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Abstract

Seeds of 12 red fescue cultivars, which were included creeping red fescue (Festuca rubra L. subsp. rubra), chewings fescue (Festuca
rubra L. subsp. commutata), and slender red fescue (Festuca rubra L. subsp. trichophylla) (Barustic, Corail, Livision, Lustrous, Redskin,
Rufi, Garnet, Wilma, Casanova, 07-Seas, and Libano) subspecies, 1 of which were newly introduced (J-5) in 2014, were used to investigate
the effects of different NaCl concentrates (0, 50, 100, 150 and 200 mM) on their germination rate, shoot and root length, shoot and root fresh
weight, shoot/root rate, and salt tolerance index. The experiment was designed as a completely randomized with 4 replicates at the laboratory
of Kizilirmak Vocational High School, Cankiri Karatekin University, in 2014. The results indicated that different treatments of salinity had
statistically remarkable effects on all of the properties, studied. These parameters reduced with raising salt concentrate. Important decreases
evaluated by 100 mM concentrate in all parameters and the lowest values assessed at 200 mM. According to results, remarkable variations
were determined under salinity conditions among the red fescue cultivars. The overall findings suggest that the Lustrous and Rufi varieties of
creeping red fescue (Festuca rubra L. subsp. rubra) were more tolerant than the other ones.
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Farkh Kirmizi Yumak (Festuca rubra L.) Cesitlerinde Tohum Cimlenmesi Uzerine
Tuzlulugun Etkilerinin Belirlenmesi

Abstract

Cesitlerden 1 tanesi (J-5) 2014 yilinda tescil edilen, rizomlu kirmizi yumak (Festuca rubra L. subsp. rubra), rizomsuz kirmizi yumak
(Festuca rubra L. subsp. commutata) ve narin kirmizi yumak (Festuca rubra L. subsp. trichophylla) alt tiirlerine ait 12 farkli kirmizi yumak
(Festuca rubra L.) ¢esidinde (Barustic, Corail, Livision, Lustrous, Redskin, Rufi, Garnet, Wilma, Casanova, 07-Seas ve Libano) farkl tuz
konsantrasyonlarinin (0, 50, 100, 150 ve 200 mM) ¢esitlerin ¢imlenme orani, siirgiin ve kok uzunlugu, siirgiin ve kok yas agirligi, siirgiin/kok
orani ve tuza tolerans indeksleri {izerine etkileri arastirilmistir. Arastirma, Cankirt Karatekin Universitesi, Kizilirmak Meslek Yiiksekokulu
Laboratuvari’nda, 4 tekrarlamali olarak, tesadiif parselleri deneme desenine gore, 2014 yilinda yiiriitilmistiir. Arastirma sonuglari, farkli tuz
uygulamalarinin ¢imlenme orani, siirgiin ve kok uzunlugu, siirgiin ve kok yas agirligi, siirgiin/kok orani ve tuza tolerans indeksi iizerinde
istatistiksel olarak 6nemli diizeyde etkili oldugunu géstermistir. incelenen parametrelerin degerleri artan tuz konsantrasyonu ile azalmustir.
Degerlerde 100 mM tuz konsantrasyonu ile onemli azalmalar meydana gelmis ve en diisiik degerler 200 mM’da elde edilmistir. Arastirma
bulgulart goz 6niine alindiginda rizomlu kirmizi yumakin (Festuca rubra L. subsp. rubra) Lustrous ve Rufi gesitlerinin digerlerine kiyasla
daha tolerant olduklari sonucuna varilmistir.

Anahtar Kelimeler: Cim bitkileri, cimlenme, tuzluluk, tuz stresi, tolerans

INTRODUCTION Consequently, newer varieties which are tolerant to salinity
must be improved to maintain turf quality.

