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ABSTRACT

Salt stress is one of the major factors limiting crop productivity worldwide. Grain ama-
ranth is new crop with high yield potential and good nutrition value which can be a
good substitute for salt-sensitive crops in saline areas. This research was conducted to
evaluate different level of salinity and applied salinity stress at several growth stages
on some morphological and physiological traits of Amaranth via split plot experiment
based on completely randomized with three replications. The main factor included five
level of salinity (Control, 75, 150, 225 and 300 mM NaCl). The sub factor consisted
applied salinity stress at four growth stages (Plant establishment, branching, flowering
and grain filling period) under hydroponic system with Hoagland solution. According
result of analysis of variance interaction applying different levels of salinity at different
growth stages was significant at 1% probability level for all traits (instead hydrogen
peroxide; H,O,, malon di aldehyde; MDA and total phenolic). Mean comparison re-
sults showed that application of 300 mM salinity concentration after plant establish-
ment stage led to death of amaranth. Salinity application after establishment decreased
significantly plant height, number of branches and panicle per plant as 44.9, 31.8 and
35.4%, respectively. Root volume only decreased after salinity 225 mM after plant es-
tablishment and 300 mM at the branching as 38 and 45%, respectively. Production of
grain weight was not affected by 75 mM salinity, but at higher salinity showed signifi-
cant decrease. The highest decrease in grain weight obtained by applying 225 mM sa-
linity after the plant establishment and salinity at 300 mM after branching as 86.6 and
71.3%, respectively, resulting in a decrease in both 1000 kernel weight and grain num-
ber, respectively. Salinity application increased H,O,, MDA and total phenolics con-
tents, severely. Most of characteristics were not affecting by 75 mM NaCl, but other
concentrations had a negative effect on the growth and production of amaranth. In this
study, the most sensitive application time to salinity was after plant establishment and
the most tolerant was grain filling stage.
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INTRODUCTION

Salinity is an agricultural problem
that decreases or restricts crop produc-
tion in many areas. As concern about
limited water resources continue to in-
crease due to rapid expanding popula-
tions, there will be a greater need to use
poor quality water in crop production.
The increase in use of saline water for
irrigation poses a potential hazard to the
quality of agricultural soils. Appropriate
management options are required to
prevent and/or relieve salinity problems
in crop production. Timing of salinity
stress, i.e., initiation and termination of
a salinization period at different growth
stages, is one such option. This option
considers crop sensitivity at different
growth stages, which is one of the ma-
jor issues in the utilization of saline wa-
ter for crop production (Shalhevet,
1994). Amaranthus, collectively known
as amaranth, is a cosmopolitan genus of
annual, short-lived or the perennial
plants. Some amaranth species are cul-
tivated as leaf vegetables, pseudo cere-
als, and ornamental plants. Amaranth
(Amaranthus sp.) is a promising crop
for semi-arid regions. It exhibits a high
nutritive value but also a fascinating
ability to adapt to diverse harsh envi-
ronments (Omami et al., 2006). Wouy-
ou et al. (2017) reported NaCl salt
stress reduced young plant growth in 4.
cruentus cultivars. It underlined, for the
first time, variability of relative salt-
stress resistance for some A. cruentus
cultivars at young plant stage. Plant
height, leaf number and root length ap-
peared as the most suitable growth pa-
rameters for studying salt stress effect
in A.cruentus. Omami et al. (2006)
studied salinity impact on some Ama-
ranth cultivars such as; 4. tricolor, A.
hypochondriacus, A. cruentus and
showed that increasing salinity in the
soil leads to significant reduction in
crop height, leaf area, specific leaf area,

