&D, innovation, 
information analysis and expert advice across 
the Company’s key focus areas. Specifically, they 
will seek to deliver improvements in the fertilizer, 
feed phosphate and high-grade phosphate rock 
production and work on advanced solutions for 
deeper and more comprehensive processing of 
mineral feedstock, balanced nutrition for plants, 
animals and people, as well as environmental 
protection. 

In recent years, PhosAgro has reinforced its 
position as innovative producer of mineral 

fertilizers. We have leveraged our exhaustive 
crop data from across all Russia’s geographical and 

climatic zones – from Kaliningrad to Petropavlovsk-
Kamchatsky – to transition from a supplier of individual 

nutrients to a producer of integrated mineral plant nutrition 
systems promoting rational application of various fertilizers that 

are best suited to specific crops, soil types, and climatic conditions. 

Our field-tested products are highly appreciated by our customers – thousands of farms from all parts of 
Russia. Today, PhosAgro is the largest national supplier of all types of mineral fertilizers to Russian farmers 
in aggregate terms. 

As part of its development strategy 2025, the Company aims to expand the range of fertilizer grades from 
39 to 50. Many of these new products will be truly innovative. We make sure that all our fertilizers fully 
benefit from the Company’s R&D expertise and the most recent knowledge on how to improve soil fertility, 
protect soil from contamination, use opportunities in crop farming, and achieve safe and healthy food 
production. 

Seeing is believing. The field tests and agronomic trial results of our new grades outlined in this publication 
have confirmed that our innovative nutrition systems are both efficient and affordable for Russian farmers. 

Chief exeCutive offiCe 
PhosAgro 

Andrey A. guryev
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reviews

While Russia is the world’s leading fertilizer producer, only 10–12% 
of Russian farmers use fertilizers. In Russia, farm soils suffer from a 

major shortage of main nutrients. Nitrogen accounts for the greater 
part of it, but can be partially substituted by biological nitrogen from 

legumes obtained with the help of nitrogen-fixing bacteria. Phosphorus and 
potassium can only be replenished through the application of fertilizers. The limited 

use of mineral fertilizers by domestic farmers leads to reduced farm soil fertility. The replenishment 
principle is well-known: nutrients removed from soil should be replaced in equal quantity. This is vital for 
keeping soils fertile for the generations to come. 

PhosAgro is working to address reduced soil fertility and improve the farming culture both in Russia and 
abroad. To this end, the Company has launched the PhosAgro Classes project to help students learn 
about new technologies, fertilizers and agrochemical practices and test them on trial plots provided 
by the educational institution. It has also joined forces with the Russian Academy of Sciences (RAS) 
to showcase the most outstanding R&D achievements at the field trial station of D.N. Pryanishnikov 
All-Russian Research Institute of Agrochemistry. As part of field-scale trials, PhosAgro tests farming 
technologies and fertilization systems to ensure high yields of quality crops. It develops biomineral 
fertilizers and improved complex fertilizers containing micronutrients, bacteria and compounds to 
enhance the plant’s phosphorous absorption from fertilizers. PhosAgro works with farmers to educate 
them on a wide range of topics, including best industry practices, the importance of nutrient balance in 
developing nutrition systems, new grades and types of highly effective fertilizers, and the methods and 
timing of proper application. 

This brochure presents the outcomes of field-scale trials to assess the effectiveness of conventional 
and new mineral fertilizer forms in various climates and soils. The findings have confirmed the strong 
performance of these fertilizers in Russia. 

I have read the brochure with great pleasure and interest. 
PhosAgro’s trial results were published very timely, providing much 
needed agronomic support to Russia’s agricultural producers as they 
look to build on their impressive performance. Soil structure improvement 
is a shrewd strategy for businesses. Best advice on proper and effective use of 
products or services is the one given by their manufacturers or providers. 

PhosAgro uses its field trial results to demonstrate the effectiveness of the Company’s solutions in 
increasing agricultural performance. The brochure discusses various plant nutrition programmes and 
offers application advice for different soils, crops and climatic conditions. On top of that, experts who 
oversaw the trials are always available to answer customer queries. 

Hopefully, the company will continue working in this area and will publish its 2020 trial results next year. 
Taking care of the soil is the first step towards a healthy diet! 

ACAdemiCiAn of the russiAn ACAdemy  
of AgriCulturAl sCienCes 

viktor syChev 

ACAdemiCiAn of the russiAn 
ACAdemy of sCienCes 

Alexey ZAvAlin
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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 dosage 
and application pattern and provide comprehensive 
information on the agrochemical properties and trials 
of our fertilizers. 

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 
related 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 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.

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 or kill 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 depresses the yield. 

PhosAgro’s agronomists rely on the principles of sustainable, environmentally friendly agriculture 
and responsible farming. 

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

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

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

Preceding crop and general crop 
rotation plan.

THE TYPE AND DOSAGE DEPEND ON A VARIETY OF FACTORS:
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steP 5. 
Calculating the cost-effectiveness 
of the proposed solution(s).

steP 6. 
Developing  
a nutrition system  
and a comprehensive  
set of recommendations.

steP 7. 
Assisting the customer in implementing the proposed 
nutrition schedule, providing guidance through the 
stages of crop growth and development, making and 
interpreting measurements.

steP 4. 
Determining the best nutrient formulation, 
dosage, 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 the soil to the root zone where nutrients are 
absorbed and where there is moisture.

autumn or spring 
application;

broadcasting or 
banding;

granular or liquid 
fertilizers.

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

AgronomiC Advising

steP 2. 
Assessing the crop rotation 
system and the nutrient 
needs of the crop.

steP 3.
Relating the chemical analysis 
data to the nutrient needs and 
target yields of the crop.

steP 1.
Soil sampling. Soil chemical 
analysis, soil tests for nutrients, 
organic matter, acidity and 
contamination.
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sPring  
rAPeseed

PotAtoes

soybeAns

ChiCkPeA

sugAr beet

riCe

Study of the agronomic effectiveness of boron- and zinc-containing 
fertilizers for spring rapeseed in leached chernozem soil.

Optimisation of the nutrition system to achieve a chips potato yield of 
40.0 t/ha and reduce production costs.

Improvement of the mineral nutrition of soybeans in typical chernozem 
soil thanks to application of sulphur- and boron-containing nitrogen-
phosphorus-potassium fertilizer at seeding.

Improvement of the cost effectiveness of chickpea growing in ordinary 
chernozem soil thanks to better mineral nutrition.

Determination of the best timing and method for APP NP 11-37 application 
to sugar beet in conditions of insufficient moisture.

Improvement of rice fertility and growing of organic crops in soil 
contaminated with heavy metals.

Study of the spring rapeseed response to sulphur- and boron-containing 
nitrogen-phosphorus-potassium fertilizer in sod-podzolic soil.

Comparative study of a household’s standard potato nutrition system and 
the optimised mineral nutrition system with complex fertilizers where the 
essential nutrients are supplied in one granule.

Optimisation of the mineral nutrition of soybeans in typical chernozem soil 
given the soil fertility.

Optimisation of the mineral nutrition of soybeans in typical chernozem soil 
within the normal budget of a household for fertilizers.
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triAls in 2018
winter  

wheAt

winter  
tritiCAle

sPring  
bArley

Corn

sunflower

sPring  
wheAt

Comparative study of the effectiveness of different forms of nitrogen 
fertilizers for winter wheat in leached chernozem soil

Optimisation of the mineral nutrition for winter triticale in typical 
chernozem soil under no-till.

Development of a mineral nutrition system for spring barley in grey forest 
soil to achieve maximum crop yields.

Improvement of corn fertility in ordinary and typical chernozem soils 
through application of complex sulphur- and zinc-containing solid 
fertilizers at seeding and foliar application of APP NP 11-37.

Study of the effectiveness of different nutrition schedules in leached 
chernozem soil limited to costs of less than Rub 2,000/ha.

Improvement of sunflower fertility in typical chernozem soil through 
application of sulphur- and boron-containing nitrogen-phosphorus-
potassium fertilizer at seeding.

Study of the effectiveness of Urea for extra nutrition of spring wheat in 
typical chernozem soil at different timings and when using different 
application methods.

Determination of the best timing and method for APP NP 11-37 application 
to sunflower in conditions of insufficient moisture.

Study of the effectiveness of foliar application of APP NP 11-37 to winter 
wheat in ordinary chernozem soil.

Study of the use of various forms of nitrogen fertilizers and APP NP 11-37 
for winter wheat during vegetation.
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ammonium nitrate and urea have similar effectiveness on acidic soils; 

the effects of a single application of urea and two applications of ammonium nitrate are comparable in 
certain conditions. 

The surface application of urea without 
incorporation can be successfully used on acidic 
soils due to low gaseous losses of nitrogen 
through ammonia emissions. 

The nutrition programme for winter wheat is 
based on the following approaches:

Trial: Comparative study of the effectiveness of 
different forms of nitrogen fertilizers for winter wheat 
in leached chernozem soil. 

triAl design

No. Option (fertilizer)
Dosage, kg/ha

Application timing Application method
physical weight nutrient

1 Ammonium nitrate
150 N52 Early tillering (18.04)

Broadcasting100 N34 Early stem elongation

2 Urea 200 N92 Early tillering (18.04)

In a trial repeated three times, 60 kg/ha (physical weight) of NP(S) 18-46(2.5) was applied during general 
soil preparation in autumn. Option 1 (below): the farm’s standard fertilization practice. Option 2: a nitrogen 
fertilizer suggested by PhosAgro – a single full dose of Urea at early tillering.

Winter wheat nutrition schedule for the field trial

Seeding rate: 5.5 m seeds/ha. 
Seeding date: 15.09.2017. Harvesting date: 14.07.2018. 

Land plot area: 2.7 ha (1,080 x 25 m). 
Forecrop: sunflower.

winter 
wheAt

nutrition strAtegy
LOCATION:

  
The Kamenskoye division  

of OOO Pavlovsk Niva agricultural 
holding, Pavlovsk District,  

Voronezh Region.

SCEPTER VARIETY

THE USE OF UREA DEMONSTRATED LOWER NITROGEN LEACHING LOSSES AS AMMONIUM IONS ARE 
BETTER ADSORBED ONTO SOIL COMPARED TO AMMONIUM NITRATES. THIS IS DUE TO THE FACT THAT 
AMMONIUM NITROGEN FROM UREA HYDROLYSIS IS WELL RETAINED IN SOIL.

soil fertility
The trial was conducted on loamy 
leached chernozem. No soil chemical 
analysis had been undertaken before 
the field trial.

meAsurements  
And observAtions

The plants were in satisfactory condition after 
the winter. A single use of urea resulted in better 
development of winter wheat compared to two 
applications of ammonium nitrate. The weight of 
100 plants after two applications of ammonium 
nitrate (150 + 100 kg/ha) and a single application of 
Urea (200 kg/ha) was 0.15 and 0.19 kg respectively, 
while the general tillering stood at 1.20 и 1.87 
respectively.

THE SPRING/SUMMER SEASON SAW VERY DRY WEATHER – THE 
PRECIPITATION BETWEEN 18 APRIL AND 10 JULY WAS ONLY 15 MM.

No. Option (fertilizer) General tillering
Weight  
of 100 plants, kg*

NDVI

1 Ammonium nitrate 1.20 0.15 0.56

2 Urea 1.87 0.19 0.54

Winter wheat growth and development (10.05)

* Measurements for each option were made on at least 100 plants from at least 15 sampling points.
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ProduCt quAlity
Grain fill was quite low due to lack of moisture in very dry weather conditions. Grain quality in both options 
corresponded to class 5.

No. Option (fertilizer)

Fertilization  
costs

Income  
from yield

Income  
from extra yield

Additional  
income

RUB/ha

1 Ammonium nitrate 3,465 34,500 - -

2 Urea 3,030 34,800 300 735

The cost of grain harvested in all options was RUB 10,000/t. The fertilizer costs per ha for the option with 
two applications of ammonium nitrate (150 + 100 kg/ha) and the option with a single application of urea 
(200 kg/ha) were different. The cost of fertilization with ammonium nitrate was higher by RUB 435/ha. 

Additional income from a single application of urea compared to two applications of ammonium nitrate 
amounted to RUB 735/ha, net of harvesting and extra yield processing costs. 

Economic value of winter wheat fertilization

eConomiC vAlue

Grain quality and yields of winter wheat in 
leached chernozem in very dry conditions 

were the same in both cases — after two 
applications of ammonium nitrate at early 
tillering and at early stem elongation (150 + 
100 kg/ha) and after a single application 
of urea at early tillering (200 kg/ha). 

 
The economic feasibility 
study showed that a single 

application of urea resulted in 
lower costs and an additional 
income of RUB 735/ha (net 
of harvesting and extra yield 
processing costs) compared 
to two applications of 
ammonium nitrate. 

1

2

ConClusions

A SINGLE USE OF UREA FOR EXTRA NUTRITION IS ECONOMICALLY FEASIBLE (SAVES RUB 435/HA), ESPECIALLY IN 
DRY WEATHER CONDITIONS WHEN THE EXTRA EXPENSE WILL NOT PAY OFF.

yield
The grain from each trial plot of winter wheat was harvested using a combine harvester. Due to very dry 
weather, no difference in crop yields after two applications of ammonium nitrate (150 + 100 kg/ha) and 
after a single application of urea (200 kg/ha) was observed. This means that replacing two applications of 
ammonium nitrate with a single application of urea can be economically feasible, especially in conditions 
of insufficient moisture, which decreases the effect of two applications of nitrate fertilizers. 

View of the field fertilized with ureaWinter wheat yield (harvest moisture)

Ammonium nitrate  
(150 + 100 kg/ha)

Urea  
(200 kg/ha)
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if insufficient phosphorus is applied to 
cropland in autumn, foliar applications of a 

liquid complex fertilizer (APP NP 11-37) will result 
in higher yields and better grain quality; 

ammonium nitrate and urea perform equally 
well, however the application of urea during 

critical vegetation phases increases protein 
content in grains due to uniform nitrogen nutrition. 

Optimal phosphorus nutrition is essential for 
winter wheat at the early tillering stage. Sufficient 
phosphorus nutrition during critical growth 
phases facilitates root system development, 
supports tillering and enable higher yields.

The nutrition programme for winter wheat is 
based on the following approaches:

Trial: Study of the use of various forms of nitrogen 
fertilizers and APP NP 11-37 for winter wheat during 
vegetation. 

triAl design

No. Trial option (fertilizers)
Dosage, kg/ha

Application method Application timing
physical weight nutrient

1 Control - - - -
2 Ammonium nitrate 270 N93 Broadcasting Early tillering (24.04)

3
Ammonium nitrate 270 N93 Broadcasting

Early tillering (24.04)
APP NP 11-37

15 N2P6 Foliar application
15 N2P6 Foliar application Milk stage (20.06)

4
Urea 200 N92 Broadcasting

Early tillering (24.04)
APP NP 11-37

15 N2P6 Foliar application
15 N2P6 Foliar application Milk stage (20.06)

In a trial carried out by OOO Severnoye Siyaniye, 
one of the best performing farms in Orel Region, 
50 kg/ha (physical weight) of NPKS 10-26-26(2) 
was applied in all options during general soil 
preparation in autumn. Option 2 (below): the 
farm’s standard fertilization practice. 

The spring/summer season saw relatively favourable temperatures. Average air temperature from May to 
July was slightly above the long-term annual averages. May experienced lower precipitation compared to 
historical average. June was marked by very dry weather conditions resulting from a 5.7-fold decrease in 
precipitation compared to long-term average. In July, a short period of heavy rainfall coincided with the 
grain maturation stage. 

Winter wheat nutrition schedule for the field trial

Seeding rate 5.5 m seeds/ha 
Seeding date: 15.09.2017

Harvesting date: 29.07.2018 
Land plot area: 0.41 ha (170 x 24 m)

Forecrop: fallow 
Fertilizer liquid volume for foliar application: 150 l/ha

winter 
wheAt

nutrition strAtegy
LOCATION:

  
The Orel branch of JSC AgroGard 

OOO Severnoye Siyaniye,  
Pokrovsky District,  

Orel Region .

TANYA VARIETY

GASEOUS LOSSES OF NITROGEN THROUGH 
AMMONIA EMISSIONS ARE THE LOWEST, IF UREA IS 
APPLIED TO THE SURFACE OF ACID SOILS. NITROGEN 
LEACHING LOSSES FROM UREA ARE LOWER 
COMPARED TO NITRATES.

CURRENTLY, AVERAGE YIELD OF WINTER WHEAT 
IN RUSSIA IS AROUND 30 CENTNER/HA, WHILE IN 
OTHER COUNTRIES THE YIELD IS AS HIGH AS 90 
AND 100 CENTNER/HA

soil fertility

meteorologiCAl Conditions

The trial was conducted on grey forest 
clay-loam soil of medium acidity. The 
land plot is characterised by moderate 
concentrations of labile phosphorus and 
high concentrations of labile potassium.

Humus, % рНKCl

Labile forms, mg/kg of soil

P2O5* K2O*
5.21 4.72 81 145

Initial agrochemical properties of the soil (0–20 cm)

Monthly average air temperature and cumulative precipitation total for June–July 2018
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meAsurements  
And observAtions

PhosAgro agronomists took first measurements ten days after the 
spring application of mineral fertilizers. The measurements revealed 
a change in tillering coefficient – the highest values were recorded in 
option 2 (ammonium nitrate + APP NP 11-37) and option 3 (urea + APP 
NP 11-37). In option 2, tillering coefficient (2.91) was higher compared 
to traditional farming methods (2.53). Weight of 100 plants reflecting 
the plant growth intensity and absorption of mineral nutrients was the 
highest in option 3 (70% higher than after application of ammonium 
nitrate). 

yield
The yield was measured per land plot with a combine harvester. Wheat grain yield was 6.60 t/ha and 6.55 t/ha  
after the application of ammonium nitrate + APP NP 11-37 and urea + APP NP 11-37, respectively. 

An increase in yield after foliar application of APP NP 11-37 was estimated at 0.28–0.32 t/ha, up 4–5 % 
compared to the standard farming practice of using only nitrogen fertilization with ammonium nitrate. 

Winter wheat grain yield

Yi
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Control

6,09

Ammonium 
nitrate

6.28

Ammonium 
nitrate  

+ APP  NP 11-37

6.60

Urea  
+ APP  NP 11-37

6.55

Field view from 150 m

Ammonium nitrate 
+ APP NP 11-37

Urea 
+ APP NP 11-37

The second set of measurements and observations were made thirty days after the application of urea + APP 
NP 11-37 during the stem elongation stage. It is the period of the most active growth when plants consume over 
a half of all the nutrients they need, particularly nitrogen. The measurements showed that a clear improvement 
in wheat development was related to the application of urea + APP NP 11-37. Weight of 100 plants and NDVI 
indicators were the highest in option 3. Plant height was the highest in option 1 (270 kg/ha of ammonium 
nitrate). By the stage of stem elongation, tillering coefficient showed an almost twofold variation across all 
options. This may be a testament to insufficiently favourable agricultural conditions resulting in stem reductions 
in the wheat plants with inadequate nutrition. In option 3, a decrease in the number of stems was the lowest 
and tillering stood at 1.46. 

Indicator
Option (fertilizer)

Control Ammonium 
nitrate

Ammonium nitrate  
+ APP NP 11-37

Urea  
+ APP NP 11-37

04.05 (tillering)
Plant height, cm 12.6 14.5 15.5 14.8
General tillering 2.71 2.53 2.91 3.37
Weight of 100 plants, kg 0.15 0.16 0.17 0.26
NDVI 0.6 0.68 0.55 0.66

23.05 (stem elongation)
Plant height, cm 55.4 57.6 53.7 57.2
General tillering 1.33 1.25 1.12 1.46
Weight of 100 plants, kg 0.52 0.63 0.55 0.68
NDVI 0.79 0.81 0.80 0.84

15.06 (milk stage)
Plant height, cm 77.5 78.6 80.3 79.3
Weight of 100 plants, kg 0.59 0.75 0.79 0.68
NDVI 0.72 0.84 0.78 0.89

25.06 (dough stage)
Plant height, cm 70.6 79.6 78.3 82.1
Weight of 100 plants, kg 0.63 0.71 0.69 0.68
NDVI 0.62 0.70 0.72 0.63

09.08 (ripening)
Plant height, cm 73.2 77.8 79.3 75.6
Productive tillering 1.22 1.24 1.07 1.43
Weight of ears from 100 plants, g 135 120 130 150
Ear height, cm 6.55 6.83 6.88 7.08

Winter wheat growth and development

Average values; measurements for each option were made on at least 100 plants from at least 20 sampling points. * Harvest moisture.

wheAt grAin quAlity
As a result of the drought in early summer, grain fill was not good enough. All options resulted in grain of 
grade 4 quality. The highest grain quality was observed after the application of urea + APP NP 11-37. This 
option resulted in the highest grain fill with weight of 1,000 grains of 43.9 g, protein content of 13.2% and 
gluten content of 20.4%. 

The application of ammonium nitrate + APP NP 11-37 resulted in the highest specific grain weight (weight in 
grams of a one litre volume of grain) (772 g/l) and in better grain fill. 

Winter wheat grain quality

No. Option (fertilizer) Yield*, t/ha Humidity Protein Gluten Specific grain 
weight, g/l

Weight of  
1,000 grains, g

Grade
%

1 Control 6.03 12.5 12.1 17.4 712 41.7 5
2 Ammonium nitrate 6.28 11.9 12.5 18.6 748 38.4 4

3 Ammonium nitrate 
 + APP NP 11-37 6.60 12.0 12.2 18.5 772 42.4 4

4 Urea 
+ APP NP 11-37 6.55 11.9 13.2 20.4 730 43.9 4
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Foliar applications of urea + APP NP 11-37 to 
winter wheat in grey forest soil resulted in best 

filled grain with highest protein and gluten content. 

