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Table 1. Information on the orchardgrass genotypes used in the study.
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Table 2. Analysis of variance (mean squares) for measured traits of the 11 genotypes of the three orchardgrass under non-stress and
drought stress.
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", " stand for significant effects at 5 and 1% probability levels, respectively.
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Fig. 1. An interactive effect of the drought treatments with the susceptible and tolerant genotypes on microbial biomass C (mean +
SE); Means with at least one similar letter are not significantly different based on LSD test (P < 0.05)
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Fig. 2. An interactive effect of the drought treatments with the genotypes in microbial biomass N (mean + SE); Means with at least
one similar letter are not significantly different based on LSD test (P < 0.05).
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Fig. 3. Microbial biomass C (mean + SE) in rhizosphere across the sensitive and tolerate genotypes in the drought treatments; Means
with at least one similar letter are not significantly different based on LSD test (P < 0.05).
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Fig. 4. Microbial biomass N (mean + SE) in rhizosphere across the sensitive and tolerate genotypes in the drought treatments; Means
with at least one similar letter are not significantly different based on LSD test (P < 0.05).
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Fig. 5. Microbial biomass C (mean + SE) in the control and rhizosphere across the different genotypes in the drought treatments;
Means with at least one similar letter are not significantly different based on LSD test (P < 0.05).
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Table 3. Mean comparisons of microbial biomass N and organic C in the rhizosphere of the different genotypes in drought

treatments.
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Abstract

Root exudates and morphological root traits play an important role in plant species’ response to drought.
However, the functional consequences of these drought-induced changes for rhizosphere microbial
communities are unknown. We hypothesized that drought-sensitive and -tolerant grass genotypes widely
differ in the quality of root exudates, growth strategies, and root systems, which may affect rhizosphere
microbial communities. Therefore, we examined microbial biomass carbon and nitrogen in the rhizosphere
of drought-sensitive and -tolerant genotypes of Bromus inermis, Dactylis glomerata, and Festuca
arundinacea species under four years water stress treatments at Lavark Farm of the Isfahan University of
Technology. Responses of the rhizosphere microbial communities to the water stress varied by the plant
genotypes. Water stress increased rhizosphere microbial biomass carbon in the drought-sensitive and -
tolerant genotypes of Bromus inermis species. In contrast, water stress treatment significantly reduced
microbial biomass in the rhizosphere of Dactylis glomerata genotypes. The effect of water stress on
rhizosphere microbial biomass carbon was positive in the drought-sensitive genotypes of Festuca
arundinacea species, while conversely, this effect was negative in the drought-tolerant genotypes. We found
a similar pattern across two drought-sensitive and -tolerant genotypes of Bromus inermis species to the water
stress, which could be an evolutionary strategy to overcome drought conditions through the stimulation of
microbial biomass and activity and the subsequent mineralization of nutrients. Higher microbial biomass
carbon in the rhizosphere soils relative to those in the control (bulk soil) were observed, regardless of the
moisture treatment. Under the water stress, microbial biomass carbon were almost simillar in the rhizosphere
of drought-sensitive and -tolerant genotypes but were higher in the drought-tolerant genotypes without the
stress.

Keywords: Water stress, Microbial biomass carbon, Microbial biomass nitrogen, Drought-sensitive
genotypes, Drought-tolerant genotypes.

Background and Objective: Soil microbiomes drive ecosystem services such as organic matter
decomposition and nutrient cycling and storage (3). Plants and heterotrophic soil microbes could have
coevolved and root exudates are one of the main nutrient supplies for microbial communities and, hence,
play a vital role in plant-microbial interactions (2). Drought-induced changes in the content and composition
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of root exudates could lead to changes in the abundance and composition of soil microbes resulting in altered
rates of C and N cycling processes (4). We hypothesized that drought-sensitive and -tolerant grass genotypes
may differ widely in their drought-induced changes in the quality of root exudates, growth strategies and root
systems which may drive the rhizosphere microbial communities.

Methods: We examined microbial biomass carbon and nitrogen in the rhizosphere of drought-sensitive and -
tolerant genotypes of Bromus inermis, Dactylis glomerata, and Festuca arundinacea species under long-term
water stress treatments on a Typic Haplargid, silty clay loam soil at Isfahan University of Technology
Research Farm, Isfahan, Iran (32°30°N, 51°20°E). The 36 clonally propagated genotypes of orchardgrass
were space-planted in the field according to a complete randomized blocks design with 12 replications in
March 2012. Two soil moisture environments, well irrigated and water stress, were applied during the
growing season. Under the well irrigated treatment, plants were watered after 50% depletion of the total
available soil water from the root zone. Under the water stress treatment, irrigation was applied when 90% of
the total available soil water was depleted from the root zone. The irrigation intervals were 5-8 and 15-19
days for the well irrigated and water stress treatments, respectively.

Results: Responses of the rhizosphere microbial communities to the water stress varied by the plant
genotypes. The genotype was found to have significant (P < 0.01) effects on the microbial biomass carbon
and nitrogen, while water stress showed significant (P < 0.01) effects only on the microbial biomass
nitrogen. Microbial biomass carbon in the rhizosphere of drought-sensitive genotypes was affected
marginally by the water treatments but reduced in the rhizosphere of drought-tolerant genotypes under water
stress treatment. Water stress increased rhizosphere microbial biomass carbon in the drought-sensitive and -
tolerant genotypes of Bromus inermis species. In contrast, water stress treatment significantly reduced
microbial biomass in the rhizosphere of drought-sensitive and -tolerant Dactylis glomerata genotypes. The
effect of water stress on rhizosphere microbial biomass carbon was positive in the drought-sensitive
genotypes of Festuca arundinacea, while conversely, this effect was negative in the drought-tolerant
genotypes. Higher microbial biomass carbons in the rhizosphere soils relative to those in the control (bulk
soil) were observed, regardless of the moisture treatment. Soil water stress is known to influence plant
biomass and alter biomass reallocation, which is all driven by plant species and the interval and intensity of
the water stress (4). Azarbad et al. (1) revealed that wheat response to water stress is controlled by plant
genotype and can also be mediated by the associated soil microbes, opening up new avenues for stimulating
wheat tolerance to environmental stresses.

Conclusions: Similar patterns across two drought-sensitive and -tolerant genotypes of Bromus inermis
species to the water stress could be an evolutionary strategy to overcome drought conditions through the
stimulation of microbial biomass and activity and the subsequent mineralization of nutrients. Taken together,
although some mechanisms of plant-microbes response to water stress remain unclear, our study supports the
emerging viewpoint that predictions of plant and ecosystem response to water stress could be improved by
considering the microbial abundance and functional processes in the rhizosphere.
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