and stomatal conductance rates. Dave
and Patel (2011) examined effect of sa-
linity on Amaranthus lividus and report-
ed root and shoot length, number of
leaves, fresh and dry weight of leaves;
roots and stems significantly decreased
with increasing salinity levels. In this
study proline showed a significant in-
crease with increasing salinity, while
chlorophyll content reduced by salinity.
Salinity reduced number of hairy roots
and distal root growth and root cells
were more resistant to water penetration
(Wang and Li, 2008). Omami (2005)
reported that the reduction in leaf area
affected by salinity come from reducing
leaf number and leaf size of amaranth.
Malon di aldehyde (MDA) a product of
lipild peroxidation, showed greater
accumulation in plants under stress
condition. Cell membrane stability has
been widely used to differentiate stress
tolerant and susceptible cultivars of
some crops, and in some cases, lower
MDA content could be correlated with
the stress tolerance (Wang et al., 2009).
As salt stress occur frequently plants
have developed several strategies to
cope with these challenges. One of the
stress defense mechanisms is the
antioxidant defense system, which
includes the antioxidant enzymes.
Antioxidant enzymes converts H,O;
into water and oxygen (Gaber, 2010).
Increasing soil salinity loses leaf cells
water, but this water losing from cell is
temporary and can be recovering within
hours (Cramer, 2002; Fricke and Peters,
2002). The increase levels of abscisic
acid in shoots under salinity decreased
the amount of gibberellin, cell elonga-
tion and development. In old leaves that
do not grow, the solutes do not dilute by
the lack of growing, so the toxic effects
has seen, and even leads to the death of
them (Munns and Tester, 2008).
Odjegba and Chukwunwike (2012) by
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evaluate the physiological responses of
Amaranthus hybridus L. under salinity
stress reported salinity caused a
significant decrease in whole plant dry
weight, relative water content, total
chlorophyll and protein content while
an increase in malon di aldehyde
content, catalase and  ascorbate
peroxidase activities were observed.
The severity of these effects was
concentration dependent. The biomass
accumulation of the control plants was
11.67+£0.39 g, while those that received
0.1 and 0.2 M NaCl had 9.224+0.28 and
6.94+0.07 g respectively. The increase
in malon di aldehyde content and
antioxidant enzymes activities were
indications that salinity stress induced
the production of reactive oxygen
species (ROS) which caused oxidative
damage to macromolecules in living
cells. Amaranth is used for its grain and
is also consumed as a cooked vegetable
in many parts of the world. Owing to its
high nutritive value and a wide adapta-
bility to diverse environments, Ama-
ranth has been considered a promising
crop for semiarid regions (Cunningham
et al., 1992; Allemann et al., 1996). The
prospects for future cultivation of salt
tolerant, high yielding genotypes of
amaranth are very encouraging.
However, despite a substantial amount
of literature on responses of plants to
salinity stress, little information is
available on amaranth. Omami (2005)
reported it is feasible to use saline water
for growing amaranth with minimum
yield losses if salt concentration and
time of salinization can be managed.
The objectives of study was to investi-
gate the response of amaranth to differ-
ent concentration of salinity and applied
salinity stress at different growth stages
on some morphological, physiological
and biochemical traits of amaranth.

MATERIALS AND METHODS
Field and treatments information

This research was conducted in
greenhouse of Islamic Azad University;
Tabriz Branch to assessment the antiox-
idant activity, grain and oil production
of Amaranth grain affected the different
concentration of salinity and applied
salinity stress at several growth stages
via split plot experiment based on com-
pletely randomized design during 2013
with three replications. Place of re-
search was located in Tabriz city at lon-
gitude 46°17'E and latitude 38°05'N in
East Azerbaijan province (Northeast of
Iran) with 1360 meters altitude. The
main factor included five level of salini-
ty (Control, 75, 150, 225 and 300 mili
Molar; mM NaCl). The sub factor con-
sisted applied salinity stress at four
growth stages (Plant establishment,
branching, flowering and grain filling
period) under hydroponic system with
Hoagland solution on grain amaranth
(A. hypochindriacus x A. hybridus) as a
new crop. 1100 gr. perlite medium grain
size filled into pots. Grains randomly
distributed on the surface of the perlite.
Nutrition of crops was supplied by us-
ing nutrient solution after emergence.

Greenhouse management

Plant Nutrition: Hoagland's A-Z solu-
tion was used to provide macro and mi-
cro nutrients (Table 1) (Nenova, 2008).
Two weeks after emergence, grainlings
thinned to five plants per pot and in
third week after emergence were kept
only three plants per pot. Every four
days nutrient solution (1/2 fold in the
early period of growth) was supplied to
plants (Nenova, 2008). The most im-
portant factor to increase the availability
of micro-nutrients was pH.
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Table 1. The amount of nutrients need to produce Hoagland solution

Chemical Concentration Chemical Concentration Chemical
-1 -1
compound (mg.1) compound (mg.L™) compound Concentration
. 18 L water . 18 L water Macro ele- 1
Micro . 1 Micro . -1 (mg.I")
elements (use in ml.1 elements (use in ml.1 ments
solution I) solution I) (solution I)
NiSo04.6H,O g LiCl 0.5¢g KNO; 303.3
Co(NO3),.6H,0 lg CuSo4.H,O g Ca(NOs),.4H,0O 472.2
KI 05g ZHSO4 lg NH4H2PO4 115.0
KBr OSg AIQ(SO4)3 lg
Iron ammonium o
citrate 0.5% 1 ml.l SnC122H20 OSg
MnCl,.4H,0 g