 
Winter wheat extra yield from foliar 
applications of APP NP 11-37 at early tillering 

and at the milk stage in OOO Severnoye Siyaniye 
ranged from 0.28 t/ha to 0.32 t/ha (standard 
moisture content). 

Additional income from two foliar applications 
of APP NP 11-37 to winter wheat is estimated 

at RUB 2,186–2,204/ha, net of harvesting and extra 
yield processing costs. 

1

2

ConClusions

Economic value of winter wheat fertilization

No. Option (fertilizer)
Seed costs, 
RUB/t

Fertilization 
costs

Income 
from yield

Income from extra yield Additional income

vs control vs option 2 vs control vs option 2

1 Control 10,000 - 60,300 - - - -

2 Ammonium nitrate 11,000 4,125 69,080 8,780 - 4,655 -

3 Ammonium nitrate 
+ APP NP 11-37 11,000 5,459 72,600 12,300 3,520 6,841 2,186

4 Urea 
+ APP NP 11-37 11,000 4,891 72,050 11,750 2,970 6,859 2,204

3

The grain of fertilized winter wheat were sold at 
a higher price of RUB 11,000/t as it was of higher 
quality compared to the non-fertilized control. 

The economic value of ammonium nitrate + 
APP NP 11-37 and urea + APP NP 11-37 was 
practically the same. 

eConomiC vAlue

ADDING TWO FOLIAR APPLICATIONS OF LIQUID 
COMPLEX FERTILIZERS (APP NP 11-37) TO THE 
WINTER WHEAT FERTILIZATION PLAN GENERATED 
AN ADDITIONAL INCOME OF RUB 2,186–2,204/HA,  
NET OF HARVESTING AND EXTRA YIELD 
PROCESSING COSTS.

Winter wheat grown with urea  
+ APP NP 11-37

22
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foliar applications of a liquid phosphate-based fertilizer can improve phosphorus nutrition of plants 
during the spring growing season and contribute to better yield; 

APP NP 11-37 containing phosphorus mostly in the form of polymerised phosphates is perfectly 
suited for foliar application. 

The plant’s root system develops actively in the 
soil layer that has high phosphorus availability, 
yet low precipitation may negatively affect the 
effectiveness of phosphate fertilizers.

The nutrition programme for winter wheat is based on the following approaches:

Trial: Study of the effectiveness of foliar 
application of APP NP 11-37 to winter wheat in 
ordinary chernozem soil. 

triAl design

No. Option (fertilizer) Dosage, kg/ha Application timing Application method
physical weight nutrient

1 Control (background) - - - -
2 APP NP 11-37 27 N3Р10

Stem elongation (17.05) Foliar application3 APP NP 11-37 40 N4Р15

4 APP NP 11-37 70 N8Р26

The field trial was conducted in cooperation with the Federal State Budgetary Institution Rostovsky State 
Centre of Agrochemical Service (FGBU GTSAS Rostovsky) (Rostov-on-Don). The trial was repeated three 
times for three years since 2016. The effect of foliar applications of APP NP 11-37 to winter wheat was 
studied against the backdrop of standard winter wheat fertilization practice (control): 

• NPK 10-26-26 broadcasting during pre-sowing treatment – 150 kg/ha; 
• an application of ammonium nitrate – 100 kg/ha (15.03); 
• an application of UAN-32 – 80 kg/ha (10.04); 
• an application of UAN-32 – 60 kg/ha (05.05); 
• a foliar application of Urea – 20 kg/ha (06.06).

Controls are results obtained under a standard winter wheat nutrition system. All other options were studied 
against the backdrop of this nutrition system.

Winter wheat APP NP 11-37 nutrition schedule for the field trial

Seeding date: 28.09.2017 Forecrop: sunflower APP NP 11:37 to water ratio = 1:4

winter 
wheAt

nutrition strAtegyLOCATION:
  

50th Anniversary of October 
collective farm, Neklinovsky 

District, Rostov Region.

ALEKSEICH VARIETY

soil fertility

meteorologiCAl Conditions

The trial was conducted on ordinary slightly alkaline chernozem soil. The soil chemical analysis performed 
during the early spring growing season revealed low labile phosphorus, very high potassium, and low 
nitrate nitrogen.

Soil moisture during germination was insufficient. The whole period saw intermittent and irregular 
precipitation. Moderately warm weather in November and December allowed favourable transition to 
winter period. Dry weather conditions in spring delayed the phenological stages of winter wheat and 
negatively affected the yield. Between 01 April and 30 June, precipitation was as low as 56 mm (35% of the 
average), with 37 mm during the last ten days of June. 

Agrochemical properties of the soil during winter wheat’s early spring growing 
season (0–20 cm)

Humus, % рНKCl
N-NO3 Labile forms

P2O5* K2O*
mg/kg of soil

4.20 7.40 1.8 39 330

Average daily temperatures and precipitation between September 2017 and June 2018  
(Matveev Kurgan weather station)
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meAsurements  
And observAtions

A foliar application of APP NP 11-37 at stem elongation 
was preceded by sampling aboveground winter wheat 

biomass. With the farm’s standard phosphorus nutrition of 
39 kg of P2O5 per hectare, the total phosphorus content in the 

plants amounted to 0.47–0.48% (absolute dry matter), which 
is within the optimal range. Total nitrogen in the plants stood at 

3.93–4.00%, which is also within the optimal range. 

yield
The biological crop yield in the control option was 
5.28 t/ha, while in the options with additional 
application of 27, 40 and 70 kg/ha (physical weight) 
of APP NP 11-37, the yield reached 5.65 t/ha, 
5.85 t/ha and 6.98 t/ha, respectively. 

 Foliar application of nitrogen and phosphorus to 
winter wheat at stem elongation improved the 
plants’ resistance to hot weather and drought, 
making them more tolerant to adverse weather 
conditions. 

No. Option (fertilizer) Number of grains per ear Weight of 1,000 grains, g*
1 Control 29 41.6
2 APP NP 11-37 (27 kg/ha) 30 43.1
3 APP NP 11-37 (40 kg/ha) 26 41.3
4 APP NP 11-37 (70 kg/ha) 31 41.6

No. Option (fertilizer) Protein Gluten Grain hardness Gluten 
index%

1 Control 11.1 18.9 79 73

2 APP NP 11-37 
(27 kg/ha) 11.5 19.2 78 76

3 APP NP 11-37 
(40 kg/ha) 11.3 18.1 76 67

4 APP NP 11-37 
(70 kg/ha) 11.4 18.2 81 68

Number of grains per ear of winter wheat and weight of 1,000 grains

Average winter wheat grain quality in 2016–2018

* According to FGBU GTSAS Rostovsky.

THE HIGHEST WINTER WHEAT YIELD OF 69.8 
CENTNER/HA WAS ACHIEVED AFTER THE 
APPLICATION OF 70 KG/HA OF APP NP 11-37 
AT EARLY TILLERING DURING THE GROWING 
SEASON.

THE HIGHEST INCOME OF RUB 
14,418/HA WAS GENERATED 
BY THE SPRING APPLICATION 
OF 70 KG/HA OF APP NP 11-37 
DURING THE GROWING PERIOD.

Winter wheat biological crop yield
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Soil cracking in drought

According to FGBU GTSAS Rostovsky.

According to FGBU GTSAS Rostovsky.

Fertilizer costs for foliar application of 27 kg/ha, 40 kg/ha and 70 kg/ha 
(physical weight) of APP NP 11-37 amounted to RUB 718, RUB 1,064 
и RUB 1,861/ha, respectively. Given the farm’s relatively good standard 
nutrition system, foliar application of the above dosages of APP NP 11-37 
generated additional RUB 2,825/ha, RUB 4,394/ha and RUB 14,418/ha, 
net of sprayer application and extra yield processing costs. 

eConomiC vAlue

No. Option (fertilizer)
Difference in fertilizer 
costs

Income from 
yield*

Income from extra 
yield Additional income 

RUB/ha
1 Control - 50,560 - -
2 APP NP 11-37 (27 kg/ha) 718 54,103 3,543 2,825
3 APP NP 11-37 (40 kg/ha) 1,064 56,018 5,458 4,394
4 APP NP 11-37 (70 kg/ha) 1,861 66,838 16,279 14,418

Economic effectiveness of foliar application of APP NP 11-37 
to winter wheat

* Winter wheat price = RUB 10,000/t.

grAin quAlity
The grain quality control revealed 
that the application of APP 
NP 11-37 at stem elongation 
improved the grain quality 
and measurements showed 
a tendency towards a higher 
protein content.

Given the winter wheat biological crop 
yield, foliar application of 27 kg/ha,  

40 kg/ha and 70 kg/ha (physical 
weight) of APP NP 11-37 generated 
additional RUB 2,825/ha, RUB 4,394/ha  
and RUB 14,418/ha, respectively, net of 
fertilization and extra yield processing costs. 

The spring application of 70 kg/ha of 
APP NP 11-37 to winter wheat during the 

growing period is an effective way to improve 
yields. This option produced the highest yield of 
6.98 t/ha. 

1 2

ConClusions

27



28 29

if the soil is rich in labile phosphorus, the local application of phosphate-based fertilizers should be 
a preferred option; 

surface and foliar application of APP NP 11-37 can produce higher crop yields. 

No-till practices involve mostly subsurface 
application of fertilizers, using the relevant 
equipment. The fertilizer dosages depend on the 
availability of labile nutrients in the soil.

The nutrition programme for winter triticale is based on the following approaches:

Trial: Optimisation of the mineral nutrition for 
winter triticale in typical chernozem soil under 
no-till.

triAl design
The field trial was repeated three times. Option 1 (below): the farm’s standard no-till practice. Option 2: 
nutrition system with application of APP NP 11-37 between rows and during the growing period. In both 
options, ammonium nitrate was applied to thawing soil.

winter  
tritiCAle

nutrition strAtegy

LOCATION:
  

OOO Meat Farms – Iskra,  
Korochansky District  

Belgorod Region. 

TIKHON VARIETY

soil fertility
The trial was conducted on typical chernozem soil close to neutral. Prior to the trial, the soil had increased 
and high content of labile phosphorus and potassium, respectively.

Initial agrochemical properties of the soil (0–20 cm)

Humus, % рНKCl

Hydrolitic acidity, mmol 
(equivalent per 100 g 
of soil)

Labile forms

P2O5* K2O*

mg/kg of soil

5.00 5.60 3.78 116 127

No. Option (fertilizer) Dosage, kg/ha Application timing Application methodphysical weight nutrient
1 Ammonium nitrate 300 N103 Spring Broadcasting

2

Ammonium nitrate 300 N103 Spring Broadcasting
APP NP 11-37 100 N11Р37 Tillering (30.04) Soil application
APP NP 11-37 10 N1Р4 Stem elongation (17.05) Foliar application
Urea 10 N5 Milk stage Foliar application

Field trial plan for winter triticale

Seeding rate: 5 m/ha 
 

Seeding date: 15.09.2017 Land plot area: 110 ha

Trial applications of APP NP 11-37 to winter triticale: subsurface application with a spoke 
wheel injector (left) and foil application with a sprayer (right)

* By Chirikov’s method.

meAsurements And observAtions

FORECASTING YIELD WITH  NDVI

NORMALIZED DIFFERENCE VEGETATION INDEX (NDVI) IS USED TO ASSESS THE BIOMASS DEVELOPMENT 
DURING THE GROWING PERIOD. GREEN LEAVES ABSORB RED LIGHT AND REFLECT NEAR-INFRARED LIGHT. 
THE GREENER THE VEGETATION AND THE HIGHER THE CHLOROPHYLL CONTENT, THE HIGHER THE RED 
LIGHT ABSORPTION (AND THE LOWER THE REFLECTION). NDVI IS EQUAL TO THE DIFFERENCE IN THE 
INTENSITIES OF REFLECTED LIGHT IN THE RED AND INFRARED RANGE DIVIDED BY THE SUM OF THESE 
INTENSITIES.

NDVI VALUES RANGE FROM -1 TO +1. FOR VEGETATION, THE INDEX HAS POSITIVE VALUES (APPROXIMATELY 
FROM 0.2 TO 0.9). THE HIGHER THE PLANT BIOMASS AT THE TIME OF MEASUREMENT, THE CLOSER THE 
NDVI VALUE TO 1. NDVI IS AN ACCURATE REFLECTION OF HOW WELL THE PLANTS ARE GROWING.
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Monitoring of the growth and development of 
winter triticale at the milk stage revealed that the 
application of APP NP 11-37 and urea facilitated 
tillering and biomass growth. Given the conditions 
of 2018, there is still a need for phosphate-
based fertilizers to grow winter triticale in typical 
chernozem soil with a high labile phosphorus 
content. Spring phosphorus nutrition had a 
particularly noticeable effect on productive tillering 
(3.6) and the weight of 1,000 plants (0.41 kg). 

yield
Winter triticale harvesting was delayed due to heavy rainfalls in July 2018. The option in which only ammonium 
nitrate had been used produced a yield of 3.4 t/ha, while the application of ammonium nitrate along with APP 
NP 11-37 (soil and foliar) and urea (foliar) increased the yield to 4.00 t/ha. 

Spring application of phosphorus to winter triticale is a feasible way to improve yields even in soils with a high 
phosphate content. 

No. Option (fertilizer) NDVI Productive  
tillering Weight of 100 plants, kg

1 Ammonium nitrate 0.61 1.76 0.25

2

Ammonium nitrate 
+ APP NP 11-37 (soil app.) 
+ APP NP 11-37 (foliar app.) 
+ Urea

0.64 3.60 0.41

Growth and development of winter triticale (milk stage)

Winter triticale yield (harvest moisture)
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The purchase cost of APP NP 11-37 for soil and foliar application and urea for foliar application 
amounted to RUB 2,780/ha. Additional income from the use of these fertilizers along with early 
spring application of ammonium nitrate is estimated at RUB 2,020/ha, net of injector and sprayer 
application and extra yield processing costs. 

eConomiC vAlue

Economic value of different winter triticale mineral nutrition systems

* Winter triticale price = RUB 8,000/t.

The application of ammonium nitrate alone 
to winter triticale in typical chernozem soil 

with an increased labile phosphorus content 
under no-till resulted in a yield of 3.4 t/ha, 
while the addition of APP NP 11-37 (soil and 
foliar applications) and urea (foliar application) 
improved the yield to 4.00 t/ha. 

Additional income from soil application 
(at tillering) and foliar application (at 

stem elongation) of APP NP 11-37 coupled 
with foliar application of urea (at the milk stage) 
along with early spring fertilization of winter 
triticale with ammonium nitrate is estimated at 
approximately RUB 2,020/ha, net of injector and 
sprayer application and extra yield processing costs. 

1 2

ConClusions

THE GROWTH AND DEVELOPMENT OF WINTER 
TRITICALE WAS ADVERSELY AFFECTED BY HEAVY 
RAINFALLS AT THE SEED-FILLING AND GRAIN 
MATURATION STAGES. THE PRECIPITATION 
STOOD AT 304 MM, 4.3 TIMES HIGHER THAN  
THE LONG-TERM AVERAGES.

No. Option (fertilizer)

Difference in 
fertilizer costs

Income from 
yield*

Income from 
extra yield

Additional  
income 

RUB/ha

1 Ammonium nitrate - 27,200 - -

2

Ammonium nitrate 
+ APP NP 11-37 (soil app.) 
+ APP NP 11-37 (foliar app.) 
+ Urea

2,780 32,000 4,800 2,020

31
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complex fertilizers containing nitrogen, 
phosphorus, potassium, and sulphur ensure the 

best grain quality; 

with sufficient supply of all major nutrients to 
plants, foliar urea application helps optimise 

plant nitrogen content and improve grain quality while 
reducing the total dosage of the nitrogen applied. 

Balanced spring wheat fertilization based on the content of all major nutrients in soil improves plant 
growth and development and facilitates protein accumulation in grain. 

The nutrition programme for spring wheat draws on the following approaches:

Trial: Assessment of effectiveness of different 
nutrition schedules in leached chernozem soil 
limited to costs of less than RUB 2,000/ha. 

triAl design
The field trial was repeated three times jointly with the Centre for Research of New Agricultural Equipment 
and Technology (Barnaul). Option 1 (below): the standard mineral nutrition system used by the region’s 
farms involving application of nitrogen alone. Options 2 and 3: optimised nutrition system at RUB 2,000/ha. 

sPring  
wheAt

nutrition strAtegy

LOCATION:
  

Virt, Tselinny District,  
Altai Territory. 

ALTAYSKAYA 75

soil fertility
The trial was conducted on medium-loam, leached, slightly acidic chernozem soil. Prior to the trial, the 
soil had sufficient content of nitrate nitrogen, high content of labile phosphorus and moderate content of 
labile potassium. The labile sulphur content was low.

Initial agrochemical properties of the soil (0–20 cm)

Humus, % рНKCl

N-NO3

Labile forms

P2O5* K2O* S

mg/kg of soil

6.10 5.40 15.5 199 64 5,1

No. Option (fertilizer) Dosage, kg/ha Application timing Application methodphysical weight nutrient
1 Ammonium nitrate 132 N45 21.05 Banding at seeding

2
NP(S) 20-20(14) 75 N15Р15S11 21.05 Banding at seeding

Urea 28 N13 Early tillering (18.06) Foliar application (with herbicide)

3
NPK(S) 15-15-15(10) 85 N13Р13К13S9 21.05 Banding at seeding

Urea 22 N1 0 Early tillering (18.06) Foliar application (with herbicide)

Field trial plan for spring wheat

Seeding rate 5.5 m seeds/ha 
Seeding date: 21.05.2017 
Harvesting date: 22.09.2018

Land plot area: 2.4 ha (1,000 x 24 m) 
Forecrop: pea 
Fertilizer liquid volume for foliar Urea application: 200 l/ha

* By Chirikov’s method.

meAsurements And observAtions

meteorologiCAl Conditions

APPLICATION OF NITROGEN-BASED FERTILIZERS 
ALONE REDUCES THEIR NUTRITIONAL EFFECT 
AND LEADS TO LOWER YIELDS

Using complex fertilizers at seeding in combination with foliar application of urea resulted in higher verifiable 
plant survival rates at harvesting compared with application of just ammonium nitrate at seeding (90-91% 
vs. 83% respectively). Combining the NP(S) 20-20(14) and NPK(S) 15-15-15(10) complex fertilizers with 
urea produced a verifiable increase in grain weight per ear and weight of 1,000 grains compared with the 
application of only ammonium nitrate. Moreover, NPK(S) 15-15-15(10) contributed to higher weight of 
1,000 grains than the application of NP(S) 20-20(14). 

The soil moisture storage at one-metre depth was very high at seeding – 326 mm as precipitation was 
2.1 times higher in May than the long-term average. However, June, July, and August had respectively 1.5, 
1.8, and 3.2 times less precipitation than the long-term average. Temperature wise, May was rather cold, 
June – warm, and in July and August, the average daily temperatures were close to their long-term averages. 

Average daily temperatures and precipitation in May–August by ten-day periods
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yield

wheAt grAin quAlity

No verifiable changes in the biological yield of spring wheat were revealed in various trial options. Nutrition 
systems based on application of only ammonium nitrate at seeding were as effective as those based on 
the NP(S) 20-20(14) and NPK(S) 15-15-15(10) complex fertilizers combined with foliar application of urea. 

The protein and gluten content in the grain of spring 
wheat was verifiably higher when using complex 
fertilizers combined with foliar application of urea 
compared with application of just ammonium 
nitrate. The highest protein and gluten content 
in grain, 14.3% and 31.6% respectively, was 
registered when using the NPK(S) 15-15-15(10). 
Trials involving complex fertilizers produced grain 
of grade 2 quality. 

Applying only ammonium nitrate at seeding 
produced grain of lower quality (grade 3) in terms 
of protein and gluten content. 

Biological yield of spring wheat 
(standard moisture) LDC05 = 0,15
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The cost of using the NP(S) 20-20(14) and NPK(S) 15-15-15(10) complex fertilizers at seeding 
combined with foliar application of urea was close to that of the standard farming practice of using 
only ammonium nitrate at seeding at a dose rate of 132 kg/ha. 

A balanced and timely fertilization with nitrogen, phosphorus and sulphur by combining application 
of NP(S) 20-20(14) at seeding with foliar application of urea at early tillering produced high-quality 
grain and generated an additional income of RUB 2,009/ha net of fertilization costs. The economic 
value of using NPK(S) 15-15-15(10) in combination with foliar application of urea amounted to 
RUB 402/ha. 

eConomiC vAlue

Economic value of different spring wheat nutrition systems

Trial plots

 

The biological yield of spring wheat grain in 
leached chernozem did not verifiably change 

after application of ammonium nitrate at seeding 
and using NP(S) 20-20(14) or NPK(S) 15-15-15(10) 
at seeding combined with foliar application of urea 
at early tillering. 

Using NPK(S) 15-15-15(10) produced the 
highest quality grain with protein and gluten 

content of 14.3% and 31.6% respectively. 

 
Combining NP(S) 20-20(14) with foliar 
application of urea at a dose rate of 10 kg/ha 

generated the highest income of RUB 2009/ha net 
of fertilization costs. 

