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Abbreviations and notes: N = nitrogen; P = phosphorus; K = potassium; 
ppm = parts per million; M t = million metric tons; M ha = million hectares.

SOUTHERN RUSSIA

Southern Russia, the major grain maize producing region 
in the country, consists of the Southern Federal District 
and the Northern Caucasus Federal District (founded in 

2010). However, it is apparent from recent years that maize is 
continuing to expand into central Russia, which is decreasing 
the south’s share of total maize area and production (Table 
1). In 2009, the area planted to maize in Southern Russia 
was distributed as follows: 46% in Krasnodar Krai, 20% in 
Northern Caucasus Republics (mainly Kabardino-Balkariya 
and Northern Osetiya-Alaniya), 19% in Rostov Oblast, 9% in 
Stavropol Krai, and 7% in Volgograd Oblast (ROSSTAT, 2010).

Rainfed maize is grown mostly on leached, typical, and 
common chernozems. Irrigated maize is produced on southern 
chernozems and light chestnut soils. As shown in Table 2, the 
lowest maize yields are observed in the driest regions such as 
Rostov and Volgograd Oblasts, whereas the highest yields occur 
in Krasnodar Krai, which is the most favorable region in terms 
of climatic and also socio-economic conditions for agriculture.

Rainfed maize in Southern Russia is mainly grown between 
winter wheat and soybean, alternating with soybean, or follow-

ing maize in a 2-year cropping sequence. Maize may also be 
included in extended rotations such as soybean or peas-winter 
wheat-winter barley-maize-winter wheat-sunflower.

Limited fertilizer use is likely 
an important factor that contributes 
to the low average yields of maize 
in  Southern Russia. For example, 
in 2009 agricultural enterprises of 
the region applied on average 40 
kg N, 16 kg P

2
O

5
, and 5 kg K

2
O per 

hectare for grain maize production 
(Table 2). 

When precipitation is adequate, 
it is recommended to make a basal 
fall application of NPK fertilizers 
and spring preplant N application. 
Sidedressing N and incorporation 
into the soil by cultivator-fertilizer 
applicator is popular in Krasnodar 
Krai. Sidedressing 30 kg N/ha on 
common chernozems at the V5-V7 
stage increased grain yield by 4 
to 12% (Malakanova et al., 2009). 
Field experiments conducted on a 
leached chernozem of the same re-
gion (Toloraya et al., 2008) revealed 
that a soil-incorporated sidedress 
application of 30 kg N/ha + 20 kg 

By V. Nosov  

The major region of grain maize cultivation in Russia is in the South. This article considers 
both mineral fertilizer use and maize productivity in the region. The agronomic efficiency of 
fertilizer applied to maize is summarized for two maize growing zones differing in annual 
rainfall. The profitability boundary of NPK use is estimated for a direct effect of fertilizers 
on maize yield, not taking into consideration the residual effect of fertilizer application.

Status of Grain Maize Production and 
Agronomic Efficiency of Mineral Fertilizer Use

Table 1. Planted area, production, and yield of maize in the Southern Federal District (ROSSTAT, 
2010).

2005 2006 2007 2008 2009

Area, M ha 0.7 (83)1 0.8 (79) 1.1 (72) 1.1 (63) 0.9 (68)
Production, M t 2.5 (81) 2.8 (79) 2.3 (61) 4.6 (68) 2.7 (68)
Average grain yield, t/ha 3.6 3.5 2.1 4.2 3.0
1Figures in brackets indicate the percentage in Russia. 

There is potential to increase maize grain yields in Southern Russia with 
better fertilization practices.

Table 2.  Average yield and fertilizer use1 in maize in five regions of the Southern Federal
District (ROSSTAT, 2010).

Region

Annual 
rainfall,

mm

Average 
grain yield

2005-09, t/ha N P2O5 K2O

Krasnodar Krai 400-800 3.7 41 15 4
Northern Caucasus Republics2 500-800 3.3 24 16 7
Stavropol Krai 350-700 3.2 48 29 5
Volgograd Oblast 350-450 2.7 44 14 2
Rostov Oblast 350-550 2.3 38 12 6
Southern Russia 3.3 40 16 5
1Fertilizer use in agricultural enterprises (excluding commercial and subsistence farmers).
2Kabardino-Balkariya, Northern Osetiya-Alaniya, Dagestan, Ingushetiya, Karachaevo-Cherkessiya, 
Adygeya, Chechnya.