The nutrient pH solution was reduced to
5 with adding nitric acid 95% (Kang
and Van lersel, 2004). Hoagland's solu-
tion electrical conductivity (EC) was the
reference or control and salinity levels
prepared by adding sodium chloride so-
lution. Treatments were performed three
weeks after seed emergence. The
amount of used solution for treatment
was determined based on available wa-
ter in each pot. For this purpose, the
weight of irrigated pearlite determined
after 24 hours and the initial weight of
pearlite before irrigation was fractioned.
Then the amount of water turned to vol-
ume. The resulted number is between
550 to 600 mili liters (ml) of water for
each pot. Accordingly, 550 mL of each
solution was used for the treatments. No
water leaching was permitted from pots.
After 30 days, excess water used to
leaching pots.

Traits measure

Hydrogen peroxide (H;0;), Malon di
aldehyde (MDA) and Total phenolics:
H,O, content in amaranth leaves at
grain filling stage were determined
according to Velikova et al (2000)
method. Leaf tissues (0.5 gr) were
homogenized in an ice bath with 5 ml of
0.1% (w/v) trichloroacetic acid (TCA).
The homogenate was centrifuged at
10,000g for 15 min and 0.5 ml of the
supernatant was added to 0.5 mL of 10

mM potassium phosphate buffer (pH
7.0) and 1 mL of 1 M KI. The
absorbance of the supernatant was
measured at 390 nm. The level of lipid
peroxidation (MDA) was determined in
terms of thiobarbituric acid-reactive
substances concentration as described
by Noreen and Ashraf (2009). Fresh
leaf (1.0 gr) was homogenized in 3 mL
of 1.0% (w/v) TCA at 4°C. The
homogenate was centrifuged at 20,000g
for 15 min and 0.5 mL of the obtained
supernatant was added to 3 mL of 0.5%
(v/v) thiobarbituric acid (TBA) in 20%
TCA. The mixture was incubated at
95°C in a shaking water bath for 50
minute, and the reaction was stopped by
cooling the tubes in an ice water bath.
Then the samples were centrifuged at
10,000g for 10 minute, and the
absorbance of the supernatant was read
at 532 nm. The value for nonspecific
absorption at 600 nm was subtracted.
The concentration of TBARS was
calculated using the absorption
coefficient, 155 mili Molar.cm™. Total
phenolics were determined using Folin-
Ciocalteau reagent (Noreen and Ashraf,
2009). Fresh leaf tissue (50 mg) was
homogenized with 80% acetone and
centrifuged at 10,000g for 10 minute.
One-hundred pl of the supernatant were
diluted with 2 mL of water and 1 mL of
Folin—Ciocalteau's phenol reagent and
shaken vigorously. Then 5 mL of 20%
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sodium carbonate solution was added
and the volume was made up to 10 ml
with distilled water. The contents were
mixed thoroughly and the absorbancem
was read at 750 nm using a
spectrophotometer (IRMECO U2020).
The results were expressed as mg.g” of
fresh leaf.

Physiologic and morphologic traits:
After harvest, traits such as plant height,
number of branches, number of panicle,
panicle length, leaf area, grain weight
and grain weight per plant, shoot and
root dry weight, and root length and
volume was measured. Grain oil
percentage were measured by the
micro-sougksole method (Yaniv, 1999).

Statistical analysis
Analysis of variance (ANOVA) and
mean comparisons were done by

, June 2017
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MSTAT-C software and Duncan
multiple range test (DMART) at 5%
probability level.

RESULT AND DISCUSSION
Plant height

Plant height was significantly affect-
ed by different level of salinity, applica-
tion salinity stress at different growth
stage and interaction effect of treat-
ments at 1% probability level (Table 2).
Salinity applying in the beginning stag-
es of branching, flowering and grain
filling had no significant effect on plant
height, but salinity levels affected plant
height. Salinity up to 150 mM did not
effect on plant height at establishment
stage but as it increased, significantly
decreased plant height. Salinity level at
225 mM, decreased plant height to 38
cm which was 45% lower than the con-
trol treatments (Fig. 1).

