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effects on soil PH and in their release of nutrients for tomato absorption. NPK fertilizer
appeared more efficient than the Organic manures in supplying N, P and K, at least in the short
run, while the organic manures had an advantage in the supply of other macro- and MICro-
nutrient elements not contained in NPK fertilizer There were variabilities in the efficiency
of supply or uptake of the elements contained in the various manures.

t ha™ for rabbit and poultry manures, and a combination of 100 kg N, 40 kg P and 100 kg K
ha' (N, P K kg ha! rate) for NPK tertilizer. A high rate of 30 t ha'! did not produce a

100° 46" 190 ™
turther advantage in tomato growth for any manure source.
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from these wastes which were identified for the study were Sewage sludge
poultry, pig and rabbjt manures.

Information is lacking cal composition of
obtained locally and on the; ' *

ditions, Yet 1t is comm

composition of
information on

at Obimo, near Ng

ukka, and was a mixture of poultry drOppings and sawdust.
T'he manures were collected at tw ' : -

the second in August 1987
composition. Fj '

urea, single supe

the following rates: NGPOKO, N 50P20K50 (1.e. 50, 20, 50 kg ha
respectively), N p '

‘ 100 40Kmo and leop {soK
randomized complete block and

The experiment waq
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were applied to the appropriate plots. The NPK-
appropriate plots in two equal parts, one at

the other at 24 days after fransplanting. Hoe
plots at 38 and 60 days after planting. Soi] s

The composite soi] sample collected from the
NH, ", NO,", organic matter, P, K, Ca, Mg, Zn, Cu
methods outlined in the Official Methods of Analysi
Official Analytical Chemists (A.0.A.C.
planting (DAP), when the tomato plants

tion of metals (K,
absorption method as

RESULTS

T'he soil was, texturally, a sandy loam and the Contents of the major elements

were generally low (Table 1). Aluminium content was relatively high and this
was reflected in the low soj] pH.

Organic matter was highest
manure for manures collected 1n April, but for the Aug
highest with poultry manure (Table 2). Sewage sludge had, remarkably, the
highest content of ammonium and nitrate nitrogen followed by swine manure

but swine manure had always the highest tota] N followed by sewage sludge.
Ammonium-N wag usually higher than nitrate-N in the manures. Sewage
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TABLE ]

Mechanical and chemical properties of the tropical Ultisol at Nsukka on which the experiment
was conducted.

PP — L L el —— S

el

Mechanical properties

Coarse sand (%) 57.6
Fine sand (%) 18.4
Clay (9%) 21.8
Textural class Sandy Joam

Chemical properties

Soil pH (1:2.5, soil:water) 4.6

Organic matter (%) 3.06
NO.-N ( ppm ) 30.99
NH,-N ( ppm ) 65.20
Total N (%) 0.08
Total P (ppm) 57.50

Exchangeable cations meq per 100 ¢ soil

Ca 0.54
K 0.17
Mg 0.46
Na 0.15
Al 1.36

Base saturation (%) 58.00

b,

sludge was generally low in P, K, and Ca, but markedly high in Mg, Zn and
Cu while poultry manure was particularly high in Ca, Na and Fe. Swine
manure was always high in P and Ca.

Rabbit and poultry Hanures, on average, significantly raised the soil pH
compared to where sewage sludge and NPK fertilizer were applied (Table 3).
Increasing rates of NPK and sewage sludge did not have any significant
etfects on soil pH. Except for sewage sludge and the lower rates of SWine
manure, applied manure increased soil pH compared to the contro] plots. At
10 or 20 t ha'', poultry manure plots had significantly higher pH than sewage
sludge, swine manure and the corresponding NPK fertilizer rate plots, but not
more than the rabbit manure plots. At 30 t ha”, rabbit and swine manures
gave higher soil pH than sewage sludge and the corresponding N P K. _ kg
ha™ fertilizer rate.

Significantly higher levels of Jeaf and stem dry matter were observed with
the application of rabbit manure or NPK fertilizer, on average, than swine and
sewage sludge applications (Table 4). Rabbit manure gave the highest total
dry matter of plant tops followed by NPK fertilizer and then poultry manure.
The highest dry matter of tops was obtained at 10 t ha' with swine manure,
at 20 t ha™ with sewage, while with rabbit and poultry manures the highest
dry matter of tops appeared to occur within the range of 10 to 20 t ha'! of
manure application. A high rate of 30 t ha' did not show additional benefits
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TABLE 3

Eftect of organic manure sources and rates on soil pH.

