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T

he level of K fertilizer use is an indicator of Institute (IPNI) and the D. Pryanishnikov All-Russian
intensity in crop production. Unfortunately, Research Institute of Agrochemistry, which started in
potash fertiliser application rates in Russia have autumn 2012.
decreased in the last 10–15 years to 1-2 kg K2O per
The project is focused on optimisation of potash
hectare of cropped area; with long-term removal of K fertiliser rates in current intensive cropping systems
exceeding K inputs the negative K budgets are being for crops with high demand to K (sugar beet, corn, rape
observed in various agricultural zones of the country and soybean), as well as checking the measurement
from –16 to –30 kg K2O/ha (Shafran, Sychev, 2013).
potential of routine soil test methods depending on
Currently in Russia, potash is mainly applied as part the regional soil properties and adjusting the current
of compound fertilisers, which do not always ensure a soil K test interpretation classes based on the results
balanced potassium supply for plants.
obtained from shortterm field experiments executed
The continuous removal of potassium by crop and on large industrial farms. The complex approach has
the incomplete return of the element with fertilisers been used for the project design included the following
lead to a slow but permanent decrease in the content of issues:
plant-available potassium in arable soils; its mobility in
• Determining crop response to potash fertilisers
soil decreases, as well as the capacity of soil to restore and their effect on crop quality and yield in high-yield
the initial content of plant available potassium. The crop systems;
final result is a loss of yield and decreased crop quality.
• Determing the residual effect of potash applied to
Moreover, the negative K balance might lead to the crop with highest demand in potash;
increased soil fixing capacity, and the low rates of
• Evaluating the validity of routinely-used soil K test
potassium applied as part of compound fertilisers then methods, and corresponding interpretation classes ;
have almost no effect on crop yields.
• Assessing of crop removal and nutrient balance
It is well-known that regular potash application in trials;
in agro-ecosystems is necessary for them to function
• Assessing potash fertiliser economic efficiency.
effectively. Nonetheless, the issue of optimizing of the
The methodological basis of the research is threepotassium status of arable soils in Russia still receives year field experiments with increasing K rates applied
insufficient attention. This attitude is largely related to crops with high demand in K such as sugar beet,
to the imperfect diagnostics of arable soil fertility in grain corn, soybean and rapeseed, which are grown
terms of potassium supply, which to a large extent intensively on large industrial farm in the Central
depends on the routine method used to measure the Russia and North Caucasian regions.
content of plant available K in soil. It is preferable to
Experiments are being carried out in the Lipetsk,
use a combination of different methods, which will Voronezh, Belgorod, and Rostov regions by the regional
allow more accurate predictions of crop response to centres of the Russian State Agrochemical Service. The
potash fertilisers and determining scientifically-based soil types being investigated are leached chernozem
application rates.
(Voronezh region), typical chernozem (Belgorod and
Therefore, the optimisation of potash application
rates and verification of currently used routine soil K Table. 1. Effect of K application on sugar beet root yield and
test methods are priority issues for the research project sucrose yield
jointly organised by the International Plant Nutrition
Root yield,
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Voronezh region
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Sucrose
yield, t/ha

Lipetsk region
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9.82
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Figure 1. Effect of potash fertiliser application on sucrose yield in
2013 field experiments.

Voronezh regions), podzolized chernozem (Lipetsk
region), calcareous ordinary chernozem (Rostov
region) and dark grey forest soil (Lipetsk region).
All industrial farms that participated in the project
have much higher yields than the regional average. For
example, all farms chosen for the sugar beet trials have
average root yields above 55 t/ha. It is important to
highlight that there are currently no potash fertiliser
recommendations in Russia for obtaining such high
yields. Therefore, the aim of the project is to be
a unique source of information targeted first and
foremost at agricultural producers, enabling them to
obtain high yields.
The project’s first year results are very promising
for all crops studied. However, this article only covers
data obtained from sugar beet and grain corn trials in
Central Russia after the first growing season (2012–
13).
Sugar beet. Experimental plots in Lipetsk and
Voronezh regions have been launched on chernozem
soils with “increased” (higher than medium) content
of plant available potassium routinely extracted by
Chirikov method (0.5М CH3COOH).
The treatments included:
• Absolute control (without fertilisers);
• Background treatment — nitrogen and

