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ABSTRACT

In order to study the effects of salinity levels of the irrigation water resulted from the
sugarcane field drainage which contained mineral salt (NaCl), four salinity levels (0, 3,
6, 9 ds.m™) and sugarcane genotypes (C4, C5, C3, CP48-103, C2, CP57-614, CP69-
1062) in a potted plant were examined. It was a factorial experiment in randomized
complete block design with three replications which was carried out in research center
of Amirkabir sugarcane industrial company located in 45 km south of Ahvaz in 2011.
Results indicated that as the salinity stress increased, chlorophyll concentration rela-
tively decreased in all genotypes, but the rate of decrease in CP69-1062, C4, C5 geno-
types was less than other genotypes. Chlorine and sodium content in the leaves of
genotypes tolerant of C4 and C5 decreased as the salinity increased which indicates the
genetic ability of these genotypes in preventing the toxic ion of chlorine from entering
the plant. CP69-1062 genotype in comparison to CP48-103 and CP57-614 genotypes
has the lowest rate of sodium in leaves and owns genetic potential in preventing so-
dium ion from entering the plant.
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INTRODUCTION

Soil salinity is an increasing problem
of agricultural soil which decreases the
plants growth rate and crop production
particularly in arid and semiarid areas.
In agricultural land which requires con-
stant irrigation, even though some of the
salt goes down through washing, some
stays in the soil due to evaporation and
gradually the soil concentration around
the root increases (Apse et al.,1999).
Direct effects of salinity on the plant
growth could be divided to three main
groups: A: Increase of osmotic potential
of the soil solution which leads to the
decrease of water uptake by the plant;
B: destruction of soil tissues which re-
duces permeability of water and air; C:
specific ion toxicity. Soil salinity can
indirectly affect the plant growth by
preventing biological processes such as
nitrogen and nitrate production (Pes-
sararakli et al., 1994). The increase of
osmotic pressure reduces water and nu-
trients especially phosphorus, iron,
manganese, zinc, and molybdenum.
Plant growth is inhibited due to osmotic
effects. Salinity stress affects nitrogen
metabolism and protein synthesis and
causes the accumulation of ammonium
and nitrate ions as free amino acids
(Sheri vastava and sri vastava, 20006).
The main reason of inhibiting growth
by salinity is the problems in absorbing
other minerals in competition with so-
dium. In low concentrations, sodium
might really increase potassium intake,
but in high concentrations it reduces the
absorption of potassium. For example,
the high concentrations of sodium in
sugarcane and rice will decrease the ab-
sorption of potassium and the growth of
two plants (Yazy Meybodighare, 2002).
It seems like that due to salinity most of
the absorbed sodium accumulates in the
leaf lamina where photosynthesis and
other metabolic activities are done.
These processes are incompatible with

saline environment and there is a linear
relationship between the rate of leaf so-
dium and the decrease of the net photo-
synthesis (Plaut er al., 1990). Soltani
Hoveize et al. (2007) showed that as the
salinity level increased more chloride
and sodium were absorbed and trans-
mitted and based on the cultivar differ-
ent ratio of sodium salt was absorbed by
potassium and calcium. Robinson in
1996 showed that in NCO.310 cultivar,
as the electric conductivity of soil in-
creased from 2.5 to 4.2 ds.m™ its ger-
mination and yield decreased up to 50%
which indicates its sensitivity to salin-
ity. CP69-1062 has a relatively good
tolerance of soil salinity and in addition
to proper yield in Khuzestan weather
conditions, it has high rationing capabil-
ity. CO1148 cultivar is a sugarcane cul-
tivar which is half tolerant of salinity
and a mainly commercial product which
is cultivated in a large area of cane-
prone regions of the world particularly
in countries such as Pakistan which are
facing salinity problem (Sandra, 2009).
Shamili (2002) showed in his research
that CP69-1062 cultivar has the ability
to produce shoots properly in salinity
conditions and produce dry matter and
distribute the roots reasonably in such
conditions. Moreover, in CP69-1062
and CO1148 cultivars as the salinity
increased, the ratio of chloride and so-
dium (Sensitivity biochemical factors)
to potassium (Tolerance biochemical
factor) was in a good condition which
indicates the presence of tolerance fac-
tors in such cultivars. On the other
hand, keeping a high level of nitrogen,
phosphor, and calcium in the roots and
stems of these two cultivars is closely
related to their tolerance of salinity. The
stable rate of these elements in plant
tissues could be used as an indicator of
sugarcane tolerance of salinity resulting
from NaCl. Plot et al. (2007) observed
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that in the sugarcane which is exposed
to salinity chloride and sodium (not po-
tassium) accumulated more in the
leaves and stems. Accumulation of the
chloride and sodium in LTM Ileaf in re-
sistant H69-8235 was more than in sen-
sitive H65-7052. As the concentration
of sodium chloride in irrigation water
increased, the absorption of sodium and
chloride increased, too and most of it
accumulated in the leaf lamina. At low
concentration (1 mM sodium chloride)
chloride uptake and accumulations was
more than that of sodium, but at high
concentrations sodium uptake and ac-
cumulation was more (Ranis, 2005).
This research was carried out to achieve
the following objectives: A: Identifying
the most resistant and the most sensitive
cultivars of sugarcane to salinity stress;
B: Evaluating available commercial cul-
tivars in relation to salinity cultivars; C:
Identifying salinity tolerant cultivars of
sugarcane.

