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ABSTRACT

This investigation was carried out at Antoniades Research Branch, Horticulture Institute, Ministry
of Agriculture, Alexandria, Egypt during 2012 and 2013 seasons. The study was a trial to investigate
the effect of different levels of salinity (0, 3000, 6000 and 9000 ppm) and different concentrations of
humic acid sprayed on the leaves (0, 500, 1000 and 1500 ppm) and their combinations on the
vegetative growth and some chemical constituents of Jatropha curcas plants grown in plastic pots 30
cm filled with sandy soil.

The results revealed that the irrigation salinity level was more effective than humic acid
concentrations on all the studied characteristics of Jatropha curcas plant. Additionally, using tap water
{control) combined with humic acid at 1000 ppm gave the highest significant values of plant height,
stem diameter, stem dry weight, leaf number, leaf dry weight, leaf area, root length, root dry weight,
chlorophyll, proline and carbohydrate contents of the leaves.

Generally, the results obtained recommend irrigating the cultivated plants in the sandy soil three
times per week using irrigation water with salinity level not more than 6000 ppm combined with
humic acid at the rate of 1000 ppm gave good improvements in the vegetative growth and some
chemical constituents of Jatropha curcas plants grown in sandy soil.
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1. INTRODUCTION scale, leading to declining the average yields of
Jatropha curcas is a spec{ies of flowering most major crop plants. Several researchers have
plants in the spurge family, Euphorbiaceae, that reported that water salinity also has considerable
is native of the American tropics, most likely effect on the growth of different ornamental tree
Mexico and central America (Janick and Robort, species (Sapeta ef al., 2013).
2008). Jatropha curcas grows in tropical and Jatropha curcas are known to be relatively
subtropical regions. The plant can grow in tolerant to salinity (Genhua ef al, 2012).
wastelands and grow on almost any terrain, even However, significant reduction in vegetative
on gravelly, sandy and saline soils. Complete growth characteristics is expected to occur if the
germination is achieved after 9 days. Jatropha  salinity level is increased above a certain critical

curcas starts yielding after 9 — 12 months, the level. This study was conducted with the aim of
best yield is obtained only after 2 — 3 years investigating the effect of different irrigation
(Juhasz et al., 2009). water salinity levels on the growth and chemical

Salinity is one of the major environmental costituents of Jatropha curcas, and to assess the

factors determining plant productivity and plant = possibility of using humic acid treatments to
distribution. Salinity affects more than 10% of  overcome the adverse effects of salinity on plant
Arab lands. In general, desertification and growth.

salinization are rapidly increasing on a global
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2. MATERIALS AND METHODS

The present study was carried out at
Antoniades Research Branch, Horticulture
Research Institute, A.R.C. Alexandria, Egypt
during the two successive seasons of 2012 and
2013.

On the 15" of March, 2012 and 2013 (in the
first and second seasons, respectively)
transplants of Jatropha curcas (30 cm tall) were
planted individually in plastic pots (30 cm
diameter) filled with 10 kg of sandy soil. The
chemical constituents of the soil were measured
as described by Jackson (1958)and shown in
Table (1). On the 15" of April (in both seasons),
the saline irrigation water treatments were
initiated, the different saline water
concentrations were prepared, using sodium
chloride (NaCl). The plants were irrigated three
times per week using saline water concentrations

Carbohydrate contents of the leaves were
determined according to Dubios ef al. (1956).
Sodium and chloride contents (% -of dry
matter) in the leaves were determined
according to Piper (1947).
Relative Water Contents of leaves (%) in the
fresh leaves were determined according to
Barrs (1968) and Ritche (1974).
Proline content (mg/g) in the leaves was
determined according to Bates ef al. (1973).
The layout of the experimental design was
split plot with three replicates. Each replicate
contained three plants. The main plots were the
salinity levels while the sup plots were the
concentrations of humic acid. The means of the
individual factors and their interactions were
compared by L.S.D test at 5% level of
probability according to Snedecor and Cochran
(1974).

Table (1): Some chemical analysis of the used sandy soil for the two successive seasons 2012 and 2013.

Season pH EC Soluble cations (mg/l) Soluble anions (mg/l)
S Ca” [ Mg” [ Na~ | K [ HCOy Cr SO,~
2012 7.87 1.51 3.1 4.2 6.4 1.1 3.5 6.5 2.4
2013 7.92 1.43 3.4 2.9 6.2 0.9 3.2 6.3 2.1

of tap water (control), 3000, 6000 and 9000
ppm. In both seasons, the plants received the
salinity levels by monthly from 15 May till 15
August in both seasons. The plants were also
sprayed with humic acid at concentrations of 0,
500, 1000 and 1500 ppm. Control plants were
sprayed with tap water. on the 15" of September
(in both seasons).

In both seasons, all plants received NPK
chemical fertilization using fertilizer (Milagro
Aminoleaf 20-20-20) at the rate of 3 g / pot.
Fertilization was repeated’ every 30 days
throughout the growing season (from the 20® of
April till the 15" of August). In addition, weeds
were removed manually upon emergence.

2.1. Data recorded

2.1.1. Vegetative growth parameters: Plant

height (cm), leaf number per plant, leaf area

(cm?®), leaf dry weight per plant (g), stem

diameter (cm), stem dry weight (g), root length

(cm) and root dry weight (g).

