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Abstract: Two pot experiments were carried out in the screen house of National Research Centre during two
successive seasons (2003/2004 and 2004/2005) to alleviate the harmful effects of salinity on pea plants cv.
Master-B by the application of putrescine. Nine treatments which were the control (irrigation with tap water,
with Ec 0.45 ds/m3), two levels of salinity (irrigation with saline solution at concentration of 2000 and
4000ppm, with Ec 3.13 and 6.25 ds/m3

,respectively), two levels of putrescine concentration (25 and 50mg/L.)
and the combination between salinity and putrescine levels. Salinity stress conditions resulted in decreased in
plantgrowth parameters (plant height, number of leaves and branches as well as freshand dry weightof leaves
and/or branches), photosynthetic pigments content of pea plant (chlorophyll a, b, carotenoids), endogenous
phytohormones (IAA, GA3 and Cytokinins) and increased ABA and proline content as well as reducing pod
yieldand nutritive value (total proteins and total carbohydrates). Putrescine application improved plant growth
and photosynthetic pigments content. Increasing promotion hormones (IAA, GA3 and Cytokinins) and proline
content but reducing ABA content as well as increasing pod yield and nutritive value. Results also clear that,
putrescineapplication improved all metabolic activities in plants under salinity stress conditions and make the
plants more tolerance to salinity stress and increasing growth and yield of pea plants under this conditions.
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INTRODUCTION

Pea (Pisum sativum L.) is one of the most important
leguminous vegetable crops grown during winter season
in Egypt for local consumption and exportation. The pods
of pea contain a great amount of protein and
carbohydrates. So that pea is considered as one of the
most important sources in human food nutrition for such
nutrients.

Salinity stress conditions resulted in reduction of
plant growth and yield. This reduction is in consistent
with the fact that salinity induces accumulation of certain
ions and deficiency of others and in the meantime lowers
the external water potential below in the cell.

Polyaminesare onefromthe important bio-regulating
growth substances affecting plant developmental
processes including embryo-genesis, root development,
flowering and senescence [1,2] and also in plant responses
to abiotic stresstolerance[3,4]. The metabolic adjustment of
polyamine is of adaptive significance because of
association of polyamines in the regulation of cellular
ionicenvironments, maintenance of membraneintergrity,
prevention of chlorophyll loss and stimulation synthesis
of proteins, nucleic acids and protective alkaloids[5-7].
Polyamines under stress make a shift in hormonal balance
characterized by increase in endogenous phytohormones

in plants subjected to stress[8]. Also, they known for their
anti-senescence and anti-stress due to their acid
neutralizing and antioxidant properties as well as to their
membrane and cell wall stabilizing abilities[9,10]. In
addition, Bijay [8], Jouve et al.,[11] and Maiti et al.,[12]

reported thatpolyaminesstimulated proline accumulation
in plants subjected to water deficits and salinity stress.

Putrescine application counteracted the salinity
effects that induced decline in the concentrations of IAA,
GA3 and cytokinins of pea plants. Putrescine reduced the
accumulation of ABA and IAA oxidase activity as
compared with the corresponding levels induced
by salinity[13-15]. Many investigators indicated that
putrescine was more effective in increasing proline
contents in pea plants (Nassar[13], Bijay[8] and
Maiti et al.,[12] in maize).

The objective of this research was to show the
potential role of putrescinefoliar application onpea plants
to ameliorate growth, yield and the associated metabolic
activities subjected to salinity stress.

MATERIAL AND METHODS

Two pot experiments were carried out in the screen
house of National Research Center, Dokki, Cairo, Egypt
during two successive growth seasons (2003/2004
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and 2004/2005) to study the role of putrescine on
vegetative growth, flowering, yield and chemical
composition of pea plants under stress of salinity.

This experiments included 9 treatments which were
thecontrol (irrigation with tap water, with Ec 0.45 ds/m3),
two levels of salinity (irrigation with saline solution at
concentration of 2000 and 4000 ppm with Ec 3.13 and
6.25 ds/m3, respectively), two levels of putrescine
concentration (25 and 50 mg/L.) and the combination
between salinity and putrescine levels. Treatments were
distributed in a complete randomize design with three
replicates.

Salinesolutionwere preparedaccording to Stroganov
equation[16] as in Table (A).

