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ABSTRACT

This study was carried out at the Iran Research Institute of Forest and Rangelands in 2006. The field experiment
was carried  out in a split factorial based randomized complete block design with 4 replications. The factors which
studied were two level water stress that irrigation after 30 mm water evaporation from evaporation pan (without
stress conditions) and irrigation after 60 mm water evaporation (water stress conditions), application and non-
application of mycorrhiza (Glomus hoi) and 0, 35 and 70 kg ha-1 phosphorus fertilizer (triple super phosphate). The
results showed that water stress significant effect on flowering shoot yield, essential oil yield of flowering shoot,
longest internode, essential oil percent of flowering shoot and umbellifer number and highest upon characteristics
were achieved under without stress conditions and highest oil percent of flowering shoot was achieved under water
stress conditions. Phosphorus and mycorrhiza significant effects on flowering shoot yield, essential oil yield of
flowering shoot and longest internode and means comparison showed that highest upon characteristics were achieved
under applications of 70 kghaG1 phosphorus and mycorrhiza. Also, highest essential oil percent of flowering shoot
was achieved under 35 kghaG1 phosphorus. It can be stated that AM is able to enhance the growth of coriander under
water stress through enhancing P uptake. This can have very important environmental implications through
decreasing the amount of P fertilizer under control and water stress conditions and also through enhancing the
coriander resistance when subjected to the water stress. 
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Introduction

Mycorrhizal fungi live in a ‘symbiotic’ relationship with plants. They grow in close association with the roots
and play an important role in the concentration and transfer of soil nutrients to the plant. In exchange, the plant
supplies the fungus with sugars. In some cases of poor establishment of young plants, especially from seed, this can
be associated with failure to establish a mycorrhizal relationship with suitable fungi. Mycorrhizal fungi have been
suggested as having a role in mediating the uptake of water at times of drought stress and of heavy metals on
contaminated ground (Courtecuisse, 1999). Root systems of crop and native plants are commonly colonized by one
or more mycorrhizal fungi, naturally occurring soil fungi that increase nutrient absorption and improve soil structure.
The hyphae of arbuscular mycorrhizal fungi penetrate roots and grow extensively between and within living cortical
cells, forming a very large and dynamic interface between symbionts. The hyphae also extend from root surfaces
into the surrounding soil, binding particles and increasing micro- and macro-aggregation (Auge, 2001). Although
specific fungus-plant associations with respect to drought tolerance are of great interest (Ruiz-Lozano et al., 1995),
the exact  role  of  arbuscular  mycorrhizal fungi (AFM) in drought resistance remains unclear (Auge et al., 1992a).
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Table 1: The results of soil analysis
Soil Sand Silt Clay K P N Na EC Depth of
texture (%) (%) (%) mg/kg mg/kg mg/kg Ds/m 1: 2.5 pH sampling
Sa 49 30 21 147.2 6.2 34.7 0.04 0.19 8.1 0-15cm
Sa.c.L 56 25 19 124.3 3.7 28.2 0.03 0.16 7.9 15-30cm

More studies are therefore needed to determine the direct or indirect mechanisms which control plant-water relations
in AMF-plant symbiosis. Although the effects of AM  fungi  on  plant  water  status  have been ascribed to the
improved  host nutrition (Graham and Syverten, 1987; Fitter, 1985), there are reports that drought resistance of AMF
plants is somewhat independent of plant P nutrition status of plants (Bethenfalvay et al., 1988 and Khalvati et al.,
2005). A field experiment was conducted to study and compare the effectiveness of two arbuscular mycorrhizal
fungi (AMF), Glomus macrocarpum (GM) and Glomus fasciculatum (GF) on three accessions of Artemisia annua.
The AM inoculation significantly increased the  production  of herbage, dry weight of shoot, nutrient status (P, Zn
and Fe) of shoot, concentration of essential oil and artemisinin in leaves as compared to non-inoculated plants
(Chaudhary et al., 2007). Results of the effects of different species of arbuscular mycorrhizal fungi on the vegetative
growth, production and composition of essential oil of Mentha arvensis L., grown in different phosphorus levels
When phosphorus was not used, the essential oil content and menthol levels in the oil were smaller in plants not
inoculated and the inoculated treatments provided increments of up to 89% in the essential oil and menthol contents
in relation to treatment not inoculated. No increment in essential oil and menthol contents occurred when the doses
of P were increased. The highest essential oil and menthol production, 0.69 g and 0.48 g for pot, respectively, were
found in plants inoculated with A. scrobiculata at the P levels and 126 and 123 mg for kg of soil, respectively
(Freitas et al., 2004). 

