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ABSTRACT

The objective of this study was to investigate the effect
of priming wheat seeds (Triticum aestivum, Gizal71 local
wheat genotype) with bulk cellulose (BC) and nano-
cellulose crystals (NC) aqueous solutions and their urea-
loaded formulations on different germination parameters.
BC was extracted from rice straw. NC was prepared from
BC through bleaching, acid hydrolysis, and flocculation
processes. Priming treatments were prepared using six BC
and NC concentrations, three urea concentrations, and
their combinations in a completely randomized design with
three replicates. Seeds were soaked in the treatment
solutions for 3 hrs, and then germinated on wet filter
papers in Petri dishes for 7 days at 28°C. Results revealed
that NC treatments significantly increased root length and
surface area, and vigor index compared to BC treatments
which had significant positive effect on Germination
percentage, root fresh weight, and root radius. The
concentration of 0.5% BC or 0.3% NC recorded the
significantly highest values of all parameters except root
radius. Although application of 0.5% urea significantly
increased root fresh weight and root radius, significant
reduction in Germination percentage, root length, and
vigor index was observed. According to the statistical
analysis of the vigor index data obtained, priming wheat
seeds using 0.3% NC without urea loaded is the most
efficient treatment to enhance germination of wheat seeds.

Keywords:  Bulk-cellulose, nano-cellulose, urea,
germination, vigor index, wheat.

INTRODUCTION

The germination process represents the most
important physiological function of seeds and is
considered a precondition for successful cultivation of
most crops (Tajbakhsh and Ghiyasi, 2009). It is
controlled by several eco-physiological factors, such as
temperature, oxygen, and water availability. In
particular, the water potential of soil is an important
factor in arid and semiarid climates, where seeds are
often sown into the soil with inadequate water for rapid
germination (Ghiyasi et al., 2015). Conventional seed
priming mainly employs water (hydro priming) or
solutions containing substances (nutrients, hormones, or
biopolymers) which form seed coatings or dressing
(Shukla et al., 2019). As one of the priming seed
treatments, seed coating has been widely applied for

DOI: 10.21608/asejaigjsae.2022.226383

1 Department of Soil and Water Sciences, Faculty of Agriculture,
Alexandria University

Received February 10, 2022, Accepted, March 22, 2022

many crops worldwide. The seed coating agents are
generally composed of active (i.e., pesticide and plant
growth regulator) and inactive (film-forming agents,
suspension concentrates, and pigments) components
(Mnasri et al., 2017).

Seed nano-priming uses nanomaterials, mainly
nanoparticles. In seed nano-priming, the media used are
suspensions or nano formulations, where the
nanoparticles may be absorbed by seeds (Acharya et al.,
2019). Even when nanoparticle absorption occurs, the
greatest fraction is retained on the seed surface as a
coating (Savassa et al., 2020). Nano-priming can be
applied to seeds to provide protection for seeds during
storage, improve germination, germination
synchronization, and plant growth, as well as to increase
the resistance of crops to abiotic or biotic stress
conditions (Elkhatib et al., 2019, 20007A20). This can
help to reduce the required quantities of pesticides and
fertilizers (Malik et al., 2021). Studies showed that seed
nano-priming can activate different genes during the
germination, especially those related to plant stress
resistance (An et al., 2020). Nano-priming can also be
used for aiming bio-fortification of seeds to promote the
increase in food quality and production (Ye et al.,
2020).

The rapidly increasing importance of urea fertilizer
in the world agriculture has stimulated research
activities to find methods of reducing the problems
associated with the use of this fertilizer. One of these
problems is that urea has adverse effects on seed
germination, seedling growth, and early plant growth.
These adverse effects are caused largely by urea itself,
biuret, or other impurities in urea fertilizers (Bremner,
1990).

Cellulose (general formula, CsH100s) is only soluble
in liquids which can break the associative forces
between its chains and, at the meantime, combines with
the chains to prevent their re-association. Cellulose is
assumed to be isomeric with starch since it undergoes
hydrolysis to yield glucose (Achmat, 2018). Cellulose
has a strong affinity for water and most reactions start
when it is in the fibrous state (Orhan et al., 2018). The
fibrous nature gives it the large surface area which
makes it easy for sorption on many substances. Several
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studies have been focused on the development of new
biodegradable products and understanding of the
properties of hydroxyl-cellulose derivative in aqueous
solutions from different wastes (Crini et al., 2019 and
Abdullah et al., 2021).

