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ABSTRACT

The effect of NaCl-salinity (0, 8, 12 dsm™) on gemmination, as well as
seediings growth and their components from water status, chlorophyll, proline,
reducing sugars, Na*, K*, indole acetic acid (I.A.A) and 1.A.A. oxidase activity, in
three wheat cultivars (cvs), denoted Sakha 94, Masr 1 and seds 12 were investigated.
Data indicated that, although 100% of all three cultivars caryopsis was germinated
during 48h under all salinfty levels; growth behavior of the seedlings showed different
responses during the subsequent periods. Also, cv. Sakha 94 appeared more tolerant
to high saline leve!, subsequent by Masr 1 and seds 12. Sakha 94 recorded the
maximum values in most vegetative parameters and photosynthetic pigments.
Relative water content and osmotic potential were decreased to very low levels
accompanied with higher accumulation of K', K'/Na* ratio, proline and reducing
sugars in the leaves of the same cv. In the sensitive cv (Seds 12), L.A.A.oxidase
activity was increased by 1.5-5 folds in leaves and roots which a led to decreases in
auxine levels {plant growth activator) in the seedlings contrary to more tolerant cv:
Sakha 94. it could be recommended that cv. Sakha 94 was more suitable to cuitivate
under saline condition and the physiological indicators studied may be used as
screening markers of early selection for salt tolerant in wheat cultivars.

- INTRODUCTION

Salinity has become a critical problem worldwide due to its dramatic
effects on plant physiology and performance {Ghassemi ef &/, 1995). Seed
germination is usually the most critical period of seedling establishment,
determining subsequent plant growth and production { Bhattacharjee, 2008).
. Germination and development of seedling are reduced under salt stress with
varying responses for species and cultivars (Hampson and Simpson, 1990).
Salinity may also affect the germination of seeds by creating an external h|gh
osmotic pressure that prevents water uptake or due to toxic effects of Na*
and CI ions on the enzymes activity during seed germinating (Khajeh-
- Hosseini et al., 2003).

Wheat (Triticum aestivum L.) is the most widely grown crop in the
world. World annual production being over 685.6 m ton while reached to 8.5
m ton in Egypt in 2009 (FAO-STAT 2009). Wheat is considered a moderately
salt-tolerant plant (EC: 4-8 dsm™ without reduction of yield), as well as
drought-tolerant crop compared with other cereals and, with barley, it is the
preferred cereal in most arid and semi-arid agricultural regions (Mass and
Hoffman, 1977). The effect of salinity stress on wheat growth and production
has been extensively studied by several authors {Colmer et a/, 1995; Derra
ef al., 1973; Goudarzi and Pakniyat, 2009). Therefore it will be important to
quantify the impact of such saline conditions on the germination and seediling
establishment of wheat in an effort to improve their yield. Stressed plants
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diminish osmotic potential by accumulating free amino acids as proline, ions
and dissolvable substances (Salama et al, 1994). Morecver, Schachtmann
and Munns (1992) reported that sodium exclusion was a general
characteristic of saft tolerance in wheat lines; whereas, salt tolerant display
much higher shoot sodium level than sensitive lines. Screening large
numbers of wheat genotypes for salinity tolerance in the field is difficult, due
to spatial heterogeneity of soil chemical and physical properties, and fo
seasonal fluctuations

in rainfall (Srivastava and Jana, 1984). Therefore Screening techniques that
can be carried out under controlied environments have often been used.

This short-term experiment was conducted to screen the more salt-
tolerate wheat cultivar to cuitivate in the new reclaimed soil and determined
useful physiological and biochemical indicators of tolerance to salinity in
wheat.

MATERIALS AND METHODS

This study was carried out at the Department of Agric. Botany,
Faculty of Agriculture, Suez Canal University, Ismailia, Egypt. The grains of
Triticum asetivum, L. cvs Masr 1, seds 12 , Sakha 94 provided by the
Egyptian crops Research Center, Ministry of Agriculture, Egypt. After surface
sterilization with sodium hypochtorite 1% (3min.), the grains were cultivated in
10cm Petri plates on Whatman filter papers W|th 10 ml of tested solu'nons
Grains were exposed to 2 saline solutions: 8 dsm’™ (=80mmoliNaCl), 12 dsm’’
(=120mmol NaCl) and control (dionized water). The experimental design was
2 factorial, arranged in a completely randoemized design with 3 replications
and 30 seeds per replicate. €aryopsis were allowed to germinate under
controlled conditionusing growth chamber at 25¢1°C in the dark for 12 days
during the two growing seasons of 2010 and 2011
Measurements and observations
Seed germination, and seedling growth:

