Evaluation of drought stress on agronomic response of canola cultivars with zeolite and selenium application
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Abstract
     To study the evaluation of drought stress on agronomic response of canola cultivars with zeolite and selenium application, an experiment was conducted at Iran in two growing season (2006 and 2007). The experimental designed a randomized complete block arrangement in a factorial split plot with three replications. Irrigation factor was at two levels; normal irrigation and water holding at the stem elongation stage. Zeolite was used at two levels; non application and 10 tones per hectare. Selenium was sprayed at three concentrations (0, 15 and 30 grams per liter of sodium selenate). These treatments were randomized in main plots while, three canola cultivars (Zarfam, Sarigol and Okapi) were randomized as sub plots. The results showed that main effects were significant while interaction effects were not significant. Irrigation had significant effect on all of traits as drought stress lead to a decrease of those traits. Selenium application increased stem diameter, silique number and seed number and seed yield but it had no significant effect on silique length. Zeolite application had significant increased seed yield and yield components.
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 Introduction
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]     In many regions of the world, including Iran, drought stress is one of the most important factors that decrease agricultural crop production. Canola (Brassica napus L.) is one of the most important oilseed plants in the world. Drought stress and increased temperature during flowering and seed-filling stages decreases canola yield. Researchers have shown that in many plants flowering, pollination and seed filling are stages sensitive to drought stress (Liu et al. 2004). 
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]     Zahedi et al. (2009) have been reported that zeolite and selenium application are benefit to improve of plant growth under drought stress. Kavoosi (2007) showed that 10 tons per hectare of zeolite application increased rice grain yield significantly. It has also been reported that flowering and primary stages of pod setting are the most sensitive stages of canola growth (Hashem et al. 1998). The responses of two canola cultivars to drought stress have been studied by Wright et al. (1995). They have shown that seed yield and oil percentages were strongly affected by drought stress. According to published results, decreases in canola seed yield are due to decreases in yield components, including pod number, seed number per pod and 1000-seed weight, in response to drought stress. Jensen et al. (1996) showed that normal irrigation during flowering and primary stages of pod development increases pod number and seed number per pod, but average 1000-seed weights were less affected than seed number per pod. Zeolites are hydrated aluminosilicates, characterized by three-dimensional networks of SiO4 and AlO4 tetrahedral and linked by shared oxygen atoms. Clinoptilolite is not the most well known zeolite, but it is one of the most useful. Selenium (Se) is an essential trace element for animals and humans (Tapiero et al. 2003), but its role in plants is still unclear (Hartikainen et al. 2000). Most cereal crops and fodder plants are relatively weakly able to absorb selenium, even when grown on soils with higher selenium content. There are indications that it can also play a positive biological role in higher plants (Germ et al. 2005).
Materials and methods
     This study was conducted at the experimental field of Karaj, Iran, (35º 59′ N latitude, 50º 75′ E longitude and an altitude of 1313 m) on three canola cultivars (Brassica  napus L. C.V. Zarfam, Sarigol and Okapi) in the 2006 and 2007 growing seasons. The yearly average precipitation (over a 30 year period), which is mostly concentrated in the autumn and winter months, was 244 mm. Before the experiment began, soil samples were taken to determine the physical and chemical properties. Composite soil samples were collected from a depth of 0-30 and 30-60 cm. After plowing and disking, plots were prepared. The experimental design was laid out in a randomized complete block with a factorially split plot arrangement of treatments in three replications. The treatments included irrigation at two levels, normal irrigation (I1) and water holding (I2), at the stem elongation stage. Zeolite applications were performed at two levels, 0 (Z1) and 10 tones per hectare (Z2), and selenium applications were performed at three concentrations, 0 (S1), 15 (S2) and 30 (S3) grams per liter, as sodium selenate at the initial silique stage. These treatments were applied to the three canola cultivars. At the end of the growing season, plant height, number of branches per plant, number of siliques per plant, number of seeds per silique, 1000-seed weight and seed yield were measured. All data were analyzed by analysis of variance (ANOVA) using the GLM procedure in SAS. The assumptions of variance analysis were tested by ensuring that the residuals were random and homogenous, with a normal distribution around a mean of zero. The LSMEANS command was used to compare means at a P<0.05 probability. 
Results and Discussion
      When combined analysis of two years was performed the results demonstrated that the effect of the year as a treatment had a significant effect on all of traits except main silique length. Different levels of irrigation; complete irrigation and water withholding at stem growth stage had a significant effect on all growth traits (p<0.01). Selenium application showed a significant effect just on the number of silique on main and sub stems and number of seed in main silique while all of assayed traits were affected by zeolite application. Meanwhile, there was a significant difference among cultivars in respect of stem diameter, main silique length, average of silique length and number of seed in mail silique. According to analysis of variance table, the main effects of year, irrigation, selenium zeolite and cultivar were significant on traits but interactions were not significant, thus the main effects will be explained in this study. Interaction effects between irrigation, selenium, zeolite and cultivars were significant only in seed yield. There are many reports of a decrease of vegetative growth and plant height under conditions of drought stress (Wright et al. 1995). Plant reproductive stages, including stem elongation, flowering, pollination and seed-filling, are sensitive to water stress (Thomas et al. 2004). The flowering and silique-setting stages are particularly susceptible to drought stress in canola (Wright et al. 1995).Comparison of means of main effects shows that there is a significant difference between first and second year on all traits except silique length. In general, silique growth and production were greater in second year than the first year, this could be due to climate conditions and the improvement of management schedules. The results confirm the fact that flowering and silique-setting stages are critical periods of water supply and that water stress in these periods strongly decreases silique number and seed yield. Water stress or withholding irrigation at the stem growth stage decreased stem diameter, number of silique in main stem, number of silique in sub stems, main silique length, sub silique length, silique length, number of seed in main silique and number of seed sub silique,1000 seed weight and seed yield. Irrigation withholding at stem elongation stage significantly decreased growth, number and length of silique and number of seed is silique. Leggo et al. (2000) studied the response of wheat to poultry manure amended by zeolite they have found that crop had better growth when zeolite was applied in poultry manure, they reported that increase of growth and yield is due to nitrogen availability by zeolite. One of the most important roles of selenium is increasing of growth (Hartikainen et al. 2000).
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