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Abstract: Field experiments were carried out at JUST agricultural research center during 1999-2000 growing
season to evaluate the effects of soil amendment with olive mill by-products (Jift) on growth of faba bean and
their symbiosis with VA fungi. Soil was amended with Jift at different levels (Jift: Soil; 0:10, 1:9, 2:8, 3:7 and 4:6)
and exposed to solarization, methyl bromide and fungicide treatments. A split plot design with three replications
was used, in which soil treatments (solarization, methyl bromide, fungicide and untreated control) were assigned
to main plots and soil-Jift mixtures to sub plots. Our data indicated that the maximum seed yield (2943 kg ha )1

was achieved under soil mixtures treated with fungicide, followed by those which treated with methyl bromide
(2662 kg ha ) and untreated control (2343 kg ha ). When Jift was considered as main factor, seed yield was1 1

found to be increased as Jift level was increased in soil mixtures. Even so, seed yield (2861 kg ha ) at the1

highest Jift level (3:7) was not considerably different from the yield at the rate of 2:8 (2998 kg ha ). Phosphorus1

nutrition may be enhanced with Jift amendment remarkably for soils branded by low organic matter contents.
Mycorrhizal fungi population and symbiosis with the legume crops could be increased when Jift was added to
the soil, particularly under soil sterilization practices.
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INTRODUCTION rich organic waste, high levels of phytotoxic compounds

Large quantities of olive mill by-products are or  reduce  plant  growth  [14].  However,  it was found
obtained when oils are extracted after mechanical and that composting Jift may reduce its phytotoxicity
chemical treatments of olive yields [1]. In Jordan, olive compared to fresh one [14]. In the present study, the
tree  planting was doubled in the last few decades. As effect of Jift on faba bean was investigated by using
will, olive milling by-products, mainly Jift, is expected to different levels of Jift in soil mixtures to determine the
be  increased  accordingly. The  amount of Jift produced optimum level that maximize the yield. The effects of soil
is estimated  to be over 100,000 ton per year. However, amendment with organic matter on soil ecology,
one of the viable solutions to benefit from these organic especially the beneficially microorganisms like vesicular
materials is to be used as soil amendment [2]. Farmers arbuscular mycorrhizal fungi is very important before
historically have applied animal manure and human making any recommendations. However, there are no
wastes to  the  land  to  increase their productivity [3-5]. previous  reports  about  the  influence of the olive mill
It was established that organic matter portion of the soil by-product (Jift), on the VA-fungi and its ecology and
is very important to maintain soil physical and chemical significance to commercial legume crops. VA is
properties to be optimum for crop production [6-12]. recognized as being of considerable benefit to the plant
Recently, extensive application of chemical fertilizers is host, especially when the root system is not very
becoming of increasing concern to the environment and extensive and soil nutrient status is low.  It was indicated
human health [13]. Therefore, using organic wastes like that mycorrhizal fungi may increase the uptake of many
Jift as fertilizers may reduce the amount of chemical that nutrients such as P, nitrogen (N), sulfur (S), calcium (Ca),
applied to the soil. Despite of the fact that Jift is a nutrient zinc  (Zn)  and  copper   (Cu)  [15]. Mycorrhizal  fungi  are

present in fresh Jift, which may inhibit seed germination



World J. Agric. Sci., 2 (1): 21-28, 2006

22

found  in  association  with  the roots of almost all kinds
of  plants. Different  types  of  mycorrhizal fungi are
found, ectomycorrhiza and endomycorrhiza [16]. The
ectomycorrhiza  are typically infecting forest trees [17].
But endomycorrhiza like vesicular arbuscular (VA),
usually infect most of the cultivated crops [18]. The
fungus produces enlarged vesicles and clusters of
branched hyphal ending (the arbuscules) giving us the
name for this mycorrhiza type. The tendency to
recommend the use of VAM fungi for improving the
productivity of soil comes from that VAM fungi are most
adapted to help plants in marginal and low productive
soils [19]. Environmental conditions such as drought,
salinity, mineral nutrition, pH and organic matter may
influence the intensity of infection by mycorrhiza fungi on
their proper host plants [20-22].