2.1.2. Chemical analysis determination

~Chlorophyll contents were determined as
SPAD unites of the fresh leaves of plants for
the different treatments of the experiment at
the end of the season using Minolta
(chlorophyll meter) SPAD 502 according to
Yadava (1986).
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3. RESULTS AND DISCUSSION
3.1.Vegetative growth
3.1.1. Plant height (cm)

Data presented in Table (2a) show that in
both seasons, irrigation with saline water
decreased the height of Jatropha curcas plants,
compared to the plants irrigated with tap water
(control). Plants irrigated with tap water had the
highest mean values of plant height 38.62 and
42.02 c¢m in the first and the second seasons,
respectively. Moreover, raising the salt
concentration  caused steady  significant
reductions in plant height, with the highest
concentration (9000 ppm) giving the shortest
plants significantly (with mean heights of 27.12
and 30.95 ¢m in the two seasons, respectively)
than those receiving any other salt concentration.
Similar results were reported by Abd El-Aziz et
al. (2006) on Khaya senegalensis, El- Juhany et
al. (2008) on FEucalyptus camaldulensis,
Fucalyptus intertexta and Eucalyptus
microtheca, and Sharif and Khan (2009) on
Salvadora  oleoides;,  Prosopis  cineraria,
Capparis decidue and Tamarix aphylla. The
reduction in plant height as a result of high salt
concentration was explained by Yasseen et al.
(1987) and St. Arnaud and Vincent (1990),
where they mentioned that the decrease in plant
height under saline conditions was probably due




to the insufficient uptake of water and nutrients,
as well as sodic toxicity.

Plant height was also significantly affected
by spraying the plants with humic acid. In both
seasons, plant height increased gradually when
the humic acid concentration was raised from 0
ppm (control) to 1000 ppm. However, a further
increase in humic acid concentration from 1000
ppm to 1500 ppm resulted in a gradual decrease
in plant height. Accordingly, it can be seen from
the data in Table (2a) that Jatropha curcas
plants sprayed with 1000 ppm humic acid were
significantly taller (with mean plant heights of
3491 and 38.50 cm in the first and second
seasons, respectively) than plants sprayed with
any other humic acid concentration. The increase

in height of Jatropha curcas plants as a result of
spraying with humic acid is similar to the
increases in height that had been recorded on
other ornamental plant species, by El-Khateeb et
al. (2010) on Calia secundiflora, Cavalcante et
al. (2011) on Carica papaya.

Regarding the interaction between the effects
of irrigation water salinity and humic acid
treatments on growth rate of the plant height of
Jatropha curcas plants, the results recorded in
the two seasons show that, the highest values
were obtained in the plants irrigated with tap
water and sprayed with humic acid at 1000 ppm
(with mean heights of 41.00 and 44.25 c¢m in the
first and second seasons, respectively). On the
other hand, the shortest plants (with mean

Table (2-a): Means of vegetative growth characteristics of Jatropha curcas plants as influenced
by Salinity (S), Humic acid (HA) and their combinations (Sx HA) in the two

seasons of 2012 and 2013.
Treatments Plant height (cm) Number of leaves Leaves dry weight (g)
per plant per plant
Salinity Humicacld | 500 | 2013 2012 2013 2012 2013
(ppm) (ppm)

0 3500 | 3841 2333 25.83 36.08 38.39

o 500 3950 | 4291 2633 28.83 4138 4343
1000 41.00 | 4425 27.33 2933 4312 4427

1500 39.00 | 42.50 26.60 2833 40.80 4259

Mean 38.62 | 42.02 25.75 28.08 40.35 42.17
0 30.75 | 33.75 20.50 22.50 31.09 32.79

3000 500 3400 | 37.00 22.66 24.66 34.92 36.43
1000 3641 | 40.00 2433 26.66 37.88 39.79

1500 3325 | 36.75 22.16 24.50 34.05 36.15

Mean 33.60 | 36.87 22.41 24.58 34.48 36.29
0 2725 | 30.83 18.16 20.50 27.01 29.44

6000 500 . | 31.00 | 34.50 20.66 23.00 31.41 33.64
1000 3275 | 3641 21.83 24.16 33.47 35.60

1500 31.00 | 34383 20.66 23.16 3145 33.92

Mean 30.50 | 34.14 20.33 22.70 30.83 33.15
0 2375 | 27.00 15.83 18.00 22.88 25.23

5000 500 2700 | 31.25 18.00 20.83 26.76 30.00
1000 2950 | 3333 19.66 22.16 29.65 3224

1500 2825 | 3225 18.83 21.50 28.19 3111

Mean 27.12 | 3095 18.08 20.62 26.87 29.64
0 29.18 | 32.50 19.45 21.70 29.26 31.46

500 3287 | 3641 21.91 2433 33.62 35.87

Mean (HA) 1000 3491 | 3850 23.29 25.58 36.03 37.97
1500 3287 | 36.58 21.91 2437 33.62 35.94

S 1.94 1.40 1.28 0.88 2.11 1.42

LS.D.at0.05 |HA 0.70 0.60 0.46 0.36 0.84 0.60
S xHA 2.27 1.73 1.51 1.07 2.55 1.76
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heights of 23.75 and 27.00 cm in the first and
second seasons, respectively) resulted in the
plants irrigated using the highest salt
concentration (9000 ppm) without humic acid
treatment. It can also be seen from the data
presented in Table (2a) that in many cases,
spraying the plants with humic acid reduced the
undesirable effect of salinity. Similar results
were reported by Abd El-Aziz ef al. (2006) on
Khaya senegalensis, Sayed (2006) on Ficus alii,
El-Juhany et al. (2008) on Fucalyptus
camaldulensis, Eucalyptus  intertexta and
Eucalyptus microtheca and Sharif and Khan
(2009) on Salvadora oleoides, Prosopis cineria,
Capparis decidue and Tamarix aphylla.

3.1.2. Number of leaves per plant

The data presented in Table (2a) show the
effect of saline water on the number of leaves
formed on Jatropha curcas plants. In both
seasons, plants irrigated with tap water had the
highest number of leaves 25.75 and 28.08
leaves/plant in the first and second seasons,
respectively. Accordingly, the lowest number of
leaves 18.08 and 20.62 leaves / plant in the first
and second seasons, respectively, was formed by
plants that were irrigated using the highest salt
concentration (9000 ppm). Similar results were
reported by El-Juhany and Aref (2005) on
Conocarpus erectus, Abd El-Aziz et al. (2006)
on Khaya senegalensis and El-Juhany et al
(2008) on Eucalyptus camaldulensis, Eucalyptus
intertexta and Eucalyptus microtheca.

