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Abstract: The study was mainly aimed to investigated the response of potted-grown tomato (Lycopersicon
esculentum Mill var. lorely F1) to inoculation with arbuscular mycorrhizal fungi (AMF) as well as the
application of organic (0, 12.5 and 25 ton ha ) and inorganic fertilizers (0, 625, 1250 and 1875 kg ha ) under1 1

glasshouse conditions. This experiment was carried out during the 2011/2012 growing season at the Agricultural
Research Station, Faculty of Agriculture, Mu'tah University in the Southern part of Jordan. The experimental
treatments were arranged as a factorial in a complete randomized block design (CRBD) with 3 replications for
each treatment. Results indicated that vegetative growth parameters viz., plant height, root length, leaf area and
shoot dry weight at the flowering stage (50 days post planting) were increased with increasing the level of both
inorganic and organic fertilizers regardless of mycorrhiza status. At the beginning of the harvesting time (80
days post planting), all vegetative parameters tested (shoot and root length, leaf area and shoot dry weight)
were not significantly affected by the interaction between the fertilizer and the fungus. Furthermore, the main
effects of fertilizer and fungus on growth parameters at both growing stages tested (50 and 80 days after
planting) were significantly increased with increasing fertilizer level and mycorrhizal inoculation. Root
colonization by mycorrhizal fungi in inoculated treatment was high, especially at low level of organic and
chemical fertilizers. The highest level of inorganic fertilizer significantly reduced the root colonization;
meanwhile, organic fertilizer exhibit non-significant effect. Inoculation tomato plants with mycorrhiza had
pronounced significant effect on root colonization. 

Key words: Growth Parameters  Root colonization  Sustainable Agriculture  Organic Farming  Manure 

INTRODUCTION Growing vegetable crops in Jordan is faced by

Tomato (Lycopersicon esculentum Mill.) is one of the biotic and abiotic factors i.e. poor soils fertility, low
major vegetable crops grown worldwide. A global review organic   matter,   low   water   holding   capacity   and
of major vegetables shows that  tomato  ranks  first in high  soil  pH  [2-4].  To  overcome  low soil fertility,
area under cultivation with major vegetables. In Jordan, farmers  usually  apply  high  amounts of chemical
tomato grown under both open field and  protected fertilizers to enhance crop growth and increase
culture conditions. The importance of tomato in Jordan is productivity per unit area [4, 5]. Organic manure
reflected from the area planted to this crop and its application can serve as an alternative practice for soil
corresponding total production. The average area planted fertilizing due to its high nutritional value and
to tomato is estimated at 12.5 thousands ha, producing enhancement effect on soil properties in order to provide
about 70% of the total vegetables production in the essential minerals [4]; include organic matter, water
country. The number of plastic houses are 15 thousands holding capacity, soil structure, enhance soil biological
(~ 750 ha) producing about 89 thousands tones of fruits activity and promote soil aggregates [6, 7], hence improve
[1]. crop yields.

different   kinds   of   problems,   which   include   both
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On the other hand, soil microorganisms play a vital Organic Fertilizer Treatments: Three organic fertilizer
and significant role in regulating the dynamics of organic levels viz.,chicken, sheep and cow manures' mixtures with
decomposition and the availability of plant nutrients. It is a ratio of 1: 1: 1 were used. The organic fertilizers were
well recognized that microbial inoculants constitute an obtained from Agriculture Jordanian Company for Organic
important component of integrated nutrient management Fertilizer Production (Amman-Jordan). Pots were
that leads to sustainable agriculture. One of the important separately received 0, 100 or 200 g pot . These are
beneficial microorganisms that can be used as a bio- equivalent to rates of 0, 12.5 and 25 tones/ha. Organic
fertilizer is the arbuscular mycorrhizal fungi (AMF). The fertilizer pH and EC were 8.1 and 3.7 dSm , respectively.
inoculants can be used as an economic input to increase
the crop productivity, thus fertilizer doses can be lowered Mycorrhizal Treatments: Two mycorrhizal treatments
and more nutrients can be harvested from the soil through were applied i.e., inoculated or non- inoculated with
mycorrhizae [8]. Mycorrhizal fungi are an alternative bio- commercial inoculums obtained from Biomyc (Germany)
fertilizer for enhancing vegetative growth and yield micorrhiza inoculation (BioMyc). Mycorrhiza vital
instead of relying on mineral fertilizer. Mycorrhizal concentrate is a naturally produced, non-genetically
inoculation reduces the quantity of fertilizer application, modified product on the basis of high quality mycorrhizal
making it less than normally required for non inoculated fungi. The fungal spores are in expanded clay pellets as a
plant condition [3, 9, 10]. This study aimed at carrier substrate. The granules have a diameter of 2-4 mm
investigating the effect of AMF in combination with and used in equal amounts for each transplant (Each cell
inorganic and organic fertilizers on tomato growth in polystyrene trays about 5ml/cell) as recommended by
performance. manufactured company, to produce mycorrhizal tomato