Caryopsis was considered to have germinated when the emerging
radical elongated to 1mm (ISTA, 1976). Root and shoot length (cm), fresh
and dry weight of 10 seedlings 12 days-old for each replicate were
determined using gravimetric method. Seedling vigor index (SVI} was
calculated using formula of Abdual-baki and Andersen, (1973). SVI =
(seedling length (cm) x germination percentage). Salt tolerance index was
calculated as reported by Cano et al,, (1998) using the following relation: STI
= Fresh weight in NaCl-saline solution/ Fresh weight in control » 100.

Water content, relative water content and osmotic potential {Ws):

Water content of the seedlings was calculated after determines dry
weight by fixing plant material at 90 °C and drying at 70 °C up to constant
weight (Bohm, 1979). The relative water content was determined according
to Henson et al., (1981) using the following formula: RWC = 100 x (fresh
mass- dry mass) / (turgid mass for 24 h - dry mass). Osmotic potential (Ws)
was determined with constant weight method using serial sucrose solutions
according to Moore (1974).
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Determination of reducing sugars and LA A:

Ethanolic extract (86% ETOH) of leaves and roots were prepared
according to Abdel-Rahman et af., (1975}, Reducing sugars were determined
with alkaline copper and arsenomolybdate reagents spectrophotometrically at
540nm according to Moore (1974). LAA was determined
spectrophotometrically using Beckman DK-2 at 525 nm with Ehrlish reagent,
LA.A was used as a standard (Fliosson, 1969).

Photosynthetic pigments and chlorophyll stability index:

0.5 g leaves was ground with 10ml aceton 85% and filtered. Optical
density was measured at 662,644 and 440.5 nm using a Beckman DK-2
Spectrophotometer. Concentration of Chi a, Chl b and carotenoids as mg/g
FW were calculated according to Fadi and Sari Eldeen (1978). The
chlorophyli stability index (CSi) was determined according to Sairam et al.,
{1997) and calculated as follows: CSI = (Total Chl under stress/Total Chi
under control) x 100; Genotypic variation coefficient (GVC) was recorded
according to Baz et al, (1984) as: reducing sugars/chlorophyll a+b x
carotenoids
Determination of free proline, Na* and K":

Free proline was assayed in fresh plant material according to Batas
et al., (1973).L-proline was used as a standard. The content of K* and Na"
was delermined using a flame photometer; model ill Carl Zeiss Jena,
Germany as described by Jackson, (1973).

Preparation of enzyme extracts of leaves and root:

0.5 g fresh leaves or roots was homogenized by using a mortar and
pestle with 0.1M phosphate buffer (pH 6.5) at 4 -C and stirred for 20 min. The
suspension obtained was filtered through one layer of muslin cloth and then
centrifuged at 18,000xg for 15 min, 4 -C. The supernatant was used to
determine activity of enzymes (Urbanek et a/,, 1991} as follows:

.A.A oxidase (LA_A.Q.){ EC 1.13.11.17} activity:

1 ml enzyme extract, 2 ml 1 mM aqueous MnCi,, 1 m! 1 mM aqueous
2,4-dichlorophenol, 2 ml 1 mM aqueous |AA and 5 ml phosphate buffer (pH
6) were mixed in a 30°C water bath for 30 min. Then 2 ml of this mixture and
4 ml of reaction solution (1.0 m! 0.5M FeCls + 50 ml 35% perchloric acid)
were mixed in the dark in a- 30°C water bath for 30 min. IAAO absorbance
values were recorded at 530 nm. One unit of LA A.O. activity was expressed
in terms of pg of IAA degraded/mg protein/min. Protein content of the extracts
was determined according to Bradford, (1976) using bovine albumin serum
(BSA) as a standard.