Fertilizer use in 2009, kg/ha
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P
2
O

5
/ha + 20 kg K

2
O/ha at the V5-V6 stage…in addition to a 

fall application of 60 kg N/ha + 60 kg P
2
O

5
/ha + 60 kg K

2
O/

ha… resulted in a 14% grain yield increment (equivalent to  
1.0 t/ha) compared to the fall-only basal fertilizer application 
(Figure 1). 

The role of K fertilizer in Southern Russia’s agriculture is 
underestimated. For a long time, the soils of the region have 
been considered as very rich in available K, enough for obtain-
ing high yields of crops. Nevertheless, recent field experiments 
indicate rather high efficiency of K fertilizer use in various 
crops. In a 3-year field experiment conducted in Stavropol 
Krai, for example, the average grain yield of maize increased 
from 6.22 to 6.95 t/ha or by 12% due to the application of 60 
kg K

2
O/ha compared to the treatment with only N fertilizer 

application (Shmalko and  Bagrintseva, 2007). The treatment 
with NP fertilizers yielded  7.04 t/ha, and the maximum yield 
of 7.42 t/ha was obtained with NPK fertilizer application. This 
field trial was conducted on a common chernozem with 257 
ppm as K

2
O, which is a level that exceeds the medium category 

for available K extracted by 1% (NH
4
)
2
CO

3
.

The agronomic efficiency (AE) of NPK fertilizers applied to 
various maize hybrids varied considerably, although it tended 
to increase with annual rainfall (Table 3). 

Kravchenko (2009) studied the response of eight maize hy-
brids of various maturity to 80 kg N/ha + 80 kg P

2
O

5
/ha + 80 kg 

K
2
O/ha applied in the fall prior to tillage + 30 kg N/ha applied 

in the spring prior to cultivation on a leached chernozem. He 
reported that one medium-early maturing hybrid and two early 
maturing hybrids were less responsive to NPK fertilizer (2.7 to 
8.4 kg grain/kg NPK) than medium and medium-late season 
hybrids. Bagrintseva et al. (2009) also found increasing AE 
of NPK with later maturing hybrids. When maize was grown 
after winter wheat the 3-yr average AE of NPK fertilizer was 
3.5, 6.5, and 10.5 kg grain/kg NPK, for medium-early, medium 
and medium-late season hybrids, respectively. Although the 
same tendency of higher response of later maturing hybrids 
to fertilizer was revealed when maize followed spring barley, 
the AE figures were lower: 1.2, 4.6, and 7.9 kg grain/kg NPK, 
for medium-early, medium, and medium-late season hybrids, 
respectively.

The calculations indicate that fertilizer application rates 
recommended for high yielding maize in this soil-climatic 
zone (110 kg N/ha + 80 kg P

2
O

5
/ha + 80 kg K

2
O/ha) could be 

profitable in 2009 if the AE of NPK exceeded 5.9 kg grain/
kg NPK, excluding the costs of fertilizer delivery to the farm, 
fertilizer application, and additional harvesting and drying 
for the yield increment. For example, in the above-cited field 
experiment (Kravchenko, 2009),  NPK fertilizer application 
was not profitable for two of the eight maize hybrids studied, 
which could be considered as an investment in building-up 
soil fertility without direct effect on maize yield. Two additional 
factors that need to be considered for more precise economic 
considerations are the residual effect of fertilizers and the low 
farm gate grain prices in Russia compared to the world market. 
The latter raises the profitability boundary of fertilizer use in 
the country.

