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4. RESJLTS AlD DISCUSSION

4,1, Production of Biogas and prganic manures

The production of biogas and natural organic
mnanure from cow dung and sewage sludge throughout anae-
robic digestion in one batch operated Chinese and Indian
model digesters (200 L digested volume) were investigated
under greenhouse conditions. The organic wastes were
fermented for 70 days, the daily biogas generation and
cumulative gas production throughout the fermentation
periods are illustrated in Figures (3, 4, 5). The total
biogas yield and its componenta of CH4 and 002 are tabu-
lated in Table (4). The changes of chemical-components
o organic wastes under gnaerobic fermentation in two
model biogas digesters are given in Table (5), The ini-
tial and final total and volatile solids and their losses
are presented in Table (6), The production rates of bio-
gas and methane from.volatile solids added and consumed

in Chinese and Indian type digester are given in Table (7).

The organic wastes were different in the starbing
period for biogas generation according to the type of organic
material and digester model. Sewage sludge started biogas
production within the first day of fermentation peried for
both digesters (Pig. 3). The initial biogas production from

cow dung were at 14 and 18 days for Chinese and Indian type
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digester, respectively (Fig.4). These results are in accord-
ance with Alaa-El-Din et al. (1984) who found that se-
wage sludge, septic tanks cleanings and their mixtures
with garbage produce biogas within the first day while
fresh garbage moistened with water needs a lag period

of 9=23 days. This might be due to the previous anaero-
bic fermentation in septic tanks. Also, Alaa~El-Din

et al., (1982) mentioned that agricultural residues de-
layed in producing biogas when fermented under the same
conditions., Sewage sludge is known to have the proper
mixtures of microflora necessary for both acid and methane
fermentation stages. The numbers of the organisms are
usually very high (Hobson and Shaw, 1973; Chengdu, 1979;
Velsen, 1979 ;and Wise et al, 1981).

The daily production of biogas showed fluctuations
in all organic residues and digesters. The digesters re-
corded gradual increase in biogas production to reach a
peak differently according to the kind of raw organic
material and digester model. Thereafter, the productivity
began to decrease. Sewage sludge showed a peak of biogas
production at the 16th days (60 L/biogas/day/200 1 fer-
mented material) in the Chinese digester. On the other

hand, cow dung recorded a peak after 30 days of fermentation
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period in both Chinese and Indian type digester. The
maximum of biogas production was 84 and 5#1L biogas/day/
200 L fermented cow dung in Chincse and Indian model,
respectively. These fluctuations were most probably due
to the temperature changes occuring in the greenhouse
where digesters were kept above the ground., Kugelman

and McCarty (1965) and Pyle (1978) reported that a sudden
change exceeding 3°C will effect biogas production. In
this concern, Aly (1985) concluded that the daily biogas
production was fluctuated as a result of temperature changes
in the digester. He added that the biogas generation is
affected by the type of* organic residues and design of
the digester.

The cumulative figures of biogas generation
differed according to the type of waste and the design of
digesters. In Chinese digester (Fig. 5) cow dung produced
higher value of biogas production (2154 L) followed by
sewage sludge (2018 L). The Indian digester showed lower
values for both residues, where, on the contrary of the .
Chinese type, sewage sludge gave gas production of 1681 L
which is more than cow dung (1547 L).

The composition of biogas contents of CH4 and 002

(Table 4) did not show gpparent differences between
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Chinese and Indian digesters for the same fermented
material., On the contrary, the gas quality was dif-
ferent between sewage sludge and cow dung. The average
of CH4 content ranged between 70-70.6% of sewage

sludge and 65.8-65.7% of cow dung. In earlier study,
El-H usseini (1983) found that sewage sludge produced
higher methane content (77-78%) while biogas of paunch
waste contained only 62 to 65% methane. The high methane
content of sewage sludge could be attributed to the large
numbers of methanogenic bacteria recorded for these re-
sidue (Hobson and Show, 1973} and Chengdu, 1é79).

The losses in both total and volatile solids were
higher in sewage sludge than cow dung in the two digesters
types. However, the figures of the percentage loss were
very close in Chinese and Indian digesters showing slight
increase in volatile solids loss in the former and in
total solids in the lmter (Table §). This phenomens could
be attributed to the larger populétion of active microbes
responsible for acid formation and methane preoduction in
sewage sludge than cow dung. The volatile seolids losses
from different organic wastes were recorded by many workers
(Velsen, 1977; Nasr 1980; Alea-El-Din et al,, 1984 and
Aly, 1985) who reported that the VS losses ranged between
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few per cent and up to more than 90% of VS added de-
pending on the system of digestion, the type of residues,
the amendment with starter, the incubation time and tem—

perature.

The loss of total nitrogen (TN) during biogas genera-
tion from sewage sludge was 26.5% in Chinese digester
followed by Indian digester 20.8% (Table §). Cow dung
showed the same trend where the losses were 6 and 2.6%
for Chinese and Indian designs,respectively. . Volatiliza=-
tion of ammonia specially_later in the digestion period
when its concentration in the fermentation liquid reached
its maximum is expected to be the major source of losses in
the total nitrogen. Alaa-El-Din et al. (1984) recorded
8~28% loss of TN but the loss was higher in Indian digester
than Chinese which is contradicting with the results ob-
tained in this investigation., However, Aly (1985) who
have been working in the same laboratory and using the
same residues reported higher loss of TN in Chinese than
Indian digester which is the same results obtained in our

work.

The organic wastes exerted increasing amounts of
ammoniaca]l nitrogen (NH,~N) reaching the maximum value after
28 days in the two digesters fed by sewage sludge and then
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decreased to values higher than the initial ones (Fig.

6). In case of cow dung the peaks of high valueswere
recorded at the 7th and 2lst days for Indian and Chinese
digesters, respectively. The increase of NH#—N could be
attributed to the ammonification of organic nitrogen com=-
pounds to form ammonia at a rate higher than the assimila-
tion of ammonia by the growing fermenting microorganisms
early in the digestion period. Later, NHQ-N might be con-
sumed increasingly for production of bacterial cell bio-
mass, a process which increased by time throughout the
fermentation period besides the loss by volatilization.
McCarty (1964) and Chengdue (1979) reported that the
toxicity effect of ammonia ranged between 1500-3000 ppm.

In this study the ammonia concentration ranged between

84-345 ppu.

