Annals Of Agric. Sc., Moshtohor,
Vol. 46(4): Ho. 419-428, (2008).

ISSN 1110-0419

THE GROWTH AND BIOCHEMICAL CONTENTS OF SOME MANGO
ROOTSTOCK SEEDLINGS UNDER SALT STRESS
BY

Abdrabboh, G.A. and Abdelrazik, A.M.
Dept. of Horticulture, Faculty of Agriculture, Al-Azhar University, Nasr City, Cairo, Egypt

ABSTRACT
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INTRODUCTION

Mango is one of the most popular
fruits in Egypt due to its good flavor, delicious
taste as well as the good return income for the
growers especially in case of exporting this
kind of fruits. Although Mango is classified as
a salt-sensitive fruit, there are differences in
salt tolerance among its cultivars (Gazit and
Kadman, 1980 and Schaffer er al., 1994). As a
matter of fact, information about establish-

ment of Mango orchard in the newly reclai-
med land particularly those irmgated with
saline water is still lacking. Therefore, the
present study was planned to investigate the
influence of irrigation with saline water on
growth and chemical constituents of the two
mango rootstocks namely Sukkary and Tur-
pentine. The study might reveal out which
rootstock is more tolerant to salinity.

MATERIALS AND METHODS

This experiment was carried out at
the greenhouse of the research farm of Horti-
culture Department, Faculty of Agriculture,
Al-Azhar University, Cairo, Egypt, through
two successive seasons (2005 and 2006). Uni-
form mango seedlings, one vear old from two
mango stock cultivars, namely Sukkary and
Turpentine were chosen as plant material for
this study. The seedlings were transplanted on
March 1¥ in 30cm porous clay pots, filled with
Tkg sandy soil(one seedling per pot) and
moisture content of soil was kept at 70% of
the field capacity using Tensiometer. The

seedlings were irrigated two times weckly

only with tap water for one month. Salt then
was dissolved in irrigation water at different
saline concentrations to be as follows; 7350,
1500, 3000 and 6000 ppm while the tap water
was used to irrigate the control treatment.
Rootstock seedlings devoted for each saline
treatment were irrigated with saline solution
every three days (one liter/ pot). To prevent
salt accumulation, pots were irrigated with tap
water every 12 days then irrigation with salt
solution was applied the next time. Moreover,
Hogland's nutrient solution (Hogland and
Amon, 1950) at the rate of 480 ml / pot was
biweekly added as a nutritive mineral salts
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resources all over the experiment period. At
the end of August of each scason, the
seedlings were collected as complete sym-
ptoms of toxicity such as leaf burn and dead
tissue along the outside edges of leaves had
been occurred. A complete randomized block
design was followed where each irrigation
treatment consisted of three replicates and
each replicate consisted of three stocks. The
following determinations were recorded at the
end of each season:

1. Vegetative growth parameters:

1.1. Plant height (cm).

1.2. Number of leaves/plant was counted and
recorded.

1.3. Average leaf area: Area of the fourth
distal healthy leaf was measured accor-
ding the equation of Ahmad and Morsy
(1999) as follows:

Leafarea=0.7 (L x W) - 1.06.

Whereas L = (Leaf blade length cm), W =

(Leaf blade width cm).

1.4, Number of burned leaves (salt-injured
leaves which apparently bumed to more
than one third of their area) per plant were
counted.
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2. Biochemical characteristic:

2.1. Leaf mineral contents:-

Samples of leaves (three leaves from
each replicate)were taken and dried at 70°C till
constant weight then ground and used for
subsequent determination of Na, Cl and K in
each sample as follows:-

a) Potassium and Sodium were determined
colorimetrically according to AO.A.C
(2000).

b) Chloride was extracted from ash samples
with hot water titrated with standard silver
nitrate solution and then determined
according to A.O.A.C (2000).

2.2. Leaf Proline content;-

The proline content (g/100 g f.w) was
colorimetrically determined in fresh leaves at
520 pum according to Bates ef al. (1973).

2.3. Leaf chlorophyll content:-

The quantitative analysis of chloro-
phyll (mg/g. fw) was colorimetrically deter-
mined in samples of fresh leaves according to
Saric et al. (1967). A complete randomized
block design was followed in this experiment
and the data was analyzed according to Steel
and Torrie (1989) to adjust the L.S.D. at 5%.

