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Abstract

Chitosan is a natural biopolymer formed from chitins that considered as aneffectivebioregulator and elicitor in agriculture.
Therefore, this investigation was done to study the effect of chitosan and chitosan nanoparticles (0 and 50 mg/1) on alleviating
the adverse effect of drought stress on Lupine termisL plant. Lowering water irrigation requirement from 100%to
60%,significantly reduced different growth criteria, photosynthetic pigments, indole acetic acid (IAA), yield and
itscomponents in addition to carbohydrate, protein and oil contents of the yielded seeds of lupine plant. On the other hand,
drought stress significantly increasedtotal soluble sugars (TSS), proline and free amino acids of lupine plants, in addition to
phenolic and flavonoids contents of the yielded seeds. On the other hand, pre sowing treatment with (50 mg/l) Chito or Chito
NPs could increase significantly growth parameters, yield quantity and quality of lupine plant viaimprovingphotosynthetic
pigments, IAA, TSS, proline, free amino acid contentscomparing with their corresponding controls.However,Chito NPs was
more effective than Chito.Finally it could be concluded that, the promotive role of chitosan in improving tolerance of lupine
to droughtstress and improve growth and yield through improving different studied biochemical processes.

Keywords: Chitosan, Chitosan nanoparticles, Drought, Flavonoids, Lupine plant, Osmoprotectants, Phenolics, Growth and Yield.

1. Introduction mechanisms, including increasing non enzymatic

A biotic stress or adverse environmental
factors(such as salinity, drought and heat stresses)
affect different aspects of plant life from germination
to maturity stages[l, 2, 3].Water stress is a main
environmental stress and a major unpredictable
constraint, with reduced effects on plantyield all over
the world.Drought inducesseveral devastating effects
on plants via disturbing variousphysiological and
biochemical processesas carbon assimilationrate,
reduced turgor, induced oxidative stress, and
variations in leaf gas exchange, thuscausing
reductions in plant productivity [4, 5&6].Plant
response to water stress is complicated and depends
ongrowth stage of plant, genetic variability, duration
and severity ofstress[7].Water stress also affects leaf
growth, enzymes activity, ion balance, and
consequentlyreduce crop production [8 &5].To
induce stress tolerance, plants develop several

antioxidants compounds and improving enzymatic
antioxidant activities. Osmoregulation is another
biochemicalmechanisminducedby the decreases in
cellular water potential and stabilizing physiological
processes neededfor plant growth[9]. The main roles
of these compounds are improving
osmoregulation,protect  structure  of  different
biomolecules & membranes and scavenge free
radicals over accumulated [9]

Lupine (LupinustermisL.) is one of the oldest
plants cultivated under a wide range of environments.
The nutritional quality of lupine seeds is similar to
soybean seed and superior to other legumes
seeds[10]. Its seeds have 33-40% protein with
relatively high contents of essential amino acids
profile and 5-13% oil contents [11].Cultivation of
lupine plant as other legumes could improve soil
fertility andpermeability as well asenhancing water
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storagebecause it have the ability to fix atmospheric
nitrogen in soil[12]. Thusit cancultivated well in
sandy soils and used as additive to such soil in the
form of green manure.

One of these natural growth promotors is
chitosan, it is a biopolymer ofcarbohydrate family
composed from glucose ring with free amino group
[13]. Recently, chitosan could be used in agriculture
as plant growth promoter[14].Moreover, it is low
toxic and cheap material.Earlier investigations were
done to study the effect of chitosan on plant growth,
development and productivity. Chitosan improved
growth of wheat plants under salinity stress[15].

Nanotechnology is a promising technology
inmany fields including agriculture[16]. It changes
material at the nuclear, atomicor macromolecular
level to make objects on thenanometre scale with new
characters in view of theirsmall size[17].Chitosan
nanoparticles (nano chitosan) are one of the
engineered nanomaterials and natural materials with
excellent physicochemical properties, like surface
area, size, cationic nature [18] as well as, they are
environmentally friendly and bioactive molecule
[19]. Chitosan nanoparticles are easily absorbed by
leaves, transported to stems thatenhancing the
absorption of active molecules and improved growth
and yield of several crop plants [20].

Thus, the aim of this work was to compare between

the physiological role of pre sowing treatment of
either chitosan or chitosan nanoparticles on
improving growth and yield of lupines termisL plant
under drought stress conditions.