The production rates of flammable biogas and methane
are estimated to evaluate the efficiency of biogas yield.
The results were estimated as liter of gas produced from
each unit weight of VS added or consumed (Table 7). The
rates of biogas production were high in Chinese digester
more than the Indian type digester. 'The efficiency of
conversion of VS consumed to biogas varied according to

the material digested and type of fermenter. The Chinese
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digester gave high production of biogas and methane

for both sewage sludge and cow dung. The degres of
conversion of VS were high for sewage sludge than

cow dung. The average value of biogas production from
sewage Sludge were 482.5 and 421.5 L/kg VS added for
Chinese and Indian digesters,respectively, while these
results were 191.7 and 132.3% for cow dung in Chinese

and Indian type digester, respectively. On the other
hand, the rates of biogas prodqction were 860.1 and

802.1 L/kg vs consumed for sewage sludge in Chinese

and Indian type digesters, respectively. Cow dung re-
corded lowest wvalue for.rate of biogas production, where
764,1 and 574.0 L/kg VS consumed in Chinese and Indian
digesters, respectively. The efficiency of biogas diges-
ters was reported by other authors. Aly (1985) reported
that the productivity of biogas (L biogas/kg VS added)
differed according to type of residue fermented and the
design of digester. He mentioned, that theChinese type
digester was more efficient than the Indian one. Alaa~El-
Din (1984) noted that the biogas productivity were 0.05-
0.10 V/V for Indian and Chinese digesters, respectively.
Liu and Chen (1981), Chengdu (1979), Sathianathan (1975)
and Singh (1972) reported that the efficiency of the diges-
ter subjected to fluctuations according to the temperature

and the feeding rate.
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It can be concluded that the Chinese type of
digesters was more efficient in the anaerobic diges-
tion of organic residues, since it produced almost
the same quantity of organic manure as the Indian type
while it produced more amounts of biogas than the

Indian digester.
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4,2, Effect of organic manures on the density of micro-
organismss
4.2,1. Total bacterial count:
Data in Table (8) illustrated by Fig. (7) show
that the density of bacteria in the alluvial so0il collecw
ted from Loshtohor ranged between 18 and 79 millions per

one gram dry soil.

The addition of different kinds of organic manure
significantly increasedthe total bacterial counts. This
increase appeared in all treatments allover the experi-
mental time., However, the biogas manure resulting from
the anaerobic digestion ;f cow dung and sewage sludge
apparently increased the total bacterial count more thaﬁ
the tradiftional organic manures i.,e. farmyard manure and
poudrette. In this respect, the digested cow dung manure
showed higher countsihan digested sewage sludge manure,
Also the total bacterial count was higher in the soil re-
ceiving farmyard menure than poudrette, It seems that the
organic manures orginating from the sanitary refuses, i.e.
digested sewage sludge and poudrette contain considerable
quantities of trace elements which inhibit the microbial
activities in seoil, (Tabatabai, 1977; Daif and Beusichemn,
1981; Brookes and lcGrath, 1984 and Brookes et al.; 1984).
It was clearly noticed that the activity of bacteria was

enhanced when the alluvial scil was treated by different
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organlc manures since the counits gradually increased
till 30 days after manuring. The bacterial counts
apparently decreased 60 days after manuring, indi-
cating the exhaustion of one or more of the essential
nutrients, Thereafter slight increase in the total
colony counts of bacteria was observed indicating the
proliferation of the endogenous population on the dead
microbial cell, However,the mentioned attitude was

nearly the same in all the kinds of organic manures used.

Barlier investigators stated the inhancement of
s80il bacteria when treat?d with different erganic manures
which is in accordance with the results obtained in this
investigation. Omran (1979), Badran (1983), Sharma et al.
(1983) and Filip and Muller (1984), mentioned that the
incorporation of sewage sludge, farmyard manure, sewage
effluent and fermentation residues in soil increased the
total bacterial counis, however the magnitude of increase
depended greatly on the type of organic supplements. Zohdy
and Badr-El-Din =~ (1983s)stated that farmyard meanure was
more effective than digested slurry.

Table (8) and Fig. (7) show thai the itotal bacterial
count in the sandy soil collected from south of Tahreer
Province, Beheira Governorate is clearly lower than allu~
vial soil, since it ranged between 10 and 22 millions per
one gram dry soil, The effect of manuring the sandy soil

in increasing the colony counts of bacteria was more
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apparent than the alluvial soil indiceting the importance
of enriching the organic maiter content in soils of the
arid region. When comparing the effect of the different
orgenic manures on the bacterial count, the same atti-
tude in alluvial soil was also observed in sandy soil.
The digested cow dung manure showed the highest demnsities
followed by sewage sludge then farﬁyard manure and poudretite.
Also the counts increased gradually after manuring for 30
days and then decreased in the sample collected on the 60%h
day. The bacterial population in the sandy soil slightly
increased, thereafier using the dead microbial protein.
Saber (1966) stated that the application of raw sew-
age effluent, decanted sewage effluent or dried sludge inc-
reased total bacterial counts and the increase in the dried
sludge treatment was more pronounced in the sandy soil,
which is the same results obtained in this investigation.
Zohdy end Badr-El-Din (1983a)and Zohdy et al. (1984b)found
that the addition of compost, farmyard manure, digestied
slurry, to the virgin samdy soil build up its microbial
population. Tpey found that digested slurry and farmyard
manure have the most stimulative effect on ithe bacterial

counts followed by urea and sludge.
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4.242+ Actinomycetes:

The densities of actinomycetes appearing on the
plate counts were clearly enhanced by the addition of
different organic manures to alluvial soil (Table 9, Fig.
8)e The digested cow dung residues showed the highest
countg, while the other 3 manures used showed almost the
same level which is lower than the cow dung. It is clear
that the colony counts increased in the samples collected
on the 15#day in both cﬁntrol and manured pots. This can
be attributed to the activity and proliferation of actino-
mycetes following the watering of soil at the beginning
of the experiment. This activity lasted for 30 days in
the case of the digested ;ow dung treatment, while in the
other three ireaiments, the counts gradually decreased,
thereafier till the end of the experimental period due te
the gradual exhaustion of the nutrients essential for
microbial growth,

The effect of manuring on siimulating the growth
of actinomycetes was more pronounced in sandy soil (Table
9, Fig. 8), since the counts were doubled several times in
treated pots than control. The biegas manure showed higher
counts than traditional organic manures, cow dung residues
was more effective in this respect. On the other hand poud-

rette enhanced actinemycetes growth than farmyard manure.
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The achinomycetes showeda 15 days lag peried to
begin their activity after the addition of the different
manures except in the case of the Fili. After this period
the counts showed a peak on the 30th day which lasted for
another 30 days in the case of the cow dung only. The
other three treatments gradually decreased till
the end of the experimental period where the counts reached

almost their level at the commencement .