MATERIALS AND METHODS
Field and Treatment Information

This research was carried out in 2011
in one of the greenhouses of the insti-
tute of research and development train-
ing of sugarcane located in 45" Km
Ahvaz Khoramshahr road. The soil tex-
ture was Clay loam. Sugarcane cuttings
were selected from CP57-614, CP69-
1062, CP48- 103, C2, C3, C4 geno-
types. In this research the effects of sa-
linity on morphological traits of seven
genotypes (C5, C4, C3, C2, CP48-103,
CP57-614, CP69-106) and the control
concentrations of 3, 6, 9 % sodium salt
in greenhouse cultivation environment.
It was a factorial experiment in random-
ized complete block design with three
replications. 4 levels of water salinity
including EC=1 (S1), EC=3 (S2), EC=6
(S3), EC=9 (S4) ds.m™ were applied
after the plant establishment since No-
vember 22, 2011. EC was set by EC

detector ZW-124. Physical and chemi-
cal properties of the soil are shown in
tables 1 and 2.

Table 1. Physical properties of studied soil
Soil

porosity (%) 341
Ec (ds.m™) 2.75
pH 7.74
Sandy (%) 32.41
Silt (%) 35.70
Clay (%) 27.40
Soil Texture Clay loam

Table 2. Chemical properties of studied soil

Ca Bicarbonate
(Meq.L ™) 9.12 (Meq.L ") 6.22

Mg Sulfate.
(Meq.L 1) 6.90 (Meq.L ) 12.17
Potassium Sodium
solution  0.45 (M‘; “;J Ly 1328
(Megq.L ™) q-
Absorption .
Potassium  3.78 (ﬁ‘el"ri“f) 291
(Meg.L ™) qa-
Phosphor Bicarbonate

. 4.35 N 6.22

(Mg.kg ™) (Megq.L ")
Nitrogen Sulfate

%) 0.104 (Meq.L ™) 12.17

Traits measure

Then the cuttings were placed in
plastic pots in the greenhouse until they
sprouted. The height of each pot was 60
cm and the upper diameter was 39 cm,
the volume was 25 liters and it was
made of polyethylene and each one was
filled with the field soil and a layer of
coarse sand for drainage. The weight of
dry soil in each pot was 66 kg. The rate
of chlorophyll was measured by SPAD.
To do so, the upper widely open leaves
of the seedling were used. Dry matter of
the shoots and the roots was separately
ground by an electric grinder separately
and then the powder was sifted by a 0.5
mm sieve in order to measure the ionic
elements of potassium, sodium, chlo-
ride, nitrogen, phosphorus, and calcium.
In order to examine the effects of salin-
ity on nutrient uptake by different sug-
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arcane cultivars the concentration of
leaf nutrients was measured. In this re-
gard, the rate of nitrogen (N) was meas-
ured by Kajildal method, Na" and K"
were measured by film photometer, P
was measured by spectrophotometer, Cl
by silver nitrate titration method, and
Ca"" was measured by EDTA titration.

Statistical analysis

Analysis of variance and mean com-
parisons were done by SAS software
(Ver.9) and Duncan multiple range test
at 5% probability level.

