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Abstract
A pot experiment was carried out in the glasshouse of National

Research Centre, Giza Dokki, Egypt during two successive
seasons 2020 and 2022 to examine the influence of proline
spraying treatments on irrigation by saline water on Agave
growth parameters and chemical contents, in three sprays at
concentrations (0, 100 and 200 ppm) and salt stress (0, 5000,
10000 and 20000 ppm) with the control. However, the highest
value of these characters (plant height, leaves number, leaf area,
fresh weight/plant and dry weight/plant) obtained at up 100 ppm
proline while (shoots and roots elongation and shoot and root
fresh weights) were showed the highest increments by 5000 ppm
salt irrigation, as well as the lowest values of carbohydrate %
(0.39, 89.77, 19.78 and 314.44) resulted from the highest-level
salinity by 15000 ppm with insignificant difference in flowering,
and chemical characters. In addition, the proline treatments
showed insignificant effect. It caused an increase in previous
vegetative measurements and chemical constituents such as
osmotic pressure, protein % and electrical conductivity analysis
at 100 and 200 ppm compared with control. The purpose of
study is to know more about the effects of proline and salinity
stress on plant development and chemical components.
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INTRODUCTION:

Agave belongs to the family: Agavaceae. It has a
rosette of thick fleshy leaves. Agave plants are
native to arid and semi-arid regions. Several
cultivated of Agave species can perform well
msufficient rainfall areas. Alcoholic, beverages,
sweeteners, fibers and some specialty chemicals
coming from Agave plants. The blue Agave
considers  economic, social and cultural
importance in Mexico, because it is the raw
material for the ‘tequila’ conduction which
consider national and centenary alcoholic
beverage, Granados, (1993). Agave americana
has successfully adapted to climate change,
edaphic conditions, it is an important natural fiber
source in medicine, fructans and several
commercial plantations for agro-industrial use,
Torre-Ruiz, et al., (2016). The enhancement in
endogenous proline level is cumulative of its
biosynthesis induction, reduction in degradation
and re-allocation between the cells via Pro
transport proteins, Mansour and Ali, (2017) and
Kesawat, et al., (2023).

High salt stress directly or indirectly inhibits cell
division, enlargement in the growing tissues of
roots, stem and leaves, may lead to leaf burn and
defoliation, and reduced plant height, dry weight,
number of leaves and number of flowers. The
leaves die sooner in a more salt sensitive variety
because salts arrive faster or because cells are
unable to compartmentalize the salts in vacuoles,
Avolio and Bass (1995) and Sonneveld, et al.,
(1999). The proline induced salt tolerance
in Cakile maritima via ornithine pathway during
salt stress, Woodrow, et al.,(2017) and Al
Otaibi, et al., (2024).

Generally, salinity and water stress (drought) have
morphological, physiological, anatomical and
biochemical effects on plants’ growth. Several

mvestigators i this respect said that the

deleterious effect of salinity on plants was
reported by Tiwari, et al., (2010) on cucumber,
Hameed, et al., (2011) on wheat and Fayez and
Bazaid (2014) on barley. The physiological
responses to  salt stress by a variety of
mechanisms including osmotic adjustment, high
selectivity of K" over Na', Messedi, et al., (2016)
and Andrade-Marcial, et al., (2023).

High salinity also caused osmotic damage because
of the buildup of high concentrations of Na ions in
plant leaves. Since Na ions entered leaves in
xylem stream and were left behind as water
evaporated, Khalil, ez al., (2017). The aim of this
study is to investigate the response of vegetative
growth and chemical constituents of Agave plants
grown under saline conditions. Osmotic
adjustment (OA) is a physiological adaptation
which has drawn attention, Li, et al., (2017),
Nguyen, ef al.,(2017) and Spormann, et
al., (2023).

MATERIALS AND METHODS:

Experiment was conducted on 4Agave plant during
the two summer seasons of 2020-2022 at the
greenhouse of the National Research Centre,
Dokki, Cairo to evaluate the effect of different salt
stress degrees and proline acid on photosynthetic
pigments, water turgidity and osmotic adjustment
pressure of the leaves. Agave seedlings 15 (cm)
were planted during the winter season in
November in pots of 30 cm® diameter filled with
10 kg soil clay and sand (1:1 by volume). The
chemical analyses of the soil were carried out
according to the method described by Holliday,
(1990) and Klute, (1986) in Table (1). All pots
received the same doses of nitrogen, phosphorus
and potassium and equal amounts of organic
matter. Seedlings were irrigated till emergence
with tap water to avoid salinization check of
seedling.
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Table (1): Analysis ofsoil (Average of two seasons)