Earlier investigators reported that different organic
manures enhanced the activities of actinomycetes when
added to both alluvial and sandy soil which is the same
results appeared in this investigation (Ibrahim 1964, Tahsa
et al. 1966§ Hashem 19803 Sharme et al., 1983 and Reo & Venka-
teswarlu, 1983).

On the other hand, the superierity of the digested
organic manures in increasing actinomycetes count assured

the results obtained by (Filip and Muller, 1984).

4.,2,3, Fungis
It appears from the daia in Table (10) illustrated
by Fig. (9), that the counts ol fungi appearing on the
counting plates were in the order of several tens of
thousand per onme gram of alluvial soil and several thous-

ands per one gram of sandy soil which is the same levels
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reported in earlier investigations, (Badran, 1983; Zohdy
et al., 1984Db).

The applicatien of different organic manures to
glluvial soil, clearly promoted the counts of fungi to
show a peak 30 days after manuring. The counts gradually
decreased thereafter to reach the counts at the beginning
of the experiment on the 90th day samples in all treatments.
The fungi counts were almost stable at this level to the
end of the experiment. The same trend observed in the
case of total bacterial count and actinomycetes count
concerning the superiority of biogas manure than traditional
orgenic manures in enhancing the microbial growth was also
observed in the fungal count. However, the digested sewage
sludge was more effective in the proliferation of fungi than
digested cow dung, on the conirary of the effect on the

bacteria and the actinomycetes.

The stimulating effect of organic manuring on the

counts of fungi in alluvial soil was clearly noted by

Nilson (1957) , Sgber. (1966) s Omran (1979) and Pilip and
Muller,(1984), who indicated that the soil amended with
different organic manures e.g., sewage effluent, dried
sewage, animal manures and fermentation residues, produced
a high number of fungi then unamended soils, but after dif-
ferent periods from application the nunber fluctuated and

was depending on the type of manure used.




Since the sandy soil is usuwally poor in ihe nutg-
rients Supplementation, it was quite expected that the
addition of such organic manures would result in vigoroua
growth of fungi (Tgble 10, Fig. 9). The fungal counts on
the 15th dey increased by 10.6, 11,3, 14, 41.6 tinmes the
control for the ¥V, poudrette, cow dung and Sewage aludge
treaiments, respectively, Regarding, the aforementioned
comparigon, it is clear that the digesied sewage sludge
was the most effective manure followed by ihe digesited cow
dung then the poudretie and FYll, This was true for all
the samples collected all over the experimental periods.
The fungal counta showed the highest growth on the 3o th
day followed by gradual reduction to the end of the ex-
perimental period, ilowever, the counts never lowered to
the level of the initial Sample er to the level of the
control, This can be attributed to the proliferafion of
fungi on the expence of the dead micrebial protein, It
was experimentelly repbrted in this investigation (Tebles
18, 19) that the total nitrogen contemt of the s0il ince
reased in the later samples of the soil,

The same results were obtained oy Zohdy & Badr-El-Din
(1983a)and Zohdy et al, (1984b)whe found that the addition
of organic manures to the virgin sandy soils stimulated
its fungal population, they added that digested spent
slurry, FYil, air dried slurry were more effective than ures,



105.

8ilt + slurry, bottom manure and untreated soil.

4.2.4, Aerobic cellulose decomposers:

Tgble (11) illustrated by Fig. (10) showsthat the
growth of aerobic cellulose decomposers was enhanced by
the addition of erganic manures to the alluvial soil.
Again the digested cow dung showed the highest effect
followed by digested sewage 8ludge, while the traditiomal
organic manures (FYM and poudreite) showed nearly the same
level of promoting which is lower than biogas manure., The
highest counts were reported 15 days after application fol-
lowed by gradual  decrease for 4 months. However,the
last sample collected on 160 days after application showed
slight increase in the counts of aersobic cellulose decom=

posers indicating their grewth on the dead microbial cells.

On manuring the sandy soils, the same effect was ob-
Sserved concerning & rapid increase in the counts of aerobic
cellulose decomposers for 15 days afier which a steep
degradation was observed tillthe60ih day . The counts at
this period were nearly on the same level of the initial
sample, but they continued the decrease till the end of
the experimental period, The two digested organic manures
showed nearly the same level of aerobic cellulose decompo-

sera which i3 somewhat higher than the level of the pots
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treated by traditional organic manure. The FYM encouraged
the growth of gerobic celluleose GecomposSers than poudrette.
The results stated above was pre#iously pbserved by several
investigators (Zakharov & Sergeeva, 1957 and Daraselya,1960).
Tahs et ale. (1966), stated that FYli treatment gave higher
count of the aerobic cellulose decomposers than (N, NP,

NPK) treatments. This is due to that such erganisms de-
pend mainly in their nutrition on celluloéé. Also Saber'
(1966), reported that application of raw sewage effluent,
decanted sewage effluent or dried sludge increased aerodbic

cellulose decomposers. However, the increase in the dried

sludge treatment was more pronounced in the sandy aoil.

Generally speaking, organic manuring enhanced the
activity of aerobic cellulose decomposers a3 reported by
Hashem (1980) and Badran (1983). Concerning sandy so0il,
Seber (1966), Zohdy and Badr-El-Din (198323) and Zohdy et al.
(19841 stated that the addition of organic manures to the
virgin sandy soil atimulated the aerobic cellulose decom-—
posers. They found that digested sludge, spent slurry,
and compost were more effective tban urea, FYM and effluent
in stimulaiiqgand jnereasing the number of aerobic cellu-

lose decomposSers.

4.2.5. Anaerobic cellulose decomposerss
The anaerobic celluleose decomposers population in

alluvial soil was in the order of few thousands pexr one gram
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in the control which is the ordinary level in such soils
(Table 12 and Fig. 11)., The samples collected right after
the addition of organic manures showed higher’figures than
control indicalting that these manures contain a fairly high
population of anaerobic cellulose decomposers, The anaero=-
bically digested manures showed  greatly higher den-
8ities than the traditional organic manures, This was “
quite expected since thé anaerobic conditions in the fer-
mentor would encourage the growth of anaerobic microorga—
nisms. This phenomenon lasted to the end of the experi-
ment. Hpwever, the counts sharply decreased %hereafter

for almost one month, This can be deduced to the aerobic
conditions in the experimental pots since the moisture
content ranged between 33 and 34 per cent allover the experi-~
mental peried, There was apparent fluctuations in the
densities of anaerobic cellulose decomposers in the sample
collected two monthas after masuring till the end of the
experimental period, These ups and downs maybe aresult of
the variation in oxygen tension in the micro environment
and the competation between angerobic and aerobic groups

of micreorganisms for essential nutrients.

