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Abstract

This study was conducted to evaluate drought tolerance of recombined genotypes of orchardgrass (Dactylis
glomerata L.) and smooth bromegrass (Bromus inermis Leyss.), and investigate the effect of long-term
drought stress on persistence, summer dormancy, and post-drought recovery. For this purpose, 36 genotypes
of each species randomly selected from polycross populations, were clonally propagated, and evaluated
under normal and drought-stressed conditions during 2013-2015 at the research farm of the Isfahan
University of Technology, Isfahan, Iran. In the fourth year (2016), irrigation was withheld in both moisture
regimes for two months, and then plants were re-watered and investigated. For most of the measured traits,
high genetic variation was observed among the genotypes of both species. In orchardgrass, the genetic
coefficient of variation varied from 4.31 to 65.45% under normal conditions, and from 3.93 to 79.93% under
drought stress conditions. In smooth bromegrass, the range of genetic coefficient of variation was variable
from 3.56 to 67.18% under normal conditions and from 3.42 to 54.63% under drought stress conditions. This
indicated a high potential for improving these traits through targeted selection in breeding programs of the
two species. In both species, the higher increase in genetic coefficient of variation under drought stress was
observed for recovery-related traits (i.e., degree of recovery and recovery ratio in orchardgrass; and recovery
yield, degree of recovery, recovery ratio, and percentage of recovery in smooth bromegrass). Results showed
that smooth bromegrass had a better performance regarding recovery-related traits. Furthermore, post-
drought recovery-related traits in both species were reduced under drought stress, except for the recovery
ratio in smooth bromegrass. However, reductions were higher in orchardgrass than in smooth bromegrass. In
the current study, the persistence of orchardgrass genotypes increased under drought stress, and decreased in
the smooth bromegrass. Less fodder production during summer by the genotypes of this germplasm showed
that these genotypes had incomplete dormancy.
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Background and Objective: Orchardgrass (Dactylis glomerata L.) is one of the most important perennial
forage grasses, which plays an essential role in the livestock industry and sustainable development of
environments worldwide (2). Smooth bromegrass (Bromus inermis Leyss.) is a drought-tolerant, cool-season
grass species grown mainly for hay production (1). Drought stress is one of the most important factors
limiting the survival and growth of plants in many regions of the world. Therefore, grasses must survive
summer, recover in autumn, and actively grow during the cooler rainy seasons. Despite the wide distribution
of forage grasses in arid and semi-arid regions of Iran, studies about post-drought recovery, persistence, and
summer dormancy in these two species are rare. Therefore, this study was conducted to: 1) evaluate the
genetic variation of post-drought recovery, persistence, and summer dormancy under two moisture
conditions, 2) determine the relationships between these traits with phenological traits, productivity, and
drought tolerance, and 3) assess the response of genotypes to drought stress in terms of the evaluated traits.

Methods: In this study, 36 genotypes of each species were randomly sampled from polycross progenies.
These genotypes were clonally propagated and space-planted in the field according to a randomized
complete block design with 12 replications in March 2012. Six replications were allocated to each of the two
moisture environments. Phenological and morphological traits were evaluated over three years. After three
years of field evaluation, drought recovery of all genotypes was assessed in 2016. For this purpose, after the
first harvest of the fourth year, acute drought stress was imposed on both previous moisture environments
(normal and drought stress) by stopping irrigation for 60 days until grass foliage was entirely desiccated. All
plants were irrigated to the point of field capacity every week to allow drought stress recovery. After six
weeks of re-watering, the traits related to recovery were measured.

Results: High genotypic variation was observed among genotypes for all measured traits, indicating a high
potential for improving these traits. Drought stress negatively affected all traits and reduced their diversity.
Moreover, in both species, after withholding irrigation and re-watering, post-drought recovery of genotypes
was reduced under drought stress. However, these reductions were higher in orchardgrass than in smooth
bromegrass. In this study, the persistence of orchardgrass genotypes increased under drought stress, and
decreased in smooth bromegrass. The reduction of persistence under drought stress is likely related to
decreased crown diameter, less root growth, and a decrease in growth points. Results also revealed that the
genotypes of this germplasm with the characteristic of inhibiting fodder production during summer had
incomplete dormancy. These plants were more flexible to drought stress. They had better survival and
persistence than the plants with low summer dormancy, indicating that summer dormancy is an important
trait for drought tolerance and can be used to develop drought-tolerant cultivars.

Conclusions: There was high genetic diversity between the studied genotypes of both species, which can be
used in the breeding programs. In both species, post-drought recovery of genotypes was reduced under
drought stress. These reductions were higher in orchardgrass than in smooth bromegrass. In the current
study, the persistence of orchardgrass genotypes increased under drought stress conditions, while it
decreased in smooth bromegrass. Moreover, the genotypes of this germplasm with the characteristic of
inhibiting fodder production during summer had incomplete dormancy. There was a significant and positive
association between summer dormancy and autumn yield on the one hand and between autumn yield and
productivity on the other. Therefore, autumn yield is a compensatory mechanism in the dormant genotypes
during the summer, leading to more fodder production in these genotypes during the autumn.
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Fig. 1. Percentage of recovery in a) 36 genotypes of orchardgrass under normal condition, b) 36 genotypes of orchardgrass under
drought stress condition, ¢) 36 genotypes of smooth bromegrass under normal condition, and d) 36 genotypes of smooth bromegrass

under drought stress condition, in the fourth year (2016).
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Fig. 2. Persistence of a) 36 genotypes of orchardgrass under normal condition, b) 36 genotypes of orchardgrass under drought stress

condition, ¢) 36 genotypes of smooth bromegrass under normal condition, and d) 36 genotypes of smooth bromegrass under drought
stress condition.
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Fig. 3. Relationship between summer dormancy index and autumn yield in a) 36 genotypes of orchardgrass, and b) 36 genotypes of
smooth bromegrass.
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