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Manure nutrient application on a Chinese dairy farm with arable
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Abstract: For a Chinese dairy farm with 2200 milking cows, the annual manure production and manure nutrients (nitrogen and
phosphorus) were estimated. Gaseous nitrogen losses from cattle housing with scraped solid floors were based on on-farm
measurements. Based on experiences from the Netherlands, nutrient levels in the solid and liquid fractions after slurry
separation were estimated. On the basis of assumptions for nutrient losses during covered lagoon storage and land application
of the liquid fraction, nitrogen and phosphorous fertilization rates were calculated for the 67 hm?® of agricultural land that
receive the liquid fraction by gravity irrigation. The results show that the application rates of nitrogen and phosphorous
significantly exceed the crop needs, which will probably result in losses to soil and water. In order to aim for a balance
between nutrient application and crop needs and, as such, reduce environmental harm, the authors recommend to establish

application standards for nitrogen and phosphorous on arable land in China and to formulate farm-specific Nutrient

Management Plans.
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1 Introduction

With the rapidly increasing livestock production in
China, the manure production is increasing at a similar
pace. Because of the imbalance between large scale
livestock farms and small scale arable farms, manure

distribution is difficult, causing local and regional manure
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surpluses. Furthermore, the lack of appropriate
equipment for land application of liquid manure (slurry)
and the absence of legal manure nutrient application
standards are risk factors for the occurrence of manure
dumping and excessive fertilization (i.e. the application
of large volumes of slurry on small plots of land, thus
posing a threat to both surface and ground water
quality)!'".

In 2013, the Sino-Dutch Dairy Development Centre
(SDDDC, www.sdddc.org) was established which aims to
exchange knowledge and technology on dairy production
between China and the Netherlands, taking into account
Within

this framework a case study was carried out on a Chinese

both economics and environmental protection.

dairy farm with arable land.
The aim of this study was to provide insight into the

manure and nutrient flows on this farm and to calculate
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land application rates for nitrogen and phosphorus (or
phosphate or P,Os, is based on the analyzed phosphorus
content and calculated as 2.29xP-content.). This was
done by studying the current practices and manure
management system on the farm and by comparing the
results with equilibrium fertilization standards that are

used in the Netherlands.
2 Description of farm site

The dairy farm (2200 milking cows) with 67 hm* of
farm land was located near Beijing, China. The manure
management on this farm is based on mechanical removal
(scraping) of the cattle slurry from the solid floors and
subsequent separation of the slurry (screw press). The
end products of the slurry treatment system are a solid
fraction that is further processed by a composting firm,
and a liquid fraction that is applied to nearby agricultural
land. The applied techniques of floor scraping and
manure separation for dairy farms have been described by

several authors*?).

In more detail, the dairy farm uses
the following manure management technologies:
e Solid concrete floors with automatic slurry
scrapers (scraped every 40 min);
e Collection and transport of the scraped slurry in
underground manure channels
e Flushing of the manure channels with liquid
fraction from slurry separation;
e Transport of the scraped slurry through manure
channels to a slurry separator (inclined screen

and screw press, see Figure 1);

=
N

Figure 1  Slurry separation by inclined screen and screw press

e Storage of the liquid fraction in covered lagoons

(during approx. 6 months);

e Application of liquid fraction on adjacent

agricultural land by irrigation channels;

e Liquid fraction is applied twice a year to 67 hm®

of farm land (wheat and corn).

The solid fraction from the manure separation is
transferred to a composting company and subsequently
sold as organic fertilizer to vegetable farms in the region.
The liquid fraction is stored in covered lagoons (Figure
2).

Figure 2 A covered lagoon for storage of the liquid fraction from

the slurry separator (on top of the cover, some rainwater has

accumulated)

3 Emissions of ammonia and nitrous oxide
from scraped floors

An important source of gaseous nitrogen emissions

are the losses of ammonia (NHj3) and nitrous oxide (N,O)

from the scraped solid floors of the animal house!'*'?.