Experimental

Experimental procedure: Two field experiments
were conducted at the Experimental Station of the
National Research Centre (Research and Production
Station, Nubaria region, Behira Governorate, Egypt)
at the winter season of 2018/2019 and 2019/2020to
study the effect of pre sowing treatment of chitosan
or chitosan NPs on LupinustermisL. plant grown
under drought stress.The experiments were carried
out under sandy soil conditions thephysical and
chemical propricties of the soil are presented in
Table(1) according to [21].

Chitosan and chitosan NPs solution preparation:

1 g of the chitosan or chitosan NPs was dissolved in
1% acetic acid. Then, 100 ml distilled water was
added to the solution under constant stirring until it
was completely dissolved. Next, the solution was
alkalized to pH 6 with 1 M NaOH solution [22].
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Finally, 50 mg/l dose of the chitosan and chitosan
NPs were prepared for the test.

Lupines(Lupinustermis L. cv. Giza 2) seeds
were secured from Agricultural Research Centre,
Egypt, cleaned and soaked for 12 h in the 50 mg/l of
either chitosan or chitosan NPs for 12 hours,
expressed as Chit0 and Chitl for chitosan and
ChitNpO and ChitNp1then left to dry in open air.

The soaked seeds were inoculated with
nitrogen fixing bacteria (Rhizobia) and sown on 14"
and 17™November 2018 and 2019, respectively. The
experimental design was split — plot design with four
replications.The main plotswere devoted to the
drought stress treatments,two irrigation regimes were
applied, (100WIR as regular irrigationreferred as DO
and 60% WIR as drought stress referred as D1). Each
irrigation treatment had valve and flow-meter to
control water application,Total irrigation water (m3
/fed./season) was calculated from the meteorological
data of the Central Laboratory for Agricultural
Climate (CLAC) depending on Penman method [26].
The seasonal irrigation water applied of 100% WIR
in the experimental location was found to be 1584
and 1592 m’ /fed. in both seasons respectively.
Irrigation was carried out using drip irrigation system
where water was added every 7 days by applying the
specified WIR, while differentsoaking treatments of
chitosan, Chitosan(50 mg/l), Chitosan nanoparticles
(50 mg/l) in addition to control treatment (tap water)
were randomly occupied the sub-plots. Plot area was
10.5 m* (3.0 m x 3.5 m) and consisted of four rows
60 cm apart and the distance between hills along the
row 25 cm apart. Calcium super-phosphate (15.5%
P,0:s) at rate of 30 kg/fed was applied to the soil prior
sowing. While, nitrogen fertilizer was applied at the
rate 120 units of N/fed in form of ammonium nitrate
(33.5%N) and was divided in four equal portions.
The dosage was added before the irrigation.

Plant samples were taken after 75 days from
sowing for determination of growth characters as
shoot length (cm), leaves number/plant, fresh and dry
weight (g/plant). Plant samples were taken for
chemical analysis. Chemical analysis of fresh
samples was photosynthetic pigments andindole
acetic acid (IAA). After drying of plant samples, total
soluble sugars (TSS), proline and free amino acids
were determined. At harvest time, ten guarded plants
were taken out at random from the middle two ridges
of each plot to determine the mean values of yield
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and its related parameters, i.e., number of pods/plant, number of seeds/pod, number of seeds/plant, ,dry weight of
pods and seeds/plant, 100 seed weight and seeds yield (kg / feddan). Some chemical analysis of the yielded seeds
as total carbohydrates%, protein%, 0il%, phenolic and flavonoids contents.

Table (1): Mechanical, chemical and nutritional analysis of the experimental soil. Mechanical analysis

Mechanical Sand Silt 20-0p Clay <2p Soil texture
analysis Course 2000-200u% Fine 200-20p % % %
47.46 36.19 12.86 4.28 Sandy

Chemical analysis

Chemical pH EC CaCO OM Soluble cations (meq/1) Soluble anions (meq/1)
analysis. 1:2.5  dSm’ } % Na® K Mg"  Ca™  COy” HCO;y Cr SO,”
%
8.25 0.11 0.9 0.9 0.7 0.02 0.1 0.3 0.0 0.2 0.8 0.12

Nutritional analysis

Available nutrients

Nutritional analysis. Macro element (ppm) Micro element (ppm)
N P K Zn Fe Mn Cu
12.9 3.6 52.9 0.12 1.98 0.46 0.06
Measurements

Photosynthetic pigments:Total chlorophyll a and b and carotenoids contents in fresh leaves of lupines plant were
estimated using the method of Lichtenthaler and Buschmann[23]. The fresh tissue was ground in a mortar and
pestles using 80% acetone. The optical density (OD) of the solution was recorded at 662 and 645 nm (for
chlorophyll a and b, respectively) and 470 nm (for carotenoids) using a spectrophotometer (Shimadzu UV-1700,
Tokyo, Japan). The values of photosynthetic pigments were expressed in mg/g FW.