Concerning the effect of humic acid
treatments on the number of leaves, the data
recorded in the two seasons (Table 2a) show that
humic acid treatment at 1000 ppm caused a
significant increase in the number of leaves
giving mean values of 23.29 and 25.58 gm/plant
in the first and second seasons, respectively,
compared to that of the control plants (19.45 and
21.70 g /plant in the two seasons, respectively).
The increase in the number of leaves of plants
sprayed with humic acid at 1000 ppm supports
the results reported by Fathy er al. (2010) on
Prunus armeniaca and El-Khateeb et al. (2010)
on Calia secundiflora.

The data in Table (2a) show that, significant
interaction was detected in both seasons between
the effects of irrigation water salinity and humic
acid treatments on the number of leaves formed
by Jatropha curcas plants. Combining irrigation
using tap water with spraying the plants with
humic acid at 1000 ppm gave the highest
number of leaves ( 27.33 and 29.33) per plant in
the first and second seasons, respectively. On the
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other hand, the least number of leaves per plant
was recorded in the first season 15.83 and 18.00
leaves per plant in the first and second seasons,
respectively. These were obtained on plants
irrigated using the highest salt concentration
(9000 ppm) and sprayed without any humic acid
concentration. Similar results were reported by
El-Juhany and Aref (2005) on Conocarpus
erectus, Abd El-Aziz et al (2006) on Khaya
senegalensis, Sayed (2006) on Ficus alii and El-
Juhany et al. (2008) on Eucalyptus
camaldulensis,  Eucalyptus intertexta and
Eucalyptus microtheca.

3.1.3. Leaf dry weight (g) per plant

The results recorded in the two seasons
(Table 2a) show that the heaviest dry weights of
leaves 40.35 g and 42.17 g in the first and
second seasons, respectively, were obtained
from plants irrigated with tap water. lrrigation
with water containing any salt concentration
decreased the dry weight of the leaves
significantly. Moreover, the recorded values
decreased steadily with raising the salt
concentration. Accordingly, the least values
26.87 and 29.64 g/plant in the first and second
seasons, respectively, were obtained from plants
irrigated with the highest salt concentration
(9000 ppm). This reduction in the dry weight of
leaves as a result of salinity treatments is similar
to that obtained by El-Juhany and Aref (2005)
on Conocarpus erectus, and Abd El-Aziz et al.
(2006) on Khaya senegalensis.

The data presented in Table (2a) also show
that spraying Jatropha curcas plants with humic
acid at 1000 ppm significantly increased the dry
weight of the leaves giving values of 36.03 and
37.97 g/plant in the first and second seasons,
respectively, compared to the control (29.26 and
31.46 g/plant in the first and second seasons,
respectively).

Regarding the interaction between the effects
of irrigation with saline water and humic acid
treatments on the dry weight of the leaves of
Jatropha curcas, the data presented in Table (2a)
showed that the heaviest dry weights of leaves of
43.12 gm and 44.27 g in the first and second
seasons, respectively, were obtained in plants
irrigated with tap water and sprayed with humic
acid at 1000 ppm, whereas the lowest dry
weights of leaves of 22.88 and 25.23 g in the
first and second seasons, respectively, were
obtained when the plants were irrigated using the
highest salt concentration 9000 ppm without any
humic acid treatment.This reduction in the dry
weight of leaves as a result of salinity treatments
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is similar to that obtained by El-Juhany and Aref
(2005) on Conocarpus erectus, Abd El-Aziz et
al. (2006) .on Khaya senegalensis and Sayed
(2006) on Ficus alii.

3.1.4. Leaf area (cmz)

The results recorded in the two seasons
(Table 2b) show that irrigation with saline water
decreased the leaf area of Jatropha curcas
plants, compared to the plants irrigated with tap
water (control). In both seasons, plants irrigated
with tap water (control) had the largest leaves
with mean areas of 2591.17 and 2822.90 ¢cm? in
the first and second seasons, respectively. The
leaf area was decreased steadily with raising the
salt concentration. Accordingly, the smallest
leaves with mean areas of 655.32 and 721.63
cm? in the first and second seasons, respectively,
were those formed on plants that were irrigated
using the highest salt concentration 9000 ppm.
Similar results were reported by Awan ef al.
(2002a) on Eucalyptus camaldulensis, and Awan
et al. (2002b) on Dalbergia sisoo.

The data presented in Table (2b) show that,
the different humic acid treatments had a
significant effect on leaf area of Jatropha curcas
plants. Plants sprayed using humic acid at 1000
ppm formed significantly larger leaves (with a
mean area of 1798.76 and 1938.79 ¢m’ in the
first and second seasons, respectively, than
those formed by control plants (1115.18 and
1229.88 cm?), Similar increases in leaf area as a
result of humic acid treatments have been
reported by Fathy et al. (2010) on Prunus
armeniaca.

The data presented in Table (2b) also show
that significant interaction was detected between
the effects of irrigation water salinity and humic
acid treatments on the area of' Jatropha curcas
leaves. In the first seasons, the largest leaves
with mean areas of 2850.86 cm® were formed by
plants irrigated with tap water and sprayed with
humic acid at 1000 ppm, In the second season,
the largest mean areas 3089.66 cm’ were
formed by plants irrigated with tap water and
sprayed with humic acid at 1500 ppm. On the
other hand, the smallest leaves (with areas of
505.80 and 585.41 cm’ in the first and second
seasons, respectively) were obtained on plants
irrigated using the highest salt concentration
(9000 ppm) combined with the lowest
concentration 500 ppm humic acid treatment.
Similar results were reported by Awan et al.
(2002a) on Eucalyptus camaldulensis, and Awan
et al. (2002b) on Dalbergia sissoo.

