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and physiological properties of Coriandrum sativum plant under water stress

Abdullah Musfer Alghamdi*, Prof. Hassan Mohammed Rashad, Dr. Mordi Mohammed Algandaby
King Abdulaziz University

Abstract: The present study was accomplished to scrutinize the efficiency of Nano silicon (NSi) as a foliar spray on
(Coriander sativum) plants under water stress conditions during 2021/2022 season. Coriander plants were subjected to
three water levels (100, 70 and 30% of field capacity). Plant leaves were sprayed with NSi in three different concentrations
(3,5 and 10 ppm) 14 days after germination. The results revealed that Coriander plants growth was significantly decreased
under water stress, while NSi treatment showed a significantly enhanced plant growth (Iength and number of leaves per
plant). Regarding biochemical constituents activity, total of alkaloids, phenol, flavonoids and fatty acids increased under
water stress. Also, nutrient elements (P & Mg and Na) increased. Plant hormones such as gibberellic acid (GA3) and ascorbic
acid (vitamin C) significantly decreased under both 70% and 30% FC, while abscise acid (ABA) increased. In the interim, the
three different concentrations of NSi significantly improved carbohydrates concentration and adjustment of osmotic stress.
Application of NSi at different concentrations significantly improved nutrients contents (N, P, K, Mg, Ca, Fe, Zn, Mn) mainly
under moderate and severe water stress (70%, 30% FC). Generally, the profound concentration of NSi tested during the
experiment was 5 ppm for ameliorating water stress. The present investigation showed that the application of NSi might
be a promising method to enhance the plant growth, biochemical ingredients and crop productivity of Coriander plants
grown under water stress conditions.

Keywords: Coriander plant; Nano; Silicon; Plant morphology; Biochemical ingredients; Water stress.
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1.1 Introduction

Drought, a main abiotic stress, affects physiological and biochemical processes of plants, especially the synthesis and
accumulation of secondary metabolites in wheat (Bukhari MA er al., 2020). Between the abioticstresses, drought is a main reason
affecting the growing and production of crops worldwide (Sharma and Zheng, 2019). The energy balance in plant is regulated by
photosynthetic pigments and hence they are involved in Moringa peregrine plant at the adaptation of plants and their survival under
drought stress (Foroutan er al., 2019). Drought stress slowed the development of cotton plants before limiting photosynthesis i(Wang
et al., 2016). The effects of drought stress differ for different types of plants. The effects of plant stress differ for different types of
Dracocephalum moldavica L plants (Mohammadi er al, 2016.). Early recognition of the symptoms of waterstress can be decisive for
maintaining crop growth. The most common indicator ofwater stress is wilting. When the plant is subjected to water deficit, the water
potentialin the leaves declines leading to plant wilting. Drying and wilting will decrease growth in almost any plant (Ahmad er al.,
2018). Nonetheless, Chlorophyll biosynthesis inhibition, activation of Chlorophyllase and/or chloroplast degradation decrease the
pigment content under the abiotic stress in Moringa peregrine plant (Soliman er al, 2015). Furthermore, Mejri (2016) recorded that
water scarcity reduced chloroplast activity and contributed to chlorophyll breakdown. Under conditions of drought, Saccharum
officinarum plants accumulate vast quantities of different osmo-protectants, such as soluble sugars, which eventually preserve the
status of tissue water. er afCarbohydrates perform various functions et a/to achieve osmotic adjustment and carbon storage (Mejri et
al., 2016), e.g. in rice, Oryza sativa L. (Zhong er al.,, 2018). The osmotic adjustment maintains cellular water balance with active
accumulation of the substances dissolved in the cytoplasm, where the maintenance of high swelling increases photosynthesis and
growth rate (Abobatta, 2019).

Coriander (Coriandrum sativum L.) is an annual plant species of Apiaceae family, which is widely used for its strong
nutritional and medicinal values (Amiripour er al, 2019). Annual erect coriander plants are cultivated and produced worldwide for
culinary, aromatic and medicinal uses. Itis also commonly referred to as coriander when grown for its herbs, and is used in many foods.
Coriandrum sativum L., originally belongs to the European-Mediterranean area, has recently been widely cultivated as a useful
vegetable all over the world (Gastén er a/, 2016). It can be used as vegetable and food spice due to its nutritional value. Moreover,
coriander exerts various medicinal uses such as treatment of disorders in skin inflammation, digestive, respiratory and urinary systems
(Beyzi er al, 2017). In addition, it has essential oil (EO) in both leaves and seeds, with different EO profile (Bukhari er al, 2020.). The
essential oil extracted from the coriander fruits (common as seeds) has many uses (Diederichsen, 1996). The essential oil is one of the
main flavor compounds in the world. Ground coriander seeds are used as a spice, for example in the preparation of curry. Additionally,
coriander essential oil is used to flavor bread, sauces, soups, canned goods and desserts. It also has antimicrobial characteristics shown
on the growth of some fungi and bacteria such as Escherichia coli (E. coli), Yersinia enterocolitian, Staphylococcus aureus and
Rhodotorula sp. which were completely eliminated under in vitro conditions (Elgayyar er al, 2001). The essential oil of coriander is
most commonly extracted from the fruits by either hydro or steam distillation. It was found that the content of essential oil in coriander
seeds ranges between 0.125 and 1.90% (Jeliazkova er al, 2019), and main ingredient of the essential oil is linalool, which ranges from
40 to 82.9% of the oil (Machado er al, 1993). The other main components of seed oil are pinene, terpinene, camphor, geranyl acetate,
geraniol, borneol, terpineol, citronellol and nerol, and limonene (Pino er al., 2008).

Nanoparticles (NPs) are proposed to be the materials for the new millennium. Nanomaterials consist of particles smaller
than 100 nm. The small size of Si particles implicates new physical, chemical and biological properties (Monica and Cremonini 2009).
At the global level, the use of nanotechnology in agriculture is at a nascent stage, yet it is increasing. Agricultural applications of
beneficial nanoparticles are currently interesting fields of research (Karunakaran er a/, 2013). The NPs interact with plants causing
many morphological and physiological changes, depending on the properties of the particles. Among the NPs, nano-silicon has gained
greater consideration during the last years. Silicon is plentiful in soils and the second most common element on earth after oxygen (Ma,
2004), and has been recognized as a beneficial nutrient for plant growth and development (Wainwright, 1997; Siddiqui er al, 2015).
It was reported that exogenous application of nano-silicon on plants enhances the plant growth and development by increasing
accumulation of proline, free amino acids, content of nutrients, antioxidant enzymes activity, gas exchange, and improves efficiency of
the photosynthetic apparatus in /ndocalamus barbatus plant (Xie et al,2012; Kalteh er al, 2014.). However, the effectiveness of the
same nanoparticle is dissimilar in different plant species or under various environmental conditions (Prasad er a/, 2012). The

agricultural sector was one of the most important fields, which nanotechnology science involves leading to a revolution in many
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applications such as the agri-food industries (Dasgupta et al., 2015a & b; Handford er al, 2015), remediation of soils and waters
from pollutants or nanoremediation (Belal and ElI-Ramady, 2016).

Nanotechnology may have a hidden face in soils. The apparent face not only include the direct effects on soil microbial
communities, and remediation of polluted soils, but also using natural nanoparticles like zeolites and nano-clays as soil amendments.
Therefore, several applications of nanoparticles or nanomaterials in soils have evolved. Concerning the hidden face of nanotechnology
in soils, it may include the interaction between different nanoparticles and different environments. These different environmental
compartments include plants, microbes, air and soil, which have been extensively studied (e.g., Abhilash er al, 2016; Du er al, 2016).
Thus, the fate and behavior of nanomaterials in soils including transport, bioavailability and bio-toxicity of these nanoparticles should
be addressed (Watson er al, 2015; Gogos et al., 2016). On the other hand, this behavior of nanoparticles in soils is mainly controlled
by soil characteristics particularly soil pH, soil clay content, soil organic matter and soil cation exchange capacity (Watson er al., 2015;
Gogos er al., 2016).