Materials and methods

This study was carried out at the Iran Research Institute of Forest and Rangelands in 2006. The field experiment
was carried out in a split factorial based randomized complete block design with 4 replications. The factors which
studied were two level drought stress that irrigation after 30 mm water evaporation from evaporation pan (without
stress conditions) and irrigation after 60 mm water evaporation (drought stress conditions), application and non-
application of mycorrhiza (Glomus hoi) and 0, 35 and 70 kg ha-1 phosphorus fertilizer (super phosphate triple). The
irrigation system was a piping system and determined water used in each irrigation period and amount of water for
each irrigation treatments was 17.28 m-3 in each period and also in the vegetation period of this experiment didn’t
natural precipitation. Selected varied P fertilization in the experimental program until symbiosis rate studied in
different levels of phosphorus conditions. The soil consisted of 21% clay, 30% silt and 49% sand (Table 1). 

The soil bulk density was 1.4 g cm–3 and further the field was prepared in a 15 m2 area (5 m ´ 3 m) totally 48
plots. Glomus hoi was provided from the Department of Biosafety and Microorganisms, Agricultural Biotechnology
Research Institute of Iran (ABRII) which was consisting of root fragments and adhering  spores  mixed  with soil
(90-110 propagules per 10 g soil). Shahabdolazimi variety is a native variety that used in experiment. It planted in
first of May month and germinated next of 21 days. Nitrogen fertilizer added in two periods that 75 kg haG1 urea
in first of steming stage and 75 kg haG1 urea in first of flowering stage also 150 kg haG1 potash fertilizer and
phosphorus treatments added in planting date. At the end of growth stage we collected plants for determined
symbiosis of mycorrhiza and coriander root. The degree of internal colonization produced by each entophyte in the
roots of plants was rated by observation under a microscope. Root segments were clarified and stained with trypan
blue (Philips and Hayman, 1970). The extent of root colonization was estimated by comparison of root length
between inoculated and non-inoculated plants as well as root length having hyphae. The results illustrated that
coriander inoculated with Glomus hoi displayed 60-71% root colonization with Glomus hoi (Figures 1 and 2).

(1)         (2)

Fig. 1,2: Symbiosis of mycorrhiza and coriander root
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End of august month was harvest stage and we collected 100 plants from each plot by chance for determined
plant characteristics and essential oil of flowering shoot exited from 100g flowering shoot samples with 4
replications by Clevenger (Noudjou et al., 2007). Data were subjected to analysis of variance (ANOVA) using
Statistical  Analysis System and followed by Duncan's multiple range tests. Terms were considered significant at
P > 0.05 (SAS institute Cary, USA, 1988).

Results

The results showed that mycorrhiza significant effect on flowering shoot yield and essential oil yield of
flowering shoot (α=1%) and longest internode (α=5%) and umbellifer number and essential oil percent of flowering
shoot were not significantly affected due to mycorrhiza (Table 2). Highest flowering shoot yield, essential oil yield
of flowering shoot and longest internode were achieved under application of mycorrhiza (Table 3). Phosphorus
significant effect on all characteristics (α=1%) and umbellifer number was not significantly affected due to
phosphorus (Table 2). Means comparison showed that highest flowering shoot yield, essential oil yield of flowering
shoot and longest internode were achieved under application of 70 kg haG1 phosphorus and highest essential oil
percent of flowering shoot was achieved under application of 35 kg haG1 phosphorus (Table 3). Also water stress
significant effect on all characteristics (α=1%) and highest upon characteristics were achieved under without stress
conditions  and  highest  essential  oil  percent  of  flowering  shoot was achieved under water stress conditions
(Table 3). The interaction of phosphorus and water stress significant effect on flowering shoot yield and essential
oil yield of flowering shoot  (α=1%) and essential oil percent of flowering shoot (α=5%). Means comparison showed
that highest upon characteristics were achieved under application of 70 kg haG1 phosphorus in without water stress
conditions  (Table 4). The interaction of mycorrhiza and water stress significant effect on flowering shoot yield and
essential oil percent of flowering shoot (α=1%) and essential oil yield of flowering shoot (α=5%) and means
comparison showed that highest upon characteristics were achieved under application of mycorrhiza in without water
stress conditions and highest essential oil percent of flowering shoot was achieved under application of mycorrhiza
in water stress conditions  (Table 4). The interaction of mycorrhiza and phosphorus and the interaction of
mycorrhiza, phosphorus and water stress were not significant effects on all characteristics (Table 4).