These emissions were estimated by measuring these

with a closed flux chamber and a

[13]

compounds
multigas-analyzer on this farm

The NH; emission was estimated at 4.2 kg NH; per
milking cow per year and the N,O emission at about
0.1 kg N,O per milking cow per year. In total of this
represents a nitrogen loss of 3.5 kg N per milking cow per

year ",

4 Slurry production, slurry separation and
corresponding nutrient levels

(13131 " the nutrient excretion of the

Based on literatures
cows and the corresponding amounts and levels of the
solid and liquid fraction after slurry separation are
estimated (Table 1). For the calculation, it is assumed

that the manure production (ton per milking cow per year)
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in China and in the Netherlands are the same (comparable
milk production levels), that the manure from large scale
intensive cattle farms in China has the same nutrient
Netherlands

compositions), and that screw press filters in China have

levels as in the (comparable diet

a comparable separation performance as screw press
filters in the Netherlands. The main input for the
calculations are the results of cattle slurry separation tests
with a screw press separator that were carried out on 13

Dutch dairy farms!'*].

Table1 Manure characteristics, nutrient balance and manure separator performance for a cattle farm, as based on literatures™*3

Manure p'rot'iuctlon Dry matter content N-content N—ﬂow P,Os content P20s e)'(cr.etlon
/ton per milking cow o 1 /kg per milking cow Kl /kg per milking cow
1% /kg-t /kg-t
per year per year per year
Total nitrogen excretion n.a. n.a. n.a. 114.5 n.a. n.a.
Nitrogen loss from floor n.a. n.a. n.a. 35 n.a. n.a.
Input of separator
Raw cattle slurry 29 10 3.8 111 1.4 41
Output from separator
Solid fraction 5 20 45 23 22 11
Liquid fraction 24 8 3.7 89 1.2 29
Note: N = nitrogen; P,Os = phosphate; n.a.= not applicable.
. 14 . . . .
Based on the measured nutrient levels of the per year'*).  The solid fraction with 20% dry matter is

14
1 and the assumed manure

aforementioned study[
production rate'™), the total amount of nitrogen in the
manure entering the separator can be estimated, viz
As described in the

previous section, the nitrogen loss from the floors is

111 kg N per milking cow per year.

estimated to be 3.5 kg N. This means that the total
nitrogen excretion per milking cow per year is the sum of
these two and amounts to 111+3.5=114.5 kg N.

One highly productive milking cow (milk production
~ 10 000 kg/year) produces 29 t of raw slurry per year[lsl;
separation of the raw slurry produces 5 t (16%) of solid
fraction and 24 t (84%) of liquid fraction per milking cow
=

e

B N emission floor
M Solid fraction

Liquid fraction

77% /

a. Fate of excreted N

stackable and no liquid runs out of the pile.
After slurry separation with a screw press, 79% of the
nitrogen and 73% of the phosphate remain in the liquid

fraction'.

These percentages can vary with the type of
separator and the type of slurry.

Furthermore, in Figure 3, pie charts are given to
illustrate the total amount of nitrogen and phosphate
(100%) that is excreted by the cows and where this ends
up. It shows what part is emitted from the floor (for
nitrogen) and how the remaining nitrogen and phosphate
is distributed between solid and liquid fraction. For

phosphate there is supposed to be no emission.

B Solid fraction

Liquid fraction

73%

b. Fate of excreted P,Os5

Figure 3 Calculated distribution of nitrogen and phosphate for floor emission (N) and slurry separation (N and P,Os)

5 Storage of the liquid fraction in covered
lagoons

After slurry separation, the liquid fraction (i.e. 84% of

the original slurry volume) is stored in covered lagoons
until the moment of land application (Figure 2). The
average storage period is around 6 months, since two

crops per year can be grown in the Beijing region.
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The nitrogen loss to the atmosphere from an
uncovered lagoon can be 70%-90%, but by covering the
lagoon, this emission of NHj3 can be reduced by 80%“6],
resulting in an remaining gaseous nitrogen loss of approx.
15% from prolonged storage in a covered lagoon.
During prolonged storage, phosphate sedimentation into a
sludge on the bottom of the lagoon can reduce the
phosphate content of the liquid fraction by 50%-80%,
depending on the degree of agitation during pumpout'”.
In our further calculations, we assume a reduction of 70%
in phosphate content and of 20% in nitrogen content of
the manure due to sedimentation during lagoon storage.
This means that a considerable amount of the phosphate,
and to a lesser extent also nitrogen, accumulates at the
bottom of the lagoon. The total nitrogen loss during
lagoon storage (15% to the atmosphere and 20% into
sludge) is assumed to be 35%.

