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Abstract

This research study was carried out at Al-Jouf region, north eastern Saudi Arabia, to investigate the differences in
microbial community and density of microorganisms in the rhizosphere of olive (Olea europaea) and peach (Prunus
persica) tree fields subjected to growth under organic and conventional agriculture systems. The soil analytical
processes were conducted in three olive and three peach fields (9, 17, 27 years old and 20 ha in area) under organic
fertilization, and three similar olive and peach fields under conventional fertilization system. The results indicated
significant variations between the two agricultural systems in rhizosphere content of microbial and mycorrhizal
colonization%. The highest percentages of actinomycetes, total fungi and bacteria (PSM) were recorded in the
organically agricultural system (OAS) in olive fields in comparison to conventionally agricultural system (CAS).
Regarding field ages OAS dominated CAS in total number of fungi under all olive fields ages, while under peach fields
fungi counts were significantly high under CAS compared to OAS. Under peach fields OAS dominated giving the highest
actinomycetes and bacteria and CAS dominated by giving the highest CFU and fungi count. The significantly highest
counts of CFU and bacteria were attained under conventional farming system (CAS) in all of the different aged field
compared to OAS. Actinomycetes and bacteria in young fields were significantly high under CAS, while in old fields
actinomycetes and fungi counts were the highest under OAS.

Keywords: Organic agricultural system (OAS); Conventional agricultural system (CAS); Olive; peach fields;
Fertilization system; Al-Jouf region.

1. Introduction

It can be said that till now it couldn’t be assumed that organic farming systems comprise larger and more active soil
microbial communities compared to conventional farming systems. Current literature concerning differences in soil
microbial abundance and activity in organic and conventional cropping systems was analyzed and results indicated that
differences in microbial size and activity between organic and conventional farming systems vary as a function of land
use (arable, orchards, and grassland), plant life cycle (annual and perennial) and climatic zone [1]. Diversity and
abundance of microbial communities in soil under organic and conventional farming systems is not fully understood, in
spite of their crucial role in agro-ecosystems [2, 3]. Organic farming system is more favorable and beneficial for
biodiversity in microorganism, but other factors may cause variation in these effects [4]. Soil biological properties are
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more favorable under organically managed soils than conventionally managed soils which are essential for functions in
the given ecosystem [5]. Many other authors found no significant differences between conventional systems and
organic management systems in decrease or abundance of bacteria [6, 7]. Weather conditions and seasonal changes
must be taken into account when studying fertilization system effects, because they might affect soil biological
properties, [8, 9, 10], and [11] admitted that microbial communities are more sensitive indicators of variation in soil
quality than chemical and physical soil properties. Organic agricultural management systems were suggested positive
in many studies [6, 12, 13, 14, 15], but the effects of farming systems whether organic or conventional on the diversity
of microbial communities still complicated and controversial [16] as many authors such as [12]found an increase in
diversity after manure amendment.

The aim of this research is to study the difference between organic and conventional agriculture systems applied in
the olive and peach tree fields at Al-Jouf region, north eastern Saudi Arabia, regarding diversity and density of
microorganisms in the rhizosphere of olive and peach tree fields.

2. Material and methods

2.1. Selection of fields and collection of plants' roots and soil samples

During the April 2018, the area of Al-Jouf was surveyed and fields of olive and peach trees subjected to organic
agriculture system and conventional agriculture system were chosen for study. Three farms (representing three ages,
9, 17 27 years) for olive (Olea europaea) and three farms for peach (Prunus persica) were chosen for agro-ecosystems
practices. Area of each farm is about 20 ha, and trees were planted at rate of 200 trees/ ha, at (10 m distance between
the tree rows). The trees are commonly fertilized only by organic sources. Other similar three farms of olive and three
farms of peach trees were selected, from the adjacent farms in (Al-Busaita farms) representing the conventional
agriculture system of fertilization where no organic fertilizers were used.

2.2. Collection of rhizosphere soil samples

The rhizosphere trees were collected. Counts of soil microorganisms were determined in rhizosphere soil samples.
Specific media was used to measure counts of microorganisms. The serial dilution plate method or the most probable
number method was used for counting total microbial counts on nutrient agar medium; total fungi count on Martin’s
Medium; phosphate dissolving bacteria on modified Bunt and Rovira medium [17]; and Streptomyces sp. on Jensen'’s
medium.