Seeds of pea (Pisum sativum L.) cv. Master-B were
sown in the first weak of November in the two growing
seasons. Pea seeds were sown in pot (40 cm in diameter)
containingequal amounts ofhomogenous clay soil. Every
treatments (plot area) consisted of 10 pots. 10 seeds were
sown in each pot, thinning was done after 15 days so that
5uniform seedlings per pot were left for experimentation.
Calcium super phosphate (16% P2O5) and potassium
sulfate (48% K2O) in the rate of 3.0 and 1.50 gm/pot were
added twice, before sowing and two weeks latter.

The seedlings were irrigated with diluted strogonov
chloride solution starting at 20 days after sowing for two
times, while tap water was used for the third one as a
leaching to agent prevent the toxicity that mayresult from
the accumulation of salts around the root system,
alternatively. Plants sprayed two times with putrescine
concentrations (25 and 50 mg/L.) at 27 and 35 days from
sowing with aqueous solutions of putrescine .

Data recorded:
Vegetativegrowth: Atfull bloomingstage (65 daysfrom
seeds sowing) representative samples of 6 plants were
taken by random from each experimental plot for
measuring the plant growth characters expressed as plant
height (cm), number of both leaves and branches per plant
as well as fresh and dry weight of leaves, branches and
whole plant (gm).

Chemical analysis: Samples for determination of
endogenous hormones i. e. indole acitic acid (IAA),
gibberellines (GA3), abscisic acid (ABA) and cytokinins
as well as proline in fresh shoots and photosynthetic
pigments (cllorophyll a, b, carotenoids and their total) in
fresh leaves were taken at 45 days old plants.

Identification and determination of acidic hormones
(IAA, GA3 and ABA) were carried out by Gas Liquid
Chromatography (GLC). Samples were extracted
according to the method adopted by Badr et al.,[17].
Cytokinins fractions were extracted as previously
mentioned for the acidic hormones and were detected
by HPLC. Photosynthetic pigments were determined
by spectrophotometric method recommended by
Metzner et al.,[18]. Proline was determined according to
Bates et al.,[19].

Table A: The components of the salt mixture used for chloride
salinization expressed as % of the total salt content.

MgSo4 CaSo4 NaCl MgCl CaCo3

10 1 78 2 9

The components of the specific anions and cations in the chlorids
mixture expressed as % of total milliequivalents.
Na+ Mg++ Ca++ So4

-- Cl- Co3
--

38 6 6 5 40 5

Yield and its components: At the harvest stage
(85 days from seeds sowing) the mature pods were
collected along the harvest season and the following data
were recorded:

 Total yield (gm/plant).
 Average number of pods per plant.
 Average pod weight (gm/pod).
 Average number of seeds per pod.
 Average weight of seeds (gm/pod).

Nutritive value: A random sample of green pods at
maturity stage was taken. Total carbohydrates, nitrogen
content and total proteins were determined in dry powder
material of green seeds according to Dubois et al.,[20] and
Black[21] respectively .

Statisticalanalysis: The data were subjected to statistical
analysisusing the normal (F, test). Means were compared
using Least Significant Difference (LSD) according to the
method described by Gomez and Gomez[22].

RESULTS AND DISCUSSIONS

Vegetativegrowth: Data in Table 1show that, increasing
salinity level resulted in reduction of plant growth
parameters i.e. plant height, number of leaves and
branches as well as fresh and dry weight of leaves and/or
branches. Results also clear that the plant growth
parameters were significantly increased by foliar
application of putrescine with low concentration
(25 mg/L.) followed by high concentration (50 mg/L).
Moreover, foliar application of putrescine was
significantly improved growth parameters of pea plants
under salinity stress condition as shown in both seasons.

The reduction of plant growthunder stress conditions
by salinity is in consistent with the fact that salinity
induces accumulation of certain ions and deficiency of
others and in the meantime lowers the external water
potential below in the cell. Moreover, the decrease in
fresh and dry weight may be due to the decrease in either
branches number and/or plant length. That might be due
to the disturbance in metabolic activities affected by the
decrease in water adsorption and/or disturbance in water
balance[7] on spinach and[23] on different crops).