Increase soil organic matter will increase the amount
of nutrients and the ability of the soil to make those
nutrients available for plants [23-27]. Also it was observed
that moderate deficiency of N, P and K promotes
mycorrhizal formation [28]. Several studies indicated that
soil amendment with OM increased mycorrhizal fungi
infection [16,29]. Al-Sakit and Al-Momani [30] found a
positive  relationship  between  fresh Jift amendment,
olive seedling growth and association with mycorrhizae.
The purpose of this study was to evaluate growth and
yield  of  faba  bean grown in soil treated with olive mill
by-products and also to determine the effect of olive mill
by-products on soil mycorrhizal fungi population
associated with faba bean crop.

MATERIALS AND METHODS

Site description: Field experiments were conducted at
JUST research  station  in  the  northern part of Jordan
[32° 34' N latitude, 36° 01' E longitude and 520 m altitude).
Climate is Mediterranean, characterized by mild rainy
winter and dry hot summer [31]. Total amount and
distribution of rainfall for the period 1995-1999 are
presented in Table 1. The soil is silty, clay loam [32]. Soil
chemical characteristics are presented in Table 2.

Environmental condition: Temperature and rainfall were
monitored during the growth period of faba bean crop.
Faba bean plants were irrigated from flowering stage until
physiological maturity stage with drip irrigation system to
supplement rainfall and maintain soil moisture near field
capacity. All plots were hand weeded as needed
throughout the growing season.

Land preparation and experimental design: Two plowing
operations  were  done  by   disk  plow  followed  by  disk

Table 1: Amount of precipitation at Ramtha experimental station during the
period 1989-1999

Growing seasons Rainfall amount (mm)
89/90 248
90/91 160
91/92 379
92/93 201
93/94 182
94/95 274
95/96 161
96/97 245
97/98 272
98/99 108

Table 2: Analysis of soil at Jordan University of Science and Technology
Properties Value
Soil texture Silty clay loam
Soil pH 8.380
EC (ds cm ) 0.5661

Organic matter (%) 0.927
Available P (PPM) 9.875
Total N (%) 0.243

harrowing to mix and levelling soil surface. Surface soil
was levelled  and the outside boundaries were layed
down to give 2  × 1 m  land lot. The whole lot was made2

into 20 cm spaced rows with the aid of field machinery.
An experimental  plot  consists of five rows of 2 m long,
20 cm apart and 50 cm space between those plots. This
design gave a replicated treatment lots of 2  × 1 m area.2

The soil treatment methods (Methyl bromide
fumigation, fungicide treatment and untreated control)
were assigned to main plots. Each main plot was divided
into four sub-plots that comprised of the four ratios of
soil and Jift (J: S; 0:10, 1:9, 2:8 and 3:7).

Application  of  olive  oil  mills by-products: Soil was
mixed  with  Jift at four different levels of soil: Jift (S: J);
10:0,  9:1, 8:2  and  7:3,  on  volume basis and for the first
15 cm of soil depth. Those levels were attained by adding
0 m , 0.015 m , 0.030 m , 0.045 m  of Jift per 1 m  of soil,3 3 3 3 2

respectively.

Soil treatments: Plots   previously  received  proposed
Jift levels in each experiment were fumigated with methyl
bromide  under  air-tight  plastic  sheets for three days
and  the  fumes  were  allowed  to  dissipate  for 10 days.
In another treatment similar plots were treated with a
fungicide, or left untreated as a control. A systemic
fungicide (a.i. Metalaxyl- 50 g kg , obtained from1

Veterinary and Agricultural Products Co. Ltd.) was used.
Four Kg per donum of the fungicide granules were mixed
with the soil immediately before planting.

Planting: Faba bean (local cultivar) was sown on 16th
January, 2000. The crop was seeded at 10 seeds per row.
This will give plant densities of   25 plants per m .2
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Data collection: was transferred to 500 mL separator funnel and shaken for
Phonological traits: Time from planting to emergence and 2-3 min. Then the funnel was fixed to a vertical stand and
percent emergence were recorded when 90% of seedlings left for 5 min. The solution inside the funnels was allowed
had just emerged from the soil. At physiological maturity to drain via the funnel valve at a rate of 75-100 drops per
stage, five plants were sampled randomly from each plot. min. After the complete drainage of the solution, the
The following parameters were recorded for each plant: internal  surface  of  the  separator funnel was washed
plant height (cm), number of branches, number of leaves, with 3 to 5 mL of distilled water and collected on filter
number of pods and number of seeds. The average paper fixed inside normal funnel underneath. The filter
reading of the five plants was presented as per plant. paper was stretched inside a petri dish with the collected