RESULTS AND DISSCUSSION

1. Effect of salinity on some growth charac-
teristics of mango seedlings:
1.1. Plant height (cm):

Data in Table (1)and Fig.(1) showed
that plant height of the two tested stock
cultivars Sukkary and Turpentine was greatly
affected under different concentrations of salt
stress. As can be seen in Table (I), plant height
as growth parameter showed an obvious
reduction in its values under salt stress in
comparison to that of control (irrigated with
tap water). Maximum reduction in plant
height was obtained at irrigation with 6000
ppm NaCl in the two studied rootstock culti-
vars in comparison to that of control. A com-
parison between the two rootstock cultivars
regarding their reaction to the salt stress, the
results of plant height in Table(1) and Fig.(1)
showed that Turpentine rootstock cultivar was
most affected by salt stress when compared
with Sukkary cultivar. These results are in
agreement with those of AbdEl-Karim (1991),
Nigam and Misra (2004) and Dubey et al.

(2006) who reported that plant height of

mango seedling was significantly decreased as
salt concentration increased in growth media.

1.2. Total number of leaves/ plant:

Data in Table (1) and Fig. (1) sho-
wed that total number of leaves decreased in
general by increasing salt concentration in the
irrigation water. No significant difference was
noticed within the first three salt concen-
trations of 0, 750, 1500 ppm while a signifi-
cant reduction effect on leaf number/ plant
was noticed when salt concentrations of 3000
and 6000 ppm were used in the two tested
rootstock cultivars. As plant height, Turpen-
tine rootstock cultivar was most affected by
salt stress when compared with Sukkary
cultivar. Similar results were reported by Abd
El-Karim, (1991) who reported that plant
beight as well as leaf number/ plant of mango
seedlings were decreased by increasing salt
concentration in irrigation water.
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1.3. Leaf area:

Regarding the effect of saline in
irrigation water on leaf area of the two tested
rootstock cultivars, the results in Table(1) and
Fig.(1) showed that leaf area of both cultivars
(Sukkary and Turpentine) significantly dec-
reased by increasing salt concentrations in
irrigation water. Maximum reduction in leaf
area in the two studied rootstock cultivars was
obtained at irrigation with 6000 ppm NaCl
solution in comparison to that of control.
Comparing the results of total leaf area in both
cultivars, data in the Table (1) and Fig.(1)
showed that Turpentine cultivar was more
sensitive to saline irrigation water than
Sukkary especially in the second season while
insignificant difference was observed in first
onc. These results are in agreement with that
of Nigam and Misra (2004) and Dubey et al.
(2006) who reported that leaf area of mango
seedlings was decreased by increasing salt
concentration in irrigation water.

1.4. Number of Burned leaves/plant:

Data presented in Table (1) and Fig.
(1) showed that number of burned leaves/plant
in the two tested cultivars was increased by
increasing salt concentration in irrigation
water in comparison to control. In this regard,

Plant height (¢m)

pation with saline water on some ve

Leaves number

an insignificant difference in number of
burned leaves/plant was noticed between the
treatments of control and 750 ppm at the
season end in the two tested stock cultivars.
By increasing salt concentration in irrigation
water up to 1500, the two tested cultivars
showed a significant difference in number of
burned leaves/plant in comparison to control.
Maximum number of burned leaves/plant in
comparison to that of control was obtained at
irrigation with 6000 ppm NaCl solution in the
two studied rootstock cultivars. A comparison
between the two rootstock cultivars regarding
their reaction to the salt stress, the results in
Table (1)and Fig.(1) showed that number of
bumed leaves/plant of Sukkary rootstock
cultivar was less under salt stress when
compared with those of Turpentine cultivar.
Such results supported that Sukkary rootstock
cultivar was more salt tolerant than Turpentine
rootstock. Damage of leaf tissue is due to
sodium accumulation to a degree that exceeds
the tolerance of leaves tissue (FAO, 1976).
These results are in agreement with those of
Abd El-Karim, (1991) and El-Defan ef al.
(1999) who reported that bumed leaf area was
increased by increasing salt concentration in
irrigation water of mango seedlings.

petative growth characteristics
Burned leaves
number

Leaves area{cm)

2005 2006 2005

2006

2005 2006

2005 2006

Control

3417a | 3200a 11.33a

29.50 abc

750 2883 ¢ 11.67a

10.67 a
8.00b

28.67¢
26.00d

29.17 abc
28.00 be

1500

3000

25.67d 2733¢ 450c¢

6000

1333a
1333a
13.00 a
9.67b
400c

56.67a 5494 a 0.00f

45341

016f

5597 a

130e

45.19b
44860

51.56 ab

222d
543b

45.11 abc
3246¢

3408 ¢

Control

31.00b | 31.50ab | 12.67a

26.00d 1233a

750 29.30 be

25.00de | 2833c 11.67a
24.67 de

2325e

1500

7.74b
1.17d

27.67 abc
2700 ¢

3000

6000

1500 a

1433 a
1400 a
8.00b
0.00c¢

Means in each column followed by the same letter are not significantly different.