Table (12) and Fig. (11l) show that the counts of
anaerobic cellulese decomposers in the conirel of the sandy

soil was 250 per gram in the initial-sample which is fairly
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suitable for the good aeration of this type of soil.
The pots of sandy soil which were manured showed higher
densities of anaerobic cellulose decomposers than cont-
rpl in the samples taken at the beginning of the experi-
ment but still clesxrly lower than the corresponding treat-
ments in the alluvial soil. The soil treated with diges-
ted organic manures i.e. cow dung and sewage sludge ghowed
greatly higher counts than that treated with farm-
yard manure or poudrette, This was very clear in the ini-
tial samples but also true in all samples till the end of
- the experiment. The digested sewage sludge showed higher
counts than cow dung allover the experiment except the
sarmple collected 30 days after manuring where the cow
dung treatment was superior. On the other hand,the sandy
soil treated with poudrette contained higher densities of

anaerobic cellulose decomposers than farmyard manure.

The anaerobic cellulose decomposers in the sandy soil
treated with biogas manures followed the same trend obser-
ved in the alluvial soil concerning the apparent reduc-
tion in counts till the samples collected two months after
application, This reduction was followed by moderate fluc-
tuation till the end of the experiment. In the case of farm-

yard manure and poudrette the counts slightly decreased for
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one month, then apparent reduction was observed %ill 90

days from application followed by deep fluctuation.

4.,2,6, Coliform groups:

The count of coliform group appearing on the
MecConkey's bile salis agar medium inoculated by alluvial
so0il was 290 colony per one gram soil of untreated soll
(Table 13 and Fig. 12)., The natural source of the coli-
form bacteria in cultivated soil in Egypt is manuring by
Balady organic manure which contains the excretes of thefarm
animals. The initial samples of soil treated with organic
manures contdinalhigher counts than control. The poudreite
and digested sewage sludge showed 200 per cent increase
than conirol while farmyard manure and digeated cow dung
showed 90 and 45 percent increase,respectively. This was
expected since the origin of both poudrette and digested
sewage sludge is the human excretes, The densities of coli-
form group increased in all treatments including control
for 30 days but the growih was more pronounced in manured
soila than control, The increase was not proportional to
the initial counts indicating that the proliferation of
this group of bacteria correlated with the special condi-
tions of each pot. The counts degraded from the 60 days
samples and thereafter till the coliform bacteria disap-

peared completely.
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The sandy soil obtained from the south Tehreer
Province was found to contain only 40 coliform bacteria
per one gram of unireated so0il Which ig much less than
the alluvial seoil, The source of tuis bacteria is also
the manuring with orgenic fertilizers containing animal
excrets. The addition of the used prganic manures in
this investigation increased the number of coliform bac~-
toria in the initial samples, The poudrette and digested
sewage sludge showed higher counts than digested cow dung
and Farmyard manure which is the same trend in alluvial
soil. The coliform group slightly increased in counts
i1l 30 days from application then decreased thereaftfer
£ill it completely disappeared in different periods for
different treatments.

Earlier investigations revea led that soils contain few
numbers of coliform bacteria. For example, Geldereich et
al. (1962) found that most soil samples from 26 states and
countries show less than 2 feacal coliforms per gram of
spil. They observed marked increase in coliforms in pol-
1uted soils such as locations recently flooded with domes-
tic sewage. usothing was found in the literature concern-—
ing the fete of coliform bacteria in soils under organic

manuring.

4,2.7. Salmonella and Shigella:
Strains of Salmonella species or Shigella
species were not detected on the count plates of the

control of alluvial and sandy soils. Also
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the solls treated with the two tiogas manures did not

show any colonies of Salmonella or Shigelle on the
counting plates. When the soils were nanured by poudrette
the initial sample showed 70 and 40 microbes per one gram
in alluviel and sandy soils,respectively. The samples
collected 15 days after the addition of poudrette con-
tained 220 end 150 colonies per one gram of alluvial and

sandy soils, respectively, Teble, 14+

The samples taken thereafter till the end of the
experiment didn't show ' any Salmonella or Shigella.
Although the farmyard manure ireated soils showed no colo-
nies in the initial samples, There were found 15 and 6
colonies of Ssalmenella and Shigella on the plate counts
of 1/10 dilution arizing to 150 and 60 microbes per one
gram of alluvial and sandy soil,respectively,in the
samples taken 15 days after application. The samples taken
thereaftetr didn't show any microbes of Salmonella or
Shigella.

The aforementioned results are in favour of the suggestion
that the snaerobic digestion of organic residues, specially
that of domestic or human origin, would result in cestroying

the pathogenic microorganisms, This was clear since the
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spils treated by digested menures via biogas technology
were free of Salmonella and Shigella wiile those treated
by traditional manures contained considerable numbers of

these pathogenic bacteriea.

4.3, BEnzymatic activities:

4.3.1., Dehydrogenase: (DHA)

Table (15) and Fig. (13) show the dehydrogenase
activity of soil microorganisms in alluvial scil. In
control, the activity increased rapdily for 3 days than
decreased graduglly till 60 days after the irrigation
of the soil. The increase of dehydrogenase activity re-
flex the growth and proliferation of soil microorganisms
following the moist e ning of the spil. DPeterson (1967)
reported a slight increase in dehydrogenase activity in
moist soil during the first few days. The gradually dec-
rease thereafter indicates lessened activity, although
the counts of different groups of soil microorganisms

showed apparent increase in tkhis period.

The control soil samples collected from the 60th day and
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thereafter showed almost stable level of dehydrognase
activity. Casida et al. (1964) observed that in  the
sbsence of added nutrients and meisture the dehydroge-—

nase activity was fairly constani regardiess of fluctua-
tions in microbial numbers. The same attitude was observed
in the alluvial soil treated with different organic manures,
although the figures of dehydrogenase activity were
apparently higher than control either in the initial

sample or in all the following samples. This stimulation

of dehydrogenase in treated samples coincided with the high
densities of soil microorganisms in the same treatments.