phosphate treatment with optimal rates to
planned high yield according to the each farm
practice (NP);
• NP+ K70 (NPK1);
• NP+ K140 (NPK2);
• NP + K210 (NPK3);
• NP + K280 (NPK4).
Potash fertilisers have been applied in the form of
potassium chloride (KCl). The rates of K fertilisers
to be applied were calculated taking into account the
possible residual effect on the two subsequent crops.
Each trial utilised crop management technology.
In the sugar beet trials the aim was to obtain a
high sugar beet root yield with an acceptable sucrose
concentration in the roots (not less than 14%).
In the experiment conducted in the Voronezh
region, the application of K fertilisers led to very high
yields (more than 80 t/ha) combined with an acceptable
concentration of sucrose in the roots (more than 14%).
The highest yield of sugar beet roots and sucrose
was achieved when applying 140 kg K2O/ha (NPK2).
Yields therefore increased by 21% or 14 t/ha due to
the application of potash compared to the background
treatment. Moreover, potash fertilisers increased not
only root yields but the sucrose concentration in roots
as well. As a result, the sucrose yield increased by 2.5 t/
ha, equivalent to 25% (Table.1, Fig. 1). The same rate
provided the best economic efficiency of K application.
An evaluation of economic efficiency of potassium
fertiliser application showed that for the treatment
(NPK2) with the highest achieved yield (80 t/ha) the
maximum increase in profitability due to K was 23%,
which resulted in a net profit increase due to K of
22,000 roubles per ha and a decrease in production
cost by 130 roubles per tonne of root yield (Table 2).
In the Lipetsk region, the sugar beet root yield
was slightly lower than in the Voronezh region at
approximately 57 t/ha. However, yield increase due
to the application of different K rates was observed in
all treatment categories. The maximum root yield was
achieved by applying 280 kg K2O/ha (NPK4). At this
rate, the root yield increase was 12.4 t/ha or 22% higher
than in the background treatment. The sucrose yield

Table 2. Economic efficiency of potassium fertiliser application in comparison with the background treatment (NP)*
Treatment

Profi tability increase
due to K, %

Profi t increase
due to K, roubles/ha

Profi tability increase
due to K, %

Voronezh region, sugar beet

Profi t increase
due to K, roubles/ha

Lipetsk region, sugar beet

NPK1

14

10 619

10

5 298

NPK2

34

22 297

16

8 757

NPK3

16

11 874

20

10 774

NPК4

17

12 701

23

12 401

Belgorod region, grain corn

Voronezh region, grain corn

NPK1

10

2 344

2

2 111

NPK2

7

2 763

27

7 974

NPK3

5

3 182

-9

3 184

NPК4

1

3 335

-37

-534

* Costs were calculated based on the price of potassium fertilisers of 7,700 rubles per metric tonne of KCl.
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Table 3. Dynamics of sucrose concentration in roots (%)
Date of measurement

Treatment
Control

7 Aug 13

27 Aug 13

11 Sept 13

26 Sept 13

15.1

16.1

14.0

14.3

Background (NP)

15.6

16.6

13.5

14.7

Background+К140

14.6

16.8

13.7

14.9

Background+К280

15.7

17.5

12.2

14.6

Table 4. Grain corn yield in the field experiment in the
Voronezh region
K2O rate, kg/ ha