It can also be seen that in many cases, the
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humic acid treatments counteracted (at least
partly) the adverse effect of the salinity
treatments on leaf area. For example, in plants
that were irrigated using the highest salt
concentration (9000 ppm), a steady increase in
leaf area was recorded as the humic acid
concentration was gradually raised, i.e. in both
seasons, plants that were irrigated with saline
water at 9000 ppm and sprayed with humic acid
gave larger leaves than plants receiving the same
salinity treatment, but without humic acid.

3.1.5. Stem diameter (cm)

The data recorded on the stem diameter of
Jatropha curcas plants in the two seasons (Table
2b) show that irrigation with saline water
decreased stem thickness, compared to that of
plants irrigated with tap water (control). In both
seasons, plants irrigated with tap water had the
thickest stems, with mean diameters of 3.78 and
4.19 cm in the first and second seasons,
respectively. Raising the salt concentration in
irrigation water caused a steady reduction in
stem diameter. This reduction in stem diameter
was significant (compared to the control), even
at the highest salt concentration (9000 ppm),
which gave stem diameters of 2.69 and 3.10 cm
in the first and second seasons, respectively.
Similar results were reported by Abd El-Aziz et
al. (2006) on Khaya senegalensis.

In contrast to the effect of salinity treatments,
humic acid treatments improved stem diameter
of Jatropha curcas plants, compared to the
control. Moreover, plants sprayed with 1000
ppm humic acid significantly affected thickest
stems (with mean diameters of 3.45 and 3.79 cm
in the first and second seasons, respectively),
compared to the those of control plants, or plants
sprayed with any other humic acid
concentration. Similar increases in stem
diameter had been reported by El-Khateeb er al.
(2010) on Calia secundiflora and Fathy et al.
(2010) on Prunus armeniaca.

Regarding the interaction between the effects
of irrigation water salinity and humic acid
treatments on growth rate of the stem diameter
of Jatropha curcas plants, the results recorded in
the two seasons (Table 2 b) show that significant
differences were detected between the values
obtained from plants -receiving the different
treatment combinations. The highest values
(401 and 4.37 cm in the first and second
seasons, respectively) were obtained in the
plants irrigated with tap water and sprayed with
humic acid at 1000 ppm. On the other hand, the
thinnest stems (with diameters of 2.35 and 2.67
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cm in the first and second seasons, respectively)
were obtained in the plants irrigated using the
highest salt concentration (9000 ppm) without
humic acid treatment. It can also be seen that in
some cases, the humic acid treatments helped to
overcome the adverse effect of the salinity
treatments on stem thickening. Similar results
were reported by El-Bagoury ef al. (1999) on
Casuarina equisetifolia, Gu-Zuliang et al.
(2002) on Navel Orange and Abd El-Aziz ef al.
(2006) on Khaya senegalensis.

3.1.6. Stem dry weight (g)

Data presented in Table (2b) show that, in
both seasons, irrigation with saline water
significantly decreased dry weights of stem of
Jatropha curcas plants, compared to plants
irrigated with tap water (control). Plants irrigated

with tap water had the heaviest mean dry weight
of stems 45.40 and 50.41 gm per plant in the
first and second seasons, respectively. The dry
weight of stems showed a gradual reduction as
the salt concentration was increased.
Accordingly, the least dry weights of stem 32.66
and 37.23 gm per plant in the first and second
seasons, respectively, were recorded in plants
receiving the highest salt concentration 9000
ppm. These results are in agreement with the
fmdings of Aslam et al(2002) on Eucalyptus
camaldulensis, Franklin et al. (2002) on jack
pine Pinus banksiana, Gupta et al. (2002) on
Ziziphus rotundifolia and Z. nummularia, El-
Feky (2004) on Erpthrina indica and Tecoma
stans, and Abd El-Aziz et al. (2006) on Khaya
senegalensis.

Table (2b): Means of vegetative growth characteristics of Jatropha curcas plants as influenced by
Salinity (S), Humic acid (HA) and their combinations (Sx HA) in the two seasons of

2012 and 2013.

Treatments Leaves area (cmz) Stem diameter (cm) Stem dry weight (g)

Salinity | Humicacid | =, , 2013 2012 2013 2012 2013

(ppm) (ppm)

0 2342.60 2552.83 3.49 3.88 41.88 46.60

0 500 2380.53 2606.29 3.79 4.27 45.45 51.36
1000 2850.86 3042.80 4.01 4.37 48.20 52.52

1500 2790.66 3089.66 3.84 4.26 46.07 51.18

Mean 2591.17 2822.90 3.78 4.19 45.40 50.41
0 912.25 1001.25 3.05 3.35 36.65 40.26

3000 500 1482.40 1613.20 3.34 3.60 40.14 43.34
1000 1888.26 2069.33 3.62 3.88 43.47 46.58

1500 979.76 1082.90 3.48 3.74 41.88 4498

Mean 1315.67 1441.67 . 3.37 3.64 40.53 43.79
0 648.55 731.85 2.70 3.05 32.50 36.64

6000 500 T1122.20 1248.90 3.04 3.38 36.61 40.66
1000 1421.35 1573.25 3.25 3.58 39.10 43.08

1500 739.86 829.36 3.11 3.51 37.42 42.20

Mean 982.99 1095.84 3.02 3.38 36.41 40.64
0 557.33 633.60 235 2.67 28.23 32.16

9000 500 505.80 58541 2.67 3.08 32.35 37.02
1000 1034.56 1069.78 291 3.33 35.01 39.98

1500 523.56 597.70 2.83 3.31 35.07 39.76

Mean 655.32 721.63 2.69 3.10 32.66 37.23
0 1115.18 1229.88 2.89 3.24 34.82 38.91

Mean (HA) 500 1372.73 1513.45 321 3.58 ©38.63 43.09
1000 1798.76 1938.79 345 3.79 41.44 45.54

1500 1258.47 1399.91 3.31 3.70 40.11 44.53

S 73.53 64.78 0.15 0.16 1.56 1.94

L.S.D.at0.05 | HA 21.47 20.89 0.07 0.05 0.93 0.70
S x HA 81.93 73.76 0.19 0.18 2.23 2,94
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The results recorded in the two seasons
(Table 2b) show that, in both seasons, spraying
the plants with humic acid increased the dry
weight of the stem. In both seasons, spraying
plants with 1000 ppm humic acid gave the
heaviest dry weight of the stem (41.44 and 45.54
g/plant) in the first and second seasons,
respectively. These values were significantly
higher than those of the control plants, or plants
receiving any other humic acid concentration.
Increases in the dry weight of stems as a result
of humic acid treatments have been reported by
Hussein (2009) on Cryptostegia grandiflora.