S135ab | 46.94b 0.00f

4536b 019f

47.63 ab

4423b 15le

46.31 ahc
40.26 be

43.70b 333¢

0.00d

6.56a

10.67d
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Fig. (1): Effect of NaCl with different concentrations in irrigation water on some growth
parameters of two mango cultivars in seasons 2005 and 2006.
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2. FEffect of salt stress on some leaf
nutrient content:
2.1. Na content: % (d.wt.):

Data in Table (2) and Fig. (2) cleared
that leaf sodium content significantly and pro-
portionally increased with the increase in
concentration of NaCl in irrigation water in
the two tested cultivars. The highest values of
sodium leaf content was recorded at 6000 ppm
of NaCl in irrigation water followed descen-
dingly by 3000, 1500,750 ppm in comparison
to control treatment, which showed the least
percentage of leaf Na content in the two tested
cultivars. Comparing the two tested cultivars,
Sukkary seedling leaves significantly showed
higher sodium content in the first season than
those of Turpentine stock seedling. Insignifi-
cant differences were noticed between the two
tested cultivars in the second season. Despite
that Sukkary leaves accumulated more Na
than Turpentine, Sukkary seedling growth was
less affected than those of other cultivar.
These results are in harmony with that of
Jindal ef al. (1975) who reported that the most
vigorous mango seedlings had the lowest
content of Na in their leaves. Greenway and
Munns, (1980) claimed that ion toxicity
caused by accumulation of sodium and
chloride in the cell may affect the metabolic
process and restrict the plant growth. Flowers
et al. (1977) reported that the plant cell
membrane function may be affected not only
by high ion concentrations but also by the
proportions of certain ions particularly sod-
ium/ calcium and sodium/potassium.

2.2, Chloride content: % (d.wt.):

Results in Table (2) and Fig. (2)
revealed that chloride leaf content of the two
tested cultivars increased significantly with
increasing salts concentration in irrigation
water. The least chloride percentage was
recorded in the leaves of the untreated mango
seedlings (control) compared with those under
different salt treatments. The irrigation with
6000 ppm NaCl solution gave maximum
chloride percentage in the leaves compared
with other treatments including control. This
may indicate that the increase in Cl level in
mango leaf was proportional to the increase of
its concentrations in the growth media. Com-
paring the response of the two rootstocks to
salinity, the results indicated that Sukkary

seedling leaves significantly showed higher
chloride content in all salt treatments only in
the second season than those of Turpentine
cultivar. Insignificant differences between the
two tested cultivars were noticed in the first
season. Thus, it could be concluded that Cl-
uptake into both rootstocks was done equally
without any selectivity for chloride. These
results are in agreement with the finding of
Jindal et al. (1979) and Nigam and Misra
(2004) who stated that mango seedlings
absorbed the ions of Na and Cl in toxic
amount. They also reported that accumulation
of these ions increased proportionally to the
increase of its concentrations in the growth
media. Nijar (1985) cleared that the harmful
effect of salinity caused by NaCl on plant
growth might be due to the disturbance
occurred in ions balance in the soil, which
may associated with the absorption lack of
calcium. Miller et al. (1990) added that Sali-
nity adversely affected the uptake of nutrients
through raising osmotic pressure which might
be reflected on lowering the movement of
water from roots via vegetative portions.
Moreover, the effect of salinity caused by
NaCl might reduce xylem tissues and number
of vessels in xylem which again affect absor-
ption and translocation of nutrients towards
vegetative portions which offer another exp-
lanation for the inhibiting effect of salinity on
the uptake of elements (El-Hammady et al.,
1986).

2.3. Potassium content% (d.wt.): ,

It is obvious from the data presented
in Table (2) and Fig.(2) that untreated plants
(control) in the two tested cultivars contained
higher potassium content in their leaves than
those irrigated with saline water. On the other
hand, it can be noticed that leaf k content
decreased gradually with increasing salt
concentrations in the irrigation water from 750
up to 6000 ppm. Sukkary seedling leaves
significantly showed higher potassium content
than those of Turpentine cultivar. This dep-
ressive effect of NaCl on k level in the leaf
may explain the competitive effect of Na™ ions
existed in the growth media, which negatively
affected the absorption of k ions. These results
are in agreement with Rains (1972) who
confirmed such a competition between Na and
k ions in the growth media. Also, Nigam and
Misra (2004) reported that k level content of
mango cultivars was decreased by increasing
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salt level in the irrigation water. In regard to
the function of potassium in the plant, that it is
responsible for water and assimilate transloca-

Annals Of Agric. Sc., Moshtohor, Vol. 46(4), 2008

tion in the plant, it will be comprehensive to
get plant drought after subjecting to salinity
stress.