Yield, t/ha

Yield increase
due to K, t/ha

Control

-

9.1

-

NР

-

9.8

-

NРК1

60

10.2

0.4

NРК2

120

11.2

1.4

NРК3

180

10.6

0.8

NРК4

240

10.2

0.4

Treatment

LCD 0.05

0,93

increased by 2.5 t/ha, equivalent to a more substantial
yield increase of 28%. The same rate provided the best
economic efficiency.
An evaluation of economic efficiency of potassium
fertilisers application showed that for the NPK4
treatment with the highest achieved yield (57 t/ha)
the increase in profitability due to K was 23%, which
resulted in a net profit increase of 12,000 roubles/ha
and a decrease in production cost by 142 roubles/t
root yield (Table 2).
As part of the sugar beet experiment in the
Voronezh region, the dynamics of sugar accumulation
in the roots were studied during the vegetation period
until harvesting in autumn 2013. This period was
characterised by intensive rainfall (for the majority
of September) which resulted in delays to sugar beet
harvesting. Sucrose concentration in the roots was
measured starting from 7 August 2013. Analysis of the
sugar accumulation dynamics (Table 3) showed that
the sucrose concentration in roots in treatments with
potassium chloride (KCI) increased by 0.2–0.9% at the
end of August compared to the background treatment
and then decreased substantially by 1.9–2.9%. Sucrose
concentration in the roots was still above the acceptable
level of 14% (Table 3).This decrease in sugar content
in September was a result of the intense growth of
the sugar beet plants during the period of abundant
Table 5. Grain corn yield in the field experiment in the
Belgorod region
Treatment
Control
NР
NРК1

K2O rate, kg/ ha

Yield, t/ha

Yield increase
due to K, t/ha

-

6.4

-

-

7.5

-

70

8.4

0.9

NРК2

140

8.7

1.2

NРК3

210

9.1

1.6

NРК4

280

9.4

1.9

LCD 0.05
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1,2

Рис. 2. Сахарная свекла, производственный опыт, Воронеж,
2013.

rainfall.
The highest values were observed on 27 August for
the K280 treatment. The growth of sugar beet plants led
to a reduction in the difference in sugar accumulation
between the treatments, which explains the maximum
sucrose concentration being achieved with the K140
treatment at harvesting (beginning of October).
These results demonstrate that it is possible to
increase sugar concentration in the roots to more
than 16% by applying potash fertilisers at the same
time as achieving high yields. Therefore, both weather
conditions and the harvesting timing are important
factors that influence the accumulation of sugar in
the roots and sucrose yield. This must be taken into
account for crop management planning.
Grain corn. In the grain corn experiment, the
following treatments were used:
Absolute control (without fertilisers);
Background treatment –NP at optimal levels to
achieve high yields;
Background +4 increasing K rates (K60–K280).
Potash fertilizers have been applied as potassium
chloride. The rates of K fertilisers were calculated
taking into account the possible residual effect on the
two subsequent crops.
In the field experiment in the Voronezh region,
the maximum grain yield was achieved at K120, a
yield increase of 1.4 t/ha, or 14% compared to the
background treatment alone (Table 4). Therefore,
every 1 kg K2O resulted additional12 kg of grain. The
same level of application provided the best economic
efficiency. The net profit increase amounted to 7,974
rubles per hectare, profitability increased by 27% and
production costs decreased by 70 rubles per tonne of
grain (Table 2).
In the field experiment on grain corn in the
Belgorod region, the maximum grain yield (9.4 t/ ha)
was achieved at a K2O rate 280 kg/ha. In this treatment,
yields increased by 1.9 t/ha, or 25% compared to the
background treatment alone (Table 5).
Potash application led to an additional 7 kg of
grain production per 1 kg of K2O. The same level of
application provided the best economic efficiency.
The net profit increase amounted to 3,300 roubles
per hectare, profitability increased by 10% and
production costs decreased by 100 rubles per tonne
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of grain (Table 2).
Based on the project’s first-year results with regard
to sugar beet and grain corn, one can conclude that
the substantial yield increases at all levels of potash
fertiliser application in comparison to the background
treatment show that there can be significant yield losses
when potash fertiliser is not applied, even on soils with

