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ABSTRACT: The study was carried out to determine the effects of different NaCl concentrations (0 "control”, 2, 4, 6, 8 and
10 dS m™) on seed germination and early seedling growth of silage corn cultivars (Burak, Efe, Hido, Safak). Eight seeds of
each cultivar for each treatment were placed in a petri-dish having a diameter of 15 cm. While the germination rate was
measured 5 days after sowing, root length (cm), shoot length (cm), wet root and shoot weight (mg) and dry root and shoot
weight (mg) were measured 9 days after sowing. The study showed that cultivars had different responses to NaCl
concentrations. It was determined that the germination rate and some seedling characteristics were reduced with increasing
salinity level. The results revealed that salinity had significantly (p<0.001) affected all the parameters studied. Maximum root
length (14.6 cm), shoot length (6.8 cm), root fresh weight (365 mg plant™), shoot fresh weight (235.7 mg plant™), root dry
weight (51.5 mg plant™), shoot dry weight (30.6 mg plant™) were recorded in Hido variety. Among the cultivars, Hido was
the most tolerant cultivar, while Efe was the most sensitive.
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FARKLI TUZ KONSANTRASYONLARININ SiLAJLIK MISIR (Zea mays L.) CESITLERININ
CIMLENME VE FiDE OZELLIiKLERINE ETKIiSi

OZET: Bu caligma, farkli NaCl konsantrasyonlarinm (0 “kontrol”, 2, 4, 6, 8 ve 10 dS m?Y) baz1 silajlik musir gesitlerinin
(Burak, Efe, Hido ve Safak) ¢imlenmesi ve erken fide gelisimi iizerine etkisini belirlemek amaciyla yiiritilmiistiir. Silajlik
musir tohumlart 15 cm ¢apindaki petrilere her bir petride 8 adet tohum olacak sekilde ekilmislerdir. Tohum ekiminden
itibaren 5 giin sonra ¢esitlerin ¢imlenme orani, 9. giinde ise gesitlerin kok uzunlugu (cm), slirgiin uzunlugu (cm), yas kok ve
stirglin agirhigr (mg) ve kuru kok ve siirgiin agirligi (mg) Slgiimleri yapilmustir. Arastirma sonucunda, gesitlerin NaCl
konsantrasyonlarina farkli tepkiler gosterdigi belirlenmistir. Tuz stresi arttikga ¢imlenme orani ve bazi fide 6zellikleri ile
ilgili degerlerde gesitlere gore belirgin bir azalma oldugu belirlenmistir. Maksimum kok uzunlugu (14.6 cm), siirgiin
uzunlugu (6.8 cm) kok taze agirhig (365 mg bitki™), siirgiin taze agirlig: (235.7 mg bitki™), kok kuru agirhigi (51.5 mg bitki™)
ve siirgiin kuru agirhg (30.6 mg bitki™) Hido ¢esidinden elde edilmistir. Cesitler arasinda tuz stresine toleransi en yiiksek
Hido ¢esidi olurken, tuz stresine en hassas ¢esit Efe olmustur.

Anahtar Soézciikler: Silajlik musir, tuzluluk, ¢imlenme, fide gelisimi

1. INTRODUCTION

Salinity is a common abiotic stress factor seriously
affecting crop production in different areas of the
world, particularly in arid and semi-arid regions. Over
6 % of the world’s total land area and 20% of the
irrigated land area are salt-affected. Most importantly,
between 35% and 50% of the world’s population in
about 80 countries live in semi-arid areas where
salinization is a major problem. Salinity has reached a
level of 19.5% of all irrigated-land (230 million ha of
irrigated land, 45 million ha are salt-affected soils) and
2.1% of dry-land (1500 million ha of dryland
agriculture, 32 million are salt-affected soils)
agriculture worldwide. According to the FAO, around
1.5 million ha of land in Turkey have both salinity and
sodicity problems (FAQO, 2009; Sénmez, 2004).

