IV. UREA TREATMENT

The application of ammonia treatment techniques for forages still remains
limited in tropical countries for the main reasons which are as follows:

« anhydrous ammonia is rarely available locally and importation only for
treatment is difficult to conceive,

« as has been shown in the previous Chapter, this treatment technique requires
costly equipment {special storage containers, transport means and plastic
sheeting) and an infrastructure of rural roads to the farms which is often lacking,

« the treatment requires a certain level of skill which the farmer is unlikely
to have acquired. Thus relying upon assistance of an extension agent, the
farmer will not have full independence when using the treatment,

« and finally, the treatment is not without hazards: handling anhydrous
ammonia, a toxic gas, is a delicate procedure requiring equipment in
perfect state of repair.

However, this same ammonia can alternatively be generated from urea
without any risk, this being commercially available as a fertilizer (46 N). This
source of ammonia has distinct advantages over the latter being universally
available, easy to transport, store and handle and also being less costly. The
majority of countries in Africa and Asia use it as a fertilizer for food crops
{maize, millet, sorghum, rice,...). It is thus readily available.

4.1. Basic principles

Treating, using urea as the source for generating ammonia, is a technigue
which can be easily mastered by farmers. This consists of spraying a solution
of urea onto the dry mass of forage and covering with materials available
locally so as to form a hermetic seal.

In the presence of water and the enzyme known as urease, and if the
ambient temperature is sufficiently warm, the urea hydrolyses into gaseous
ammonia and carbonic gas through reaction with the enzyme which may be
described in a simplified manner as follows:

heat
CO (NH;)2 +H;0 >2 NH;3 + CO,
urease
urea water ammonia carbonic gas

Once hydrolysis is completed
one molecule of urea (i.e. 60 g) generates two molecules
of ammonia (i.e. 34 g).
5 kg of urea thus allows production of 2.83 kg of ammonia.
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The ammonia thus generated provokes the (alkaline) reaction which
gradually spreads and treats the mass of forage. It acts in just the same way
on the vegetal matter as if anhydrous ammonia is used:

« dissolving the parietal carbohydrates (mainly the hemicelluloses),

» swelling the vegetal matter in an aqueous environment, so easing access
by the rumen’s cellulolytic microorganisms,

« reducing the physical strength of the cells, so easing mastication by the
amimal and digestion by the microbes,

« enriching the forage in nitrogen, as is also the case if anhydrous ammoma
is used.

Net effects on the forage are increases to its digestibility (by 8 to 12
points}, to its nitrogen content (which will be more than doubled), to the
intake (by 25 to 50 %), and thus to the nutritive value.

4.2. Key success factors for urea treatment

Treating with urea is based upon its transformation into anmonia. In order
for the treatment to succeed, most of the urea must first be hydrolysed mto
ammonia and then this must diffuse correctly so fixing itself to the forage and
modifying it chemically. One must therefore ensure favourable conditions for
both good ureolysis and good ammonia treatment, in the knowledge that these
two processes take place simultaneously within the forage matter.

Having already described the conditions for a successful alkaline reaction,
the objective of this Chapter is to study in detail the conditions needed for
successful ureolysis and noting how this can eventually influence the action
of ammonia treatment.

Practical conditions affecting successful treatment include the presence
of urease, the application rate of urea (this determining the amount of
ammonia which will be made available for treating the forage), moisture
confent, ambient tempersture and the length of the treatment period,
the degree of hermetic sealing achieved during the treatment and finally,
the quality of the forage to be treated. These factors are interdependent
and it is difficult to dissociate one from the other.

4.2 1. Urease presence

Hydrolysis of urea is an enzyme reaction which can only take place if
urease is present, an enzyme which “slices” the urea molecule. This reaction
is very complex.