The improving of plant growth under stress
conditions by spraying with putrescine may be due to the
role of putrescine on enhancing cell division activity,
increasingof prolineaccumulation of plant and increasing
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Table 1: Vegetative growth of pea plants as affected by salinity stress and putrescine application.
Plant Number of Fresh weight (gm) Dry weight (gm)
Length ------------------------- ----------------------- ----------------------------------

Treatments (cm) Leaves Shoots Leaves Shoots Total Leaves Shoots Total
First season (2003 / 2004)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 50.52 21.02 2.50 38.05 20.03 58.08 3.17 1.23 4.40
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2000 ppm (salinity) 35.03 15.63 2.10 30.27 16.63 46.90 1.52 0.78 2.30
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4000 ppm (salinity) 30.11 13.17 1.90 26.77 15.06 41.83 1.23 0.63 1.86
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. (putrescine) 78.81 37.82 3.50 62.26 34.59 96.85 6.18 3.17 9.35
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. (putrescine) 68.77 31.03 3.30 52.59 28.29 80.88 3.26 1.33 4.60
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. + 2000ppm 42.07 22.67 2.60 34.90 17.35 52.25 3.69 1.89 5.58
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. + 4000ppm 39.12 21.67 2.40 30.82 16.01 46.83 3.15 1.53 4.68
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. + 2000 ppm 40.72 22.12 2.40 31.66 16.11 47.77 3.12 1.60 4.72
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. + 4000 ppm 38.59 20.32 2.40 29.13 16.00 45.13 2.93 1.50 4.43
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L. S. D. at 5% 3.62 4.09 0.09 4.13 1.21 4.88 0.59 0.17 0.69
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Second season (2004 / 2005)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 54.24 23.88 3.00 42.13 22.70 64.83 3.37 1.35 4.73
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2000 ppm (salinity) 38.53 18.17 2.65 34.87 18.53 53.39 1.88 0.92 2.81
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4000 ppm (salinity) 34.12 14.92 2.28 31.81 16.57 48.37 1.45 0.73 2.18
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. (putrescine) 85.69 40.09 4.07 73.59 38.38 111.98 6.97 3.48 10.45
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. (putrescine) 72.64 34.99 3.96 61.03 32.12 93.15 4.40 2.03 6.43
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. + 2000ppm 46.94 25.39 3.22 39.16 20.09 59.25 4.02 2.18 6.20
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. + 4000ppm 43.03 23.94 2.95 36.09 17.94 54.04 3.43 1.72 5.15
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. + 2000 ppm 45.79 24.04 2.88 36.27 18.39 54.66 3.73 1.88 5.62
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. + 4000 ppm 41.12 22.76 2.71 33.33 17.37 50.70 3.37 1.69 5.06
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L. S. D. at 5% 10.32 4.94 0.28 3.92 1.65 5.37 0.70 0.32 0.95

of endogenous phytohormonesi. e. increasing promotion
hormones (IAA, GA3 and Cytokinins)and reducing ABA
content as shown in Fig. 1. This result was harmony with
those reported by Galston et al.,[4] and Bijay[8] which
found that polyamines under stress make a shift in
hormonal balance characterized by increase in
endogenous phytohormons in plant subjected to stress.
Exogenous application of putrescine on salt stress
plants increased shoots growth, fresh and dry weight of
rice plants. Added to that, Bijay[8], Jouve et al.,[11] and
Maiti et al.,[12] they reported that polyamines stimulated
proline accumulation of plants to water deficits and
salinity stress. In addition, Sarita and Mishra [24] reported
that polyamines are currently considered to be regulators
of plantgrowth and development owing to their effects on
cell division and differentiation.

Photosynthetic pigments: Results in Table 2 show the
effect of putrescine application on photosynthetic

Fig. 1: Endogenous phytohormones as affected by
salinity and putrescine application.
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Table 2: Photosynthetic pigments content of pea plant as affected by salinity stress and putrescine application.
Chl. (A) Chl. (B) Carotenoids Total Chl. (A) Chl. (B) Carotenoids Total
--------------------------------------------------------- --------------------------------------------------------

Treatments First season (2003 / 2004) Second season (2004 / 2005)
Control 169.2 108.5 44.6 322.3 186.2 122.7 50.0 358.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2000 ppm (salinity) 106.2 53.4 28.1 187.7 120.1 60.4 30.9 211.4
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4000 ppm (salinity) 89.3 46.2 21.2 156.6 100.1 51.5 23.9 175.5
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. (putrescine) 676.5 213.3 101.7 991.5 744.2 231.3 111.9 1087.3
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. (putrescine) 334.5 153.4 83.4 571.3 371.3 171.1 93.4 635.7
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. + 2000ppm 210.5 66.2 39.9 316.6 236.6 74.8 47.2 358.6
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. + 4000ppm 225.2 59.8 33.1 318.0 251.0 66.7 37.4 355.2
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. + 2000 ppm 203.5 64.9 31.5 299.9 226.5 71.4 36.3 334.2
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. + 4000 ppm 183.2 49.2 29.2 261.6 203.6 57.4 32.8 293.7
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L. S. D. at 5% 31.4 10.2 4.9 45.6 36.1 14.9 6.5 55.8