2.3. Collection of roots and rhizosphere soils samples.

Roots and rhizosphere soils of different plants were collected from the different farms, in Three replicated. Rhizosphere
soils, fine and feeder roots were collected by digging the soil with a soil corer. In the laboratory, roots were separated
immediately from the soil and preserved in 50% alcohol. Soil samples were immediately studied to avoid the damage
of the spores in the rhizosphere soil. From each sample, 100g soil were taken in a bucket of 10 liters' capacity and 5
liters of water were mixed with the soil. The soil sample was mixed well with water to make a soil-water suspension.
The suspension was left for five minutes for settling down of insoluble and heavy particles. The suspension was passed
through the ASTM-60, ASTM-100, ASTM-240 and ASTM-400 sieves gradually to extract the spores followed by wet
sieving and decanting method [18]. The residues of the sieves were filtered with the Whitman filter paper No-1. Squares
of intersecting gridlines were drawn earlier on the filter paper for easy counting of spore. After water filtration the
paper was examined under the stereo-binocular microscope at 2.5x10 magnification and the number was recorded.
Spores were separated on the basis of morphological characters and then they were observed under compound
microscope mounting on - and Melzer’s reagent and observed under digital photographic microscope ‘Olympus DP72’
at 10x0.10 and 10x0.25 magnification. Preserved roots were washed carefully to remove the alcohol and cut into 1 cm
length for AM fungal structural analysis. Roots were heated at 80°C for 20-30 minutes in 10% KOH and thereafter left
overnight in 1% HCI. Deeply pigmented roots were treated with 3% H202 to remove the lignin and to clearer. Cleared
roots were stained with trypan-blue following the method of [19]. 20-30 segments were mounted on a slide and
examined under digital photographic microscope ‘Olympus DP72’ at 10x0.10 and 10x0.25 magnification. Presence of
mycelium, vesicles and arbuscules were observed. Mycelial colonization was regarded as total AM colonization. Percent
colonization was calculated by the following formula:

L Total No.of AM positive segments
% Colonization = - X 100
Total No. of segments studied
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2.4. Statistical analysis

Data analysis was done using Microsoft excel 2010 program.

3. Results and discussion

3.1. Olive fields of the organic farms.

3.1.1. Total microbial counts

The average percentages of microbial counts in the rhizosphere of olive tree fields (9, 17, 27 years old) under both
organic and conventional farming systems farms are presented in table (1).

The results illustrate that the significantly highest total colony counts were recorded in the rhizosphere soil of the 27
years old olive field under conventional farming system recording an average of 18.56x107 CFU compared to 3.31x 107
CFU in the 27 years old field soil under organically fertilized field. Seconded by the organically fertilized soil of the 17
years old field with 9.04x107 CFU compared to total count number in field soil of 17 years' age field under conventional
system with an average of 0.21x107 CFU.

The significantly highest total soil count of actinomycetes was attained in the rhizosphere soil of the 17 years old field
under organic farming system with 5.2x105 CFU compared to 2.95x105 CFU in the same aged field under conventional
fertilization system. But in the case of the actinomycetes count in soil of the younger field (9 years) the count was
significantly high under conventional system (4.21x105 CFU) compared to organic system with (1.09x105 CFU) and
1.59x105 CFU compared to their corresponding fields under conventional system. But for the younger field (9 years
old) actinomycetes.

As for total fungi count in the rhizosphere soil, the highest fungi count 6.64x104 was in the field aged 27 years under
OAS compared to the 27 years old field under CAS with 5.20x104, then comes fungi soil content in the younger field
under OAS which gave 5.43x104 CFU compared to the corresponding younger field under CAS with 3x104 counts.

Regarding phosphate dissolving bacteria (PSM) At the rhizosphere soil of the 17 years old field under OAS dominated
giving the highest bacteria number 10.04x104 compared to field 17 years under CAS with only 1.8x104 bacteria count.
Then the youngest olive field under CAS attained significantly the highest PSM (6.70x104) compared to the
corresponding 9 years old field under OAS with only 1.26x104.