The digested cow dung showed the highest activity of dehyd-
rogenase followed by farcyard manure, poudrette, while
digested sewage sludge showed the lowest figures. These
results are in accordance with those of Ambrozova (1970),
Franz (1973), Boguslawski et al. (1977) & El-Shinmawi et al.
(1982) who reported the increase in dehydrogenase activivy
with increasing organic matter content of the soil and with

manuring the soil.

The dehydrogenase activity in sandy soil (Table 13,
Fig. 14) was generally lower than alluvial soil in both
control and treated ©oil. The initial samples of treated
pots showed apparently high activity of the enzyme than

control. When the soil was irrigated, the soil micro-
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organisms proliferated showing a high peak of dehydro-
cenase activity in the period of 3 to 7 d4ays followed

by a sharp decrease till the 15th day. Casida et al.
(1964) stated that the dehydrogenase activity increased
with the rapid multiplication of gram negative bacteria
in presence of added nutrients and decreased when the
metabolic activity of these bacteria slackened. From

the 30th day and thereafter.the differences between the
used organic manures in dehydrogenase activity level was
very narrow and very close to its level in the control.
The biogas manures were more effective than the traditional
organic manures in enhancing the microbial activity when
their dehydrogenase activity is considered as a measure.
The digested cow dung promoted the ‘DHA than digested
sewage sludge and the farmyard manure than poudrettie.
These results arein accordance with the data obtained from
the counts of the studied bacterial group especially the
total count, total actinomycetes and total fungi in sandy
soil. It was suggested that the sewage sludge and poud=-
rette might contain considerable amounts of heavy metals
which lessened their stimulatory effect than digested cow
dung and farmyard manure. Tabatabai (1977) mentioned that
most siudge samples disposed on soils contain large quanti-

ties of various trace elements. Ras'kova et al. (1983)




stated that cadmium and lead reduce the dehydrogenation

of organic compounds and hydrogen neroxide,

4.%,2, Phosphatase (luclease):

The initial samples of alluvial soil showed that
the addition of organic manures favoured the phosphatase
activity to reach 20C, 184, 206 and 200% of that of cont-
rol when FYM, poudrette, digested cow dung and sewage
sludge,respectively,were added to the soil (Table 16 and
Fig. 15). This stimulation is likely to occur since the
organic manures already contain vast population of prolife=-
rating microorganisms. One day after application the phos-
phatase activity revealed sharp depression in manured soil
while the control showed accelerated activity. The values
of the released organic phosphorus decreased to about 50%
of the initial sample. It is clear that this depression
was a result of the inhibition happened to the microorga-
nisms when added to the soil, a new environment where they
need some time to adapt. When the lag period came to an
end again the bio-organic catalyst restored its activity to
exceed that of control on the third day. The phosphatase
activity continued to be vigorously stimulated to reach a
peak in the period 7 to 15 days in all treatments except
digested cow dung and control where tne peak extended to

30 days. The catalytic reaction was inhibited thereafter
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to roael tne lowest level allover the ewperimental

period. The peak of promoted rhosphatase activity

and the inhibition followed it are directly related
with total microbial counts in soil. The results ob-
tained experimentally in this investigation (Tables 8-

13) revealed a peak of high counts for a period lncluded
in the time 15-60 days followed by notable decrease
thereafter. These results wewin accordance with Chhonkar
and Tarafdar (1084) and Hickschet al. (1984) who stated
that increasing the fungal population of the soil enhanced
the phosphatase activity. The phosphatase activity snowed
clearly higher figures in treated soils than control.

Here, ancther example of the positive  relation between

9

the phosphatase activity and the total microbial count is
the similar respond of both phenomena to the kind of the
tested organic manures. The highest recorded figures of
phosphatase activity were in the pots of alluvial soil
treated with biogas manures i.e. dizested cow dung and se=-
wage sludge, with the superiority of sewage sludge in this
concern., 1In the same time the highest recorded figures for
total bacterial, fungal and actinomycetes counis were re—
corded in the same treatments but with the superiorivy of
dizested cow dung in this case. The traditional organic
manures showed less stimulative action than digested manures,

the farmyard manure revealed more activity than poudrette




specially in the period of 3-15 days and to be equal

at the 15 days period. When the phosphatase activity

was depressed in the period of 60-160 days, the recorded
figures for the 4 kinds of organic manures were very close,

although still slightly higher than control.

Earlier investigators referredthat the phosphatase
activity was highest in soil containing high organic matter
than those with low content (Keilling, 1964, Rankov and
Dinitrov, 1971 and El-Shimi, 1976), which is the same re-

sults appearing in this research.

It was expected that the phosphatase activity in
sandy soil (Table 16 & Fig. 16) would be much less than
alluvial soil. This is quite clear when comparing the aver-
age of the released inorganic phosphorus in both soils., The
average ranged from 22 mg P/100 g dry soil in the control
of the alluvial soil to 39smg in the digested sewage sludge
treatment, while it was 15 mg in the control and 245in the
digested cow dung treatment of the sandy soil. This can be
also deduced to the lower counts of soil microorganisms.
El-Shimi (1976) reported similar results when he found that
the calcareous sandy loam soil poor in organic matter showed
the lowest values of phosphatase activity while the highest
were obtained with alluvial clay soils., Also, Verstraete
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and Voets (1976) and Mathiur and Levesque (1980) found

that phosphatase activity increased with increasing

specific geometric surface of the.structural units of
rendizin soil. The application of organic manures to
sandy soil stimulated the activity of phosphatase enzymes

in a trend partially analogous to that appearing in the
alluvial soil. The treated soil showed higher activity
than control in the initial samples, which lasted to the

end of the experimental period. A lag period of inhibited
activity on the first day sample was observed before the
catalytic reaction was favoured on the third day. How-
ever, the peak of enzymatic activity was delayed in the
sandy soil to the 15th day showing slight depression on

the 7th day. This slight depression may be a result of

the inhibitory effect of the Qy-products of the decomposition
of the organic manures. The inhibitory effect appeared only
in the sandy soil since the alluvial soil have high adsorption
potential exteeds that of sandy so0il which masked the inhi-
bitive effect of organic manure_degrédation by-products.
Later in the experimental period the phosphatase activity
was lessened to the lowest level from the 60th to the 160th
day showing slight stimulation on the 90 days samples.