1 2

3

ConClusions

No. Option (fertilizer) Seed costs,  
RUB/t

Fertilizer  
costs

Income  
from yield

Income 
from extra 
yield

Additional income 

RUB/ha

1 Ammonium nitrate 11,000 2,006 41,690 - -

2  NP(S) 20-20(14) + Urea 11,500 2,007 43,700 2,010 2,009

3 NPK(S) 15-15-15(10) + Urea 11,500 2,004 42,090 400 402

THE SPRING WHEAT NUTRITION SCHEDULE 
LIMITED TO COSTS OF LESS THAN RUB 2,000/HA 
BASED ON APPLICATION OF NPK(S) 15-15-15(10)  
AT SEEDING COMBINED WITH FOLIAR APPLICATION 
OF UREA IS THE MOST ECONOMICALLY 
BENEFICENT. ADDITIONAL INCOME VS. THE 
STANDARD APPLICATION OF AMMONIUM NITRATE 
AMOUNTS TO RUB 2,009/HA

No. Option (fertilizer) Protein Gluten Specific grain 
weight, g/l Grade

%
1 Ammonium nitrate 13.4 27.9 832 3
2  NP(S) 20-20(14) + Urea 13.7 29.0 803 2
3 NPK(S) 15-15-15(10) + Urea 14.3 31.6 812 2
LDC05 0.3 1.0 6 -

Wheat grain quality

No. Option (fertilizer) Survival, % Productive 
stems per sq m

Productive  
tillering

Grain weight 
per ear, g

Weight 
of 1,000 
grains, g

1 Ammonium nitrate 83 312 1.36 1.20 39.2
2  NP(S) 20-20(14) + Urea 90 319 1.30 1.29 41.9
3 NPK(S) 15-15-15(10) + Urea 91 311 1.36 1.34 44.6
LDC05 4 15 0.03 0.07 1.1

Yield structure of spring wheat
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split application of nitrogen-based fertilizers that combines a pre-seeding application and several foliar 
applications can contribute to higher grain yield and quality; 

identifying the best timing and methods for a single dose urea application to unlock the maximum 
genetic potential of the plant. 

Balanced nutrition including all major fertilizer elements 
helps unlock the best of the plant’s genetic productivity potential. Using appropriate forms, timing 
and methods of fertilizer application is of major importance. Wheat needs different amounts of 
nitrogen at various stages of its growth and development. The amide form of nitrogen is known to 
quickly penetrate the plant’s leaf surface and contribute to nitrogen metabolism. 

Trial: Study of the effectiveness of urea for extra 
nutrition of spring wheat in typical chernozem 
soil at different timings and when using different 
application methods. 

triAl design
The field trial was repeated four times. With foliar application of Urea, spring wheat development at tillering, 
stem elongation, and flag leaf emergence corresponded to the following stages according to the BBCH 
scale: 29, 37, 47, and 75.

sPring wheAt

nutrition strAtegy

LOCATION:
  

The trial field of the Tambov  
Agricultural Research Institute, 
branch of the Michurin Federal 
Research Centre, Rzhaksinsky 

District, Tambov Region. 

soil fertility
The trial was conducted on typical slightly acidic clay-loam chernozem soil. Prior to the trial, the soil was 
low in nitrate nitrogen, but the overall mineral nitrogen content was sufficiently high, 213 kg/ha, due to the 
very high concentration of ammonium nitrogen. The labile phosphorus and labile potassium count was 
excessive and high respectively.

Weather conditions during the growing season were unfavourable for spring wheat. With cold weather 
returning in April and frequent rains in the last ten days of the month, seeding was slightly delayed. May had 
36.1 mm of precipitation, slightly less than the long-term average of 40.1 mm. Mean air temperature in May 
was 17°C, or 2.1°C above the long-term average. Later, during the reproductive organ development stages, 
there was a significant lack of moisture. June and July received 14% and 45% of the long-term average 
precipitation, respectively. Higher than normal temperatures further contributed to the lack of moisture. 

Initial agrochemical properties of the soil (0–20 cm)

Humus, % рНKCl

N-NH4 N-NO3

Labile forms
P2O5* K2O*

mg/kg of soil
6.85 5.50 67.0 4,0 105 175

No.
Granulated Urea Extra nutrition with urea solution (applied in solution form in uniform concentration for all options to avoid crop burns)

For spring  
treatment

Tillering Stem elongation Flag leaf Milk stage
08.06.2018 21.06.2018 03.07.2018 16.07.2018
BBCH 29 BBCH 37 BBCH 47 BBCH 75

1 No fertilizers

2 P40K40(S10) + N80

3 P40K40(S10) + N20 N60

4 P40K40(S10) + N20 N60

5 P40K40(S10) + N20 N60

6 P40K40(S10) + N20 N60

7 P40K40(S10) + N20 N30 N30

8 P40K40(S10) + N20 N30 N30

9 P40K40(S10) + N20 N30 N30

10 P40K40(S10) + N20 N30 N30

11 P40K40(S10) + N20 N20 N20 N20

12 P40K40(S10) + N20 N20 N20 N20

Field trial plan for spring wheat

meteorologiCAl Conditions

* By Chirikov’s method.

meAsurements And observAtions
The highest grain fill was obtained through two split applications of urea in the late stages of spring wheat 
development. The highest weight of 1,000 grains, 35 g, was recorded at the flag leaf and milk stages.
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The nutrition programme for spring wheat is based on the following approaches:

DARYA VARIETY
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yield

wheAt grAin quAlity

Of the tested nutrition schedules, Option 9 produced the highest yield with three applications of nitrogen-
based fertilizers: N20 for tillage and two foliar applications of N30 at stem elongation and flag leaf emergence. 

In Option 12, the application of the full dose of N80 together with phosphorus-potassium fertilizers and use 
of the main dose of N60 with extra nutrition in later stages along with three applications of N20 resulted in 
lower yield compared with two foliar applications of urea solution. 

Among the trial options, which involved a single spraying of wheat with urea nitrogen for extra nutrition, 
Option 3 is worth noting. Apart from being very convenient with only a few extra nutritions required, the 
option produced a 29.8 centner/ha yield, which is within the trial’s margin of error (LDC05 = 4.2). In addition, 
if the least significant difference is subtracted from the best result, options 3, 4, 7, 8, 9, and 11 will be the 
ones with the highest yield. 

In Option 9, which produced 
the highest yield with two 
foliar applications of urea at 
stem elongation and flag leaf 
emergence (N30 + N30), the 
gluten content in spring wheat 
grain was the highest – 28.0%. 
In the control option, the gluten 
content in grain was 20.4%. Still, 
the gluten quality in all tested 
mineral nutrition systems was 
inferior (very poor) to that in the 
control option (poor). 
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The price spring wheat grain in all nutrition systems was RUB 8,000/t. Split application of nitrogen, 
including the pre-seeding application of a small amount of urea (N20) mixed with PK(S) 0-20-20(5) 
and two foliar applications of urea (N30 + N30), generated an operating income of RUB 11,243/ha 
(Option 9). 

eConomiC vAlue

Economic value of different spring wheat nutrition systems

Spring wheat grain quality

Spring wheat yield (standard moisture) 
LDC05 = 0,42

The quality indicators were not statistically processed. 

The results are based on the 2018 trials. To verify the impact of spring urea applications on spring wheat yield and quality (Daria variety), the trial will continue 
in 2019 and 2020. 

The highest yield of spring wheat in typical 
chernozem soil was obtained with two foliar 

applications of urea (N30 + N30) in addition to using 
fertilizer mixtures of PK(S) 0-20-20(5) and urea 
(P40K40S10 + N20) before seeding. The yield increase 
against the control option, in which no fertilizers 
were used, amounted to 250%. 

 
Two applications of urea at stem elongation 
and flag leaf emergence generated a 

substantial operating income of RUB 11,243/ha. 

In terms of economic benefit, using 75% 
nitrogen-based fertilizers in extra nutrition 

for spring wheat could be feasible in case of single 
application in early wheat development stages 
(before heading). This approach ensures the fewest 
number of urea solution applications and generates 
an operating income of over RUB 4,500/ha against 
the control option with no fertilizers. 

 
Split application of nitrogen-based fertilizers 
(25% before seeding and 75% as extra 

nutrition) helps optimise the nitrogen-based plant 
nutrition in surface soil layers with high initial content 
of mineral nitrogen, largely in ammonium form. 

1

2

3

4

ConClusions

Trial option Specific seed weight, g/dm3 Gluten  
content, %

Gluten  
index

1 773.9 20.4 101
2 782.5 24.3 109
3 782.4 24.0 106
4 788.6 23.2 107
5 792.6 26.4 111
6 787.8 27.2 114
7 784.2 24.4 108
8 784.7 24.8 112
9 784.5 28.0 114
10 789.8 24.8 106
11 782.8 26.0 104
12 785.3 26.4 110

No.
Ploughing  
in autumn Tillering Stem  

elongation Flag leaf Milk stage Yield,  
centner/ha

Grain price, 
RUB

Fertilizer 
price, RUB

Cost,  
RUB per 
tonne

Operating 
income,  
RUB/ha

1 No fertilizers 13.4 10,720 - 5,597 3,220

2 P40K40(S10) + N80 23.3 18,640 6,504 6,277 4,014

3 P40K40(S10) + N20 N60 29.8 23,840 6,504 5,051 8,787

4 P40K40(S10) + N20 N60 29.7 23,760 6,504 5,068 8,707

5 P40K40(S10) + N20 N60 26.8 21,440 6,504 5,617 6,387

6 P40K40(S10) + N20 N60 26.9 21,520 6,504 5,596 6,467

7 P40K40(S10) + N20 N30 N30 33.1 26,480 6,504 4,676 11,003

8 P40K40(S10) + N20 N30 N30 31.7 25,360 6,504 4,882 9,883

9 P40K40(S10) + N20 N30 N30 33.4 26,720 6,504 4,634 11,243

10 P40K40(S10) + N20 N30 N30 28.2 22,560 6,504 5,450 7,190

11 P40K40(S10) + N20 N20 N20 N20 32.0 25,600 6,504 4,936 9,806

12 P40K40(S10) + N20 N20 N20 N20 26.4 21,120 6,504 5,942 5,433

39



40 41

No. Option (fertilizer)
Dosage, kg/ha

Application method Application 
timingphysical weight nutrient

1
Ammonium nitrate 200 N69

Broadcasting during pre-sowing 
treatment -

Poly-feed 19-19-19 2 N0,4P0,4К0,4 Foliar application 08.06
Urea 10 N5

2
Ammonium nitrate 200 N69 At seeding 01.05
Poly-feed 19-19-19 2 N0,4P0,4К0,4 Foliar application 08.06
Urea 10 N5

3

Urea 110 N51
Broadcasting during pre-sowing 
treatment -

NPK(S)+В 15-15-15(10)+0.3В 200 N30P30К30S20B0,6 At seeding 01.05
Poly-feed 19-19-19 2 N0,4P0,4К0,4 Foliar application 08.06
Urea 10 N5

4

Urea 110 N51
Broadcasting during pre-sowing 
treatment -

NPK(S)+Ca 5-15-30(5)+7СаО* 200 N10P30К60S10Са14 At seeding 01.05
APP NP 11-37 15 N2P6 Foliar application 01.06
Poly-feed 19-19-19 2 N0,4P0,4К0,4 Foliar application 08.06
Urea 10 N5

APP NP 11-37 10 N1P4 Foliar application 22.06
Urea 5 N2

complex fertilizers containing macro– (N, P, K), meso– (S, Ca), and micronutrients (B) improve crop yield; 

balanced plant nutrition including macro and micronutrients contributes to high-quality grain. 

The nutrition system for spring barley should 
contribute to higher yields and product quality 
by unlocking the crop’s full genetic potential.

The nutrition programme for spring barley is based on the following approaches:

Trial: Development of a mineral nutrition system for 
spring barley in grey forest soil to achieve maximum 
crop yields. 

triAl design
Under a field trial in a leading Orel Region farm, 50 kg/ha (physical weight) of NPK(S) 10-26-26(2) was 
applied across all options during general soil preparation in autumn. Option 1 (below): the farm’s standard 
nutrition system for spring barley in spring and summer. In Option 2, the same amount of ammonium nitrate 
was used at seeding. In Option 3, ammonium nitrate was replaced with the NPK(S)+В 15-15-15(10)+0.3В  
complex fertilizer containing sulphur and boron. 

sPring  
bArley

nutrition strAtegy

LOCATION:
  

The Orel branch of JSC  
AgroGard OOO Severnoye  

Siyaniye, Pokrovsky District,  
Orel Region.

soil fertility
The trial was conducted on grey forest clay-loam soil of medium acidity. The soil had moderate content of 
labile phosphorus and increased content of labile potassium. The content of labile sulphur and boron was 
moderate and high respectively.

Initial agrochemical properties of the soil (0–20 cm)

Humus, % рНKCl
Labile forms

P2O5* K2O* S B
5.66 4.78 52 115 5.0 1.3

Seeding rate: 4.5 m seeds/ha 
Seeding date: 01.05

Seeding date: 01.05 
Forecrop: soybeans

* This grade is currently not available 
for sale, undergoing testing.

* By Chirikov’s method.

meteorologiCAl  
Conditions

Spring barley nutrition schedule (spring–summer) for the field trial

JUNE WAS MARKED BY VERY DRY WEATHER 
CONDITIONS RESULTING FROM A 5.7-FOLD 
DECREASE IN PRECIPITATION COMPARED TO THE 
LONG-TERM AVERAGE. THE PERIOD IS CRUCIAL 
FOR THE FUTURE YIELD. JULY SAW A SHORT 
PERIOD OF HEAVY RAINFALL.

The spring/summer season saw relatively 
favourable temperatures. Average air 
temperature from may to July was slightly above 
the long-term averages. May experienced 
less precipitation compared to the long-term 
average.

THE STANDARD FARM NUTRITION SYSTEM FOR 
SPRING BARLEY INVOLVES APPLICATION OF ONLY 
NITROGEN-BASED FERTILIZERS FOR SPRING 
TILLAGE TO ENSURE A HIGH RATE OF RETURN. THE 
OPTIMISED NUTRITION SYSTEM HELPED OBTAIN 
AN ADDITIONAL RUB 3,000–9,000 PER HECTARE 
AGAINST THE STANDARD FARM PRACTICE.

SUZDALETS VARIETY
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yield
The barley yield was measured per land plot by the combine harvester. In Options 1–2, the yield was 2.85–
3.10 t/ha (at harvest moisture). In these options, NKP(S) 10-26-26(2) was used in autumn followed by 
application of ammonium nitrate in spring, and foliar application of urea and Poly-Feed 19-19-19 in early 
summer. In Options 1–2, with equal total amount of nutrients (N79P13K13S1) applied (kg/ha), the highest 
yields (0.25 t/ha more) were produced with local application of ammonium nitrate at seeding. 

In Options 3–4, the spring barley yield was 3.90 – 4.10 t/ha at harvesting moisture Compared with 
Options 1 and 2, the total nutrient application in Options 3 and 4 was significantly higher – N86P30K30S20B06 
and N71P34К60S10Са14 (kg/ha) respectively. This means that the spring barley yield depends on the level of 
mineral nutrition provided. The highest yield of 4.10 t/ha was obtained with proper nutrition and application 
of NPK(S) + B 15-15-15(10) + 0.3B at seeding. 

To compensate for reduced efficiency of fertilizer nutrients due to the moderate acidity of the trial field, 
the calcium-based NPK(S) + Ca 5-15-30(5) + 7СаО fertilizer was included in the nutrition at seeding. We 
decreased the nitrogen dosage in the nutrition system by 15 kg N/ha, but were still able to obtain a high 
yield of 3.90 t/ha by ensuring an optimal pH level in the root area. 

Spring barley growth and development

Indicator
Option

1 2 3 4
23.05 (Tillering)

Plant height, cm 8.1 7.4 7.2 7.9
General tillering 1.20 1.10 1.30 1.10
Weight of 100 plants, kg 0.30 0.29 0.31 0.28
NDVI 0.48 0.53 0.55 0.58

15.06 (Stem elongation)
Plant height, cm 65.0 58.0 71.0 70.0
General tillering 2.25 1.68 1.93 2.30
Weight of 100 plants, kg 0.63 0.48 0.68 0.73
NDVI 0.75 0.78 0.84 0.79

25.06 (heading)
Plant height, cm 64.7 63.0 69.8 63.2
Productive tillering 2.15 1.70 1.86 2.16
Weight of 100 plants, kg 0.71 0.63 0.72 0.84

09.08 (ripening)
Plant height, cm 68.3 62.0 66.9 60.3
Productive tillering 1.80 1.70 2.10 2.03
Weight of 100 plants, kg 0.52 0.50 0.47 0.51
Weight of ears from 100 plants, kg 0.37 0.33 0.39 0.32
Ear height, cm 7.43 7.51 8.34 7.69

Measurements for each option were made on at least 100 plants from 20 sampling points (five plants from each point) located at equal intervals.

meAsurements  
And observAtions

Measurements were taken at the main growth and development 
stages, including tillering, stem elongation, heading and ripening. 
At ripening, the productive tillering of spring barley was 1.70–1.80 
in options 1–2 and 2.03–2.10 in options 3–4. The ear height in the 
above options was 7.43–7.51 and 7.69–8.34, respectively.
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Option Protein, % Starch, % Specific grain  
weight, g/l

Weight of 1,000 
grains, g

1 11.6 53.5 597 52.2
2 11.3 53.8 601 51.2
3 11.4 53.6 595 51.2
4 13.8 52.1 617 50.6

The crude protein content in grain produced in Options 1–3, met the quality requirements for malt barley. 
The protein content in Option 4 grain exceeded 12%, which corresponds to feed barley quality.
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When growing spring barley in grey forest 
soil, 2.85 t/ha of grain was produced using 

the farm’s standard mineral nutrition system: 
NPK(S) 10-26-26(2) in autumn, ammonium 
nitrate before seeding, and foliar application of 
urea and Poly-Feed 19-19-19. A higher yield 
of 4.1 t/ha was obtained (at standard moisture) 
using NPK(S) 10-26-26(2) in autumn, urea before 
seeding, along with NPK(S)+В 15-15-15(10)+0.3В 
at seeding and foliar application of urea and Poly-
Feed 19-19-19. 

The grain protein content in the higher 
yield option (4.1 t/ha), met the quality 

requirements for malt barley. 

 
The maximum income of RUB 9,408/ha  
against the standard farm practice 

(ammonium nitrate before seeding and foliar 
application of Poly–Feed 19-19-19) was achieved 
under the spring–summer barley nutrition 
system providing for the application of urea 
before seeding, NPK(S)+В 15-15-15(10)+0.3В at 
seeding, as well as foliar application of urea and 
Poly–Feed 19-19-19. 

1 2

3

ConClusions

Economic value of spring–summer barley nutrition systems

In Options 1–2, the fertilizer purchasing and application costs in the spring–summer season totalled 
RUB 2,126/ha and RUB 1,988/ha, respectively. In Options 3–4, these costs were significantly higher, totalling 
RUB 7,217/ha and RUB 9,432/ha, respectively. Spring barley grain was sold by the farm at RUB 11,600/t. 
Based on calculations, Option 3, in which urea was used before seeding in the spring–summer season, 
the NPK(S)+В 15-15-15(10)+0.3В complex fertilizer was used at seeding along with foliar application of 
Poly-Feed 19-19-19 and urea, produced the maximum income of RUB 9,408/ha compared with the farm 
nutrition schedule in the same period involving application of ammonium nitrate before seeding and foliar 
application of urea and Poly-Feed 19-19-19. 

eConomiC vAlue

No. Option
Fertilizer and  
application costs Income from yield Income from  

extra yield Additional income

RUB/ha
1 2,126 33,060 - -
2 1,988 35,960 2,900 3,038
3 7,217 47,560 14,500 9,408
4 9,432 45,240 12,180 4,874

Spring barley (Suzdalets  
variety), grown with application  

of NPK(S) 15-15-15(10) at seeding 

44
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optimising plant nutrition with macro- (N, P, K), meso- (S), and microelements (Zn) through the use 
of complex fertilizers; 

fertilization of plants can be improved through combined application of solid and liquid complex 
fertilizers. 

Corn is extremely sensitive to zinc shortages, 
which worsen the plant’s ability to control 
phosphorous accumulation in the aboveground 
biomass. High content of labile phosphorous 
in the soil or high doses of phosphate-based 
fertilizers may result in a major zinc deficiency 
for the plants. Especially susceptible are plants 
in soils that are low in labile zinc and not treated 
with zinc-containing fertilizers.

The nutrition programme for corn is based on the following approaches:

Trial: Improvement of corn fertility in ordinary 
and typical chernozem soils through application 
of complex sulphur- and zinc-containing solid 
fertilizers at seeding and foliar application of 
APP NP 11-37. 

triAl design
The field trials were conducted in the production environment on the farm’s six fields with the total 
area of 398 ha under the single schedule below. Option 1: the farm’s standard corn nutrition practice. 
Option 2: application of NPS+Zn 20-20(14)+0.4Zn* at seeding to reduce stress during the crop’s initial 
development stage. 

Corn

nutrition strAtegy

LOCATION:
  

Chernyanskoye Division No. 1 
and Dmitrievskoye Division No. 3, 

Rusagro-Invest, Chernyansky  
and Starooskolsky districts,  

Belgorod Region. 

soil fertility
The trials were conducted on typical and ordinary chernozem. No soil 
chemical analysis had been undertaken before the field trials.

Monitoring of the growth and development of corn has shown a tendency towards increases in plant height 
on half of the fields – the ones where NP(S)+Zn 20-20(14)+0.4Zn and APP NP 11-37 (foliar) were applied – 
as compared to the farm’s standard practice of applying monoammonium phosphate (MAP) NP 12-52 and 
potassium chloride in autumn and ammonium nitrate before seeding. 