It could be noted That the rhizosphere soil of the 17 years old field recorded the highest total microbial counts,
actinomycetes and PSM under the OAS. As for the conventional fertilizing system, the old field (27 years) attained the
highest average in total microbial counts and total fungi, while the younger field (9 years) dominated in the values of
actinomycetes and PSM.

Table 1 Microbial properties of soil in organic olive fields

Times Total  microbial | Actinomycetes | Total Fungi count | PSM
count (X107) (X105) (X104) (X104)
0AS 0.07 1.09 5.43 1.26
Al CAS 0.39 4.21 3.00 6.70
0AS 9.05 5.28 2.03 10.04
Az CAS 0.21 2.95 3.48 1.80
0AS 3.31 1.59 6.64 2.66
A3 CAS 18.56 0.56 5.20 2.81
A: age
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3.2. Peach fields of the organic farms

3.2.1. Total microbial counts

Table (2) is showing averages of total microbial, actinomycetes, fungi and PSM counts in the rhizosphere of peach trees
in the three fields 9, 17 and 27-year-old under organic and conventional farms. The significantly highest total colony
counts were recorded in the rhizosphere soil of the 27 years old peach field under conventional farming system
recording an average of 20.45x107 CFU compared to 0.99x 107 CFU in the 27 years old field soil under organically
fertilized field. Seconded by the organically fertilized soil of the 17 years old field with 11.50x107 CFU compared to total
count number in field soil of 17 years' age field under conventional system with an average of 0.84x107 CFU.

The significantly highest total soil count of actinomycetes was attained in the rhizosphere soil of the 27 years old field
under organic farming system with 6.24x105 CFU compared to 4.04x105 CFU in the same aged field under conventional
fertilization system. Also in the rhizosphere of the younger field (9 years) the actinomycetes count was significantly
high under organic fertilization system (5.34x105 CFU) compared to organic system with (2.99x105 CFU).

As for total fungi count in rhizosphere conventional fertilization system dominated organic fertilization giving the
highest counts in all peach fields. The highest fungi count 5.31x104 was in the field aged 27 years under CAS compared
to the 27 years old field under OAS with 3.64x104, then comes fungi soil content in the younger field under CAS which
gave 4.35x104 CFU compared to the corresponding younger field under OAS with 3.47x104 counts.

Regarding phosphate dissolving bacteria (PSM) count the 27 years old field under OAS dominated giving the highest
bacteria number 3.10x104 compared to field 27 years under CAS with only 1.71x104 bacteria count. Then the 17 years
old peach field under CAS attained significantly the highest PSM (2.76x104) compared to the corresponding 17years
old field under OAS with only 1.78x104.

It could be noted that under peach Trees the rhizosphere of the oldest field (27 years old) recorded the highest total
microbial counts (under CAS), the highest actinomycetes and PSM (under the OAS). As for the total fungi count the

highest counts were recorded in rhizosphere of the 17 years old field under conventional fertilizing system.

Table 2 Microbial properties of soil in organic of peach fields

Total Microbial | Actinomycete | Total Fungi count | PSM
count (X107) (X105) (X104) (X104)
0A 0.19 5.34 0.55 0.36
A1 S
CAS | 2.64 2.99 3.77 1.50
0A 11.50 1.13 1.64 1.78
A2 S
CAS | 0.84 3.95 5.31 2.76
0A 0.99 6.12 3.47 3.10
A3 |[S
CAS | 20.45 4.04 4.35 1.71
A: age

3.3. Mycorrhiza colonization percentage

The total mycorrhizal colonization percentages were determined in the different field rhizosphres in olive and peach
fields under both OAS and CAS.

The results in table (3) illustrate that organically fertilized 17 years old peach field recorded the highest averages in
total rhizosphere colonization percentages registering values of (85.25, 56.75, 23.25% and 446.75 spore count/100g
dry soil) respectively compared to averages of these parameters in the soils of the 17 years old fields under CAS. But
CAS dominated OAS in all of these parameters in the old fields (27 years old) root rhizosphere recording significantly
the highest averages in percentages of mycelium, vesicles, arbuscules, spore count (55, 23.5, 30% and 79.25 spore)
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respectively compared to the 27 years old field under OAS which recorded (23.25, 13.5, 8.5% and 17.5 spores)
respectively. So OAS dominated CAS in field 17 years old, and CAS dominated OAS in field 27 years old.