Indole acetic acid content: A known weight of the fresh samples was taken and extracted with 85% cold
methanol (v/v) for three times at 0°C. The combined extracts were collected and made up to a known volume
with cold methanol. Then take 1ml of the methanolic extract and 4ml of PDAB reagent (para-dimethylamino
benzoic acid 1g dissolve in 50 ml HCI, 50 ml of ethanol 95%) and left for 60 min in 30-400C. The developing
colour was spectophotometrically measuredat wave length of 530 nm[24].

Total soluble sugars (TSS): Total soluble carbohydrates (TSS) were extracted by overnight submersion of dry
tissue in 10 ml of 80% (v/v) ethanol at 25°C with periodic shaking, and centrifuged at 600g. The supernatant was
evaporated till completely dried then dissolved in a known volume of distilled water to be ready for
determination of soluble carbohydrates[25]. TSS were analyzed by reacting of 0.1 ml of ethanolic extract with
3.0 ml freshly prepared anthrone (150 mg anthrone + 100 ml 72% H,SO,) in boiling water bath for ten minutes
and reading the cooled samples at 625 nm using SpekolSpectrocololourimeter VEB Carl Zeiss[26].

Free amino acids: Free amino acid and proline contents were extracted accordingto the method[27]. Free amino
acid was determined with the method[28]. Further, 1.0 ml acetate buffer (pH 5.4) and 1.0 ml chromogenic agent
were added to 1.0 ml free amino acid extraction. The mixture was heated in boiling water bath for 15 min. After
cooled in tap water, 3 ml ethanol (60% v/v) was added. The absorbance at 570 nm was then monitored using
SpekolSpectrocololourimeter VEB Carl Zeiss.

Proline: Proline was assayed according to the method described [29].2ml of proline extract, 2ml of acid
ninhydrin and 2ml of glacial acetic acid were added and incubated for 1 h in a boiling water bath followed by an
ice bath. The absorbance was measured at 520 nm using SpekolSpectrocololourimeter VEB Carl Zeiss. A
standard curve was obtained using a known concentration of authentic proline.

Total carbohydrate: Determination of total carbohydrates was carried out according [30]. A known mass (0.2-0.5
g) of dried tissue was placed in a test tube, and then 10 ml of sulphuric acid (1N) was added. The tube was sealed
and placed overnight in an oven at 100°C. The solution was then filtered into a measuring flask (100ml) and
completed to the mark with distilled water. The total sugars were determined Colorimeterically as follows: An
aliquot of 1ml of sugar solution was transferred into test tube and treated with 1ml of 5% aqueous phenol solution
followed by 5.0 ml of concentrated sulphuric acid. The tubes were thoroughly shaken for ten minutes then placed
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in a water bath at 23-30°C for 20 minutes. The optical
density of the developed color was measured at 490
nm using Shimadzu spectrophotometer model UV
1201.

Protein:Total protein  concentration of the
supernatant was determined according to the method
described by [31]with bovine serum albumin as a
standard. An amount of 2 gm of samples was grinded
inmortar with 5Sml of phosphate buffer (pH 7.6) and
was then transformed to the centrifuge tubes. The
homogenatewas centrifuged at 8000 rpm for 20
minutes. The supernatant of different samples were
put in separate tubes.The volume of all of the samples
in tubes were then made equal by adding phosphate
buffer solution and theextraction were stored in the
refrigerator at 40c for further analysis. After
extraction, 30l of different sampleswere taken out in
separate tubes and were mixed with 70ul of distilled
water separately. In all of these separatesample tubes
2.9 ml of CoosmassicBrillaint Blue solution was then
added and mixed thoroughly. The Totalvolume now
was 3ml in each tube. All these tubes were incubated
for 5 minutes at room temperature andabsorbance at
600 nm was recorded against the reagent blank. A
standard curve of Absorbance (600 nm)
versusConcentration (pg) of protein was calculated.