The biological role of Si in plants has not been deeply studied by plant physiologists because it has not been classified as

essential plant element (Ma and Yamaji, 2006). Nevertheless, many researchers believe that Si is an important element for plants

(Siddiqui & al-whaibi, 2013; Epstein, 2009; Gong & Chen, 2012; Currie & Perry, 2007 on Lycopersicum esculentum). Si, as a
physicomechanical barrier, is part of the epidermal cell walls and vascular tissues in stems, pods, leaves and bark of tomato
Lycopersicum esculentum plants (Siddiqui & Al-Whaibi, 013). Many beneficial effects have been reported. liang er al. (2007), Ma
(2004) and Pei er al. (2010) indicated that Si might decrease the negative effects of oxidative stress and offer slight resistance to some
abiotic and biotic plant stressors. Thus, using Si instead of herbicides and pesticides could reduce harmful environment effects
(Vasanthi et al,, 2012; Balakhnina and Borkowska, 2013; Karmollachaab er al, 2013). The positive effects of the Si (in bulk size)
have been demonstrated in plants by investigators; however, compared with Si bulk size, absorption of Si in living plants as squash
(Cucurbita pepo) is greater when nanoparticles of silicon are used (Suriyaprabha er al, 2012b). Nanosciences led to the development
of a wide range of applications for enhancing plant growth (Nair er al, 2010). In recent years effects of Si in nanoscale on Changbai
larch (Larix olgensis) plants have received increased attention, but research results are limited. Bao-shan er a/. (2004) immersed the
roots of changbai larch seedlings in 62—2000 pl.1 -1 concentration of nanosilica for 6 hours. Their results clearly showed positive
effects of silicon nanoparticles (Snps) on growth and quality of the seedlings of higher plant. Suriyaprabha er al. (2012b). Water is a
vital resource for plant survival and is also needed for transport of nutrients. Thus, when the drought period and water stress emerged,
vitality of Iberian peninsula plants weakened (Martinez-Vilata & Pinol, 2002), their growth reduced (Bigler er al. 2006), and
mortality increased (Rebetez & Dobbertin, 2004).

Drought stress, as a multidimensional abiotic stress, strongly effects growth, development and yield of plants (Mahajan and
Tuteja, 2005). Under drought conditions, the plants initiate two strategies for survival, namely- avoidance or tolerance; the strategies
include morphological and/or physiological adjustments (Bassett, 2013). Finding genotypes resistant to biotic and abiotic stress is very

important for plant research.

1.2 Problem Statement

Drought stress is a significant environmental challenge affecting crop productivity worldwide. Coriander (Coriandrum
sativum L.) is a popular aromatic herb with diverse culinary and medicinal applications. However, its growth and development are
highly susceptible to drought stress, leading to yield losses and reduced quality. Understanding the physiological and biochemical
responses of coriander plants to drought stress is crucial for developing effective mitigation strategies. This research aims to investigate
the effects of drought stress on coriander plants' physiological and biochemical processes and explore the potential use of

nanoparticles, specifically nano-silicon, in alleviating these effects.

1.3 Study Questions

®  How does drought stress impact the synthesis and accumulation of secondary metabolites in coriander plants?

®  What physiological and biochemical adjustments do coriander plants undergo to tolerate drought stress?

®  (an the application of nanoparticles, particularly nano-silicon, enhance the growth and development of coriander plants under

drought stress?
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What are the underlying mechanisms responsible for the beneficial effects of nano-silicon on coriander plants under drought
stress?
How do soil characteristics, including pH, clay content, organic matter, and cation exchange capacity, influence the fate and

behavior of nanoparticles in coriander plant-soil systems?

1.4 Study significance

The research significance can be summarized as follows:

®  Understanding the impact of drought stress on plants: Drought is a significant abiotic stress that affects crop growth and
production worldwide. Researching the physiological and biochemical processes affected by drought stress, such as the
synthesis and accumulation of secondary metabolites and the regulation of energy balance in plants, can provide insights
into the mechanisms of plant adaptation and survival under water scarcity.

®  Recognizing early symptoms of water stress: Identifying the early indicators of water stress, such as wilting, is crucial for
maintaining crop growth. Investigating the physiological changes associated with water deficit can help develop strategies
for early detection and management of drought stress in agricultural systems.

®  Exploring the effects of drought stress on chlorophyll content: Drought stress can lead to chlorophyll biosynthesis
inhibition, chlorophyllase activation, and chloroplast degradation, resulting in a decrease in chlorophyll content.
Understanding these effects can contribute to our knowledge of plant responses to water scarcity and provide insights into
potential strategies to mitigate the negative impact of drought on photosynthesis and growth.

®  Investigating osmotic adjustment under drought stress: Plants employ osmotic adjustment mechanisms to maintain cellular
water balance under water deficit conditions. Researching the accumulation of osmo-protectants, such as soluble sugars,
and their role in preserving tissue water can contribute to our understanding of plant response to drought stress and
provide potential targets for breeding or biotechnological approaches to enhance drought tolerance in crops.

®  Studying the nutritional and medicinal values of coriander: Coriander is a widely cultivated plant known for its nutritional
and medicinal properties. Exploring the chemical composition of coriander, such as the essential oil extracted from its fruits,
can have implications for its culinary, aromatic, and medicinal uses. Understanding the components and potential
antimicrobial characteristics of coriander essential oil can contribute to its diverse applications in the food and healthcare

industries.

1.5 Research objectives

Investigate the physiological and biochemical responses of plants to drought stress, aiming to understand the mechanisms
underlying plant adaptation and survival under water scarcity.

Identify early indicators and physiological changes associated with water stress in plants to develop strategies for early detection
and management of drought stress in agricultural systems.

Examine the effects of drought stress on chlorophyll content and related processes, such as chlorophyll biosynthesis inhibition,
chlorophyllase activation, and chloroplast degradation, to understand the impact on photosynthesis and plant growth.

Investigate the nutritional and medicinal values of coriander, including the composition of its essential oil, to support its diverse
applications in the food and healthcare industries.

Investigate the biological role of silicon in plants, examining the physiological and molecular mechanisms underlying its positive
effects on plant growth, development, and stress resistance to improve our understanding of plant nutrition and explore

opportunities for sustainable agricultural practices.

1.6 Study Terminology

1.6.1 Drought stress

The condition of water scarcity or limited water availability that plants experience, leading to physiological and biochemical

responses.
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1.6.2 Physiological responses

The changes and adaptations that occur at the cellular or organismal level in plants in response to various stimuli or
stressors, such as drought stress.
1.6.3 Biochemical processes

The chemical reactions and pathways that occur within living organisms, including plants, which are involved in various
physiological functions and responses.
1.6.4 Secondary metabolites

Chemical compounds produced by plants that are not directly involved in primary metabolic processes but play important

roles in plant defense, growth regulation, and other functions.

2. LITERATURE REVIEW

2.1 Drought Stress (An overview)

Drought is a major abiotic stress that has a significant impact on food production around the world. Water has become a
more valuable natural resource as the region's population has put a pressure on supply. Irrigation is the most common agricultural use
of water, hence a decrease in availability has an impact. Drought stress is a word used to describe a plant that has encountered water
limitations due to a lack of water in the growing medium. Drought stress has a significant impact on plant productivity and growth, as
well as on their geographic distribution. Water scarcity causes a variety of physiological and biochemical responses in plants, and it is
one of the most complicated adverse situations since it is dependent not only on the severity and duration of the stress event, but also
on the stage and morphology of the plant (FAO, 2019).

Plant drought stress has different impacts depending on the species. Early detection of water stress indicators is important to
a crop's continued growth. Wilt is the most prevalent sign of plant water stress. Water stress causes the water pressure inside the leaves
to drop, causing the plant to wilt. Almost any plant will grow slower if it dried to the point of wilt. Knowing plant water availability,
identifying indicators of water stress, and planning ahead are all important aspects of water management for irrigators (Hussain et al,
2018). When it comes to stomatal closure, carbon dioxide (CO,) fuels the Calvin cycle, which suffers a severe reduction and, as a result,
reduces biomass output. Drought stress affects root and shoot dry mass, leaf chlorophyll pigments, and leaf relative water content
(RWC) in dragonhead plants, according to (Alaei er a/ (2013). Water stress causes a variety of morphological and metabolic reactions in
plants (Sharma and Zheng, 2019). Drought stress is a common and looming environmental element that has a negative impact on
agricultural yield, particularly in drought-prone locations. Stomatal closure and overproduction of various types of secondary
metabolites are the most prevalent plant responses to drought stress in order to reduce water loss and oxidative damage, respectively
(Serraj and Sinclair, 2002).

Plant cells suffer oxidative damage as a result of the formation of reactive oxygen species during extreme drought stress
(ROS). Antioxidant enzymes such as superoxide dismutase, which produces hydrogen peroxide, may detoxify some of these free
radicals (H,0,). However, ROS can target the cell membrane's phospholipids, producing lipid peroxidation and electrolyte leakage.
Malondialdehyde (MDA), which is one of the last products of lipid peroxidation, can be used to assess membrane damage in this
scenario. Plants under drought stress have higher concentrations of suitable organic solutes like proline, which aid in subcellular
structural stabilization and osmotic adjustment in the cell cytoplasm (Mohammadi er a/, 2016). Drought stress and multidimensional

abiotic stress have a significantimpact on plant growth, development, and production (Mahajan and Tuteja., 2005).