Table 2. Analysis of variance effect of different salinity level and application salinity stress at differ-
ent growth stage on measured traits

S.0.V dt Plant Branch Panicle Leaf Root Root
e height No. length area volum _length
Different level ok ok 5k ok sk N
of Salinity (A) 4 877.79 423 329.32° 36830.06 124.475 318.63
Application salinity
stress at different 3 3141.02" 8.84" 388.93" 70866.19” 178.800" 67.4™
growth stage (B)
AxB 12492097 2297 76.18" 10701.07" 40286 188.41"
Error 40 70.35 0.45 11.517 1504.283 3.85 36.02
CV (%) - 13.17 16.23 13.83 17.01 10.94 11.56
": non significant, * and ** significant at 5% and 1% levels, respectivly.
Continue of Table 2.
Total 1000 kernel Grain No. Qil
8.0.v df MDA~ H,0, phenol weight per plant  percentage
Differentlevel © 453 89" 51 43" 454" 3.063%  15953.1%*  163.88%*
of Salinity (A)
Application salinity
stress at different 3 6.23™ 441%™ 0. 65™ 2.475%%* 86743.6** 52.79%%*
growth stage (B)
AxB 12 0.87% 234" 0.22"% 0.933%%* 30106.5%** 4.35%*
Error 40 18.57 3.84 0.88 0.017 35754.5 0.516
CV (%) - 13.68 13.83 7.04 4.76 17.01 5.43

": non significant, * and ** significant at 5% and 1% levels, respectivly.
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Fig. 1. Mean comparison interaction effect
of different level of salinity and applying
salinity stress at different growth stage on
plant height via Duncan test at 5% probabil-
ity level.

Applying 300 mM NaCl after estab-
lishment stage led to plant death. Sim-
ple linear regression equation showed
that for each unit increase in salinity in
the growth stage, plant height reduced
14.9 cm. While the reduction in the
branching and grain filling was 4.6 and
2.6 units, respectively, which may not
provide a significant effect (Fig. 1)
However, salinity application after es-
tablishment of plant when cells and
plant growth begins, coused a signifi-
cant reduction in the amaranth height.
Salinity by reducing water absorption
decreased water potential and resulting
reduced cell and plant growth (Yadav et
al., 2011). The beginning and end of
branching in amaranth depends on the
type of crop and environmental factors.
In most crops branching ends by begin-
ning of flowering (Beveridge et al,
2003). Average salinity stopped growth
of lateral branches for more weeks
(Munns and Tester, 2008). Factors such
as photoperiod active meristem num-
bers, crop hormones and assimilation
rate are effective on branching of ama-
ranth (Beveridge et al., 2003). Omami
(2005) studied effect of salinity on
some varieties of grain amaranth (4.
tricolor, A. hypochondriacus and A.
cruentus) and announced that 200 mM

salt decreased A. hypochondriacus
height at a rate of 62% and A. cruentus
by 59%. Should bear in mind that plant
growth continue until the beginning of
flowering stage, so apply salt after this
point will not affect the height of ama-
ranth. Abdel Aziz et al. (2011) reported
similar results in 4. tricolor.

Branch number

Evaluation result of analysis of vari-
ance showed effect of different level of
salinity, application salinity stress at
different growth stage and interaction
effect of the treatments on branch num-
ber was significant at 1% probability
level (Table 2). Salinity at the beginning
of branching, early flowering and grain
filling stages had not significant effect
on number of branches per plant. There-
fore, induction of branch buds must do
before branching. Applying 300 mM
salt after plant establishment had a sig-
nificant effect on number of branches

(Fig. 2).

B Stablishment O Branching Flowering w Grain filling
5 aa aa a
4.5
4
35
3
25
2
15
1
0.5
0

Branch No.

Control(0) 75 150 225 300

NaCl (mMol)

Fig. 2. Mean comparison interaction effect
of different level of salinity and applying
salinity stress at different growth stage on
number of branches via Duncan test at 5%
probability level.

Salinity reduced number of branches
per plant and growth and development
such as reducing number of florets and
earliness flowering of plant affected by
salinity (Muuns and Tester, 2008).
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Panicle length

Result of analysis of variance re-
vealed effect of different level of salini-
ty, application salinity stress at different
growth stage and interaction effect of
the treatments on panicle length was
significant at 1% probability level (Ta-
ble 2). Low levels of salinity had not
effect on amaranth panicle length but,
225 and 300 mM salt, showed a nega-
tive impact on it. None of the salt con-
centrations applied during flowering
and panicle initiation, and grain filling
duration had significant effect on pani-
cle length. Panicle growth stops at grain
initiation and grain filling stage. Salini-
ty stress in the onset of flowering and
panicle length had little effect on pani-
cle length. Application of 225 mM salt
in crop establishment reduced 46 % and
application of 225 and 300 mM salt in
branching reduced 33 and 64 % of the
panicle length, respectively. Simple lin-
ear regression equation showed that for
every unit increase in salinity after es-
tablishment, panicle length was reduced
6.5 units. While the loss in the branch-
ing stage is only 4 units. The drop in the
panicle length at flowering and grain
filling stage was not significant (Fig. 3).