Discussions

Plants colonized by mycorrhizal fungi have been shown to deplete soil water more thoroughly than non-
mycorrhizal plants (Auge, 2001). One reason for this is the fact that the shoots of plants with AMF usually have a
larger biomass (more evaporative leaf surface area) than non-AMF plants (Fitter, 1985; Nelsen, 1987). Also the root

Table 2: Mean squares of determined characteristics of Coriander
Means Square 

Flowering Essential oil yield Essential oil percent Longest umbellifer
Value Sources df shoot yield of flowering shoot of flowering shoot internode number
Replication 3 6.177** 346.65
Mycorrhiza 1 1.05* 209.167
Error a 3 0.042 37.723
Phosphorus 2 7.564** 31.72
Mycorrhiza ´ phosphorus 2 0.775 17.671
Drought stress 1 133.667** 7874.563**
Mycorrhiza ´ drought stress 1 0.677 5.88
Phosphorus ´ drought stress 2 2.926* 16.459
Mycorrhiza ´ phosphorus ´ drought stress 2 1.373 4.107
Error bc 30 0.619 33.233
CV (%) 9.5 11.89
* and **: Significant at 5% and 1% levels respectively.

Table 3:  Means comparison of determined characteristics of Coriander
Biological Shoot P Root Stem Longer Highest 
yield  content length  diameter internode plant Lateral 

Treatments (kg haG1) (kg haG1) (cm)  (cm)  (cm) (cm) branch 
mycorrhiza Application 5705.5 a 7.8 a 20.02 a 0.44 a 8.4 a 50.6 a 9.5 a

Non application 5319 b 6.6 b 16.13 b 0.42 a 8.1 b 46.4 a 9.5 a
Phosphorus Non application 5035.8 c 4.1 c 15.93 c 0.39 a 7.7 c 46.9 a 9.1 a

35 kg ha-1 5495.5 b 7.9 b 18.27 b 0.44 a 8.1 b 49.2 a 9.8 a
70 kg ha-1 5702.3 a 11.1 a 20.56 a 0.45 a 9:00 AM 49.4 a 9.6 a

Irrigation according Normal irrigation 7538.8 a 12.7 a 15.25 b 0.55 a 10:00 AM 61.3 a 11:00 AM
Drought stress 3455.6 b 3.1 b 18.89 a 0.31 b 6.6 b 35.7 b 8.1 b
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Table 4:  Means comparison of determined characteristics of Coriander
Biological Shoot P Root Root Stem Longer Highest
yield content length length diameter internode plant Lateral

survey instance qualifications (kg ha-1) (kg ha-1) (cm) (cm) (cm) (cm) (cm) branch
Mycorrhiza Non application Non application of phosphorus 5177 e 4.1 e 14.53d 14.53d 0.4 a 7.8 b 44.7 b 9.2 a

35 (kg ha-1) phosphorus 5407 c 7. 9 c 15.79cd 15.79cd 0.44 a 7.8 b 46.2 ab 10.2 a
70  (kg ha-1) phosphorus 5511 b 11.1 a 18.46 b 18.46 b 0.47 a 8.8 ab 48.4 ab 9.3 a

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Application Non application of phosphorus 5371 c 5. 2 d 18.07bc 18.07bc 0.39 a 7.6 c 49.1 ab 9.1 a

35 (kg ha-1) phosphorus 5601 b 9. 3 b 21.06a 21.06a 0.44 a 8.6 bc 52.1 a 9.4 a
70  (kg ha-1) phosphorus 5703 c 11.5 a 21.4 a 21.4 a 0.43 a 9.3 a 50.4 ab 10:00 AM

Mycorrhiza Non application Non stress 7263 b 12.7 b 17.47b 17.47b 0.56 a 9.7 a 58.9 b 11.2 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Stress 3536 c 3.1 d 15.25c 15.25c 0.32 b 6.6 b 34 c 8 b

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Application Non stress 7815 a 13.3 a 20.51a 20.51a 0.55 a 10.2 a 63.8 a 10.6 a

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Stress 3536 c 4 c 19.83a 19.83a 0.29 b 6.6 b 37.4 c 8.4 b