Table (2): Accumulation of some elements in leaves of the two mango cultivars under salt

stress.
) Na (% d.wt.) Cl (% d.wt.) K (% d.wt.)
Variety | Treat 2005 2006 2005 2006 2005 2006
Cont | 0.120i | 0.140i 0370f | 0400h | 1350a | 1.320b
S 750 0.150h | 0.160h 208¢ 211g 1290b | 1.270d
= 1500 | 0.190e | 0220e | 2.210d | 2250e | 1250bc | 1.237e
e 3000 | 0300c | 0320b | 2250cd | 2260d | 1.180de | 1.170g
6000 | 0340b | 0350c | 2.810b | 2940a | 1.110fz | 1.090i
Cont | 0.120i 0.140i 0380f | 0390i 1360a | 1340a
750 0.160g | 0170g | 2.060e | 2.110g | 1280bc | 1.290¢
0.180f | 0200f 2240f | 1230cd | 1.200f
0.270d | 0300d . 2310¢ | 1.150ef | 1.160h
6000 | 0.350a | 0380a | 2900a | 2.870 1.090g | 1.070j

3. Some leaf organic substances under salt
stress:
3.1. Leaf proline content (mg/g f. wt.):

Data in Table (3) and Fig. (3) cleared
that leaf proline content significantly and
proportionally increased in leaves with increa-
sing salt concentration up to 6000 ppm in the
two tested cultivars and in the two studied
scasons compared with that of control, which
showed the lowest values among all treat-
ments. Comparing the prolinc content in the
two studied rootstock cultivars under salinity
stress, Sukkary rootstock cultivar showed
higher proline content in their leaves than
those of Turpentine cultivar in all salinity con-
centrations and also in control plants in the
two seasons. Many workers showed that the
amino acid proline greatly increased in plant,
which suffered from high salt stress (Stewart,
1972 and Singh ef al., 2000). The results are
also in harmony with those of Watad ef al.
(1983), who reported that the accumulation of
proline was one of the most remarkable meta-
bolic consequences of salinity stress. Singh et
al. (2000), reported that proline content of
grape stem tissue gradually increased by
increasing NaCl in the medium up to 200mM.
Proline is an osmotically active substances
(Stewart, 1972), which may be released from
the cells due to shock of stress.

Means w by the same le not iﬁcantl different

3.2. Total leaf chlorophyll content (mg/g I, wt.):

Data in Table (3) and Fig. (3) cleared
that leaf chlorophyll content of the two tested
rootstocks significantly decreased by increa-
sing salt concentration in irrigation water.
Table (3) and Fig. (3) clearly showed that leaf
of control treatment exhibited the highest
chlorophyll content, while plants irrigated
with saline water at concentration 6000 ppm
possessed the lowest level of chlorophyll
content. The decreasing in chlorophyll content
under salinity stress may be due to the dep-
ressive effect of NaCl on leaves tissues as a
resultant of the disturbances occurred in plant
biological operations. These disturbances may
decrease the synthesis of several organic
materials. Dubey et al. (2006) confirmed these
findings as he reported that chlorophyll
content depended on the biological processes,
plant developmental stages and also on the
type and concentration of the salt. He also
claimed that chlorophyll content was sharply
decreased by increasing salt concentration in
irrigation water. Data presented in Table (3)
and Fig. (3) also showed insignificant effect
for mango cultivar on leaf chlorophyll content
in the first season, while the second season
showed that leaf chlorophyll content in
Sukkary mango cultivar under salt stress was
higher than those of Turpentine cultivar. This
might reflect the varietals responses to the
environment which is vary from season to
season.
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Fig. (2): Effect of NaCl with different concentrations in irrigation water on accumulation

of some nutrient contents in leaves of two mango cultivars in seasons 2005 and
2006.
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Table 3): Accumulation of some organic substances in leaves under salt stress.

Proline (mg[gf wt. ) Total chlorophyll Qng[g f, wt.)

(ppm) 2005 2006 2005 2006
Cont 0113 g 0.133h 1.660 a 1.720a
750 0.130fg 0.146 f 1.600 a 1.627 be
E 1500 0.223 de 0.260d 1.170b 1.200d
= 3000 0.353 ab 0.346b 1.130 be 1.150 de
& 6000 0380 a 0.390 a 1.063 od 1.083 f
© Cont 0.110g 0.1201 1.640 a 1.680 ab
g 750 0.130fg 0.140g 1.597a 1.610¢
g 1500 0.173 ef 0.190 ¢ 1.150b 1.167 de
B 0.256 cd 0.260d 1.130 be 1.140 ¢

0320c ~107f
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Fig. (3): Effect of NaCl with different concentrations in irrigation water on accumulation
of proline and chlorophyll contents in leaves of two mango cultivars in seasons
2005 and 2006.
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