Leaf area

According result of analysis of vari-
ance effect of different level of salinity,
application salinity stress at different
growth stage and interaction effect of
treatments on leaf area was significant
at 1% probability level (Table 2). Leaf
area decreased by the salinity increas-
ing. Maximum reduction in leaf area
made by application of 300 mM at the
beginning of branching to 66% of con-
trol treatments. However, if salinity ap-
plied at 300mM at flower initiation, leaf
area decreased 32 %. So, the time of
salinity stress had important role in de-
creasing traits.

40 # Stablishment mBranching AFlowering  Grain filing
£ LTl

30 N ———) e xab

abe o £ abe

abe

anicle Length (cm)

Branching: y = -4x + 35.932
15 R?= 08601 ¢
& 10 Gran flng.y = 0.06¢ + 288 Stablishment: y = -6.466x + 36.998
R?= 0.0021 R= 0874
51 Flowering:y = -1.968x + 33.504 :
RE= 06639 ¢
0 T T T T +
Control(0) 75 150 25 300

NaCl (mMol)

Fig. 3. Mean comparison interaction effect
of different level of salinity and applying
salinity stress at different growth stage on
panicle length via Duncan test at 5% proba-
bility level.

Application of 225 mM salt in crop
establishment, branching and early
flowering reduced amaranth leaves rate
as 62, 48 and 31%, respectively. Simple
linear regression equations showed that
for every unit increase in salinity after
establisment 51 wunit of leaf area
reduced. Changes rate in salinity levels
applied after flowering and grain filling
was not significant on leaf area (Fig. 4).
With increasing plant age, leaf area re-
duction was less affected by salinity.
Applying 150 and 225 mM NaCl after
plant establishment led to leaf burning
and necrosis. While at 300 mM, the
leaves of the plants died out and were
suffering from root rot (Flowers, 2004).
Applying 150 mM salinity after the es-
tablishment stage, branching and grain
filling, decreased leaf area of amaranth
to 54, 44 and 42% and 75 mM salinity
on crop establishment and early stages
of branching decreased 30 and 28%,
respectively (Fig. 4). In their research,
the salinity of 3000 ppm decreased the
inflorescence length more than 36%.
Should be kept in mind that the leaf
growth in flowering stage reduced. Old
leaves drying by salinity is the reason to
decrease leaf area.
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Salinity at early stage of plant
growth reduced both number and leaf
growth, and dried leaves. So in the early
stages of growth, salinity can have a
greater impact on leaf area. Makus
(2003) reported that salinity made a
significant decrease in Amaranth leaf
area.

* Stabishment = Branching A Fowering X Grain filng

300

250

200

1501 Grain filing: y = 7.57x
R?=0247

Leaf Area (cm2/plant)

Flowering: y =-16.49x + 237.89
R?=0.5508

Branching: y = -27.07x + 243,87 Stablishment; y = -50.86x + 267.26
R =0.9487 R =0.9007

Control(0) 7 150 25 300
NaCl (mMol)

Fig. 4. Mean comparison interaction effect
of different level of salinity and applying
salinity stress at different growth stage on
leaf area via Duncan test at 5% probability
level.

Omami (2005) investigated effect of
the salinity on leaf area of grain ama-
ranth (4. tricolor, A. hypochondriacus
and A. cruentus). 200 mM salt reduced
leaf area of A. hypochondriacus and A.
cruentus as 74% and 68% respectively.
High salinity damage signs to plant de-
tectable such as leaf burning by Na’,
and CI ions (Wahome et al, 2001).
High salinity levels increased leaf se-
nescence rate, and decreased photosyn-
thesis (Carillo ef al., 2010). Decreasing
Calcium absorption due to salinity
caused a reduction in leaf growth
(Lauchli and Grattan, 2007). Leaf
growth rates decreasing could be due to
osmotic effects of salts in the root zone
(Carillo et al., 2010).

Root length and volume

Root volume was significantly af-
fected by different level of salinity, ap-
plication salinity stress at different
growth stage and interaction effect of

treatments at 1% probability level. Also
effect of different level of salinity and
interaction effect of treatments on root
length was significant at 1% probability
level, but effect of application salinity
stress at different growth stage was not
significant (Table 2). Root length not
affected by salinity of 75, 150 and 225
mM (Fig. 5). Root length affect in none
of the concentrations of salt applying at
flowering and grain filling stages. But
salinity at 300 mM in branching de-
creased root length as 29%.