pigments content of pea plants. Data clear that increasing
salinity level resulted in reduction of chlorophyll a, b,
carotenoids and their total values as compared with the
control and putrescine treatments. This may be related to
the effect of stress in the moisture content or in the bound
to free water percentages in the plant cell[25], in the
enzymes activity[5] and/or in the protein synthesis which
intern affected the building of these pigments[26]. Results
also indicate that the relatively low concentration of
putrescine(25 mg/L.) showed that the maximum increase
in all chlorophyll content. The external supply of
putrescineunder salinity stress caused a slight increase in
thechlorophyllcontent as compared with thecontrol. This
result was true in both seasons. This increment of
photosynthetic pigments as a result of plant spraying with
putrescine may be due to the role of putrescine as a
growth regulator which promotion of plant development
processes (Tiburio et al.,[2]. In addition, Evans and
Malmberg[5] and Kumar et al.,[5] reported that polyamines
is regulate of cellular ionic environments maintenance of
membrane intergrity, prevent of chlorophyll loss and
stimulation of synthesis of proteins, nucleic acid and
protective alkaloids.

Endogenousphytohormones: Salinitystress led to sharp
changes in the balance of endogenous phytohormones.
Pea plants irrigated with different levels of salinity show
decreased in the IAA, GA3 and Cytokinins and increased
ABA content as compared with control plants. Add to
that, endogenous level of ABA increased progressively
with an increase in salinity level as shown in Fig 1.

This indicates that salinity stress might severely
inhibit the biosynthesis of auxins, gibberellins and
cytokinins and/or increases their degradation or
transformation into inactive form. Similar result was
mentioned by Davies[27], Upreti and Murti[28] and
Wang et al. ,[29] they reported that the accumulation of
ABA associated with decreased levels of growth

Fig2: Prolinecontent of pea plants as affected by salinity
stress and putrescine application.

stimulators (IAA, GA3 and Cytokinins). Moreover,
Hare,et al.,[30] stated that cytokinins level tend to decrease
under adverse environmental conditions. In addition,
Titov et al.,[31] found higher accumulation of ABA in

cucumber leaves exposed to salinity. They suggested that
this might be responsible for the resistance of the plant to
salinity stress.

Putrescine application counteracted the salinity
effects that induced decline in the content of IAA, GA3

and cytokinins of pea plants. Putrescine reduced the
accumulation of ABA as compared with the
corresponding levels induced by salinity.

Similar results were true by many investigators,
Nassar[13] and Upreti and Murti[28] found that the
exogenousapplication of putrescineinduced increasing of
the endogenous IAA and GA3 content of pea shoots.
Moreover, Nag et al., [14] reported that putrescine
application to mung bean plants increased levels of IAA
but decreased IAA oxidase activity. Added to that,
Davies[27] and Sairam and Aruna[15] showed that
application of putrescine enhanced the induction of
cytokinins and decreased ABA contents of pea plants
under water stress.
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Table 3: Yield and its components as affected by salinity stress and putrescine application.
Total yield No. of Pod weight No. of Weight of seeds Total proteins Total