The salt stress-induced inhibition of plant growth is
and production of agricultural products. Many species of caused not _only by osmotic effects on the water uptake but
higher plants, including most crops, are subjected to growth also by variable effects on plgint cell metabo_ll_sm under salt
inhibition under high NaCl conditions [1-2]. High soil stress. Zhang et al. [3] indicated that sallr_uty_adversely
salinity, a common problem in turfgrass management, is affects _plant growth and develo_pmen_t, resulting in reduced
caused by various activities, such as deficient precipitation, aesthetical and playable functions in turfgrass. Salt can
water percolation from high water tables, low quality have. adv_erse effects_ on t_urfgrass _gro_vvth, including
irrigation water, and salts from fertilizers and deicer [3]. physiological drought, ion toxicity, and ion imbalances.
The necessity of salinity tolerant turfgrasses is increasing Most cool-season turfgrass species are particularly
because of the increased use of effluent or other low quality susceptible to salinity stress during seed germination, with
waters for turfgrass irrigation [4]. The identification and the possible exception of perennial ryegrass (Lolium
development of turfgrasses with improved salinity perenne L.). As salt problems become one of the most

tolerance is necessary to maintain adequate turf quality complex management challenges, screening and breeding
when utilizing nonpotable water for irrigation [5]. of salt-tolerant cool-season turfgrass cultivars during both

seed germination and vegetative growth becomes important

Salinity is one of the main factors limiting the growth
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[6]. Seed germination is the most important part of the life
cycle of plants and fast and uniform germination are the
intended characteristics, as in many plant types. However,
germination and seedling growing phases are very sensitive
to salt stress. In general, the highest germination rate occurs
under saltless conditions and it decreases depending on the
ascending salt concentrates [7].

The effect of salinity on plant growth is related to the
stage of plant development at which salinity is imposed [8].
This stress affects seed germination either through osmotic
effects, by preventing or delaying germination, or through
ion toxicity, which can render the seeds unviable [9]. Many
studies have been done to determine the effects of salinity
on the germination of many cultivars. In a study about the
effects of different salt concentrates (from 2 to 48 dSm™)
on germination of turfgrass [10]. Dai et al. [6] stated that
increasing the salt concentrate decreased considerably the
germination rate and increased the germination time. In
another study, the effect of 0.5% and 1.5% salt (NaCl) on
the germination and growth of wheat cultivars was studied
[2].

In this study, the seeds, belonging to 12 different red
fescue subspecies to which different salt concentrates were
applied, were examined for germination ability under salt
stress conditions and for their salt tolerance during
germination. For this purpose, salt concentrates of 0
(control), 50, 100, 150, and 200 mM were applied to the
seeds, and germination rate, shoot and root length, shoot
and root fresh weight, shoot/root rate, and salt tolerance
index were evaluated at the end of the study.

MATERIALS and METHODS

Seeds of 12 red fescue cultivars, which were included
creeping red fescue (Festuca rubra L. subsp. rubra),
chewings fescue (Festuca rubra L. subsp. commutata), and
slender red fescue (Festuca rubra L. subsp. trichophylla)
(Barustic, Corail, Livision, Lustrous, Redskin, Rufi,
Garnet, Wilma, Casanova, 07-Seas, and Libano)
subspecies, 1 of which were newly introduced (J-5) in
2014, were used for this study. Seeds of each turfgrass
varieties used in the experiment were surface-sterilized.
Twenty five representative seeds per cultivar were placed
on a filter paper in 10 cm petri dishes containing two sheets
of Watman No. 1 filter paper moistened initially with 5 ml
of distilled water (control), or with different concentrates
solutions 50, 100, 150, and 200 mM NaCl (saline
conditions). Germination chamber was at 20 °C and with
dark conditions. The seeds were considered germinated
when there was radicle protrusion through the seed coat.

Germination rate (%)

Of each turfgrass varieties, 25 seeds were placed in
petri dishes for germination. The germinated seeds were
counted after 15 days in the petri dishes and the
germination rate was calculated. Seedlings were discarded
from the petri dishes until only 20 remained for further
study of their characteristics.

Shoot and root length (cm)

The 20 remaining seedlings in each petri dish were
used for measuring the shoot and root characteristics. After
15 days, in the petri dishes, the seedlings were separated
into roots and shoots. The distances from the crown to leaf
tip and root tip were measured as the shoot length and root
length, respectively.