Oil contents: The oil of lupine seeds were
extractedaccording to [32], the powdered seeds is
shakenovernight with isopropanol: chloroform (1:1).
The solvent were evaporated under reduced pressure
of CO, atmosphere. The lipid residue is taken up in a
chloroform: methanol (2:1 v/v) and given a folch
wash, thedissolved total oils were purified by
washing with 1% aqueous saline solution. The
aqueous phases were washedwith chloroform that
was combined with the pure oil solution. Chloroform
was evaporated and the total pure oilwas weighed.

Total phenol content: The extract was extracted as
TAA extraction, and then 0.5 ml of the extraction was
added to 0.5 ml Folin, shaked and allowed to stand
for 3 min. Then one ml of saturated sodium carbonate
was added to each tube followed by distilled water
shaken and allowed to stand for 60min. The optical
density was determined at wave length of 725 nm
using spectrophotometer as describedby [33].

Flavonoids contents: Flavonoid content of crude
extract was deter-mined by the aluminium chloride
colorimetric method [34]. In brief, 50 pL of crude
extract (1 mg/mL ethanol) were made up to 1 mL
with methanol, mixed with 4 mLof distilled water
and then 0.3 mL of 5% NaNO, solution; 0.3 mL of
10% AICl; solution was added after 5 min of
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incubation, and the mixture was allowed to stand for
6 min. Then, 2 mL of 1 mol/L NaOH solution were
added, and the final volume of the mixture was
brought to 10 mL with double-distilled water. The
mixture was allowed to stand for 15 min, and
absorbance was measured at 510 nm. The total
flavonoid content was calculated from a calibration
curve, and the result was expressed as mg rutin
equivalent per g dry weight.

Statistical Analysis
The data obtained were statistically analyzed using

MSTAT-C statistical software. The differences
between treatment means were compared by
Duncan’s Multiple Range Test (DMRT) at 5%
probability level according to [35].

Results

Changes in growth indices:Table (2) show the effect
of chitosan and chitosanNpspre sowing treatments
with 50 mg/l concentration on growth indices of
lupine plants grown under normal (regular irrigation)
or drought stress(60% WIR) conditions. Results
showed that, shoot length, leaves number/plant, fresh
and dry weight of shoot of drought stressed plants
decreased significantly (from 24.0 to 16.0 cm, 16.7 to
11.00, 12.62 to 793 g and 3.18 to 133 g ,
respectively) compared with those plants irrigated
normally (100 IR). On the other hand, soaking
lupines seeds with either Chit or ChitNp(50 mg/l
concentration) increased significantly the above
mentioned growth parameters of lupine plant as
compared with controls treatment. Data also show
that, chitosan nanoparticles was more effective than
chitosan on increasing the studied growth parameters.
The percentages of increases under normal water
irrigation by chitoNPs reached to 29.17%, 68..00%,
5145 and 18.93% in shoot length, leaves
number/plant, fresh weight and dry weight,
respectively compared with 22.22%, 38%, 41.96%,
3.39% and 20.17% in plants treated with Chito.
Meanwhile the increases in drought stressed plants
reached to 57.78%, 66.67%, 42.01 and 45.36% of
plants treated with Chito NPs compared with 42.22%,
51.51%, 26.67% and 9.77% of plants treated with
normal Chito.
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Table (2): Effect of chitosan (Chito) and chitosan nanoparticles (Chito NPs) soaking treatment (50 mg/l) on
growth criteria of lupines plants under drought stress conditions (DO &D1). Data are means of two

seasons

Irrigation Dry wt of
requirement Shoot length No of Fresh wt of shoot/plant

(WIR) Treatment (cm) leaves/plant shoot/plant (g) (2)
Control 24.0°+0.58 16.7%d+0.33 12.62°40.54 3.18%+0.16
Chito 29.3"+0.88 23.0°+0.58 17.91°+0.44 3.49°+0.17
DO Chito NPs 31.0%+1.15 28.0%£0.57 19.11°+0.29 3.79%+0.17
Control 16.0°£0.58 11.0%£0.58 7.93%£0.31 1.33%£0.16
Chito 21.3%+0.88 16.7°+0.67 10.05%£0.35 2.46°+0.07
D1 Chito NPs 23.7°40.67 18.3°+0.67 11.26°+0.29 2.93%+0.10

Mean values (n=3) in each column followed by a different letter are significantly different at < 0.05 by Duncan"s
multiple range test.