IV, UREA TREATMENT 43

Urease is produced by ureolytic bacteria. These are present in the soil
and also, in urine and faeces from both humans and animals (urease is
present in the rumen). Urease is rarely lacking in rural areas (this is also
known as telluric urease) and this source helps to counterbalance its
occasionally weak presence in straw (see the work, amongst others, of
WILLIAMS et ai., 1984 a and b, and YAMEOGQO et al., 1993),

Treatment conditions should thus favour the development of ureolytic
bacteria within the forage being treated: moisture, temperature, treatment
duration, at the same time deterring any microorganisms which might cause
mould or decomposition.

The only case (see § 423 below) where it might be necessary to artificially
add urease is for urea treatment which is carried out with very little water at
low or even fresh ambient temperatures.

4.2 2. Urea application rates

Early straw treatment with urca formed the basis for numerous
controversial discussions concerning optimum application rates, as the degree
of ureolysis used to be underestimated and by that, the amount of ammonia
produced - this being the only agent responsible for the alkaline
treatment efficiency (see Chapter 3). It is now well established that
optimum application rates lic between 4 and 6 kg of urea per 100 kg of
straw matter, which corresponds to treating by ammeonia in the range of 2.4
to 3.4 kg NH; per 100 kg of straw (for example: straw with a DM content of
90 % would require an application rate of ammonia falling between 2.7 and
3.8 kg per 100 kg of straw DM).

Higher urea application rates do not bring about a significant increase to
the nutritive value of the straw (SCHIERE and IBRAHIM, 1989). These
authors suggested in Sri Lanka, application rates of 4 % for urea. The
controversy certainly merits further study when one considers the following
aspects:

« treating with urea requires a moisture content higher than that for treating with
anhydrous ammenia, for equivalent ammonia application rates, treatment is then more
efficient and there is then a tendency to be able to reduce urea application rates;

« the alkaline treatment through use of urea, although more efficient, is slower than
that caused by ammonia as it takes place in the presence of intermediate
compounds from the ammonia production process (carbamates). These slow
down the rate of nitrogen fixation and hydrolysis of the cell walls
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(SAHANOUNE, 1990). Most research studies concerning urea have been
undertaken in the warmer regions, thus with relatively short treatment periods
(from 10 days to 3 weeks). Even if ambient temperature manages to speed up the
treatment (see § 424) it is possible that it may not be fully accomplished. The
“response” to the urea application might also not be fully achieved. The
immediate conclusion is therefore not to treat with more than modest application
rates,

» as has been shown (SAHANOQUNE, 1990) hydrolysis of the urea may stop or
falter when large amounts of free ammonia (not yet fixed) build up within the
forage matter. It is therefore quite likely that for high urea application rates and
short treatment times, response to the urea will be limited, not all of it having had
sufficient time for transformation.

« and finally, response to the alkaline treatment depends upon the initial quality of
the forage {(see Chapter 3). It is highly likely for example, that urea concentrations
considered optimal for treating certain kinds of rice straw will not prove suitable
for straw from wheat or certain natural pastures.

Moreover, high application rates increase treatment costs to the farmer
who has only limited financial resources.

Eftorts have been made to reduce urea application rates to 2 or 3 % by
mixing it with lime, Ca{OH), which favours the urea hydrolysis and above
all, the alkaline reaction. Work concerning this aspect is still at an
experimental stage and references referring to the response of the animals are
still too few to allow extension of the technique (ZAMAN and OWEN,
1990, WANG and FENG, 1993; KAYOULIL, 1994). A recent trial in
Vietnam (BUl VAN CHINH er al., 1994) concemed rice straw treated with
2.5 kg of urea, 0.5 kg of lime and 0.5 kg of salt, yielding interesting results
for crossbred cattle (§ 7332).

In conclusion and in practice, the majority of the studies and field
observations so far realised lead to a recommended urea application rate
of § kg per 100 kg of dry baled forage. This recommendation has been
widely used with success in the various practical situations which the
authors have encountered.