When comparing the effect of the tested organic manures
on phosphatase in the sandy soil it was observed that there
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was no great differences in their activation efficiency
or in their activation trend. However, the most stimula-
tion was recorded in the digested cow dung treatment fol-
lowed by farmyard manure then digested sewage sludge and
poudrette. It is clear that the organic manures originat-
ing from the sanitary stations were less effective in en-
hancing the phosphatase activity than thosé originating
from animal deposits. It seems that the former group con-
tains relatively high concentration of heavy metals which
may inhibit the catalytic reaction of phosphatase enzymes
(Ras'kova et al., 1983).

4.,3.3. Urease:

Table 17 illustrated by Fig. 17 shows the urease
activity in alluvial soil. The initial samples revealed
that the tested organic manures contain considerable counts
of urea hydrolyzers since the urease activity at time O was

clearly higher in treated soil than control,

The urea cleavage was enhanced directly after treat-
ment without the need to a lag period. This was clear when
the lst day samples showed apparently accelerated
figures of urea hydrolysis. It seems that the urease
possessed by most of these microorganisms is likely to be

of the constitutive type. Alexander (1977) mentioned that
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urease in some species of  soil microorganisms is con-
stitutive while in others, it is inducible enzyme.

The urease activity continued to be stimulated to show

a peak on the third day sample followed by sharp dec-

Tease on the seventh day in all treatments except the
alluvial soil treated with digested sewage sludge. 1In
this particular treatment the urease stimulation extended
for 7 daysshowing gradual decrease thereafter. The rapid
decrease in the urease activity can be attributed to the
rapid hydrolysis of urea which result in the exhaustion

of the substrate in few days. Howevef, the level of the
catalytic reaction remained higher than the initial sample,
a8 phenomenon was not observed in the other studied enzymes.
The position of urea as an intermediate in microbial meta-
bolism, i.e. a result of the activity of phosphatase in
hydrolyzing nucleic acids help in its continuous production
in soil, which contribute in great part in favouring the
urease asctivity for longer periods. On the other hand, the
enzyme, to the extent that it exists apart from cells, pro-
bably is adsorbed on clay and organic colloids, to which

it has a strong affinity. Complexing with s0il constituents
increase appreciably the resistance of urease to protein
degrading enzymes that otherwise would —readily destroy
the catalyst (Burns et al., 1972).
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The most efficient organic manure in enhancing
the proliferation of urea hydrolyzing microorganisms,
and urease activity as a result was the digested cow
dung, This may be deduced to the expected high quantity
of urea in this manure, which is hardly to by hydrolyzed
in the anaerobic conditions of digestion. Following cuw
dung in this respect was the digested sewage sludge. It
is well known that sewage sludge contains considerable
concentrations of several heavy metals which may act in
the inhibition of urease activity.
Tabatabai (1977) found that about 20 trace elements found
in sludge inhibit urease activity in soils. §So the urea
hydrolyzation appeared less promoted in this treatment
than digested cow dung. The least stimulation for urease
activity was observed in the pots treated with the tradi-
tional organic manure, i.e. farmyard manure and poudrette,
respectively. It is well known that the normal method of
storing farmyard manure in Egypt results in the leaching
of high percentage of the urine from it, besides the expec~
ted hydrolysis of urea in the storing time may result in
ite pouverty in the substrate of urecase reaction. The pro-
motion of urease activity as a result of organic matter ap-
plication to soil was reported by several earlier investi-
gators. Among them were Galastyan (1958), Skujins and Mc-
Laren (1969), El-Essawi et al. (1973), Borie and Fuentealba
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(1982) and Kumar and Wagenet (1984), However Galstyan
and Astvatsatryan (1958) stated that urease activity

did not depend on humus content of the soil.

Sandy soil showed lower level of urease activity
than alluvial soil in both control and soil_treated by
any of the tested organic manures (Table 17 and Fig. 18).
This result is coordinating with that of El-Essawi et al.
(1973) and El-Shimi (1976). Here, also no lag period for
the enzyme stimulation was needed, as the urea hydrolyses
showed high figures on the first day. But the peaks of
enzymatic activity were delayed to the seventh day instead
of 3 days in the case of alluvial soil showing slight dec-
rease on the 3rd day samples in all sandy soil treatments
except control. This delay may be attributed to the pos-
sible relation between the activity of urease and phos-
phatase since the former acts on one of the latters by.

products.

The urease activity was gradually decreased there-
after to reach almost the initial level 30 days from the
commencement . At this period and to the end of the experi-

ment the catalytic reaction was very close in all the organic

. manures and, with the exception of some slight fluctuations,
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can be considered constant. It is worthy to note
that the urease activity showed apparently  higher
figures in all treatments than control gil1 over the
experimental period. The different organic manures
revealed analogous trend to that observed in the allu-
vial soil. The stimulation efficiency can be ordered
as follows: digested cow dung > digested sewage
sludge > farmyard manure > poudrette.

4,3.,4, Nitrogenase:

Although the application of organic manures to
alluvial soil increased its nitrogen fixation potential
on the 0 time, it showed sharp depression on the lst day
samples (Table 18 and Fig. 19). It is clear that a lag
period was needed for the microorganisms to be adapted
for the new environment. The nitrogenase activity was
gradually enhanced thereafter to show a peak 15 days after
application in all treatments except digested sewagé sludge
where the highest activity was recorded in the period 7-
15 days. The recorded stimmlation of nitrogenase in trea-
ted soil is likely to be a result of the enrichment of the
soil with energy sources necessary for the proliferation
of nitrogen fixers rather than the increase of the specific
populations. When these emergy sources began to be ex-

hausted the nitrogenase activity was clearly inhibited from
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the 15th to the 60th day where it reached the lowest

level all over the experiment. The enzyme showed rela-
tive stability at this low level to the end of the experi-
mental period in all treatments except poudrette where it
showed accelerated inhibition than the 60 day level.
Several investigators revealed results agreeable with
those obtained in this research. Ishac et al. (1970),
Monib et al. (1970)& Heweigy et &£1.(1984) found that the
application of organic matter increased the counts of non-
symbiotic nitrogen fixing bacteria and increased the effi-
ciency of nitrogen fixation of the soil correspondingly.
Except for few scattared samples, the treated alluvial soil
generally showed higher nitrogenase activity than control.
The least percentage of the control nitrogenase activity
was recorded on the 120th day sample in poudrette treatment
to be 68% while the highest percentage was 167% on the
60th day sample of the digested cow dung treatment. This
latter treatment showed the highest figures for nitrogen
fixation allover the experiment followed by FYM except for
the 7th day samples for both treatments, This can be de-
duced to.the expected degradation of complex carbohydrate

compounds to more available energy sources during the ana-

erobic digestion of cow dung and the storage period of farm-

yard manure, Alexander (1977) stated that the availability
of simple energy sources is a major factor limiting the
rate and extent of PN assimilation by heterotrophic
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populations. ZFollowing the digested cow dung and farm—
yard manure in activating nitrogenase enzyme, there was
the digested sewage sludge, while poudrette showed the
least activity. Here also, the decomposition of complex
carbohydrates to simple energy sources during the anaero-
bic digestion of sewage sludge may contribute for the

superiority of digested sewage sludge than poudrette.