Changes in photosynthetic pigments:Droughtstress (60% WIR) significantly decreased photosynthetic
pigments (chlorophyll a, chlorophyll b, carotenoids and total pigments) in Lupine leaves as compared with
control plants (those plants irrigated normally) (Table 3). The percentage of reductions were 18.1%, 23.3%,
10.9% and 19.1% of Chl a, Chl b, carotenoids and total pigments respectively. On the other hand, external
treatments of Chito orChitoNPscaused significant increases in photosynthetic pigments in unstressed plants as
well as water stressed plants relative to their untreated control plants. Chito NPs foliar treatment gave the highest
increases in all components of photosynthetic pigments (Table 3). Chito NPs increased Chl a, Chl b, carotenoids
and total pigments by 11.7%, 10.5%, 23.5 and 12.6% under unstressed conditions. Meanwhile, the ratios were
20.1%, 26.9%, 15.3% and 21.8% under water stressed conditions relative to their corresponding controls.

Table (3): Effect of chitosan (Chito) and chitosan nanoparticles (Chito NPs) soaking treatment (50 mg/l) on
photosynthetic pigments (mg/g fresh wt) contents of lupines plants under drought stress conditions

(DO & D1)
Drought Treatment Chl a Chlb Carot Total
Control 1.07°+0.035 0.72°:0.002 0.23%+£0.003 2.03°+0.030
Chito 1.18%°+0.005 0.76°+0.003 0.25°+£0.002 2.21%+0.012
DO Chito NPs 1.20°£0.002 0.79°+0.005 0.28%+0.001 2.29°+0.006
Control 0.88+0.013 0.55"+0.004 0.21°+0.002 1.64°£0.020
Chito 0.92°£0.005 0.67°£0.007 0.23%+£0.002 1.83%+.015
DI Chito NPs 1.05°+0.026 0.70£0.003 0.24°+0.003 1.99°+0.029

Mean values (n=3) in each column followed by a different letter are significantly different at < 0.05 by Duncan"s
multiple range test.

Changes in indole acetic acid: Table (4) show the changes in endogenous indole acetic acid (IAA) of Lupine
termis plants treated with chitosan and chitosan nanoparticle and grown under normal and drought stressed
conditions. Data clearly show, drought stress caused significant decrease (by 36.1%) in endogenous IAA content
as compared with those plants irrigated normally (100 WIR). Meanwhile, soaking lupine plants with 50 mg/l of
either chitosan or chitosan nanoparticle caused significant increases in IAA contents compared with untreated
control plants either in plants irrigated normally or drought stressed plants. Data clearly show that Chito NPs was
more effective than Chito.

Changes in total soluble sugars, proline and free amino acids:Total soluble sugars (TSS) contents of Lupine
termis plants was significantly decreased in plants subjected to water deficit stress, the percentage of decrease
was 2.3% relative to control plant (those plants irrigated normally)(Table 4). Meanwhile subjecting lupine plants
to drought stress caused significant increases in proline and free amino acids contents On the other hand, different
applied treatments (Chito or Chito NPs) significantly increased TSS, proline and free amino acids contents in
lupine plant either at normal or drought stress conditions. Chitosan NPs was more effective than Chitosan
treatment Table (4).
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Table (4): Effect of chitosan (Chito) and chitosan nanoparticles (Chito NPs) soaking treatment (50 mg/l) on IAA
(n g /100 g fresh wt), TSS, Proline and Free amino acids (mg/100 g dry wt) contents of lupines
plants under drought stress conditions (DO & D1).

Free amino
Drought Treatment TAA TSS Proline acids
Control 18.97°+0.182 2254°£1126  35.16°+3.24 235.34+12.6
Chito 24.98°+0.193 2624°:34.35 69.65+4.12 252.15%13.2
DO Chito NPs 36.25*+0.346 2826°422.52 70.83°+7.35 263.5%16.4
Control 12.11%+0.309 2203°+10.39  49.18%+3.45 271.65+13.6
Chito 20.11%0.139 2297°+13.57  74.65°+6.95 288.15°+11.6
DI Chito NPs 27.15°+0.867 2331%15.29  84.12+7.95 306.95+14.5

Mean values (n=3) in each column followed by a different letter are significantly different at < 0.05 by Duncan"s
multiple range test.