Increasing intensity of salinity affects germination,
growth and development negatively. Mainly,
germination and seedling development stages have
been used in salinity stress studies when compared to
the other growth stages (van Hoorn 1991; Ghoulam
and Fares, 2001). The main reason for this is
prevention of water intake by high salt concentration
in the seed and thus, it shows adverse effect on the

germination (Coons et al., 1990; Mansour, 1994). In
addition, vyield losses of plants, which have been
grown in saline soils, reported by the researchers are
attributed to the toxic effects of excessive ions such as
Na and CI, unbalances of the plant ion problems on
nutrient uptake and disturbances, damages on
photosynthesis,  respiration and  physiological
functions (Levitt, 1980; Yeo and Flowers, 1983;
Leopold and Willing, 1984).

Maize (Zea mays L.), which is a source of food
and oil for human consumption and feed for livestock,
ranks third after wheat and rice production in the
world. It is grown all over the world under a wide
range of environmental conditions. Maize, which
belongs to the plants with C, metabolism, is also
classified as moderately sensitive to salinity (Mass and
Hofffman, 1977; Katerji et al., 1994; Ouda et al.,
2008). It is accepted that the germination and seedling
stage of plant life cycle is more sensitive to salinity
than the adult stage.

The present study was therefore initiated to
investigate the effects of different salt concentrations
on germination and plant growth of corn varieties,
Burak, Efe, Hido and Safak, which can be planted in
cultivated lands having salt problems in Turkey.
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2. MATERIAL AND METHODS

The study was carried out in Bati Akdeniz
Agricultural Research Institute in 2010. Burak, Efe,
Hido and Safak cultivars that have been registered as
silage maize by the Variety Registration and Seed
Certification Centre of Turkey were used as plant
sources (TTSM, 2013). These cultivars are largely
grown in Mediterranean Region by the farmers. Maize
seeds were surface-sterilized for 20 minutes using
20% sodium hypochlorite (NaOCI) solution, then left
in 70% ethyl alcohol for 5 seconds and finally kept 24
hours in distilled water. Eight seeds of each cultivar
were placed on two layers of Whatman filter paper
No.41 at the bottom of 15 cm diameter petri dishes. .

Sodium chloride (NaCl) (Sigma Chemicals Company,
St Louis, MO, USA) solution was used in order to
induce salt stress. Salt concentrations including 0
(control-pure water), 2, 4, 6, 8 and 10 dS m™ were
prepared before starting seed germination tests.
Twenty ml of each solution containing different
concentrations were applied to the seeds and the edges
of the petri dishes were covered with a transparent
tape in order to prevent water loss. Petri dishes were
kept in a germination cabinet for 9 days at 24°C and
80 % humidity for 14 h in light and at 21°C for 10 h in
dark (El-Hendawy et al., 2011). Observations were taken
at the same time each day, and the root length of 1 mm
was considered as germinated seeds.Seed was
considered as germinated when the root reached a
minumum length of 1 mm.

The experiment was conducted in a factorial
experiment fashion with three replications. Totally, 72
petri dishes were used and every petri dish was

K. Aydingakir, $. Erdal, M. Pamukgu

considered as one replication. The germination rate,
root and shoot length, fresh root and shoot weight, dry
root and shoot weight, traits of the varieties under salt
stress were determined. Germination rate was
calculated by the formula given below:

Germination rate (%) =Number of germinated
seeds / Total number of seeds x 100
Root and shoot lenghts were measured using scale
meter. The dry weights were measured after drying the
roots and shoots at 80°C for 24 h. The relationship
between germination rates changing over time and salt
concentrations were shown on a graph. Variance
analysis (ANOVA) applied to the root length, dry root
weight, shoot length, dry shoot weight, and
comparisons were made according to Duncan Multiple
Tests based on 5% significant level (Gomez and
Gomez 1984).

3. RESULTS AND DISCUSSION

The results of analysis of variance test presented in
Table 1 showed that salinity had significant effect on
all growth parameters. The measured components
(root and shoot length, fresh and dry root and shoot
weight) of maize varieties were significantly affected
by salt concentrations. According to the results, root
length, shoot length, fresh root and shoot weight, and
dry root and shoot weight were significant in 0.001
percentages for salt levels and varieties. The varieties
x salt concentrations interaction had significantly
(P<0.001) affected root and shoot length, fresh and
dry shoot weight of different corn varieties except
fresh and dry root weight.