RESULTS AND DISCUSSION

Leaf chlorophyll index

The results of table 3 show the signifi-
cant effect of salinity and genotypes on
chlorophyll index at 1% probability
level. As the salinity increases the rate
of photosynthesis decreases and the
leaves get yellow. There is an inverse
relationship between chlorophyll con-
centration of the leaf and different lev-
els of salinity, and less reduction was
observed in resistant genotypes. The
results of the research are consistent

with the findings of Singh et al. (1996).
Figure 1 shows the effects of salinity
and genotype on the rate of chlorophyll.
The highest rate of chlorophyll belongs
to control treatment (ECy) and C4 and
C5 genotypes. Among the commercial
and other genotypes, C4 has the highest
rate of chlorophyll in the highest level
of salinity. Kaya et al. (2002) reported
that the chlorophyll content and photo-
synthesis rate of sensitive varieties
would decrease under salinity stress.
The leaf chlorophyll index decreased as
the sodium chloride concentration in-
creased. There was a significant differ-
ence between the means of salinity and
genotype at 1% probability level. As the
levels of salinity stress increased, the
concentration of chlorophyll decreased
(Table 3). Kaya et al. (2002) reported
that chlorophyll concentration is con-
sidered as an index for evaluating the
source power because the leaves chlo-
rophyll concentration is a key factor in
determining the rate of photosynthesis
and production of dry matter.

Table 3. Result analysis of variance effect of salinity and genotype on measured traits.

5.0V df Leaf chloro- Calcium  Phosphorus  Potassium  Nitrogen Sodium  Chlorine
o phyll index content content content content content content
Replication 2 13.65%* 2.138%* 0.001 ** 16.512%%* 1.045%*  1.155%*  0.596**
Salinity (S) 3 333.91%* 22.311%* 333.514 ** 0.350* 79.917*  8.164 **
Ge‘(‘gt)ype 12927 L57U%% 0.0001™  138.080%* 0387  2.484**  ]855%*
S*G 18 4.750%* 0.103™ 0.0001 ™ 10.594%* 0.007" 1.056 ™ 0.313**
Error 54 1.951 0.100 1.808 0.116 0.723 0.035
Ccv - 5.56 14.12 5.24 16.27 14.14 3.93

ns, * and **

Sing et al. (2009) reported that as the
different level of salinity increased the
rate of the leaf chlorophyll decreased.
As the stress density increased the in-
tensity of green color of the leaves de-
creased and the number of chlorophyll
decreased, too.

: no significant, significant at 5% and 1% of probability level, respectively.

Leaf nitrogen content

The results of table 3 show that the
effect of salinity stress on this trait was
significant at 5% probability level, but
the effect of genotype was not signifi-
cant. Probably, genotypes absorb the
same amount of nitrogen.
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Fig. 1. Mean comparison interaction effect
of genotypes and different level of salinity
on chlorophyll index via Duncan test at 5%
probability level.

Salinity stress decreases nitrogen ab-
sorption in the plant. It seems like that
the negative effect of salinity on nitro-
gen concentration in the plant could be
attributed to the antagonistic effect be-
tween nitrate and chloride. There was a
significant difference between the in-
crease of salinity and the decrease of the
leaf nitrogen. In tolerant genotypes this
trend decreases. According to Cor-
dovilla et al. (1995), salinity decreases
nitrogen in the plant which is due to its
negative effect on nitrogen absorption
and consumption. Figure 2 shows the
effects of salinity and genotype on the
rate of leaf nitrogen. The highest rate of
leaf nitrogen belongs to the control
treatment (ECy) and genotypes C4 and
C5. As salinity increases the rate of leaf
nitrogen decreases because the plant
absorbs toxic elements such as sodium
and chloride and prevents nitrogen up-
take and causes the decrease of organs
growth. In high level of salinity, C5
genotype had higher amount of nitrogen
than other genotypes. It seems like that
some of genetic characteristics of this
genotype include less absorption of
toxic ions and more uptake of nutrients.
Salinity has a negative decreasing effect
on nutrients absorption. The rate of leaf
nitrogen in genotypes C2, C3, C4, at all
salinity levels had almost the same sta-

N+ Leaf(%)

ble trend, while in genotypes CP48-103,
CP57-614, and CP69-1062 at salinity
level of 9 ds.m™ the highest rate of leaf
nitrogen belonged to CP69-1062. Geno-
types CP48-103 and CP57-614 had the
lowest rate of leaf nitrogen at the high-
est level of salinity. The signs of nitro-
gen shortage are usually the decrease of
growth of some organs, and older leaves
get narrow and yellow (Malakuti,
1996). According to Baibordi (2010)
salinity decreases the plant nitrogen
which results from the negative effect of
salinity on nitrogen uptake. Salinity de-
creases the nitrogen of the leaf and in-
creases the entrance of toxic elements
such as sodium and chloride to the
plant.