Changes in yield and yield components:Data presented in Table (5) showed the effect of Chito or Chito NPs
soaking treatments with 50 mg/l concentration on yield and yield components of lupine plant grown under normal
and drought stress conditions. Data clearly show that, drought stress decreased significantly yield and yield
components of lupine plantsas compared with those plants irrigated normally. The percentages of decreases were
17.65% in pods number/plant, 25.0% in seeds number/pod, 41.13% in seeds number/plant, 30.79% and 33.79%
in weight of pods and seeds /plant,39.74% in 100 seeds weight and 31.17% in seeds yield kg/fed. Meanwhile,
soaking lupines seeds with either Chit or ChitNps each with 50 mg/l concentration increased significantly the
above mentioned yield and yield components of lupine plant as compared with their corresponding untreated
controls. Data in Table (5) also show that, chitosan nanoparticles was more effective than chitosan in increasing
the above mentioned parameters, The percentages of increases in pods number/plant, seeds number/pod, in seeds
number/plant, weight of pods and seeds /plant, 100 seeds weight and seeds yield (ton /fed) of lupine plants at
normal irrigation in response to Chit Nps were 70.59%, 41.67%, 67.65%, 61.98%, 21.42%, 19.29%and 44.96%
compared with 57.07%, 44.33%, 123.31%, 104.54, 37.97, 55.96% and 30.72%of lupine plants treated with Chit.
While under drought stress, the percentages of increases were 58.82%, 16.67%, 57.35%, 25.84%, 15.13%,
10.92% and 32.42% in response to Chit Npscompared with 28.57%, 11.11%, 82.71%, 30.89%, 13.71% and
39.67%, 32.42%with Chit.

Table (5): Effect of chitosan and chitosan nanoparticles soaking treatment (0.0 & 50 mg/l) on yield and yield
components of lupines plants under drought stress conditions (DO & D1). Data are means of two

seasons.
Weight of Weight of  Weight of Seed yield
Drough Treatme No of No of No of pod/plant  seeds/pla 100 seeds (kg/fed)
t nt pods/plant seeds/pod  seeds/plant (g) nt (g) (2)
“ 4 “ . . 438.2°+12.35
Control ~ 8.7%+0.57 3.0%4033 22.7%%1.35 8.9+0.16 5.6°:0.57  22.7°+0.55
12.0°°+£0.5 11.2°+04  6.7°+0.3 572.8°£10.42
Chito 7 3.7°40.57  35.7°+1.49 7 8 25.2°40.58
Chito 15.7°+0.3 14.4°+0.4 635.4°£15.62
DO NPs 3 3.7°40.33  38.0+1.34 4 6.8+0.47  27.1°+2.28
Control ~ 6.7e+0.33  2.040.00 13.3%1.20 62%124 374057  13.7'%:.27 351.6¢£10.84
, . . . . . . 415.2d+16.63
Chito 8.0%40.33  2.3%0.00 24.3%t1.25  8.6°+0.74 4.3°t0.44  19.1°:0.0
Chito 12.6°£0.4  5.1°+0.4 465.6%+"%
D1 NPs 9.40.33  3.3°40.33  29.7°+0.67 5 4 21.5%4+0.27

Mean values (n=3) in each column. Means followed by a different letter are significantly different at < 0.05 by

Duncan"s multiple range test.
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Changes in nutritional value of the yielded seeds: Table (6) shows the effect of treatment of lupine plant with
either Chito or Chito NPs grown under normal and drought stress conditions on the nutritional value of the
yielded seeds. Data clearly show that, drought stress caused significant decreases in total carbohydrate (CHO)
percentage, protein percentage and oil percentage relative to control plant (those plant grown under normal
irrigation). In the meantime drought stress increased significantly phenolic and flavonoids content as compared
with control plant (those plant grown under normal irrigation). Different chitosan treatments either Chito or Chito
NPs significantly increased the above mentioned parameters at both irrigation levels as compared with their
corresponding controls (Table 6). Chito NPs was more effective treatment.

Table (6): Effect of chitosan and chitosan nanoparticles soaking treatment (50 mg/l) on nutritional value of the
yielded seeds of lupines plants under drought stress conditions (DO & D1). Data are means of two

seasons
Phenolics Flavonoids
Drought  Treatment CHO% Protein% Oil% mg/100 g

Control 36.83"+2.32 35.08"+1.65 8.85°£0.65 17.53+0.98  0.68°+0.02

Chito 37.53%42.48 36.78%°+1.98 9.35%+0.85 19.38%1.16 0.76°+0.03
DO Chito NPs 38.42°+2.14 36.95°+2.15 9.75+0.67  21.75%1.08  0.88°+0.01

Control 34.25%3.15 33.85%41.05 7554035  22.93%1.34  0.77°+0.01

Chito 35.19°+3.48 34.02°42.41 8.1540.47  26.25°+1.25  0.88°+0.02
DI Chito NPs 35.95%43.15 35.03%£2.68 8.92°+0.95 31.41°41.65  0.97°+0.02

Mean values (n=3) in each column followed by a different letter are significantly different at < 0.05 by Duncan"s

multiple range test.