Yield and yield component: Harvesting was performed the filter paper were counted by placing four cover slips
when  each  crop  reached  its physiological maturity. (4 cm ) at random sites on filter paper using a compound
Crop  yield  per  unit  area were obtained by harvesting microscope. Number of spores under each cover slip was
the three central rows (150 cm × 60 cm = 0.9 m ). The outer counted. Total number of spores and different spore2

two rows  and  25 cm  at both sides of the central rows population was calculated according to the following
were left to avoid border effects. Plants were manually formula:
harvested  by a hand scissors, placed in open plastic
bags, air dried for a week. Biological yield was determined Number of spores on the filter paper = 
by  weighing  the  total  dry  matter  of  above ground Total number of spores under the four cover slips × 3.975
parts including seeds and straw. The yield was converted
into kg ha  basis. Grain yield were measured and Determination of VAM roots infection: Root samples1

converted to  kg  ha .  Harvest   index   was  calculated were gathered at flowering and physiological maturity1

as  the  ratio  of  seed yield to biological yield multiplied stage, stored inside cooled chamber at 4°C.  Roots were
by 100 [33]. cleared with 10% KOH and stained with 0.05% Trypan

Phosphorus analysis: Phosphorus concentration and Determination of the extent of VA mycorrhiza colonization
content in plant tissue were determined at fruit sitting was done by estimating the percentage of the length of
stage. Dried  plant  materials  were  finely  ground  using each segment which is colonized according to the method
a scientific  mill. Representative   samples   ranging  from of Bierman and Linderman [37].
0.5 to 1.0 g were taken and put into crucibles. Crucibles
were  placed  inside  muffle  furnace  at 550°C for at least Statistical analysis: Data were analyzed with standard
5 h after  attaining the desired temperature for dry ashing. ANOVA technique using MSTATC PROGRAM
Ash contents  of  the crucibles were digested by adding (Michigan State University, East Lancing. Mich., USA).
5 mL of 2 N HCl, agitated and left for 30 min. Crucibles Least significant differences at the 0.05 probability level
contents  were  filtrated  with  Whatman  No. 42 filter were used for the separation of treatment means. 
paper  and  then  the filtrates were collected in small
plastic bottles. P concentrations in filtrates were RESULTS AND DISCUSSION
determined  colorimetrically  using the yellow method [34].

Determination  of  number of VAM spores in the soil: bromide, fungicide and control) and their interactions on
The method which used to isolate VAM spores in soil faba bean plants were investigated throughout the life
was  the  floatation-adhesive  technique which adopted cycle of this crop under open field conditions and the
by Sutton and Barron [35]. This method included pulling following results were observed.
representative soil samples from field plots and potted soil Faba bean seeds, cross treatments, attained 50 and
which is then placed inside closed plastic bag and stored 100% emergence at 22 and 26 days from the seeding date,
inside cooled chamber at 20°C. Sub samples  of 10 g from respectively.  Plants reached  flowering  stage at around
each soil samples of the replicated treatments was placed 65 days after emergence. Fruit setting stage was attained
inside a 500 mL graduated cylinder and 150 mL of distilled around 90 days after 100% emergence. However,
water  was added. The cylinder was strongly shaken for harvesting was done at 160 days from seeding date and
10 min then left setting for 7-15 min for the heavy soil when plants in all plots reached their physiological
particles to settle down. The supernatant soil solution maturity stage.

precipitates  facing  upward. VA  spores   collected on

2

Blue using the procedure of Phillips and Hayman [36].