MATERIALS AND METHODS the trays to give a similar propagule number in each cell.

Experimental Site and Design: The experiment was below the seeds in the growth substrate (Peat moss and
conducted at the Agricultural Research Station, Faculty perlite).
of Agriculture, Mu'tah University, Karak, Jordan in a
partially controlled glasshouse during the period from 25 Vegetative Growth Measurement: Vegetative growthth

May to 25  August, 2011. The experimental treatments parameters were measured after 50 days (Flowering time)th

were arranged as a factorial in a complete randomized and 80 days (Beginning of harvesting) of transplanting.
block design (CRBD) with three replications for each Plant heights were recorded for all treatments from soil
treatment. surface to the highest point of the plant. Shoots of

Experimental Treatments: Tomato of cultivar Lorely F1 oven dried to a constant weight at 65ºC for 72 h. Leaf area
was used in this study. Tomato seeds were grown in of sampled plants in all treatments was measured using a
polystyrene trays under greenhouse conditions. leaf area meter (LI3100, LI-cor Inc. Lincoln, Nebraska,
Peatmoss and perlite mixture at a ratio of 3: 1 were used as USA). After severing shoots, roots were extracted from
a growth medium. Five-week-old seedlings were soil and the length of the largest root in each plant was
transplanted into plastic pots (25 cm in diameter) measured by a ruler. 
containing 8 kg of soil (Table 1). The following treatments
were performed during the study: Determination of Mycorrhizal Colonization: To examine

Chemical Fertilizer Treatments: Chemical fertilizer (N-P- roots of each plant was taken. Root colonization with
K 12.5-12.5-12.5-TE) were used at the four different rates mycorrhiza was determined according to a modified
i.e., 0, 5, 10 and 15g pot , which is equivalent to 0 method of Phillips and Hayman [11]. Root samples were1

(Control), 625, 1250 and 1875 kg ha . These rates were cleared in 2% KOH, stained in 0.1% trypan blue. From1

manually applied in 3 partitions during the experimental each root sample, 10 randomly selected root segments
period. They were applied 2, 4 and 8 weeks post were arranged parallel to each other on a microscope slide
transplanting. and  the  mycorrhizal  root  colonization   was  determined

1

1

plants. Inoculums were applied at time of seeds sowing in

Mycorrhizal inoculum was placed in planting holes' cell

sampled plants were cut down to the top of soil surface;

the presence of mycorrhizal fungi in sub samples, 1g of

Table 1: Some physical and chemical soil characteristics before planting
Sand (%) Silt (%) Clay (%) Organic matter (%) PH EC (dS/m) N (%) P (ppm) K (ppm)
45 23 32 1.4 7.4 0.84 0.31 125 260
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microscopically at 25x [12]. The root colonization RESULTS
percentages were calculated as a ratio of the infected to
the total selections' examined by determining percentage Shoot Dry Weight: The results showed no interactive
root segments containing arbuscules + vesicles using a effect of inorganic fertilizer × organic fertilizer ×
gridline intercept method [12]. mycorrhiza on shoot dry weight at the two growing stages

