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ABSTRACT

A greenhouse pot experiment was conducted using a light
texture soil as growth media for corn plants (Zea maize) variety Giza-
2 grown for 90 days to evaluate olive cake waste as organic manure.
Soil samples were taken from rhizosphere area at periods of 0, 60 and
90 days from cultivation to identify influence of phenolic compounds
containing crude olive cake on microflora. The main results can be
summarized as follows:

The dry matter yield of corn plants was pronouncedly increased
due to addition of all treatments compared to the control treatment,
except for the treatment of crude olive cake. The percentages of
increase in dry weight of corn plants grown for periods of 60 and 90
days from seedling were 37.4% and 29.8%, respectively. On contrary,
the dry weight was decreased by percentages of 4.5% and 8.15%, due
to addition of crude olive cake, at the same periods, respectively.

The concentrations of N, P and K in corn plants increased due to
all treatments. Except the treatment of crude olive cake which
negatively effected N, P and K concentrations in corn plants as
compared with the corresponding ones of the control treatment.

Total counts of bacteria, actinomycets and fungi were
significantly affected with growth periods and different treatments as
well as the interaction between them. However, the treatment of crude
olive cake decreased the microflora population density at growth
periods of 0, 60 and 90 days.

The concentrations of total and free phenols in corn plants were
significantly affected with all treatments. High concentrations of
phenolic compounds in corn plants were obtained due to application
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of the crude olive cake. On the contrary, corresponding lowest values

were achieved due to application of the composted olive cake.

Keywords: Total phenols, free phenols, NPK, rhizosphere, corn
plants, dry weight, organic fertilizers.

INTRODUCTION

Organic manure and biofertilization are attractive alternatives for
chemical fertilizers. The continuous and judicious use of organic
manures improve the physical and chemical properties of sandy soils
which contain low amounts of organic matter.

Olive cakes are solid wastes generated during processing of
olive fruits creating environment pollution.

These wastes are considered biological toxic substances because
of their high contents of polyphenolic compounds which are
phytotoxic, antimicrobial and resistant to degradation (Gonzalez et
al., 1990 & Tomati and Galli, 1992).

Olive cakes and olive oil waste water contain high
concentrations of essential elements such as NPK as well as high
amount of organic matter (80-150 kg /m>), total nitrogen content is
about (0.6-1.0 kg N/m?), while total potassium is about 4.5-6.0 k
K>O/m” where as total phosphorus ranges from 1.0 — 1.5 kg P,O5 /m
(Tomati and Galli, 1992). Al-Kahal et al. (2001) found that using
different levels of olive oil waste water or olive cake as organic
fertilizers for faba bean plants resulted in insignificant decrease in
plant growth parameters and yield. On other hand, they reported that
inoculation of wheat seeds with vesicular-arbiscular mycorrhizae
efficiently reduced the toxicity produced due to addition of 1% olive
wastes. Al-Kahal et al. (2002) found that addition of olive
oil waste water at 1.0, 2.0 and 3% in absence of bacterial inoculation
produced a decrease in plant height, number of tillers, shoot dry
weight, grains yield and N-content of wheat plants as well as the total
counts of bacteria, fungi and actinomycetes in rhizosphere area of
wheat plants.

Application of large quantities of olive oil waste water may lead
to deterioration in soil structure, salinization and the accumulation of
phytotoxic compounds (Moreno et al., 1990). Kenawy (2003) found
that the inoculated and uninoculated compost made from rice straw,
grounded peanut shells and olive cake at different rates led to
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increases in the dry matter of tomato shoots and roots and fruit fresh
weight/plant as compared to the inorganic fertilizer application.

The main objective of the current study was to compare effect of
usage of olive wastes as organic fertilizer with the corresponding ones
of farmyard manure and chemical fertilizers on growth parameters, N,
P, and K concentrations as well as microflora of rhizoshpere area of
corn plants grown on a sandy soil.

MATERIALS AND METHODS

A pot experiment was designed under greenhouse conditions at
the Training Center for Recycling of Agricultural Residues,
Moshtohor to evaluate the effect of crude olive cake as an organic
fertilizer in comparison with farmyard manure and chemical fertilizers
on growth of corn plants.

A light textured soil was taken from the surface area (0 — 20 cm)
in El-Dair village, Qalubia Governorate. The soil sample was air
dried, crushed to pass through a 2 mm sieve then thoroughly mixed to
be homogenous. Crude olive cake was obtained from the olive oil
extraction factory, ARC, Giza. Some characteristics of the studied soil
sample and organic manures were determined according to Black
(1965) and Piper (1950) and results of analyses are shown in Tables
(1 and 2). Crude olive cake, olive cake compost and farmyard manure
(FYM) were air dried and finely ground then uniformly packed in
plastic pots of 5 kg capacity of and thoroughly mixed.

