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In cattle and milk production in the Leningrad Oblast, 
there is an ongoing change to new loose-housing (untied 
animal keeping) technologies with cows milked in milk-
ing parlours. These technologies usually lead to produc-
tion of higher amounts of slurry due to a lower dry matter 
content and higher production levels. This manure type 
requires the implementation and optimisation of new re-
source-saving technologies for storing, transporting and 
spreading of slurry in the fields. Otherwise, incorrect stor-
age or lack of storage capacity and inefficient spreading 
(usually application of liquid organic fertilisers to fields 
during the whole year) can result in losses of nutrients 
(nitrogen, phosphorus and potassium), pollution of water 
bodies and ultimately eutrophication of the Baltic Sea.

The introduction of resource-saving technologies has 
a number of advantages. First of all, in contrast to the 
traditional technology of manure application before till-
age, they allow the liquid organic fertilisers to be applied 
during the plant vegetation period (for example, after the 
first cut for perennial grasses), ensuring savings on ex-
pensive mineral fertilisers. Perennial grasses cover 77% 
of arable land in the Leningrad Oblast, as the farms are 
decreasing their potato and vegetable production area. 
Secondly, these technologies ensure maximum nutrient 
savings, of nitrogen in particular, and decrease the radius 
of odour distribution. Thirdly, they meet international 
requirements on the environmental safety of agricultural 
production.
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Figure 19.1. One of the largest milking parlors in Leningrad Oblast, 
CJSC “Ruchi”. Photo: I.K. Dubovik.

Investments in building manure storage facilities and 
purchasing special machines for transporting and spread-
ing the slurry are required because of the current lack of 
high-quality manure storage capacity on some farms. It 
is usually not possible to store large volumes of slurry 
on many farms in the Leningrad Oblast. It has also been 
almost impossible in the past to spread the slurry during 
limited time periods as the fields are highly fragmented 
and remote. 

These technologies of manure utilisation can solve 
environmental problems to a greater extent under the 
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current price conditions and forms of state support, but 
do not lead to rising effectiveness of production in con-
trast to the technologies aimed at increasing production 
levels and quality of products. However in many cases, 
increases in production levels have been noted due to im-
proved water quality as a result of these investments. In 
practice, the main criterion for the selection of manure 
utilisation technology in many cases has been the mini-
mum investment possible giving a satisfactory solution 
of environmental problems without taking into account 
their cost-effectiveness.

Due to the fact that the price of mineral fertilisers is 
increasing at a faster pace than that of other resources, 
consideration of the resource-saving effects of manure 
storage and spreading technology is highly relevant. 
Calculations of the effectiveness of resource-saving ma-
nure storage and spreading technologies are based on an 
account of alternative costs and on savings on mineral 
fertilisers, which are determined as the cost of nitrogen, 
phosphorus and potassium from manure, saved and ‘de-
livered’ to the plants (on the basis of a farm nutrient bal-
ance calculation).

A farm nutrient balance calculation shows the efficien-
cy level of agricultural production from a resource-saving 
point of view. It allows the analyst to:

• Estimate the environmental load from the agricultural 
production.

• Estimate the results and increase the efficiency of 
nutrient utilisation.

• Define and eliminate the sources of undesirable nutri-
ent losses in the manure removal, storing, transport-
ing and spreading chain.

• Increase nutrient savings and decrease the purchase 
of mineral fertilisers, which makes it possible to 
compensate for part of the investment costs of the 
resource-saving technologies.

The majority of nutrients entering the farm do not come 
from mineral fertilisers, but from purchased feeds. Thus, 
to increase the efficiency of nutrient utilisation, it is nec-
essary to increase the savings on nutrients in the produc-
tion cycle of livestock products and manure handling.

Manure Storage
The investment costs for manure storage facilities depend 
on the desired volume, type of materials, equipment used, 
cost of construction and installation works, etc.

In practice, the majority of manure storage facilities 
take into account only the indicator that characterises the 
level of investment costs per m3. As a rule, the higher the 
manure storage volume, the lower the investment costs per 
m3 of manure storage. The volume of manure storage must 
be sufficient to store the manure within the period when 
it is not suitable to spread manure (the time period when 
the plants cannot use the nutrients and to avoid pollut-
ing the environment), stated by the normative documents 
(min. 6 months). In addition, calculation of the volume 
of open-type storage facilities must take into account the 
precipitation norm. To make an economic justification for 
choosing this or that type of manure storage, it is neces-
sary to assess both the investment costs per m3 and indica-
tors such as: operational life, current costs for operation, 
including additional costs for cleaning of the storage facil-
ity and preservation of its net capacity during operational 
periods, conservation of nutrients, air pollution.

Furthermore, it has to be noted that open manure stor-
age will allow precipitation to enter, leading to a higher 
manure moisture content and an increased manure vol-
ume. This increases the cost for application of organic 
fertilisers by up to 15%.