Table 3 Mycorrhizal colonization% in soil in conventional olive fields

Times Total colonization (%) Spore Count/100g
Mycelium Vesicles | Arbuscules dry soil

0AS 56.50 36.75 13.50 42.50
Al CAS 61.50 23.50 31.75 22.50

0AS 85.25 56.75 23.25 446.75
Az CAS 78.25 53.50 20.00 151.00

0AS 23.25 13.50 8.50 17.50
A3 CAS 55.00 23.50 30.00 79.25

A: age

3.4. Peach Fields

The results in table (4) illustrate that organically fertilized 17 years old peach field recorded the highest averages in
total rhizosphere colonization percentages registering values of (78.50, 38.350, 18.25% and 237.25 spore count/100g
dry soil) respectively compared to averages of these parameters in the soils of the 17 years old fields under CAS. But
CAS dominated OAS in all of these parameters in the youngest (9 years) and the old (27 years) fields root rhizosphere
recording significantly the highest averages in percentages of mycelium, vesicles, arbuscules, spore count than OAS. So
OAS dominated CAS in field 17 years old, and CAS dominated OAS in fields 9 and 27 years old.

Table 4 Mycorrhizal colonization in soil of organic peach field

Total colonization (%)
Times Spore Count/100g dry soil
Mycelium | Vesicles | Arbuscules
OAS 31.50 11.75 3.25 29.00
Al
CAS 45.25 25.00 5.00 51.25
0AS 78.25 38.50 18.25 237.25
A2
CAS 50.00 23.25 8.25 120.00
A3 0AS 43.25 10.00 13.50 43.25
CAS 61.50 37.00 14.75 58.00
A: age

4. Discussion

[20] Reported a difficulty in assessing differences between organic and conventional agriculture systems in soil physical,
chemical and biological characteristics due to variation in soil type, crops, climatic conditions, type of amendments and
the amount applied.

The results obtained in this study indicated significant variations between the two agricultural systems applied in the
fields of olive and peach trees at Al-Jouf region north east of the Kingdom of Saudi Arabia regarding trees root
rhizosphere content of microbial and mycorrhizal colonization%. The organically agricultural system (OAS) in olive
fields recorded the highest percentages in actinomycetes, total fungi and in phosphate dissolving bacteria (PSM) in
comparison to conventionally agricultural system (CAS), and the CAS dominated the OAS by giving the highest total
microbial count (CFU). The results obtained in this study on olive fields agree with that obtained by [5] in India, who
found significant increase in population of bacteria, fungi and actinomycetes by 56.9, 55.2 and 49.5%, respectively at all
the locations under organic farming when compared to those in the conventionally managed soils. [21] assumed that
the higher microbial population in organically fertilized soils may be due to a higher organic matter content, water
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retention characteristics and nutrient availability. In peach field tree roots rhizosphere (OAS) recorded the highest
percentages in actinomycetes and in phosphate dissolving bacteria (PSM) while CAS dominated the OAS by giving the
highest total microbial count (CFU) and total fungi count. It is noted that under olive fields total fungi count was
significantly high under OAS in all field ages compared to CAS, while under peach fields fungi counts were significantly
high in all field ages under CAS compared to OAS. As can be seen that in peach fields both OAS and CAS dominated (OAS
gave the highest actinomycetes and bacteria) and CAS gave the highest CFU and fungi. This might be due to variation in
soil texture and structure. and this disagrees with results of [22] who found no differences between conventional and
organic agriculture systems on soil microorganism populations (fungus, bacterium and actinomycetes), for the corn
(Zea mays) and tomato (Lycopersicum esculentum).

According to field age, tree roots rhizosphere content of the younger field (9 years) olive trees under CAS dominated in
the highest counts of CFU, actinomycete and bacteria, and also in the youngest peach fields giving the highest counts of
CFU, fungi and bacteria counts compared to OAS. In 17 years old field OAS dominated CAS giving the highest counts in
total microbial count (CFU), actinomycete and bacteria count. For the old field (27 years) of olive CAS dominated giving
the highest counts of CFU and bacteria counts, while OAS dominated in counts of actinomycetes and fungi, and in peach
fields CAS dominated giving the highest counts of CFU, actinomycetes and fungi, while OAS only dominating in bacteria.
So itis clear that in young fields actinomycetes and bacteria were high under CAS, while in old fields actinomycetes and
fungi counts were the highest under OAS, and this may indicate that by time more organic nutrients may accumulate in
the soil making it favorable for growth of fungi. This agrees with results of [23] in Egypt who concluded that microbial
communities (bacteria, actinomycetes and fungi) were greater in soils from organic system compared to conventional
system and increase by time.