Table 1. Varience anaysis results with respect to some germination characteristics of corn varieties

Fresh Fresh

Root Shoot root shoot Dry root Dry shoot
Source of variation df length length . - weight weight
(cm) (cm) weight weight (mg) (mg)
(mg) (mg)
VarletIeS V) 3 *k*% *kk *kk *kk *k*x *k*x
Error (V) 6
Salt concentrations (S) 5 Fhx il il il Fhx Hkx
V X S 15 *kx *kk NS *kk NS *kk
Error (V x S) 48
Total 71

N.S., and ***: Non significant and significant at % 0.1, respectively.

The effect of different salt concentrations on
germination ratio (%) was shown in Fig. 1. Generally,
in all varieties studied, germination ratio decreased as
salt concentration increased. Seeds in all treatments
reached 100 % germination ratio in five days in Hido
variety while a germination ratio less than 80 % was
obtained from Efe, except for 0 and 2dSm™
treatments. After fifth days, 100 % of the seeds in all
of the control treatments were germinated, indicating
that there was no difference among varieties in terms
of germination ratio under non-saline conditions. The
germination ratio in the first three days decreased
depending on the salt concentrations for all varieties.

Although the germination ratio increased as time
progressed, it was differentiated depending on various
salt concentrations in the fifth day of the experiment.
Seed germination of Burak, Efe, and Safak were more
affected by salt stress than Hido.

The decrease in germination ratio in higher salt
concentrations may be caused by hindrance of water
uptake, toxic effect of a special ion or inactivation of
some enzymes necessary for germination (Greenway
and Munns, 1980; Shalhevet et al., 1995; Wang and
Shannon, 1999; Shonjani, 2002; Khlajeh-Hosseini et
al., 2003; Dan and Brix, 2007; Tavili and Biniaz,
2009). The results obtained in this study are consistent
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with results obtained in the other studies (Katerji et al.,
1994; Marambe and Ando, 1995; Almodares et al.,
2007; Geressu and Gezaghegne, 2008; Mustafa et al.,
2010).

The effects of different salt concentrations on root
and shoot length of corn cultivars are presented in
Table 2 and 3, respectively. Statistical analysis of the
data indicated that corn varieties and various salinity
levels had a significant (p<0.001) effect on root
length. It was clear from the data that the root lengths
of varieties were significantly reduced with an
increase in salinity levels. The maximum root length
among the varieties was obtained with cv. Hido
(19.3 cm) in control treatment while minimum root
length of was obtained with cv. Safak (7.8 cm) in
10 dS m™. Mean values of the data revealed that root
length was maximum (14.6 cm) in cv. Hido while was
minimum (12.2 cm) in cv. Burak. Statistical analysis
of the data indicated that different salinity levels had
significantly (p<0.001) effect on shoot length.
Analysis of the data showed that maximum shoot

length of 9.7 cm was measured at control treatment
while the shoot length was minimum (1.1 cm) when
the plants were exposed to high levels of salinity
(10 dS m™).

The root and shoot length are important criteria in
salinity studies as these plant parts are in direct contact
with soil particles and solution. In the study, when the
salinity levels increased, root and shoot length
decreased. The reason for that the root and shoot
length are affected negatively by salt stress stems from
the fact that cytokinesis and cell expansion are
inhibited by toxic effect of salts. Additionally, the
decrease in hormones that stimulate the growth and
increase in hormones that hinder growth can cause
shorter root and shoot lengths (Prakash and
Prathapasenan, 1990; Begum et al., 1992; Foolad,
1996; Taiz and Zaiger, 1998; Atak et al., 2006). The
increase in osmotic pressure around the roots as a
result of saline environment can also prevent water
uptake by roots, resulting shorter root and shoot length
(Radic et al., 2007; Farsiani and Ghobadi, 2009).
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Figure 1. The effects of different salt concentration on maize germination ratio.