4.2.3. The amount of water to add

Hydrolysis of the urea can only occur if water is present. The amount of
water t0 be added to the forage is thus a determining factor for the
success of the treatment.
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Urea hydrolysis works better the more water is available. There are
however practical limitations to the amount of water because the reaction
takes place in a complex environment within which the urea solution is
incorporated. Moreover few publications have been presented concerning
studies to understand ureolysis in a heterogenous environment (water plus
forage) (but see WILLIAMS e al., 1984 a and b; SAHANOUNE et al., 1991
and 1992; YAMEOGO er al., 1993; amongst others).

This is why results of research which has attemnpted to define ideal water
quantity requirements have sometimes been contradictory, both in temperate
and tropical countries (WILLIAMS et al, 1984; WAISS er al, 1972;
SUNDSTOL e al., 1978; SCHIERE and IBRAHIM, 1989; MANDELL e?
al., 1988; SAHNOUNE et al., 1989; REDDY et al., 1989; ALHASSAN and
ALIYU, 1991; STIEFEL er al., 1991; MAO et al., 1991; NYARKO et al,,
1993; CHENOST, 1993; KAYOULI, 1988, 1994 a and b).

The decisive practical element concerns less the quantity of water added
than the highest degree of moisture content which can be achieved.
Considening the wide scale results of research work, trials and observations,
one may conclude that in order to achieve complete ureolysis in a
heterogenous environment:

the final moisture content of treated forage must never be less than 30
% (or in other words, final dry matter content of the treated forage must
never be more than 70 %).

The reasoning behind these moisture content limits include the following
aspects:
« it is practically impossible to apply too much water to the straw. Water

losses simply due to runoff would be high and furthermore, the forage
matter would become too saturated and soft,

» the generated ammonia must correctly diffuse throughout the mass
of forage. But ammonia is hygroscopic and so risks being “trapped” by
the water before fixing itself to the cell walls,

« a forage mass which is too wet will favour mould growth if hermetic
sealing is not perfect,

« excessive water application encourages leaching of the urea towards the
bottom of the silo in the case of forages which are only slightly absorbent,
provoking an over concentration of urea or even rotting of the forage
situated towards the bottom of the silo, increasing the risk of poisoning
the animals.
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In compensation:

» the moisture helps compaction of the forage which helps to drive out
the air, thus increasing the concentration of ammonia as long as the
treatment enclosure is well sealed. This aspect of texture/compaction will
be referred to below in § 43.

The final moisture content should never be greater than 50 %.
Ideally, it should lie in the range of 30 to 50 %.

Table 3 shows a specific example of the minimum and maximum
amounts of water which should be added to straw according to its dry matter
content. Only slight variation in the DM causes considerable differences in
the amount of water which is needed. One should be extremely vigilant to
this matter in tropical regions of the Sahel where not only is the straw or
natural pasture very dry (with a DM often above 92 %) but also the humidity
level of the air is extremely low, favouring rapid and intense evaporation
rates. One must also be vigilant, but in the opposite sense, in temperate
regions with damp forages (with a DM of only 85 % or less).

The decision as to whether to add more water (for very dry straw in a dry
climate) or less water (to straw which is damp) will depend upon due
consideration of the factors specific to each situation:

« don’t restrict the amount of water used if this is not a limiting factor:
firstly, compaction will be easier and secondly, maintaining a correct
moisture level within the forage can only be of assistance when the
climate is very dry and materials available for coverage are in short
supply.

« don’t add too much water if the straw is damp and the local climate
humid, so risking to further moisten the forages.

As a practical conclusion one should aim for adding 50 litres of water
to every 100 kg of forage (during the dry season). This general rule has
been well proven in many situations. There is no problem if the amount
of water added varies within the range of 40 to 80 litres.