Statistical analyses:

All data were statistically analyzed as randomized complete blocks
design (Steel et al., 1997); using the MSTAT-C statistical package {(M-STAT,
1990) and the mean values of the two growing seasons were separated by
LSD test, P < 0.05.
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RESULTS AND DISCUSSION

Germination, Seedling biomass and performance:

Salinity tolerance among three wheat cultivars (cvs) was estimated
using different physiological and biochemical parameters during germination
and seedling stages. Although 100% (data non-tabled) of the three examined
wheat caryopsas were germinated during 48h under all NaCl-salinity levels (8
and 12 dsm”) and control, seedlings showed different growth rate in
subsequent periods. Similar results were reported by Khayatnezhad et al.,
(2010) who found that germination and water uptake were decreased in five
wheat cultivars under high concentration of NaCl -salinity. Moreover, Malcolm
et al., (2003) reported that, many species, such as wheat and barley, have
the ability to germinate at very high salinity (over 300 mM NaCl), but the
emerged radical cannot grow further at this level of salinity. Some authors
affirm that low salt concentrations can act as primers improving germination
and initial growth of many species by preventmg membrane damage during
imbibitions (Sivritepe ef al., 1999).

Table (1) and figure (1) showed that FW, DW, seedling vigor index
(SVI), shoot and root length in seedhngs of cvs Masr 1 and Sakha 94 were
significantly stimulated under 8 dsm™ NaCl compared with control and the
other wheat cv. seds12 therefore wheat considered moderately salt tolerant
genus. Accumulation of either FW was continued only in Sakha 94 under 12
dsm™ NaC! by approximately 43 mg or for.shoot length by 2.4 cm in
compared io their control. Maximum significant shoot/root ratio {(2.2) and Salt
tolerance index (STi) (130. 7) were recorded in Sakha 94-seedlings under
high level of salinity (12 dsm™) compared with control and other cvs under
investigation. Root length was more affected than shoots length in wheat
seedlings under different NaCl levels, due to direct exposure to saline
solution. Moreover, increasing of salt concentrations in the root medium led
to inhibition of seedling biomass in cv. Seds 12, therefore this cv. describe as
a sensitive wheat cultivar to salinity. Table (1) also demonstrated that, Sakha
94 was more salt tolerant wheat cv. than Seds 12 and Masr 1 due to their
high ability to maintain plant water content at high level. In this respect,
Zahid et al.,, (2002) found that with the gradual increase of salinity dry weight
of shoot and root, potassium, calcium contents both in shoot and roct and
leaf area decreased, whereas sodium, chloride and chlorophyll contents
increased in all wheat cultivars except chlorophyll contenis decreased at100
mol m™ salinity in cv. Bac-119. Also, the reduction of dry weight due to
increased salinity may be a result of a combination of osmotic and specific
ion effects of CI" and Na+ on enzymes activity (Munns, 2002).

Water content, relative water content (RWC) and osmotic potential (¥s):

Leaves water content is one of the important parameters describing
water status in plant under stress. High significant levels of water content
(81. 5 and 79.2 %) were obtained with Sakha 94 seedlings under 8 and 12
dsm™ NaCl, respectively compared with control and other cvs. (Table 1). The
same table showed that, RWC was gradually decreased in both Saka 94 and
Seds 12 cvs. with increasing of NaCl concentration in contrary to cv. Masr 1.
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Table (1): seedling biomass and water status of three Seedlings wheat cvs. grown under different concentrations of,

NaCl-salinity (Combined analysis of the growing seasons 2010 and 2011).

Parameters Seedling biomass Seedling performance Water status

Cultivars NacCl weight(g) Length(cm) Shoot/root | SVI STI Water RWC ¥s
(ds/m) ratio content (Mpa)

Fw DW shoot root %

Masr 1 0.0 0.159b 0.046bc | 8.6d 6.3g 1.37b 1490g 100d 70.1e 91.1d -1.26¢
8 0.186a 0.053a 10.5b 12.4a | 0.84de 2290a 117 b 71.5d 92.5¢ -1.434
12 0.148cd | 0.046bc | 6.5F 7.5f 0.87d 1400h | 93.1¢ 68.91 96.2a -1.8¢c

Seds 12 0.0 0.138d 0.038d 8.7d 11.3b | 0.77ef 2000b 100d 72.4d 95.3b -1.33de
8 0.116f 0.037de | 7.6e 8.2e 0.93d 1580f R84.1f 68.1g 70.6g -1.7¢
12 0.127¢ 0.044c | 4.5¢ 6.5¢ 0.69F 1100i {92¢ 65.4h 71.5f -1.8¢c