Statistical Analysis: Analysis of data was performed addition of mycorrhiza was accompanied by an increase
using the statistical package MSTAT-C (Michigan State in shoot dry weight. Inorganic and organic fertilizers as
University). One-factor-analysis of variance (ANOVA) well as mycorrhiza had a significant main effect on shoot
was conducted to detect differences among means [13]. In dry weight for both growing stages (50 and 80 days after
case of differences among means were detected, then the planting) (Table 2). Application of 625 kg ha  of
second step was to determine the significant differences inorganic fertilizer has significantly increased shoot dry
among means at a probability level of  0.05 using the weight at flowering stage as compared to control, but no
Least Significant Differences (LSD) test [14]. significant differences  were  detected between  625  and

(Table 2). However, each increase in fertilizer dose with

1

Table 2: Probabilities of ANOVA significance for leaf area, shoot height, shoot dry weight and root length in tomato plants grown under different inorganic
and organic fertilizer levels and inoculated or not with AM fungi at two different growing stages

Trait Inorganic fertilizer (c) Organic fertilizer (O) AM status C × O C × AM O × AM C × O × AM
At flowering stage (50 days after planting)
Leaf area (cm2/plant) ** ** ** ** ** ** **
Shoot height (cm) ** ** ** ** * ** **
Shoot dry weight (g) ** ** ** * * ** NS
Root length (cm) ** ** ** NS NS NS NS
After 80 days of transplanting
Leaf area (cm2/plant) ** ** ** NS * ** NS
Shoot height (cm) ** ** ** * * NS NS
Shoot dry weight (g) ** ** ** ** ** NS NS
Root length (cm) ** ** ** ** ** NS NS
Root colonization (%) ** NS ** ** ** ** **
*Significant at P 0.05; **Significant at P=0.01; NS: None significant.

Table 3: Interactive effects of inorganic, organic fertilizers and mycorrhiza on shoot dry weight, leaf area, shoot height and root length in tomato plants
inoculated or not inoculated with AMF at flowering stage (after 50 days of transplanting)

Inorganic fertilizer (kg/ha) Organic fertilizer (ton/ha) AMF status Shoot DW(g/plant) Leaf area (cm2) Shoot height (cm) Root length (cm)
0 0 None-AMF 4.5 i* 150.7 q 66.0 ij 10.0 i

AMF 5.6 h 157.7 op 70.0 fg 13.0 gh
12.5 None-AMF 6.1 h 175.0 h 65.3 j 14.0 fg

AMF 8.4 cde 182.3 cde 77.7 cd 17.0 cd
25 None-AMF 6.9 g 165.0 jk 70.7 f 15.0 ef

AMF 8.6 bcd 167.0 ij 78.3 bcd 17.0 cd
625 0 None-AMF 5.9 h 155.0 p 66.0 ij 11.7 h

AMF 7.2 g 160.3 mno 71.3 f 14.0 fg
12.5 None-AMF 6.9 g 182.0 cde 69.7 fgh 15.0 ef

AMF 7.9 ef 186.0 b 79.0 bc 18.0 bc
25 None-AMF 7.3 fg 177.7 gh 75.3 e 16.0 de

AMF 8.9 bc 180.7 def 77.7 cd 19.0 ab
1250 0 None-AMF 6.0 h 161.0 lmn 65.0 j 13.0 gh

AMF 6.8 g 169.0 i 70.0 fg 14.0 fg
12.5 None-AMF 7.0 g 156.0 p 70.3fg 16.0 de

AMF 8.8 bc 159.0 no 79.0 bc 18.0 bc
25 None-AMF 8.1 de 178.0 fg 77.0 cde 17.0 cd

AMF 8.6 bcd 184.3 bc 78.7 bc 19.0 ab
1875 0 None-AMF 5.9 h 182.3 cde 66.0 ij 14.0 fg

AMF 7.1 g 180.0 efg 67.7 hi 16.0 de
12.5 None-AMF 6.7 g 163.3 kl 68.3 gh 16.0 de

AMF 9.0 ab 162.3 klm 80.3 b 17.7 bc
25 None-AMF 8.1 de 183.0 cd 76.3 de 16.7 cd

AMF 9.5 a 191.7 a 85.0 a 20.5 a
LSD (0.05) 0.6 1.5 2.1 1.6
*For each factor, within each column, values having different letters are significantly different at P 0.05 according to LSD.
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Table 4: Interactive effects of inorganic, organic fertilizers and mycorrhiza on shoot "dry weight and height", leaf area and root" length and colonization" of
tomato plants after 80 days of transplanting