W Stablishment = Branching Flowering « Grain filling
40 4

35
30 4
25
20
15 1

Root length (cm)

10 A
5

0

Control (0) 75 150 225 300

NaCl (mMol)

Fig. 5. Mean comparison interaction effect
of different level of salinity and applying
salinity stress at different growth stage on
root length via Duncan test at 5% probabil-
ity level.

The root volume was not affected by
salinity of 75 and 150 mM, but applying
higher salinity at early stages decreased
root volume. Salinity at 225 mM appli-
cation after establishment stage de-
creased amaranth roots volume, but root
volume in 225 mM salt not changed,
salinity at 225 mM application after es-
tablishment decreased root volume to
38%. Although only in the early stages
of crop growth applying 225 mM salini-
ty reduced amaranth roots volume, sa-
linity applied at later stages of crop
growth reduced significant the volume
of amaranth roots also. So, salinity at
300 mM at the branching stage de-
creased 45% size of the amaranth roots.
Simple linear regression equations
showed that every unit increase in salin-
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ity in establishment stage reduced 6.4
units root volume of amaranth. Changes
in salinity levels after flowering and
grain filling was not significant (Fig. 6).
Other researchers have reported similar
results in different crops (Huerta-
Ocampo et al., 2014).

# Stablishment mBranching 4 Flowering  Grain filling

ab’ *al * abc
20 4 abe L= >

xad aad

x a-d
sae

ue (cm3)

Grain filing: y = 0.101x + 19.963
R?=0.0281

Root val
3

Branching: y = -1.932¢ + 22.662
R? = 0.9159

Flowering: y = -0.867x + 23.667 Stablishment: y = -4.6x + 27.334
R?=0.3211 R?=0.8162

Control(0) 75 150 225 300

NaCl (mMol)

Fig. 6. Mean comparison interaction effect
of different level of salinity and applying
salinity stress at different growth stage on
root volume via Duncan test at 5% proba-
bility level.

Munnes and Tester (2008) stated that
root growth is rarely affected by salinity
decreasing. Omami (2005) reported that
the growth of roots in Amaranth more
affected by salinity than shoot growth.
Dave and Patal (2011) reported reduc-
ing root growth by salinity stress. Salin-
ity stress reduced the rate of photosyn-
thesis, growth and the transmission as-
similate. So, decreasing of assimilate
amount and transduction in the saline
condition, decreased root and shoot
growth. On the other hand, researches
have shown that the amount of ABA
increased in crop roots by salinity
(Yadav et al., 2011). ABA production
in high salt concentrations in the roots,
reduced root growth (Sharp and Le No-
ble, 2002).

MDA, H;0; and total phenolic
contents

Assessment result of analysis of var-
iance indicated effect of different level

of salinity on MDA content was signifi-
cant at 1% probability level but effect of
application salinity stress at different
growth stage and interaction effect of
treatments was not significant (Table 2).
As well as effect of different level of
salinity on H,O, and total phenolic con-
tents was significant at 5% probability
level but effect of application salinity
stress at different growth stage and in-
teraction effect of treatments was not
significant (Table 2). According mean
comparison result increasing salinity
level led to increase MDA, H,O, and
total phenolics contents in amaranth
leaves (Table 3). Salinity levels of 75
mM had no significant effect on H,O»
and MDA content in amaranth leaves.
However, enhancment of salinity to
150, 225 and 300 mM significantly
increased H,O, content as 35.9, 50.3
and 74.7%, respectively compared to
non saline conditions; these increase for
MDA amount were 62.9, 77.3 and 86.9
%, respectively. Total phenolics
contents in the amaranth leaves
significantly increased with enhancment
of salinity from non salinity condition
to 75, 150, 225 and 300 mM NaCl as
15.7,24.2, 33.7 and 46.8%, respectively
(Table 3). High increase content of
H,O, showed that amaranth in high
salinity levels was sensitive; on the
other hand the high increase content of
MDA is Amaranth’s appropriate
response to the salinity. MDA is the
decomposition  product of  the
polyunsaturated fatty acids of the
membranes under stress (Moosavi ef al.,
2009). The rate of lipid peroxidation
level in terms of MDA can therefore be
used as an indication to evaluate the
tolerance of plants to oxidative stress as
well as sensitivity of plants to salt
stress. It is also known that the
formation of the ROS enhances
peroxidation at the cellular level and
that the rate of such enhancement