Sakha 94 0.1404 0.034e 9.5¢ 9.7c 0.98¢ 1920d 100d 75.7¢ 58.51 -1.2e
8 0.152bc | 0.028f 11.2a 8.7d 1.3b 1990c 108.5¢ | 81.5a 75.4¢ -2.3b
12 0.183a 0.0384 11.9a 5.4h 22a 1730e 130.7a | 79.2b 68 4h -2.6a

L.8.D.0.05% 0.008 | 0.003 0.51 0.31 0.109 22.5 1.5 0.46 0.5 1.5

Seedling vigour index (SVI), Salt tolerance index {STT)
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Figure (1): 12-days Seedlings of three wheat cultivars under different NaCl-salinity levels.
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The more tolerant cv. (Sakha 94) was recorded the minimum significant value
(68.4) in this concern compared with other wheat cvs. under study.

Dissolved solutes in the rooting zone generate a low (more
negative) osmotic potential that lowers the soil water potential. The general
water balance of plants is thus affected because leaves need to develop
even lower water potential to maintain a “"downhill” gradient of water potential
between the soil and the leaves (Taiz and Zeiger, 2002). Decreasing of
osmotic potential of leaves was observed in all three wheat cvs.
accompanied with high salinity concentration around root medium. High
potentiai of seedlings cv. Sakha 94 to lower their Ieaves aosmotic potential to -
2.6 MPa under high levels of salinity (12 dsm™) may be caused by more
intensive uptake of inorganic ions and synthesis of high different compatibie
osmolytes as proline (Table 1). These results were agreed with Flower and
Ludlow, (1986) who reported that RWC is considered an alternative measure
of plant water status, reflecting the metabolic activity in tissues. Neumann,
{1995) found that salinity can rapidly inhibit root growth and hence capacity of
water uptake and essential mineral nutrition from soil. Also, high intracellular
concentrations of both Na+ and Cl, can inhibit the metabolism of dividing and
expanding cells.

Osmolytes concentration:

Table (2) shows that Na® concentration in wheat seediings was
increased insignificantly in the leaves of all three cvs with an increase salinity
level. Schubert and Lauchli, (1986) affirmed that, no correlation between Na®
exclusion and salt resistance of maize in a short-term experiment (17 d).
Similarly, James et al., (2002) showed that, Na became potentially toxic only
when concentration exceeded 1.25 mmol g”' DW in durum wheat. Berkowitz,
(1998) added that high soil solution sodium impairs cell metabolism and
photosynthesis by imposing an osmotic stress on cell water relations and by
toxicity of sodium in the cytosol.

The same table showed that, K* concentration was increased by 1-
2.5 times in all three cvs. wheat with salt increment. Seedhngs of cv. Sakha
94 was signifi cantly recorded the maximum vaiues of K*content (216.7-213.3
u eqgiv.) and K'/Na" (5.5-5.6) under 8 and 12 dsm™ , respectively compared
with other examined wheat cvs. According to Chhipa and Lal, (1995)
potential of seediings to maintain high ratio K’'/Na* in their tissue rather than
Na® alone is important parameter to estimate wheat salt tolerance. In the
same line, Bavei et al, (2011) found that, clear decline in K" and Ca®
concentrations and increase in Na" and proline contents were observed in the
root and leaf tissues at each NaCl concentration in sensitive sorghum
varieties during the NaCl treatment.