Regarding the interaction between the effects
of irrigation with a line water salinity and humic
acid treatments, the results recorded in the two
seasons show that the heaviest stem dry weights
of 48.20 and 52.52 g per plant in the first and
second seasons, respectively) were those of
plants irrigated with tap water and sprayed with
humic acid at 1000 ppm. On the other hand, the
lowest stem dry weights (28.23 and 32.16 g per
plant in the first and second seasons,
respectively) were obtained in the plants
irrigated with the highest salt concentrations
(9000 ppm) without humic acid treatment. These
results are in agreement with the findings of
Aslam et al  (2002) on  Eucalyptus
camaldulensis, Franklin et al. (2002) on Pinus
banksiana, Gupta ef al. (2002) on Ziziphus
rotundifolia and Ziziphus nummularia, El-Feky
(2004) on Erythrina indica and Tecoma stans,
and Abd El-Aziz et al. (2006) on Khaya
senegalensis.

3.1.7. Root length (em)

Data presented in Table (2¢) show that all the
tested irrigation water treatments significantly
decreased the root length (cm) of Jatropha
curcas, compared to that of plants irrigated with
tap water (control). In both seasons, plants
irrigated with tap water had the highest mean
root length 38.58 and 42.12 cm in the first and
second seasons, respectively. Raising the salt
concentration caused a steady reduction in the
root length, which reached its lowest values
27.12 and 31.08 cm in the first and second
seasons, respectively, in plants irrigated using
the highest salt concentration (9000 ppm).
Similar results were reported by El-Feky (2004)
on Erythrina indica and Tecoma stans and Abd
El-Aziz et al. (2006) on Khaya senegalensis.

The data in Table (2c¢) also indicate that
humic acid treatments had a significant effect on
the root length. As with the other vegetative
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growth parameters, spraying the plants with
humic acid at 1000 ppm gave the tallest root
length 34.93 and 38.54 c¢m in the first and
second seasons, respectively. A similar increase
in the fresh weight of roots as a result of humic
acid treatments was recorded by Ashish et al.
(2010) on Jatropha curcas.

Regarding the interaction between the effects
of irrigation water and humic acid treatments on
root length of Jatropha curcas plants, the results
recorded in the two seasons showed that, the
highest values were obtained in plants irrigated
with tap water and sprayed with humic acid at
1000 ppm (with mean length of 41.00 and 44.08
cm in the first and second seasons, respectively).
On the other hand, the shortest roots (with mean
length of 23.58 and 27.00 cm in the first and
second seasons, respectively) were those
irrigated using the highest salt concentration
(9000 ppm) without humic acid treatment. It can
also be seen from the data presented in Table
(2¢) that in many cases, spraying the plants with
humic acid reduced the undesirable effect of
salinity.

3.1.8. Root dry weight (g)

Data presented in Table (2c) show that
irrigation of Jatropha curcas plants with saline
water significantly decreased the dry weights of
roots, compared to the plants irrigated with tap
water (control). In both seasons, plants irrigated
with tap water had the heaviest dry weight of
roots 42.44 and 46.16 gm/plant in the first and
second seasons, respectively. Steady significant
reductions in the dry weight of roots were
recorded as the salt concentration in the

irrigation water was increased, with the highest

salt concentration (9000 ppm) giving the least
mean values in both seasons 30.03 and 34.12
gm/ plant in the first and second seasons,
respectively.

Regarding the effect of humic acid treatments
on the dry weight of roots, data in Table (2c)
show that spraying Jatropha curcas plants with
humic acid at 1000 ppm significantly increased
the recorded values, compared to the control.
The highest dry roots 38.48 and 42.54 gm/plant
in the first and second seasons, respectively,
were those of plants sprayed with humic acid at
1000 ppm. A similar increase in the dry weight
of roots was recorded by Zaghloul et al. (2009)
on Thuja orientalis, El-Khateeb ef al. (2010) on
Calia secundiflora and Cavalcante et al. (2011)
on Carica papaya.

Regarding the interaction between the effects
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Table (2¢): Means of vegetative growth characteristics of Jatropha curcas plants as influenced
by Salinity (S), Humic acid (HA) and their combinations (S X HA) in the two

seasons of 2012 and 2013.