Effects of Jift in soil mixtures, soil treatments (methyl



World J. Agric. Sci., 2 (1): 21-28, 2006

24

Table 3: Effect of soil treatments (solarized, methyl bromide fumigated,
fungicide treated and untreated control) & Jift rates on plant
height, number of branches per plant, number of leaves per plant,
number of pods per plant and number of seeds per plant of faba
bean at physiological maturity stage in the field

Soil treatments
---------------------------- Plant No. of No. of No. of No. of 

Mixture height branches leaves pods seeds
rates (cm) per plant per per plant per plant

Methyl 0:10 45.8 44.5 4.3 5.6 12.9
bromide 1:9 54.7 59.7 3.9 6.9 15.7

2:8 53.4 69.3 2.9 8.1 21.5
3:7 54.7 69.9 2.9 8.9 21.3

Fungicide 0:10 50.4 44.9 3.6 6.5 17.2
1:9 48.9 60.4 4.0 7.3 20.0
2:8 58.9 69.2 3.6 8.3 20.5
3:7 60.0 69.2 3.2 8.1 19.5

Control 0:10 45.0 46.3 2.9 5.6 14.6
1:9 46.8 56.5 3.9 6.8 17.8
2:8 50.9 62.9 4.7 6.7 18.3
3:7 52.7 57.2 5.4 5.7 16.5

LSD (p 0.05) 4.7 5.5 1.6 1.1 3.2

Table 4: Effect of soil treatments (methyl bromide fumigated, fungicide
treated  and  untreated  control)  on yield and yield components
per area (kg ha ) of faba bean at physiological maturity stage in1

the field
Seeds yield Straw yield Biological yield Harvest

Soil treatment (kg ha ) (kg ha ) (kg ha ) indes (%)1 1 1

Methyl bromide 2662 3230 5893 45.3
Fungicide 2943 3413 6356 46.6
Control 2343 2605 4949 47.5
LSD (p 0.05) 185 272 319 2.6

Table 5: Effect of Jift rates on yield and yield components per area (kg ha )1

of Faba bean at physiological maturity stage in the field
Mixture rates Seeds yield Straw yield Biological yield Harvest
(J:S) (kg ha ) (kg ha ) (kg ha ) index (%)1 1 1

0:10 2182 2334 4517 48.2
1:9 2556 3262 5817 44.0
2:8 2998 3253 6252 48.2
3:7 2861 3482 6344 45.3
LSD (p 0.05) 295 361 610 2.1

Yield and yield components:
Biological and straw yields: The highest biological yield
was produced with fungicide (6356 kg ha ), followed by1

methyl bromide (5893 kg ha ) and control (4949 kg ha )1 1

treatments.  Straw  yield  showed  the  same trend, in
which the highest value was obtained with fungicide
(3413 kg ha ), followed by methyl bromide (3230 kg ha )1 1

and control (2605 kg ha ) treatments (Table 4). There was1

an increase in biological and straw yields recorded as a
consequence of Jift addition at the rate of 1:9. However,
the addition of Jift at the rates of 2:8 and 3:7 had no
significant adverse effect on biological and straw yields
(Table 5). These results may be explained by the high
level of phytotoxic compounds like phenols which is
present  in  fresh  Jift. Pages  et  al.,  [14]  indicated that
Jift contains high levels of phytotoxic compounds which

may inhibit seed germination or reduce plant growth.
Those results are in agreement with what was reported by
Turk et al., [38] in which faba bean plants tolerated high
levels of Jift in the rooting medium. Therefore its further
documented that faba bean roots are able to tolerate the
high amount of phenolic compounds present in Jift and
this product could be used selectively against more
sensitive weeds in faba bean cropping as a bioherbicide.
Our  results  further  substantiated  the  positive role of
Jift in supporting the legume mycorrhizal association.
That kind of effect was reflected by the increase in yield
recorded in consequence of Jift addition at the rate of 1:9,
although the faba bean yield not significantly affected by
further Jift addition (Table 5). These results indicated the
possibility of improved physical and chemical properties
of the soil that achieved by Jift amendment. Increasing
soil organic matter, especially rich nutrient organic matter
like Jift, may increase the availability of most nutrients in
the soil. Similar phenomenon were approved to be present
by many researchers Turk et al., [38]. It was established
that animal manure and other organic wastes improves
soil chemical and physical properties.

Harvest index: Harvest index values were slightly higher
for plants grown in plots left as untreated control than
those grown in plots treated with fungicide or fumigated
with methyl bromide. Faba bean plants grown in soil
mixtures with the rates of 0:10 and 2:8 Jift to soil had
higher harvest index than plants grown in soil mixtures
with the rates of 1:9 and 3:7. However the main effect of
soil treatments and their interactions with soil mixtures did
not significantly alter the harvest index values
significantly at p 0.05 (Tables 4 and 5).