Chemical Organic
fertilizer (kg/ha) fertilizer (ton/ha) AMF Status Root coloniza-tion (%) Shoot DW(g/plant) Leafarea(cm2) Shoot height (cm) Root length (cm)
0 0 None 0.0 h* 7.0 j 158.3 j 71.0 k 15.0 l

AMF 49.1 cd 8.6 fgh 166.7 hij 79.3 hij 22.0h-k
12.5 None 0.0 h 7.5 ij 180.3 def 75.7 jk 18.7 kl

AMF 51.3 b 10.3 cd 189.0 bcd 86.0 fgh 30.7 def
25 None 0.0 h 8.7 fgh 171.7 f-i 83.7 ghi 21.3 ijk

AMF 49.0 cd 10.1 de 169.7 ghi 95.3 cd 33.3 cd
625 0 None 0.0 h 7.0 j 167.0 hij 75.3 jk 19.0 jkl

AMF 54.0 a 8.7 fgh 168.0 ghi 86.3 fgh 29.0 d-g
12.5 None 0.0 h 10.1 de 192.7 abc 77.3 ijk 24.0 g-j

AMF 43.7 f 7.0 j 188.0 bcd 95.0 cde 36.7 bc
25 None 0.0 h 8.7 fgh 190.0 abc 90.3 d-g 26.0 e-i

AMF 50.0 bc 8.3 ghi 194.3 abc 103.0 b 39.3 ab
1250 0 None 0.0 h 11.1 bc 166.0 hij 75.7 jk 21.3 ijk

AMF 55.3 a 8.9 fgh 173.7 fgh 88.0 efg 26.7 e-h
12.5 None 0.0 h 11.4 b 163.0 ij 88.7 d-g 25.7 f-i

AMF 41.7 f 10.8 bcd 162.3 ij 101.7bc 37.7 bc
25 None 0.0 h 10.9 bcd 185.7 cde 92.7 def 29.0 d-g

AMF 47.0 de 12.8 a 191.3 abc 114.0 a 43.0 a
1875 0 None 0.0 h 7.5 ij 192.7 abc 77.0 ijk 21.0 ijk

AMF 46.7 e 10.1 de 196.7 ab 90.3 d-g 31.0 de
12.5 Non 0.0 h 9.4 ef 177.3 efg 91.0 def 23.0 h-k

AMF 50.0 bc 10.9 bcd 170.7 ghi 111.7 a 38.7 ab
25 None 0.0 h 10.7 bcd 196.0 ab 92.0 def 32.7 cd

AMF 36.7 g 13.1 a 199.3 a 118.3 a 25.3 ab
LSD (0.05) 1.0 1.8 2.1 7.0 5.2
*For each factor, within each column, values having different letters are significantly different at P 0.05 according to LSD.

1250 kg ha  (Table 3). After 80 days of planting, shoot was found in leaf area after 80 days of planting, except1

dry weight was significantly increased by increasing inorganic fertilizer which had no significant effect (Table
inorganic fertilizer level (Table 4). At both growing stages, 4 and 6). Leaf area was apparently higher for mycorrhizal
each increase in organic fertilizer level resulted in a than non-mycorrhizal plants. 
significant increase in tomato shoot dry weight (Table 5
and 6). In addition, inoculation with mycorrhiza induced Plant Height: The interactive effect of inorganic, organic
a significant increase in shoot dry weight. and micorrhiza on shoot height of tomato plants was