Appreciation Sample

pH (1:2.5) 7.66
EC (dSm-1) (1:5) 0.72
OM 0%
Soluble cations (ml, milliliter equivalent / liter) mEq/L-1

(CaCO2) Cat+ 1.0
Mg++ 0.8
Na+ 5.6
K+ 0.05
Dissolved soluble anions (mEq/L-1)

CO3= -
HCO3- 1.5
Cl- 25
SO4= 3.45
Pb -
Soil types

Sand 50%
Silt 0%
Clay 50%

The seedlings were subjected to salinity levels (0,
5000, 10000 and 15000 ppm) after 90 days from
transplanting. Salinity stress was done by using
Stroganov solution, Stroganov, (1964). Spraying
with proline acid at the rate of (0, 100 and 200
ppm) were sprayed twice, the first after 105 days
from subjected to irrigation with saline water and
the second two weeks later and the control
sprayed with tap water. The experiments consists
of 12 treatments which were the combination of 4
levels of salinity and 3 level of proline acid. The
design of the experiment was a split plot design
with 6 replicates. Data were subjected to analysis
of variance according to Snedecor and Cochran
(1980). Means was compared using L.S.D. at 5 %
levels of probability.

Fresh leaves will be sampled from every treatment

for determination of:

1- Pigments contents (chlorophyll a, b and
carotenoids (mg / g f. w.)) were determined
according to Metzner, et al., (1965).

2- Total carbohydrates (% d. w.) were determined
according to the method by Herbert, et al.,
(1971).

3- Proline content (m. mol / ml d. w.) was
determined according to the method by Bates, et
al., (1973).

4- Relative water content (mg / g f. w.) according
to Weatherly, (1962).

5- Osmotic pressure (atm) by using refract meter

the
recognized from table given by Gusev, (1960).

and corresponding values were then
6- Protein percentage (mg / ml d. w.) Crude
protein percentage was determined using the
equation of Alsmeyer, et al., (1974).

7- Electrical conductivity (ug / g f. w.) were

determined according to A.OQ.A.C., (1990).
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The following data was recorded:

1- Plant height (cm).

2- Stem diameter (mm).

3- Leaf area index (cm’).

4- Number of branches / plants (no.).

5- Number of leaves / plants (no.).

6- Fresh weight of plant (g).

7- Dry weight of plant (g).

RESULTS AND DISCUSSION:

The growth parameters as affected by saline water
irrigation treatments Table (2) in both seasons.
Increasing the concentration of salinity from 5000
up to 15000 ppm significantly decreased the
values of growth parameters (plant height, leaves
number, leaf area, fresh weight/plant and dry
weight/plant). The lowest values of previously
mentioned parameters were obtained from the
plants irrigated with the highest concentration of
salinity (15000 ppm). The depressive effect on
plant height by salinity might be mainly attributed
to reduction in cell enlargement and division
induced by salinity, also closes of stomata which
reduced the supply of dioxide for photosynthesis.
The decrease in fresh weight of Agave plants by
irrigated saline water might be due to the
inhibition of water absorption, distribution of
mineral balance, absorption and utilization under
salinity conditions, M azher, et al., (2006). These
results are agreed with Alam, et al., (2014),
Amirjani, (2015) and Torre -Ruiz, et al., (2016).
While, the exposing to salinity (0-1000 mM
NaCl) for ten days, Belkheiri and Mulas (2013)
found that growth increased up to 400 mM NaCl
and decreased at higher salinity stress. It is
climate change may challenge the crops to adapt
to rising temperatures, salinity, drought, pests,
diseases, and flooding, Roca, et al., (2023).

Salinity limited plant growth (shoots and roots
elongation and shoot and root fresh weights). The
inhibition in plant growth may be due to the
lowering in water potential and turgidity of
stressed tissues that caused internal water deficit
to plants as recorded by Ascencio-Valle, et al.,
(2013). However, Munns and Tester (2008)
indicated that the inhibition in plant growth by
salinity might be due to the bad effects of toxic
ions mainly Na“ and CI. Kaydan, ef al., (2007)
and Abdul Qados, (2015) obtained similar
results, they returned such reductions in growth to
decrease in water availability by plant roots,
which led to the disturbance in water status of
plant’s tissues and metabolic processes, leading to
reductions in meristematic activity and cell size. It
also caused an increment in respiration rate due to
the higher energy requirements. The relative
contribution of K'to the total osmolality
decreased with increased NaCl levels especially in
roots. In halophytes, the involvement of Na' in
OA has been well In Ricinus communis L,
Rodrigues, et al., (2014), showed that the salt
ions reached values of 55, 65 and 69% in leaves
and 33, 42 and 58% in roots when plants were
respectively subjected to 50 mM, 100 mM and
150 mM NaCl treatments during 15 days,
Ronceret and Bolafios-Villegas (2024).

