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ABSTRACT

Moringa oleifera, Lam., commonly named horseradish or drumstick tree, is cultivated for multiple
purposes because all its parts including seeds, stems, shoots, leaves, flowers, fruits and roots are useful.
The objective of this study was to evaluate salt tolerance of Moringa oleifera during its early growth
stage. A pot experiment was conducted in the greenhouse during two successive seasons 2005/2006 and
2006/2007, at the Nubaria Research and Production Station. Equal amounts of sodium chloride and
calcium chloride (w: w, 1:1) were mixed with sandy loam soil at six rates: 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0
%,

Forty - day - old seedlings were planted and kept to grow for 18 months until recording the data.
Young Moringa trees were affected by soil salinity at relatively high levels. Low salt concentrations
slightly reduced growth, whereas increasing salinity decreased plant height, stem diameter, branch
number, leaf number, and root length. High salinity had a detrimental effect on shoot and root dry
weights, and pigment contents. Nitrogen, phosphorous, and potassium contents in all plant parts were
greatly reduced under high salinity levels. Sodium content increased with increasing salinity and showed
a higher accumulation in roots.

Key words: growth, Moringa oleifera, nutrients, salinity.

L. INTRODUCTION be substituted for horseradish. Moreover, each
Moringa  oleifera, lam. (syn. M. part of M, oleifera is used in some type of native
pterygosperma, Gaert.), commonly known as medicine such as fungicide, purgative, cardiac
horseradish and drumstick tree, belongs to the and circulatory stimulants (Morton. 1991, and
family Moringaceae which consists of the single Meitzner and Price, 1996).
genus Moringa, comprising 10-14 species. The Moringa oleifera can be easily propagated by
best-known species is M. oleifera, indigenous to seeds or cuttings, can tolerate a wide range  of
norihwest India; and widely cultivated in soil, and can resist long drought periods due to its
Philippines, Thailand, Malaysia, Pakistan and long taproot.

other tropical and subtropical areas in Central The salt tolerance of Moringa oleifera was
Asia, America and Africa (Morton, 1991; previously determined using rooted cuttings or
Ramachandran et al, 1980). seedlings (Valia er al., 1993), but no other data on
Moringa oleifera is often called " the miracle salt tolerance of Moringa tree were availabie.
tree” because all its parts are useful. The seeds are The present study was carried out to add more

used as a natural coagulant for raw water information concerning the effect of soil salinity
clarification, the powder of crushed seed kernels on growth and constituents of Moringa oleifera
can leave water clear with 90-99% of the bacteria tree during its early growth stage.

removed (Sutherland ez al, 1989). The seeds are

also used for oil productions; this oil is used in 2. MATERIALS AND METHODS
art, cosmetics and medicine; and can be The present study was carried out at the
consumed as food. Ornamental Horticulture Department, Faculty of

Most of the tree is edible; the leaves, young Agriculture, Cairo University; Giza, Egypt. The
shoots, flowers and fruits camn be used as experimental work was camied out at the
vegetables or pickles; the tuberous root cores can Research and Production Station of the National
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Research Centre (NRC) at Nubaria region.

A pot experiment was catried out during two
successive seasons - 2005/2006 and 2006/2007,
aiming to find out the efiect of soil salinity (NaCl
+ CaCl, 1:1 by weight) on growth parameters and
chemical constituents of Moringa oleifera Lam,

The seeds of Moringa oleifera (Lam.) which
were obtained from Kom-Ombo tropical garden,
Aswan, Fgypt; were sown in seed beds (the
germination of seeds reached 90 to 100%), the
seedlings were kept in a greenhouse until
transplanting which occurred after 40 days (about
1D -12 cm height).

The salts used in the experiment were: sodium
chloride (NaCl) and calcium chloride (CaCly);
and were mixed with sandy loam soil, each pot
contained 10 Kg of a soil mixture.