2.2 Effects of drought stress on plant morphological characters
2.2.1 Shoot and root lengths

Many authors have documented the impact of water stress on root elongation, which was reduced by water deficiency
(Hannah et al, 2018). Numerous reports documented that water stress reduces the height of many plants. Moreover, rate of shoot and
leaves expansions are sensitive to irrigation which affects plant height and plant diameter (Wang et al, 2016 and Li er a/, 2020). The

length of the stem in many plants under drought stress has been reduced (Esmail er a/, 2019).
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2.2.2 Shoot and root fresh and dry weights

Under water stress, plant fresh weight and relative water content decreased (Jun er a/, 2020). Zhao et al, (2015) reported a
reduction in dry biomass output during drought. Shoot and root biomass, root length density, and root depth were proposed as the
primary drought avoidance features for better seed output in chickpea under drought circumstances. Drought-tolerant chickpea lines
had a 93 percent higher root dry weight than regular check lines. Drought stress boosted the root/shoot ratio by reducing root biomass
accumulation. Drought caused the barley roots to grow more lateral roots, whereas the number of vessels and root volume decreased
(Li er al, 2020). Following drought condition, the weight of root dry matter and root length density of two cowpea varieties decreased
dramatically. Drought-induced dry weight loss could be related to reduced photosynthesis as a result of reduced water interactions and
gas exchange activities (Nawaz eral, 2015).

Effects of drought stress on physiological and biochemical characters of plants

2.3 Role of Nano Particles in Alleviating Drought Stress

Drought is one of the most serious factors affecting plant output and quality. Drought-relieving strategies are currently being
researched (Semida er af, 2021). Modern agricultural technology aiming at boosting output under stress conditions, particularly in
poor nations, frequently ignore the environmental component. As a result, new ecological-friendly and cost-effective ways are required
to address the issue of increased agricultural output and long-term environmental management during drought conditions (Feizi et a/,
2012). The impact of NPs on plant physiological condition has been examined on a variety of plants at various stages of their
organization, beginning at the molecular level (Batsmanova et al., 2013). The colloidal solution of copper (Cu) and zinc (Zn)
nanoparticles has a positive effect on pro- oxidative/antioxidative balance and morphometric indexes of leaves in drought conditions.
There was an increase in antioxidative enzyme activity, which characterizes the increase of plant antioxidative status under the
influence of nanoparticles. Another study found that foliar administration of ZnO-NPs at an adequate dosage (1.5 mg/ml) on chickpea
boosted biomass output as compared to bulk form treatment (Burman er al, 2013). According to research, ferrous and zinc

nanoparticles aid in the enhancement or preparation of plants to withstand drought stress (Cakmak era/, 2008).

3. Materials and Methods

3.1 Experimental design and treatments

Coriandrum sativum L. seeds were sown in plastic pots filled with 1.5 Kg homogenously mixed sand: clay soil (2:1), under
natural light condition in the net greenhouse of King Abdulaziz University during (March to May, 2022). The pots were divided into two
sets; one set did not treated with Nanosilicon (NSi) donor, while the other was sprayed with NSi at different level (10, 5 and 3 PPM),
and dissolved in water at room temperature.

For drought stress conditions, each set subdivided into four subsets, these subsets irrigated with tap water at 100% FC
(control), 70 and 30% FC respectively as mild, moderate and severe drought conditions. Drought and NSi treatments started after the
growth of the fourth true leaf. The experiment was carried out in a Complete Randomized Design (CRD) with 3 replicates. At the end of
the experimental period (60 days), plant shoots and roots were collected and transferred immediately to the laboratory for analysis.
Shoot and root fresh and dry weights were determined. For all assays, plant samples were dried immediately then stored for further

analysis.
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Fig 3-1: Shoots and roots transferred to the laboratory for analysis

3.2 Growth parameter
3.2.1 Fresh and dry weight of shoots and roots

The samples were washed with distilled water and gently dried by tissue paper. A freshly harvested shoots and roots were
weighted and recorded. Then the samples were wrapped in bag paper and kept in oven-dried by JSON-100 Natural Convection Oven at

70 °C until constant weight of each sample was reached (48 hours), to determine the dry weight.

Fig 3-2: Growth parameter

3.3 Chemical and Physiological analysis
3.3.1 Chemical analysis
The plant herbs were dried in an electric oven at 70 OC for 48 hours, and the crude dry weight was estimated for each

treatment herb. The crude dry materials were ground to a fine powder in an electric wily mill, mixed thoroughly and stored in tightly

Fig 3-3: Chemical analysis

14
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3.3.1. Inorganic components

Determinations of macro-and micronutrients (N, P, K, Ca, Mg, Fe, Mn, Zn, Cu and B were carried out on the dry material. The
wet digestion of 0.2g plant material with sulfuric and perchloric acids was carried out on herbs by adding concentrated sulfuric acid (5
ml) to the samples and the mixture was heated for 10 min. then 0.5 ml perchloric acid concentration was added,and heating continued
till a clear solution was obtained. The digested solution was quantitatively transferred to a 100 ml volumetric flask using deionized
water as reported by (Piper, 1950).
3.3.3 Determination of Nitrogen (N)

The total nitrogen content of the dried material was determined by using the modified- micro-Kjeldahel method as described
by Peach and Tracy (1956) as follows:

Digestion apparatus: Kjeldahl flasks with a total capacity of 800 ml yield the best results. Digest over a heating device
adjusted so that 250 ml water at an initial temperature of 25°C can be heated to a rolling boil in approximately 5 min. For testing,
preheat heaters for 10 min if gas-operated or 30 min if electric. A heating device meeting this specification should provide the

temperature range of 375 to 385°C for effective digestion.

Reagents
Dissolve 134 g K,SO, and 7.3 g CuSO, in about 800 ml| water. Carefully add 134 ml concentrated H,5SO,. When it has cooled
at room temperature, dilute the solution to 1 L with water. Mix well. Keep at a temperature close to 20°C to prevent crystallization.
Sodium hydroxide-sodium thiosulfate reagent: Dissolve 500 g NaOH and 25 g Na,S,0;, 5H20 in water and dilute to 1.
Calculation:
% Nitrogen =  (ml standard acid - ml blank) x N of acid x 1.4007
weight of sample in grams

3.3.4 Determination of Phosphorus (P)

Phosphorus content was determined calorimetrically by using the chlorostannous molybdophosphoric blue color method in
sulphuric acid according to Jackson (1973). As follows:

3.3.4.1 Apparatus:

Spectrophotometer

3.3.4.2 Reagents

- Stock Solution of PO4 concentration 1000 mg/l - Dissolve 1.432 g potassium dihydrogen phosphate, KH,PO, (see remark 2), in
about 900 mlwater in a volumetric flask of 1000 ml. Make up to 1000 ml with water

- AscorbicAcid Solution - Dissolve 1.76 g ascorbic acid, C6H806, in 100 ml ultra-pure water and mix. Prepare fresh daily.

- Ammonium Molybdate Solution - Dissolve 40 g ammonium molybdate tetrahydrate,
(NH4)sMo0,0,4.4H,0, in ultra-pure water and make up to 1000 ml. This solution should be stored in a bottle made of hard glass.

- Potassium Antimony | Tartrate Solution - Dissolve 0.274 g potassium antimonyl tartrate, KSbOC,H,0¢.5H,0, in ultra-pure water
and make up to 100 ml with ultra-pure water

- Sulphuric Acid Solution 2.5 mol/| - Dilute carefully, in portions, 140 ml concentrated sulphuric acid (96 %) in about 500 ml ultra-
pure water in a 1000-ml volumetric flask. The mixture was cooled off and made up to volume with ultra-pure water.

- Mixed Reagent - Add successively with a graduated cylinder and mix after each addition: 50 ml sulphuric acid, 15 ml ammonium
molybdate solution, 30 ml ascorbic acid solution and 5 ml potassium antimonyl tartrate solution. Prepared fresh daily.

- Standard Series - A volume of 0 — 1.00 — 2.00 — 3.00 — 4.00 — 5.00 ml of the stock solution was pipetted into 100-ml volumetric
flasks, which already contain 40 ml ultra-pure water. 4.5 ml concentrated sulphuric acid (96 %) were added, cooled down and
made up to the mark with ultra-pure water. This standard series has PO, concentrations of 0 — 10 — 20 — 30 — 40 — 50 mg/I.