Manure sources

—

N ———

Manure rates

bskel————l e

0 10 20 30 Mean

Swine manure 4.67 4.87 4.43 5.53 4 88

~ Sewagesludge = 4.67 470 4,50 443 4.58

Rabbit manure 4.67 5.03 5.37 5.57 5.16

Poultry manure 4.67 3.57 5.97 5.17 5.35

NPK* fertilizer 4.67 4.87 4.73 4.70 4.74

Mean 4.67 5.01 5.00 5.08 4.94
LSD&M for 2 manure sources = {}.28
LSDE}_{]5 for 2 manure rates == {}.25

LSDG o5 for same or diff. manure sources at same or diff. rateg

. e - il

= (.55

*NPK rates were 0-0-0; 50-20-50; 100-40-100; 150-60-150 elemental N, P, K ( kg h')), corre-
sponding to 0, 10, 20 and 30 t ha'' manure rates.

In 1mproving growth with any manure type.

The difference in leaf N did not attain statistical significance (Table 5).
Poultry and rabbit manures gave higher leaf P than sewage sludge, on aver-
age, and at the 10 t ha! rate. Application of poultry and rabbit manures
always have higher leaf P than the control plots. Poultry manure application
gave a higher average leaf K than sewage sludge and swine manure, while
rabbit manure gave a higher value than sewage sludge. Except for swine and
sewage sludge at rates of 10 and 20 t ha, applied manure or NPK. fertilizer
gave higher leaf K than the control plots. At 20 t ha, poultry manure treat-
ment accumulated greater K in tomato leaf than sewage sludge, swine and
poultry manures. NPK fertilizer application resulted in lower leaf Ca than
poultry manure. Similarly, NPK fertilizer treatment resulted in lower leaf Mg
compared to swine, rabbit and poultry manures, while sewage sludge gave a
lower value than swine manure. Cases where swine and poultry manures
were applied have higher leaf Mg than the control plots.

There were no consistently significant effects of the manures and NPK
tertilizer on leaf Fe and Cu (Table 6). Zinc accumulation in tomato leal was
significantly higher with poultry and rabbit manures compared with swine
manure. A higher quantity of Zn was accumulated at 20 or 30 t ha™! of rabbit
Or poultry manure than with the control plots. On average, sewage sludge
treatment resulted in higher leaf Al than apphication of swine manure only.

The manure rates at which tomato growth appeared best were 10 t ha™! for
swine manure, 20 t ha™ for sewage sludge and 10 to 20 t ha for rabbit and
poultry manures, while for NPK fertilizer, NP 0K 0 appeared optimum
(Table 7). At the highest tomato growth with each manure, leaf N was highest

with rabbit manure followed by NPK and sewage sludge treatments, while
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TABLE 4

Effect of manure sources and rates on tomato leaf and stem fractions and
on total dry matter of tops (g plant™') at 72 DAP.

o R e N

Manure sources Manure rates

0 10 20 30 Mean

e il L il el il A bl Sy S

Leaf dry matter (g plant™

Swine manure 42.9 65.2 58.3 493 53.9
Sewage sludge 42.9 45.1 65.6 54.9 51.1
Rabbit manure 42.9 67.2 78.3 71.9 65.2
Poultry manure 42.9 58.5 63.5 58.6 55.9
NPK* fertilizer 42.9 68.7 76.4 53.8 60.5
Stem dry matter (g plant)
Swine manure 20.8 27.0 26.6 20.3 23.9
Sewage siudge 20.8 30.9 24.2 21.4 24.3
Rabbit manure 20.8 28.4 331 30.8 28.3
Poultry manure 20.8 26.7 26.7 28.0 254
NPK*I fertihizer 20.8 24 .8 35.3 2472 263
Total dry matter of tops (g plant’)
Swine manure 63.7 92.2 £5.0 70.6 77.9
Sewage shudge 63.7 76.0 96.5 78.8 78.8
Rabbit manure 63.7 95.6 112.0 102.6 03.5
Poultry manure 63.7 85.2 00.2 86.6 81.4
NPK* fertilizer 63.7 03.5 111.6 78.1 86.7
Leaf Stem Total

L.SD for 2 manure source means 7.8 38 10.9
1L.SD for 2 manure rates means 6.9 3.4 QR
LSD for 2 means of same or diff. manure sources at same or

diff. rates NL.S. 7.7 N.S.

*NPK rates were 0-0-0; 50-20-50; 100-40-100; 150-60-150 elemental N, P, K (kg h''), corre-
sponding to 0, 10, 20 and 30 t ha"! manure rates;

N.S. = not significant.

Dap =days after planting.

leaf P and K were highest with poultry manure followed by rabbit manure or
NPK fertilizer. |
Results of the linear regression and correlation analysis of the elements in
the Sth leaf against the total amount in the manures applied have been sum-
marized in Table 8. The P, K, Ca, Mg, Cu and Zn accumulated 1n the 5th leat
mostly correlated significantly with the total amounts of these elements con-
tained in swine and sewage manures. Except for P, this situation was also true
with rabbit manure. With poultry manure, similar significant correlations were
established in the cases of Mg and Zn concentrations in the leaf with the
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TABLE 5

Eftect of manure sources and rates on the macro-nutrient concentrations (%)
in tomato Sth leaf at 72 days after planting.