increased and high content of plant available K.
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Potassium Budgets: Mapping Potassium Balances Across
Different States of India
S. Dutta, K. Majumdar, G. Sulewski, T. Satyanarayana, A. Johnston
Potassium input-output balances in different states of India were estimated and mapped using the IPNI NuGIS
approach. Results showed negative K balances in most of the states suggesting deficit potassium application
as compared to crop K uptake. Deficit application of K contributes to nutrient mining from soil, results in the
depletion of soil fertility and may significantly limit future crop yields.

A

gricultural systems in India have been
intensified significantly after independence,
with better irrigation facilities, introduction of
high-yielding (HYV) and hybrid crop varieties with
far higher yield potentials than local varieties, and of
course, a concomitant increase in fertilizer nutrient use
in crops. Food grain production increased five-fold,
from 51 million tonnes (Mt) in 1950-51 to over 250 Mt
at present, while fertilizer nutrient (N + P2O5 + K2O)
consumption increased by nearly 400 times during
the same period. However, such increase in nutrient
consumption was not in balanced proportion among
N, P2O5, and K2O leading to nutrient input – output
imbalance. This is especially true for K2O because
historically K application to crops in India has remained
inadequate although the K requirements of many crops
are equal to or more than their N requirements.
Several studies have highlighted the disparity
between nutrient input-output balances in Indian soils
and widespread deficit of plant nutrients in soils. It was
also reported that out of the net negative NPK balance or
annual depletion of 9.7 Mt, N and P depletions were 19
and 12 %, respectively, while 69% of the depletion was
attributed to K. Therefore, K application in Indian soils
is much less than K uptake by crops, thereby leading
to mining of native soil K. The general assumption that
most Indian soils are well supplied with K and do not
require any K application may not hold true for intensive
cropping systems presently practiced in the country. A
soil well supplied with K for a yield level of 1–2 t/ha may
turn out to be deficient in K as the yield target moves
up due to the availability of better seeds, management
options, etc. This clearly indicates the necessity of
assessing K balance periodically in intensively cropped
areas to avoid unwanted decline in soil fertility levels.
The present study utilized standard data sources and
methodologies to assess the changes in K balance across
different states of India over a four-year interval (i.e.,
from 2007 to 2011).
Common abbreviations and notes: K = potassium, N = nitrogen;
P = phosphorus; t = tonnes.
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Determination of Potassium Balances

The study analyzed the amount of potash fertilizer
received by agricultural soils through inorganic and
organic sources and the removal of K by different
agricultural crops. Data on fertilizer use and the total
amount of recoverable manure used in different states
were obtained from the Agriculture Census Division,
Department of Agriculture and Cooperation,
Ministry of Agriculture, Government of India website
(http://inputsur vey.dacnet.nic.in/distr icttables.
aspx), and from the Fertiliser Association of India.
Information on district-wise K2O consumption,
through inorganic sources and recoverable manure,
were accessed from the above two sources; the amount
of manure consumed in each district was multiplied
by a certain factor, based on average K content in
recoverable manure, to estimate K2O contribution
from organic sources.
The total K2O removal by crops was calculated by
multiplying the total production with K2O removal
Crop

K2O Removal (kg/ton)*

Wheat

24.00

Rice

19.08

Maize

20.88

Barley (grain)

7.30

Chick pea

25.81

Pigeon pea

62.50

Lentil (Vigna radiata)

25.81

Lentil (Lens culinaris)

18.35

Moth bean (Vigna aconitifolia)

25.81

Groundnut (in shell)

8.51

Sesame

2.54

Mustard

9.21

Linseed

11.62

Cotton

14.80

Sugarcane

1.44

*Sources for the removal values for different crops are listed at:
http://nugis-india.paqinteractive.com/About%20NuGIS/
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