3.3.4.3 Procedure

The measurement process involved the following steps:

The standard series, the blanks, and all digests 1+9 (v/v) were diluted with ultra-pure water. Then, 1.0 ml of the diluted
standard series, diluted blanks, and diluted sample digests were pipetted into test tubes. Following that, 3.8 ml of the diluted mixed
reagent (6.8) was added and mixed. The mixture was allowed to stand for either 10 minutes or 1 hour.

After the standing period, the absorbance was measured in a 1-cm cuvette at a wavelength of 880 nm.

15



Journal of Agricultural, Environmental and Veterinary Sciences (JAEVS) ¢ Vol 8, Issue 1 (2024)

The calculation for determining the total phosphorus content in the dried plant material, expressed in mmol/kg P, involved
the following formula:

0.01053 *(a-b) *V/w

In this formula, "a" represents the concentration of phosphorus in the diluted sample digest, measured in mg/l, and "b"
represents the concentration of phosphorus in the diluted blank digest, also measured in mg/I. "V" represents the total volume of digest
at the end of the digestion procedure, measured in ml, and "w" represents the weight of the plant material sample, measured in grams.

For the determination of potassium (K) concentration, the flame photometer apparatus (CORNING M 410, Germany) was
used. The following steps were involved:

The preparation of reagents included the stock solution of potassium with a concentration of 5000 mg/I. It was prepared by
dissolving 9.534 g potassium chloride (KCI) in water in a 1000-ml volumetric flask and making up to the mark with water. Additionally,
the cesium solution with a concentration of 1.1 g/L was prepared by dissolving 1.4 g cesium chloride (CsCl) in a 1000-ml volumetric
flask and making up to the mark with water. The cesium-lanthanum solution with cesium concentration 1.1 g/l and lanthanum
concentration 1.1 g/l was prepared by dissolving 1.4 g cesium chloride (CsCl) and 3.43 g lanthanum nitrate hexahydrate
(La(NO3)3.6H20) in a 1000-ml volumetric flask and making up to the mark with water.

To prepare the standard series, specific volumes of the standard solution were pipetted into 100-ml volumetric flasks and
diluted with about 40 ml water. Depending on the desired concentration, either concentrated sulfuric acid (96%), concentrated nitric
acid (65%), or concentrated hydrochloric acid (36%) was added. The mixture was allowed to cool down, and then water was added to
make up to the mark. The standard series had potassium concentrations of 0 — 100 — 200 — 300 — 400 — 500 mg/I.

The concentrations of calcium, magnesium, sodium, iron, manganese, zinc, and copper were determined using an Atomic
Absorption Spectrophotometer with air-acetylene fuel (Pye Unicam, model SP-1900, US).

For the determination of calcium (Ca), the following procedures were followed:

This determination could be carried out on various digests such as digest (digestion with H2504 — salicylic acid - H202 - Se),
digest 2.2 (digestion with H2S04 - salicylic acid - H202), digest 2.3 (microwave digestion with HNO3 - H202 - HF), digest 2.4
(digestion with HNO3 - H202 - HF), and digest 2.7 (digestion by dry-ashing followed by treatment with HF).

The apparatus used was a flame atomic emission spectrometer.

The required reagents were as follows:

®  Stock Solution, Ca concentration 1000 mg/l: Calcium carbonate (CaCO3) that had been dried at 105°C for 2 hours was
weighed out (2.497 g) and transferred to a 1000-ml volumetric flask with the help of approximately 150 ml water. Then, 13
ml of 4 M hydrochloric acid was added and boiled to expel CO2. If any visible calcium carbonate particles remained, an
additional 1 ml of 4 M hydrochloric acid was added. The solution was allowed to cool and made up to volume with water.

®  Hydrochloric Acid 4 mol/I: 34 ml of concentrated hydrochloric acid (36%) was added to approximately 400 ml water and
made up to 1 liter.

®  Lanthanum Solution, La concentration 1.1 g/I: 3.43 g of lanthanum nitrate hexahydrate (La(NO3)3.6H20) was dissolved in a
1000-ml volumetric flask and made up to the mark with water.

®  (Cesium-Lanthanum Solution, Cs concentration 1.1 g/l, La concentration 1.1 g/I: 1.4 g of cesium chloride (CsCl) and 3.43 g of
lanthanum nitrate hexahydrate (La(NO3)3.6H20) were dissolved in a 1000-ml volumetric flask and made up to the mark
with water.

®  Standard Series: Specific volumes (0 — 10.0 — 20.0 — 30.0 — 40.0 — 50.0 ml) of the stock solution (6.1A or 6.1B) were pipetted
into 100-ml volumetric flasks containing 40 ml of water. Depending on the digestion method used, concentrated sulfuric acid
(96%) (digestion 2.1 or 2.2), concentrated nitric acid (65%) (digestion 2.3), concentrated nitric acid (65%) (digestion 2.4), or
concentrated hydrochloric acid (36%) (digestion 2.7) was added. After cooling down, the flasks were made up to the mark
with water. The standard series had calcium concentrations of 0 — 100 — 200 — 300 — 400 — 500 mg/!.

The standard series, blanks, and sample digests 1 + 9 (v/v) were diluted with lanthanum solution or cesium-lanthanum
solution and mixed. The diluted standard series, diluted blanks, and diluted sample digests were measured for calcium concentration

using flame AES at a wavelength of 622.0 nm, utilizing an air-acetylene flame.
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The calculation for the calcium content of the dried plant material, expressed in mmol/kg, is performed as follows:

0.02495 * (a- b) *V /w where:

arepresents the concentration of calcium in the sample digest, in mg/I.

b represents the concentration of calcium in the blank digest, in mg/I.

V represents the total volume of the digest at the end of the digestion procedure, in ml.
w represents the weight of the plant material sample, in grams.

For the determination of magnesium (Mg), the following procedures may be carried out on various digests such as digest 2.1

(digestion with H2504 — salicylic acid - H202 - Se), digest 2.2 (digestion with H2S04 - salicylic acid - H202), digest 2.3 (microwave

digestion with HNO3 - H202 - HF), digest 2.4 (digestion with HNO3 - H202 - HF), and digest 2.7 (digestion by dry-ashing followed by

treatment with HF).

The apparatus used is an Atomic Absorption Spectrophotometer.

The required reagents are as follows:
Stock Solution, Mg concentration 1000 mg/I: Dissolve 10.130 g of magnesium sulphate heptahydrate (MgS04.7H20) in
some water in a 1000-ml volumetric flask and make up to the mark with water.
Standard Series: Pipette specific volumes (0 — 1.00 — 2.00 — 4.00 ml) of the standard solution into 100-ml volumetric flasks
containing 40 ml of water. Depending on the digestion method used, either 4.5 ml of concentrated sulfuric acid (96%) (as
digestion), 10 ml of concentrated nitric acid (65%) (digestion), 3.0 ml of concentrated nitric acid (65%) (digestion), or 1.0 ml
of concentrated hydrochloric acid (36%) was added. After cooling down, the flasks were made up to the mark with water.
This standard series had magnesium concentrations of 0 — 10 — 20 — 40 mg/I.

In the procedure, the measurement of magnesium concentration in the standard series, blanks, and sample digests was

conducted using ICP-OES at a wavelength of 280.270 nm. A fitted background correction was utilized at this wavelength.

follows:

The calculation for the total magnesium content in the dried plant material, expressed in mmol/kg Mg, is performed as

0.04114 * (a-b) *V/w where:
arepresents the concentration of magnesium in the sample digest, in mg/l‘
b represents the concentration of magnesium in the blank digest, in mg/I.
V represents the total volume of the digest at the end of the digestion procedure, in ml.

w represents the weight of the plant material sample, in grams.

3.3.4.4 Iron (Fe)

This determination can be carried out on digestions (microwave digestion with HNO3 - H202 - HF), (digestion with HNO3 -

H202 - HF), digest (digestion with HNO3 - HCIO4 - H2504), and digest (digestion by dry-ashing followed by treatment with HF).

The Atomic Absorption Spectrophotometer is used as the apparatus.