No. Option (fertilizer)
Dosage, kg/ha

Application method Application 
timingphysical weight nutrient

1

MAP NP 12-52 212

N77Р110К136 Zn0,15

Broadcasting during general  
soil preparation Autumn

Potassium chloride 227

Ammonium nitrate 150 Broadcasting during  
pre-sowing treatment Spring

Application of zinc 1 During growing season  
(8–9 leaves stage) Summer

2

MAP NP 12-52 212

N82Р141К136 S14Zn0,4

Broadcasting during general  
soil preparation Autumn

Potassium chloride 227

Ammonium nitrate 100 Broadcasting during  
pre-sowing treatment Spring

NР(S)+Zn 20-20(14)+0.4Zn* 100 At seeding (3 cm beside seeds)

APP NP 11-37 30 Foliar application  
(with herbicide)

8–9 leaves 
stage

Corn growth and development across six fields

Field trial plan for corn

Seeding rate: 80,000 seeds 
Seeding date: 08–12.05

Harvesting date: 20.10 
Forecrop: winter wheat and barley

meAsurements And observAtions

No. Option (fertilizer)
Weight of 100 plants, kg (10.07) Plant height, cm (31.07)

1 2 3 4 5 6 1 2 3 4 5 6

1
MAP NP 12-52  
+ Potassium chloride  
+ Ammonium nitrate

37.7 38.1 32.9 35.7 36.5 34.4 222 234 226 232 221 219

2

MAP NP 12-52  
+ Potassium chloride  
+ Ammonium nitrate 
+ NР(S)+Zn 20-20(14)+0.4Zn 
+ APP NP 11-37

34.0 36.2 39.6 38.4 37.9 40.1 243 235 227 241 239 218

Deviation from control - - + + = + + = = = = =

Fields 1–3 – Irondel hybrid, field 4 – Fiziks hybrid, field 5 – DKC 3730, Irondel and DKC 3939 hybrids, field 6 – DKC 3939 hybrid.  
Min. 100 plants were selected for measurements for each option

* This grade is currently not available for sale, 
undergoing testing.

IRONDEL, FIZIKS, DKC 
3730, DKC 3939 HYBRIDS
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yield
Corn yield was measured during combine harvesting in trials after the application of  
NP(S)+Zn 20-20(14)+0.4Zn at seeding and foliar application of APP NP 11-37 in addition to the standard 
corn nutrition farm practice (MAP NP 12-52 and potassium chloride applied in autumn and ammonium 
nitrate before seeding). Average corn yield from six fields in the option with the adjusted nutrition system 
amounted to 9.98 t/ha at harvest moisture (four corn hybrids) with the highest yield of 127 centner/ha. 

Average corn yield across the farm was 7.60 t/ha (at harvest moisture). The above average was calculated 
for all corn hybrids grown in the farm in this season. 

A corn yield increase due to a balanced corn 
nutrition system (N103Р149К136S14Zn0.4) with increased 
concentrations of nitrogen and phosphorus and the 
application of sulphur and zinc at seeding as part of 
NP(S)+Zn 20-20(14)+0.4Zn resulted in a 31% rise 
in yield compared to the usual fertilization practice 
of the farm (N77Р110К136) in the conditions of 2018. 

Fertilizer costs under the new corn nutrition system that additionally provided for the application of 
NP(S)+Zn 20-20(14)+0.4Zn (100 kg/ha in physical weight terms) at seeding and the foliar application 
of APP NP 11-37 (30 kg/ha in physical weight terms) rose approximately by RUB 3,119/ha. Additional 
income vs the farm’s nutrition plan that provided for the application of MAP NP 12-52 and potassium 
chloride in autumn and ammonium nitrate before seeding was estimated at RUB 17,111/ha (net of 
fertilization and extra yield harvesting costs). 

eConomiC vAlue

Economic value of different corn nutrition systems

* Corn price = RUB 8,500/t.

Corn yield (harvest moisture)
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Corn moisture data not available.

An increase in corn yield in typical and ordinary 
chernozem soil due to the improved supply of 

macronutrients (nitrogen, phosphorus, potassium), 
mesonutrients (sulphur) and micronutriens 
(zinc) with the additional application of  
NР(S)+Zn 20-20(14)+0.4Zn at seeding and the 
foliar application of APP NP 11-37 at 5-6 leaves 
stage amounted to 31% compared to the farm’s 
fertilization practice (MAP NP 12-52 + potassium 
chloride in autumn and ammonium nitrate before 
seeding). 

Additional income from the application of 
NР(S)+Zn 20-20(14)+0.4Zn at seeding and 

the foliar application of APP NP 11-37 at 5-6 leaves 
stage in addition to MAP NP 12-52 + potassium 
chloride in autumn and ammonium nitrate before 
seeding amounted to RUB 17,111/ha, net of 
fertilization and extra yield harvesting costs. 

1 2

ConClusions

No. Option (fertilizer)

Difference in 
fertilizer costs

Income from 
yield*

Income from 
extra yield

Additional income 

RUB/ha

1
MAP NP 12-52  
+ potassium chloride  
+ ammonium nitrate

- 64,600 - -

2

MAP NP 12-52  
+ potassium chloride  
+ ammonium nitrate 
+ NР(S)+Zn 20-20(14)+0.4Zn 
+ APP NP 11-37

3,119 84,830 20,230 17,111

49
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optimising plant nutrition with macro- 
(N, P, K), meso- (S), and microelements (B) 

through the use of complex fertilizers improves 
grain yield; 

at-seeding application of a sulphur- and 
boron-containing complex fertilizer is an 

important agrotechnical method. 

Lack of boron adversely affects pollen and 
seed formation, as well as metabolism, causing 
sunflower inflorescences to break off easily.

The nutrition programme for sunflower is based 
on the following approaches:

Trial: Improvement of sunflower fertility in typical 
chernozem soil through application of sulphur- 
and boron-containing nitrogen-phosphorus-
potassium fertilizer at seeding. 

triAl design
Trials were conducted on the farm’s three fields under the single plan below. Option 1 – the farm’s standard 
sunflower fertilization practice. Either ammonium nitrate or NS 30-7 with the same nitrogen concentration 
were applied for pre-sowing treatment. Option 2 – optimised nutrition plan with PhosAgro’s sulphur- and 
boron-containing complex fertilizer NPK(S) 15-15-15(10)+0.3B applied at seeding. 

sunflower

nutrition strAtegy

LOCATION:
  

Dmitrievskoye Division No. 3, 
Rusagro-Invest, Starooskolsky 

District, Belgorod Region. 

HYBRID Р63LЕ10 

soil fertility
The trials were carried out on typical chernozem soil. No agrochemical analysis of soil had been done 
before setting up the trials.

Monitoring of the growth and development of sunflower in a single field 
and three fields has shown an increase in the inflorescence diameter 
when using NPKS 15-15-15(10)+0.3B at seeding compared to the farm’s 
fertilization practice involving MAP and potassium chloride application in 
autumn and NS 30-7 before seeding. 

No. Option (fertilizer)
Dosage, kg/ha

Application method Application 
timing

physical weight nutrient

1

MAP NP 12-52

Farm’s standard dosages

Broadcasting for general soil 
preparation Autumn

Potassium chloride

NS 30-7 Broadcasting for pre-sowing 
treatment Spring

2

MAP NP 12-52

Farm’s standard dosages

Broadcasting for general soil 
preparation Autumn

Potassium chloride

NS 30-7 Broadcasting for pre-sowing 
treatment

Spring
NРК(S)+В 15-15-15(10)+0.3В 100 N15Р15К15S10В0,3 At seeding

Field trial plan for sunflower

Seeding rate: 68,500 grains 
Seeding dates: 12–14 May 

Harvesting date: 20 October

meAsurements  
And observAtions

LACK OF BORON ADVERSELY AFFECTS POLLEN 
AND SEED FORMATION, AS WELL AS METABOLISM, 
CAUSING SUNFLOWER INFLORESCENCES TO BREAK 
OFF EASILY.

Sunflower is a crop with the yield dependent upon the extent of its flowering, while the latter depends on 
the boron micronutrient. One of the methods of regulating boron nutrition is foliar application. Producers 
recommend to apply boron-containing fertilizers in dosages of 1–2 l/ha. In 2018, 1 l of boron-containing 
fertilizers cost RUB 350–500. As the root system is the key organ for absorbing nutrients, we proposed the 
15-15-15(10)+0.3B fertilizer in one granule with NPKS+B as part of the nutrition system. Sunflower does 
not need high doses of nitrogen-based fertilizers. However, it is responsive to complex and phosphate 
fertilizers being included in the fertilizer system (as recommended by seed producers). That is why we 
suggested reducing the doses of nitrogen-based fertilizers in favour of applying complex fertilizers. 

THE APPLICATION OF A RECOMMENDED DOSE OF 
200 KG/HA OF NPKS 15-15-15(10)+0.3B DURING 
SEEDING PROVIDES 600 G/HA OF BORON DURING 
PARTICULARLY IMPORTANT PERIODS OF PLANT 
GROWTH AND DEVELOPMENT, AN EQUIVALENT 
OF APPLYING 5–6 L/HA OF BORON-CONTAINING 
FERTILIZERS.
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yield
For the trials, the sunflower yield was measured during combine harvesting. For the option involving the 
fertilization practice suggested by PhosAgro, the grain yield in the three fields totalled 2.58 t/ha (standard 
moisture content). 

At the same time, the grain yield totalled 2.23 t/ha in the extra fourth field seeded with the same sunflower 
hybrid, using the farm’s standard fertilization practice only. 

Thus, the sunflower yield increased by 16% vs the farm’s standard fertilization practice (in the conditions of 
2018) due to the balanced nutrition involving higher nitrogen and phosphorus doses combined with the 
application of potassium, sulphur, and boron in complex fertilizer NPK(S)+B 15-15-15(10)+0.3B at seeding. 

The cost of complex fertilizer NPK(S)+B 15-15-15(10)+0.3B for the application of 100 kg/ha (physical 
weight) at seeding, using the adjusted system of mineral sunflower nutrition, totalled RUB 1,875/ha.  
Additional income vs the farm’s sunflower nutrition plan involving the application of MAP NP 12-52 
and potassium chloride in autumn and ammonium nitrate before seeding was estimated at 
RUB 4,600/ha (net of the fertilization at seeding and extra yield processing costs). 

eConomiC vAlue

Economic value of different sunflower fertilization plans

* Sunflower grain price = RUB 18,500/t.

Sunflower yield (standard moisture content)
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MAP NP 12-52 
+ Potassium chloride 
+ Ammonium nitrate  

(NS 30-7)
The fourth field

2.23

Average across three fields

MAP NP 12-52 
+ Potassium chloride 

+ Ammonium nitrate (NS 30-7) 
+ NРК(S)+В 15-15-15(10)+0.3В

2.58

Sunflower yield increased by 16% on typical 
chernozem soil in the option of optimised 

mineral nutrition with macro- (N, P, K), meso- (S), 
and micronutrients (B) using complex fertilizer 
NPK(S)+B 15-15-15(10)+0.3B compared to the 
farm’s fertilization practice (MAP NP 12-52 and 
potassium chloride in autumn, ammonium nitrate 
or NS 30-7 fertilizer before seeding). 

Additional income from the 
application of complex fertilizer  

NPK(S)+B 15-15-15(10)+0.3B at seeding in 
addition to MAP NP 12-52 and potassium 
chloride in autumn and ammonium nitrate 
(or NS 30-7) before seeding was estimated at 
RUB 4,600/ha (net of the fertilization at seeding 
and extra yield processing costs). 

1 2

ConClusions

No. Trial option (fertilizer)

Difference in 
fertilizer costs

Income from 
yield*

Income from 
extra yield

Additional income 

RUB/ha

1
MAP NP 12-52 
+ Potassium chloride 
+ Ammonium nitrate (NS 30-7)

- 41,255 - -

2

MAP NP 12-52 
+ Potassium chloride 
+ Ammonium nitrate (NS 30-7) 
+ NРК(S)+В 15-15-15(10)+0.3В

1,875 47,730 6,475 4,600

Weight of 100 plants and sunflower inflorescence diameter

No. Option (fertilizer) Weight of 100 plants, kg Inflorescence diameter, cm

1* 2* 3* 1* 2* 3*

1
MAP NP 12-52 
+ Potassium chloride 
+ Ammonium nitrate (NS 30-7)

37.7 38.1 32.9 222 234 226

2

MAP NP 12-52 
+ Potassium chloride 
+ Ammonium nitrate (NS 30-7) 
+ NРК(S)+В 15-15-15(10)+0.3В

34.0 36.2 39.6 243 235 227

* Field number.
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The nutrition programme for sunflower is based on the following approaches:

 applying phosphorus partly via liquid complex fertilizer APP NP 11-37 on ordinary chernozem soil may 
improve phosphorus nutrition of plants and contribute to better yield; 

phosphorus should be supplied to plants in an easy-to-absorb form during the early growth period and 
until the four-leaf stage, after which phosphorus absorption by plants sharply increases. 

In liquid complex fertilizer APP NP 11-37, most of 
the phosphorus is contained in polymer chains – 
ammonium polyphosphates. In carbonated soils, 
ammonium polyphosphates may be preferable to 
traditional phosphate-based fertilizers. The use 
of polyphosphates lessens phosphorus fixation 
by soil thus improving its availability to plants.  

Trial: Determination of the best timing and method 
for APP NP 11-37 application to sunflower in 
conditions of insufficient moisture.  

triAl design

No. Option (fertilizer)
Dosage, kg/ha

Application method
physical weight nutrient

1

UAN-32 250 N80 Surface, for tillage

Potassium chloride 100 К60 Broadcasting for general soil preparation

MAP NP 12-52 50 N6Р26 Broadcasting for general soil preparation

No. Option (fertilizer)
Dosage, kg/ha

Application method
Physical weight Nutrient

2

UAN-32 250 N80 Surface, for tillage

Potassium chloride 100 К60 Broadcasting for general soil preparation

APP NP 11-37 140 N15Р52 Surface, for pre-sowing treatment

MAP NP 12-52 50 N6Р26 Broadcasting for general soil preparation

3

UAN-32 250 N80 Surface, for tillage

Potassium chloride 100 К60 Broadcasting for general soil preparation

MAP NP 12-52 50 N6Р26 Broadcasting for general soil preparation

APP NP 11-37 140 N15Р52 Subsurface, inter-row (two–four pairs of leaves)

Field trial conducted at Voroshilov Collective Farm, 
one of the region’s leading agricultural facilities, 
and supported by Saratov State Vavilov Agrarian 
University. 

Field trial plan for sunflower

nutrition strAtegy

LOCATION:
  

Voroshilov Collective Farm, 
Novoalexandrovsky District, 

Stavropol Territory. 

HERACLES HYBRID

ON 11 JUNE 2018, VOROSHILOV COLLECTIVE 
FARM HOSTED A FIELD DAY FEATURING THE 
DEMONSTRATION OF PHOSAGRO’S NUTRITION 
PRACTICES TO LOCAL FARMERS.

soil fertility
The trials were conducted on ordinary chernozem soil. No soil chemical analysis had been undertaken 
before the field trial.

meteorologiCAl Conditions 
The vegetation period saw daily mean air temperatures above the climate normal for April–July. The 
precipitation in April, May, June, and July was 47%, 78%, 24%, and 99% of the climate normal respectively. 
June and early July saw unfavourable conditions for the crop development due to a higher air temperature 
and insufficient precipitation. 

sunflower

Surface application of APP NP 11-37 for sunflower
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For the trial, the sunflower yield was measured 
during combine harvesting. The option involving 
the application of UAN-32, MAP, and potassium 
chloride in autumn resulted in a grain yield of  
1.60 t/ha (at harvest moisture). Extra application 
of APP NP 11-37 before seeding resulted in the 
maximum sunflower yield – 2.50 t/ha. At the same 
time, inter-row application of liquid complex 
fertilizer APP NP 11-37 at the stage of two–
four leaf pairs produced a harvest of 2.20 t/ha.  
Surface application of APP NP 11-37 for pre-
sowing treatment proved to be more efficient than 
subsurface sunflower nutrition involving inter-row 
application of liquid complex fertilizer at early 
development stages in the conditions of insufficient 
moisture of 2018. 

yield

Sunflower yield (harvest moisture)

UAN-32 + Potassium chloride UAN-32 + Potassium chloride + 
APP NP 11-37 (before seeding) + 

MAP NP 12-52

UAN-32 + Potassium chloride + 
MAP NP 12-52 + APP NP 11-37 

(between rows)
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No. Option (fertilizer)
Difference in 
fertilizer costs

Income from 
yield*

Income from extra 
yield Additional income

RUB/ha

1
UAN-32 
+ Potassium chloride 
+ MAP NP12-52

- 29,648 - -

2

UAN-32 
+ Potassium chloride 
+ APP NP 11-37 (before seeding) 
+ MAP NP 12-52

4,897 46,325 16,677 11,780

3

UAN-32 
+ Potassium chloride 
+ MAP NP 12-52 
+ APP NP 11-37 (between rows)

4,897 40,766 11,118 6,221

The cost of MAP NP 12-52 and liquid complex 
fertilizer APP NP 11-37 totalled RUB 4,897/ha. 
Extra income from the application of APP NP 11-37 
(before seeding) combined with UAN-32, MAP, 
and potassium chloride applied in autumn was 
estimated at RUB 11,780/ha (net of the fertilization 
and extra yield processing costs). However, the 
additional income from inter-row application of 
APP NP 11-37 is estimated at RUB 6,221/ha (net of 
the fertilization and extra yield processing costs). 

Economic value of different sunflower fertilization plans

eConomiC vAlue

* Sunflower grain price = RUB 18,530/t.

The maximum sunflower yield (2.50 t/ha  
at harvest moisture and in the 2018 

conditions) was obtained on ordinary chernozem 
when applying UAN-32 and potassium chloride 
in autumn combined with the application of 
liquid complex fertilizer APP NP 11-37 (before 
seeding) and MAP NP 12-52 during general soil 
preparation.  

 
Applying liquid complex fertilizer 
APP NP 11-37 for pre-sowing treatment 

is a more efficient method than using the same 
fertilizer as subsurface extra nutrition applied 
between rows with a fertilizer applicator during 
the stage of two–four pairs of leaves.  

 
Additional income from the application 
of APP NP 11-37 before seeding and  

MAP NP 12-52 in autumn in addition to applying 
UAN-32 and potassium in autumn was estimated 
at RUB 11,780/ha (net of the fertilization and 
extra yield processing costs). 

1

3

2

ConClusions

COSTS OF SURFACE SPRAYER APPLICATION 
OF APP NP 11-37 FOLLOWED BY TILLAGE 
WERE LOWER THAN COSTS OF INTER-ROW 
SUBSURFACE NUTRITION USING FERTILIZER 
APPLICATOR DURING THE 3–5 LEAF STAGE.

Average daily temperatures and precipitation in April–July by ten-day periods
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complex fertilizers containing both macronutrients and sulphur are supposed to improve the yield 
and seed quality due to a higher nutrient use efficiency (synergy effect); 

complex fertilizers containing zinc and boron may be very efficient, especially where the soil lacks 
forms of zinc and boron absorbable by plants. 

In addition to the intensive absorption of 
nitrogen, phosphorus, and potassium, spring 
rapeseed requires extra amounts of sulphur 
and micronutrients, including boron and zinc. 
Rapeseed is among the crops that need the 
highest amounts of sulphur. Mustard crops, 
including rapeseed, also require the highest 
amounts of boron. 

The nutrition programme for spring rapeseed is based on the following approaches:

Trial: Study of the agronomic effectiveness of 
boron- and zinc-containing fertilizers for spring 
rapeseed in leached chernozem soil. 

triAl design
The aim of the trial was to identify a nutrition 
system that would increase the crop yield. The 
field trial was repeated four times.

sPring rAPeseed

nutrition strAtegy
LOCATION:

  
Trial field of ARRI  

of Rapeseed, Lipetsky  
District, Lipetsk Region.

REEF VARIETY
soil fertility

The trial field was conducted on leached clay-loam slightly acidic chernozem soil. The soil had moderate 
content of labile phosphorus and sulphur and increased content of labile potassium.

Initial agrochemical properties of the soil (0–20 cm)

Humus, % рНKCl

Labile forms, mg/kg of soil

P2O5* K2O* S B Zn

6.70 5.10 66 104 6,5 1.81 0.54

No. Trial option (fertilizer)
Dosage, kg/ha

Application timing Application method
physical weight nutrient

1 Control - - - -

2 NP(S)+Zn 20-20(14)+0.4Zn* 300 N60P60S42Zn3,6

24.04 In spring, broadcasting followed by 
tillage at a depth of 5–7 cm3 NPK(S) 15-15-15(10) 400 N60P60K60S40

4 NPK(S)+B 15-15-15(10)+0.3B 400 N60P60K60S40B1,2

Field trial plan for spring rapeseed

Seeding rate: 2 m seeds / ha  
Seeding date: 10 may 2018

Land plot area: 43.2 sq m (3.6 x 12 m) 
Harvesting date: 30 august 2018

Forecrop: winter wheat * This grade is currently not available 
for sale, undergoing trials. 

* Based on Chirikov’s method. 

meAsurements And observAtions

meteorologiCAl Conditions

Spring rapeseed had a vegetation period of 94 days. No differences were observed between the nutrition 
systems under research in terms of the commencement of phenological stages. 