Seed and pod numbers per plant: There was a tendency of
increased pod and seed numbers per plant as Jift level
was increased in soil mixtures, under fungicide and methyl
bromide treatments. Similar trend was showed by plants
grown under plots left as untreated control, but the
highest level of Jift in soil mixtures (3:7) caused significant
reduction in pod and seed numbers compared to the next
lower level (2:8) (Table 3). These results confirm the
findings  of Tattini et al., [39], in which they have
reported that yield of peach (Prunus persica) and olive
(Olea europaea) were increased with soil application of
olive mill waste materials.

Seed yield: Results showed that the  highest  seed  yield
(2943 kg ha ) was achieved under soil mixtures treated1

with   fungicide,   followed   by   those   which  treated
with methyl bromide (2662 kg ha ) and untreated control1
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(2343 kg ha ) (Table 4). When Jift was considered as1

main factor, seed yield was found to be increased as Jift
level was increased in soil mixtures. However, seed yield
(2861 kg ha ) at the highest Jift level (3:7) was not1

significantly  different from the yield at the rate of 2:8
(2998 kg ha ) (Table 5). The results of this study1

demonstrate  the  Jift  application could be improve the
soil physical properties including soil structure, water
holding capacity and infiltration rate. In addition organic
matter amendment may increase availability of most
nutrients and provide energy for microbial activity [40].
Similar phenomenon was approved to be present by many
researchers [38]. It was established that animal manure
and other organic wastes improves soil chemical and Fig. 1: Effect of soil treatments (methyl bromide
physical properties. fumigated, fungicide treated and untreated

Phonological traits: 10 g soil and root infection percentage of faba
Plant height: Faba bean plants grown in soil mixtures bean at fruit setting stage in the field
containing Jift at all rates were taller than those grown in
soil mixtures containing zero Jift, under all soil treatments branches was decreased with high Jift levels (2:8 and 3:7)
This might be due to significant influence of jift on early in soil mixtures, under methyl bromide treatment. But it
establishment of faba bean plants and subsequent early was not affected by Jift levels under fungicide treatment.
growth. These results are in agreement with those However, branches number was increased along with
reported by Carter et al., [9], who found that manure increasing Jift level in soil mixtures left as untreated
application have significant impact on early establishment control (Table 3).
of sorghum plants and subsequent vigorous growth as
assessed by plant height measurement. Under methyl Mycorrhizal infection: VA spore numbers were increased
bromide treatment, increasing Jift level at the rates of 2:8 as Jift level was increased in soil mixtures, under methyl
and 3:7 did not affect plant height significantly compared bromide and fungicide treatments. Similar trend was
to Jift addition at the rate of 1:9. However, the height of observed in untreated control plots, but the highest Jift
faba bean plants was increased as Jift level was increased level (3:7) caused significant reduction in spore numbers
in soil mixtures treated with fungicide or left as untreated compared to soil mixtures at the rates of 1:9 and 2:9 and its
control. Irrespective to Jift levels, the tallest plants were value was comparable to that obtained with zero Jift
observed under fungicide treatment over the other soil mixtures (Fig. 1). Such decrease in number of spores and
treatments (Table 3). root infection as a result of waste amendment were also

Leaf and branch numbers per plant: There was a percentages observed on roots of faba bean plants grown
tendency of increased leaf numbers as along as Jift level in untreated control plots were higher than what observed
was increased in soil mixtures, even for the highest Jift on plants grown in methyl bromide and fungicide treated
level (3:7) under methyl bromide and fungicide treatments. plots. These results are in agreement with previous
Similar results were observed for soil mixtures that left as finding in previous investigations [42].There was an
untreated control, but the highest Jift level (3:7) caused increase in root infection percentage in response to Jift
significant reduction in leaf numbers compared to the next addition at the rate of 1:9 in soil mixtures. However,
lower level (2:8). The higher number of leaves associated significant response of root infection to Jift levels and
with jif application may be due to more availability of P their interactions with soil treatments were absent at
and N with consequently more rate of leaf appearance. p 0.05 (Fig. 1).
This is in line with the findings of Nikus et al., [4].
Irrespective to Jift levels in soil mixtures, it was observed
that plants grown in plots treated with fungicide or
methyl bromide had higher leaf numbers than those grown
in  plots  left  as  untreated  control  (Table  3). Number  of