The following reagents are required:
Stock Solution, Fe concentration 1000 mg/I.
Stock Solution, Fe concentration 1000 mg/| - Ammonium iron sulphate hexahydrate, (NH4)2Fe(SO4)2.6H20, is dissolved
in a 1000-ml volumetric flask containing 200 ml water and 10 ml concentrated nitric acid (65 %). It is made up to the mark
with water.
Standard Solution Fe concentration 50 mg/l - 25.0 ml of the stock solution (6.1A or 6.1B) is pipetted into a 500-ml
volumetric flask. 1 ml concentrated nitric acid (65 %) is added, and it is made up to the mark with water.
Standard Series - Specific volumes (0 — 2.00 — 4.00 — 6.00 — 8.00 — 10.00 ml) of the standard solution (6.2) are pipetted
into 100-ml volumetric flasks containing 40 ml water. Depending on the digestion method used, either 10 ml concentrated
nitric acid (65 %), 3.0 ml concentrated nitric acid (65 %), 0.45 ml concentrated sulphuric acid (96%), or 1.0 ml concentrated
hydrochloric acid (36 %) is added. After cooling down, the flasks are made up to the mark with water. This standard series
has Fe concentrations of 0 —1—2—3—4—5mg/l.

The iron content of the dried plant material, expressed in mg/kg Fe, is calculated using the formula:
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(@a-b)*V/w
where:
arepresents the concentration of iron in the sample digest, in mg/I.
b represents the concentration of iron in the blank digest, in mg/I.
V represents the total volume of the digest at the end of the digestion procedure, in ml.

w represents the weight of the plant material sample, in grams.

3.3.4.5 Manganese (Mn)

This determination can be carried out on digestions 2.1 (digestion with H2504 — salicylic acid - H202 - Se), (digestion with

H25S04 - salicylic acid - H202), (microwave digestion with HNO3 - H202 - HF), digest 2.4 (digestion with HNO3 -H202 - HF),

(digestion with HNO3 - HClO4 - H2S04), and digest (digestion by dry-ashing followed by treatment with HF).

The Atomic Absorption Spectrophotometer is used as the apparatus.

The following reagents are required:

®  Stock Solution, Mn concentration 1000 mg/I.
®  Stock Solution, Mn concentration 1000 mg/l - Potassium permanganate, KMnO4, is dissolved in water in a beaker. 1 ml
concentrated nitric acid is added, and the permanganate is reduced with a few drops of hydrogen peroxide (30 %). The
excess H202 is boiled off, and the contents of the beaker are transferred quantitatively to a 1000-ml volumetric flask and
made up to the mark.
®  Standard Solution, Mn concentration 100 mg/I - 10.00 ml of the stock solution is pipetted into a 100-ml volumetric flask
and made up to volume with water.
®  Standard Series - Specific volumes (0 — 1.00 — 2.00 ml) of the standard solution are pipetted into 100-ml volumetric flasks
containing 40 ml water. Depending on the digestion method used, either 4.5 ml concentrated sulphuric acid (96 %), 10 ml
concentrated nitric acid (65 %), 3.0 ml concentrated nitric acid (65 %), 0.45 ml concentrated sulphuric acid (96 %), or 1.0 ml
concentrated hydrochloric acid (36 %) is added. After cooling down, the flasks are made up to the mark with water. This
standard series has Mn concentrations of 0 — 1.0 — 2.0 mg/I.
®  (alibration Curve - The emission counts are plotted versus the mg/l manganese in the standard series.
The Mnconcentration is measured in the standard series, the blanks, and the sample digests at a wavelength of 257.610 nm.
A (fitted) background correction is used at this wavelength.
CALCULATIONThe total manganese content in the dried plant material, expressed in mg/kg Mn, is calculated by:
(a-b)*Vv/w
in which:
ais the concentration of manganese in the sample digest, in mg/I;
b is the concentration of manganese in the blank digest, in mg/I;
Vis the total volume of digest at the end of the digestion procedure, in ml;
w is the weight of plant material sample, as gm.
3.3.4.6 Copper (Cu)

Solutions with copper compounds are nebulised into an argon plasma, where all components are vaporised. The ions

produced are entrained in the plasma gas and introduced into a mass spectrometer, where they are sorted according to their mass-to-

charge ratios and quantified with a channel electron multiplier. Copper is determined at mass 63 amu.

APPARATUS

Atomic Absorption Spectrophotometer

REAGENTS

This determination may be carried out on digest 2.3 (microwave digestion with HNO3 - H202 - HF), digest 2.4 (digestion

with HNO3 - H202 - HF), digest 2.6 (digestion with HNO3 - HCIO4 - H2S04) and digest 2.7 (digestion by dry-ashing followed by

treatment with HF).

Stock Solution, Cu concentration 1000 mg/l
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Stock Solution, Cu concentration 1000 mg/I - 3.929 g copper sulphate pentahydrate, CuSO4.5H20, are dissolved in some
ultra-pure water in a volumetric flask of 1000 ml. Itis made up to 1000 ml with ultra-pure water.
Standard Solution, Cu concentration 1 mg/l - 1 ml concentrated nitric acid (65 % s.p.) are pipetted in a 1000-ml polythene
volumetric flask which already contains about 500 ml ultra-pure water. 1.00 ml stock solution is added and it is made up to
volume with ultra-pure water.
Standard Series - 0 — 1.00 — 2.00 — 5.00 ml of the standard solution (6.2) are pipetted in about 40 ml ultra-pure water in a
100-ml polythene volumetric flasks. Either 1.0 ml concentrated nitric acid (65 %), 0.3 ml concentrated nitric acid (65 %),
0.045 ml concentrated sulphuric acid (96 %) or 0.1 ml concentrated hydrochloric acid (36 %) are added. They are let cool
down and made up to the mark with ultra-pure water. This standard series has Cu concentrations of 0 —10 — 20 — 50 Llg/L.
PROCEDURE
Measurement — In the standard series, the blanks and the sample digests the Cu concentration is measured with 63 amu???.

CALCULATION

The total copper content in the dried plant material, expressed in Llg/kg Cu, is calculated by:

(a-b)*V/w

in which:

ais the concentration of copper in the sample digest, in Pg/l;

b is the concentration of copper in the blank digest, in Pg/I;

Vis the total volume of digest at the end of the digestion procedure, in ml;

w is the weight of plant material sample, as gm.

3.3.4.7 Zinc (Zn)

This determination may be carried out on digest 2.1 (digestion with H2S04 — salicylic acid - H202 - Se), (digestion with

H2504 - salicylic acid - H202), (microwave digestion with HNO3 - H202 - HF), (digestion with HNO3 - H202 - HF), (digestion with

HNO3 - HClO4 - H2504) and digest (digestion by dry-ashing followed by treatment with HF).

APPARATUS

Atomic Absorption Spectrophotometer

REAGENTS
Stock Solution, Zn concentration 1000 mg/l.
Stock Solution, Zn concentration 1000 mg/| - 4.398 g zinc sulphate heptahydrate, ZnS04.7H20, are dissolved in about 500
ml ultra-pure water in a 1000-ml volumetric flask and it is made up to volume.
Standard Solution, Zn concentration 20 mg/l - 2.00 ml stock solution are pipetted into a 100-ml volumetric flask and it is
made up to volume.
Standard Series - 0 — 2.00 — 4.00 — 6.00 — 8.00 — 10.00 ml of the standard solution are pipetted into 100-ml volumetric
flasks which already contain 40 ml water. Either 4.5 ml concentrated sulphuric acid (96 %), 10 ml concentrated nitric acid
(65 %), 3.0 ml concentrated nitric acid (65%), 0.45 ml concentrated sulphuric acid (96 %) or 1.0 ml concentrated
hydrochloric acid (36 %) are added. They are let cool down and made up to the mark with water. This standard series has

Zn concentrations of 0-0.2—-0.4—-08—-12—1.6—20mg/l.

PROCEDURE

Measurement — In the standard series, the blanks and the sample digests the Zn concentration is measured with flame AAS

ata wavelength of 213.9 nm, using a just blue (stoichiometric) air-acetylene flame. Background correction is used.

CALCULATION

The total zinc content in the dried plant material, expressed in mg/kg Zn, is calculated by:
(@a-b)*V/w

in which:

ais the concentration of zinc in the sample digest, in mg/l;

b is the concentration of zinc in the blank digest, in mg/I;
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Vis the total volume of digest at the end of the digestion procedure, in ml;

w is the weight of plant material sample, in gm.
3.3.4.8 Plant pigments

Fresh leaves were extracted with dimethyl formamide )DMF) and placed overnight at cool temperature (5°C). Chlorophyll
(A), (B), total chlorophylls and total carotenoids were measured by a Spectrophotometer at wavelengths 663, 647 and 470 nm,
respectively. Chlorophylls and carotenoids were calculated according to the equation described by (Moran, 1982).