The application of complex fertilizers NPK(S) 15-15-15(10) and NPK(S)+B 15-15-15(10)+0.3B reliably 
increased the plant height compared to the control option. The application of all grades of complex 
fertilizers had a positive effect on the silique number per plant, one of the key yield structure components. 
The options involving NPK(S) 15-15-15(10) and NPK(S) 15-15-15(10)+0.3B produced the maximum 
numbers of siliques per plant – 26.9 and 27 respectively. 

The vegetation period was in general characterised 
by unfavourable weather conditions for spring 
rapeseed growth and development. Cool weather 
during the early vegetation period was followed by 
predominantly hot and very dry conditions.

SPRING RAPESEED IS A CROP WHOSE SHARE IN THE 
RUSSIAN MARKET IS EXPANDING, WITH AN AVERAGE 
YIELD IN THE VOLGA REGION AND CENTRAL RUSSIA 
RANGING FROM 0.7 TO 1.8 T/HA, DEPENDING ON 
THE YEAR, WHILE EASTERN EUROPE’S SPRING 
RAPESEED YIELDS EXCEED 4 T/HA.

THE PRECIPITATION FROM MAY TO AUGUST 
WAS 2.4 TIMES LOWER THAN THE LONG-TERM 
AVERAGE, AFFECTING THE RAPESEED GROWTH 
AND DEVELOPMENT.

Daily mean air temperature and cumulative precipitation for each ten-day period in May –August
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yield

seed quAlity

The trial involved combine harvesting on individual land plots. All complex fertilizers studied were reliably 
proved to contribute to raising the rapeseed yield to 0.99–1.07 t/ha (standard moisture content) compared 
to the non-fertilized control (0.68 t/ha), with a very high yield increase of 46–57%. In the conditions 
of higher air temperature and insufficient moisture, complex fertilizers NP(S)+Zn 20-20(14)+0.4Zn,  
NPK(S) 15-15-15(10) and NPK(S)+B 15-15-15(10)+0.3B proved to be effective, with the maximum yield 
achieved in the options involving NPK(S) 15-15-15(10) and NPK(S) 15-15-15(10)+0.3B. 

In a hot and extremely dry environment, the oil content in spring rapeseed was significantly lower than the 
typical range of values. Accordingly, the crude protein content was higher than usual. 

Nutrition systems using the three complex fertilizer grades contributed to a significantly higher yield of oil 
and protein per hectare than the non-fertilized control due to a higher seed yield. The following trend was 
observed: NPK(S) 15-15-15(10) and NPK(S)+B 15-15-15(10)+0.3B were somewhat more effective than 
other options in terms of increasing the yield of oil and protein per hectare. 

Spring rapeseed yield (standard moisture content),  
LDC05 = 0.11
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In weather conditions that were unfavourable for growth and development, NPK(S) 15-15-15(10) and 
NPK(S)+B 15-15-15(10)+0.3B proved to be the most efficient. The additional income from the use of these 
grades was within the range of RUB 1,929–1,944/ha (net of the fertilization and extra yield harvesting and 
processing costs). The use of NP(S)+Zn 20-20(14)+0.4Zn earned an extra income of RUB 715/ha. 

eConomiC vAlue

Economic value of different complex fertilizers for spring rapeseed

The application of complex fertilizers 
containing nitrogen, phosphorus, potassium, 

sulphur, as well as boron and zinc on leached 
chernozem resulted in a very significant increase 
in the seed yield (46–57%) compared to the non-
fertilized control.  

 
There was a trend towards a higher yield 
of crude fat and crude protein per hectare 

when complex fertilizers NPK(S) 15-15-15(10) 
and NPK(S)+B 15-15-15(10)+0.3B were applied to 
spring rapeseed.  

Complex fertilizers NPK(S) 15-15-15(10) 
and NPK(S)+B 15-15-15(10)+0.3B showed 

the best economic effect when applying nitrogen, 
phosphorus, and potassium in dosages of 60 kg 
of nutrient per hectare. The additional income 
per hectare ranged between RUB 1,929 and  
RUB 1,944/ha (net of the fertilization and extra 
yield harvesting and processing costs).  

1

2

3
ConClusions

Rapeseed quality, oil and protein yield per hectare

No. Trial option (fertilizers) Planting density, 
plants / sq m Plant height, cm Number of siliques 

per plant
Weight of  
1,000 seeds, g

1 Control 64 87.4 19.4 4.21
2 NP(S)+Zn 20-20(14)+0.4Zn 63 89.3 25.6 4.24
3 NPK(S) 15-15-15(10) 64 91.3 26.9 4.31
4 NPK(S)+B 15-15-15(10)+0.3B 65 90.8 27.0 4.26
LDC05 2 3.4 1.8 0.12

Spring rapeseed yield structure

The report contains results of only one year, and we are going to continue studying these nutrition systems.

* Rapeseed price = RUB 23,500/t.

No. Option (fertilizer)
Content in seeds, % Yield, kg/ha

crude fat crude protein crude fat crude protein

1 Control 37.9 27.0 240 171
2 NP(S)+Zn 20-20(14)+0.4Zn 36.6 27.7 337 255
3 NPK(S) 15-15-15(10) 37.4 27.2 365 266
4 NPK(S)+B 15-15-15(10)+0.3B 36.8 27.1 366 270
LDC05 0.5 1.4 - -

No. Option (fertilizer) Fertilizer costs Income  
from yield* Income from extra yield Additional income

RUB/ha
1 Control - 15,980 - -
2 NP(S)+Zn 20-20(14)+0.4Zn 6,570 23,265 7,285 715
3 NPK(S) 15-15-15(10) 6,766 24,675 8,695 1,929
4 NPK(S)+B 15-15-15(10)+0.3B 7,221 25,145 9,165 1,944



62 63

complex fertilizers containing macro- (N, P, K), meso- (S), and micronutrients (B) improve seed yield;

optimisation of the mineral nutrition of plants through the use of complex fertilizers containing 
nitrogen, phosphorus, potassium, sulphur, and boron improves seed quality.

Sulphur removal with main rapeseed products 
(ca. 5 kg of sulphur per tonne of seeds) is 
significantly higher than that of other crops. For 
crop rotation, it is recommended to prioritise 
rapeseed when applying sulphur-containing 
fertilizers. Mustard crops, including rapeseed, 
also require the highest amounts of boron.

The nutrition programme for spring rapeseed is 
based on the following approaches:

Trial: Study of the spring rapeseed response to 
complex sulphur- and boron-containing nitrogen-
phosphorus-potassium fertilizer in sod-podzolic soil.

triAl design

sPring rAPeseed

nutrition strAtegy

LOCATION:
  

VadAgro, Vadsky District, 
Nizhny Novgorod Region.

soil fertility
The trial was conducted on medium-loam, sod-podzolic, slightly-acidic soil. Accordingly, the soil had high 
and increased content of labile phosphorus and potassium prior to the trial.

The measurements conducted in trial options demonstrated that the use of ammonium nitrate with 
complex fertilizer NPK(S) 15-15-15(10)+0.3B contributed to better growth and development of spring 
rapeseed compared to the non-fertilized control.

No. Trial option (fertilizer)
Dosage, kg/ha Application 

timing Application method

physical weight nutrient

1 Control - - - -

2
Ammonium nitrate 100 N34

Spring Broadcasting for pre-sowing 
treatment

NPK(S)15-15-15(10)+0.3B 200 N30Р30К30S20В0,6

Field trial plan for spring rapeseed

meAsurements And observAtions

Seeding rate: 7 kg/ha 
Seeding date: 22 May 

Harvesting date: 17 September 
Land plot area: 10 ha 

Forecrop: spring wheat

Initial agrochemical properties of the soil (0–20 cm)

Humus, % рНKCl

Labile forms*, Mg/kg of soil

P2O5 K2O

2.80 5.40 152 128 

* Based on Kirsanov’s method.

In general, the growing period had favourable conditions for good growth and development of spring 
rapeseed. Heavy showers and strong wind preceding the harvesting caused lodging.

meteorologiCAl Conditions

Spring rapeseed growth and development

No. Trial option (fertilizer)

NDVI
Plant 
height, 
cm

Number of 
lateral shoots 
per plant

Number of 
siliques per 
plant

Weight of 
1,000 siliques, 
g

sprouts flowering silique  
formation flowering full seed ripeness

1 Control 0.30 0.60 0.62 110.4 4.1 42 148

2
Ammonium nitrate 
+ NPK(S)15-15-
15(10)+0.3B

0.22 0.66 0.65 119.7 5.2 58 167

For each option, at least 100 plants were selected. All measurements were attended by the agronomist of the farm.

LUNEDI VARIETY
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yield
The trial involved combine harvesting of spring rapeseed on individual land plots. The non-fertilized control 
produced a spring rapeseed yield of only 0.6 t/ha at harvest moisture. Ammonium nitrate and complex 
fertilizer NPK(S) 15-15-15(10)+0.3B applied before seeding produced a yield of 1.77 t of seeds per ha. Thus, 
the yield increase resulting from the application of the above fertilizers was estimated at 195% compared 
to the non-fertilized control.

Crude fat content in spring rapeseed totalled 32.9% in the non-fertilized control. Ammonium nitrate 
and complex fertilizer NPK(S) 15-15-15(10)+0.3B applied before seeding resulted in a 33.8% crude fat 
content in seeds.

The cost of purchasing ammonium nitrate and 
complex fertilizer NPK(S) 15-15-15(10)+0.3B 
totalled RUB 5,040/ha. The amount of expected 
seed yield increase due to the application of 
fertilizers is estimated at RUB 23,400/ha.

eConomiC vAlue

Economic value of applying ammonium nitrate and complex fertilizer NPK(S) 15-15-15(10)+0.3B for 
spring rapeseed

* Rapeseed price = RUB 20,000/t.

Spring rapeseed yield (harvest moisture)

Crude fat content in spring rapeseed
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Ammonium nitrate and complex fertilizer 
NPK(S) 15-15-15(10)+0.3B applied for 

spring rapeseed before seeding on medium-
loam, sod-podzolic, slightly-acidic soil produced 
a yield of 1.77 t of seeds per hectare. The yield 
increase was estimated at 195% compared to 
the non-fertilized control. 

Extra income from the appli- 
cation of ammonium nitrate and  

NPK(S) 15-15-15(10)+0.3B before seeding 
was RUB 18,360/ha (net of the fertilization and  
extra yield harvesting and processing costs). 

1 2

ConClusions

No. Trial option (fertilizer)
Fertilizer costs Income from 

yield*
Income from 
extra yield Additional income 

RUB/ha

1 Control - 12,000 - -

2 Ammonium nitrate 
+ NPK(S)15-15-15(10)+0.3B 5,040 35,400 23,400 18,360

rAPeseed quAlity

EXTRA INCOME FROM THE APPLICATION OF 
AMMONIUM NITRATE (100 KG/HA) AND  
NPK(S) 15-15-15(10)+0.3B (200 KG/HA) BEFORE 
SEEDING IN THE 2018 CONDITIONS WAS 
ESTIMATED AT RUB 18,360/HA (NET OF THE 
FERTILIZATION AND EXTRA YIELD HARVESTING 
AND PROCESSING COSTS).

65
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complex fertilizers containing macro- (N, P, K), meso- (S), and micronutrients (B) help improve soybean seed 
yield and quality;

the full dosage of nutrients applied at seeding 
as part of a complex fertilizer optimises mineral 

nutrition and reduces the number of machine passes.

Boron is necessary for plants to develop new 
cells in growing organs and tissues. Sufficient 
boron nutrition promotes flowering and seed 
development. Legumes are extremely sensitive 
to boron deficiency.

The nutrition programme for soybeans is based on the following approaches:

Trial: Improvement of the mineral nutrition of 
soybeans in typical chernozem soil via application 
of sulphur- and boron-containing nitrogen-
phosphorus-potassium fertilizer at seeding.

triAl design

No. Trial option (fertilizer)
Dosage, kg/ha Application 

timing
Application method

physical weight nutrient

1
MAP NP 12-52 50 N6P26 Autumn

Broadcasting for general soil 
preparation

NS 30-7 100 N30S7 Spring At seeding
2 NPK(S)+B 15-15-15(10)+0.3B 200 N30P30K30S20B0,6 14 May At seeding

The field trial was conducted once. Option 1 (below): the farm’s standard fertilization practice.

Field trial plan for soybeans

Seeding rate: 80 kg/ha 
Seeding date: 14 May.  

Harvesting date: 18 September 
Land plot area: 177 ha 

Forecrop: spring wheat

soybeAns

nutrition strAtegy
LOCATION:

  
Dmitrievskoye Production 

Division, Rusagro,  
Nikiforovsky District,  

Tambov Region.

LANCEOLATE VARIETY

OPTIMAL BORON CONTENT IN THE 
ABOVEGROUND SOYBEAN BIOMASS IS 20–60 
MG/KG OF ABSOLUTELY DRY MATTER, WHICH IS 
MANY TIMES MORE THAN FOR CEREAL CROPS.

Humus, % рНKCl

Labile forms, mg/kg of soil
P2O5* K2O*

8.10 5.00 119 90

soil fertility
The trial was conducted on typical clay chernozem soil of medium 
acidity. Prior to the trial, the soil had increased content of labile 
phosphorus and potassium.

Initial agrochemical properties of the soil (0–20 cm)

* By Chirikov’s method.

meteorologiCAl Conditions 
Weather conditions during the vegetation period 
were far from favourable. The spring was long. The 
precipitation in May was 10% lower than the long-
term average. Mean air temperature in May was 
20.0 ºC, 2.1 ºC above the long-term average. The 
precipitation in June and July was 14% and 45% of 
the long-term average respectively.

Daily mean air temperature for each ten-day period in May–September (Michurinsk weather station)
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meAsurements And observAtions
The option involving the farm’s traditional mineral nutrition system (MAP NP 12-52 in autumn and NS 30-7 
at seeding) resulted in 353 soybean seedlings per sq m. The option involving NPK(S)+B 15-15-15(10)+0.3B 
complex fertilizer at seeding with additional application of potassium and boron resulted in 583 soybean 
seedlings per sq m. In the farm’s option, the number of weeds amounted to 65 per sq m, while in PhosAgro’s 
option, there were 117 weeds per sq m.

According to the observations, NPK(S)+B 15-15-15(10)+0.3B 
complex fertilizer applied at seeding helped improve the growth 
and development of soybean plants vs the farm’s mineral 
nutrition system (MAP NP 12-52 in autumn and NS 30-7 at 
seeding). This conclusion can be drawn by comparing the yield 
structure across the two options, namely the number of lateral 
shoots, plant height and number of pods per plant.

AN ALMOST TWOFOLD EXCESS 
OF WEEDS COULD AFFECT THE 
NUTRITIONAL EFFECT.
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No. Trial option (fertilizer)
Number of lateral 
shoots per plant

Plant height, cm
Number of pods 
per plant

1 MAP NP 12-52 + NS 30-7 6.0 68.1 6.5

2 NPK(S)+B 15-15-15(10)+0.3B 11.3 75.7 24.5

Soybean growth and development (2 August)

The measurement process was attended by the agronomist working for Agrotechnologies (part of RusAgro holding company).

The wheat yield was measured during combine harvesting. The lack of atmospheric moisture observed 
during the critical phases of soybean development resulted in limited seed fertility. For the option involving 
the farm’s mineral nutrition system (MAP NP 12-52 in autumn and NS 30-7 at seeding), the yield totalled 
1.10 t/ha, while for the option involving NPK(S)+B 15-15-15(10)+0.3B at seeding with additional application 
of potassium and boron, the yield amounted to 1.25 t/ha (standard moisture content), demonstrating a 
14% yield increase.

yield

ProduCt quAlity
For the option involving the farm’s mineral nutrition system (MAP NP 12-52 in autumn and 
NS 30-7 at seeding), soybean seed moisture content was 12.6%, while for the option involving  
NPK(S)+B 15-15-15(10)+0.3B at seeding, it stood at 11.9%.

No. Trial option (fertilizer) Seed yield*, t/ha Seed moisture content, %

1 MAP NP 12-52 + NS 30-7 1.11 12.6

2 NPK(S)+B 15-15-15(10)+0.3B 1.25 11.9

Soybean seed moisture content at harvesting

Soybean seed yield (standard moisture content)
MAP NP 12-52 + NS 30-7 NPK(S)+B 15-15-15(10)+0.3B
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No. Trial option (fertilizer) Fertilizer costs
Income from 
yield*

Income from extra 
yield

Additional  
income

RUB/ha

1 MAP NP 12-52 + NS 30-7 3,128 23,310 - -

2 NPK(S)+B 15-15-15(10)+0.3B 3,610 26,250 2,940 2,458

200 kg/ha (physical weight) of NPK(S)+B 15-15-15(10)+0.3B complex fertilizer was RUB 482 (per ha) 
more expensive than the farm’s standard soybean nutrition system (50 kg/ha of MAP NP 12-52 and  
100 kg/ha of NS 30-7). However, higher soybean seed yield secured by NPK(S)+B 15-15-15(10)+0.3B 
complex fertilizer helped generate additional income of RUB 2,458 per ha compared to the farm’s standard 
soybean nutrition system (net of the fertilization and extra yield processing costs).

It should also be noted that the farm’s standard soybean nutrition system included one pass of 
fertilizer spreader to apply MAP NP 12-52 in autumn, i.e. application of NPK(S)+B 15-15-15(10)+0.3B  
at seeding helped reduce the number of machine passes. It means that the application of  
NPK(S)+B 15-15-15(10)+0.3B complex fertilizer at seeding generates the total income of above  
RUB 2,458/ha as opposed to the farm’s standard soybean nutrition system.

Economic value of different soybean nutrition systems

eConomiC vAlue

* Soybean seed price = RUB 21,000/t.

* Harvest moisture.

 In leached chernozem soil, the farm’s 
standard mineral nutrition system  

(MAP NP 12-52 in autumn and NS 30-7 at seeding) 
produced the yield of 1.10 t/ha, while for the option 
involving additional application of potassium and 
boron as part of NPK(S)+B 15-15-15(10)+0.3B 
complex fertilizer at seeding, the yield amounted to 
1.25 t/ha (standard moisture content). 

The income when applying  
NPK(S)+B 15-15-15(10)+0.3B at seeding 

was estimated at above RUB 2,458/ha vs the farm’s 
standard soybean nutrition system (MAP NP 12-52 
in autumn and NS 30-7 at seeding). 

Applying 100% of nutrients at soybean 
seeding as part of a complex fertilizer reduces 

the number of machine passes. 

1

3

2

ConClusions
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phosphorus dosages should factor in the content of labile phosphorus in the soil;

dosages of other macroelements (potassium) should also factor in soil fertility.

Efficient soil fertility management involves 
achieving and maintaining the optimal content 
of labile phosphorus in the soil. Where soils lack 
labile phosphorus, the strategy should focus 
on the broadcasting of phosphate fertilizer in 
recommended dosages.

The nutrition programme for soybeans is based on the following approaches:

Trial: Optimisation of the mineral nutrition of 
soybeans in typical chernozem soil given the soil 
fertility.

triAl design
Trials were conducted at Gorin Collective Farm, one of the region’s leading agricultural facilities. 
Option 1 (below): the farm’s standard soybean fertilization practice. Options 2 and 3 were suggested 
by PhosAgro and involved fertilizers for acidic soils, namely 100 kg/ha and 150 kg/ha (physical weight) 
of DAP NP 18-46.

soybeAns

nutrition strAtegy
LOCATION:

  
Gorin Collective Farm, 
Belgorodsky District,  

Belgorod Region.

AS THE FARM’S SOILS ARE CHARACTERISED BY THE INCREASED CONTENT OF LABILE POTASSIUM 
AND SLIGHTLY ACIDIC PH, PHOSAGRO SUGGESTED DAP NP 18-46 (2.5) FERTILIZER FOR ACIDIC SOILS 
AS AN ALTERNATIVE TO THE TRADITIONAL MINERAL NUTRITION SYSTEM INVOLVING THE USE OF  
NPK(S) 10-26-26(2). WITH THE DOSAGE BEING THE SAME IN PHYSICAL TERMS, THE NUMBER OF 
NUTRIENTS APPLIED INCREASED BY 4.5 KG.

No. Trial option (fertilizer)
Dosage, kg/ha Application 

timing
Application method

physical weight nutrient

1 NPK(S) 10-26-26(2) 100 N10P26K26S2

Autumn
Broadcasting for general soil 
preparation

2 DAP NP(S) 18-46(2.5) 100 N18P46S2,5

3 DAP NP(S) 18-46(2.5) 150 N27P69S3,75

No. Trial option (fertilizer) Plant height, cm Number of pods per plant Number of seeds per pod

1 NPK 10-26-26 (100 kg/ha) 85 24 2.5
2 DAP NP 18-46 (100 kg/ha) 87 26 2.5
3 DAP NP 18-46  (150 kg/ha) 86 25 2.5

Field trial plan for soybeans

Humus, % рНKCl

Hydrolytic acidity, mmol (equivalent) 
per 100 g of soil 

Labile forms, mg/kg of soil

P2O5* K2O*

4.80 5.70 3.22 93 120

soil fertility
The trial was conducted on typical, slightly acidic chernozem soil. In certain field areas, there were soils 
with pH of 5.5–5.0. Prior to the trial, the soil had moderate and increased content of labile phosphorus and 
potassium respectively.

Initial agrochemical properties of the soil (0–20cm)

Soybean growth and development (2 August)

* By Chirikov’s method.

meAsurements And observAtions
Based on the observations made during the soybean seed-filling phase, the plant development stage can be 
assumed to be the same irrespective of the mineral nutrition system used.