Growth characters included the following
parameters: plant height (cm), stem diameter
{mam)}, number of branches / plant, number of
leaves / plant, root length (cm), fresh and dry
weight of shoots (g) and fresh and dry weight of
roots {(g).

Chemical constituents

Total chlorophyH and carotenoids mg / g F,'W.
were determined according to Norpai (1982);
nitrogen content was determined by the modified
micro-Kjeldah! method as described by Pregl
(1945); phosphorus content was estireated using
ammonium molybdate method according to Snell
and Snell (1949); potessium was determined
using flame photometer according to Chapman
and Pratt (1961); sodium was determined
acoording 1o the metbod described by Cottenie et

Table (A); Some physical and chemical properties of the used soil

Particle size distribution Field capacity (%)
Sand (%) Silt (%) Clay (%) Soil Texture
70.8 256 3.6 Sandy loam 20.1
Chemical properties
EC dsm” pH (1:2.5) CaCO, (%) OM (%) Soluble Cobalt
(ppm)
1,26 7.9 3.57 0.23 0.49
Soluble Cations {(meq L) Soluble Anions (meq L™
Ca' " Mg " X Na' COs HCOy Ct- SQ,”
2.4 2.0 (0.162 1.87 - 1.5G 0.65 4.28
Total N Available Available micronutrients {(ppm)
(mg/100g) (mg/100g)
| K Fe Mn Zn Cu
15.1 13.0 21.0 447 2.61 1.44 4.0
Soil salinity ireatments were prepared by  al (1982).

mixing equal amounts of sodium chloride and
calcium chloride (w/w, 1:1) at six rates; 0.0
(Control}, 0.2, 0.4, 0.6, 0.8 and 1.0%.

The seedlings were planted in 35 -cm plastic
pots filled with prepared mixtures; the layout of
the experiment was a complete randomized
design including 6 treatments and each treatment
had 3replicates. Each replicate contained 3 plants.

The plants were irrigated by mist, and after one
month from transplanting all pots were supplied
with kristalon (NPK 19:19:19) at the rate of 5 g
/pot at three week interval.

Soil physical and chemical properties were
analyzed using the procedures described by Black
et al. (1981) and are presented in Table (A).

Data recorded: daia were recorded on young
trees (18 months).
Growth characters
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Data were statistically analyzed according to
Snedecor and Cochran (1980). The least
significant difference (L.S.D.} at 5% for each
character was calculated.

3. RESULTS
3. L. Plant Growth
3.1.1. Plant height (Table 1 and Fig. 1)

The data showed that all the concentrations of
soil salinity decreased significantly the plant
height (ranged from 35.0 to 115.33 cm) compared
with the control (133.70 cm) in the first season.
The depressing effect of salinity on plant height
was more severe at higher salt concentrations (0.8
and 1.0%), it caused more than 50% reduction of
plant height in the first and second seasons,
respectively. On the other hand, relatively lower
salt concentration was less harmful to plant
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height, salinity at 0.2 % caused almost 14.0 and
13.0 % reduction in plant height in the first and
second seasons, respectively compared to the
control plants.
3.1.2. Stem diameter (Tablel)

Soil salinity markedly affected stem diameter
especially at the higher concentrations.

The lowest sali concentration (0.2%) slightly
reduced stem diameter (21,0 and 20,75 mm in the

" first and second seasons, respectively) compared

with the control (23.67 and 23.25 mm). The
increase in soil salinity was associated with a
progressive reduction in the stem diameter in both
$6asOns.
3.1.3. Number of branches (Table 1}

The effect of salinity on the number of
branches / plant depended on its concentration.

The lowest concentration (0.2%) did not have a
significant effect on the number of branches as
compared with the untreated plants, in both
seasons of the experiment.