Table (2) shows that growing seedlings under
salinity conditions led to a reduction in total
carbohydrate percentage in leaves compared to
control at both seasons. The lowest values (0.39,
89.77, 19.78 and 314.44) resulted from the highest
level of salinity. These results agree with those
obtained by Bernstein, et al., (1972) who stated
that, they obtained reduction in total carbohydrate
percentage as salinity increased might have

relation to respiration processes since the free
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sugars were the main sugar pattern involved in the
mechanism of respiration. Also, Batanouny, et
al.,, (1988) who mentioned that the lowered

photosynthetic ability under salt stress condition

enzyme and due to high chlorophyll activity. The
plant remobilizes its nitrogen reserve by the
degradation of nitrogenous compounds (Rocha da,

et al.,2012). The genetically modified organisms,

was due to stomata closure, inhibition of have shown promise in mitigating the impact of

chlorophyll synthesis, a decrease of carboxylase drought and salinity stress, Raza, et al., (2023).

Table (2): Effect of salinity on growth and some chemical constituents of Agave plants
(Average of two seasons).

Total Electrical
Plant Leaves Leaf Fresh . Osmotic Protein % o
M easurements Dry weight carbohydrate Conductivit
height number area weight of pressure (mg/ ml
(cm) (10) () Jant (9 of plant (g) (atm) Percentage dw) y (ug/gf.
cm no. cm ant atm LW
Treatments P g (% d. w.) w.)
0ppm 46.89 10.56 173.22 2.05 12.17 27.12 0.66 123.67 434.56
5000 ppm 46.00 09.11 163.33 2.04 09.33 26.30 0.54 103.27 430.78
10000 ppm 46.00 07.78 154.11 1.73 09.06 21.95 0.52 099.47 367.11
15000 ppm 43.11 07.11 147.00 1.49 06.87 19.78 0.39 089.77 314.44
L.S.D. 0.05 04.90 00.89 041.92 0.72 00.06 00.06 7.94 000.09 152.19

Table (3) in both seasons, increasing the increase in fresh and dry weights. Such the

concentration of proline from 100 to 200 operation of biosynthetic pathways might due to

significantly decreased the wvalues of growth
parameters and chemical constituents in most
cases. As for the effect of proline application on
carbohydrate percentage, proline decreased
carbohydrate % with increasing proline up to 200
ppm. Ackerson, et al.,(1984) argued that cellular
osmotic adjustment occurs in response to stress
via an active or passive accumulation of solutes. It
has been assumed that stress enhanced the
production of proline, which causes osmotic
adjustment, Al- Bahrany, (1994). The data of
mteraction effect among the two studied factors
(salinity level plus proline spray) on proline
content show the high proline values were found
when using 15000 ppm salinity with untreated
proline treatment. The regulatory effect of amino
acids application may be through their effect on
gibberellins biosynthesis, Walter and Nawacki,
(1978). The amino acids could play a role in plant
metabolism and protein assimilation, which was

important for cell formation and consequently

differences in nutritional requirement such as
nitrogen (N) nutrition, Abd Elgawad, et
al., (2015). Increasing salinity stress modifies soil
texture, causing decreased porosity, which causes
reduced water uptake by plants, Lu and Fricke
(2023).

Interaction effect in Table (4) indicated that the
highest values of all growth parameters were
obtained due to the use of (5000 ppm salinity +
100 ppm proline, 10000 ppm salinity + 100 ppm
proline, 15000 ppm salinity + 100 ppm proline,
5000 ppm salinity + 200 ppm proline, 10000 ppm
salinity + 200 ppm proline and 15000 ppm
salinity + 200 ppm proline) respectively,
compared with other treatments. The 6-OAT
showed to participate in proline biosynthesis in
several plants such as Cashew leaves, submitted
to salt (Rocha da, et al., 2012). The impact of
salinity on plant productivity escalates, leading to
economic losses and societal effects, Atta, et al.,