Treatments Root length (cm) Root dry weight (g)

Salinity Humic acid 2012 2013 2012 2013

(ppm) (ppm)

0 35.00 39.08 38.52 42.99

500 39.33 42.91 43.28 46.56

0 1000 41.00 44.08 45.10 48.34
1500 39.00 42.41 42.88 46.76

Mean 38.58 42.12 42.44 46.16
0 30.25 33.75 33.62 37.27

3000 500 34.00 37.16 37.46 40.89
1000 36.50 40.08 40.13 44.10

1500 33.25 36.75 36.66 41.16

Mean 33.50 36.93 36.97 40.85
0 27.25 30.75 29.99 34.55

6000 500 31.00 34.41 34.32 37.82
1000 32.75 36.33 36.02 39.97

1500 31.00 34.58 34.36 38.22

Mean 30.50 34.02 33.67 37.64
0 23.58 27.00 25.95 29.71

9000 500 27.16 31.25 29.92 33.86
1000 29.50 33.66 32.66 36.94

1500 28.25 32.41 31.59 36.00

Mean 27.12 31.08 30.03 34.12
0 29.02 32.64 32.02 36.13

500 32.87 36.43 36.24 39.78

Mean (HA) 1000 34.93 38.54 38.48 42.54
1500 32.87 36.54 36.37 40.53

S 1.76 1.49 1.92 1.57

L.S.D. at 0.05 HA 0.66 0.54 0.79 0.59
S X HA - 2.09 1.75 2.34 1.86

1

of irrigation water and humic acid treatments,
the data presented in Table (2¢) show that the
highest values (45.10 and 48.34 g per plant in
the first and second seasons, respectively) were
obtained in plants irrigated with tap water and
sprayed with humic acid at 1000 ppm. On the
other hand, the lowest dry weight of roots (25.95
and 29.71 g per plant in the first and second
seasons, respectively) were obtained from plants
irrigated using the highest salt concentration
(9000 ppm), with no humic acid treatment.
Similar results were reported by Sayed
(2006) on Ficus alii.
3.2, Chemical constituents
3.2.1. Chlorophyll content (SPAD unites)

The results presented in Table (3a) show that
the highest content of total chlorophyll was

obtained in plant irrigation with tap water 54.85
and 55.12 SPAD in the first and second seasons,
respectively. Raising the salt concentration in
irrigation water resulted in steady significant
reductions in the total chlorophyll content, which
reached its lowest value 49.50 and 50.01 SPAD
in the first and second seasons, respectively, in
plants receiving the highest salt concentration
9000 ppm. The decrease in the total chlorophyll
content as a result of raising the salt
concentration in irrigation water is in agreement
with the results reported by El-Feky (2004) on
Erythrina indica and Tecoma stans, and Helmy
(2004) on Senna occidentalis.

The results of leaf chemical analysis (Table
3a) also show that the tested humic acid
treatments had a clear effect on the total
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Table (3a): Means of chemical constituents characteristics of Jatropha curcas plants as influenced
by salinity (S), humic acid (HA) and their combinations (S XHA) in the two seasons

of 2012 and 2013.

Treatments Chiorophyll content Carbohydrates Proline content

(SPAD unites) content (%) (mg/g)
Salinity Humic acid 2012 2013 | 2012 2013 2012 2013

(ppm) (ppm)

0 5255 5299 | 1950 | 2021 134 137
500 53.9% 5436 | 2084 | 20.74 1.29 132
0 1000 57.32 5742 | 2186 | 21.90 1.25 1.29
1500 55.62 5571 | 2121 2125 1.15 1.20
Mean 54.85 55.12 | 2085 | 21.02 1.26 1.29
0 4837 49.13 | 1845 18.73 187 1.88
500 5047 5057 | 19.25 19.28 1.75 1.79
3000 1000 56.89 5699 | 2120 | 2146 .71 1.74
1500 55.09 5551 | 2072 | 21.15 171 1.74
Mean 52.70 53.05 | 19.90 | 20.16 1.76 1.78
0 4731 4808 | 18.04 18.33 2.24 2.28
500 50.03 5012 | 1881 19.12 2.16 222
6000 1000 54.43 5453 | 2023 19.72 2.12 2.17
1500 53.49 5359 | 19.61 20.43 214 2.18
Mean 5131 5158 | 19.17 19.40 2.16 221
0 45.44 46.54 | 1733 17.74 2.50 2.48
5000 500 49.72 50.14 | 18.70 19.11 2.40 239
1000 5221 5231 19.92 19.94 239 236
1500 50.62 5104 | 19.04 19.45 2.40 235
Mean 49.50 50.01 | 1875 | 19.06 2.42 2.39
0 48.42 4918 | 1833 18.75 1.99 2.00
500 51.04 5130 | 19.40 1956 1.90 1.93
Mean (HA) 1000 5521 5531 | 2080 | 2075 1.86 1.89
1500 53.70 5396 | 20.15 | 2057 1.85 1.87
S 1.01 1.16 0.69 0.46 0.05 0.04
L.S.D.at0.05 | HA 0.66 0.62 0.42 0.29 0.02 0.02
S <HA 1.51 1.65 1.01 0.67 0.05 0.04

chlorophyll content. The recorded mean values
ranged from 55.21 and 55.31 SPAD in the first
and second seasons, respectively, in plants
sprayed with humic acid at 1000 ppm to 48.42
and 49.18 SPAD in the first and second seasons,
respectively, in plants sprayed with humic acid
at 0 ppm. Similar results were reported by
Tejada and Gonzalez (2003) on asparagus and
Ferrara et al. (2008) on grape.

Regarding to the interaction between the
effects of saline irrigation water and humic acid
treatments, the data presented in Table (3a)
showed that the highest total chlorophyll
contents of 57.32 and 57.42 in the first and
second seasons, respectively, were found in the
the leaves of plants irrigated with tap water and
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sprayed with humic acid at 1000 ppm, the lowest
values of 45.44 and 46.54 in the first and second
seasons, respectively, were obtained in plants
irrigated with saline water at 9000 ppm and
sprayed with tap water. The decrease in the total
chlorophyll content as a result of raising the salt
concentration in irrigation water is in agreement
with the results reported by El-Feky (2004) on
Erythrina indica and Tecoma stans, and Helmy
(2004) on Senna occidentalis.