Regarding microhyzal colonization, they have an important role in plant nutrition, mycorrhizas can influence soil
aggregation, and arbuscular mycorrhizal fungi (AMF) play a crucial role in nutrient acquisition and soil fertility [24].
The results obtained showed that the (OAS) in olive fields recorded the highest percentages in myceliam, vesicles and
in spore counts/100g dry soil, in comparison to conventionally agricultural system (CAS), while CAS dominated the OAS
only in arbuscule percentage. And in peach field tree roots rhizosphere under (OAS) recorded the highest percentages
in all these four parameters mycelium, vesicles, arbuscule and in spore counts/100 g dry soil comparison to (CAS).
These results are incompatible with the results of [25] who reported the natural presence of arbuscular mycorrhizal
fungi species in organic farming ecosystems and their severe depression under conventional farming, indicating a
potentially severe loss of ecosystem function under conventional farming.

Regarding field age, in the younger field (9 years) OAS dominated giving the highest vesicles percentage and spore
counts/100g dry soil in olive trees rhizosphere compared to CAS, while CAS dominated in the mycelium and arbuscules
percentages compared to OAS. In the 17 years old field in olive OAS gave significantly the highest values of all the four
parameters compared to CAS. While at the same time CAS dominated OAS in the oldest field (27 years) under olive trees
recording the highest percentages and counts in all of the studied parameters. This means that when olive fields are
young organic agricultural system develops significantly high percentages of mycelium, vesicles, arbuscules and spore
count/100 dry soil compared to conventionally agricultural system, but under old olive fields conventional agricultural
system dominates in all these studied parameters compared to OAS. In case of peach fields CAS dominated OAS in the
younger (9 years), and 27 years old field in all of the four studied parameters giving the highest percentages of
mycelium, vesicles, arbuscules and spore count/100g dry soil, while OAS dominated CAS in the 17 years old field giving
the highest rhizosphere contents of mycelium, vesicles, arbuscules and spore count/100g dry soil. This indicates that
under olive or peach the 17 years old field under OAS dominates CAS giving the highest values of the studied parameters,
while under the old field 27 years old field CAS dominates OAS in all these studied parameters.

5. Conclusion

The results indicated significant variations between the two agricultural systems applied in the fields of olive and peach
trees at Al-Jouf region north east of the Kingdom of Saudi Arabia regarding rhizosphere content of microbial and
mycorrhizal colonization%. The highest percentages of actinomycetes, total fungi and bacteria (PSM) were recorded in
the organically agricultural system (OAS) in olive fields in comparison to conventionally agricultural system (CAS).
Regarding field ages OAS dominated CAS in total number of fungi under all olive fields ages, while under peach fields
fungi counts were high under CAS compared to OAS. Under peach fields OAS dominated (giving the highest
actinomycetes and bacteria and CAS dominated by giving the highest CFU and fungi count. The significantly highest
counts of CFU and bacteria were attained under conventional farming system (CAS) in all the different aged field
compared to OAS. Actinomycetes and bacteria in young fields were significantly high under CAS, while in old fields
actinomycetes and fungi counts were the highest under OAS, and this may indicate that by time more organic nutrients
may accumulate in the soil making it favorable for growth of fungi. OAS recorded the highest percentages in myceliam,
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arbuscules, vesicles and in spore counts/100g dry soil in both olive and peach fields in comparison to conventionally
agricultural system (CAS), except arbuscule counts under olive. Regarding field age OAS gave significantly the highest
values of all studied four parameters (myceliam, arbuscules, vesicles and in spore counts/100g dry soil) in the 17 years
old olive field compared to CAS. CAS dominated in the 27 years old field under olive trees recording the highest
percentages and counts in all of the studied parameters.
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