Chl.a=12.70A663 - 2.79A647

Chl.b=20.76 A647 - 4.62 A663

Total Chl.=17.90 A647 + 8.08 A663

Total carotenoids = [1000xA470 - (3.72 Chl. a- 104 Chl. b] /229
3.3.5 Determination of carbohydrates

Total carbohydrates in plant herbs were determined by the phosphomolybdic acid method according to (A.0.A.C, 1970). As
follow:

Carbohydrate is first hydrolyzed into simple sugars using dilute hydrochloric acid. In hot acidic medium glucose is

dehydrated to hydroxymethyl furfural. This compound forms with anthrone a green colored product with absorption maximum at 630

nm.

Reagents

Glucose stock standard: 100 mg of glucose was dissolved in 100 ml of water in a standard flask.

Working standard: 10 ml of the stock was diluted to 100 ml. 1.0 ml of this solution contains 100 [lg of glucose.

Anthrone reagent: 0.2% anthrone was dissolved in ice cold concentrated sulphuric acid. Prepared fresh before use 4. 2.5 N
HCl.

Procedure

100mg of the sample was weighed into a boiling tube, hydrolysed by keeping it in a boiling water bath for three hours with
5.0 ml of 2.5 N HCl and cooled to room temperature. It was neutralized with solid sodium carbonate until the effervescence ceased and
made up the volume to 100 ml and centrifuged, the supernatant was collected and 0.2 to 1.0 ml was taken for analysis. The standards
were prepared by taking 0.2-1.0 ml of the working standards. 1.0 ml of water serves as a blank made up the volume to 1.0 mlin all the
tubes with distilled water, then 4.0 ml of anthrone reagent was added, heated for eight minutes in a boiling water bath, cooled rapidly
and read the green to dark green color at 630 nm.

Calculation

A standard graph was drawn by taking the concentration of glucose on X axis and spectrophotometer reading on Y axis.
From the graph the concentration of glucose in the sample was calculated.

3.3.6 Determination of Total phenolics:

Total phenolic contents of leaves extracts were determined spectrophotometrically according to the Folin-Ciocalteu
colorimetric method (Singleton and Rossi 1965).

3.3.7 Determination of Total flavonoids:

Total flavonoids were determined using the method of (Meda et al., 2005) as follow:

A portion of the plant material was weighed out and extraction was carried out in two steps, firstly with MeOH: H20 (1:1). at
each step, sufficient solvent was added to make liquid slurry and the mixture was left for 6-12 hrs, filtration to separate the extract from
the plant material was carried out rapidly by using a glass wool or cotton wool plugged in the neck of a filter funnel. The two extracts
were then combined and evaporated to about one third the original volume or until most of the MeOH has been removed, the resultant
aqueous extract was cleared of low polarity contaminants such as fats, terpenes, chlorophylls and xanthophylls by extraction (in a
separating funnel) with hexane or chloroform, this was repeated several times and the extracts obtained were concentrated.

Reagents

1. Vanillin reagent -1% vanillin in 70% conc.H2504.
2. Catechin standard 110 plg/ml.
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Procedure
An aliquot of the extract was pipetted into a test tube and evaporated to dryness.

Then 4 ml of vanillin reagent was added and it was heated for 15 min in a boiling water bath. A standard was also treated in
the same manner. Then the optical density was read at 340 or 360 nm.

3.3.8 Determination of Ascorbic acid

Vitamin - C content as ascorbic acid (mg) was estimated in leaves fresh weight, according to (HELRICH, A.O.A.C., 1990). as
follow:

Ascorbate is converted to dehydroascorbate by treatment with activated charcoal or bromine. Dehydro ascorbic acid then
reacts with 2,4- dinitrophenyl hydrazine to form osazones, which dissolve in sulphuric acid to give an orange colored solution, whose
absorbance can be measured spectrophotometrically at 540nm.

Reagents

1. Trichloroacetic acid (4%)
Sulphuric acid (9N)
2,4-dinitrophenylhydrazine reagent (2% in 9N sulphuric acid)
Thiourea solution (10%)

Sulphuric acid (85%)

IS T

Standard Ascorbate solution: 10 mg ascorbate in 100ml of 4% TCA.
Procedure

Ascorbate was extracted into 4% TCA by homogenizing 1g of sample in it and the volume was made up to 10 ml with 4%
TCA. The supernatant obtained after centrifugation at 2000 rpm for 10 mins was treated with a pinch of activated charcoal, shaken well
and kept for 10 mins. Centrifugation was repeated once again to remove the charcoal residue. The volumes of the clear supernatants
obtained were noted. Two different aliquots of the supernatant were taken for the assay (0.5 ml and 1.0 ml). The assay volumes were
made up to 2.0 ml with 4% TCA. 0.2 to 1.0 ml of the working standard solution containing 20-100 g of ascorbate respectively were
pipetted into clean dry test tubes, the volumes of which were also made up to 2.0 ml with 4% TCA. DNPH reagent (0.5ml) was added to
all the tubes, followed by two drops of 10% thiourea solution. The osazones formed after incubation at 37°C for 3 hours were dissolved
in 2.5 ml of 85% H2504, in cold, with no appreciable rise in temperature. To the blank alone, DNPH reagent and thiourea were added
after the addition of H2S04. After incubation for 30 minutes at room temperature, the samples were read at 540 nm and the levels of

ascorbic acid in the samples were determined using the standard graph constructed on an electronic calculator.

4. Results and Discussion

4.1 Growth Parameters

As shown in Table (4.9 ) plant growth significantly decreased in response to drought stress. At severe drought conditions
(30% FC), shoot FW and DW decreased by about (31.57%) and (33.32%), respectively lower than their corresponding comparing with
unstressed treatment (controls) (Table 9). However, a foliar spraying with the studied concentrations of NSi (10, 5 and 3 PPM)
significantly increased plant growth under drought Conditions.

Fresh and dry weight of shoot and of root significantly enhanced by increasing NSi concentration under mild (70% FC)
drought condition (Tables. 4.1, 4.2 and 4.4). The most pronounced enhanced achieved under mild drought conditions (70% FC by
applying 5 ppm (NSi) where shoot fresh weight increased by about 38.29 %, dry weight of shoot increased by 29.41% more than
untreated stressed control) (Tables. 4.1-4.4). At severe drought conditions (30% FC) by adding 5 PPM of NSi showed significantly
enhanced in shoot fresh weight by 20.68 %, shoot dry weight by 21.05% respectively than untreated stressed (control) (Table. 4.9).

Pooled data for levels of silicon under irrigation levels were used for correlation heat map of plant hormones, macro
elements, and micro elements have shown in Fig 1. All trait showed a positive significant (p < 0.01) correlation with all studied traits

except ABA, and total phenols which had a negative correlation with all studied traits.

21



Journal of Agricultural, Environmental and Veterinary Sciences (JAEVS) ¢ Vol 8, Issue 1 (2024)

4.2 Statistical analysis
The dataset of studied traits was collected and subjected to statistical analysis. The analysis of variance (ANOVA) for testing
the significant differences within treatments was performed according to Gomez and Gomez (1984) was done using XLSTAT (Addin
soft, New York, USA) statistical package. Duncan’s Multiple Range Test was used to do mean comparisons for main effects and
interaction. Pooled data for traits was used for correlation analysis using Origin Pro 2021(Origin Lab, Northampton, MA, USA)
computer software program.
Table 4.1: Means and standard error for plant hormones (content) in Coriandrum sativum plant under three levels of

irrigation, foliar spray with nano-silicon and interaction.

Ascorbic Acid

Treatment
(ng/g F-W) (ng/g F-W) (g/100g)
100 % (11) 55.45+5.76 a 14.23+0.86 c 17.02+£0.73 a
70% (12) 36.50+£3.10 b 16.81+£0.50 b 14.93+0.43 b
Irrigation (1)
30% (13) 20.97+3.93 c 19.41+£0.61a 12.67+£0.52 ¢
Sig. *k *% .
Control (S0) 33.11+£5.24b 17.45+0.84a 13.13+0.85b
5 ppm (51) 39.61+£2.97a 16.52+0.43b 15.96+0.45a
Silicon (S)
10 ppm (S2) 40.20£ 3.67 a 16.47 £0.56 b 15.52+£0.57 a
Sig' Kk *k 3k
11 x SO 48.95+2.48c 14.81+0.35f 15.80+1.01 bc
11 % S1 54.18 £ 0.63 b 14.30+0.18 f 16.20+0.92 bc
11xS2 63.21+£0.52a 13.57+0.32¢g 19.05+0.14a
12 x SO 32.85+0.43f 17.72+£0.30 c 12,90+ 0.12d
Irrigation x Silicon (1 12 %51 40.29+1.25d 15.77+£0.12 e 16.83+0.20b
xS) 12 x S2 36.37+0.57 e 16.96 + 0.06 d 15.07+£0.47 ¢
13 x SO 17.53+£0.66 i 19.82+£0.03 a 10.70+£0.23 e
13x $1 2437+033g 19.50+0.11 ab 14.85+0.09 c
13xS2 21.02+0.31h 18.90+0.07 b 12.45+0.03d
Sig~ Kk *k £

* and **: statistically significant differences at p <0.05 and p <0.01, respectively.