As a result, the nitrogen and phosphate levels in the
liquid fraction after lagoon storage, at the moment of land

application, will be around 2.4 kg N/t and 0.36 kg P,Os/t.

6  Application of the liquid fraction to

agricultural land

After storage the liquid fraction is pumped out of the
lagoons and transported to the fields using trucks. Then
the slurry is distributed on the land using irrigation. The
cropping system is a winter wheat-summer maize rotation
system, with wheat planted in mid-October after the
harvest of maize. The slurry is applied in July and in
November/December.

The nitrogen efficiency of liquid manure application
by irrigation without incorporation into the soil is
estimated at 20%-40% of the remaining nitrogen after

U8 In our calculation, we assume a 30%

storage
N-efficiency; this means that 70% of the nitrogen is lost
during and after land application, mainly as volatilization
of ammonia. The phosphate efficiency is assumed to be
100% of the remaining phosphate in the liquid fraction
after sedimentation during lagoon storage. It is assumed
that the sludge, remaining on the lagoon bottom after
emptying the lagoon, eventually will be collected and
transferred to a recipient outside the dairy company (e.g.

to a composting company or vegetable farm).

In Figure 4 the results of the calculations are shown
for the nitrogen and phosphate distribution between the
different sinks and emissions, with the nitrogen and
phosphate load of the liquid fraction from the screw-press
as input. For the pie charts clearly show that effectively
20% of all nitrogen and 30% of all phosphate can be
taken up by the crops grown on the adjacent 67 hm® of

agricultural land.

20% —
M N emission from lagoon
M N sedimentation in lagoon
20%
N loss land application
Effective N for crops
45%

a. Fate of N in liquid fraction

M P sedimentation in lagoon

Effective P for crops

T0%

b. Fate of P,0s in liquid fraction
Figure 4 Calculated fate and distribution of nitrogen (N) and
phosphate (P,0Os) from liquid fraction, taking into account gaseous
N-emission, sedimentation losses during lagoon storage and losses

during land application
7 Discussion

Taking into consideration storage losses of 35% of the
nitrogen and 70% of the phosphate and an efficiency of
30% for the remaining nitrogen during and after land
application, as discussed above, the fertilization of
67 hm? of agricultural land with the liquid fraction from
2200 cattle results in application rates of 570 kg effective
N/(hm®-a) and 285 kg P,Os/(hm*a) (Table 2). This is
based on the assumption that the sedimentary sludge is
eventually collected and disposed of to an external
customer, just as the solid fraction from the separator.

When, on the other hand, all sedimentary nutrients are
mixed up with the liquid fraction used for irrigation (e.g.,
after vigorous agitation and flushing during lagoon

pumpout), and thus all nutrients are applied to the
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adjacent agricultural land, this would result in application
rates of 755 kg effective N/(hm>-a) and 960 kg
P,0s/(hm’-a) (Table 2). Especially for P,Os this would
mean a drastic increase.

Table 2 Calculated application rates for nitrogen and
phosphate for a dairy farm with 2200 milking cows and 67 hm?

of agricultural land, using liquid fraction from manure
separation, after storage in covered lagoon

Phosphate application
rate
/kg P20s:(hm?-a)™!

Manure used for
fertilization

Nitrogen application rate
/kg effective N-(hm?-a)™"*

Liquid fraction only (i.e.

sediment remains in lagoon) 370 285

No sedimentation losses
during lagoon storage (i.e.
with complete mixing of 755 960
lagoon content during
pumpout)

Note: The manure production of young stock, estimated at 12 m’ of slurry per
animal per year, has not been taken into account'”. Therefore, the calculated
application rates in Table 2 are probably underestimates.