Increasing the concentration to 0.4% reduced
the number of branches only in the first season
but not in the second one. Moreover, the highest
salt concentration (1.0%) was associated with the
lowest values (3.66 and 7.25 branch /plant) in the
first and second seasons, respectively,

3.1.4. Number of leaves (Table 1)

The response of the leaf number to salinity
treatments was almost similar to that observed in
the branch number. The lowest salt concentration
did not teduce leaf number in both seasons;
whereas increasing salinity concentration resulted
in a progressive decrease in leaf number.

3.1.5. Root length  (Table 1 and Fig. 2)

Soil salinity inhibited root elongation; a
progressive decrease in root length was occurred
by increasing salinity concentration from 0.2% to
1.0% (except for 0.4% in the first season). The
most severe inhibitory effect on root elongation
was recorded by applying the highest salinity
concentration {1.0%), in both seasons.

Table (1): Effect of soil salinity on plant height (cm), stem diameter (mm), number of branches,
number of leaves and root length (cm) of Moring oleifera Lam.

Treatments Plant height Stem Number of Number of Root length

NaCl+CaCl, (cm) diameter(mm) | branches/plant leaves/plant {cm)
{1;1w)

Concentration| 1° 2" 1" 2 1% 2 1* 2 1% 27
% seasonh | season | season | season | season | season | season | season | season | season
0.0 133,70 | 159.10 | 23.67 | 23.25 7.33 10.75 | 75.67 1 B1.75 | 45.00 | 46.66
0.2 115.33 | 138.82 | 21.00 | 20.75 7.00 1025 | 75.00 { 76.00 | 38.00 | 41.80
0.4 104.00 | 12560 ) 1733 | 1825 | 5.66 9.79 1 63.33 | 69.50 | 4400 | 3842
0.6 81.00 | 9423 | 13.33 | 1425 | 5.00 925 | 56.67 | 5400 | 27.67 | 2607
0.8 61.22 | 8062 | 12,67 | 1350 4.66 8.76 45.00 | 46.75 | 24.67 | 22.83
1.0 3500 | 6552 | 1033 ; 10.25 3.66 7.25 4233 ) 37.25 | 16.00 { 16.79

LSDat5% | 1227 | 9.23 2.68 1.68 1.37 1.02 406 6.37 2.61 3.14

m 1St season
& 2nd season |

Plant haight (cm)

o] 0.2
Salt concentration (%)

0.4 0.6

Fig.(1): Effect of soil salinity on plant height (cm) of Moringa oleifera, Lam.
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Root length (cm)

1] 0.2 0.4
Salt concentration {%)

= 1st season
m 2nd season

0.6 0.8 1

Fig.(2): Effect of soil salinity on root length (cm) of Moringa oleifera, Lam.

3.1.6. Fresh and dry weight of shoots (Table 2)

Soil salinity caused a decrease in shoot fresh
and dry weights of Moringa oleifera in both
seasons, the reduction of fresh and dry weights
augmented with increasing salt concentration. The
lowest salinity concentration {0.2%) produced a
slight reduction in shoot fresh weight (6.0% and
120% in the first and second seasonms,
respectively).

Meanwhile, the highest salinity concentration
had a detrimental effect on shoot fresh weight (the
reductions were 74.0 and 66.0% in the first and
second seasons, respectively) compared with
control. A similar trend was observed for dry
weight; the most serious loss (78.0 and 70.0% in
the first and second seasons, respectively)
occurred by applying the highest salinity

concentration  (1.0%), while the lowest
concentration showed a slight injurious effect.
3.1.7. Fresh and dry weight of roots (Table 2}

Root fresh weight decreased significantly by
all salt concentrations applied (ranged from 175.7
to 359.7 g} compared with the control (385.7 g) in
the first season; the greatest reduction occurred by
applying the highest salinity level (1.0%). A
similar response was observed in the second
season.

The dry weight of root followed the same
trend, it decreased significantly in response to all
salinity concentrations as compared with the
control; meanwhile, the reducible effect increased
gradually with increasing salinity concentration in
both seasons,

Table (2): Effect of soil salinity on fresh and dry weights of shoots and roots (gm/plant) of

Moringa oleifera, Lam.