The effects of different salt concentrations on fresh
and dry root weight of corn seeds are presented in
Table 4 and 5. It was determined that variety,
concentration, and interaction of variety-concentration
is significant at 0.1 % confidence level. In the study,
fresh root weights are ranged from 122.6 to 496.7 mg.
The highest fresh root weights, as expressed the mean
of wvarieties, are obtained from Hido variety
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(365.0 mg) and this was followed by Efe (315.0 mg),
Safak (263.4 mg) and Burak (193.4 mg) varieties. The
highest fresh root weight, as a mean of concentrations,
was acquired from 2dSm?, it decreased as salt
concentration increased and reached the lowest fresh
root weight (170.6 mg) in the treatment of 10 dS m™
(Table 4).

Table 2. The effects of different salt concentrations on root length of corn varieties (cm)

- Salt concentrations (dS m™) Mean of
Varieties S
0 2 4 6 8 10 varieties
Burak 165bc  16.2 bd 117gj 11.2hk 88Im  9.km 122¢Y
Efe 146cf  16.1hbd 16.0bd  14.0dg 1031 9.6jm 13.4B
Hido 193a  18.3ab 151ce  135¢h 123fi  94jm 14.6 A
Safak 181ab  169bc  154ce  12.6f 87Im  7.8m 1328
Mean of 171A  168A  145B  128C 101D 90D
concentrations
Significance: Variety (V): ****  Salt concentrations (S): ***  VxS: ***
Y:Means different according to Duncan test at 5% confidence level are shown using different letters.
7 *** significant at 0.1% confidence level.
Table 3. The effects of different salt concentrations on shoot length of corn varieties (cm).
- Salt concentrations (dS m™) Mean of
Varieties e
0 2 4 6 8 10 varieties
Burak 4.1 ef 331 2.3 1k 2.1 2.11 15Kl 2.6 DY
Efe 6.4¢ 8.4b 57 cd 46ed 241k 274 508
Hido 9.7a 9.6a 78D 7.9b 3.8 eg 2111 6.8 A
Safak 46ed 46ed 3.8 eg 3.6 eh 2211 111 33C
Mean of 6.2A 6.5A 49B 458 26C 18D
concentrations
Significance: Variety (V): ****  Salt concentrations (S): ***  VxS: ***

Y:Means different according to Duncan test at 5% confidence level are shown using different letters.

# **x significant at 0.1% confidence level.

Root dry weight of varieties decreased significant-
ly as the levels of salinity increased from 0 to
10 dS m™ NaCl. Thus, the highest root dry weight was
found in the control (55.7 mg) and the lowest root dry
weight at the highest salinity level (34.2 mg). Among
the varieties, Hido was the least affected variety by
salinity. The first organ that interacts with salt is roots,
as in the case for most crops. From this point of view,
the results are in accord with the already published
studies which reported that increasing salt
concentration negatively affects root development
(Carpicr et al., 2009; Collado et al., 2010; Hussain et
al., 2010; Akram et al., 2010; Khayatnezhad and
Gholamin, 2011).

The analysis of variance results for fresh and dry
shoot weight of 4 varieties were presented in Table 6
and 7. Data showed differing responses of the varieties
to increasing NaCl levels and it was also showed that
the varieties responded differently to increasing NaCl
levels than control. All the varieties studied were
affected significantly and the effect was found to be
similar to each other in all varieties, except in Burak.
Means of fresh shoot weight values showed that all

varieties except these three varieties (Burak, Efe and
Hido) showed better response and fresh shoot weight
ranging from 65.0 and 235.7mg (Table 6).

The effects of salinity for the dry shoot weight
results mentioned in Table 7 showed that dry shoot
weight in control and 2dSm™® treatments were
maximum in all varieties but it was gradually
decreased as the NaCl concentration was increased.
There was no statistically difference among treatments
in control, 2, 4 and 6 dS m™. The lowest dry shoot
weight was found to be in the case of highest salinity
level (10dS m™). Maximum dry shoot weight was
obtained from cv. Hido 530.6 mchIant'l). Efe and
Safak cultivars ranked 2™ and 3™ with dry shoot
weight of 20.9 and 14.2 mgplant™®, respectively.
Minimum dry shoot weight was recorded in Burak
(13.2 mg plant™). The increase in salinity up to
10 dS m™ caused a 66 % reduction of shoot dry weight
compared with control. It has been reported that high
concentrations of salinity caused lower shoot fresh and
dry weight in maize (Kayani and Rahman, 1987; Jan
et al., 1995; Farahbakhsh and Saiid, 2009; Bakht et al.,
2011; Khodarahmpour and Motamedi, 2011).
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As a result, salt treatment affects differently early  root of four varieties with increased stress treatments.
growth stages of plants. It is supposed that seeds could  In the light of the findings of this study, it could be
germinate at several salt levels, but they could not said that the variety Hido is more salt tolerant than the
continue their development. Salinity has both osmotic  other varieties. This variety seems to be promising to
and specific ion effects on plant growth. In present  be grown in salt affected soils.
study, salt stress caused a significant decrease in shoot
and root length, fresh and dry weights of shoot and

