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Table 1. Water volumes applied in irrigation treatments of low, moderate and normal during plant growth period.
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Table 2. Characteristics of the hydrogel used in the experiment.
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Table 3. Chemical composition of Hoagland nutrient solution.
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Table 4. Results of variance analysis of effect of irrigation, fungus and hydrogel on studied traits of cucumber.
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ns, * and **: Non-significant effect and significant effect at 5 and 1% probability levels, respectively.
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Fig. 1. Interaction effect of irrigation, fungus and hydrogel on plant height; I1, I> and I3 are equivalent to low, moderate and normal
irrigation, respectively, Mo and M indicate no inoculation and inoculation of fungus, respectively, and Ho and H stand for no
application and application of hydrogel, respectively.
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Fig. 2. Interaction effect of irrigation, fungus and hydrogel on number of fruits per plant; I1, I and I5 are equivalent to low, moderate
and normal irrigation, respectively, Mo and M indicate no inoculation and inoculation of fungus, respectively, and Ho and H; stand
for no application and application of hydrogel, respectively.
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Fig. 3. Interaction effect of irrigation, fungi and hydrogel on final fruit yield; I, I» and I5 are equivalent to low, moderate and normal
irrigation, respectively, Mo and M indicate no inoculation and inoculation of mycorrhizal fungus, respectively; and Ho and H; stand
for no application and application of hydrogel, respectively.
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Fig. 4. Interaction effect of irrigation, fungus and hydrogel on shoot dry weight; 11, I> and I5 are equivalent to low, moderate and
normal irrigation, respectively, Mo and M indicate no inoculation and inoculation of fungus, respectively, and Ho and H; stand for no
application and application of hydrogel, respectively.
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Fig. 5. Interaction effect of irrigation, fungus and hydrogel on root dry weight; I1, I and I5 are equivalent to low, moderate and
normal irrigation, respectively, Mo and M indicate no inoculation and inoculation of fungus, respectively, and Ho and Hi stand for no
application and application of hydrogel, respectively.
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Fig. 7. Interaction effect of irrigation, fungus and hydrogel on water use efficiency; I1, I> and I5 are equivalent to low, moderate and
normal irrigation, respectively, Mo and M indicate no inoculation and inoculation of fungus, respectively, and Ho and Hi stand for no
application and application of hydrogel, respectively.
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Abstract

Due to high production and good economic income, greenhouse cultures are growing. Therefore, it is
necessary to find methods that increase yield and water use efficiency in greenhouse conditions. Use of
mycorrhiza fungi and hydrogel can be suggested in this regard. A factorial experiment was conducted in a
completely randomized design with 3 replications in the greenhouse of Payame Noor University of Zahedan
center in 2017-2018. The first experimental factor included irrigation at three levels of low, moderate and
normal with 540, 790 and 1040 liters of water per square meter, respectively. The second factor consisted of
mycorrhizal fungus at two levels of inoculation and no inoculation. Hydrogel treatment at two levels was
considered as the third factor. The results showed that under normal irrigation conditions and combined
application of fungus and hydrogel, the highest plant height, number of fruits per plant, final fruit yield, dry
weight of shoot and root, relative leaf water content and water use efficiency were obtained. For the above
traits, no significant difference was observed between this treatment and treatment of normal irrigation and
fungal inoculation and without hydrogel application. At moderate irrigation condition, the highest values of
the mentioned traits were obtained from the combined treatment of fungus and hydrogel and the yield
obtained from this treatment was not significantly different from the one at normal irrigation condition
without the use of fungus and hydrogel. At low irrigation condition, the highest values of the studied traits
were obtained from combined treatment fungus and hydrogel and also application of hydrogel without the
use of fungus. The lowest values of the studied traits in this experiment were obtained at low irrigation
treatment without the use of fungus and hydrogel. At low irrigation condition, there was no significant
difference between the two treatments of fungal application without the use of hydrogel and lack of fungal
application which indicates that the fungus is not effective at low irrigation condition.

Keywords: Consumed water, Cucumber, Greenhouse culture, Mycorrhizal fungus
Background and Objective: Due to the changes in climatic conditions and limitations of water resources,

Iran is one of the countries that need a fundamental revision in the structure of the crop cultivation systems
(1). In this regard, the development of systems such as hydroponic cultivation may be considered a suitable
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alternative (4). Hydroponic cultivation systems may increase water use efficiency (2) and if combined with
the use of hydrogel polymers (1) and mycorrhizal fungi (3), it may further improve this efficiency.
Therefore, this study was conducted to investigate the effect of hydrogel and mycorrhizal fungi on water use
efficiency the yield of greenhouse cucumber in hydroponic cultivation.

Methods: The experiment was conducted in a greenhouse according to a factorial experiment in a
completely randomized design with 3 replications. Treatments included irrigation at three levels: low,
moderate and normal as the first factor, levels of mycorrhizal fungus at two levels of inoculation and no
inoculation as the second factor, and application of hydrogel at two levels of no application and application
of hydrogel as the third factor. In this experiment, traits of plant height, number of fruits per plant, final fruit
yield, shoot and root dry weights, relative leaf water content and water use efficiency were studied. The data
obtained from the experiment were analyzed using SAS software version 9.4 and the means were compared
using Duncan's multiple range test at 5% probability level.

Results: The results showed that the highest plant height, number of fruits per plant, final fruit yield, shoot
and root dry weights, relative leaf water content and water use efficiency were obtained at normal irrigation
condition with combined application of mycorrhizal fungus and hydrogel, and there was no significant
difference between this treatment with the one at normal irrigation condition when fungus was used without
hydrogel. The lowest values for the above traits were obtained at low irrigation condition without the use of
fungi and hydrogel.

Conclusions: In general, reducing the irrigation water volume resulted in reduction of the growth and yield
of greenhouse cucumbers in hydroponic cultivation. However, the use of mycorrhiza fungi and hydrogel
could improve root zone water retention and prevented the damage caused by low available water and
improved the growth characteristics and yield of cucumbers. In this study, the use of mycorrhizal fungi and
hydrogel together at the moderate irrigation condition produced equivalent fruit yield to the condition of
normal irrigation condition but without the use of fungus and hydrogel.
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