4.2.4. Ambient temperature and treatment duration

Ambient temperature plays a determining role concerning treatment
duration because of its effect on a number of factors:

« the development of ureolytic bacteria,
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Table 3: Amount of water (litres) to add to 100 kg of straw to obtain a
final moisture content of 30 to 30 % according Yo the straw DM

content
Water to add Initial DM content Final Moisture
(/100 kg of siraw) of the straw (%) Content (%)
2 85
30 % 30
38 95
75 85
85 % 50
95 95
50 % 39

in the case of treating with 5 kg of urea per 100 kg of bulk straw

Example. Calculation of the amount of water to add to straw having a DM content of 90 %,
treated with 5 kg of urea, in order 10 achicve a final moisture content of 30 %

30% ie DM=70%

(90 +5)/(100+5+x) = 70/100

dry weight (straw + urea) / total weight (straw + urea + added water)
x = 30 litres

Moisture content
DM %

([l

]

« the speed and the intensity of the ureolytic reaction (this speed doubles for
a temperature rise of 10°C, conversely it slows to half speed when the
temperature falls 10°C),

o the efficiency of the alkaline treatment.

The alkaline treatment (see § 32) is correctly accomplished after a week
when ambient temperature is 30°C or more; from one to four weeks are
needed for temperatures between 15 and 30°C. Because of the remarks
already made in § 32, these treatment periods are the same for urea treatment
as long as in the meantime the ureolytic reaction proceeds normally.

The ideal ambient temperature for ureolysis is between 30 and 40°C
(30°C is also the reference temperature for titrating urea through action by
urease in the laboratory).

For temperatures above 25 or 30°C ureolysis is accomplished in the
heterogeneous environment after a few days or even less if moisture content
is not a limiting factor. It follows that for ambient temperatures from 30 to
40°C, maximum treatment efficiency is achieved after a week. Studies in
[ndia have shown that for rice straw treated with 4 to 5 kg of urea and 60
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litres of water per 100 kg of straw, similar treatment efficiency was observed

for treatment times of 8, 5 and cven 4 days (STIEFEL et al., 1991).

At lower ambient temperatures activity of the ureolytic bacteria is slowed
down as is the ureolysis. It follows that in more temperate zones or on high
tropical plateaus such as in Madagascar or the Kilimanjaro region, despite
high daytime temperatures, the nights can be very fresh (even with risk of
frost) when treatment is undertaken and so longer periods are required. These

Table 4: Crude protein content, degree of ureolysis and digestibility for

samples of straws and low quality forages treated on-farm
according to various practical methods in a variety of
development profects. (Chenost, 1993; Chenost et al., 1993;

Kayouli, 1994 a and b and 1995)
Country Forage |Treatment characteristics
Uréo-| DM (%) [Crude Protein|  Estimated
Silo |Urea/Wate Time| lysis oomtent (% digestibility

type | (%) | () [(Whks) (%) [ NT| T | NT T | NT T
TOGO Muaze Pit | 5150 nd | ndj9[nd| 38| 75 |40.0{48.0
stalks (4)* 1.3 2.0* (4.0% 2.0
TANZANIA Mumize Pit 6 (60| 3 9 |92 {56l 41| 7.8 |40.1|540
stalks (10)* 1.1%*} 3.4% | 3.5*|5.1*
TANZANIA Maize Heap | 6 | 60| 3 nd |90 | nd}| 37| 81 342|461
stalks (6)}* 1.1%4] 1.8% (3.1 3.3*
NIGER Sorghum |Banco| 5 | 50| nd | 78 | 90 | nd | 5.0m[10.0*] 38.0{ 470
stalks (18)* | & Seko 2.0%| 4.0% | 7.0*+1 4.0"
NIGER Rice Banco| 5 150 nd | 92 | 90 ] nd | 40 | 11.0 | 39.0]| 500
straw (28)* | & Seko 2.4*} 3.0% | 5.0% 6.0*
CAMBODIA[  Rice Trad | 5 |50 | nd | 84 [ 90| nd| 31| 90 [280]480
straw (200* | stack 1.3*%| 4.0% | 5.0 4.0
MADA- Rice Pit | 618 | 5 | nd| 9261 48| 80 [284)427
GASCAR | straw (13)" nd | nd | nd | nd
NIGER Bush Banco| 5 | 60| nd 1 86 ) W0 nd ] 35 ] 100 | 36.0|45.0
straw (20)* | & Seko 1.8%*1 3.0 | 3.0 2.0
LACS Rice bam- | 5 (50| 3 | 82|89 | nd]| 391 28 [406]504
siraw (7)* { boo 0.3 1.8*12.2*2.3*
AVERAGE | n=126 853 40| 90 |371]479
stand. dev. 5.2 06| 1.2 | 3933