Yarnia and Khorshidi Benam, Assessment of Antioxidant Activity, Grain and Oil... 60

relates to plant species and the severity
of stress (Wang et al., 2009). Variation
in MDA contents were found in rice
(Tijen and Ismail, 2005) and cotton
(Meloni et al., 2003) cultivars differing
in salt tolerance. In amaranth leaves
H,0O; remained unchanged due to salt
stress. While, in contrast, it is generally
known that salt stress enhances the
production  of  singlet  oxygen,
superoxide anion, H»O, and hydroxyl
radical in the plants. However,
regulation of these ROS depends on
their rates of generation, their rate of
reaction with other metabolites such as
proteins, lipids and nucleic acids, their
rate of degradation and rate of their
neutralizing by enzymatic or the non

enzymatic antioxidants. Generally, the
dismutation of two superoxide anions
either enzymatically or non
enzymatically, give rise to the H»O».
H,O, is also produced from the f-
oxidation of fatty acids and the
peroxisomal photorespiration reactions
(Noreen and Ashraf, 2009). Of various
secondary metabolites, terpenes and
phenolics are more important to abiotic
stress tolerance than the others due to
the their structural properties. For
example, the enhanced synthesis of
soluble phenolics has been directly
correlated with salt and heat tolerance
of sugarcane (Wahid and Ghazanfar,
2000).

Table 3. Mean comparison effect of different level of salinity on H,O,, total phenolics and

MDA content
MDA H,0, Total phenolic
Treatment (nmol.g'1 fw) (umol.g'1 fw) (mg.l;'1 fw)

NaCl
(mM)

0 2.91%¢ 9.23¢ 4214

75 3.37°¢ 10.33 4.87°¢

150 4.74° 12.54°¢ 5.23%

225 5.16 ™ 13.87° 5.63°

300 5.44%° 16.12° 6.18°

*Treatments with the same letter(s) don’t have significant difference via Duncan test at 5% probability level.

1000 Kernel Weight

Result of analysis of variance
showed effect of different level of salin-
ity, application salinity stress at differ-
ent growth stage and interaction effect
of treatments on 1000 kernel weight
was significant at 1% probability level
(Table 2). Salinity applying at 75, 150
and 225 mM in the establishment stage
of amaranth reduced 1000 kernel weight
as 10, 13.3 and 23.3%, respectively,
(Fig. 7). In this study, salinity applying
at 75 mM in the beginning stages of
branching and flowering decreased 16.6
and 13.3% of 1000 kernel weight, re-
spectively. Salinity application at 150
mM at the beginning of branching was
not affected 1000 kernel weight and 150

mM in the flowering stages, increased
1000 kernel weight significantly. This
increase was due to a decrease in num-
ber of grain per plant (Fig. 8) and high
leaf area (Fig. 4), which leads to more
assimilate for grain filling. In salinity
more than 150 mM significantly reduc-
tion in 1000 kernel weight was ob-
served. Simple linear regression equa-
tions showed that for every unit in-
crease in salinity after the establishment
stage, 1000 kernel weight was reduced
0.65 units. The reduction in the branch-
ing and flowering stages was 0.22 and
0.08 unit, respectively. Changes rate in
salinity levels after grain filling had not
significant differences.
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 Stablishment = Branching A Flow ering X Grain filing

21 Flowering: y =-0.0833x + 32363
Re =0.0901

Branching: y =-0.2201x + 3.3405
1 R =0.4804

1000 kemel weight (g)

Grain filing: y =-0.0233x +3.0965 Stablishment:y =-0.65x +4.0966
Re=0.3325 R2=0.702

5
Control(0) 75 150 25 300

NaCl (mMol)

Fig. 7. Mean comparison interaction effect
of different level of salinity and applying
salinity stress at different growth stage on
1000 kernel weight via Duncan test at 5%
probability level.

Thus delay in applying salinity re-
duced the negative effects of salt stress
on 1000 kernel weight (Fig. 7). This
experiment showed a significant reduc-
tion in grain weight also. Application of
225 and 300 mM salinity at the branch-
ing reduced 20% and 36%, respectively
and application of 300 mM salt in flow-
ering stage decreased 1000 kernel
weight as 16.6%. Research has shown
that reproductive organs of plants are
more sensitive to the environmental
stresses than grain filling period (Gelal-
cha and Hanchinal, 2013). The number
of reproductive parts of plant during
mild stress decreased, while the rate of
decline in assimilates entered to repro-
ductive parts of plant is more than de-
crease in reproductive parts of plant.
Similar results have been reported by
other researchers in wheat (Shah et al.,
2011).