Leaf Area: The leaf area was significantly affected by the at 80 days after planting (Table 2). At flowering stage, the
interaction of inorganic x organic x mycorrhiza at flowering highest shoot height (85 cm) was obtained by application
stage (50 days after planting), but no significant effect of 1875 kg ha of inorganic and 25 tones ha  of organic
was   observed   after   80   days   of   planting  (Table  2). fertilizer with inoculation by AMF, while the lowest
At flowering stage, the highest value of leaf area (191.7 tomato height (66 cm) was recorded in the control
cm ) was obtained by application of 1875 kg/ha of treatment (Table 3). On the other hand, shoot height was2

inorganic and 25 tones/ha of organic with mycorrhiza, not significantly influenced by chemical x organic x
while the least value (150.7 cm ) was obtained from the mycorrhiza interaction 80 days after planting (Table 4).2

control treatment (Table 3). In general, leaf area tended to However, the highest shoot length resulted when the
increase with applying the higher rate of both fertilizer highest rate of both fertilizers was applied with AMF
types with mycorrhiza  inoculation.  Leaf  area  of  tomato inoculation and the lowest plant length was reported in
plants was significantly affected by the main effect of control treatment. The main effect of inorganic and
inorganic and organic fertilizers as well as mycorrhiza organic fertilizers as well as mycorrhiza on shoot height
(Table 2). Each increase in inorganic and organic fertilizers was significant at both growing stages. Applying 625 kg
resulted in a significant increase in leaf area of tomato at ha  of inorganic fertilizer significantly increased shoot
flowering stage. Also, inoculation with mycorrhiza height, while applying more than 625 kg ha  of inorganic
induced a significant increase in leaf area. The same trend fertilizer   had   no  significant  effect.  On  the  other  hand,

significant at flowering stage, while it was not significant

1 1

1

1
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Table 5: Main effects of inorganic, organic fertilizers and AMF on shoot dry weight, leaf area, shoot height and root length in tomato plants at flowering stage
Treatments Shoot DW (g/plant) Leaf area (cm2) Shoot height (cm) Root length (cm)
Inorganic fertilizer (kg ha-1)
0 6.7 c* 167.7 d 71.3 b 14.3 c
625 7.3 b 170.5 c 73.2 a 15.6 b
1250 7.6 ab 172.6 b 73.3 a 16.2 ab
1875 7.7 a 174.2 a 74.0 a 16.7 a
LSD (0.05) 0.3 1.2 0.9 0.6
Organic (ton ha-1)
0 6.1 c 158.0 c 67.8 c 13.2 a
12.5 7.6 b 172.8 b 73.7 b 16.5 b
25 8.3 a 182.8 a 77.4 a 17.5 c
LSD (0.05) 0.2 1.0 0.7 0.6
AM inoculation
Without AM 6.6 b 167.1 b 69.7 b 14.5 b
With AM 8.0 a 175.4 a 76.2 a 16.9 a
* For each factor, within each column, values having different letters are significantly different at P 0.05 according to LSD.

Table 6: Main effects of inorganic, organic fertilizers and AMF on shoot dry weights, leaf area, shoot height, root length and colonization of tomato plants
after 80 days of transplanting

Treatments Shoot DW (g/plant) Leaf area (cm2) Shoot height (cm) Root length (cm) Coloniza-tion (%)
Inorganic fertilizer (Kg/ha)
0 8.7 d* 176.2 b 81.8 d 23.5 c 25.5 a*
625 9.2 c 180.6 a 87.6 c 29.0 b 25.4 a
1250 9.9 b 180.3 a 93.4 b 30.6 ab 25.1 a
1875 10.3 a 181.3 a 96.7 a 31.1 a 12.5.3 b
LSD (0.05) 0.4 3.9 2.9 2.1 0.87
Organic (ton/ha)
0 8.2 c 166.7c 80.1 c 23.1 c 24.4 a
12.5 9.6 b 181.8 b 90.9 b 29.4 b 24.2 a
25 10.8 a 190.3 a 98.7 a 33.1 a 23.8 a
LSD (0.05) 0.3 2.8 2.0 1.5 0.75
AM inoculation
Without AM 9.2 b 173.1 b 82.4 b 23.1 b 0.0 b
With AM 9.9 a 186.1 a 97.4 a 34.0 a 25.7 a
*For each factor, within each column, values having different letters are significantly different at P 0.05 according to LSD.

each increase in organic fertilizer level resulted in a 14.5 to 16.9 cm as well as from 23.1 to 34.0 cm,
significant increase in shoot height. Inoculation of tomato respectively.
plant with mycorrhiza has significantly increased shoot
height (Table 5). Root Colonization: The statistical analysis showed that