Table 4. The effects of different salt concentrations on fresh root weight of corn varieties (mg).

- Salt concentrations (dS m™) Mean of
Varieties .

0 2 4 6 8 10 varieties

Burak 234.0 276.7 230.0 148.3 148.6 122.6 193.4 DY

Efe 347.3 411.0 378.0 325.6 234.0 194.3 315.0B

Hido 4403 496.7 365.3 333.0 297.6 257.3 365.0 A

Safak 352.3 340.3 360.3 268.6 150.6 108.0 263.4C
Mean of

concentrations 3435A 3812 A 3334A  2689B 207.7C 170.6 C

Significance: Variety (V): ****  Salt concentrations (S): ***  VxS: N.S.
Y: Means different according to Duncan test at 5% confidence level are shown using different letters.
% N.S., and ***, not significant and significant at % 0.1, confidence level, respectively.

Table 5. The effects of different salt concentrations on dry root weight of corn varieties (mg).

Varieties - . Salt Zoncentratlonz(ds m™) - - \I)gfiener:ig:
Burak 50.9 51.1 43.9 428 32.2 28.3 415 BY
Efe 55.3 49.4 53.9 56.0 46.6 316 488 A
Hido 56.5 57.6 515 44.0 515 47.6 515 A
Safak 60.1 55.7 57.2 477 35.4 29.4 476 A
Mean of 557A 535AB  516AB  47.6B 414C 342D

concentrations

Significance: Variety (V): ****  Salt concentrations (S): ***  VxS: N.S.

Y: Means different according to Duncan test at 5% confidence level are shown using different letters.
% N.S., and ***, not significant and significant at % 0.1, confidence level, respectively.

Table 6. The effects of different salt concentrations on fresh shoot weight of corn varieties (mg).

Varieties Salt concentrations (dS m™) Me_an_of
0 2 4 6 8 10 varieties
Burak 86.3 gi 78.0 gj 60.6 hj 55.13j 65.7 hj 445 ij 65.0 C
Efe 1933de  2459cd 1645 ef 123.3fg 64.1 hj 93.0 gi 147.4B
Hido 313.0 ab 365.5a 279.5 be 270.6 be 113.2 th 72.6 gj 235.7 A
Safak 98.7 gi 97.1gi 88.7 gi 94.9 gi 46.6 ij 26.4 754 C
Mean of 1728 AB  1966A  1483BC  136.0C 72.4D 59.1D

concentrations

Significance: Variety (V): ****  Salt concentrations (S): ***  VxS: ***

Y:Means different according to Duncan test at 5% confidence level are shown using different letters.
# **x significant at 0.1% confidence level.

Table 7. The effects of different salt concentrations on dry shoot weight of corn varieties (mg).

Varieties Salt concentrations (dS m™) Me_an_of
0 2 4 6 8 10 varieties
Burak 19.2 dg 13.6 gj 11.3j 11.2 12.5 hj 11.2 ij 13.2¢CY
Efe 25.4 cd 256 ¢C 21.9 cd 20.8 cf 14.3 gi 17.1ei 209B
Hido 35.2b 42.8 a 36.6 ab 36.6 ab 19.9cg 12.7 hj 30.6 A
Safak 17.1¢i 15.3 fi 16.1 ei 17.8 eg 11.1j 78] 14.2C
Mean of 242A  243A 215A 216 A 1458 1228

concentrations

Significance: Variety (V): ****  Salt concentrations (S): ***  VxS: ***

Y:Means different according to Duncan test at 5% confidence level are shown using different letters.
. **x significant at 0.1% confidence level.
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