3.2.2. Carbohydrate contents (%)

The data resulting from leaf chemical
analysis in Table (3a) show that, the total
carbohydrates % in the dried leaves of Jatropha
curcas plants decreased steadily with raising the
salt concentration in the irrigation water. The
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highest mean carbohydrate content 20.85 and
21.02 % in the first and second seasons,
respectively, was found in the leaves of the
control plants, whereas the lowest mean value
18.75 and 19.06 % in the first and second
seasons, respectively, was found in the plants
irrigated with water containing the highest salt
concentration 9000 ppm. Decreases in the
carbohydrate % with increasing the salinity level
have been reported by El-Feky (2004) on
Erytherina indica and Tecoma stans. The
reduction in the carbohydrate content in leaves
of the plants irrigated using saline water may be
attributed to the reduction in the total
chlorophyll content as a result of the salinity
treatments (as previously mentioned). This
reduction in the chlorophyll content leads to a
reduction in the rate of photosynthesis which
occurs within the leaf tissues, leading in turn to a
reduction in the synthesis and accumulation of
carbohydrates.

The results in (Table 3a) also show that most
of the tested humic acid concentrations increased
the mean total carbohydrates % in the leaves of
Jatropha curcas plants, compared to the control.
Among the plants receiving the different humic
acid treatments, plants sprayed with 1000 ppm
humic acid had the highest carbohydrate % in
leaves 20.80 and 20.75 % in the first and second
seasons, respectively. Increases in the
carbohydrates % in the leaves of plants receiving
humic acid treatments have also been reported
by Hussein (2009) on Cryptostegia grandiflora.

Concerning the interaction between the
effects of saline irrigation water and humic acid

treatments on the carbohydrate contents % of .

leaves, the results presented in Table (3a) show
that the highest mean values 'of 21.86 and 21.90
% in the first and second seasons, respectively,
were obtained in the leaves of plants irrigated
with tap water and sprayed with humic acid at
1000 ppm. On the other hand, the lowest
carbohydrate content was obtained in the leaves
of plants irrigated with saline water at 9000 ppm
and receiving no humic acid treatment.

3.2.3. Proline content (mg/g)

Results of leaf samples taken from plants
receiving different irrigation water treatments
(Table 3a) show that, with increasing the level of
salinity in water, the proline contents (mg/g) in
dry leaves generally increased. Accordingly,
plants irrigated with the highest salt
concentration (9000 ppm) had the highest mean
proline value 2.42 and 2.39 mg/g in the first and
second seasons, respectively. On the other hand,
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plants irrigated with tap water had the lowest
mean proline value 1.26 and 1.29 mg/g in the
first and second seasons, respectively. Similar
results were reported by Kumar et al. (2003) on
Morus alba, and Woodward and Bennett (2005)
on Eucalyptus camaldulensis. The considerable
enhancement of proline accumulation in plants
irrigated using high salt concentrations may lead
to the conclusion that proline plays a role in
plant tolerance to salinity. This role was
explained by Greenway and Munns (1980), who
mentioned that proline can be considered as a
stabilizer of osmotic pressure within the cell.
Also, Maraim (1990) and Marcum and Murdoch
(1994) concluded that proline can make a
substantial contribution to cytoplasmic osmotic
adjustment.

As for the effect of different combinations
of saline irrigation water and humic acid
concentrations, it is clear from data in Table (3a)
that considerable differences in the proline
(mg/g) were detected in the leaves of plants
receiving the different combinations of water
salinity and humic acid treatments. The highest
mean values of 2.50 and 2.48 mg/g dry matter in
the first and second seasons, respectively, were
obtained in plants irrigated with saline water at
9000 ppm, and receiving no humic acid
treatment. On the other hand, the least proline
values 1.15 and 1.20 mg/g dry matter in the first
and second seasons, respectively, were obtained
from plants irrigated with tap water and sprayed
with humic acid at 1500 ppm. Similar results
were reported by Campos eral. (2012) on
Jatropha curcas.

3.2.4. Relative Water Content of leaves (%)

Results of leaf samples taken from plants
receiving different irrigation water treatments
(Table 3b) show that, with increasing the level of
salinity in water, the relative water content % in
fresh leaves was generally decreased.
Accordingly, plants irrigated with the highest
salt concentration (9000 ppm) had the lowest
mean relative water content value 57.93 and
56.00 % in the first and second seasons,
respectively. On the other hand, plants irrigated
with tap water had the highest mean relative
water content value 83.49 and 76.61 % in the
first and second seasons, respectively. The
considerable enhancement of relative water
content accumulation in plants irrigated using
high salt concentrations may lead to the
conclusion that relative water content plays a
role in plant tolerance to salinity. This role was
explained by Greenway and Munns (1980), who
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Table (3b): Means of chemical constituents characteristics of Jatropha curcas plants as influence
by salinity (S), humic acid (HA) and their combinations (S XHA) in the two seasor

of 2012 and 2013. :
Treatments Relative Water Sodium content Chloride content
Content (%) of leaves | (% D.W. of leaves) (% D.W. of leaves)
Salinity Humic acid 2012 2013 2012 | 2013 2012 2013
(ppm) (ppm)
0 77.96 74.96 0.50 0.50 0.38 0.39
0 500 84.50 76.50 0.40 0.41 0.30 0.31
1000 87.05 78.64 0.34 0.33 0.26 0.25
1500 84.43 76.34 0.28 0.25 0.20 0.19
Mean 83.49 76.61 0.38 0.37 0.28 0.28
0 74.12 70.58 1.21 1.25 0.96 0.99
3000 500 75.15 72.54 1.18 1.18 0.93 0.94
1000 77.32 73.98 1.11 1.12 0.88 0.89
1500 74.13 71.66 1.01 1.04 0.80 0.83
Mean 75.18 72.19 1.13 1.15 0.89 0.91
0 64.64 62.27 1.77 1.82 1.41 1.45
6000 500 67.19 63.73 1.66 1.68 1.32 1.34
1000 67.81 66.05 1.45 1.46 1.15 1.17
1500 65.82 63.57 1.49 1.51 1.18 1.20
Mean 66.37 63.90 1.59 1.62 1.26 1.29
0 56.25 53.79 2.09 2.09 1.68 1.68
9000 500 58.26 56.39 1.92 1.96 1.53 1.57
1000 59.10 57.87 1.83 1.87 1.46 1.49
1500 58.12 55.97 1.71 1.76 1.36 1.40
Mean 57.93 56.00 1.89 1.92 1.50 1.53
0 68.24 65.40 1.39 1.41 1.10 1.12
500 71.28 67.29 1.29 1.31 1.02 1.04
Mean (HA) 1000 72.82 69.13 .18 1.19 039 0.95
1500 70.62 66.88 1.12 1.14 0.88 0.90
S 2.17 0.71 0.06 0.03 0.02 0.01
L.S.D. at
0.05 HA 0.56 0.47 0.04 0.01 0.01 0.01
S xHA 2.37 1.08 0.08 0.03 0.02 0.01

1

mentioned that relative water content can be
considered as a stabilizer of osmotic pressure
within the cell.