Treatments Fresh weight of | Dry weight of | Fresh weight of | Dry weight of
NaClH+CaCl 1.1 | Shoot (gm/plant) | Shoot {(gm/plant) | root (gm/plant} root (gm/plant)
“Concentration | 1° 2 1" 2 ¥ 2 1* 2"
{%) SeasON | Season | SeAsOn ] Season | Sseason  ; season | season | season
6.0 180.40 | 203.01 | 58.83 71.05 138570 }398.64 |152.63 ] 169.20
0.2 1659.00 | 178.50 | 54.22 51.30 | 359.70 | 359.00 {14000 { 151.60
04 114.40 | 14520 | 3581 47.04 | 34470 | 336.593 | 129.26 | 138.00
0.6 84.03 |117.94 |2571 37.15 | 26633 | 26740 |97.74 | 105.62
0.8 70.54  79.06 20.81 2490 | 23333 22950 |R83lc |88.i4
1.9 46.41 | 69.04 13.09 2106 | 17570 117463 )359.74 | 66.36
L.S.D at 5% 6.21 10.31 4.56 418 | 771 10.23 5.54 6.48
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3.2. Plant Constituents
3.2.1. Pigments ‘
32.1.1. Chlorophylls  (Table 3)

Generaily, the total chlorophyll in untreated
Moringa oleifera leaves was relatively higher in
the second season (1.61 mg /g FW) than that
determined in the first one {1.35 mg /g FW). All
salinity treatments decreased chiorophyll content
compared with the control, although the reduction
was more pronounced at the high salinity
concentrations (0.8 and 1.0%), this response was
observed in both seasons.
3.2.1.2. Cavotenoids  (Table 3)

All salinity treatments decreased carotenoids
as compared with the control in the first and
secand seasons, respectively. A steady decrease in
carotenoids (0.03 or 0.04 mg /g FW) was
recorded at each increase in salt concentration;
and the lowest carotenoid contents (0.25 and 0.28
mg /g FW in the first and second seasons,
respectively) were recorded at the highest salt
concentration (1.0%).

Table (3): Effect of soil salinity on chlorephyll
and carotenoids {mg/g. F.W) in the
leaves of Moringa oleifera Lam.

Treatments Chlorophyli Carotenoids
NaCl+CaCli, mg/g FW mg/g FW
(1:1 w) (%) 3 57 # >
seaso | seasom | season | season
n

0.0 135 1.61 0.42 046
0.2 1.30 | 1.52 0.39 0.41
0.4 1.24 1 1.47 0.35 0.37

0.6 120 1141 0.32 0.35

0.8 1.15 1.32 0.28 0.32

1.0 1.11 1.30 0.25 0,28

3.2.1.3. Nitrogen  (Table 4)

Nitrogen content in Meringa leaves in response
to soil salinity varied according to salinity
concentration, in both the first and second
seasons, The lowest salinity concentration (0.2%)
induced a slight decrease in N content (2.36 and
3.05% compared with 2.40 and 3.13 in control in
the first and second seasons, respectively). On
the other hand, increasing salinity concentration
was associated with a gradual reduction in N
content, and the strongest reduction (0.63 and
0.54% jn the first and second seasons,
respectively) occusred in response to the highest
salinity concentration (1.0%).

The response of nitrogen content of stem to
salinity was sirnilar to that observed in leaf N
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content; a slight reduction occurred -by applying
the Jowest salinity concentration and augmented
with increasing salinity concentration. N content
in roots also decreased in response to salimity
treatment, especially at the higher concentrations.
3.2.1.4. Phosphorus  (Table 5)