*Effective N means the N that is available for the crops, i.e. losses during and
after land application are deducted.

The calculated manure nitrogen and phosphorus
application rates, after storage and application losses
(Table 2, first row), are quite high as compared to the
maximum application rates that are used in the
Netherlands (Maximum effective nitrogen application
rate (successive wheat and corn crops in same year):
252-335 kg N/(hm”*-a) (depending on soil type)'”:;
maximum phosphate application rate for arable land:
50-75 kg P,0s/(hm’-a) (depending on soil phosphate

. In the Netherlands, the maximum

condition)!
application rates are based on ‘equilibrium fertilization’,
i.e. the application rate must be in balance with the
nutrient uptake by the crop in order to minimize
avoidable losses to soil and water®™. The higher
application rates shown in Table 2 might to some extent
be justified by higher yields, higher crop uptake, different
soil conditions and a longer growing season with two
crops per year in the Beijing region.

When, on the other hand, all nutrients from the
lagoons are applied to agricultural land (with complete
mixing of the lagoon content during pumpout) much
higher application rates are calculated, especially for
phosphate (Table 2, second row). The phosphate
application rate of 960 kg/(hm*-a) is more than ten times

higher than the maximum phosphate application rate for

arable land in the Netherlands. Furthermore, we must
keep in mind that Table 2 is based on application of
manure nutrients only: if additional synthetic fertilizer is
used, which is often the case in practice; this will
inevitably further increase the nutrient application rates.
In addition, the manure production from young stock has
not been taken into account, which would also increase

the application rates.
8 Conclusions and recommendations

Although the calculated application rates for nitrogen
and phosphate are based on several assumptions that were
not specifically validated for Chinese conditions, we
conclude that there is a large risk of over-fertilization,
resulting in pollution of soil and water. Currently,
specific information on manure production levels,
nutrient levels in manure fractions, nutrient losses during
lagoon storage, nutrient losses during and after land
application, on nutrient removal by crops, etc. for
Chinese conditions is limited. When new data becomes
available in future, the calculations that were done in this
paper could be improved and help to further determine
optimal nutrient application rates for animal manure
under Chinese circumstances.

In our opinion, further research and extension should
be aimed at increasing the manure nutrient efficiency.
This means that losses to the environment (e.g. to
groundwater tables, surface water, air) are minimized and
a larger part of the minerals is taken up by the crops.
Besides reducing the environmental impact, increasing
the manure nutrient would also means that farmers’
expenses for chemical fertilizer purchase can be reduced.

We suggest to establish recommended and maximum
nutrient application rates for nitrogen and phosphate from
animal manure in China. These application rates may be
differentiated with regard to crop and soil types and
different climate zones in China. In the meantime,
provisional application standards could be established for
nitrogen and phosphate fertilization (from both animal
manure and chemical fertilizers). In this way, all
stakeholders (farmers, extension, officials, etc.) can gain
application  standards.

experience  with  using

Experiences in the Netherlands and other countries show
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that a combination of legislation and enforcement is
essential to achieve the set goals and to prevent dumping
of large manure volumes on small areas of agricultural
land.

Currently, chemical analyses of the nutrient (N and
P,0s) contents of cattle slurry, anaerobic digester effluent,
solid and liquid fractions and other manure products, are
often lacking in Chinese agriculture. However, these
values are essential for the calculation of accurate crop
specific fertilization rates, or the calculation of how much
So the

development and dissemination of knowledge on nutrient

manure can be adequately utilized per hectare.

levels in organic fertilizers in relation to the nutritional
This

includes the interpretation by farm managers of the

needs of crops is highly desirable in our opinion.

results of chemical analysis of organic fertilizers and
soils.

Finally, we recommend to combining and summarizing
this information and knowledge in farm-specific ‘Manure
Nutrient Management Plans’. The main element in such
a plan is, as we illustrated in this paper, a calculation on
how much manure and nutrients are produced per year,
how this manure is treated or utilized on the farm or what
happens with it when it is transported to other (crop)
farms or companies. Logically the plans for application
of manure to crops should include a calculation of

manure and nutrients application rates.
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