Discussion

Water deficit or drought is one of the main
environmental stresses factor responsible of
decreasing plant growth and consequently reductions
in crop production [36,37]. In the present
investigation, amarked significant reduced effect of
drought stress on growth criteria of lupineplant were
obtained (Table 2). Similar results were obtained
earlier confirmed these results [38, 39]Jon moringa.
These reductions might be resulted from disorders
caused by drought stresson physiological and
biochemical processes as different plant growth

regulators contents, photosynthetic assimilation
activities, and activities of key enzymes responsible
of the different vital metabolicprocesses

[40].Regarding to chitosan treatment, seed priming
with 50 mg/l chitosan or chitosan nanoparticles
resulted in increased growth criteria. Similar results
were also reported by [41] they stated that chitosan
improved plant growth of tomato crop when applied
as a soil drench or seed treatment. Chitosan is also
reported to significantly increase plant growth
characteristics in chili plant [42]. Moreover, Mondal
[43] added that, foliar application of chitosan
improved plant height, number of leaves, length,
breadth and area of leaves of mungbean plant.
Moreover, Khan [44] confirmed this stimulatory
effect of chitosan on pea plant growth. Chitosan is
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considered as one of growth regulators and as a
signal molecules in addition to its role as a high
effective biomolecule[45]. Moreover, this promotive
role resulted by enhancing activities of enzymes of
nitrogen metabolism as well as, improving the
translocation of nitrogen in the leaves thus increased
growth and development [46]. With respect to
chitosan nanoparticle, in agreement with obtained
data alleviate the adverse effect of salinity stress on
Phaseolusseedlings [47]. Using nanoparticles as
nutrients to plant cells at the needed time help in
enhancing the release of nitrogen and phosphorus
fertilizer and their uptake by plant, thus decreasing
nutrient loss[48].

In the present investigation, the decreases in
photosynthetic pigments contents resulted by water
stress (Table 3) might be resulted bychloroplast lipids
oxidation and variations in pigments and protein
molecules structures[49]or resulted via chlorophyll
degradation by proteolytic enzymes as
chlorophyllase, deterioration in chloroplast molecule
and finally stomatal closure [50]. Previous results on
different plant species[38, 51&52, 53]confirmed the
reduced effect of water stress. On the other hand, the
obtained results showed that, Chito or Chito NPs
increased photosynthetic pigments. These increases
could be due to improving cytokinins contents that
stimulated chlorophylls synthesis or to the increased
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availability of amino compounds released from
chitosan[54].Farouk and Amany [55] stated that,
chlorophylls and carbohydrates of cowpea plant were
reduced wunder water stress; whereas, foliar
application of chitosan, significantly increased these
parameters. Moreover, Pereira [56] found that
chitosan treatment increased photosynthetic pigments
of Phaseolus vulgaris. In another report, [51] foliar
treatment of chitosan increased photosynthetic
pigments of barley plant. These results might be due
to the increases of nitrogen and magnesium contents
in the leaves because nitrogen and magnesium are the
most important elements in the chemical composition
of chlorophylls [57 & 58]. Regarding to the
enhancing role of chitosan nanoparticles as Chito
NPs might act as an efficient photocatalyst by
improving the photosynthetic complexes and nitrogen
metabolism [59]. Furthermore, the improving effect
of chitosan NPs on photosynthetic pigments might be
resulted via the enhancing of cytokinins, that
stimulated chlorophyll bisynthesisor to the greater
availability of amino compounds released from
chitosan [54].

Drought stress decreased significantly TAA
contents of lupine leaves (Table 3). In agreement
with the obtained results, Khater[60] stated that
subjecting cowpea plant to drought stress decreased
IAA contents. Generally,the reduction of different
phytohormones among them IAA caused by drought
stress might be attributed the decrease of enzyme
activity which participates in phytohormone synthesis
or and increases in enzymes participate in its
degradation[61]. Moreover, different treatments
could increase IAA contents of lupine plants.
Muthukrishnan[62] confirmed the promoting role of
chitosan on [AA contents of chickpea plant. These
increase might be due to the induced effect of Chito
on auxin-related gene expression, accelerated IAA
biosynthesis and transport and reduced IAA oxidase
activity increases [63].