Figure 19.2. Cow-shed for 400 cows in CJSC “Ruchi”, Leningrad Oblast. 
Photo: I.K. Dubovik.
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Manure Transporting and Application
The capacity of spreading machinery depends on the 
technology used (spreader; sub-soil injection; surface 
inter-row application), manure application rate, type of 
soil and distance between the manure storage facility and 
the fields. A factor such as the distance has a decisive 
impact on the efficiency of fertilisation. Comparing the 
efficiency of surface spreading by slurry spreaders and 
application by sub-soil injectors, the larger the transpor-
tation distance, the less difference in efficiency between 
these two technologies. Sub-soil injectors usually also 
have a smaller working width and higher need of tractive 
power compared to booms with trailing hoses.

Calculations show that application of the whole 
amount of liquid organic fertilisers produced by 1,000 
dairy cows by one spreader (tractor with 11 tonne tanker) 
in the given conditions will take 140 days, which exceeds 
the standard application time. In the case when a slurry 
spreader is used both for transportation and spreading of 
slurry, the transportation only takes approximately 70% of 
the total 140 day period. To increase labour productivity, 
inclusion of transportation tankers is recommended in or-
der to reduce the manure spreading period by 1.5-2-fold. 
This avoids the necessity of buying additional expensive 
equipment for manure application. It is also possible to 
use movable intermediate tanks with a high storage ca-
pacity to avoid idle time of transportation for the slurry 
spreader and to cut down on fuel and labour costs.

To conduct a comparative economic analysis of modern 
technological solutions of slurry storage and spreading, 
the machinery capacity and also the capital, current costs 
and resource-saving effects must be included. According 
to our calculations, a farm building a modern manure stor-
age for slurry equipped with a pipeline system and buy-
ing a slurry spreader with a spreading boom with trailing 
hoses for application of liquid fertilisers on grasses is able 
to decrease nitrogen losses from 78 to 24%. Thus the farm 
can decrease the cost of buying ammonium nitrate 3-fold.

To support the choice of capital-intensive technologies, 
a comparative estimation of their cost-efficiency should be 
conducted on the basis of a calculation of marginal profit 
by using one spreading tank a year. The choice of this 
method is justified by the fact that a marginal profit allows 
an assessment of the effectiveness of technologies at differ-
ent rates of change in prices of mineral fertilisers without 
taking into account the investment costs (marginal profit I) 
and with the investment costs (marginal profit II).

Marginal profit I is defined as the difference between 
the value of savings on costs for purchase of mineral ferti-
lisers due to an increase in manure nutrient savings and the 
amount of direct variable costs. This indicator shows the 
potential increase in annual cash flow. Marginal profit II 
apart from the direct variable costs includes costs for pri-
mary debt repayment and the interest on the bank credit.

Table 19.1 gives the results of calculating the level 
of marginal profit I and II for three alternative manure 

Table 19.1. Estimation of different manure storing and spreading technologies according to the level of marginal profits I and II.

Indicators Alternatives

Inter-row surface applicator Sub-soil injector Splash plate spreader

Area of land, ha  500  500  500

Application rate, tons per ha  40  40  40

Total direct variable costs (fuel, spare parts, labour payments, etc.),  
k rub per year

 1,088  1,355  1,496

Manure storage 10,000 m3, k rub  7,428  7,428  7,428

Manure spreaders, k rub  3,300  4,130  1,800

Total investments, k rub  10,728  11,558  9,228

Repayment of primary debt and interest on credit, k rub per year  1,964  2,159  1,564

Savings on mineral fertilisers, k rub per year  2,386  2,419  2,053

Marginal profit I, k rub per year  1,298  1,065  557

Marginal profit II, k rub per year  - 666  -1,095  -1,007
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Figure 19.4. Increase in marginal profit I (MP I) from using different 
manure handling technologies in context of changes in the price of 
mineral fertilisers.
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spreading technologies to perennial grasses with an aver-
age transportation distance of 3 km.

The use of resource-saving manure storage and spread-
ing technologies ensures considerable savings on the 
costs of mineral fertilisers. These have already increased 
and are going to continue to grow due to the rise in prices 
of mineral resources. Thus, the amount of marginal profit 
I from using resource-saving technologies is going to in-
crease (Figure 19.4).

Conclusions

These studies allow us to draw the conclusion that in the 
current economic situation (prices for resources, cost of 
machinery and equipment) and with the existing state sup-
port system (subsidies for mineral fertilisers), the amount 
of cost savings on purchased mineral fertilisers resulting 
from increased nutrients savings does not recover the full 
costs of implementing the new high-performance and en-
vironmentally safe technologies for manure storage and 
spreading. Thus, additional state support is needed for 
those agricultural enterprises that are in the process of 
adopting these high-performance technologies within the 
framework of the priority national project ‘State program 
of agricultural development and regulation of the markets 
of agricultural products, raw materials and foodstuff for 
2008-2012’.

Figure 19.3. Slurry injector tank in CJSC “Predportovyi”, Leningrad 
Oblast. Photo: M.A. Ponomarev.

One more driver for development of the support mech-
anism for environmentally safe technologies is the fact 
that after entering WTO, the state will be able to subsidise 
agricultural producers by reimbursing part of the capital 
costs related to the adoption of these technologies. This is 
not included in the direct, limited support to agriculture.

Another conclusion must be that to be able to make 
agriculture sustainable in the long run it is always im-
portant to protect the water and ensure drinking water of 
high quality. This will also increase the production result 
on the farm as well as protect the Baltic Sea from eu-
trophication.
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