On the other hand, osmoprotectants as reducing sugars and profine
concentrations were alse increased in both leaves and roots of all three
wheat cvs under study with high levels of NaCl (Table 2). Seedlings of cv.
Sakha 94 was more efficient in biosynthesis of reducing sugars (1.8 and 0.73
mg/g FW) and (58.7 — 20.3 umol/g FW) for proline concentration in leaves
and roots respectively, under 12 dsm™ NaCl compared with control and other
cvs. Increasing of reducing sugars concentration in the leaves may occur due
to decrease of translocation of photoassimilates from leaves (source) to
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(roots) sinks while root has high amount of reducing sugars at seedling stage
could result by continues suppiement of degradated carbohydrats from
grains during germination (Taiz and Zeiger, 2002). Data in the present
investigation showed also that, proline was accumulated by 2-6 times in
leaves or roots of wheat seedlings grown under salinity stress. Simiiar results
were found by Aloni and Rosenshtein, (1984) who reported that, proline play
an important role as osmoregulator under drought and salinity conditions,
proteins stabilizer, prevention of heat denaturation of enzymes and
conservation of nitrogen and energy for a post-stress period. Goudarzi and
Pakniyat, (2009) found that proline, protein contents and peroxidase activity
were increased in most tolerant cultivars of wheat grown under 6.8 and 13.8
dsm™ NaCl. Also, salinity induced an accumulation of proline in the wheat
seedlings to a level twice that in the control with 2% NaCi and three times
higher with 4% NaCl (Shakirova ef al, 2003). These resuits were non-
coordinated with Colmer ef al., (1895) who did not find any significant role of
proline in salt tolerance in a wheat x Lophopyrum elongatum amphiploid.

Table (2): Effect of NaCl-salinity on osmoilytes accumulation in 12-days
seedlings of wheat cvs (Combined analysis of the two
growing seasons 2010 and 2011)
NaCl Reducing Proline pmol/g | Leaves jons p eqiv./g
FW

Parameters |{ds/m}| sugars mglg FW

. Na' K' [KINa
Cultivars leaves| Root |leaves|{ Root
Masr 1 0.0 |1.43abl 0.47cd | 11.7c | 3.7de | 38.5a.| 85.2d 2.2d

8 |1.47abl 0.5bcd | 30.1b | 6.7cde | 37.3a { 155.2b | 4.2a
12 |1.47abj0.63abc]| 30.3b | 10.7cd | 39.6a | 153.6b | 3.8b
iSeds 12 0.0 |[15ab| 0.37d | 11.5¢c| 3.2e | 33.5a]| 81.7d 2.8c
8 1.5ab| 0.73a | 18.3c | 12.2bc [ 40.3a | 126.7¢ | 3.1c
12 12b | 0.73a | 18.3c [ 12.3bc [ 41.1a | 125.3c | 3.1c
Sakha 94 0 1.2b | 0.47cd | 11.8¢c | 3.1e | 31.7a| 88.4d 2.8¢
8 1.6ab| 0.7ab | 50.2a | 17.7ab { 39.7a | 216.7a | 5.5a
12 18a | 0.73a [ 56.7a | 20.3a | 38.2a | 213.3a | 6.6a
L.8.D0.0.05% 0.35 | 0.19 8.5 6.1 ns 14.3 0.31

Content of chiorophyll, carotenoids, chlorophyll stability index (CSl)
and genotypic variation coefficient (GVI):

Data presented in Table (3) showed that, concentrations of Chl.a,
Chl.a+b, Chl.a/b and chlorophyll stability index (CSI) were decreased
gradually in all wheat cvs. with increasing of NaCl content. Seedlings of
cv. Sakha 94 showed the lowest significant reduction in chl.a especially under
12 dsm” concentration. This reduction in chl.a was determined by
approximately 37%, 137 and 146% in leaves of Sakha 94, Masr 1 and Seds
12, respectively compared with their control. Furthermore, seedling leaves of
cv. Sakha 94 recorded 2-fo]ded content of Chl.a+b (2.8 mg /gFW) and CS!
(72.9) under 12 dsm” NaCl compared with other wheat cvs. under
mvesﬂgatlon However, maintain of stationary in Chl.a / b ratio was noticed in
Sakha 94 under all NaCl levels, while this ratio was reduced in the other
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wheat cvs. The same table also showed that concentration of Chi.b was
stimutated under Iow NaCl level (8 dsm™), and then decreased under high
salinity one (12 dsm™) in all three investigated cvs. According to Taiz and
Zeiger, (2002), the most visual symptoms of salinity were yellowing of leaf
tips and margin due to degradation of chlorophyll and biosynthesis of
carotenoids.