Root  Length:  There  was  no  significant  interactive organic fertilizer and mycorrhiza, (Table 2) on root
effect of inorganic × organic × mycorrhiza on root length colonization. The highest root colonization observed
at  both  growing  stages (Table 2). Main effect of when inoculated plants supplied with 1250 kg ha  of
inorganic  and  organic  fertilizers  as  well  as  mycorrhiza inorganic fertilizer; while the lowest value in inoculated
on root length was significant (Table 5 and 6). Each plant was observed at the highest level of inorganic
increase in inorganic fertilizer rate has resulted in a fertilizer (1875 kg ha ) and 25 tones ha  of organic
significant increase in root length at both growing stages. fertilizer (Table 4). Inorganic fertilizer and mycorrhiza had
Also, each increase in organic fertilizer levels resulted in significantly main effect on root colonization. Applying
a significant increase in root length. In addition, the highest level of inorganic fertilizer has significantly
inoculated tomato plants with mycorrhiza increased root reduced root colonization as compared to the lower level.
length. After 50 and 80 days of planting, inoculation of Inoculated tomato seedlings with mycorrhiza had higher
tomato seedlings with AMF increased root length from significant effect on root colonization (Table 6).

there is a significant interactive effect of inorganic,

1

1 1
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DISCUSSION According to the current results, applying higher

In general, inorganic and organic fertilizers colonization as compared to the lower levels. These
application' enhanced the vegetative growth (shoot dry results agreed with the general observation that AMF
weight, leaf area and plant height) and root length. This is root colonization levels are greater at low P levels [10, 33-
in agreement with findings of Wong et al. [15] and 36]. Ryan and Graham [35] indicated that AMF
Magnusson [16] on Chinese cabbage, Abdelrazzag [17] colonization is, in general, severely limited by the high P-
on onion, Norman et al. [18], Liasu and Achakzai [19] and inputs in vegetable systems. Also Sorensen et al. [36]
Parmar et al. [20] on tomato, pepper and strawberry, indicated a clear reduction in root colonization occurs
Achakzai et al. [21] on maize, Hanif et al. [22] on lentil and when soil P levels become high, i.e. above 150 mg kg . In
Ouda and Mahadeen [3] on broccoli. It might be due to the present work, the tomato crop was grown in soils with
the fact that fertilizers provide plant with different moderate to high contents of plant available P and this
nutrients and improve soil water holding capacity. Such could explain the observed lack of treatment effect on
considerable improving effect of organic manure and tomato root colonization. Inoculated tomato seedlings
inorganic fertilizers on vegetative growth traits (Shoot dry with mycorrhiza had pronounced effect on root
weight, plant height, leaf area) could be attributed to that colonization because no colonization was observed in
N is an indispensable elementary constituent of numerous control plants. According to Ryan and Graham [35]
organic compounds like amino acids, protein, which intensive horticultural systems with high inputs of P-
required in protoplasm formation and cell elongation [23]. fertilizer and fungicides might reduce formation of AMF
Furthermore, Arisha and Baradisi [24] reported that N, P and negate any potential benefits from AMF for crop
and K induce cell division, metabolism activity and nutrition and root health.
encourage photosynthesis, which reflected on dry matter
accumulation. Arish et al. [25] reported that the organic CONCLUSION
fertilizer activates many species of living organisms,
which release phytohormones and might stimulate the Application of mycorrhiza inoculums at transplanting
plant growth, absorption of nutrients and photosynthesis. enhances plant growth, which strongly supports the

Results of the present study are in accordance with importance of application of this technology by farmers to
Al-Momany [26], who reported that inoculation of tomato, grow vegetable crops. Application of NPK fertilizer
eggplant and hot pepper plants with VAM endophytes inhibits mycorrhizal performance, especially under high
increases plant vegetative growth. These results agreed soil phosphorus concentration. Also, application higher
with those obtained by Kim et al. [27], who reported that rate of organic fertilizer inhibits root colonization.
tomato seedlings inoculated with mycorrhiza produce
higher dry biomass than non-mycorrhizal plants under REFERENCES
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