Each source of the investigated organic manures was added in
absence or in presence of the nitrogen mineral fertilizer. Thus, the
applied mineral N rate was 120, 60, 30 or 0 combined with 0, 60, 90
or 120 kg N as organic source. Before cultivation the organic source
and the inorganic P (30 kg P fed™ as calcium superphosphate) and K
(24 kg K fed” as potassium sulfate) were applied to the soil samples.
The N rate was applied at equal doses. The treatments involved could
be briefly described in the following: '

1- Crude olive cake at a rate equivalent to120 kg N fed™ (crude olive
cake 100%).

2- Olive cake compost at a rate equivalent t0o120 kg N fed’
(composted crude olive cake 100%).

3- Farmyard manure at a rate equivalent t0120 kg N fed” (farmyard
manure 100%).

4- Mineral N fertilizer (120 kg N fed™ as ammonium sulfate100%).
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5- 75% crude olive cake + 25% mineral N.

6- 75% olive cake compost + 25% mineral N.
7- 715% farmyard manure + 25% mineral N.
8- 50% crude olive cake + 50% mineral N.

9- 50% olive cake compost + 50% mineral N.
10- 50% farmyard manure + 50% mineral N.
11- Control (the soil without any applications of the mineral or the

organic fertilizer).

Table (1): Physical and chemical characteristics of the
experimental soil.
Practice size distribution (%) Mg 1.44
Sand 93.2 | Na* 354
Silt 4.7 K 0.39
Clay 21 | cos” 0.0
Texture class Sandy | HCO;~ 2.20
Organic matter (%) 0.61 | CI” 5.20
pH (1: 2.5 soil : water suspension) 7.38 | s0.* 40.63
CaCO; (%) 2.53 Soil moisture constants (%)
EC (dSm™’) 4.5 Field capacity (%) 13.7
Soluble ions (m.molc L) Wilting point (%) 8.2
Ca™ 10.8 | Available water 5.5

Table (2): Chemical analysis of crude olive cake, FYM and

composted olive cake.

Manure Crude olive Composted
Characteristics cake M oliv:) cake
Moisture content (%) 7.9 11.1 20.2
pH 4.58 6.31 7.20
EC (dSm™) 2.62 2.54 3.76
Organic matter (%) 50.8 13.6 52.1
Organic carbon (%) 29.5 7.9 30.3
Total — N (%) 0.84 0.45 1.9
C /N ratio 35.1 17.5 15.9
Total phenols (%) 1.296 0.342 0.62
Free phenols (%) 0.755 0.204 0.268
Total — P (%) 0.30 0.35 0.71
Total — K (%) 0.68 0.32 1.08
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Four grains of corn (Zea maize) variety Giza-2 were sown in
each pot. The pots were arranged in randomized complete block
design with three replicates for each treatment. After 2 weeks from
germination, the seedlings were thinned to two plants and watered
daily with distilled water. The plants were harvested after 90 days,
dried at 70°C and the dry weights were recorded. The dried plants
were ground and acid digested to estimate their contents of N, P and
K.

Total nitrogen was determined using semi micro-Kjeldahl
method; K was estimated by using flamephotometer according to
Jackson (1967). Phosphorus was determined colorimeterically using
ascorbic acid method according to Murphy and Riley (1962) as
modified by John (1970). Total and free phenolic compounds were
determined according to the A.0.A.C. (1990), using the Folin Denis
reagent.

During the growth season, the soil samples were taken from
rhizosphere area at periods of 0, 60 and 90 days from sowing to study
the effect of crude olive cake, composted olive cake and farmyard
manure on total counts of microflora (i.e. total bacteria, total
actinomycetes and total fungi in rhizosphere of corn plants). Total
counts of bacteria, actinomycetes and fungi were calculated using
pour plate technique (Allen, 1953).

Data were subjected to analysis of variance using least
significant difference values (LSD) by Minitab program according to
Ryan and Joiner (1994).

RESULTS AND DISCUSSION

Effect of organic and inoraganic fertilizers on dry weight, plant
height and concentrations of N, P and K

In general, data presented in Table (3) show the effect of crude
olive cake, composted olive cake, farmyard manure, mineral fertilizer
and combined mixture between them on dry weight, plant height and
NPK concentrations in corn plants grown on a sandy soil. The dry
matter yield of corn plants was markedly increased due to all
treatments except the crude olive cake (100%) as compared with the
control treatment. Highest increases in dry weight of corn plants being
67.25 and 55.8% were obtained due to the treatment of 50%
composted olive cake + 50% mineral N fertilizer after growth periods
of 60 and 90 days from planting, respectively. However, decreases in



146 EFFECT OF CRUDE AND COMPOSTED OLIVE CAKE

dry weight being 4.5 and 8.15%, respectively were recorded due to the
application of crude olive cake at the same periods.