25 b b
b
b e
be a

15

05

c5 50|
c553
C556)
c5590
s
casz
356
359
czso
€253
256
€259

CP48-103 50
CP43-103 53
CP48-103 56
CP48-103 59
CP57-61450
CP57-614S.
CP57 61456
CP5/-614 59

CP69 106250

CPG9-106253
CP69-1062 56|
CP69-1062 S

SalinityxGenotype

Fig. 2. Mean comparison interaction effect
of genotypes and different level of salinity
on Nitrogen content of leaf (N) via Duncan
test at 5% probability level.

Leaf potassium content

Potassium is an important nutrient
which is absorbed by sugar cane more
than other nutrients. The results of table
3 show that the effect of salinity and
genotype on the leaf potassium is sig-
nificant at 1% probability level. As the
salinity levels increase, the tolerant
genotypes have the highest rate of the
leaf potassium. It seems like that potas-
sium modulates the toxic effects of
chloride and sodium ions and thus tol-
erant genotypes are able to grow better
in saline conditions. There was a sig-
nificant difference between the content
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of potassium and sugarcane genotypes
experimented in salinity conditions.
Akhtar et al. (2003) reported a signifi-
cant difference between the ratio of po-
tassium in different genotypes of sugar-
cane at 1% probability level. They
stated that even though this ratio de-
creases as the salinity increases, tolerant
genotypes have a higher ratio of potas-
sium. Figure (3) shows that as the salin-
ity increased the rate of leaf potassium
decreased which was possibly due to
the increase of sodium content which
interferes in most species which are ex-
posed to salinity stress and there is a
negative relationship between sodium
and potassium. The highest rate of leaf
potassium was observed in the control
treatment (ECy) and C4 and C5 geno-
types. C4 genotype had the highest rate
of potassium at high levels of salinity in
comparison to other genotypes. Proba-
bly, tolerant genotypes decrease the
toxic effects of sodium and chloride
ions. The highest rate of potassium at
salinity level of 9 ds.m” was observed
in Cp69-1062 among CO048, CP57,
CP69-1062 genotypes which are due to
its genetic characteristic, so that it ab-
sorbs more potassium in high concen-
trations of salt. There was no significant
difference between CP48 and CP57
genotypes. Abode and Tabsa (2000)
reported that as the salinity increased
the rate of leaf potassium decreased
which was due to the increase of so-
dium and the negative relationship be-
tween sodium and potassium. By in-
creasing the salinity from 1 to 9 ds.m™
the rate of leaf potassium decreased
from 26 to 18 mg.g" because as the sa-
linity increases potassium decreases.
However, tolerant genotypes have more
potassium at high levels of salinity.

Leaf calcium content
The results of table 3 show that the
effect of salinity and genotype on the

leaf calcium is significant at 1% level.
As the salinity level increased, the leaf
calcium decreased. It seems like that
toxic elements such as sodium and chlo-
ride increase and the rate of calcium
decreases.
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Fig. 3. Mean comparison interaction effect
of genotypes and different level of salinity
on potassium content of leaf (K) via Dun-
can test at 5% probability level.