The nitrogenase activity in sandy soil was appa—~
rently lower than alluvial soil., The fixed nitrogen in
one hour per one gram of sandy soil was 1.3, 2.4, 1.8, 2.9
and 1.9 microgram for control, farmyard manure,
poudrette, digested cow dung and sewage sludge, respectively
in the initial samples, while the corresponding treatments
in the alluvial soil fixed 9.7, 13.0, 10.1, 13.3 and 11.5
micrograms Na/l gram/1 hour (Table 1% and Figure 20).

This could be deduced to the low moisture content and high
O, tension of the sandy soil. Rice et al. (1967) and
Magdoff and Bouldin (1970) stated that most soils having
adequate moisture, the rate of nitrogen fixation is higher
when the s80il is anaerobic than when 02 is present. On the
otherhand, the nitrogenase activity was reported by Rother
and Millbank (1983) to be lower in loose soil than in cores.
They attributed these effects to excessive compaction and

thus reduced aeration of the small dianeter cores.
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The phenomenon of lessened nitrogenase activity
in sandy soil was observed all over the experimental
period and in all treatments. The highest figure was
recorded in the 7th day sample of digested cow dung
treatment to be 5.2 ugm N2/1 gram/l hour, while it reached
17.3 U gm in the 15th day sample of the same treatment
in alluvial soil. The nitrogenase activity ofrsandy soil
was promoted by the application of organic manures. This
promotion was observed on the O time samples and continued
to be apparently clear till the 30th day samples. The
nitrogen fixation capacity of the scil increased by 185,
129, 224, 147% of the control in the initial samples of
farmyard manure, poudrette, digested cow dung and sewage
sludge, respectively. In accordance with this result is
the findings of Monib et al. (1970) and Neweigy et ai. (1984)
who stated that application of organic matter to sandy soil
increased the counts of non symbiotic nitrogen fixing bac-
teria and increased the efficiency of nitrogen fixation

correspondingly.

The nitrogenase activity was inhibited in all treat-
ments for one day lag period, then exhibited greater acti-
vity with time showing the maximum Néefixation in the
period 7-15 days after application. The biogas manures

reached maximum nitrogenase activation on the 7th day,
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while the traditional manures and control soil showed
the peak on the 15th day. Thereafter the catalytic
reaction was sharply depressed to reach a level lower
than that of the initial samples on the 60th day and
to the end of the experimental period.

This trend is analogous to that of the alluvial soil
which ensure the positive relation betwéen the avail-
able energy sources and the nitrogenase activity. The
digested cow dung manure favoured the enzymatic activity
more than the other tested manures. Following to the
cow dung in quantity and analogous in trend was the
digested sewage sludge. The least stimulation was ob-

served in the farmyard manure and poudrette treatments,

The greater activity exhibited by the biogas
digested manures together with their rapid stimulation
of nitrogenase favour the proposal that the decomposition
of complex organic nutrients to simple products during
the anaerobic digestion for biogas production, enhances
the proliferation of nitrogen fixers when the simple

products diffuse to their microhabitat.

4.4, Chemical properties of soil:
It was found worthy to study the changes in the

carbon and nitrogen content of s0il as affected by the
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different microbial activities which had been enharnced

by the application of organic manures.

444,1. Organic carbons
Tgble 19 and Fig. 21 show that the organic car-

bon content in the control of alluvial soil was 1.37% in
the O time sample which tend to be gradually degraded
till the end of the experimental period when it was 1l.2%.
It is well known that the Egyptian scil is generally poox
in its content of organic matter, that it rarely exceeds
2% (Badran, 1983). The application of 800 kg organic
matter per feddan as organic manures resulted in limited
increase in the carbon co;tent of the soil. The highest
figures were recorded in the initial sample of the digested
cow dung treatment to be 1.424%, which is almost the same
figure for the rest of the treatments, This was expected
since the applicated amount of the different manures was
counted on the base of equal organic maitter content. Inc-
reasing the organic carbon content of the soil as a result
of organic manuring was reported by several investigators
(Kudack, 1978; Pomares and Pratt, 1979; Ramaswami et al.,
1979; Singh et al., 1980 and Pokeorma, 1984). The organic
manures used in this investigation wer? specially studied
by other investigaters . Lumnt (1953) and Alaa-El-Din et al.
(1984b)stated that digested sewage sludge and other biogas

manures increased organic matter content and helped
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Fig. 21 - Changes of the organic carbon in soils treated by
different organic manures.
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meintaining higher levels of organic carbon in the
soil, Abdovet al. (1969) ard Hamdi et =l. (1969)
added farmyard manure, while Diez and weigelt (1980)
used sewage sludge (Poudrette), and all stated inc-
reased amounts of organic carbon in the soil as a

result,

A gradual decemposition of the organic matter
was exhibited till the end of the experiment, but with
- greater rate in the first 30 days of the process, S0,
the relation between the promoted microbiai activity
early in the experimental’ period and the rapid organic
matter Gecomposition in the same period can be easily
demonstrated,
Although the figures of organic carbon in the Gifferent
brganic manures are very close, it can be recognized that
the least carbon content was in the digested cow dung
treatment for 3 months period after application., This was
quite expected since the highest microbial stimulation was
experimentally recorded in this investigation when the
s50il received this particular organic manure. Hgmdi et al,
(1969); El-Shahawy (1972), Hashem (1960) and meny other
workers observed gradual decrease in ihe prganic matter
content of the soil following its manuring with different

organic residues., They suggested microbiological
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cecomposivion of the added erganic compounds which is

the same results obtained ir the herein research.