As for the effect of different combinations of
saline irrigation water and humic acid
concentrations, it is clear from data in Table (3b)
that considerable differences in the relative
water content (%) were detected in the leaves of
plants receiving the different combinations of
water salinity and humic acid treatments. The
highest mean values 87.05 and 78.64 % in the
first and second seasons, respectively, were
obtained in plants irrigated with tap water, and
receiving humic acid at 1000 ppm. On the other
hand, the lowest relative water contents 56.25
and 53.79 % in the first and second seasons,

484

respectively, were obtained from plants irrigated
with saline water (9000 ppm) and sprayed
without humic acid. Similar results were
reported by Sapeta et al. (2013) on Jatropha
curcas.

3.2.5. Sodium percentage in leaves (%)

The results presented in Table (3b) show that
the Na % in the dried leaves of Jatropha curcas
plants was increased steadily with raising the salt
concentration in  the irrigation  water.
Accordingly, the lowest Na content 0.38 and
037 % in the first and second seasons,
respectively, was found in leaves of the control
plants, whereas the highest content 1.89 and 1.92
% in the first and second seasons, respectively,
was found in the plants irrigated with water

g 1



!

Ty

v m . &

N, A, ELSIAnRorey @Al oo..ooiiineieeaseessossesiasssssossssessssssassssssassssassasssssssssssssassesassssssasssssassssssss

containing the highest salt concentration 9000
ppm. Increases in the Na contents with
increasing the salinity level have been reported
by Franklin et al. (2002) on Pinus banksiana, El-
Feky (2004) on Erytherina indica and Tecoma
stans, and Cassanitia et al. (2009) on ornamental
shrubs.

The results in Table (3b) also show that the
mean Na % content of the leaves was slightly
reduced by spraying the plants with 1500 ppm
humic acid which gave a sodium content of 1.12
and 1.14 % in the first and second seasons,
respectively, compared to the control. The
highest value (1.39 and 1.41 % in the first and
second seasons, respectively) was recorded in
plants sprayed with humic acid at 0 ppm
(control).

Regarding the interaction between the effects
of saline irrigation water and humic acid
concentrations on the Na % of the leaves, the
data presented in Table (3b) show that the
highest values 2.09 and 2.09 % in the first and
second seasons, respectively, were obtained
from plants irrigated with saline water at 9000
ppm and sprayed without humic acid. On the
other hand, the lowest values 0.28 and 0.25% in
the first and second seasons, respectively, were
obtained from plants irrigated with tap water and
sprayed with humic acid at 1500 ppm treatment.
Increases in the Na contents with increasing the
salinity level have been reported by Franklin ef
al. (2002) on Pinus banksiana, El-Feky (2004)
on Erytherina indica and Tecoma stans, and
Cassanitia et al. (2009) on a number of
ornamental shrubs.

3.2.6. Chloride percentage in leaves (%)

From the data presented in Table (3b), it can
be seen that the chloride % in the dried leaves of
Jatropha curcas plants increased steadily with
raising the salt concentration in the irrigation
water. Accordingly, the least Cl” value (0.28 and
0.28 % in the first and second seasons,
respectively) was found in the control plants,
whereas the highest value (0.64 and 0.65 % in
the first and second seasons, respectively) was
found in plants irrigated with water containing
high salt concentration 9000 ppm. Similar
increases in the leaf ClI” contents with increasing
the salinity level were reported by Helmy
(2004) on Senna occidentalis, and Cassanitia et
al. (2009) on ornamental shrubs.

The results in Table (3b) also show that the
mean leaf CI° % was reduced steadily with
raising humic acid concentration. Accordingly,
the highest CI" value (0.47 and 0.48 % in the first

and second seasons, respectively) was recorded
in the leaves of control plants, whereas plants
sprayed with the highest humic acid
concentration 1500 ppm had the lowest CI” value
(0.38 and 0.39 % in the first and second seasons,
respectively).

Regarding the interaction between the effect
of saline irrigation water and humic acid
concentrations on the Cl %, the data in Table
(3b) show that the highest mean values 1.68 and
1.68% in the first and second seasons,
respectively, were obtained in plants irrigated
with saline water at 9000 ppm and sprayed with
tap water, while the lowest mean values 0.20
and 0.19 % in the first and second seasons,
respectively, were recorded in plants irrigated
with tap water and sprayed with humic acid at
1500 ppm. Similar increases in the CI” contents
with increasing the salinity level were reported
by Helmy (2004) on Senna occidentalis,
Cassanitia et al. (2009) on a number of
ornamental shrubs.

Conclusions

The results about the vegetative growth
parameters and chemical compositions of
Jatropha curcas showed that spraying with
humic acid at1000 ppm and the irrigation with
tap water (control) gave the highest significant
values of vegetative growth and chemical
parameters . It can also notice that spraying the
plants with humic acid reduced the undesirable
effect of salinity level (not more 6000ppm
concentrate)of lower quality water (water of
reimage). Moreover, in some cases, the humic

- acid treatments helped to overcome the adverse
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effect of the salinity treatments on stem
thickening.
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