Calcium plays an important role in
regulating cell membrane processes and
is absorbed by pants especially sugar-
cane in saline conditions. Therefore the
increase of this element can be used as
an index for tolerating salinity. Vahid et
al. (1997) reported that there was a sig-
nificant difference between the lines
and levels of salinity in terms of cal-
cium content. Figure (4) shows that the
highest rate of leaf calcium was ob-
served in the control treatment (EC,)
and C5 genotype. C5 genotype had the
highest rate of calcium at high salinity
level in comparison to other genotypes
because tolerant genotypes have more
calcium ion than sensitive genotypes
which is probably due to genetic supe-
riority of such genotypes. At salinity
level of 9 ds.m™ the lowest rate of cal-
cium was observed in CP57-614 and
CP48-103 among CP69-1062, CP57-
614, and CP48-103 genotypes because
less absorption of calcium and potas-
sium leads to absorption of toxic ele-
ments by plant which finally results in
the decrease of plant growth. The high-
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est rate of calcium was observed in
CP69-1062 genotype. Probably, this
genotype’s tolerance of salinity is more
than that of two other genotypes. Akhtar
et al. (1997) reported that there was a
significant difference between geno-
types in terms of the content of calcium
in the leaf and root. They observed that
the rate of calcium reduction in tolerant
genotype was less than sensitive geno-
type and thus concluded that having
more content of calcium and potassium
could modulate the toxicity of sodium
and calcium ions and enable the tolerant
genotype to grow and produce more in
saline conditions. Vahid et al. (1997)
reported that there was a significant dif-
ference in terms of calcium content be-
tween the lines and levels of salinity
and the interactive effect of line on sa-

linity.
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Fig. 4. Mean comparison interaction effect
of genotypes and different level of salinity
on calcium content of leaf (Ca) via Duncan
test at 5% probability level.

Leaf phosphorus content

The results of table 3 show that salin-
ity is significant at 5% level. As the sa-
linity increases, the rate of leaf phos-
phor decreases. Probably, the increase
of chloride causes the decrease of phos-
phor because their uptake mechanism is
the same. Phosphor is a vital element
for the plant. Lack of phosphor slows
down the growth rate and decreases the
yield. Results show that genotype is not
significant which is possibly due to the

fact that all genotypes absorb the same
rate of phosphor. Roberts (1984) re-
ported that the increase of salinity
causes the decrease of phosphor uptake
by the plant. Figure (5) shows that the
highest rate of leaf phosphor was ob-
served in control treatment (CEg) and
C4 genotype. As the salinity increases,
the rate of phosphor decreases. In salin-
ity stress, the decrease of the release of
phosphor from the soil to the surface of
the root is possibly more than that of
other nutrients because phosphor ion is
attached to clay particles and is less
available for the plan root and aerial
organs. C4 genotype had the highest
rate of phosphor in comparison to other
genotypes at high salinity level because
such tolerant genotypes of sugarcane
well tolerate the changes caused by the
environment salinity due to their genetic
characteristic with minimal casualties.
The highest rate of phosphor at salinity
level of 9 ds.m” among CP48-103,
CP69-1062, C2, C3, and CP57-614 was
observed in CP69-1062 and C2 geno-
types. It seems like that they absorb less
chloride ion. Gibson in 1988 stated that
phosphor is an important nutrient which
directly affects the plant growth and
development and as the salinity in-
creases, its absorption by varieties
which are sensitive to salinity de-
creases. Khalil (1967) reported that as
the salinity of soil increases, the plant
ability to access phosphor decreases be-
cause phosphor and chloride are both
anions and both probably have the same
absorption mechanism and the increase
of chloride concentration due to compe-
tition by phosphate ion has harmful ef-
fects on absorption of P, as salinity in-
creasesleaf phosphor decreases.

Leaf sodium content

The results of table 3 show salinity is
significant for components of rate of
leaf sodium and genotype at 1% level.
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Fig. 5. Mean comparison interaction effect
of genotypes and different level of salinity
on phosphorus content of leaf (P) via Dun-
can test at 5% probability level.

Sodium is an element whose concen-
tration in plant increases due to salinity.
Tolerant genotypes at high salinity level
absorb less sodium because the plant
sends toxic ions toward the older leaves
in order to save younger leaves from the
harmful effects of such elements. In this
research, there was a significant differ-
ence between the interactive effect of
salinity and genotype. The significant
interactive effect of genotype and salin-
ity on the rate of leaf sodium probably
indicates the little accumulation of this
ion in tolerant genotype. The increase of
sodium in plant due to salinity has been
reported by many researchers including
Baybordy (2010). Figure 5 shows that
the lowest rate of leaf sodium was ob-
served in the control treatment (ECy)
and C4 genotype. At high level of salin-
ity, C4 genotype had the lowest rate of
sodium in comparison to other geno-
types which is possibly due to its ge-
netic potentiality to prevent sodium ion
from entering the plant. At salinity level
of 9 ds.m™, CP69-1062 has the lowest
rate of leaf sodium among the commer-
cial genotypes because there is an an-
tagonistic relationship between sodium
and potassium. As more potassium is
absorbed, it prevents the absorption of
sodium by the plant. There was not a
remarkable difference between other
genotypes at high salinity level.