The organic carbou content of the control of
sandy soil was low as 204f PPmin the initial semple (Table
19, Fig. 21)., Lanuring the sandy scil increased its
carbon content to be about 2500 ppm in all treatments.
The organic carbon content of the sandy soil followed
the same trend observed in the alluvial soil concerning
gradual cecomposition of organic maiter with greater rate
on the first 30 days and that the leést carbon content
was in the digested cow dung treatment, although the

figures of all treaitments were very close,

4.4.,2, Total nitrogen:

Lenuring the alluvial soil added to the total
nitrogen content of the control 45, 37, 70 and 43 ppm in
the farmydrd manure, poudretie, digested cow dung and
sewage sludge treatmenis,Trespectiively (Table 2¢ , Fig. 22).
The total nitregen content of the alluvial soil decreased
early in the experimental period till the 30th day sample
then gradually increased thereafier till the end of the
experimental period. This trend was the same in both cont-
rol and manured soil, It is clear that there was negative

relation between the total nitrogen content and the
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total counts of the soil nicroorganisms. It is worthy
to note that the digested cow dung trectment snowed the
highest level of total nitrogen content all over the
experimental perioed, while the other three manures ex-
hibited very close level wiich were much less than the

former.

The same trend was observed in sandy soil (Table
20y Pig. 22) but to a less extent, since the early dec-
rease of total nitrogen content and the following inc-
rease were apparently lower than aliuvial soil., ILunt
(1953) found that application of digested sludge to loauy
80ils resulted in large increase in total nitrogen.,
Later, Khalil (1979), Hashem (1980) and Harding et =1,
(1985) reached ihe Same conclusion which is in accordance

with the results appearing in this investigation,

4e4e3, C3N ratio;

The C3N ratio in the contirol of both sandy and
alluvial soil was too narrow. The zddition of any of <{he
tested organic manures Jd;3n't changed much in the control
ratio at 0 tiame (Table . 21l ). This can be expected
Since the C:N ratio of the added manures were alse narrow

ranging from 1Z.3:1 (dizested Sewage sludge) to 17,.S:1
(digested cow dung) (Table 1). A manure having this low
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C:l ratio can hardly affect the soil C:l ratio. Gra-

dual narrowing was observed in all trectments and

control which went glong with the proliferation of

the so0il microorganismg indicating the loss of organic
carbon in ameounts higher than nitrogen., This is gquite
expected since a considerable amount of carbon is lost
as 002 while the loss of nitrogen is limited., Antoun
(1972) and El-Shahawy (1972) guggested the same conclu-
8ien when they observed that the C:N ratio of the manured
soll tended, with time, to become narrower and reached

its least value at the end of the experimental period,

4.4+4. Soluble nitrogen:

4.4.4.1. NE, -N:

The tested organic manures were found to contain
different amounts of NH4qN (ammoniacal nitrogen) (Table 1),
S0, when added teo sandy or alluvial 80il, the initial
samples showed corresponding smounts to the contents of
the added fertilizer (Teble 22 and Fig. 23). The
ammoniacal nitrogen was rapidly assimilated by s0il micro-
organisms showing sharp decrease 15 days after manuring.
Thereafter the determined amounts of NH4-N gradually
decreased till theQOihday sample followed by 8light bulid
up till the end of the experimental period, It seems that

the mineralization of the organic nitfogen of the daad
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microblal protein overcame the assimilation of KH4-N

at the end of the experimewt. The application of organic
manures was reported to inciease nitrogen mineralization,
(Ibrahim, 1964; Loginow, 1968; Tanikawa, 19683 Omar et al.
1970 and Khalil, 1979). Tpere results are in accordance
with the herein research, but later in the experimental

peried.

The same trend was observed in the sandy soil., In
both sandy and alluvial soils, it was observed- that the
4 tested organic manures showed fthe same level of NH4-N
almost allover the experimental period except for the ini-
tial sample, In this particular sample the HH4—H ampunts
were in the order: digested sewage sludge > digested cow
dung > farmyard manure > poudrefte > control in alluvial
so0il, while the order was digested cow dung > digested se-~
wage sludge > poudrette > farmyard manure > control in

the case of sandy soil,

No3aN z

The nitrate nitrogen content of the alluvial soil
showed reverse trend to that of the HH4-N (Table 23, Fige24).
The Noé'ions tend to increase early in the experimental
period till 60 days after manuring. Thedegree of nitrifica-

tion was apparently higher in treated soil than control.
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Fig. 24 - NoB—N in soils treated by different organic manures.
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The maximum svimulaiion of nitrififys was observed in

the digested sewage sludge treatment in the period of

30-60 days followed by digested cow dung then poudrette

and farmyard manure, respectively. However, the extrac-

ted amounts of N03-N showed slight decrease on the 90th

day sample. Another peak of nitrate nitrogen content

was recorded thereafter showing the highest concentra-

tion on the 120th day sample., During this second period

of high No3-N content, the organic manures exhibited zle-
most the same order of nitrifiers stimulation , since the
biogas manures exceeded the traditionai manures., The ac=-
cumulation of nitrate nitrogen in the pots of the herein
investigation is quite possible since no vegetation to
agssimilate the produced amounts of nitrates. The accumulsat-
ing review denoted to the apparent stimuletion of the
nitrification process happening when the soil receive organic
manures, Loginow (1965), Minki and Mari (1968), Omar et al,
(1970), Khalil (1979) and others reported increasing smounts
of nitrate ion added to the manured soil, which is coordi-

nating with ouxr results.

The initial samples of sandy soil showed equal amounts
of nitrate nitrogen in control and manured seil (Table 273,
Pig. 24). It may be proposed that the irrigation of the
soil after manuring leached the readily soluble and weekly




adhered anion from the sandy Soile. When the soil
microorganisms proliferated, the following samples

gshowed the same trend as alluvial spil i.e. stimu-

lating the nitrification process £411 it showed &

peak of high amounts of No3:N on the 60%th dey sample.

A sharp decrease of Nog -N was recorded thereafter 90

days after pmanuring where it still constant to the end

of the experiment peripd. Hamdi et al. (1969), during
their study to the nitrogen.mineralization of organic
manures added 1o sandy soil, suggested that the gradual
decrease in ammoniacal nitroegen was due to the conver-=
sien of NH4+ to Noj through the mitrification process.
The low nitrate content at the beginning of the experi-
ment begasn to increase gradually on the expense of am-
monia. This 1is exactly the same results obtained in this
investigation. However, Ibrahim (1964) reported that nit-
rification of NHB-N was more rapid ino sandy then loamy soil

receiving farmysard manure.