Manure sources

Manure rate (t ha'')

0 10 20 30 Mean
Nitrogen (N)
Swine manure 4.60 4.66 4.79 4.77 4.71
Sewage sludge 4.60 4.76 4.87 4.85 4.77
Rabbit manure 4.60 4.97 4.67 4.69 473
Poultry manure 4.60 4.63 5.06 5.08 4.84
NPK* 4.60 4.62 4,88 4.836 4.74
Phosphorus (P)
Swine manure 0.33 0.41 0.47 0.54 0.44
Sewage sludge 0.33 0.34 0.42 0.46 0.39
Rabbit manure 0.33 0.47 0.49 0.52 0.45
Poultry manure 0.33 0.50 0.51 0.50 0.46
NPK* 0.33 0.47 0.47 0.47 0.42
Potassium (K)
Swine manure 3.20 3.35 3.70 4.38 3.66
Sewage sludge 3.20 3.22 3.60 4.07 3.52
Rabbit manure 3.20 4.07 4.15 4.76 4.04
Poultry manure 3.20 4.68 5.00 4.21 4.27
NPK* 3.20 4.16 4.63 4.18 4.04
Calcium (Ca)
SWIne manure 1.37 1.56 1.56 1.68 1.54
Sewage sludge 1.37 1.49 1.53 1.84 1.56
Rabbit manure 1.37 1.64 1.75 1.88 1.66
Poultry manure 1.37 1.76 2.08 1.72 1.73
NPK* 1.37 1.38 1.41 1.54 1.43
Magnesium (Mg)
Swine manure 0.41 0.55 0.63 0.71 0.57
Sewage sludge 0.41 0.55 0.49 0.54 0.46
Rabbit manure 0.41 0.53 0.56 0.59 0.52
Poultry manure 0.41 0.48 0.60 0.60 0.52
NPK* 0.41 0.41 0.47 0.42 0.43

N P K Ca Mg
LSD for 2 manure source means N.S 0.05 038 025 0.06
LSD for 2 means of same or diff.
manure sources at same or diff. rates NS, 0.1] 0.75 NS, 0.11

i, i el Sl bl ik " PP il e o) PRy " Falil

*NPK rates were 0-0-0; 50-20-50; 100-40-100; 150-60-150 elemental N, P, K (kg ha'!), corre-
sponding to 0, 10, 20, 30 t ha! manure rates
N.S. = not significant.

T T T 1

A e Sy
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-'_‘_*-——-—u—_-____-r__——-“—_._,_—_ M

Manure source Manure rates (t h'') N, P, K (%) in tomato 5th leaf
N P K
Swine manure S L | -4.66 041 = 1335
Sewage manure 20 4.86 0.42 3.60
Rabbit manure 10-20 4,97 0.4G 415
Poultry manure | 10-20 4.63 0.50 4,68
NPK 10040100 4.88 0.46 3.99
Mean 4.80 0.46 3.99

Quoted acceptable range* 4.0-5.5 0.40-0.65 3.0-6.0
*Bergmann & Bergmann (1985)

nutrient uptake by tomato (Sobulo et g, 1975). The efficiency in the supply
of the nutrients by the manures or fertilizer for tomato absorption was

and the following orders in the etficiency of supply of the different elements
the manures and fertilizer were obtained:

N: NPK > rabbit > poultry > sewage > swine manures
P: NPK > sewage > poultry > rabbit > swine manures
P: NPK > rabbit > poultry > swine > S€wage manures

(LTS, Ere
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1977) and handling (Heleman, 1967), together with the propdrtion of the

- litter content, usually contribute to the vanabilities. The low P and K con-

rl:r__l :;:.‘. _.._rl ;':-;::_;:.'_.'.l ER R et ] 'll S S e e i e N ) et ST e e R TS s g e s e LS et

centrations in sewage sludge could be attmbuted to the food habit of the
people from whom the excrements were dertved. The vanability in the
organic matter content of the manures partly depended on the type of feed
consumed by the animal, the proportion of the litter component of the

ongmal waste and on the type of hitter. The extent of the improvement of sml_ D

physical characteristics derived from organic manure application (Mbagwu &
Ekwealor, 1990) i1s dependent on the proportion and nature of the organic
matter content of the manure.