The descending order of dry weight values which were affected
due to the different treatments as follows: 50% composted olive cake
+ 50% mineral N > 75% olive cake compost + 25% mineral N > 50%
farmyard manure + 50% mineral N > 75% farmyard manure + 25%
mineral N > 75% crude olive cake + 25% mineral N > mineral
fertilizer (100%) > olive cake compost (100%) > 25% crude olive
cake + 25% mineral N > farmyard manure (100%) > crude olive cake
(100%).

Table (3): Effect of organic and inorganic fertilizer on dry weight,
plant height and concentration of N, P and K in corn plants grown
on sandy soil.

Dry weight | Plant height | N-Conc. P-Con. K-Cone.

/plant o % % %)
Treatments (T) (gplan) (em) Periocgs %) davs (%) {
60 | 90 | 60 | 90 | 60 [ 90 [ 60 | 90 | 60 | 90
Crude olive cake (100%) 805 | 902 ] 812 | 853 | 142 |160] 030 ) 034 | 149 | 1S3
Composted olive eake {100%) 107 | 1L5]1002] 101 | 180 | 207|039 | 042 | 1.84 | 171
Farmyard manure (100%) 075 [ 105 ] 90.5 | 994 | 168 | 174 035 ) 039 | 1,70 | 182
Mineral fertilizer (100%) 107 [ 1181004 ] 106 | 215 1224 037 | 041 | 1.83 | 1.9

75%crude olive cake - 23% mineral N, | 100 | 119 | 1042 | 103.1 | 205 | 220 | 048 | 051 | 1.88 | 1.93
75% Composted olive cake +23% mineral N | (20 | 14,1 | 1032 [ 1041 ] 233 (2471 074 [ 077 [ 266 | 21
75% farmyard manwee + 25% mineral N | 12.2 | 139 | 1036 1043 | 0.07 | 214 | 054 | 056 | 201 | 211
50% crude olive cake = 30% miseral N. | 104 | 117 | 954 | 99 | 1.88 | 1.97 | 0.36 | 041 | 182 | 193
SoPeComposted olive cake=sPamaenal X, | 141 | 153 | 1062 | 1047 | 220 [ 241 ] 056 | 062 [ 255 [ 262
50% farmyard manure + 50% mineral N, | 12.6 | 140 | 1023 | 106 | 193 | 201 | 051 | 055 | 2.60 | 268

Control $43 982 &4 | 883 | 156 (1640331036 | 161 | [ed
LSD.en
T = 172 16.1 0.133 0.83 0.14
P = 0.737 6.87 0.087 0.035 0.039
TxP = 24 228 0.192 0.117 0.132

The average values of plant dry weight were 14.7, 13.5, 13.3,
13.05, 11.4, 11.25, 11.1, 11.05, 10.28 and 8.54 g plant™, respectively.
These values were higher than the corresponding ones of the control.
The decrease in dry weight of plants treated with crude olive cake
could be attributed to phytotoxic compounds mainly phenolic
substances which affect growth and yield of crops (Tomati and Galli,
1992). Regarding plant height, the same trends were almost obtained.
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Concerning the N, P and K concentrations, data presented in
Table (3) show that the N, P and K concentrations of the corn plants
grown on the sandy 'soil were markedly increased due to all the
treatments except for the treatment of crude olive cake as compared
with control treatment. This increase of NPK was significant due to
the single treatments and growth periods. The combined treatments
(rates of fertilizers x growth periods) resulted in non significant. The
obtained data cleared that high values of NPK being 2.47, 0.77 and
2.72% were achieved due to the treatment of 75% composted olive
cake + 25% mineral N after growth period of 90 days.

The effect of manures (100%) on all parameters of corn plants
were in agreement with interaction between them. The obtained
results are in agreement with those obtained by Tejada and Gonzalez
(2004) and Al-Kahal et al. (2001).

Effect of organic and inorganic fertilizers on microflora of
rhizosphere area of corn plants:

Data presented in Table (4) reveal the relationship between the
different fertilization treatments and total counts of Dbacteria,
actinomycetes and fungi at growth periods of 0, 60 and 90 days. The
total counts of bacteria, actinomycetes and fungi were significantly
affected with growth periods and types of fertilizers. It is worthy to
refer that the microflora populations were negatively affected due to
application of crude olive cake at growth periods of 0, 60 and 90 days.
This could be attributed to the increase in the concentration of toxic
compounds in olive wastes incorporated into the soil. Similar results
were reported by Parades et al. (1987).