Table (3): Effect of NaCl salinity on chlorophyll and caroteniods
concentration in leaves of three wheat cvs Seedlings after
12 days from germination (Combined analysis of the two

rowing seasons 2010 and 2011)
Cultivars ;?Nacl mo/g FW csl | GVI
{ds/m)! Chl.a {ChlLb] Chl.a+b | Chl.a/b |carotenoids
Masr 1 0.0 [2.03ab| 14c| 3.37cd | 14a 0.3e 100b ; 1.41a
8§ |16bci18a| 3.3ecd | 0.77b O.4de 32.6g | 1.07b
12 | 0.66d [0.87e] 1.6f 0.5¢ 1.6a 45.5¢ | 0.56de
Seds 12 0.0 j2.03ab)| 14c| 3.5¢c 1.5a 0.7¢c 100b | 0.684d
8 1.3c |18a]| 3.1d ; 0.77b 1.3b 87.5¢ | 0.42e
i2 {0.57d [0.77e| 1.4f [0.53bc 1.3b 40f [ 0.73cd
[Sakha 94 8] 2.07a |16b| 3.8b 1.4a 0.4de 100b {0.73cd
8 [1.97ab|1.7ab| 4.03a 1.3a 0.4de 107.1a| 0.86¢c
12 [1.7abc{1.2d | 2.8e 1.4a 0.53d 72.9d | 1.2b
L.5.0.0.05% 041 1016 | 0.25 0.23 0.15 43 | 0.19

(C8I) chiorophyll stabllity index, (GVI) genotypic variation coefficient

Results in the present investigation, demonstrated that concentration
of carctenoids was increased with different rates according to wheat cv.
Seedlings of cv. Masr 1 was more efficient in caroteniods biosynthesis (1.6
mg/g FW) compared with other cvs. Genotypic variation coefficient (GV1)
demanstrated the relation of photosynthesis products (reducing sugars) and
the photosynthetic pigments {Chl.a+b and carotenoids ). The maximum GVi
was recorded in seedlings of cv.Sakha 94 {1.2) compared with 0.56 and 0.73
in seedlings of cvs. Masr 1 and seds 12, respectively. These findings agreed
with Sabater and Rodriquez, (1978), who found that, Chlorophyll a and b
content decreased in response to water stress. The decrease may be due to
the formation of proteolytic enzymes such chlorophyllase, which is
responsible for chlorophyll degradation. Also, Zahid et al., (2002}, found that
Photosynthesis was mcreased in all wheat cultivars at 100 mol/m® salinity
then decreased at 200 molim” salinity.
indole acetic acid (LA.A.) and the activity of indole acetic acid
oxidase({lAAQ):

Data represented in Figure (2) showed that concentration of indole
acetic acid (1.A.A.) was significantly increased in leaves (2.1 and 1.8 pg 1g
FW) in both Sakha 94 and Masr 1cvs. under low NaCi leve!l (8 dsm™)
compared with the more sensitive cv. Seds 12 (0.07 pg/g FW). Furthermore,
Seedlings of both Sakha 94 and Masr 1 maintained the concentration of
LAA. at high level in their leaves to 2.1 and 1.5pg/g FW under 12 dsm™
NaCl. According to Mansfield and Mc-Ainsh, (1995), |LA.A. eliminating
osmotic inhibition; enhancing water uptake, stomatal opening and water
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movement in roots and is thought to act with abscisic acid in responding to
the types of stress that affect turgor (e.g. drought and salinity).
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Figure (2): Effect of different levels of NaCl on LLA.A. concentrations in
leaves and roots of three wheat cvs. after 12 days from
germination. {means+SE, n = 4). PS0.05 as determined by
Duncan’s test (Combined analysis of the two growing
seasons 2010 and 2011) .

Polar transportation of LAA. from leaves to roots was cleared in
seedlmg of all three wheat cvs. under control and low NaCl concentration (8
dsm™). Our results were similar to that of Wolters and Jurgens, (2008) who
found that during development of root system, the establishment of an auxin
gradient with its maximum at the tip is essential for proper lateral root
primordia development. Also, Wang et al, (2008) demonstrate that auxin
transport activities are required for remodeling lateral root formation and
elongation and for adaptive root system development under salt stress.
Derra, (1973) added that, auxins like indole butyric acid and indole acetic
acid promote germination and seedling growth of wheat better than kinetin by
eliminating osmotic effect of salinity.