Based on elemental concentrations in the manures, the quantities of nutri-
ent elements applied as manure were quite high compared to the situation
with NPK fertilizer. For example, based on the application of 20 t ha™, the
total amount of N was at least 114% and that of P 133% higher with any of
the organic manures compared to NPK fertihizer at N P, K rate. Sewage
sludge was notably low in P and K and, theretfore, could need supplementa-
tion for those elements. Swine, rabbit and poultry manures contained at least
116% higher K than the NPK fertilizer. The potential fertilizer values for
the various manures could be high 1f the nutnient elements they contain could
be made readily available. However, the high elemental contents of the
manures were not always proportionately reflected in their concentration in
the leaf or in the total dry matter of tops. Apparently a great proportion of
the elements were still held in organic forms and were only slowly released
and made available for absorption by the tomato plants.

That swine manure required only 10 t ha' to give satisfactory growth of
tomato was essentially due, in general, to its high content of nutrient elements.
Sewage sludge required up to 20 t ha', probably due to its low content of P
and K. Sewage sludge and swine manure were particularly high in ammo-
nium-N and this would not lend them to application at rather high rates of up
to 30 t ha’, especially to sensitive crops. '

Increase or decrease in soil pH depends on the type of organic manure and
its chemistry. For example, poultry, rabbit and swine manures in this study
increased soil pH, confirming the view expressed by Artkinson ef al. (1958),
Page (1966), Heathcote (1969) and Wahab & Lugo-Lopez (1980) that the
use of organic manure increased soil pH. This was due to the high Ca content
in the manures, deriving essentially from the type of ration on which the
animals were fed. Sewage sludge on the other hand, with 1its low Ca and high
NH,-N contents, depressed the soil pH by 0.24 units supporting the report by
Abd-Elnaim et al. (1982) that application of sewage etfluent decreased soil
pH.

Following the recommendation by Bergmann & Bergmann (1985) on the
nutrient requirements of tomato, N concentration in the 5th leat was generally

satisfactory, while P and K were within the lower limits for sewage and swine

............................................................
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manure plots. The leaf Ca appeared, generally, sub-optimal. The manures

~were generally less efficient 1n supplying N, P and K nutnient elements

compared with the NPK fertilizer. This was probably due to the fact that
much of the elements were still held in combination in organic forms in the
manures, although the extent would vary amongst the manure types. For
example, the sum of the ammonium and nitrate N constitutes less than 1% of
the total N in each of the manures. However, the supply of Zn, Mg and Ca
were clear advantages associated with the organic manures compared to NPK
tertihizer.

It was possible 1n many cases to predict the nutrient element availability
to the tomato plant by correlation analysis and fitting a linear regression
equation based on the quantity of the elements in the manure and that in the
5th leat. However, in other cases, this was not possible presumably because
of the vanability in the release of the elements from combination in the
manures for tomato absorption. It could be assumed that manures which
release their nutrients less readily may have more residual benefits. However,
for a quicker release of nutrients to a short duration determinate field grown
tomato, sewage sludge, in particular, appeared to need more composting or
supplementation with P and K.
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-ABSTRACT

The purposes of the present study were to search for antagonistic fungi to control seed-borne
diseases of cereals caused by Fusarium culmorum (W.G.Sm) Sacc. and to use these results
to compare the distribution of non-pathogenic Fusarium spp. and other fungi antagonistic to
fusarium culmorum in soil and on straw particles in an organically and a conventionally
cultivated field. The organic farm had been cultivated according to the principles of Steiner
(1963) since 1952. The sites were similar with respect to climatic conditions, soil type and
vegetation. There was no difference in the total number of antagonistic fungi isolated from
the two differently cultivated fields, but the results for Fusarium spp. showed effects of the
actual crop as well as the cropping system. Soil sampling over a three year period at the
organically cultivated farm in two ¢rops — winter wheat or a mixture of grass and clover —
showed almost twice as many species of Fusarium in the mixed crop compared to
monoculture. In mixed crop fields, the percentage of F. culmorum in relation to total
1solations of fusaria was 20% in the organically cultivated field compared with 45% in the
conventionally cultivated field. These results indicate that pathogenic fusaria may be sup-
pressed by antagonistic fusaria to a larger extent in the organically cultivated field than in
the conventionally cultivated field. In accordance with this, a higher number of antagonistic
fusaria was found in the organically farmed field (14) compared to three in the conventionally
farmed field. This was partly a result of a higher number of isolated fusaria and a higher
number of different species of Fusarium in the organically cultivated soil (total number of
non-pathogenic fusaria was 10 in the conventionally cultivated field and 56 in the organically
cultivated field). However, it also seems to reflect an enrichment of fusaria with antagonistic
properties towards F. culmorum. Thus, the occurrence of F. culmorum was 1.7 times higher
in the organically cultivated field while the occurrence of its antagonists was 4.6 times higher
in the organically compared with the conventionally cultivated field.
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