Nanocellulose is classified into 2 major categories,
1) nanostructured materials (cellulose microcrystals
and polysaccharide microfibrils) and 2) nanofibers
(cellulose nanfibrils, polysaccharide nanocrystals, and

microorganism cellulose)  (Hussin et al.,, 2019)
variety of nanocellulose
forms is made exploitation completely different

ways and from varied plastic sources (Salimi et al.,
2019). The morphology, size, and different
characteristics of every nanocellulose category rely
on the polysaccharide origin, the isolation and process
conditions similarly because the attainable pre- or post-
treatments. the advantages of the 3-D class-conscious
nanostructure of nanocellulose and its chemical
science characteristics at nano scale open new prospects
in many applications (Kdse et al., 2020). The rising
demand and also the employment of recent applications
(e.g., nanocomposite materials, medical specialty
merchandise, supercapacitors, chemical change
supports, electroactive polymers, fibers and textiles,
food  coatings,  barrier/separation  membranes,
antimicrobial  films, paper merchandise, cosmetic,
cements) have driven the researchersand also the
trade to take advantage of additional employment of
nanocellulose (Coelho et al., 2018). The objective of
this study was to investigate the effects of bulk- and
nano-cellulose loaded urea on wheat seeds germination.

MATERIALS AND METHODS

Preparation of Bulk Cellulose (BC): Rice straw was
obtained from the farm of faculty of agriculture,
Alexandria University. Bulk cellulose was extracted
following three steps namely, dewaxing, delignification,
and purification according to Hasan et al. (2014).

Preparation of Nano-cellulose (NC): Extracted BC
was used to prepare NC through three main processes;
bleaching, acid hydrolysis, and flocculation according to
Hossain et al. (2018). Nano particle size of the prepare
nanocellulose was confirmed by XRD examination
(data not shown).

Six concentrations of BC and NC were prepared as
shown in Table 1.
BC and NC-Loaded urea: urea stock solution was
prepared by dissolving 50g urea in 100 ml DW (50

%w/v) and BC and NC solutions were loaded by 0, 0.25
and 0.5% of the N-urea solutions.

Table 1. Prepared concentrations of BC and NC.

Carrier Concentration %

C1 C2 C3 C4 C5 Cé6
BC 0.00 010 025 050 100 1.50
NC 0.00 0.05 0.10 0.30 0.40 0.50

Wheat germination: wheat seeds (Triticum aestivum
L.) of an Egyptian local genotype (Gizal71) were used
for the germination experiment. Seeds were initially
washed with distilled water and then soaked in a
combination of BC, NC, and N-urea solutions (0, 0.25
and 0.5 N %) in Erlenmeyer flasks for 3 hrs. All
treatments were in triplicates. After soaking, ten seeds
were germinated on a filter paper moistened with
distilled water in Petri dishes for seven days at room
temperature (282 °C). On the 7" day, germinated seeds
were counted, and the length of root (L, cm) was
measured by a ruler (£ 0.1 cm). A seed was considered
germinated when radicle was larger than 2 mm long.

Germination percentage (GP, %) was calculated and
the Vigor index (VI, cm) was calculated using the GP
and root length (cm) as follows: Elouaer and Hannachi
(2012)
VI GP x Root length

B 100
Root length Rate (RLR, %) was calculated using the
following equation: Elouaer and Hannachi (2012)

(RL., — RL)
RIR = —=—"0 %100
RLc,

Where; RLsy is the root length for any treatment; RLso is
the root length for the control treatment.

Volume of root (V, cm®) was measured by the volume
displacement method using a 25-mL graduated cylinder.
The root radius (Rr, cm) was then calculated using the
following equation Hallmark and Barber (1984).

O
" ﬁ|'Tl' L

Root surface area (RSA) was calculated using the
following equation according to Hallmark and Barber
(1984).

R5A =2 mR, L

The treatments were set up according to the
completely randomized design with three replicates.
Statistical analysis of experimental data was carried out
using CoStat Software package (CoHort, 2004).
Differences between means of treatments were tested
using the least square difference technique of Student-
Newman-Keuls at 5% significance level (LDS gs).
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urea-N concentration compared to 0.5% urea-N. Mean
GP of bulk-cellulose treatments (BC) was significantly
higher than for nano-cellulose treatments (NC).

RESULTS AND DISCUSSION

Data in Table 2 and Figs.1-3 show that the highest
significant seed germination percentage (GP, %) of
primed wheat seeds was recorded at 0 and 0.25 % of

Table 2. Effect of priming with different BC and NC concentrations and levels of loaded N-urea on
germination percentage (GP, %) of wheat seeds.