Table (4.1) presents the means and standard errors for plant hormone content, specifically GA3, ABA, and Ascorbic Acid, in
Coriandrum sativum plants. The analysis focuses on the effects of three factors: irrigation, foliar spray with nano-silicon, and their
interaction.

Under the Irrigation (1) factor, three levels of irrigation are compared: 100% (11), 70% (12), and 30% (I3). The mean values for
GA3, ABA, and Ascorbic Acid content are provided, along with their respective standard errors. The statistical significance of the
differences between the means is denoted by asterisks (* and **), with * indicating a significant difference at p <0.05 and ** indicating a
significant difference at p <0.01. In this case, all three hormones showed significant differences among the irrigation levels at p <0.01.

Similarly, under the Silicon (S) factor, three levels of silicon treatment are compared: Control (S0), 5 ppm (51), and 10 ppm
(S2). The mean values for GA3, ABA, and Ascorbic Acid content under each silicon level are given, along with the standard errors. The
significance of the differences is indicated by asterisks (* and **), with * representing a significant difference at p < 0.05 and **
representing a significant difference at p < 0.01. In this case, all three hormones showed significant differences among the silicon

treatments at p < 0.01.
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The Irrigation x Silicon (I x S) section represents the interaction between irrigation and silicon treatments. It includes multiple
sub-sections corresponding to different combinations of irrigation and silicon levels. The mean values for GA3, ABA, and Ascorbic Acid
content under each combination are provided, along with their standard errors. The statistical significance of the differences is denoted
by asterisks (* and *¥), with * indicating a significant difference at p < 0.05 and ** indicating a significant difference at p <0.01. In this
case, all three hormones showed significant differences at various combinations of irrigation and silicon levels at p <0.01.

The results suggest that both irrigation and silicon treatments have significant effects on the GA3, ABA, and Ascorbic Acid
content in Coriandrum sativum plants. Different levels of irrigation and silicon treatments can lead to variations in hormone levels,
indicating their influence on plant physiological processes and responses.

Gibberellic acid (GA3) is a plant hormone involved in promoting stem elongation, seed germination, and flowering. Abscisic
acid (ABA) is a hormone associated with plant stress responses, dormancy, and regulation of stomatal closure. Ascorbic Acid, or vitamin
C, is an antioxidant that plays a crucial role in plant defense mechanisms and stress tolerance.

The findings indicate that variations in irrigation levels and silicon treatments can affect the levels of GA3, ABA, and Ascorbic
Acid in Coriandrum sativum plants. These changes in hormone levels may have implications for plant growth, development, and
responses to environmental stresses.

Table 4.2: Means and standard errors for the secondary products in Coriandrum sativum plant under three levels of irrigation,

foliar spray with nano-silicon, and interactions.

Total alkaloids Total Flavonoids

Total phenols

Treatment
(ng/g D.W) (ng CE/g) (ng CE/g)
100 % (11) 1.68+0.07a 7.95+0.19 ¢ 35.72+1.84a
70% (12) 1.50+£0.04 b 8.63+0.10b 29.23+0.93 b
Irrigation (1)
30% (13) 1.26 £0.05 ¢ 9.11+0.13b 24.74+1.22 ¢
Sig. ** *k .
Control (S0) 1.05+0.09 b 8.79+0.14a 27.04+1.86 b
5 ppm (S1) 1.70+0.04a 8.53+0.06 b 32.00£1.01a
Silicon (S)
10 ppm (S2) 1.70+0.06 a 8.37+0.08b 30.65+1.27a
Sig‘ *3k *k kK
1150 1.34+022¢ 8.32+0.23 cd 32.78+0.45b
11x51 1.76 £ 0.01 ab 8.10£0.01d 35.77+0.37 ab
11xS2 1.93+0.01a 7.47£0.01e 38.61£0.27a
12 x SO 1.00+0.02 d 8.90 £ 0.01 ab 26.69+ 0.69d
Irrigation x Silicon (1 12 x 51 1.77£0.03 ab 8.42+0.24cd 32.29+ 3.05 be
xS) 12xS2 1.73+0.03 ab 8.58 £ 0.15 bc 28.71+2.69 cd
13 x S0 0.80+0.01d 9.15+0.00 a 21.64+0.31e
13x S1 1.56 % 0.00 bc 9.07£0.00a 27.96+0.17d
13xS2 1.43+0.01¢ 9.11£0.01a 24.63+0.30 de
sig‘ *k *k *k

* and **: statistically significant differences at p <0.05 and p <0.01, respectively.

Table (4.2) presents the means and standard errors for secondary products, specifically Total Alkaloids, Total Phenols, and
Total Flavonoids, in Coriandrum sativum plants. The analysis focuses on the effects of three factors: irrigation, foliar spray with nano-
silicon, and their interaction.

Under the Irrigation (1) factor, three levels of irrigation are compared: 100% (11), 70% (12), and 30% (I3). The mean values for

Total Alkaloids, Total Phenols, and Total Flavonoids are provided, along with their respective standard errors. The statistical significance
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of the differences between the means is denoted by asterisks (* and **), with * indicating a significant difference at p < 0.05 and **
indicating a significant difference at p < 0.01. In this case, all three secondary products showed significant differences among the
irrigation levels at p<0.01.

Similarly, under the Silicon (S) factor, three levels of silicon treatment are compared: Control (S0), 5 ppm (S1), and 10 ppm
(S2). The mean values for Total Alkaloids, Total Phenols, and Total Flavonoids under each silicon level are given, along with the
standard errors. The significance of the differences is indicated by asterisks (* and **), with * representing a significant difference at p <
0.05 and ** representing a significant difference at p < 0.01. In this case, all three secondary products showed significant differences
among the silicon treatments at p<0.01.

The Irrigation x Silicon (I x S) section represents the interaction between irrigation and silicon treatments. It includes multiple
sub-sections corresponding to different combinations of irrigation and silicon levels. The mean values for Total Alkaloids, Total Phenols,
and Total Flavonoids under each combination are provided, along with their standard errors. The statistical significance of the
differences is denoted by asterisks (* and **), with * indicating a significant difference at p < 0.05 and ** indicating a significant
difference at p <0.01. In this case, all three secondary products showed significant differences at various combinations of irrigation and
silicon levels at p<0.01.

The results suggest that both irrigation and silicon treatments have significant effects on the Total Alkaloids, Total Phenols,
and Total Flavonoids content in Coriandrum sativum plants. Different levels of irrigation and silicon treatments can lead to variations in
the production of these secondary metabolites, indicating their influence on the plant's biochemical composition and potential
medicinal properties.

Total Alkaloids are organic compounds with various physiological effects, including antimicrobial and anti-inflammatory
properties. Total Phenols are a diverse group of compounds known for their antioxidant activity and potential health benefits. Total
Flavonoids are a subclass of phenolic compounds that possess antioxidant, anti-inflammatory, and anticancer properties.

The results indicate that variations in irrigation levels and silicon treatments can affect the levels of Total Alkaloids, Total
Phenols, and Total Flavonoids in Coriandrum sativum plants. These changes in secondary product content may have implications for
the plant's nutritional value, flavor, and potential medicinal properties.

Table 4.3: Means and standard error for the carbohydrates in Coriandrum sativum plant under three levels of irrigation, foliar

spray with nano-silicon, and interaction.

Total farty acids Total Carbohydrates
Treatment

(pg/g D.W of seeds) (%)

100 % (11) 54.80+3.57a 23.31+£0.96 c
70% (12) 41.86£1.77b 2113£0.64b
Irrigation (1)

30% (13) 33.52+2.33c 17.62+0.72 b

Sig~ *k sk
Control (SO0) 40.29+3.59 b 19.02+1.14b
5 ppm (51) 4532+1.79a 21.59+£0.86 a

Silicon (S)

10 ppm (S2) 44.56+2.35a 21.44+£0.90 a

Sig~ *k kk
11 xS0 51.73+£0.63 c 21.77 £0.94 bc
11 %51 54.15+0.57 b 20.90 £ 0.35 bc
11xS2 58.52+0.41a 27.2510.49a

Irrigation x Silicon (I x
) 12 x SO 38.82+£0.23f 20.10+0.17 c
S

12 x S1 45.86+1.56d 22.83+0.75b
12 x S2 40.90+0.27 e 20.47 £ 1.39 bc
13 xS0 30.32+0.35h 15.20+0.17d
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Total fatty acids

Total Carbohydrates

Treatment
(pg/g D.W of seeds) (%)
13x S1 35.95+0.13 g 21.05+1.41 bc
13xS2 34.28+0.31g 16.60+0.12d
Sig. ok ok

* and **: statistically significant differences at p <0.05 and p <0.01, respectively.