Irrigation Non stress Non application of phosphorus 7139 c 9. 6 c 16.83bc 16.83bc 0.51 a 9.1 b 58.6 a 10.8 a
according 35 (kg ha-1) phosphorus 7545 b 11. 3 b 18.85ab 18.85ab 0.59 a 9.3 b 62.2 a 11.1 a

70  (kg ha-1) phosphorus 7936 a 12.7 a 20.99a 20.99a 0.56 a 11.2 a 63.1 a 10.8 a
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Stress Non application of phosphorus 3333 f 2. 5 e 15.76c 15.76c 0.28 b 6.3 c 35.2 b 7.4 b

35 (kg ha-1) phosphorus 3484 e 3. 5 d 18bc 18bc 0.3 b 6.7 c 36.3 b 8.5 b
70  (kg ha-1) phosphorus 3553 d 3.7 d 18.87ab 18.87ab 0.35 b 6.9 c 35.7 b 8.5 b

Mycorrhiza Non application Non stress Non application of phosphorus 6904 e 7.4 c 18.6 abc 18.6 abc 0.5 a 9.4 cd 56.5 a 10.9 a
35 (kg ha-1) phosphorus 7173 de 9. 2 b 17.2bcd 17.2bcd 0.58 a 8.9 d 58.9 a 11.3 a
70  (kg ha-1) phosphorus 7711 bc 10. 3 b 19.38ab 19.38ab 0.59 a 10.7 ab 61.3 a 11.3 a

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Stress Non application of phosphorus 3265 i 2. 2 e 13.77d 13.77d 0.3 b 6.2 e 32.9 b 7.4 b

35 (kg ha-1) phosphorus 3235 i 3. 5 d 14.43cd 14.43cd 0.31 b 6.8 e 33.5 b 7.1 b
70  (kg ha-1) phosphorus 3536 h 3. 6 d 17.6bcd 17.6bcd 0.36 b 6.8 e 35.6 b 7.3 b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Application Non stress Non application of phosphorus 7373 c 9.1 c 18.4 abc 18.4 abc 0.52 a 8.8 d 60.7 a 10.7 a

35 (kg ha-1) phosphorus 7911 b 10.2 b 20.55ab 20.55ab 0.6 a 10.2 bc 65.6 a 10.8 a
70  (kg ha-1) phosphorus 8161 a 12.4 a 20.83 a 20.83 a 0.53 a 11.7 a 65 a 10.3 a

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Stress Non application of phosphorus 3570 h 3.1 e 17.7 bcd 17.7 bcd 0.26 b 6.4 e 35.5 b 7.4 b

35 (kg ha-1) phosphorus 3637 g 4. 3 d 20.8a 20.8a 0.28 b 6.6 e 39.1 b 8 b
70  (kg ha-1) phosphorus 4301 f 4.4 d 20.95a 20.95a 0.34 b 7 e 35.8 b 7.8 b

Means within the same column and rows and factors, followed by the same letter are not significantly difference (P<0.05) using Duncan' s multiple range test.

systems of plants with AMF are often more finely divided and thus have more absorptive surface area (Allen et al.,
1981; Busse and Ellis, 1985; Ellis et al., 1985; Huang et al., 1985). Furthermore, the roots of plants with AMF dry
the soil more quickly than non-AMF plants of similar size (e.g., Bryla and Duniway, 1997). Absorb of phosphorus
is by plants in forms H2SO4

- and HSO4
-2 that for absorb of this anion, pH of soil must be acidic. Hyphaes of

mycorrhiza splash solvent acid of phosphorus (For example: Malic acid) that cause increasing absorb of phosphorus
by plan in non-acid soils. Application of mycorrhiza, increased absorb of phosphorus by plan and also, phosphorus
increased biological yield and shoot P content. Also decreased biological yield under drought stress conditions
because in these conditions, plant deleted surplus leafs and decreased leafs area and also closed or semi closed it
stomatals because least of water wasted by evapotranspiration and in stress conditions decrease water of soil and
plant for absorb of water decrease inside of osmotic pressure until water enter from soil to plant with more pressure.
Therefore, Co2 and water absorb decreased in this condition and biological yield decreased because decreased
photosynthesis.

Conclusion

The  investigation  showed  that  AM  is able to enhance the growth of coriander under water stress through
enhancing P uptake. This can have very important environmental implications through decreasing the amount of P
fertilizer under control and water stress conditions and also through enhancing the coriander resistance when
subjected to the water stress. 
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