Shoot and root fresh weight (g)

The shoot and root fresh weights of each seedling were
measured. The average fresh weights of shoot and root of
each plant seedling were measured by dividing the total
weight by the total number of seedlings.

Shoot/root ratio
This was calculated for weight by dividing shoot values
by root values.

Salt tolerance index

The salt tolerance index (STI) is the ratio of shoot fresh
weight of the control treatment and fresh weight of the salt
concentration. The STI was calculated by the following
formula: STI = (TFW at Sx / TFW at S) x 100], where STI
is the salt tolerance index, TFW is the mean of the total
fresh weight, S refers to the control treatment, and Sx is the
X treatment.

Experimental design and statistical analysis

The experiment was designed as a completely
randomized plot with 4 replicates. Data were analyzed
statistically and the means of each treatment were analyzed
using Duncan’s multiple range test and SAS (9.0) packet
program.

RESULTS and DISCUSSIONS

In general, salt stress significantly decreased the
germination rate of the turfgrass varieties in comparison to
the control (Table 1). With the 150 and 200 mM NaCl
concentrates, significant differences were observed among
the varieties. 07-Seas, Lustrous and Rufi varieties had
germination rates (GRs) higher than 90%, even with the
150 mM NacCl treatment, while the Garnet, Barustic, and
Libano varieties had lower germination rates with the same
NaCl treatment (33-39%). Salt stress caused 32.8%
reductions in the germination rate in the turfgrass varieties
with the 200 mM NaCl treatment. The highest GR was
observed in the Lustrous (88.3%), Casanova (84.8%), and
Rufi (83.8%) varieties. However, the Garnet, Barustic, and
Libano (59-79%) varieties showed the lowest germination
rate with the 200 mM NaCl treatment. Cokkizgin [11]
indicated that an increase in salinity induces both a
reduction in the rate of germinating seeds and a delay in the
initiation of the germination process.

The present results are in agreement with those reported
by Kokten et al. [12], who observed a significant difference
in the salt tolerance of lentil genotypes and their different
responses to increasing salt concentrate. The present study
identified and compared the salinity tolerance levels of 12
varieties of turfgrass during germination, where the
Lustrous and Rufi varieties showed better performance than
the others. In addition, because of the depressing effect of
NaCl, seeds saturated with 150 and 200 mM NaCl had
lower germination rates. Increasing salt concentrates
reduces the water potential of the soil water. Salts decrease
the osmotic potential of the media solution, making water
less available to the plant. Under salt stress, turfgrasses can
experience indirect water stress, resulting in a seed
germination block [13]. Similarly, Cokkizgin [11] and
Katembe et al. [14] reported that the imbibition of water
following NaCl treatments decreased with the decrease in
water potential of the solutions. An increasing concentrate
of NaCl is probably caused by the decrease in water
potential gradient between the seeds and their surrounding
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media. Salinity stress negatively affects seed germination,
either osmotically through reduced water absorption or
ionically through the accumulation of Na™ and CI, causing
an imbalance in the nutrient uptake and toxicity effect
[11,15].

There were significant differences among the genotypes
in terms of the shoot and root lengths (Table 2 and Table
3).

Increasing the NaCl treatment resulted in a significant
decrease in shoot elongation. While the highest shoot
length were founded in Redskin and Rufi varieties (5.97
and 5.57 cm plant?, respectively), the highest root length

were observed in Corail and 07-Seas (3.29 and 3.11 cm
plant?, respectively) under control treatment. On the other
hand, the lowest values were determined in Barustic and
Corail varieties with 200 mM NaCl. Compared to the
control plants, the shoot and root lengths decrease
determined as 62.4% and 83.8% with 200 mM NaCl,
respectively. The lowest reductions of shoot and root
lengths were detected in the 07-Seas and Casanova
varieties as 45.67% and 50.22%, respectively. However
considerable shoot and root reductions were observed in
Barustic, Corail, Redskin and J-5 varieties up to 78-93%.