As a whole, the low efficiency of fertilizer use in maize when 
applied at recommended rates in most of the presented research 
experiments presents a serious question. It seems important 
to adjust existing fertilizer recommendations by taking into 

Figure 1. Effect of sidedressing N-P-K fertilizers at the V5-V6 stage 
on the 3-yr average maize yield after a fall application 
of 60 kg N/ha + 60 kg P2O5/ha + 60 kg K2O/ha on a 
leached chernozem in Krasnodar Krai (Toloraya et al., 
2008).
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Recent studies indicate that later-maturing hybrids respond better to fertil-
izer than early maturing hybrids in Southern Russia.

Field experiments are showing maize yield response to K fertilizer in areas 
formerly considered rich in soil K.
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consideration the nutrient 
demand of modern maize 
hybrids. This adjustment 
could be based on field 
experiments that need 
to be conducted in the 
different soil-climatic 
conditions of the maize 
growing regions. This 
will allow both to improve 
economic returns on fer-
tilizer investments and 
to maintain soil fertility. 
Results of recent short-
term field experiments 
conducted in Southern 
Russia allow us to con-
clude that later-maturing 
hybrids responded better 
to fertilizer compared to 
early maturing hybrids. BC

Dr. Nosov is Director, IPNI 
Southern and Eastern Rus-
sia Region; e-mail: vnosov@
ipni.net. He is located in 
Moscow. The author ac-
knowledges Dr. R.V. Kravchenko and Dr. T.R. Toloraya and their 
co-researchers for providing some details and specifications.    
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Mathematics and Calculations for Agronomists and Soil Scientists Book Available

The authors of this publication set out to develop a 
teaching tool that will enable current and future natural 
resource managers in learning how to integrate math-

ematics and related technological information into practical 
decision-making. The book contains 230 pages in 25 differ-
ent chapter topics, plus three appendix sections. It begins 
with a review of basic mathematics and progresses through 
understanding the scientific methods, understanding how 
experiments are conducted and analyzed, and knowing how to 
develop and test conceptual and mathematical models.

Most chapters contain a series of exercises which reinforce 
the principle or concept being presented. An overall goal of 
this manual is to teach individuals—whether students or 
working professionals—how to propose, test, and implement 

innovative strategies that increase 
productivity while also protecting 
the environment.

The book was authored by 
D.E. Clay, C.G. Carlson, S.A. 
Clay, and T.S. Murrell and pub-
lished by IPNI (ISBN: 978-0-
9629598-8-2). It is available for 
purchase for US$45.00 per copy, 
plus shipping and handling. To 
order or for more information, 
contact: Circulation Department, IPNI, 3500 Parkway Lane, 
Suite 550, Norcross, GA 30092 USA; phone 770.825.8082. 
E-mail: circulation@ipni.net.

Table 3.  Agronomic efficiency of applied NPK (N+P2O5+K2O) in maize from recent short-term field experi-
ments conducted in Southern Russia.

Region Soil type
Number 
of years

Number 
of 

hybrids

kg N/ha + kg 
P2O5/ha + kg

K2O /ha

Agronomic Efficiency 
of NPK 

(kg of grain/kg NPK) Reference

Annual rainfall 500-600 mm

Stavropol Krai

Common 
chernozem

3 6 1201+90+90 1.8 - 3.5 Bagrintseva and 
Sukhoyarskaya, 2009

Leached 
chernozem

3 8 1102+80+80 2.7 - 17.2 Kravchenko, 2009

Rostov Oblast Common 
chernozem

2 4 60+40+30 4.2 - 4.6 Beltyukov and Tyurin, 
2009

Kabardino-Balkar 
Republic

Leached 
chernozem

3 3 90+60+30 5.6 - 5.8
Karova and Shavaev, 

2009Common 
chernozem

3 3 90+60+30 5.4 - 5.7

Annual rainfall 450-550 mm

Stavropol Krai

Common 
chernozem

1 12 80+80+80 0 - 7.6 Kravchenko et al., 
2009

Common 
chernozem

3 3 60+60+60 1.2 - 10.53 Bagrintseva et al., 
2009

190 kg N/ha applied in the fall prior to tillage + 30 kg N/ha applied in the spring prior to cultivation.
280 kg N/ha applied in the fall prior to tillage + 30 kg N/ha applied in the spring prior to cultivation.
3Figures for maximum plant density in this experiment (70 thousand plants/ha).