N levels, Carrier Carrier concentrations Mean Mean N
% type Carrier 2 Levels?
C1 C2 C3 C4 C5 C6
GP (%)

0.0 BC 80.00 83.33 96.67 100.00 83.33 80.00 84.81 A 88.61a

' NC 80.00 80.00 83.33 90.00 90.00 90.00 '
0.25 BC 90.00 80.00 93.33 100.00 90.00 70.00 86.39 a

' NC 90.00 70.00 90.00 90.00 100.00 100.00 '
0.50 BC 60.00 70.00 80.00 90.00 100.00 80.00 7583 b

' NC 60.00 60.00 70.00 70.00 80.00 90.00 82.41B '

Mean Carrier Conc.? 76.67c 73.89c 8555b 90.00a 90.55a 85.00b

1 SD 005 =2.67  2LSDo.0s=2.18 3LSD 005 =3.78
Means with the same letters are not significantly different

Fig. 1. Effect of priming wheat seeds with urea (a), bulk-cellulose (b), and nano--cellulose (c) on seed
germination.
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Fig. 2. Effect of priming wheat seeds with BC and BC-loaded with 0.25%N (a), and 0.5%N (b) of on root

length.

Fig. 3. Effect of priming wheat seeds with NC and NC-loaded with 0.25%N (a), and 0.5%N (b) of primed
wheat seeds on root length.
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Increasing BC concentration in the absence of urea
increased GP up to 0.5 % BC (C4). At 0.25% urea-N the
highest GP was observed at 0.5 % BC (C4) compared to
the control (C1) and GP decreased with increasing of
BC concentration. At 0.50% urea-N the highest GP was
obtained at 1.0% BC (C5) compared to control (C1) and
then it decreased with the increase of BC concentration.
On the other hand, increasing NC concentration loaded
with 0.50% urea-N increased GP. The highest GP
observed at C6 of NC may be explained by the
amelioration of NC of urea adverse effect on seed
germination. The mean GP of BC treatments was
significantly higher compared to NC at a significance
level 95%. Although both BC and NC treatments
showed the highest mean GP of wheat seeds at C4 and
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C5, increasing their concentrations to C6 significantly
decreased GP.

Means of root length (RL, mm) and root fresh
weight (RFW, mg) were significantly affected by all the
investigate treatments (Tables 3 and 4) Increasing urea-
N concentration significantly reduced mean root length
to 87.8 and 93.5% of the control at 0.25 and 0.5 % urea-
N, respectively (Table 3). NC treatments had
significantly higher mean RL compared to BC.
Although mean RL values were increased with
increasing BC and NC up to C4, values were
significantly decreased at C5 and C6. In the absence of
urea, the highest was obtained at C4 for the BC and NC
treatments. However, the increase was 82, and 72% for
BC and NC, respectively relative to the control.

Table 3. Effect of priming with different BC and NC concentrations and levels of loaded N-urea on wheat root

length (RL, mm).

N levels, Carrier . . Mean Mean N
% type Carrier concentration., g/100 ml Carrier2  Levels .
C1 Cc2 C3 C4 C5 C6
RL (mm)

0 BC 57.67 286.67 423.33 478.33 223.33 240.00 260.25 B 296.08 a

NC 57.67 290.00 393.33 421.67 404.33 276.67 ’
0.25 BC 183.33  191.67 199.33 305.00 241.33 199.00 250.83 ¢

' NC 183.33  231.00 359.33 430.00 368.67 226.00 ’
05 BC 131.33 307.00 215.00 453.33 359.00 190.00 276.83 b

' NC 131.33 100.00 200.00 420.00 475.00 340.00 2949 A '

Meansof Carrier 15, 11¢ 93438e 29838c 418058 34527b 24527 d

Conc.®

1LSD 0.05 =2.20

2LSD 005 =1.79

3LSD 005 =3.11
Means with the same letters are not significantly different.

Table 4. Effect of priming with different BC and NC concentrations and levels of loaded N-urea on wheat root
fresh weight (RFW, mg).