Moreover, Table (3) show that, water deficit
reduced TSS meanwhile increased proline and free
amino acids contents of lupine plants. The decreases
in TSS contents under various environmental stresses
has already been reported in different plant species
[9, 40, 64].This decrease might be attributed to the
reduced effect of stress on photosynthesis and/or the
induced effect on partial utilization of carbohydrates
into other metabolic pathways[64]. Moreover, [40]
stated that sugars are the most effective solutes used
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in osmotic adjustment in plants under osmotic
stress.Another common response in plant to drought
stressis the increased content of osmoprotectamtssuch
as proline[65].Proline increased is a main compound
responsible of hydration of biopolymers, surviving as
a readily utilizable energy source and serving as a
nitrogen source compound during periods of
inhibited growth[66]. Anincreased level in prolinein
cowpeaupine plant which actas an indicator of its
high drought tolerance[40].1t is play adaptive roles in
plant stress tolerance[67]. Proline is not only act as
an osmolyte but it also, play an important roles in
protecting subcellular structures (cell membrane and
proteins) as well as it act as reactive oxygen species
scavengerall of these help plant to alleviate
stress[68]. Free amino acids was proven earlier to
play a pivotal role in plant cytoplasmic osmotic
adjustment [39].AbdElhamid [39] stated that proline
and free amino acids increased by drought stress in
plant.With respect to osmoprotectant compounds,
total soluble sugars increased in chitosan treated
plants. Our obtained data on the increased contents of
proline and free amino acids are confirmed on thyme
plants under drought stress [69].

Regarding to yield and its components, in the present
investigation, the reductions in yield and yield
components of lupine plant might be through
reductions in growth (Table 2) and photosynthetic
pigments (Table 3) contents thus reduced the output
of photosynthesis[5] and diminished activities of
calvin cycle enzymes[70]. [53]found that, drought
stress decreased yield of flax plant. subjecting lupines
plant to drought stress,decreased carbohydrates,
protein and oil contents of lupine seeds. These
decreases might be due to reduction in photosynthetic
pigments and decreased activities of calvin cycle
enzymes [70]. Ali [71] confirmed the obtained results
in chemical composition of maize yielded seeds
underlow water stress. Ali &Alqurainy [72]stated that
the maincellular constituents susceptible to damage
by free radicals increased level caused by drought
stress are lipids of cell membranes, proteins,
carbohydrates and nucleic acids. Carbohydrate
changes are of particular importance because of their
direct relationship with different physiological
processes as photosynthesis, translocation, and
respiration. The reduction in the oil content under
drought stress could be due to oxidation of some of
the polyunsaturated fatty acids [73].Seed priming
with 50 mg/l chitosan or chitosan nanoparticles



CHITOSAN AND CHITOSAN NANOPARTICLE EFFECT ON GROWTH, PRODUCTIVITY AND SOME.. 545

resulted in increased yield and yield components of
lupine plant. Similar results were also reported by
[41] they stated that chitosan improved yield of
tomato crop when applied as a soil drench or seed
treatment. Chitosan is also reported to significantly
increase plant productivity characteristics in chili
[41]. Moreover, Khan [44] confirmed this stimulatory
effect of chitosan on pea yield. Chitosan treatment
induces overexpression of genes involved in
photosynthesis, changes in programming of protein
metabolism with an enhancement of various storage
proteins and hormone metabolism [74]. Moreover,
chitosan nanoparticles alleviate the adverse effect of
salinity stress on bean seedlings [47]. The role of
chitosan NPs in improving the adverse effect of water
stress could be due to an increase in stomatal
conductance and net photosynthetic CO,-fixation
activity under drought stress [75]. Also, this
compound is able to increase leaf resistance to water
vapor loss, thus improving plant water use and
increasing biomass or yield [76]. Moreover, chitosan
induced ABA activity, which plays a key role in the
regulation of stomatal aperture and reduced the rate
of transpiration when the plant is going through stress
phase [77].

Conclusion:

From the current field study it was concluded
that using either chitosan or chitosan nanoparticle
with 50 mg/l concentration is beneficial to alleviate
the reduction effects of drought stress in sandy soil
under a wide range of field conditions. The results of
this investigation highlight the role of chitosan or
chitosan nanoparticle in
improvingLupinustermisgrowth and yield under
sandy soil conditions through enhancing various
biochemical and physiological processes to minimize
the hazardous effects of drought as abiotic stress.
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