Generally, P content in the leaves, stems and
roots of Moringa oleifera was relatively lower
than N conient. In the first season, all salinity
treatments caused a gradual decrease in P content
of the leaves, stems and roots which reached their
minimal values (007, 005, and 0.05%,
respectively) in response to the highest salinity
level {1.0%). In the second season, P content of
the leaves, stems and ro0ts gradually decreased by
applying all salinity levels; whereas P contents of
stems and roots were slightly reduced by applying
the lowest salinity concentration {0.2%), and the
reducible effect increased with increasing salinity
concentration.
3.2.1.5. Potassium  (Table 6)

Soil salinity at the lower concentration (0.2%)
produced a slight decrease in X content in leaf
and stem (the dectease did not exceed 0.07 and
0.08% in the first and second seasons,
respectively). Increasing salt concentrations were
associated with a gradual decrease in K content
which reached its minimal values (1.98 and
1.71% in the leaf and stem, respectively) at the
highest salt concentration (1.0%) in the first
season, and & similar response was observed in
the second season. Potassivm content in the roois
was relatively lower than K content in either leaf
or stem. The mean values* of K content of
untreated plants were 241 and 2.15% in the leaf
and stem, respectively compared 1o only 1.54% in
the roots. A similar pattern was exhibited by
treated plants. The response of K content of the
roots to salinity followed the same trend
described for the leaves and stem.
3.2.1.6. Sodium (Table 7

Root Nz content was geuerally higher than

leaf or stem contents in both treated and untreated
{control) plants. Soil salinity increased Na content
in the leaf, stem and root of Moringa, and the
increase was positively correlated with salt
concentration in both seasons.
Plants subjected to the highest salinity
concentration showed the maximum mean value
(of both sgasons} of Na in the roots (0.5 %)
compared to that recorded in the stem (0.27 %) or
leaves (0.21 %). Similarly, Na content in roots of
untreated plants reached a higher mean value
{0.24 %) than Na content in the leaves and stem
(0.07 and 0.10 %, respectively)



Table (4): Effect of soil salinity on nitrogen content in the leaves, stems and roots of
Moringa oleifera, Lam.

Treatments Nitrogen % DW
NaChCaCl, "Leaves Stems Roots
(l:lw) (%) 1n 251{ lu zmi lu znd’
S€as0N SeAsON sSeason SEASON SeAsOn Season
0.0 2.40 313 1.42 1.66 1.12 1.36
0.2 2.36 3.05 1.36 1.56 1,10 1.31
0.4 2.23 2.98 1.28 1.38 1.06 1.25
0.6 2.15 2.87 1.15 1,24 1.00 1.18
0.3 1.99 270 1.08 1.13 0.91 1,12
1.0 1.77 2.59 0.96 1.05 0.86 1,08

Table (5): Effect of soil salinity on phosphorus content in the leaves, stems and roots of

Moringa cleifera, Lam.,
Treatments Phosphorus % DW
NaCl+CaCl; Leaves Stems Roots
(1:14w) (%) ¥ 2 1 2 1" ™
Season season season | season | season season
0.0 (.18 0.25 0.18 0.22 0.15 (.18
0.2 0.17 0.18 (.16 0.20 0.13 0.16
04 0.14 0.17 0.14 0.16 .11 0.15
0.6 0.12 (.13 0.11 0.13 0.10 0.11
0.3 0.11 0.12 0.09 0.12 0.07 0.09
1.0 4.07 0.10 0.05 0.09 0.05 0.07

Tabie {6): Effect of soil salinity on potassivm content in the leaves, stems and roots
of Moringa oleifere, Lam.

Treatments Potassiom % DW
NaCl + CaCl; (1:1w) Learves Stems Roots
%) T B I U N B L
SEHSGH | SEASON | Season | season season | season
0.0 2.38 2.44 212 [ 218 1.42 1.66
0.2 2.31 240 2.04 2.13 1.40 1.63
0.4 2.25 232 1.98 2.06 1.36 1.58
0.6 2.16 2.22 1.87 2.0 1.331 1.54
0.8 2.08 2,13 1.80 1.96 1.27 1.49
1.0 1.98 2.05 1.71 1.88 1.21 1.43

* Mean of two seasons

Table (7): Effect of soil salinity on sodinm content in the leaves, stems and roots of
Moringa oleifera, Lam.