(2023).
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Observed decrease in growth parameters due to
the use of combined treatment of both amino
acids
different salinity levels. Yamada, et al., (2005)
and Abd El-Samad, et al., (2011) confirmed that

osmotic and specific ion effects were the most

compared with single treatment under

frequent mechanism by which salinity stress
inhibited plant growth. Such effects resulted by
reducing water uptake due to nutritional
imbalance caused by element antagonism or
toxicity. The regulatory effect of amino acids
application may be through their effect on

gibberellins biosynthesis Walter and Nawacki,

(1978). In addition, amino acids could play an
important role in plant metabolism and protein
assimilation, which was important for cell
formation, and consequently increase in fresh and
dry weights. The

predominant in leguminous plant for biosynthesis

ornithine  pathway is
and accumulation of proline in stressed plants,
whereas grass species accumulated proline via
glutamate pathway (Mansour and Ali, 2017). In
the saline environment, the application of Zn is
known to enhance salinity tolerance and stimulate
proline metabolism, Mushtagq, et al., (2023) and
Acharya, et al., (2023).

Table (3): Effect of proline on growth and some chemical constituents of Agave plants (Average of two

seasons).
Measurements Pl L Fresh Total Prgt ‘M1 Electrical
& nt CAVES |1 caf area weight Dry weight Osmotic carbohydrate & Conductivit
height number 2 (mg /
(cm”) of plant of plant (g) | pressure (atm) Percentage 1d y (ug/gf.
Treatments (Cm) (IlO.) (g) (% d. W) H‘l}v ) . W)
0ppm 46.17 9.42 188.25 1.86 11.07 30.03 0.56 109.18 392.92
100 ppm 45.75 8.42 160.92 1.83 09.52 23.14 0.51 102.15 388.25
200 ppm 44.58 8.08 129.08 1.79 07.49 18.20 0.50 100.80 379.00
L.S.D. 0.05 04.24 0.69 036.31 0.62 00.05 00.05 6.87 000.08 131.80

Table (4): Interaction effe ct between salinity and proline on growth and chemical constituents of Agave
plants (Average of two seasons).

M easurements Fresh Total . .
Protein Electrical
. weig . Osmotic | carbohydrat .
Plant height Leaves Leaf area Dry weight % Conductivi
ht of pressure e
(cm) number (no.) (cm?) of plant (g) (mg/ml | ty (ug/gf.
Treatments plant (atm) Percentage
d.w.) Ww.)
(® (% d. w.)
0ppm 47.67 11.00 153.33 1.53 322.66 08.16 37.77 0.495 098.40
5000 ppm 40.00 09.00 173.67 2.08 439.61 06.81 24.83 0.608 081.80
10000 ppm 41.67 07.33 114.00 1.60 337.46 12.21 16.30 0.449 118.20
15000 ppm 42.33 07.00 090.00 1.98 418.47 09.39 19.43 0.466 092.20
100 ppm+ 5000 ppm 49.00 07.33 172.67 1.91 402.97 12.90 20.43 0.402 088.70
100 ppm+ 10000 ppm 46.67 07.00 199.67 227 480.47 14.21 25.98 0.292 088.40
100 ppm+ 15000 ppm 45.67 07.00 160.00 2.39 504.42 02.26 35.50 0.486 091.80
200 ppm+ 5000 ppm 49.00 08.67 178.00 1.81 381.84 09.18 32.50 0.506 176.43
200 ppm+ 10000 ppm 4733 07.67 152.00 1.91 404.38 09.18 13.35 0.014 102.40
200 ppm+ 15000 ppm 42.67 07.33 113.00 1.27 268.42 10.14 27.40 0.782 126.20
100 ppm 50.67 12.67 228.67 1.54 326.32 09.18 14.78 0.491 089.80
200 ppm 47.33 11.67 178.00 1.64 347.32 08.67 17.17 0.694 093.83
L.S.D. 0.05 08.49 01.38 072.61 1.25 263.61 00.11 00.10 4.350 000.15
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Some photos from the field of experiment
CONCLUSIONAND
RECOMMENDATIONS:

It is concluded that accumulation of proline is a
tool of defense with high levels of salt and non-
uptake water. In addition, they represent chemical
components of plants and reaction center
complexes of storage and tolerance organisms. It
is considered as an induce to long survive;
moreover, it exhibits anti-drought and anti-parent.
It can be recommended to grow the agave plant
under environmental conditions with increased
salinity by spraying with proline or without
spraying with proline, as it showed a strong
growth response under high salinity conditions.
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