N levels, Carrier . . Mean Mean N
% type Carrier concentration., g/100 ml Carrier? Levels :
C1 Cc2 C3 C4 C5 C6
RFW (mg)
0 BC 106.67  376.67 473.33 666.67 230.00 290.00 34092 A 33028 b
NC 106.67  333.33 353.33 393.33 360.00 273.33 '
0.95 BC 263.33  300.00 273.33 393.33 320.00 300.00 298.89 ¢
’ NC 263.33  270.00 323.33 390.00 230.00 200.00 '
05 BC 190.00 326.67 393.33  540.00  403.33 290.00 35917 a
' - NC 190.00 206.67 270.00  500.00  696.67 303.33 314.63 B '
?:"Oer?é‘sca"'er 186.67f 30222d 347.78c 480.55a 373.33b 276.1le

'LSD 0.05 =3.29

2L.SD 0.05 =2.69

3LSD o0.05 =4.65
Means with the same letters are not significantly different.
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Mean Root fresh weight values were significantly
increased with increasing urea-N concentration (Table
4) and the highest mean value was obtained at 0.5%
urea-N (108.8% relative to 0% urea-N). However,
increasing the concentration of either BC or NC
significantly increased RFW with the highest mean
RFW at C4 (257.4% relative to C1). On contrast with
RL data (Table 3), mean RFW was significantly lower
for NC treatments (92.3%) compared to BC treatments.
It is remarkable that mean RL values were the least for
the control of all urea-N and cellulose treatments.

Analysis of variance showed that urea stress with
BC and NC had significant effects on root radius (Rr,
mm) and root surface area (RSA, cm?) of wheat
seedlings (Tables 5 and 6). From Table 5, Mean R, was

ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 43, No.1. JANUARY- MARCH 2022

significantly increased with urea-N concentration and
the highest mean obtained was at 0.5% urea-N (106.5%
of the control). BC had significantly larger mean R, than
NC. Increasing concentrations of either BC or NC had a
negatively significant effect on R,, the treatment C5
showed the lowest R;. Priming wheat seed in NC
solutions significantly increased mean RSA compared
to BC treatments. Increasing the concentration of either
BC or NC significantly increased mean RSA of wheat
roots up to C4 where mean RSA obtained represented
293.9% of the control). However, further increment in
the concentration to C5 and C6 led to significant
reduction in RSA. As shown in Table 6, loading BC and
NC with urea-N caused fluctuated effect on RSA.

Table 5. Effect of priming with different BC and NC concentrations and levels of loaded N-urea on wheat root

radius (Rr, mm).

N levels,  Carrier Carrier concentration., g/100 ml Mean Mean N
% type » 9 Carrier 2 Levels ?
C1 C2 C3 C4 C5 C6
Rr (mm)
BC 0.08 0.07 0.06 0.07 0.06 0.06 0.066 A
by NC 0.08 0.06 0.05 0.06 0.05c 0.06 0.062 b
0.25 BC 0.07 0.07 0.07 0.06 0.07 0.07 0.062 b
NC 0.07 0.06 0.05 0.05 0.05 0.05 '
0.50 BC 0.07 0.06 0.08 0.06 0.06 0.07 0.066 a
NC 0.07 0.08 0.07 0.06 0.07 0.05 0.061 B '
2"5::3“ Carrier 0712 0067b 0063c 0061d 0058e  0.061d

11 SDo.0s =0.0005 2L.SDo.05 =0.0004 3L.SDo.0s =0.001
Means with the same letters are not significantly different

Table 6. Effect of priming with different BC and NC concentrations and levels of loaded N-urea on wheat root

surface area (RSA, cm?).

N levels, Carrier . : Mean Mean N
% type Carrier concentration., g/100 ml Carrier 2 Levels :
C1 Cc2 C3 C4 C5 C6
RSA (cm?)

0 BC 28.07 117.69 160.32 202.25 81.17 94.49 106.39 B 111.49 a
NC 28.07 111.35 133.52 145.86  136.64 98.49 '

0.25 BC 78.69 89.45 122.07 146.67 104.29 76.15 98.05 b
NC 78.69 89.45 122.07 146.67 104.29 76.15 '

0.5 BC 56.58 113.41 104.15 177.21  136.29 84.07 11235 a
NC 56.58 51.47 83.23 164.13 206.03 115.02 108.39 A '

'(\:"(frj‘g‘fa”'er 5445f 94.88d 114.48c 160.03a 127.33b  92.62¢

1L SD 0.05 =0.90 2L.SD 005 =0.74 3LSD 005 =1.27
Means with the same letters are not significantly different.
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Figs. 4 and 5 show that treatment means of root
length rate (RLR) of germinated seeds had significant
differences under different concentrations of BC or NC
at the three levels of urea-N. The highest RLR was
observed at 0.5% BC at 0& urea-N. In general, priming
of wheat seeds in various concentrations of BC or NC
significantly (p < 0.05) increased the RLR at all urea-N
levels. With the highest urea level (0.5%), NC at 0.4%
concentration recorded the highest rate. Moreover, 0.5%
BC showed the highest effect compared with different
concentration of BC. Therefore, priming in either BC or
NC ameliorated the adverse effect of wurea on
germination.