Maximum significant values of LAA. concentratlons were recarded in
roots of cv. Masr 1 (1.27 ug/g FW) under 8 dsm™ NaCl compared with other
wheat cvs. Moreover, roots of cv. Sakha 94 showed the minimum
degradation levels of | A.A (0.79 pg/g FW) under 12 dsm™ NaCl which
contributed with the most root length (Table 1). This finding agreed with
Munns, (2002) who reported that the osmotic stress of the salt outside the
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roots reduces the rate of fgrmation of new leaves and the rate of tiller
production. This response is probably under the control of hormonal signais
from roots. Furthermore, incubation of wheat seedlings cv. Saratovskaya 29
on the medium containing 2% NaCl resulted in a transitory accumulation of
ABA, a progressive decline in cytokinins and a decrease in the level of IAA
(Shakirova et al, 2003). In contrary, Nagvi, (1994) showed that, salinity
stress reduces the recovery of the free or diffusible 1AA from maize (Zea
mays) coleoptile tips due to enhanced their conjugation or oxidation. The
reguiation of 1AA concentration in the plant tissues may be due to its
oxidation caused by indole acetic acid oxidase to non effective compound as
reported by Taiz and Zeiger, {2002).

Regarding the effects of salinity on the activity of indole acetic acid
oxidase (LA.A.Q.) Figure (3), shows that activity of 1.A.A.O. was higher in
both leaves and roots in all three wheat cvs. with increasing of NaCl
concentration especially under 12 dsm™” NaCl. The maximum values of
[.A.A Q. activity was recorded at the more salt sensitive cv. Seds 12 (1.7 and
1.5 ug L A.A. degradated / mg protein.min} under 12 dsm”' NaCl.

2 Loeaves ORoots

1.8 A
1.8 -
1.4 -
1.2 A

0.8 -
0.8 -
0.4 1
0.2 4

8 dsim

8dsim

12dsim
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[.A.A.O activity 1 g LA.A.degredated/mg protetn.min

=
D
9

Seds 12 Sakha 94

Wheat Cultivars

Figure (3): Effect of different levels of NaCl on LA.A.Q activity in leaves
and roots of three wheat cvs. after 12 days from
germination. {(meanstSE, n = 4). P<0.05 as determined by
Duncan's test {Combined analysis of the two growing
seasons 2010 and 2011).
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The activity of | A.A.O. was higher by 1.5- § times in roots and leaves of cv.
Seds 12 under 12 dsm™ NaCl compared with the most salinity tolerant cv.
Sakha 94, which recorded the minimum significant vaiues of L A.A.O. activity
(0.3 and 0.87 ug L.A.A. degradated / mg protein.min) in leaves and rocts,
respectively under the same level of NaCi. These results were agreed with
Shukla and Baijal, (1977) who found that, exposure for longer time periods to
Na-salt conditions caused a sharp enhancement in the 1AA-oxidase activity in
different wheat cultivars. Meneguzzo et af,, (1999) added that, the activity of
antioxidant enzymes were increased in wheat shoot under salinity conditions.
Also , Tuna ef al., (2008) found that, 10 dsm™ NaCl-salinity reduced the total
dry matter chlorophyil content, relative water content (RWC), but increased
proline accumulation, superoxide dismutase, peroxidase and polyphencl
oxidase enzyme activities and electrolyte leakage in maize cv. DK 647 F1.
Unlike these resuits of Naqvi, (1994) did not find any change for endogenous
enzyme activity in vitro in the coleoptiles (leaf structures) of salinity-stressed
maize seedlings.
Conclusion:

Germmatlon % of wheat grains cultivars was not influenced by 8 or
12 dsm” NaCl salinity but reduction in seedlings biomass was observed.
Seedlings of cv. Sakha 94 appeared more tolerant tc high saline
concentration, subsequent by Masr 1 and seds 12. Sakha 94 recorded the
maximum values in most vegetative parameiers and photosynthetic
pigments. Relative water content and osmotic potential were decreased fo
very low levels accompanied with higher accumulations of K', K'/Na* ratio,
profine and reducing sugars in the leaves of the most tolerant cultivar. Activity
of LA.A. oxidase increased by 1.5-5 folds in leaves and roots of the sensitive
wheat cv. (Seds 12) to NaCi salinity accompanied with decreasing of auxine
levels (plant growth activator) in seedlings contrary to more tolerant one (cv.
Sakha 94). It can be recommended that cv. Sakha 94 was more suitable to
cultivate in saline soil. Physiolegical indicaters could be used in short term
experiment of early selection for salt tolerant in wheat cultivars.
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