Table 1. Effects of different salt concentration on germination rate

Germination rate (%)

Control 50 mM 100 mM NaCl 150 mM NaCl 200 mM NaCl
NaCl
Barustic 97.8d 95.5d 84.8 f 66.8 1 33.3j
Corail 98.8b 90.0f 83.8¢g 80.8¢g 718f
Livision 98.5 bc 97.3ab 91.8b 79.0h 70.8¢g
Lustrous 99.8a 95.8 cd 95.0a 91.0c 88.3a
Redskin 99.0 b 97.0b 948a 86.8 ¢ 79.3d
Rufi 99.8a 97.8a 94.8a 92.8b 83.8¢c
Garnet 96.8 e 91.8e 87.3e 78.8h 32.8]j
J-5 97.8d 90.0f 87.8¢ 82.8f 76.8¢
Wilma 99.8a 89.8f 88.8d 89.0d 64.8 h
Casanova 98.5 bc 96.3¢ 90.8¢ 87.3¢ 84.8b
07-Seas 98.0cd 97.0b 95.3a 96.0a 715f
Libano 98.0 cd 86.59 74.0h 58.8 j 3851
Mean 985" 93.7" 89.07 825" 66.3"

Means in a column followed by the same letter are not significantly differ according to the Duncan’s test at the 0.01 level of significance. ™:

P<0.05, ™: P<0.01

Table 2. Effects of different salt concentration on shoot length

Shoot length (cm plant™)

Control 50 mM 100 mM NaCl 150 mM NacCl 200 mM NaCl
NaCl
Barustic 4.16j 3221 242] 1.98 k 0.87 k
Corail 525¢ 3.85¢c 32le 258f 253a
Livision 473¢g 3.75d 2.83h 2.72d 2.30b
Lustrous 5.13d 2.82k 2.671 2201 167f
Redskin 5.97 a 3.64¢e 351b 257f 1.29j
Rufi 557b 4.03b 3.82a 2.30h 222¢
Garnet 5.06 e 3.45f 3.15f 248¢g 1.50 h
J-5 450h 3211 3.23¢e 2.69¢e 1649
Wilma 4719 3.12j 2.35k 216 1411
Casanova 4401 331lg 3.31d 290¢c 2.19d
07-Seas 4.05k 3.26h 3.10¢g 3.06a 2.20d
Libano 4.86 f 4,75 a 3.45¢c 3.01lb 192e
Mean 487" 354" 3.09” 255" 1.81"

Means in a column followed by the same letter are not significantly differ according to the Duncan’s test at the 0.01 level of significance. ":

P<0.05, ™: P<0.01

Table 3. Effects of different salt concentration on root length

Root length (cm plant?)

Control 50 mM 100 mM NaCl 150 mM NaCl 200 mM NaCl
NaCl
Barustic 1.90j 1491 1351 1.06 e 0.34f
Corail 3.29a 2.74a 2.05b 1.05e 0.20h
Livision 2.83e 2.73a 1.63f 156a 0.37e
Lustrous 277 f 1.69f 1.73d 1.20d 0.34f
Redskin 3.07¢c 1.71f 167e 125¢c 051c
Rufi 23649 225¢ 220a 1.45b 0.35f
Garnet 2.09h 2.06d 2.02¢ 1.04¢e 0.44d
J-5 211h 1.63¢g 1.28k 0.67¢g 0249
Wilma 2.92d 190e 1.40h 0.78 f 0.45d
Casanova 276 f 169f 1361 0.67¢g 0.34f
07-Seas 3.11b 1.53h 1.31] 0.66 g 0.53b
Libano 1.971 2.48b 157¢ 155a 0.73a
Mean 2.607 1.997 1637 1.08™ 0.407

Means in a column followed by the same letter are not significantly differ according to the Duncan’s test at the 0.01 level of significance. ":