Vigor index (V1) is a measure of the extent damage
that accumulates as viability declines, and the damage
accumulates in seeds until the seeds are unable to
germinate and eventually die (Copeland and McDonald,
2012). From Fig. 5, urea-N, carrier type (BC or NC) and
concentration of carriers had significant effects on VI of
wheat seedlings. There was a significant (p < 0.05)
reduction in VI of wheat seedlings caused by increasing
urea-N  concentration. NC primed seeds had
significantly higher mean VI compared to BC. The
highest mean VI was obtained at C4 of either BC or NC
carriers. These results are comparable with those
reported by (Itroutwar et al., 2020 and Rather et al.,
2022).
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Fig. 4. Effect of priming wheat seeds with BC and NC at different concentrations, and level of loaded N-urea on
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The negative effects of urea on seed germination agreed
with the results obtained by Mikkelsen (1990) who
concluded that growing tomatoes in hydroponic media
having urea as the sole nitrogen source may be
explained by the accumulation of urea in germinated
seeds that adversely affected the activity of some
enzymes such as peroxidases and phosphatases which
inhibit directly or indirectly the synthesis of proteins.
Gerendas and Sattelmacher (1997) also suggested that
the reduced growth of urea-grown plants could also be
related to alteration in the osmatic homeostasis. Urea-
grown seedlings had long primary roots with only a few
branches, which are symptomatic of N deficiency. This
is like adult plants, which showed signs of N deficiency
when transferred from sufficient ammonium nitrate
nutrition to urea (Me’rigout et al., 2008). Increasing the
loaded urea to 0.25% increased lateral roots, while a
further increase to 0.5% had no obvious effect on the
morphology of roots Figs.1-3. This result suggested that
either the uptake capability or the metabolism of urea
was the limiting factor (Yangi et al., 2015).

Urea-grown seedlings had long primary roots with
only a few branches, which are symptomatic of N
deficiency. This is like adult plants, which showed signs
of N deficiency when transferred from sufficient
ammonium nitrate nutrition to urea (Me'rigout et al.,
2008). Increasing the loaded urea to 0.25% increased
lateral roots, while a further increase to 0.5% had no
obvious effect on the morphology of roots Figs.1-3.
This result suggested that either the uptake capability or
the metabolism of urea was the limiting factor (Yangi et
al., 2015).

The enhancing effect of cellulose on seed
germination may be due to the ability of BC to hold
more water that help increasing water uptake and
enhanced enzyme activity, which begins very quickly
after hydration, and cell elongation resulted in the
emergence of the root by ( Nonogaki, 2014). Cellulose
coated seeds might also be protected from the harmful
of urea.

NC crystals are expected to have higher specific
surface area of that help absorbing more water by seeds
and increased seed germination activities and cell
elongation (Nonogaki, 2014 and Awadallah, 2019).
Milewska-Hendel et al. (2019) reported that
nanoparticles will simply enter the cell membrane
depending on the diameter of pore (< twenty nm) and
afterward the cytomembrane. Nair et al. (2010)
additionally advised that the mode of action of
nanoparticles is also the induction of pore size
enlargement or improving formation of latest pores to
induce NC uptake carrying a lot of water into the cells.
Nanoparticles is also transported into the plant cell

through formation a complex with root excretions
(Larue et al., 2011). Hussain, et al. (2013) reported the
doorway of silicon nanoparticles within the foundation
of Arabidopsis thaliana and emotional up via vascular
tissue tissues. The presence of magnetite nanoparticles
in plant tissues of pumpkin was additionally reported by
Tombuloglu et al. (2020). Lee et al. (2008) indicated the
entrance of copper nanoparticles in mung (Phaseolus
radiatus L.) and wheat.

CONCLUSION

Extracted cellulose from rice straw was successfully
used to prepare nanocellulose crystals investigated in
this study. Priming wheat seeds (Triticum aestivum,
Gizal71 local wheat genotype) using bulk cellulose and
nano-cellulose suspensions proved to significantly
improve many germination parameters of wheat seeds at
different concentrations. Nanocellulose had the same
effect on seed germination but at lower concentrations
compared to bulk cellulose. In addition, nanocellulose
mitigated the negative effect of priming wheat seeds in
the presence of urea and different concentrations.
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