At highest level of salinity, the low-
est rate of sodium is 1.7 mg.g" and the
highest rate of sodium is 2.15 mg.g™.
the increase of sodium in plant due to
salinity has been reported by many re-
searchers like Hirschi (2004). Baibordi
(2010) reported that the decrease of so-
dium in resistant varieties was more
than sensitive varieties to salinity. Ak-
htar et al. (1977) reported that there was
a significant difference between sugar-
cane genotypes in terms of sodium con-
tent of the leaf and root at 1% level. In
their studies, they showed that in spite
of the linear increase of sodium concen-
tration through the increase of salinity,
tolerant genotypes limited the entrance
of sodium ion to the plant.
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Leaf chloride content

The results of table 3 showed a sig-
nificant difference between the effects
of genotype and different levels of sa-
linity on the leaf chloride at 1% level.
As the salinity increased the chloride
content in tolerant varieties had a de-
creasing trend which possibly indicates
the ability of this genotype to prevent
the toxic ion of chloride from entering
the plant. Therefore, one of the probable
mechanisms of sugarcane for avoiding
the ion toxicity effects of salinity stress
is to absorb less toxic chloride in toler-
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ant varieties. Akhtar et al. (2003) re-
ported that there was a significant dif-
ference between sugarcane genotypes in
terms of chloride content of areal organs
and the root. They stated that as the sa-
linity increased, the concentration of
chloride increased linearly. However,
the increase in sensitive cultivar was
more than the others. Figure (6) shows
that the lowest rate of leaf chloride be-
longed to the control treatment (ECO0)
and C4 genotype. At high salinity level,
C4 and C5 genotypes had the lowest
rate of chloride because they were pos-
sible able to prevent the toxic ion from
entering the plant. Among CP69 -1062,
CP48-103, CP57-614, C3, C2 geno-
types at high salinity level, CP69-1062
had the lowest rate of chloride. There
was no significant difference between
other genotypes. At highest salinity
level, the lowest rate of chloride was 4
mg.g” and the highest rate was 6 mg.g’
' Rombak ef al. (2002) reported that in
resistant cultivars, as the rate of salinity
increased, the stable and gradual de-
crease of chloride and sodium and the
increase of potassium were quite ob-

servable.
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Fig. 7. Mean comparison interaction effect
of genotypes and different level of salinity
on chlorine content of leaf (Cl) via Duncan
test at 5% probability level.

This condition led to the modifica-
tion and change of the ratio of potas-
sium to sodium in these plants. Akhtar
et al. (2003) stated that as the salinity

increased the concentration of chloride
ion increased linearly. However, such
an increase was more in sensitive geno-
type. Soltani Hoveize et al. (2007) re-
ported that genotypes which were resis-
tant to salinity controlled the entrance
of Cl ion to the plant and kept larger
amounts of K and Ca ions in the plant.

CONCLUSION

Salinity has a negative effect on all
ionic indices of sugarcane and the re-
sults showed that the increase of salinity
stress more than 1 ds.m™ significantly
decreased the chlorophyll concentration,
but the reduction in C5 and C4 geno-
types was less than other genotypes be-
cause these superior genotypes of sug-
arcane well tolerated the changes
caused by the environment salinity due
to their inherited genetic abilities and
with minimal casualties. Among CP57-
614, CP48-103, CP69-1062, C2, C3
genotypes, Cp69-1062 is the most re-
markable one whose physiological indi-
ces nearly decreased as the salinity level
increased. As the salinity level in-
creased, the rate of N, P, K, and Ca in
C4 and C5 genotypes relatively de-
creased in comparison to other geno-
types because they decrease the toxicity
of chloride and sodium ions. C4 and C5
genotypes are probably superior to other
genotypes since the prevent the harmful
elements of chloride and sodium from
entering the plant. Among CP57-614,
CP48-103, CP69-1062, C2, C3 geno-
types the best one is CP69-1062 which
absorbs useful nutrients and prevents
the harmful elements from entering the
plant.
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