control)  &  Jift  rates  on  number  of  spores per

indicated by several researchers [41]. Root infection

Phosphorus percentages and contents per plant: There
was an increase in phosphorus percentages as Jift level
was increased in soil mixtures, under plots treated with
methyl  bromide  or  left  as  untreated  control. However,
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Fig. 2: Effect of soil treatments (methyl bromide 4. Nikus, O., A.M. Al-Tawaha and M.A. Turk, 2004.
fumigated, fungicide treated and untreated Effect of manure supplemented with phosphate
control) & Jift rates on P concentration and total P fertilizer on the fodder yield and quality of two
content per plant of faba bean at fruit setting stage sorghum cultivars (Sorghum bicolor L.). Biosci. Res.,
in the field 1: 1-7.

only Jift addition at the rate of 3:7 increased phosphorus Nutrient Availability as Affected by Manure
percentages of faba bean plant tissues under fungicide Application in Cowpea [Vigna unguiculata (L.)
treatments. Walp.] on Calacarious Soils. J. Agric. Soc. Sci., 1: 1-6.

Phosphorus contents per plant were increased as Jift 6. McIntosh, J.L. and K.E. Varney, 1972. Accumulative
level was increased in soil mixtures, under methyl bromide effects of manure and N on a continuous corn and
and  fungicide  treatments.  Phosphorus  percentages clay soil, I. Growth, yield and nutrient uptake of corn.
also,  were  increased  in  response  to increasing Jift in Agron. J., 64: 374-379.
soil mixtures, although the highest Jift level (3:7) were 7. Pomares-Garcia, F. and P.F. Pratt, 1978. Value of
mostly  produced  phosphorus  percentages comparable manure and sewage sludge as N fertilizers. Agron. J.,
to that obtained under zero Jift mixtures (Fig. 2). Such 70: 1065-1069.
relationship between organic matter content in the soil 8. Campbell,  C.M.,   M.   Schnitzer,   J.W.B.  Stwart,
and shoot phosphorus percentages were previously V.O.  Biederbeck  and  F. Selles, 1986. Effect of
observed by Turk et al., [38]. manure and P fertilizer on properties of black

CONCLUSIONS Soil Sci., 66: 601-613.

In countries like Jordan, where olive plantation is a Persaud, 1992. Soil properties, crop water use and
major crop, the olive mill by-products are likely used as cereal yields in Botswana after addition of mulch and
soil amendment for one purpose or more. Due to the fact manure. Field Crops Res., 30: 97-109.
that those products contain phytotoxic components and 10. Chang, C., T.G.  Sommerfeldt and T. Entz, 1993.
they are under uncontrolled disposal, farmers and growers Barley  performance  under heavy application of
conceived a negative attitude against their usage in cattle feedlot manure. Agron. J., 85: 1013-1018.
agriculture as soil treatment. However, the present 11. Reddy, D., A. Roa, K. Reddy and P.N. Takkar, 1999.
investigation demonstrated that the highest seed yield Yield sustainability and phosphorus utilization in
was observed under soil mixtures treated with fungicide, soybean-wheat systems on vertisols in response to
followed by those which treated with methyl bromide and integrated use of manure and fertilizer phosphorus.
untreated control. When Jift was considered as main Field Crops Res., 62: 181-190.
factor, seed yield was found to be increased as Jift level 12. Subrahmaniyan, K., P. Kalaiselven, G. Ganickam and
was increased in soil mixtures. However, seed yield at the N. Arulmozhi, 2000. Response of confectionery
highest Jift level (3:7) was not significantly different from groundnut varieties to organic and inorganic
the yield at the rate of 2:8. our results confirm the findings fertilizers. Crop Res., 19: 207-209.
of Turk et al., [38], in which they have reported that yield 13. Lee, K.D., M.A. Turk and A.M. Tawaha, 2005.
of wheat was increased with soil application of olive mill Nitrogen fixation in rice based farming system.
waste materials. Biosci. Res., 2: 130-138.
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