For the trial, the soybean seed yield was measured during combine harvesting. The option involving the 
application of 100 kg/ha (in physical weight terms) of NPK 10-26-26 complex fertilizer produced the seed 
yield of 1.23 t/ha (standard moisture content). The option involving the application of 100 and 150 kg/ha 
(in physical weight terms) of DAP NP 18-46 produced the seed yield of 1.32 t/ha and 1.41 t/ha respectively.

There was no statistical analysis of the results. Min. 100 plants were selected for measurements for each option.

yield

Seeding rate: 1.2 m seeds / ha 
Seeding date: 1 May 

Harvesting date: 30 August 
Land plot area: 2.5 ha

BELGORODSKAYA 48  
VARIETY
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ProduCt quAlity
Soybean seed moisture content at harvesting, as well as the crude protein and fat content suggest the 
comparable quality of yields in all options.

No. Trial option (fertilizer) Seed yield*, t/ha
Seed moisture 
content, %

Content in seeds, %
crude fat crude protein

1 NPK 10-26-26 (100 kg/ha) 1.23 6.9 23.4 31.0

2 DAP NP 18-46 (100 kg/ha) 1.32 7.5 23.7 31.5

3 DAP NP 18-46 (150 kg/ha) 1.41 7.6 23.5 32.2

Soybean seed quality

Soybean seed yield (standard moisture content)

NPK 10-26-26 
(100 kg/ha)

DAP NP 18-46 
(100 kg/ha)

DAP NP 18-46 
(100 kg/ha)
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There was no statistical analysis of the results. 
* Standard moisture content.

As previously stated, the soil had moderate content of labile phosphorus prior to the trial, which suggests 
that PhosAgro’s option (with phosphorus dosage adjusted upwards by 1.8–2.7 times) was justified vs the 
farm’s standard dosage (26 kg of P2O5/ha). In addition, the soil had increased content of labile potassium.

THE OPTION INVOLVING 150 KG/HA OF DAP NP(S) 18-46(2.5) PRODUCED THE MAXIMUM SOYBEAN 
YIELD – 1.41 T/HA (STANDARD MOISTURE CONTENT), AND A 1.2% HIGHER PROTEIN CONTENT.

No. Option (fertilizer)

Difference in  
fertilizer costs

Income from 
yield*

Income from 
extra yield Additional income

RUB/ha

1
NPK 10-26-26 
(100 kg/ha)

- 24,360 - -

2
DAP NP 18-46 
(100 kg/ha)

–800 26,460 2,100 2,900

3
DAP NP 18-46 
(150 kg/ha)

308 28,140 3,780 3,472

The cost of 100 kg/ha of DAP NP 18-46 was some RUB 800/ha lower vs the same amount of  
NPK 10-26-26 complex fertilizer. The cost of 150 kg/ha of DAP NP 18-46 was approximately RUB 308/ha 
higher vs 100 kg/ha of NPK 10-26-26.

According to estimates, DAP NP 18-46 applied in dosages of 100 kg/ha and 150 kg/ha generated the 
additional income of RUB 2,900 and RUB 3,472 respectively (net of extra yield processing costs) vs the 
farm’s option where 100 kg/ha of NPK 10-26-26 was used.

Economic value of different soybean nutrition systems

eConomiC vAlue

* Soybean seed price = RUB 21,000/t.

 In typical chernozem soil, the application of 
100 kg/ha of NPK 10-26-26 complex fertilizer 

for general soil preparation in autumn produced 
the yield of 1.23 t/ha (standard moisture content); 
100 kg/ha and 150 kg/ha of DAP NP 18-46 applied 
during the same period produced the yield of  
1.32 t/ha and 1.41 t/ha respectively.

According to estimates, DAP NP 18-46 
applied in dosages of 100 kg/ha and  

150 kg/ha generated the additional income of  
RUB 2,900 and RUB 3,472 respectively (net of extra 
yield processing costs) vs the farm’s option where 
100 kg/ha of NPK 10-26-26 was used.

 
The dosages of P and K fertilizers should 
factor in the content of labile phosphorus 

and potassium in the soil.
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complex fertilizers containing macro- (N, P, K), meso- (S), and micronutrients (B) help improve 
soybean yield and quality;

application of the full dosage of nutrients at seeding on soils with a high content of labile 
phosphorus and potassium reduces the number of machine passes.

Soybeans are second only to rapeseed when it 
comes to sulphur removal through harvesting. 
For crop rotation, it is recommended to 
prioritise such plants when applying sulphur-
containing fertilizers. Another thing to consider 
is that legumes are extremely sensitive to boron 
deficiency.

The nutrition programme for soybeans is based on the following approaches:

Trial: Optimisation of the nutrition schedule for 
soybeans on typical chernozem soil within the 
normal budget of a farm for fertilizers.

triAl design
Field trials were conducted on the farm’s two fields under the single plan below. Option 1: the facility’s 
standard soybean fertilization practice. Option 2: optimised nutrition system by PhosAgro based on 
the complex use of main nutrients and boron. Before seeding, soybean seeds were inoculated with the 
nitrogen-fixing bacteria.

soybeAns

nutrition strAtegy

LOCATION:
  

Istobnyanskoye Division No. 
2, Rusagro-Invest, Gubkinsky 

District, Belgorod Region.

soil fertility
The trial was conducted on typical, neutral, clay-loam chernozem soil. Prior to the trial, the soil had 
increased and high content of labile phosphorus and potassium.

According to the observations made in late July, the application of NPK(S)+B 15-15-15(10)+0.3B complex 
fertilizer at seeding had a positive effect on plant height vs the farm’s standard soybean nutrition system 
(MAP NP 12-52 in autumn and NS 30-7 at seeding).

No. Option (fertilizer)
Dosage, kg/ha

Application 
timing Application method

physical weight nutrient

1
MAP NP 12-52 50 N6P26 Autumn Broadcasting for general soil 

preparation

NS 30-7 100 N30S7 Spring Broadcasting for tillage

2 NPK(S)+B 15-15-15(10)+0.3B 120 N18P18K18S12B0,4  Spring At seeding

Field trial plan for soybeans

Seeding rate: 900,000 seeds/ha 
Seeding date: 14 May 

Harvesting date: 19 September 
Forecrop: barley 

meAsurements And observAtions

IN PLANT PROTEIN, SULPHUR TO NITROGEN 
RATIO IS 1:15.

Initial agrochemical properties of the soil (0–20cm)

No. Humus, % рНKCl

Labile forms*, mg/kg of soil
P2O5 K2O

1 6.00 6.90 103 129
2 5.00 6.70 103 129

* By Chirikov’s method.

No. Trial option (fertilizer)
Weight of 100 plants, kg Plant height, cm

Field 1 Field 2 Average Field 1 Field 2 Average

1 MAP NP 12-52+ NS 30-7 3.23 3.36 3.30 110 112 111

2 NPK(S)+B 15-15-15(10)+0.3B 3.20 2.98 3.09 126 122 124

Min. 100 plants were selected for measurements from each field.

Soybean growth and development (31 July)

BELGORODSKAYA 7  
VARIETY
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yield
For the trial, the soybean seed yield was measured during combine harvesting. Average soybean seed yield 
from two fields involving the application of the above fertilizer at seeding amounted to 2.31 t/ha at harvest 
moisture.

Average soybean seed yield across the farm was 1.75 t/ha (farm’s standard nutrition system for soybeans 
involving the application of MAP NP 12-52 in autumn and NS 30-7 fertilizer at seeding). The above average 
was calculated for all soybeans varieties grown at the farm in this season on fields with different soil fertility.

According to estimates, the additional application of potassium fertilisers and increased dosages of sulphur 
and boron as part of the nutrition system helped increase soybean fertility. For soils with increased content 
of labile phosphorus and potassium, localised placement of fertilizers is more efficient. 

Based on the farm’s standard expenditures, soybean mineral nutrition systems in question had similar 
fertilizer costs. Income from extra yield secured via the application of NPK(S)+B 15-15-15(10)+0.3B complex 
fertilizer at seeding was RUB 11,760/ha vs the farm’s standard fertilization practice (MAP NP 12-52 in autumn 
and NS 30-7 fertilizer at seeding).

The option involving the application of NPK(S)+B 15-15-15(10)+0,3B helped reduce the number of machine 
passes as it was applied at seeding, which should be taken into account when assessing the economic value.

According to the quality analysis of soybean seeds from the trial fields, crude protein content in seeds 
produced using the farm’s nutrition system (MAP NP 12-52 in autumn and NS 30-7 fertilizer at seeding) 
averaged 32.3%, while in the option involving the application of NPK(S)+B 15-15-15(10)+0.3B complex 
fertilizer at seeding, it amounted to 35.7%. Therefore, a balanced plant nutrition with nitrogen, phosphorus, 
potassium, sulphur and boron can promote higher protein content in soybean seeds.

eConomiC vAlue

soybeAn seed quAlity

Economic value of different soybean nutrition systems

Soybean seed yield (harvest moisture)
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 On typical chernozem soil, the farm’s 
standard mineral nutrition system (MAP 

NP 12-52 in autumn and NS 30-7 at seeding) 
produced the average yield of 1.75 t/ha, while for 
the option involving the adjusted mineral nutrition 
system (NPK(S)+B 15-15-15(10)+0.3B at seeding), 
the yield stood at 2.31 t/ha.

 
For the option involving the farm’s standard 
mineral nutrition system for soybeans (MAP 

NP 12-52 in autumn and NS 30-7 at seeding), the 

crude protein content in seeds was 32,3%, while for 
the option involving NPK(S)+B 15-15-15(10)+0,3B 
at seeding, it averaged 35,7% for two fields.

 
The additional income from extra yield 
secured via the application of NPK(S)+B 

15-15-15(10)+0.3B complex fertilizer at seeding 
totalled RUB 11,760/ha vs the farm’s nutrition 
system involving the application of MAP NP 12-52 
in autumn and NS 30-7 fertilizer at seeding (net of 
the fertilization and extra yield processing costs).
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ConClusions

POTASSIUM IS PARTICULARLY IMPORTANT FOR SOYBEAN PLANTS 
DURING THE SEED-FILLING PHASE. THE NUTRITION SYSTEM 
FEATURING POTASSIUM AND SULPHUR FERTILIZERS PRODUCED 
THE MAXIMUM YIELD OF 2.61 T/HA (WITH THE AVERAGE YIELD 
FROM TWO FIELDS OF 2.31 T/HA).

Rusagro-invest data.

* Soybean seed price = RUB 21,000/t.

Soybean seed quality

No. Option (fertilizer)
Content in seeds, %

crude fat crude protein
Field 1 Field 2 Average Field 1 Field 2 Average

1 MAP NP 12-52+ NS 30-7 23.1 23.6 23.4 32.6 32.0 32.3

2 NPK(S)+B 15-15-15(10)+0.3B 23.1 21.3 22.2 35.8 35.5 35.7

No. Trial option (fertilizer)
Income from yield* Income from extra yield

RUB/ha
1 MAP NP 12-52+ NS 30-7 36,750 -

2 NPK(S)+B 15-15-15(10)+0.3B 48,510 11,760
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the application of complex fertilizers containing macro- (N, P, K), meso- (S), and micronutrients 
(B) helps increase seed yields;

if the soil has moderate content of labile phosphorus, it is better to apply phosphate fertilizers 
both in autumn and at seeding.

High soil sorption of phosphorus from applied 
fertilizers reduces its availability to plants. 
Sidedressing of phosphorus and sulphur in 
carbonated soils improves the availability of 
phosphorus to plants. Another thing to consider 
is that boron-containing fertilizers are more 
effective on chickpea than on cereal crops.

The nutrition programme for chickpea is based 
on the following approaches:

Trial: Improvement of the cost effectiveness of 
chickpea growing in ordinary chernozem soil thanks 
to better mineral nutrition.

triAl design
The field trial was planned to be repeated three times. Option 1 (below): the farm’s standard chickpea 
fertilization practice. Option 2: application of NPK(S)+B 15-15-15(10)+0.3B, PhosAgro’s sulphur- and 
boron-containing complex fertilizer, at seeding. Chickpea seeds were inoculated before seeding.

ChiCkPeA

nutrition strAtegy

LOCATION:
  

Sergeyevskoye division of ZAO  
Farming Company Pavlovsk Niva, 

Podgorensky District,  
Voronezh Region.

soil fertility
The trial was conducted on ordinary medium-loam neutral chernozem soil. Prior to the trial, the soil had 
moderate and increased content of labile phosphorus and potassium.

According to the observations, the application of DAP NP 18-46 in 
autumn and NPK(S)+B 15-15-15(10)+0.3B at seeding helped increase 
the number of productive stems and pods per plant during the late 
flowering / pod formation stage by 42% and 32%, respectively, 
compared to the farm’s fertilization practice.

No. Option (fertilizer)
Dosage, kg/ha Application 

timing Application method
physical weight nutrient

1 DAP NP 18-46 50 N9Р23 Spring Broadcasting for general soil 
preparation in autumn

2
DAP NP 18-46 50 N9Р23 Autumn Broadcasting for general soil 

preparation in autumn

NPK(S)+В 15-15-15(10)+0.3В 150 N23Р23К23S15В0,5 Spring At seeding

Field trial plan meAsurements  
And observAtions

Seeding rate: 900,000 seeds/ha Land plot area: 2 ha Forecrop: spring barley

Initial agrochemical properties of the soil (0–20 cm)

Humus, % рНKCl

Labile forms*, mg/kg of soil
P2O5 K2O

5.00 6.50 86 91

* By Chirikov’s method.

Average daily temperatures and precipitation in May—August 
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Weather conditions during the vegetation period: lower precipitation in July and especially in August 
compared to long-term average. Average daily temperatures were above the long-term average. 
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yield
For the trial, the chickpea yield was measured 
during combine harvesting.

The trial results indicate that the farm’s standard 
DAP NP 18-46 application practice produced 
a yield of 0.90 t/ha (at harvest moisture). The 
application of DAP NP 18-46 in autumn and 
NPK(S)+B 15-15-15(10)+0.3B at seeding resulted 
in a yield of 1.90 t/ha.

Difference between the fertilizer purchasing costs amounts to RUB 2,708/ha, reflecting the cost of NPK(S)+B 
15-15-15(10)+0.3B complex fertilizer. Additional income from the optimised nutrition system based on 
DAP NP 18-46 and NPK(S)+B 15-15-15(10)+0.3B was estimated at a record high of RUB 21,292/ha, net of 
fertilization and extra yield processing costs. As a result, the use of the optimised nutrition system, including 
the costs of DAP NP 18-46 broadcasting in autumn and extra yield processing in the conditions of 2018, 
produced a tangible economic effect.

eConomiC vAlue

Economic value of different chickpea nutrition systems

* Chickpea seed price = RUB 24,000/t.

Yield data provided by Sergeyevskoye farm.

Chickpea yield (harvest moisture)
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The application of DAP NP 18-46 in ordinary 
chernozem soil at seeding produced a yield of 

0.90 t/ha, while the application of DAP NP 18-46 
in autumn and NPK(S)+B 15-15-15(10)+0.3B 
at seeding resulted in an almost double yield of  
1.90 t/ha (at harvest moisture). 

Additional income from the enhanced 
nutrition system based on DAP NP 18-46 

in autumn and NPK(S)+B 15-15-15(10)+0.3B 
at seeding was estimated at a record high of  
RUB 21,292/ha, net of fertilization and extra yield 
processing costs. 

1 2

ConClusions

No. Option (fertilizer)
Difference in 
fertilizer costs

Income from 
yield*

Income from 
extra yield Additional income 

RUB/ha

1 DAP NP 18-46 - 21,600 - -

2 DAP NP 18-46 
+ NPK(S)+В 15-15-15(10)+0.3В 2,708 45,600 24,000 21,292

Chickpea growth and development (16 July)

No. Option (fertilizer) Number of productive 
stems per plant Plant height, cm Number of pods  

per plant

1 DAP NP 18-46 3.8 50.0 53.0

2 DAP NP 18-46 
+ NPK(S)+В 15-15-15(10)+0.3В 6.5 48.0 78.0

There was no statistical analysis of the results.
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applying phosphorus as part of liquid complex fertilizer APP NP 11-37 in ordinary chernozem soil 
may improve phosphorus nutrition of plants and contribute to better yield;

optimising plant phosphorus nutrition helps increase sugar content and improve sugar yield per ha.

Phosphorus should be applied in a form that 
is best absorbed by a plant during the early 
growth period when the root system only 
starts developing.

The nutrition programme for sugar beet is based on the following approaches:

Trial: Determination of the best timing and method 
for APP NP 11-37 application to sugar beet in 
conditions of insufficient moisture.

triAl design
The field trial was supported by Stavropol State Agrarian University. The nutrition schedule was developed 
jointly by Stavropol State Agrarian University and PhosAgro specialists. Option 1: the farm’s standard sugar 
beet fertilization practice. Options 2 and 3: nutrition system based on band application of nutrients that 
can easily be assimilated by plants across the soil horizon. The application of APP NP 11-37 as inter-row 
subsurface extra nutrition was made using fertilizer applicator.

sugAr beet

nutrition strAtegy

LOCATION:
  

Voroshilov Collective Farm, No-
voalexandrovsky District,  

Stavropol Territory.

soil fertility
The trials were carried out on ordinary chernozem soil. No soil chemical analysis had been undertaken 
before the field trial.

No. Option (fertilizer)
Dosage, kg/ha

Application method Application 
timingphysical weight nutrient

1

MAP NP 12-52 200 N24Р104
Broadcasting for general soil preparation

AutumnPotassium chloride 100 К60

UAN-32 400 N128 Surface, for general soil preparation

2

MAP NP 12-52 200 N24Р104
Broadcasting for general soil preparation

AutumnPotassium chloride 100 К60

UAN-32 400 N128 Surface, for general soil preparation

APP NP 11-37 140 N15Р52 Surface, for pre-sowing treatment 09 April

3

MAP NP 12-52 200 N24Р104
Broadcasting for general soil preparation

AutumnPotassium chloride 100 К60

UAN-32 400 N128 Broadcasting for general soil preparation

APP NP 11-37 140 N15Р52
Subsurface extra nutrition applied between 
rows (during the stage of three–six leaves) 15 May

Field trial plan for sugar beet

Seeding rate: 900,000 seeds/ha Land plot area: 2 ha Forecrop: spring barley

Average daily temperatures and precipitation in April–July by ten-day periods
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The vegetation period saw average daily temperatures above the long-term average for April–July. 
The precipitation in April, May, June, and July was 47%, 78%, 24%, and 99% of the long-term average, 
respectively. June and early July saw unfavourable conditions for the crop development due to a higher air 
temperature and insufficient precipitation. 

meteorologiCAl Conditions

IN THE SOUTH OF RUSSIA, WHERE SOILS 
ARE RICH IN CALCIUM CARBONATE, 
APP NP 11-37 HAS SOME ADVANTAGES 
OVER TRADITIONAL PHOSPHATE-BASED 
FERTILIZERS.

I II I I II I I I I II II I I II I I I I II II I I II I I I I II II I I II I I I I I

CONTINENTAL HYBRID
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yield
For the trial, the sugar beet yield 
was measured during combine 
harvesting. The application 
of MAP NP 12-52, potassium 
chloride and UAN-32 in autumn 
contributed to a yield of  
35.8 t/ha. The spring application 
of APP NP 11-37 resulted in 
41.1–42.5 t/ha of yield.

On 11 July 2019, the Voroshilov Collective Farm 
demonstrated sugar beet nutrition systems 
to more than 150 farmers operating in the 
Stavropol Territory.

The cost of APP NP 11-37 totalled RUB 3,723/ha. Additional income from the optimised 
nutrition system based on pre-sowing application of APP NP 11-37 and autumn application of  
MAP NP 12-52, potassium chloride and UAN-32 is estimated at RUB 11,390/ha, net of surface fertilizer 
application and extra yield processing costs. However, the economic effect of inter-row nutrition with  
APP NP 11-37 was less pronounced: it produced RUB 8,232/ha of additional income, net of subsurface 
fertilizer application and extra yield processing costs.

It should also be noted that the costs of surface pre-sowing sprayer application of APP NP 11-37 
were indeed lower than costs of inter-row subsurface nutrition using fertilizer applicator.

eConomiC vAlue

Economic value of different sugar beet nutrition systems

*Sugar beet seed price = RUB 24,000/t.

Data provided by Stavropol State Agrarian University.

Sugar beet yield
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In conditions of insufficient moisture, sugar 
beet yield amounted to 35.8 t/ha after the 

application of MAP NP 12-52, potassium chloride 
and UAN-32 in autumn, and to 41.1–42.5 t/ha 
after the application of APP NP 11-37. 

 
Both the application of APP NP 11-37 during 
pre-sowing treatment and as subsurface 

nutrition of sugar beet applied between rows during 
the stage of three–six leaves improved the yields. 

 
Additional income from the optimised 
nutrition system combining pre-plant 

application of APP NP 11-37 and autumn 
application of MAP NP 12-52, potassium chloride 
and UAN-32 is estimated at RUB 11,390/ha, net 
of surface fertilizer application and extra yield 
processing costs. 

 
Sugar yield per ha was 1.37 times higher after 
the spring application of APP NP 11-37 during 

pre-sowing treatment. 

 
Sugar content in sugar beet roots was 3% 
higher after the inter-row application of APP 

NP 11-37. 