Grain number per plant

According result of analysis of vari-
ance effect of different level of salinity,
application salinity stress at different
growth stage and interaction effect of
treatments on grain number per plant
was significant at 1% probability level
(Table 2). Maximum number of grain
per plant was 5524 in control. Salinity

of 75 mM had not effect on grain per
plant, however, higher salinity levels
showed significantly negative effect on
grain per plant. Decrease in grain per
plant at 225 and 300 mM salinity was
38.5 and 56%, respectively. Application
of 150, 225 and 300 mM, in the begin-
ning stages of branching reduced the
number of grain per plant 35.4, 38.5 and
35.5%, respectively. Application of 225
mM salinity after crop establishment
reduced 81.2% of grain number per
plant. Application of 150 mM salinity at
crop establishment reduced 50.2% grain
number per plant. So in three concentra-
tions of 150, 225 and 300 mM, the max-
imum reduction in the number of grain
per plant was affected by salinity im-
posed in the early stages of crop growth

(Fig. 8).

#Stabishment  wBranching Flowering  x Grain filing
6000

5000

4000

30001 Grain ling:y = -111.6¢ + 4800.2

R?=0.0543
2000

rain per plant

Flowering: y = 577.2x + 5161.4
° R?= 0.6731
1000 .
Branching: y = -720.9x + 5718.5 gtablishment: y = -1359.4x + 6686.4
R? = 0.890 R = 09131

-
Control(0) 75 150 225 300

-1000

NaCl (mMol)

Fig. 8. Mean comparison interaction effect
of different level of salinity and applying
salinity stress at different growth stage on
number of grain per plant via Duncan test at
5% probability level.

Qil production

Oil production was significantly af-
fected by different level of salinity, ap-
plication salinity stress at different
growth stage and interaction effect of
treatments at 1% probability level (Ta-
ble 2). As salinity stress increased, oil
percentage decreases (Fig. 9). In addi-
tion stress application in the early stages
of growth had a greater impact on oil
percentage. The highest reduction in oil
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percentage was observed with applying
salinity stress in the establishment stag-
es. Applying salinity stress in estab-
lishment stage, branching, early flower-
ing and grain filling stages respectively
led to 80, 62, 51 and 30% decrease in
amaranth’s oil percentage compared to
control condition.

# Stablishment ® Branching ~ Flowering < Grain filling

Grain filling: y = -1.412x + 19.618

n R? = 09668
16 S lted def

14 ghi fgh
k k

12 ‘ )
¢ m am

8 { Stablishment: y = -3.7617x + 21.184 on

R=0.909 Eo

Oil percentage (%)
3

R%?=0.9617 Flowering: y = -2.121x + 19.997
R?=0.9468 p

6
4 {Branching: y = -2.8954x + 21.737
2
0

Control=0 75 150 225 300
NaCl (mmol)

Fig. 9. Mean comparison interaction effect
of different level of salinity and applying
salinity stress at different growth stage on
oil percentage via Duncan test at 5% proba-
bility level.

Linear regression equation showed
that for every unit increase in salinity
after the establishment, branching,
flowering and grain filling stages, 3.7,
2.9, 2.1 and 1.4 unit of oil percent were
reduced. Thus amaranth oil production
is more sensitive to salinity stress com-
pared to other traits (Fig. 9).

CONCLUSION

Grain yield reduction its components
and growth indices of Amaranth affect-
ed by salinity were similar to most
crops. Based on these results, the grain
amaranth cultivar (cv. Koniz) growth
factors such as crop height, productive
branches, leaves and root development
and yield components such as number
and grain weight decreased with in-
creasing salinity. The highest and the
lowest significant reduction in grain
yield production was 86 % and in 1000
kernel weight was 13 %. Salinity up to

75 mM had not significant effect on
most morphological and physiological
attributes. According to non-significant
changes of imposing salinity on differ-
ent characteristics at different stages of
crop growth, it can be concluded that
grain amaranth has a good tolerance to
the environmental stresses ranging up to
75 mM NaCl extrusion. But with the
increasing salinity, significant negative
effects on the crop increased and in 300
mM salinity plant died in end of growth
stage. Earlier salinity imposing in-
creased salinity effect on plant, but ex-
tremely high salinity occurs at grain fill-
ing stage had no effect on grain produc-
tion. Moderate salinities (150 and 225
mM) in the later stages of the plant life
in the post-blooming stage did not cause
a significant loss, but, rising tension in
early period was not suitable for ama-
ranth. Grain amaranth can produce suit-
able grain production in areas with low
salinity and the most important limita-
tion is high salinity of soil in these areas
in the entire developmental period.
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