Treatments (gm/plant) pods/plant (gm/pod) seeds/pod (gm/pod) (mg/100gm) carbohydrates(%)
First season (2003 / 2004)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 91.27 7.20 12.33 9.00 10.11 23.66 28.41
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2000 ppm (salinity) 37.89 5.30 6.92 5.20 5.71 20.54 24.67
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4000 ppm (salinity) 22.64 4.20 5.20 4.70 4.33 19.34 22.08
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. (putrescine) 230.57 13.50 17.33 10.80 14.22 26.06 33.82
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. (putrescine) 189.95 11.30 16.46 10.00 13.72 24.80 31.80
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. + 2000ppm 89.72 10.20 8.77 6.40 7.20 23.75 29.43
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. + 4000ppm 76.83 9.00 8.18 6.10 6.76 22.49 27.21
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. + 2000 ppm 70.02 9.20 7.41 5.30 6.09 22.76 27.52
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. + 4000 ppm 58.98 8.00 7.20 5.00 6.00 21.99 26.03
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L. S. D. at 5% 22.66 0.51 0.86 0.42 0.64 N.S. N.S.
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Second season (2004 / 2005)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 118.35 8.54 14.09 9.45 11.19 25.31 30.86
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2000 ppm (salinity) 54.54 6.69 7.74 5.56 6.21 22.37 27.07
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4000 ppm (salinity) 32.34 5.17 6.02 5.10 4.90 20.99 24.36
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. (putrescine) 302.89 15.53 19.64 11.47 15.81 29.28 36.28
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. (putrescine) 256.73 13.56 18.56 10.37 15.09 28.34 34.95
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. + 2000ppm 126.10 12.57 10.20 7.02 8.02 27.18 32.62
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 mg/L. + 4000ppm 100.43 10.67 9.28 6.41 7.44 25.35 30.48
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. + 2000 ppm 95.38 11.04 9.15 5.77 6.90 26.94 30.49
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 mg/L. + 4000 ppm 76.82 9.33 8.32 5.35 6.60 23.91 28.02
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L. S. D. at 5% 28.09 0.82 1.12 0.46 0.80 N.S. N.S.

Proline Content: It is clearly shown from Fig 2. that
salinity stress increased proline content in pea shoots.
These results indicated that the increasing in proline
levels at high salinity concentration might be one of the
earliestmetabolic responses triggered in the translocation
pathway that links the preception of many environmental
stress to the elicitation of physiological responses at the
cellular level[30].

Many studied suggest that proline is a protective
agent of enzyme and membrane[32] and as an intracellular
structure[33] or a storage compound of carbon and
nitrogen for rapid recovery from stress[34]. Moreover,
Maiti et al.,[35] demonstrated that proline increased in all
barley genotypes with the increase in salt stress. They
addedalso that proline is a goodparameter to evaluate the
effect of salinity.

Foliar application of putrescine caused a highly
significant increased in the proline content of pea shoots
atall treatments used under saline conditions as compared
with control plants. The magnitude of increase is much

more pronounced by application low concentration of
putrescine(25 mg/L.). The increase in proline contents in
pea shoots may be during the catabolic processes of
polyamines the resulted pyroline can be reduced into
praline[36]. In this respect, Nassar[13] indicated that
putrescine was more effective in increasing proline
contents in pea plants . This results are agreement with
those reported by Bijay[8] and Maiti et al.,[12].

Yield and its components: Data in Table 3 show the
effect of salinity stress and putrescine application on total
yield(gm/plant), number of podsper plantand pod weight
as well as number of seeds and weight of seed per pod.
Results clear that the plants treated with the low
concentration of putrescine (25 mg/L.) gave the highest
values of total pod yield and its components followed by
it treated with high concentration (50 mg/L.) as compared
with thecontrol. But the lowestvalues were recorded with
high level of salinity. The plants treated with putrescine
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under salinity stress condition gave the pest yield as
compared with plants under salinity stress without
putrescine spraying. This result was true in both
seasons.

These results may be due to the role of putrescine as
a growth regulator which promote the plant growth
(Table, 1) andincreasing photosynthetic pigmentscontent
of pea plants (Table, 2) as well as increasing the
endogenous phytohormones (IAA, GA3 and Cytokinins)
and decreasing ABA as shown in Fig (1) which turn on
increasing the total pod yield and its components.
This results are harmony with those reported by
Botella et al., [37] and Maiti et al.,[12].

With respect to nutritive value, data also show that
total protein and total carbohydrate content in green seed
of pea were decreased under salinity stress condition but
increased by putrescine application as compared with
control. Result also clear that nutritive value was
improved under salinity stress by putrescine spraying.
These results were true in both seasons but variance failed
to reach the level of significance.

Improvingon nutritive value (total proteins and total
carbohydrates) by putrescine application may be due to
the role of putrescine on improving plant growth,
photosynthetic pigments content and endogenous
phytohormones and increasing in plant tolerance to
salinitystress as discussed in Table, 1,2,3. This result was
harmonywith those reported by Nassar[13] which reported
that polyamines are involved in the regulation of plant
growthand development. Moreover, Sawsan et al.,[38] and
Zeid[39] mentioned that putrescine application resulted an
increased in the biosynthesis of nucleic acids,synthesis of
macromolecules particularly protein and photosynthetic
pigments.
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