1
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ConClusions

No. Option (fertilizer)
Difference in 
fertilizer costs

Income from 
yield*

Income from 
extra yield Additional income 

RUB/ha

1 MAP NP 12-52 
+ Potassium chloride + UAN-32 - 80,753 - -

2
MAP NP 12-52 
+ Potassium chloride + UAN-32 
+ APP NP 11-37 (before seeding)

3,723 95,866 15,113 11,390

3
MAP NP 12-52 
+ Potassium chloride + UAN-32 
+ APP NP 11-37 (between rows)

3,723 92,708 11,955 8,232

THE APPLICATION OF APP NP 11-37 DURING PRE-SOWING 
TREATMENT AND AS SUBSURFACE NUTRITION OF SUGAR BEET 
APPLIED BETWEEN ROWS DURING THE STAGE OF THREE–SIX LEAVES 
IMPROVED THE YIELDS AND RESULTED IN A MAXIMUM YIELD OF 
42.5 T/HA, WHICH IS 18.7% HIGHER COMPARED TO THE STANDARD 
FERTILIZATION PRACTICE.

ProduCt quAlity
Measurements show an increase of sugar content in sugar beet roots after the application of APP NP 11-37 
together with the application of MAP NP 12-52 and potassium chloride in autumn and UAN-32 in spring.

The spring application of APP NP 11-37 before pre-sowing cultivation led to a 
significant increase in sugar yield from 5.8 to 8 t/ha.

Sugar content in sugar beet roots and yield

No. Option (fertilizer) Sugar content in sugar  
beet roots, %

Sugar yield, 
t/ha

1 MAP NP 12-52 
+ Potassium chloride + UAN-32 16.2 5.8

2
MAP NP 12-52 
+ Potassium chloride + UAN-32 
+ APP NP 11-37 (before seeding)

18.8 8.0

3
MAP NP 12-52 
+ Potassium chloride + UAN-32 
+ APP NP 11-37 (between rows)

19.2 7.9

85
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The nutrition programme for potatoes is based on the following approaches:

optimising plant nutrition with macro- (N, P, K), meso- (S, Ca), and micronutrients (B) through the use 
of complex fertilizers can improve tuber quality;

optimised nutrition with macro-, meso- and micronutrients helps reduce fertilizer costs.

To fully unlock potential of mineral fertilizers, 
the extreme soil acidity should be reduced 
through the application of calcium-containing 
fertilizers. Calcium is essential as a constituent 
of cell walls and membranes in plants. Sulphur 
is another mesonutrient that plays a significant 
role in many metabolic processes in plants.

Trial: Optimisation of the nutrition system to 
achieve a chips potato yield of 40.0 t/ha and reduce 
production costs.

triAl design

No. Option (fertilizer)
Dosage, kg/ha

Application 
timing Application method Fertilizer cost, 

RUB/ha
physical weight nutrient

1

NPK 10-26-26 270

N207Р70К70В0,33

Spring During planting

13,494Urea 390 Spring Broadcasting for 
pre-sowing treatment

Boron-containing 
fertilizer 3 Summer Foliar application

No. Option 
(fertilizer)

Dosage, kg/ha
Application 
timing Application method

Fertilizer 
cost,  
RUB/haphysical weight nutrient

2

Urea 370

N200Р41К59S21  

+ Ca8В0,5

Spring Broadcasting for pre-sowing 
treatment

11,385NPK(S)+B  
15-15-15(10)+0.3В 150

Spring During planting
NPK(S)+CaO  
5-15-30(5)+7CaO* 120

The field trial was conducted once in TRIO Group’s production environment, on an irrigated land plot of 7 ha. 

Field trial plan for potatoes

Planting rate: 3.7 t/ha 
Germination time: 11 May  

Harvesting date: 29 September 
Land plot area: 7 ha

Potato tubers from one plant under the farm’s standard fertilization practice (to the left)  
and under the optimised nutrition plan (to the right) during the early harvest (17 July)

PotAtoes

nutrition strAtegy

LOCATION:
 

TRIO Group,  
Dolgorukovsky District, 

Lipetsk Region.

VR 808 VARIETY

soil fertility
The trial was conducted on leached chernozem. No soil chemical analysis had been undertaken before 
the field trial.

The sum of active temperatures during the period from 1 May to 17 July amounted to 1,450 ºС, which is 
110 ºС (8%) above the long-term average. In the same period, the precipitation was 1.9 times lower than 
the long-term average (92.3 mm vs 173.8 mm).

meteorologiCAl Conditions 

meAsurements And observAtions
The farm’s standard fertilization practice involving the application of NPK 10-26-26 complex fertilizer during 
planting and urea before planting with foliar extra nutrition using boron-containing fertilizer resulted in 
the presence of small tubers in the early harvest. The optimised potato nutrition plan including the spring 
application of urea before planting and NPK(S)+B 15-15-15(10)+0.3B and NPK(S)+CaO 5-15-30(5)+7CaO 
complex fertilizers during planting resulted in less size variations among tubers.

NPK 10-26-26  
+ Urea 
+ Boron-containing fertilizer (Foliar application)

Urea  
+ NPK(S)+B 15-15-15(10)+0.3В 
+ NPK(S)+CaO 5-15-30(5)+7CaO

* This grade is currently not available 
for sale, as it is undergoing trials.
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Given the equal potato tuber yields and selling price, there was no 
difference in the amounts of income from yield in both nutrition 
systems studied.

Total fertilizer cost stood at RUB 13,494/ha for the farm’s standard 
nutrition system that includes the application of NPK 10-26-26 
during planting and urea before planting, and foliar extra nutrition 
using boron-containing fertilizer. However, the trial option 2 
involving the spring application of urea before planting and  
NPK(S)+B 15-15-15(10)+0.3B and NPK(S)+CaO 5-15-30(5)+7CaO 
complex fertilizers during planting led to a RUB 2,108/ha reduction in fertilizer costs which amounted 
to RUB 11,386/ha. The use of a nutrition schedule suggested by PhosAgro allowed to skip the extra 
nutrition with boron as this micronutrient was applied as part of NPK(S)+B 15-15-15(10)+0.3B complex 
fertilizer. Given the RUB 300/l cost of boron-containing fertilizer and 3 l/ha required dosage, the real savings 
from the use of the optimised potato nutrition system involving the application of nitrogen, phosphorus, 
potassium together with sulphur, calcium and boron during planting exceeded RUB 3,008/ha.

89

No. Option (fertilizer) Tuber weight,  
g per plant

Number of  
tubers per plant Tuber size, mm

1
NPK 10-26-26  
+ Urea  
+ Boron-containing fertilizer (foliar application)

110 6.0 4.3

2
Urea  
+ NPK(S)+B 15-15-15(10)+0.3В  
+ NPK(S)+CaO 5-15-30(5)+7CaO

150 6.8 4.8

Potato yield structure during the early harvest (17 July)

Measurements for each option were made on at least 20 plants from at least five sampling points.

For the trial, the yield was measured during combine harvesting (mixed-type harvesting). Potato tuber yield 
was flat in various trial options and amounted to 42.7 t/ha (2.7 t/ha above the targeted yield).

The potato yield structure during the early harvest suggests that the optimised nutrition with macro- (N, 
P, K), meso- (S, Ca), and micronutrients (B) through the application of NPK(S)+B 15-15-15(10)+0.3B and 
NPK(S)+CaO 5-15-30(5)+7CaO complex fertilizers during planting and urea during pre-sowing treatment 
has a positive effect on the weight and number of tubers per plant, and on the size of tubers measured by 
maximum transverse diameter, compared to the farm’s standard nutrition system.

yield

tuber quAlity
In both trial options potato tubers of more than 40 mm in size accounted for over 90% of the yield. The dry 
matter content in tubers was high (24.6%) and remained unchanged in all trial options.

No. Option (fertilizer)
Fertilizer costs Difference  

in fertilizer costs

RUB/ha

1 NPK 10-26-26 + Urea + Boron-containing fertilizer (foliar application) 13,494 -

2 Urea + NPK(S)+B 15-15-15(10)+0.3В + NPK(S)+CaO 5-15-30(5)+7CaO 11,386 –3,008

Economic value of different potato nutrition systems

eConomiC vAlue

ConClusions

Both the application of NPK 10-26-26 
during planting and urea before pre-sowing 

treatment in leached chernozem with foliar 
extra nutrition using boron-containing fertilizer 
(the farm’s standard fertilization practice) and 
the spring application of urea before planting  
and NPK(S)+B 15-15-15(10)+0.3B and 
NPK(S)+CaO 5-15-30(5)+7CaO complex fertilizers 
during planting (the optimised nutrition system) 
resulted in the same yields and tuber quality. 

Adding 21 kg/ha of sulphur and 8 kg/ha of 
calcium to the potato nutrition programme 

allowed to reduce the amounts of macronutrients 
(phosphorus and potassium) vs the farm’s standard 
fertilization practice. 

A balanced potato nutrition with  
NPK(S)+B 15-15-15(10)+0.3B and 

NPK(S)+CaO 5-15-30(5)+7CaO during planting 
produced over RUB 3,008/ha of savings 
compared to the farm’s standard fertilization 
practice, which does not include sulphur- and 
calcium-containing fertilizers. 

AS OPPOSED TO THE FARM’S FERTILIZATION 
PRACTICE, THE OPTIMISED NUTRITION SYSTEM 
INCLUDED THE APPLICATION OF 21 KG/HA OF 
SULPHUR AND 8 KG/HA OF CALCIUM, AS WELL 
AS 0.5 KG/HA OF BORON, AND THE REDUCTION 
OF PHOSPHORUS AND POTASSIUM APPLICATION 
BY 41% AND 16%, RESPECTIVELY.

2

3

1
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The nutrition programme is based on the following approaches:

optimised nutrition with macro- (N, P, K), meso- (S) and micronutrients (B) leads to better potato 
tuber yield no matter what irrigation conditions are;

optimising plant nutrition helps improve tuber quality.

Potato root system is underdeveloped as 
opposed to other crops. As it has trouble 
absorbing nutrients in the forms that are not 
easily assimilated during the early growth period, 
potatoes have high response to phosphate-
based fertilizers.

Trial: Comparative study of a farm’s standard 
potato nutrition system and the optimised mineral 
nutrition system with complex fertilizers where the 
essential nutrients are supplied in one granule.

triAl design

No. Option (fertilizer)
Dosage, kg/ha

Application 
timing Application method

physical weight nutrient

1

Potassium chloride 300

N145P124K303 S84

Autumn
Broadcasting for general soil 
preparation

Ammonium sulphate 350 Spring Broadcasting before ridging

NPK(S) 10-26-26 (2) 475 08 May During planting

Ammonium nitrate 70 24 May
Extra nutrition during  
broadcasting

Total amount of fertilizers 1,195

2

Potassium chloride 300

N178P123K303S82B2,6

Autumn
Broadcasting for general soil 
preparation

Urea 120 Spring Broadcasting before ridging

NPK(S)+B 15-15-15(10)+0.ЗВ 820 08 May During planting

Total amount of fertilizers 1,240

3

Potassium chloride 300

N182P123K123S82B2,6

Autumn
Broadcasting for general soil 
preparation

Urea 150 Spring Broadcasting before ridging

NPK(S)+B 15-15-15(10)+0.ЗВ 820 08 May During planting

Total amount of fertilizers 1,270

The field trial was conducted once. Option 1 (below): 
the farm’s standard potato fertilization practice. 
Option 2: optimised nutrition system that replaces 
two fertilizer applications (ammonium sulphate 
during broadcasting and NPK(S) 10-26-26(2)  
during planting) with a single dosage of  
NPK(S)+B 15-15-15(10)+0.3B complex fertilizer 
during planting.

Option 3: nutrition system with a higher dosage of 
nitrogen, which may have a positive effect on yield 
and tuber quality.

Field trial plan for potatoes

Planting rate: 3.1 t/ha 
Planting date: 8 May 

Harvesting date: 11–12 September 
Forecrop: winter wheat 

Land plot area: 3.05 ha 
Number of potato ridges in each option: 31

PotAtoes

nutrition strAtegy
LOCATION:

 
OOO Farming Company 

Slava Kartofelyu,  
Komsomolsky District, 

Chuvash Republic.

GALA VARIETY

Humus, % рНКСl
Hydrolitic acidity, mmol (equivalent 
per 100 g of soil)

Labile forms*, mg/kg of soil
Р2О5 К2О

5.30 6.10 0.80 233 117

soil fertility
The trial was conducted on podzolic neutral clay-loam chernozem soil. Prior to the trial, the soil had very 
high and increased content of labile phosphorus and potassium, respectively.

Weather conditions during the vegetation period were hot and dry, with 46.4 mm of precipitation from 21 
May to 26 August. Due to the lack of atmospheric moisture 426 mm (4.260 m3/ha) of irrigation water was 
applied in the same period to the potato land plot.

Initial agrochemical properties of the soil layer (0–20 cm)

* By Chirikov’s method.

meteorologiCAl Conditions 
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For the trial, the biological potato tuber 
yield was measured. The same dosages of 
phosphorous (123–124 kg of P2О5 per ha) 
and potassium (330 kg of K2О per ha) were 
applied in all trial options.

 The amount of nitrogen for options 1, 2 and 
3 was 145, 178 and 182 kg/ha, respectively. 
The amount of sulphur applied was the same 
in all options (82–84 kg/ha). Boron was applied 
in options 2 and 3 (2.5 kg of B/ha) as part of 
NPK(S)+B 15-15-15(10)+0.3B complex fertilizer. 
In each option, there were two nonirrigated fields 
(at the edges of land plots). Therefore, the average 
biological potato tuber yield was measured for irrigated 
and nonirrigated fields separately. The use of the farm’s 
standard nutrition system resulted in tuber yield of 51.4 t/ha on 
irrigated land and 20.9 t/ha on nonirrigated land. The use of optimised 
nutrition of potato with macro-, meso- and micronutrients resulted in biological yield of 59.7–61.4 t/ha 
on irrigated land and 21.3–24.3 t/ha on nonirrigated land.

In the conditions of insufficient moisture, the dosage of nitrogen on nonirrigated fields was increased to a 
maximum of 182 kg/ha, which in combination with an optimised application of phosphorus, potassium, 
sulphur and boron led to a yield of 24.3 t/ha (option 3) that is 16% above the farm’s standard practice.

yield

No. Option (fertilizer) NDVI
Tuber weight, kg 
per plant

Tuber size, cm

1

Potassium chloride  
+ Ammonium sulphate  
+ NPK 10-26-26  
+ Ammonium nitrate

0.82 0.253 4.2

2
Potassium chloride  
+ Urea (120 kg/ha)  
+ NPK(S)+B 15-15-15(10)+0.ЗВ

0.86 0.413 4.7

3
Potassium chloride  
+ Urea (150 kg/ha)  
+ NPK(S)+B 15-15-15(10)+0.ЗВ

0.86 0.294 3.7

Cumulative precipitation and irrigation regime from 21 May to 26 August

21 May-
27 May

28 May-
03 Jun

04 Jun-
10 Jun

11 Jun-
17 Jun

18 Jun-
24 Jun

25 Jun-
01 Jul

02 Jul-
08 Jul

09 Jul-
15 Jul

16 Jul-
22 Jul

23 Jul-
29 Jul

30 Jul- 
05 Aug

06 Aug-
12 Aug

13 Aug-
19 Aug

20 Aug-
26 Aug

0

10

20

30

40

50

60

70

80
Cr

op
 w

at
er

 u
se

, m
m

Precipitation Irrigation

meAsurements And observAtions
The measurements conducted during the formation 
of tubers on irrigated land show that the use of the 
nutrition system based on PhosAgro fertilizers led 
to an increase in tuber weight to 0.413 kg per plant 
(vs 0.253 kg per plant under the farm’s practice) 
and bigger size of tubers measured by maximum 
transverse diameter vs the farm’s standard nutrition 
system (option 1).

Potato growth and development (24 July)

All measurements were attended by the agronomist of the farm.
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ConClusions

No. Option (fertilizer)
Difference in 
fertilizer costs

Income from 
yield*

Income from 
extra yield

Additional 
income

RUB/ha

1 Potassium chloride + Ammonium sulphate + 
NPK 10-26-26 + Ammonium nitrate - 514,000 - -

2 Potassium chloride + Urea (120 kg/ha) +  
NPK(S)+B 15-15-15(10)+0.ЗВ 1,279 614,000 100,000 98,721

3 Potassium chloride + Urea (150 kg/ha) +  
NPK(S)+B 15-15-15(10)+0.ЗВ 1,774 597,000 83,000 81,226

No. Option (fertilizer)
Difference in 
fertilizer costs

Income from 
yield*

Income from 
extra yield

Additional 
income

RUB/ha

1 Potassium chloride + Ammonium sulphate +  
NPK 10-26-26 + Ammonium nitrate - 209,000 - -

2 Potassium chloride + Urea (120 kg/ha) +  
NPK(S)+B 15-15-15(10)+0.ЗВ 1,279 213,000 4,000 2,721

3 Potassium chloride + Urea (150 kg/ha) +  
NPK(S)+B 15-15-15(10)+0.ЗВ 1,774 243,000 34,000 32,226

Additional income from the enhanced potato nutrition system used on irrigated land was estimated 
at RUB 81,226–98,721/ha, net of fertilization and extra yield processing costs. The combined 
application of potassium chloride in autumn, urea before planting (120 kg/ha in physical weight 
terms), NPK(S)+B 15-15-15(10)+0.3B complex fertilizer during planting and foliar extra nutrition 
with urea (option 2) was the most efficient.

Given the weather conditions of 2018 on nonirrigated fields, the most efficient nutrition plan 
was option 3 involving the application of potassium chloride in autumn, urea before planting  
(150 kg/ha in physical weight terms), NPK(S)+B 15-15-15(10)+0.3B complex fertilizer during planting 
and foliar extra nutrition with urea. Thus, in the conditions of insufficient moisture, the application of 
a maximum dosage of nitrogen combined with an optimised application of phosphorus, potassium, 
sulphur and boron was economically feasible.

Economic value of different potato nutrition systems on irrigated land

Economic value of different potato nutrition systems on nonirrigated land

eConomiC vAlue

The best results as regards to biological 
potato tuber yield in podzolic chernozem 

on irrigated land were achieved with the use of an 
optimised nutrition plan involving macro- (N, P, K), 
meso- (S), and micronutrients (B) during planting. 

The best results as regards to biological 
potato tuber yield in podzolic chernozem on 

nonirrigated land were achieved with the use of an 
optimised nutrition plan applying macro- (N, P, K), 
meso- (S), and micronutrients (B) and maximum 
dosage of nitrogen (182 kg/ha). 

Additional income from the optimised potato 
nutrition system involving the application 

of potassium chloride in autumn, urea before 
planting (120 kg/ha in physical weight terms) and 

NPK(S)+B 15-15-15(10)+0.3B complex fertilizer 
during planting amounted to RUB 98,721/ha, 
net of fertilization and extra yield processing 
costs, as opposed to the farm’s standard practice 
involving the application of potassium chloride 
in autumn, ammonium sulphate before planting,  
NPK 10-26-26 during planting and extra nutrition 
with ammonium nitrate. 

Additional income from the nutrition plan 
involving the application of potassium chloride 

in autumn, urea before planting (150 kg/ha in physical 
weight terms) and NPK(S)+B 15-15-15(10)+0.3B 
complex fertilizer during planting on nonirrigated land 
amounted to RUB 32,226/ha, net of fertilization and 
extra yield processing costs, as opposed to the farm’s 
standard potato nutrition system. 

* Potato tuber price = RUB 10,000/t.

* Potato tuber price = RUB 10,000/t.

Potato plants grown with 
NPK(S)+B 15-15-15(10)+0.3B
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application of complex fertilizers containing macro- (N, P), meso- (S) and micronutrients (Zn) to 
increase crop yields;

use of sulphur and zinc contained in complex fertilizers to mitigate accumulation of heavy metals 
(arsenic and cadmium) in crops cultivated on contaminated soil.

Control of industrial emissions, including ghg 
(in particular, sulphur hexafluoride), has led to a 
decrease in the amounts of sulphur released into 
atmosphere, thus reducing soil contamination 
with sulphur through precipitation. This 
warrants a wider use of sulphur-containing 
fertilizers to protect various crops from the 
shortage of sulphur.

The nutrition programme for rice is based on the following approaches:

Trial: Improvement of rice fertility and growing of 
organic crops in soil contaminated with heavy metals.

triAl design
The field trial was repeated three times. The trial plan’s option 2 is in line with the standard rice fertilization 
practice used by farmers. Urea was added to soils at early rice tillering (stage 21 according to the BBCH scale).

Field trial plan for rice

Seeding method: in rows 
Seeding date: 10.05 

Harvesting date: 27.09 
Flooding period: 21.06–29.08 

Land plot area: 30 sq m 
Forecrop: rice

* This grade is currently not available 
for sale, as it is undergoing trials.

riCe

nutrition strAtegy

LOCATION:
 

Farm in Zibido  
San Giacomo (MI),  
Lombardy Region,  

Italy.

CARNAROLI VARIETY

P2О5 K2О S As Cd Pb Zn

mg/kg of soil

916 4,332 55.8 7.2 0.5 33.2 66.0 

Date
P2О5 K2О As Cd Pb Zn

mg/l

13.07 25.7 4.4 13.1 < 0.0005 < 0.001 39.1

22.08 < 0.01 1.4 8.5 < 0.0005 < 0.001 11.0

soil fertility
The trial was conducted on sandy loam with a high humus content (3.54%) and a slightly acidic   
pH (Н2O = 5,87). The soil in the trial area has sufficient amounts of phosphorus and potassium for rice.  
The trial soil is contaminated with heavy metals (cadmium and arsenic).