* = No. of somples NT = Non treqied 8 = Digestibility in sacco

** - Standard deviation
nd = mot determained

T = T'reated

C = Rexen Celtulase Digestibiitty (1977)
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are basically the same as those necessary for successful alkaline treatment. A
treatment time of 3 weeks is generally found acceptable as one finds only
slight traces of residual urca and an acceptable rise in digestibility (sec Table
4). For safety, five week periods have been recommended for these regions.
In fact, as we have shown (Figure 12) for straw treated during the month of
September in Auvergne (France), when nights are fresh, the treatment
efficiency, as measured in terms of Digestibility in vivo, continues to
improve over time. Observations in China have shown that the hydrolysis of
urea was almost complete after three weeks at 25°C, whilst at 15°C it was
necessary to await two months for correct treatment (MAQ et al_, 1991).

Figure 12: Evolustion over time of the organic matter digestibility in vivo
(OMD) for a wheat siraw treated only with urea (U), with a crude
soybean supplement (US), with a supplement of molasses (UM} or a
supplement of both soybean and molasses (USM). Comparison with
straw which has not been treated (NT) and with straw treated
with agueous ammonia (NH;) (Chenost and Besle, 1993).
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(The quantities used for treating 100 kg of straw with a 9 % DM content were: urea: 6 kg, molasses: 14
kg, soybecnt 1.2 kg, NHy: 3.5 kg. The amounis of water were calculated so that a final moisture content
Jor each treatment would reach 25 %).
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Adding an additional source of urease such as soybean flour or even
better Canavalia ensiformis (Jack bean) which is rich in the enzyme, speeds
up the reaction of ureolysis compensating for any urease deficiency and
consequently reduces the overall treatment time required (SAHNOUNE et
al.,, 1991; CHENOST and BESLE, 1992). No such additional urcase has
been shown to be necessary when treatment is carried out at temperatures
above 25°C, particularly when moisture content is above 25 to 30 %
(WILLIAMS er al., 1984 a and b; SAHAOUNE et al., 1991; IBRAHIM et
al., 1984; CHERMITI, 1994).

In practice: ambient temperature in tropical countries is high and is not
a limiting factor for treatment with urea, except in the particular case at high
altitude. Adding supplementary urease, which can involve additional cost to
the farmer, is unnecessary for the moisture contents achieved in practice.
Tropical temperatures are ideal for ureolysis and the alkaline treatment if
concentrations of 5 kg of urea are dissolved in 50 litres of water and
incorporated into every 100 kg of dry forages,

sfor two weeks in dry tropical regions or on the humid plains,

sfor three to five weeks in mountainous tropical regions or in
Mediterranean climates where night temperatures can fall considerably.

4.2 5. The initial quality of forage to be treated

Treating with ammonia responds better the more the forage is of poor
quality (§ 324). It follows that the same situation applies for urea treatment
(CHENOST and DULPHY, 1987, TUAH ef al., 1986, KIANGI et al., 1981;
DIAS DA SILVA et al., 1990; BA, 1993; COLUCCI et al., 1992; SCHIERE
and IBRAHIM, 1989).

In practice: the main forages to be treated include straw from small
grain cereals (rice, wheat, ...), stalks from cereals such as maize, sorghum,
millet, ... together with local grasses gathered during the dry season (bush
straw), or perhaps hay of mediocre quality such as vetch/oats mixes from
the Mediterranean regions. Although in the present state of the art, it is
difficult to distinguish between pood and poor quality straw and hence
judge response aptitude to treatment, no harm will come from treating
them and their nutritive value can only be improved.