Statistical analysis revealed that the combined effects of all
treatments and growth periods on total counts of bacteria,
-actinomycetes and fungi were highly significant. The maximum
increase in total counts of bacteria, actinomycetes and fungi at
different growth periods of 0, 60 and 90 days were achieved due to
application of 75% composted olive cake +25% mineral N.
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Table (4): Effect of organic and inorganic fertilizers on total
populations of microflora in rhisosphere of corn plants.

Total count of Total connt of Total connt of
bacteria Actinomycetes Fungi
Treatments (T) 10/ g E10Yg) (:107g)
Periods (P) days

0|60 90 0 60 [ 90 [ 0 | 60 | 90
Crude olive cake (100%) 311|285 242 | 217 | 465 | 378 | 142 153 | 1.3
Composted olive cake (100%) 189 (403 23 | 113 ] 138 | 145 | 572 516 |6
Farmyard manure {100%) 675|117 | 135 ] 890 | 918 | 102 |36 | 389 |38
Mineral fertilizer (100%) 350|341 | 586 | 301 [ 522 | 341 | L12) 274 241

73%crude olive cake + 23% mineral N. 7921478 416 | 463 [ 382 | 413 | 235 | 204 | 185
73%composted olive cake +23% mineral N. | 236 [ 421 | 272 | 1530 | 201 | 224 | 710 | 782 |64
73% farmyard manure + 2% mumeral N. | 983 | 269 | 238 | 981 [ 1134 | 126 | 372 ] 396 | 407
50% crude olive cake + 50% mineral N. 501 1392] 324|422 | 477 | 613 | 287 | 261 |214
30% composted olive cake+50% mineral N. [ 9.43 [ 185 206 | 131 | 148 | 146 | 401 ] 377 | 423
30% farmyard manure + 50% mineral N. | 832 | 157 163 ] 635 | 719 | 709 | 319 | 368 | 332

Control 309|380 361 | 241 | 376 | 453 | 168 | 167|138
LSD.cat
T = 285 0.5 0.186
P = 1.49 0.26 0.097
TxP = 494 0.89 330

Phenolic compounds:

Results in Table (5) show that the concentrations of total and
free phenols in corn plants were significantly affected with all
treatments. The high concentration of total phenols in corn plants was
achieved due to application of the crude olive cake (100%) where
reached 1.23%, while the lowest concentration being 0.216% was
achieved due to application of the composted crude olive cake. This
may be attributed to biodegradation of lignin and tannins (Kenaway,
2003). The obtained results also revealed, decreases in total and free
phenol of corn plants whether those fertilized with organic or
inorganic fertilizer after 90 days of planting in slightly alkaline soil as
shown in Table (5). This decrease could be attributed to oxidation of
phenolic compounds at natural and slightly alkaline pH. Similar
results were reported by Salfed (1961) and Kenawy (2003).
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Table (5): Changes in soil pH and phenolic compounds in corn
plants as affected by different levels of organic and inorganic
amendments.

Total phenols | Free phenols pH{(1:2.5
%) {%0} suspension
Treatments (T) ( Periods (P) days
60 90 60 90 60 90

Crude olive cake (100% 1.23 | 0.407 | 0920 | 0322 | 761 | 2.56
Composted olive cake {100%) 0.54 | 0216 | 0.221 | 0.187 | 752 | 749
Farmyard manure {100%) 0.74 | 0.260 | 0226 | 0221 | 758 | 7.53
Mineral fertilizer {100%) 051 | 0218 [ 0.213 | 6208 ) 771 | 767
75%cmde olive cake + 23% mineral N. 088 | 0.309 | 0.200 | 0.283 | 7.63 | 7.55
75% composted olive cake +25% mineral N. | 0,72 | 0.231 | 0.200 | 0.198 | 7.60 | 7.52
75% farmyard manure + 25% mineral N. 076 | 0.281 [ 0220 | 0.211 | 7.65 | 7.60
50% crude olive cake + 30% mineral N. 080 | 0.336 | 0.280 | 0.270 | 7.66 | 7.61
50% composted olive cake +50% mineral N. | 0.70 235 1 0205 | 0.195 | 764 | 7.59
50% farmyard mamure + 50% mineral N. 0.7% 276 | 0226 | 0216 | 7.69 | 7.63
Untreated soil 042 | 0181 | 9171 ] 0102 ) 780 | 7.78
LSD. gy

T = 0.127 0.035 0.027

P = 0.054 0.015 0.013

TxP = 0.180 0.051 0.043

Seil pH:

Regarding changes in soil pH, the obtained results cleared slight
changes in pH value due to the organic manure decomposition.
Similar observations were revealed by EI-Ghozoli (2006). Such
variations depend mainly on the prevailing processes of soil whether
mineralization or immobilization due to the differentiation effects of
microbial activity. The average pH values were lowest in the soil
treated with composted olive cake (100%).
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