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Figure 1. soil moisture curve
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Table 2. Analysis of variance effects of water deficit and Rhizobacteria on morphological traits

water deficit Rhizobacteria Rhizobacteria x water deficit
Parameters

f p f p f p
Survival 93.403 0.000 7.102 0.021 7.102 0.009
Height growth 24.651 0.000 7.332 0.019 1.402 0.284
Diameter growth 1.051 0.380 0.275 0.609 0.340 0.719
Root dry weight 1.768 0.212 5.738 0.034 0.175 0.841
Shoot dry weight 6.548 0.012 8.180 0.014 0.943 0.416
Total biomass 4.755 0.030 8.428 0.013 0.168 0.848
Root volume 0.474 0.634 2.287 0.156 0.218 0.807
Root length 0.532 0.601 2.272 0.158 0.216 0.808
Root to shoot ratio 0.681 0.525 0.092 0.767 2.215 0.152
Seedling Quality Index 3.644 0.058 7.767 0.016 0.047 0.954

(5L 5151 ik ,0) (oS mhas s G Lo 0eSils aglio =¥ Jgur
Table 3. Comparison of means as affected by water deficit (without considering the rhizobacteria effect)

Parameters 3-day irrigation 6-day irrigation 9-day irrigation
Survival 100+0a 100£0a 49.83+18.94b
Height growth 7.23%£1.21a 5.47£1.19b 341+l1c
Diameter growth 1.23+0.32a 1.28+0.27a 1.01+0.35a
Root dry weight 7.97+2.98a 7.69+2.75a 5.66+1.77a
Shoot dry weight 15.374£2.99a 13.54+2.74ab 9.70+4.18ab
Total biomass 23.34+5.46a 21.25+5.14a 15.36+5.79a
Root volume 1.17+0.10a 1.21+0.16a 1.14+0.08a
Root length 2.70£0.24a 2.78+0.37a 2.61+0.19a
Root to shoot ratio 0.5240.15a 0.56+0.13a 0.61£0.13a
Seedling Quality Index 2.88+0.66a 2.78+0.85a 1.99+0.64a
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Table 4. Comparison of means as affected by rhizobacteria (without considering the water deficit effect)

Parameters Non-inoculation inoculation
Survival 78.67£19.23b 87.89+32.63a
Height growth 4.77+£1.28b 5.97+2.38a
Diameter growth 1.21+0.38a 1.13+£0.25a
Root dry weight 5.79+1.47b 8.42+2.92a
Shoot dry weight 11.01+3.74b 14.74+3.44a
Total biomass 16.80+4.89b 23.17+£5.92a
Root volume 1.13£0.09a 1.21+0.13a
Root length 2.59+0.21a 2.79+0.29a
Root to shoot ratio 0.55+0.14a 0.57£0.13a
Seedling Quality Index 2.13+0.52b 2.96+0.82a
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Figure 2. Mean of survival as affected by drought and rhizobacteria
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Abstract

Background and objectives: Mediterranean Cypress (Cupressus sempervirens var. fastigiata)
is a native, evergreen species. Due to its various merits, particularly its wide use in parks and
urban green spaces, it is of interest in most climatic regions of Iran, including Zagros provinces.
Due to the poverty of soil and limitation in water sources, the production of seedlings of this
species has become particularly problematic in some of these regions. By using rhizobacteria
Pseudomonas fluorescens inoculation in soil, for the first time, the present study aims to
determine the resistance and variations of growth characteristics of seedlings under water deficit
conditions.

Materials and methods: The experiment was conducted as a factorial, using a completely
randomized design with two treatments (i.e., with rhizobacteria and without rhizobacteria),
different watering levels (3, 6, 9 and 12 days) in three replicates. After 5 months, growth
characteristics of seedlings were measured.

Results: Increasing the watering period (water deficit) caused to significantly decrease the
survival, diameter, shoot biomass and total biomass, so that all seedlings were died under 12-
day watering level. In watering period of 9 days, survival was reduced to 49.83 percent. There
was no significant difference in collar diameter, root length, root volume and root/shoot biomass
with water deficit intensity. However, the survival rate, height growth, shoot biomass, root
biomass, total biomass and seedling quality index were greater in seedlings inoculated with
rhizobacteria, compared with those of non-inoculated seedlings.

Conclusion: The seedlings of Mediterranean Cypress inoculated with Pseudomonas fluorescens
rhizobacteria are able to tolerate the water deficit stress and increase their growth performance;
however, under optimal conditions, the rhizobacteria inoculation has no positive effect on
survival rate of the seedlings.

Keywords: Biomass, Cupressus sempervirens var. fastigiata, Drought stress, Pseudomonas
fluorescens, Seedling quality index, Survival
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