P<0.05, ™: P<0.01
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Zabihi-e-Mahmoodabad [2] indicated that salt stress at
the germination stage is a reliable test in evaluating the
tolerance of many species, because salinity reduces the root
and shoot growth. Some varieties are affected less and
grow equally with the control plants and no inhibition
effects are caused under saline growth. This is in
accordance with the previous reports in melon, eggplant,
bean, and tomato [16-19]. The general effects of salinity on
plant growth reported a reduction in plant growth with
shorter stature and sometimes fewer leaves, and roots are
also reduced in length and mass [20]. The salinity
treatments had a significant effect on the fresh weights of
the shoots and roots (Table 4 and Table 5). Increasing the
salinity levels reduced shoot and root fresh weights from 10
and 70% compared to control group. When the salinity
increased from 50 mM to 200 mM, the shoot and root fresh
weights were markedly decreased in the varieties by 54.9%
and 26.2%, respectively. Salt-tolerant and salt-sensitive
varieties showed very different growth patterns. While the
sensitive varieties Redskin, Garnet, Casanova, and Libano,
had high reductions in the shoot and root fresh weights
(72.74% and 87.45% decrease, respectively), in the tolerant
varieties, Lustrous, Rufi and Wilma, the shoot and root
fresh weights decreased less in comparison to the control
(0.86% and 61.37%, respectively). The average shoot and
root fresh weights of the varieties was 4.63 mg plant ‘and
1.37 mg plant™ under control conditions, and this value
gradually decreased throughout the increasing salt
concentrates, and reaching 1.37 mg plant™ and 0.77 mg

plant™ with 200 mM NaCl, respectively. The shoot/root
rate of the salt tolerance varieties was 1.07-6.09 with 200
mM NaCl (Table 6). Since salt stress involves both osmotic
and ionic stresses, and growth suppression is directly
related to the total concentrate of soluble salts and osmotic
potential of the soil solution. The detrimental effects of
salinity can be occurred at the whole-plant level as the
death of plants or a decrease in productivity [21]. Plant
growth of turfgrass varieties was significantly reduced by
200 mM NaCl. Zabihi-e-Mahmoodabad et al. [2] reported
that the shoot and root fresh and dry weights decreased
with increasing salinity and many other studies also
reported this trait as the main indicator of salinity tolerance.
Moreover, Hussein et al. [22] and Carpici et al. [23]
reported that a negative relationship was detected between
the vegetative growth parameters and increasing salinity.
The STI showed a large variation among the varieties at
different salt concentrates (Table 7). The STI varied
between 11.8% and 53.6% with 200 mM NaCl. The Rufi
(53.6%) and Livision (50.7%) varieties performed best with
the 200 mM NaCl. On the other hand, Casanova (11.8%)
and Redskin (15.6%) showed the lowest STI. The other
varieties were moderately affected by the salt treatments.
Carpici et al. [23] reported that the effects of different salt
concentrates on the salt tolerance indices of cultivars were
of importance. As the salt concentrates increased, the salt
tolerance indices of the cultivars decreased. Kokten et al.
[12] determined that tolerant genotypes showed higher salt
tolerance indices than sensitive ones.

Table 4. Effects of different salt concentration on shoot fresh weight

Shoot fresh weight (mg plant™)

Control 50 mM 100 mM NaCl 150 mM NaCl 200 mM NaCl
NaCl
Barustic 4.98d 4.73b 3.19e 2.05¢g 1.86¢c
Corail 4.32h 3.24j 3.42d 1.801 092¢g
Livision 452 f 4.42d 410a 413a 2.29b
Lustrous 5.03¢c 3.76¢g 3.63¢c 250f 1.53e
Redskin 591a 4.18f 3.78b 1.55] 093¢
Rufi 552b 539a 410a 3.88b 2.96a
Garnet 4424 3.591 2.03j 1.55] 0.741
J-5 4.64¢e 439e 241h 248 f 0.82h
Wilma 321k 276 k 2829 259e 124f
Casanova 3.98j 2161 2.141 1.92h 0.47
07-Seas 4.091 3.73h 2.85f 2.64d 0.93¢g
Libano 4.98 d 461c 411a 289 ¢ 1.77d
Mean 463" 3917 3217 2.50" 1.377

Means in a column followed by the same letter are not significantly differ according to the Duncan’s test at the 0.01 level of significance. ":