Treatments Sodium % DW
NaCl + CaCl; (1:1w) Leaves Stems Roots

(%} 1 2™ 1 2% 1¥ 2"
season season | season | season season | season

4.0 0.06 0.09 0.09 G.11 (4.22 0.26

0.2 0.08 .11 0.13 0.16 0.27 0.30

04 0.10 0.14 0.15 0.19 0.31 0.36

0.6 0.13 .16 0.18 0.23 (.35 .42

0.8 0.17 0.19 .22 4.26 0.40 0.48

1.0 (.20 .23 0.25 (.30 0.48 052
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4. DISCUSSION

The presented results showed that increasing
salinity levels reduced all growth parameters of
Moringa oleifera at an early growth stage,

Relatively low salt concentration slightly
decreased plant height and stem diameter but did
not affect leaf and branch number. Previous
studies showed that low salinity levels did not
reduce growth in many other tree species such as
Ervthrina variegata at the scedling stage
(Muthuchelian et al., 1996); and even stimulated
growth of some tree species, low salt
concentration stimulated growth of Eucalyptus
camadulensis and Dalbergia sisso (Rawat and
Banerjee, 1998); also stem and root elongation of
Cassia montana were stimulated by salt at low
concentration (Patel and Pandey, 2007).

Moreover, increasing salinity decreased plant
height, stem diameter, number of branches,
number of leaves and root length of Moringa
oleifera, which coincides with previous reports on
Albezia lebbeck and Melia azederach as their
seedling growth was adversely affected by the
increase in salinity (Yadav et al., 2005). It was
suggested that high salinity levels decrease plant
height as well as shoot and root biomass which is
attributed to the decrease of water and osmotic
potentials of plants under saline conditions
(Villagra and Cavagnaro, 2005).

Generally, it was admitted that, salinity reduces
the ability of plants to take up water which
rapidly causes reduction in growth rate; but
recently it was suggested that the reduction in
shoot growth is probably due to hormonal signals
generated by the roots (Munns, 2002}.

The present results showed that high salinity
level had a detrimental effect on dry weight of
shoot and root. Similar observations were
previously reported on Prosopis cineraria
(Ramoliya et al, 2006), and on Cassia
angustifolia (Agarwal and Pandey, 2004).

Chlorophyll and carotenoids were affected by
salinity, and decreased steadily with increasing
salt conmcentration.  Similar responses were
previously observed in other tree species; high
salinity caused a decrease in pigment content of
Erythrina variegata (Muthuchelian ez al., 1996), a
reduction in chlorophyll concentration of
Eucalyptus camadulensis (Rawat and Banerjee,
1998) and Moringa oleifera (Valiz et al., 1993).

The determination of mineral elements in
leaves, stem and roots of Moringa oleifera in the
present study demonstrated the following
findings:
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- Generally, leaf, stem and root contents of N
and K are relatively higher than P and Na
contents.

- Na content in the root is relatively higher
than Na content in leaf and stem, which may
be attributed to the displacement of Ca*™ by
Na' from membrane sites in root hair (Cramer
et al., 1985).

- Increasing soil salinity reduced N, P and K
contents in leaf, stem and root; and the
highest salinity level resulted in the greatest
reducing effect. These observations are in
agreement with previous ones on Prosopis
cineraria which responded to salt stress by a
decrease in N and P content in leaf, stem and
root (Ramoliya et al.,2006).

In view of the present results on Moringa
oleifera, it can be concluded that the juvenile tree
can be grown successfully under low salinity
leveis; but cannot tolerate high salinity levels
during this stage of growth. Further studies on salt
tolerance of Moringa oleifera tree at later stages
of development are suggested to provide more
information that may allow extending the
cultivation of this valuable tree in a moderately
saline land.
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