Content of bulk forms* of phosphorus, potassium, sulphur and heavy metals found in the soil 
prior to the trial (plough layer)

Phosphorus, potassium and heavy metal concentrations in the irrigation water

* Extracted with a mix of  HCl + HNO3.

meteorologiCAl Conditions 

irrigAtion wAter quAlity

The air temperature and precipitation throughout the vegetation period were effectively within the average 
climate values observed in the trial area over the last decade. A higher precipitation rate in 2018 (compared 
to the long-term annual average) increased the risk of fungal diseases in cultivated rice, but the use of 
balanced farming techniques helped grow healthy crops.

Irrigation water was sampled from the paddy field’s 
water feeding point on two different dates. Arsenic 
and zinc contents in the irrigation water were 
significantly higher at the beginning of the flooding 
compared to its end. Moreover, the water had higher 
concentrations of phosphorus and potassium at 
the beginning of the paddy field flooding.

No. Option (fertilizer)
Dosage, kg/ha Application 

timing Application method
physical weight nutrient

1 Control - - -

2

DAP NP 18-46 152 N27Р70
07 May Surface broadcasting

Urea 13 N6

Urea 137 N63 15 June Extra nutrition by broadcasting (early tillering)

3
NP(S)+Zn 206 N33Р70S12Z0,8 07 May Surface broadcasting

Urea 137 N63 15 June Extra nutrition by broadcasting (early tillering)
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The trial involved combine harvesting of rice grain on individual land plots. The application of DAP 18-46 
+ urea failed to result in a reliably higher yield compared to the non-fertilized control.

However, combination of the NP(S)+Zn 16-34(6)+0.4Zn complex fertilizer and urea contributed to 
a reliable grain yield growth vs the other trial options. The yield increased by 49% compared to the 
control option (from 5.30 to 7.90 t/ha) and by 32% compared to the option involving the application of  
DAP 18-46 and urea (from 6.00 to 7.90 t/ha). In options 2 and 3, the total mineral fertilizer dosages 
were N96Р70 and N96Р70S12Z08, respectively, with the effect of sulphur and zinc analysed against an aligned 
nitrogen-phosphorus background.

The pronounced beneficial effect of the NP(S)+Zn 16-34(6)+0.4Zn complex fertilizer on the rice yield is mainly 
attributable to the sulphur component of the fertilizer, as zinc was also contained in the irrigation water.

yield

No. Trial option (fertilizer)
As Cd Pb Zn

mg/kg
1 Control 0.50 ± 0.08 0.37 ± 0.01 0.07 ± 0.02 38.29 ± 3.95
2 DAP NP 18-46 + Urea 0.43 ± 0.07 0.31 ± 0.04 0.05 ± 0.004 36.06 ± 3.71
3 NP(S)+Zn 16-34(6) + 0.4Zn + Urea 0.42 ± 0.03 0.30 ± 0.02 0.05 ± 0.004 37.33 ± 0.88

The trial analysed heavy metal content in the produced grain. Trial options involving mineral fertilizers 
(DAP NP(S) 18-46(2.5) or NP(S)+Zn 16-34(6)+0.4Zn combined with Urea) showed a tendency towards lower 
accumulation of arsenic, cadmium and lead in paddy rice compared to the non-fertilized control option.

It stands to note that sulphur reduces the absorption of heavy metals by plants and precludes their migration 
from roots to the aboveground biomass and, consequently, to the grain. In an anaerobic environment 
resulting from soil flooding, sulphate sulphur is reduced to a sulphide form in soil, and heavy metal sulphides 
are characterised by extremely low solubility. In addition, zinc reduces cadmium absorption by plants because 
of the antagonism between zinc and cadmium ions.

Heavy metal content in paddy rice (average value and confidence interval)

riCe grAin quAlity

Significance value α < 0.05.

The NP(S)+Zn 16-34(6)+0.4Zn complex 
fertilizer applied prior to rice seeding in sandy 

loam (Northern Italy) contributed to a grain yield, 
which was 32% higher compared to the option 
using DAP 18-46 (7.90 vs 6.00 t/ha with standard 
moisture content). 

The use of a complex sulphur- and zinc-
containing fertilizer demonstrated a higher rice 

yield as a result of a larger number of panicles per plant. 

Trial options involving the use of 
mineral fertilizers (DAP NP 18-46 or  

NP(S)+Zn 16-34(6)+0.4Zn) before seeding 
combined with extra urea nutrition showed a 
tendency towards lower accumulation of arsenic, 
cadmium and lead in paddy rice compared to the 
non-fertilized control option. 

1 3

2

ConClusions

meAsurements And observAtions
The yield structure analysis demonstrates that a rice 
panicle in the trial options where mineral fertilizers 
were used had a larger number of spikelets compared 
to a non-fertilized control (the differences are reliable 
where the significance value is α < 0.1).

It should also be noted that the option involving the 
application of the NP(S)+Zn 16-34(6)+0.4Zn complex 
fertilizer yielded a higher number of panicles per plant 
compared to other trial options (the differences are 
reliable where the significance value is α < 0.1). DA
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No. Option (fertilizer)
Plant 
height,  
cm

Number  
of panicles 
per plant

Panicle 
length,  
cm

Number  
of spikelets 
per panicle

Number  
of grains  
per spikelet

Weight  
of 1,000 
grains, g

1 Control 64.6 ± 1.5 3.7 ± 0.6 19.7 ± 0.3 8.00 ± 0.53 8.11 ± 1.35 37.4 ± 1.9

2 DAP NP 18-46 + Urea 72.4 ± 8.1 3.5 ± 0.4 19.9 ± 0.5 8.77 ± 0.40 9.27 ± 1.41 35.4 ± 1.0

3
NP(S)+Zn 16-34(6)+0.4Zn+ 
Urea

70.1 ± 2.2 5.2 ± 1.1 20.2 ± 0.3 9.07 ± 0.64 7.83 ± 0.66 35.9 ± 0.9

Rice yield structure (average value and confidence interval)

Significance value α < 0.05.

Significance value α < 0.05.

Rice grain yield (standard moisture)

Control DAP 18-46 + Urea NP(S)+Zn 16-34(6) + 
0.4Zn + Urea
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Potassium
K

Nitrogen

N

Calcium
Са

Sulfur

S

Magnesium
Mg

Phosphorus
P

Boron
B

Zinc
Zn

Plants absorb mineral compounds from soil, 
air and water, and convert them into organic 
compounds essential for their growth and 
development. Crop yields depend on nutrient 
availability and soil moisture.

PlAnt  
nutrition 
PrinCiPles

GENERAL REGULARITIES OF NUTRIENT UPTAKE BY PLANTS DURING VEGETATIVE GROWTH

Justus von Liebig formulated the law of the 
minimum, stating that crop yield is limited by the 
nutrient least available in the soil (limiting factor). 
Crop yield will increase with the supply of the 
limiting nutrient until another nutrient becomes 
limiting.

Proper nutrition helps high-yielding varieties 
pass more quickly through critical growth and 
development stages, and develop resistance to 
plant diseases, insects and other adverse factors 
(for instance, intensive root development helps 
plants cope with droughts).

gain maximum yields;
improve crop quality;
influence plant metabolism to increase 
concentrations of specific compounds such 
as proteins, fats, starch, sugars, vitamins, 
enzymes, etc.*

* Depending on cultivation conditions, protein content in wheat may vary 
from 9 to 25%, starch content in potatoes from 10 to 24%, sugar content 
in sugar beet from 12 to 22%, fat content in crops of oil bearing plants and 
content of sugar and vitamins in fruit and vegetables from 5 to 50%.

PROPER FERTILIZATION HELPS:

LAW OF THE MINIMUM

External growth factors such as nutrition can vary from one growth stage to another. Absorption 
of nitrogen, phosphorus and potassium is uneven throughout the plant’s vegetative growth. There 
is a critical nutrition period when shortages in nutrient supplies may seriously affect the growth and 
development of plants despite their limited absorption needs. But there is also a maximum absorption 
period characterised by the highest intensity of nutrients uptake.

At an early stage of development, plants consume relatively low quantities of all nutrients in absolute 
terms, yet they remain quite sensitive to both shortages and excesses of nutrients in soil solution. 
Phosphorus nutrition is particularly important during the early growth period.

Shortages of phosphorus during the early stages of growth seriously affect plants and result in 
considerably lower yields even if sufficient phosphorus nutrition is provided at later stages.

Proper nutrition is of particular significance for young plants as their root system has not yet been 
fully formed and synthesis processes are very intensive. Sufficient supply of all nutrients from the very 
beginning of vegetative growth is crucial for crop yields. The tillering period during which cereals form 
their first three or four leaves lays the basis for the genesis and differentiation of the reproductive 
structures of future spikes or panicles.

Insufficient nitrogen supply during this period may result in a lower number of spikelets in a panicle or a 
spike and lead to poorer yields, even if nutrition is improved at later stages.

The nutrient uptake considerably increases during the period of intensive growth of aboveground parts 
such as leaves and stems. Dry matter may accumulate faster than the nutrients are supplied, with their 
relative concentration in plants decreasing compared to the previous period. Nitrogen plays a central role 
in plant growth. Improved nitrogen nutrition facilitates growth of vegetative organs and development 
of a high assimilative capacity, whereas nitrogen shortages during this period affect growth and result 
in lower yields and crop quality.

At the flowering and early seed formation stages, most plants need less nitrogen, but more phosphorous 
and potassium. This is explained by the physiological function of these chemical elements, their role in 
synthesis, transfer of organic compounds, and metabolic processes that are most intense during the 
development of reproductive organs and formation of storage compounds in saleable parts of the plant.

At the seed formation stage, when the growth of vegetative mass ends, the absorption of all nutrients 
gradually decreases and is eventually suspended. Subsequent generation of organic compounds and other 
vital processes are supported through the reuse (reutilisation) of nutrients previously accumulated in plants.
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FUNDAMENTALS OF RATIONAL PLANT NUTRITION

PhosPhorus

sulPhur

Phosphorus is a key macronutrient. It helps transform solar energy 
into vegetation biomass and is essential to such vital plant processes 
as photosynthesis, conversion of energy, cell fission and growth, and 
transfer of genetic information. Phosphorus boosts the development 
of a strong root system, aboveground biomass and seeds, ensures 
greater water use efficiency, accelerates ripening, and improves 
product quality.

Inhibited plant growth is the first sign pointing to a potential shortage of phosphorus. If that is the case, 
leaf blades may turn dark green and lose their shape. The older leaves are affected first, with the younger 
ones following suit later on. In some crops, sugar accumulation causes their bottom leaves and lower 
part of the stem to turn violet or reddish, especially at lower temperatures, which are conducive to the 
synthesis of anthocyanin pigments.

As soils cannot boast many phosphorus forms that are accessible to plants, these are constantly 
replenished with poorly soluble mineral and organic phosphates. Phosphorus taken up by plant roots 
comes in the form of phosphate anions  (Н2РО4

- и НРО4
2-), which can be found in both fertilizers and soil.

Many metabolic processes in plants require sulphur. It helps 
synthesise amino acids and proteins. Sulphur is contained in 
three vital amino acids, while in protein its ratio to nitrogen is 1 to 
15. Sulphur also plays an important role in photosynthesis.

Sulphur deficient plants have light yellow-green leaves. A lack 
of this element is evident when its low lability causes the younger 
leaves to turn yellow before the older ones. If that is the case, the 
entire plant may soon turn yellow-green.

BALANCED NUTRITION FOR PLANTS  
WITH PHOSAGRO’S NP(S) + ZN FERTILIZER  
(20-20(14) + 0.4ZN)*

PhosPhorus 
+ sulPhur  
+ ZinC

Phosphorus deficient barley
Source: IPNI Crop Nutrient Deficiency Image 

Collection.

* This grade is currently not available for sale, as it is undergoing trials.

Sulphur deficient potatoes
Source: IPNI Crop Nutrient Deficiency Image 

Collection

TIMING:
Take into account fertilizers’ types and forms, 
as well as dosages and application methods.
Pay attention to changes in nutrient intake by 
the plants over time.
Take into account nutrient contents in soil.
Assess farming conditions.

DOSAGE:
Plants’ nutrient requirements are driven by 
the target crop yield.
The target should be realistic, with the 
achievable yield defined as 80% of the 
theoretical yield for applicable soil and climate 
conditions.
The target yield should be above the long-
term annual average, but below the maximum 
yield for the filed in question.
The recommended target yield should be 10% 
above the average annual yield for the most 
recent 3 to 5 years under climate conditions 
close to what is typical of the relevant area.

APPLICATION METHOD:
Take into account the fertilizer type, dosage 
and application timing.
Consider root growth areas.
Account for chemical reactions in the soil.
Consider spatial heterogeneity of soil properties.
Ensure compatibility with soil cultivation 
techniques. 

MAIN FERTILIZER APPLICATION METHODS:
broadcasting;
pre-sowing;
combined;
foliar application.

SELECTING FERTILIZER TYPE AND FORM:
Apply nutrients in a form that is best absorbed 
by a plant.
Check fertilizers’ compatibility with physical 
and chemical properties of the soil.
Pay attention to nutrients’ synergies.
Make sure that fertilizers in the mix are 
compatible.
Take into account both positive and negative 
effects of secondary components introduced 
along with the main nutrients.

effeCtive use of minerAl fertiliZers
A fertilization programme can only be effective if it leverages the right agronomic and resource saving 
techniques. Rational fertilizer administration primarily depends on the selection of application timing and 
method and the choice of fertilizer type and dosage.
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sulPhur And PhosPhorus

ZinC

In soils rich in calcium carbonate, such as 
kastanozems or ordinary and southern chernozems, 
sulphur makes it easier for plants to assimilate 
phosphorus from fertilizers. Calcium carbonate 
contained in these soils decreases assimilation 
capacity by fixing fertilizer phosphates after their 
introduction. Sulphate sulphur binds some of the 
calcium to produce calcium sulphate (gypsum), 
which is resistant to solubility. This reduces 
phosphate fixation and increases the assimilation 
capacity of the plants.

Zinc was one of the first micronutrients to be 
recognised as essential for mineral nutrition. It 
plays a key role in various enzyme systems and 
helps plants generate important regulators for 
stronger growth.

Zinc deficiency results in interveinal chlorosis 
of developing leaves, which produces a striped 
effect. A growing lack of this element inhibits plant 
growth, including that of the leaves. Eventually, 
the leaves would die and fall off.

As part of the soil formation process, zinc (Zn2+) 
is transferred from zinc-containing minerals to 
the soil solution and binds to the mineral and 
organic components of the soil. Sandy, peaty 
and carbonated soils are most likely to be zinc 
deficient, while liming makes it harder for plants 
to assimilate this element.

Zinc phosphates may form in soils, but they are sufficiently soluble and do not have a negative impact 
on plant nutrition. Phosphorus and zinc interaction within plants is more important. High phosphorus 
fertility or extensive application of phosphate-based fertilizers may result in major zinc deficiency for the 
plants. This happens in soils with very low concentrations of labile zinc or no zinc-containing fertilizers.

TO HAVE A POSITIVE EFFECT ON 
PHOSPHORUS NUTRITION, SULPHUR 
NEEDS TO BE APPLIED AT SEEDING 
WITHIN COMPLEX FERTILIZER GRANULES 
CONTAINING BOTH SULPHUR AND 
PHOSPHORUS.

Zinc deficiency significantly reduces the plant’s ability to control phosphorus accumulation. As a result, its 
aboveground biomass accumulates excessive amounts of phosphorus previously absorbed by its roots, 
leading to lower yields. If that is the case, phosphate-based fertilizers should be applied together with the 
zinc-containing ones. The NP(S) + Zn fertilizer (20-20(14) + 0.4Zn) is one such example.

A field trial carried out on a low-sulphur and low-zinc ordinary chernozem soil in the Rostov Region’s 
Tselinsky District in 2017 demonstrated advantages of applying a compound fertilizer at corn seeding with 
P, S and Zn included in a single granule. Applied alone, the agronomically recommended dosages of N, P 
and K contributed to a yield of 5.88 t/ha, while application of a compound fertilizer with P (34%), S (6%) 
and Zn (0.4%) during seeding instead of MAP resulted in a yield of 6.00 t/ha. The maximum corn yield of  
6.14 t/ha was achieved by using a grade with higher P, S and Zn content (40%, 10% and 1.0%, respectively).

Zinc deficient corn
Source: IPNI Crop Nutrient Deficiency Image Collection.

ZinC And PhosPhorus

ComPlex fertiliZers  
As the key to higher yields

A COMPOUND FERTILIZER WITH P, S, AND ZN IN A SINGLE GRANULE ENSURES THE MOST EFFICIENT 
INTERACTION BETWEEN THESE NUTRIENTS BOTH IN THE SOIL AND WITHIN PLANTS. IMPROVED 
NUTRITION MAXIMISES FERTILITY AND INCREASES THE ECONOMIC EFFECT OF FERTILIZERS.

Trial option  
(kg of nutrient / ha)

For pre-sowing treatment At seeding Yield, t/ha

N80P70К60 Ammonium nitrate NP 12-52 5.88

N80P70К60S7Zn0.5 NP 12-52 NP(S) 16-34(6)+0.4Zn 6.00

N80P70К60S10Zn1 Potassium chloride NP(S) 12-40(10)+1.0Zn* 6.14

Source: IPNI, 2018* This grade is currently not available for sale, as it is undergoing trials.
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Root development in crops is the key focus of 
agricultural nutrition. Containing salts of all 
nutrients essential for plant growth, physiologically 
balanced soil solutions ensure the best conditions 
for root development.

synergy And 
AntAgonism

Ensuring high yields along with the best possible quality 
and nutritional composition of crops is a key priority 
for the agricultural sector. But this cannot be achieved 

without the fundamental knowledge of how plants assimilate chemical elements while actively interacting 
with their own root habitat. The synergy and antagonism of chemical elements play an important role in 
plant development. Mineral absorption is an interconnected process – a significant depletion or oversupply 
of one nutrient affects the uptake of others, changing the balance of nutrients in plant tissues and thus 
having a potentially negative effect on plant development and yields.

Antagonism is the two-way deceleration of similarly charged ions entering the plant (for example, 
Са and К, Са and Мg, К and NH4, Са and Н, S, Zn and Cd).

Antagonism between anions is less pronounced. If the solution is unbalanced and there is an 
overwhelmingly dominating ion in place, the effect of this process will be negative.

AntAgonism

synergy

Synergies involving various forms of nitrogen, 
and nutrient absorption from soil

NH4

urea

Nitrification

Ammonium (NH4)Nitrate (NO3)

OH* or HCO3

NO3

H2PO4, MO-, B-
H+

Ca2+ Mg2+ K+
2H*

Sy
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Synergy

Synergy

AbsorptionAbsorption
Synergy is a process whereby ions of one type 
facilitate the uptake of ions of another type. 

This process helps raise the concentration of a 
previously scarce nutrient to the optimal level, 
boosting metabolism and helping the plant 
assimilate other nutrients:
–  NO3 ions facilitate the uptake of calcium;
–  by boosting the concentration of SO3, foliar 

application of a fertilizer improves the absorption 
of nitrogen and phosphorus from the soil 
solution.

CuCa

nmo

mnfe

mgs

BZn

kP

N

P K K

KP P

N
N

All nutrients are equally important for healthy plant growth: an oversupply of one nutrient or lack of 
another make good crop yields unachievable. Synergies have to be taken into account when developing 
any nutrition programmes involving more than one fertilizer.

Achieving and maintaining the optimal soil fertility, in particular with high quality nutrition for plants 
including all required elements, ensures consistent yields close to the maximum levels. Measuring nutrient 
content in various soils, assessing its potential impact on yields, and calculating the amounts of mineral 
fertilizers needed to improve this content are key priorities in complex agrochemical treatment of farmlands. 
Fertility is defined by concentrations of minerals and not their balance.

FERTILIZER MIXTURES

Fertilizer mixtures are made up of granular 
fertilizers mixed in a way suiting the customer. 
Fertilizer mixtures can provide better nutrition for 
a particular type of soil or crop.

The selection of individual components must 
ensure the following:

–  physical nutrient compatibility;
– chemical nutrient compatibility;
– no segregation during transportation.

COMPOUND FERTILIZERS

Compound fertilizers contain the required amount 
of nutrients in each granule. After application, 
micro- and macronutrients are distributed evenly 
in the root zone, with every particle releasing 
the nutrient mixture as it dissolves without 
segregation.

nutrient bAlAnCe

fertiliZer forms

Nutrient distribution in soil

Nutrient distribution in soil with compound 
fertilizers applied

N
P

K N
P

K

N
P

K N
P

K

N
P

K
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LIQUID FERTILIZERS

Liquid fertilizers are quite popular as they come in the form of tank mixtures that can be evenly distributed 
across the field to introduce various nutrients.

Liquid fertilizers ensure 20–30% higher nutrient uptake 
rates as compared to granular mineral fertilizers.

minerAl fertiliZer  
effiCienCy (1,364 triAls) Agricultural 

machinery

VarietyN – 39%

P – 37%

K – 24%

FERTILIZER CONTRIBUTION 
TO YIELDS43.2%

Liquid fertilizers are considered best for:

–  aiding shoot development and growth in spring;
– boosting yields and flowering processes;
–  restoring soil composition in autumn.

It should be noted that not all liquid fertilizers can be mixed together. The table below lists key compatibility 
principles.

The advantages provided by liquid fertilizers 
include:

–  even distribution and balanced application;
–  mitigation of weather risks thanks to quick 

absorption by soil or vegetation mass;
–  ecologists favour liquid fertilizers as they are less 

toxic. 
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