P<0.05, ™: P<0.01

Table 5. Effects of different salt concentration on root fresh weight

Root fresh weight (mg plant™)

Control 50 mM 100 mM NaCl 150 mM NaCl 200 mM NaCl
NaCl
Barustic 247c 1.68d 1.46¢ 0.731 0.31h
Corail 185f 16le 147c 142a 0.65¢e
Livision 198e 16le 1.15f 1.04f 115D
Lustrous 2.10d 146 f 1.42d 1.16d 1.08¢c
Redskin 254 b 2.73a 135e 11le 0.76 d
Rufi 2.65a 2.33b 176 a 1.36b 1.35a
Garnet 1.53 h 0.78 1 111g 125¢ 052f
J-5 1799 0.73 0931 0.80h 0.76 d
Wilma 1.16 k 0.69 k 0.70 0.52k 1.15b
Casanova 1.18j 1249 1.06 h 090¢g 0.31h
07-Seas 151h 1.08h 0.66 k 0.57] 0.76 d
Libano 1421 1.73¢ 161b 0.721 0.39¢g
Mean 1.847 1477 1.227 097" 0.77"

Means in a column followed by the same letter are not significantly differ according to the Duncan’s test at the 0.01 level of significance. ":

P<0.05, ™: P<0.01
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Table 6. Effects of different salt concentration on shoot/root

shoot/root
Control 50 mM 100 mM NacCl 150 mM NaCl 200 mM NaCl
NaCl
Barustic 2.02j 2.82e 2209 2.83e 6.09 a
Corail 2.34h 2.021 234 f 1.27h l4le
Livision 2.29h 2.75¢e 3.58¢ 3.99¢ 1.99d
Lustrous 2409 2579 256e 216 f 142e
Redskin 2.33h 154k 2.80d 1409 1.23f
Rufi 2.081 2.32h 234f 2.85e 220c
Garnet 2.89¢ 4.62b 1.831 1.24h l44e
J-5 259 f 6.05a 259e 3.12d 1.07¢g
Wilma 2.78d 4.01c 4.05b 5.03a 1.08¢g
Casanova 3.37b 1.75] 2.03h 213 f 151e
07-Seas 271e 3.47d 4.32a 4,66 b 122f
Libano 352a 2.66 f 255¢e 4.00 ¢ 456 b
Mean 2.617 3.05" 2.76" 2.897 2.107

Means in a column followed by the same letter are not significantly differ according to the Duncan’s test at the 0.01 level of significance. ™

P<0.05, ™: P<0.01

Table 7. Effects of different salt concentration on salt tolerance index (STI)

50 mM 100 mM NaCl 150 mM NaCl 200 mM NacCl

NaCl
Barustic 94.97 b 64.17 h 41.251 37.25d
Corail 7497¢g 79.23d 41.601 21.32h
Livision 97.78 a 90.70 a 91.52a 50.72 b
Lustrous 72.69 g 7210 f 49.67 g 30.45f
Redskin 70.70 h 63.89 h 26.13 k 15.64 k
Rufi 97.69 a 7434 ¢ 70.26 ¢ 53.62 a
Garnet 81.25f 45.86 j 34.99j 16.70
J-5 94.50 b 51.83] 53.34 f 17.56 1
Wilma 85.89 ¢ 87.84b 80.67b 35.50¢
Casanova 54.231 53.861 4521 h 11751
07-Seas 91.13d 69.66 g 64.55d 22.75¢g
Libano 92.66 ¢ 82.56 ¢ 55.04 e 35.47¢e¢
Mean 84.04° e e o

Means in a column followed by the same letter are not significantly differ according to the Duncan’s test at the 0.01 level of significance. ":

P<0.05, ™: P<0.01

CONCLUSIONS

In conclusion, turfgrass varieties showed a marked
variation in their sensitivity to salt tolerance in the present
study. The increasing NaCl concentrate caused harmful
effects on seed germination in the evaluated properties such
as, shoot and root lengths and fresh weight. However, there
were slightly more harmful effects in the tolerant varieties
than in the sensitive ones.
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