Table (4.3) provides the means and standard errors for two variables, Total Fatty Acids and Total Carbohydrates, in
Coriandrum sativum plants. The analysis focuses on the effects of three factors: irrigation, foliar spray with nano-silicon, and their
interaction.

Under the Irrigation (1) factor, three levels of irrigation are compared: 100% (11), 70% (12), and 30% (I3). The mean values for
Total Fatty Acids and Total Carbohydrates are given, along with their respective standard errors. The statistical significance of the
differences between the means is denoted by asterisks (* and **), with * indicating a significant difference at p <0.05 and ** indicating a
significant difference at p < 0.01. In this case, both Total Fatty Acids and Total Carbohydrates showed significant differences among the
irrigation levels at p<0.01.

Similarly, under the Silicon (S) factor, three levels of silicon treatment are compared: Control (S0), 5 ppm (51), and 10 ppm
(S2). The mean values for Total Fatty Acids and Total Carbohydrates under each silicon level are provided, along with the standard
errors. The significance of the differences is indicated by asterisks (* and **), with * representing a significant difference at p <0.05 and
** representing a significant difference at p < 0.01. In this case, both Total Fatty Acids and Total Carbohydrates showed significant
differences among the silicon treatments at p <0.01.

The Irrigation x Silicon (I x S) section represents the interaction between irrigation and silicon treatments. Itincludes multiple
sub-sections corresponding to different combinations of irrigation and silicon levels. The mean values for Total Fatty Acids and Total
Carbohydrates under each combination are provided, along with their standard errors. The statistical significance of the differences is
denoted by asterisks (* and **), with * indicating a significant difference at p < 0.05 and ** indicating a significant difference at p <0.01.
In this case, both Total Fatty Acids and Total Carbohydrates showed significant differences at various combinations of irrigation and
silicon levels atp<0.01.

Total Fatty Acids are organic compounds that serve as a major energy source in organisms and play essential roles in cell
structure and function. Total Carbohydrates are a group of macronutrients that serve as a primary source of energy in plants and
animals.

The results suggest that variations in irrigation levels and silicon treatments can influence the levels of Total Fatty Acids and
Total Carbohydrates in Coriandrum sativum plants. These changes in biochemical composition may have implications for the plant's
nutritional value and potential applications in food and pharmaceutical industries.

Table 4.4: Means and standard error for N and P elements in shoot and root of Coriandrum sativum plant under three levels of

irrigation, foliar spray with nano-silicon and interaction.

Treatment
100 % (11) 291+0.09a 0.90+0.10a 0.09+0.01a 0.29+0.02a
70% (12) 2.52+0.03b 0.78+£0.07 a 0.27+0.01a 0.21+£0.01b
Irrigation (1)

30 % (13) 2.41£0.05c 0.36+0.08 b 0.21+0.01b 0.18 £0.01c

Sig. *%k *¥k *%k *%k
Control (SO0) 2.51+0.06 ¢ 0.65+0.10a 0.25+0.02b 0.19+0.02 ¢
5ppm (s1) 2.61+0.03b 0.69+0.09 a 0.26 £0.01 ab 0.22+0.01b

Silicon (S)
10 ppm (S2) 2.72+0.04a 0.69+0.08 a 0.27+0.01a 0.27+0.01a
Sig. Aok ns Aok
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N % P%
Treatment

Shoot Root Shoot Root

11 xS0 2.69+0.09 0.82+0.12b 0.29+0.01b 0.24+0.02b
1xS1 2.81+0.02b 0.81+0.02b 0.25+0.02 cd 0.20+0.02 cde

11xS2 3.23+0.05a 1.07+£0.01a 0.32+0.01a 0.42+0.00a
12xS0 2.49£0.02 de 0.84+0.02b 0.26+0.01 bed 0.18+ 0.02 de

Irrigation x 12xS1 2.57+0.01d 0.83+0.08b 0.28+0.00 bc 0.24+0.01b
Silicon (1< S) 12xS2 2.5240.03 de 0.67+0.17b 0.28£0.01 bc 0.22+£0.01 bc

13 xS0 2.35+0.02f 0.31£0.03 ¢ 0.20+0.01e 0.16+0.01e
13x $1 2.45+0.01def 0.43+0.01¢ 0.24+0.01d 0.22+0.01 bed

13xS2 2.42+0.01ef 0.33£0.01c 0.21+0.00 e 0.17+0.00 e

Sig. *k ** *k **

* and **: statistically significant differences at p <0.05 and p < 0.01, respectively. ns: non-significant

Table (4.4) presents the means and standard errors for the N and P elements in the shoot and root of Coriandrum sativum
plants. The analysis focuses on the effects of three factors: irrigation, foliar spray with nano-silicon, and their interaction.

Under the Irrigation (1) factor, three levels of irrigation are compared: 100% (11), 70% (12), and 30% (I3). The mean values for
N and P percentages in the shoot and root are provided, along with their respective standard errors. The statistical significance of the
differences between the means is denoted by asterisks (* and **), with * indicating a significant difference at p < 0.05 and ** indicating a
significant difference at p <0.01. In this case, all comparisons among the irrigation levels for N and P percentages in both shoot and root
showed significant differences at p <0.01, except for the N percentage in the root, which was not significant (ns).

Similarly, under the Silicon (S) factor, three levels of silicon treatment are compared: Control (S0), 5 ppm (S1), and 10 ppm
(S2). The mean values for N and P percentages in the shoot and root under each silicon level are provided, along with the standard
errors. The significance of the differences is indicated by asterisks (* and **), with * representing a significant difference at p <0.05 and
** representing a significant difference at p <0.01. In this case, all comparisons among the silicon treatments for N and P percentages in
the shoot and root showed significant differences at p < 0.01, except for the P percentage in the shoot, which was not significant (ns).

The Irrigation x Silicon (I x S) section represents the interaction between irrigation and silicon treatments. Itincludes multiple
sub-sections corresponding to different combinations of irrigation and silicon levels. The mean values for N and P percentages in the
shoot and root under each combination are provided, along with their standard errors. The statistical significance of the differences is
denoted by asterisks (* and **), with * indicating a significant difference at p < 0.05 and ** indicating a significant difference at p <0.01.
In this case, all comparisons among the combinations of irrigation and silicon levels for N and P percentages in the shoot and root
showed significant differences at p<0.01.

N and P are essential elements for plant growth and development. N is a major component of proteins, nucleic acids, and
other important molecules, while P is involved in energy transfer, nucleic acid synthesis, and cell signaling.

The results suggest that variations in irrigation levels and silicon treatments can affect the levels of N and P percentages in
the shoot and root of Coriandrum sativum plants. These changes in nutrient composition may have implications for plant growth,
nutrient uptake, and overall plant health.

Table 4.5: Means and standard error for K and Mg elements in shoot and root of Coriandrum sativum plant under three levels

of irrigation, foliar spray with nano-silicon and interaction.

Treatment

100 % (11) 3.31+0.17a 23510.14a 0.35+0.02a 0.07£0.00 a
70% (12) 3.33+0.15a 2.20+0.11b 0.25+0.01b 0.06 +0.00 a
Irrigation (1)
30% (13) 2.46+0.14b 1.55£0.11c 0.21+0.01c 0.04+0.00 b
Sig. k¥ k¥ k¥ *
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Treatment

Control (S0) 2.79+0.22 ¢ 1.74+021b 0.25+0.03b 0.04+0.01b
5 ppm (S1) 3.11£0.17b 214+0.17a 0.28+0.01a 0.06 £0.00 a
Silicon (S)
10 ppm (S2) 3.21£0.17a 221+0.17a 0.29+0.02a 0.06 +0.00 a
Sig. *kk * *k *
1150 3.27+0.07b 2.20+0.18 ¢ 0.34+0.02b 0.06 + 0.01 ab
11x51 3.13£0.02¢ 2.13+0.02¢ 0.32£0.02b 0.05 + 0.02 bc
11xS2 3.55+0.04a 2.72+0.03a 0.39+0.01a 0.09 £ 0.00 a
12x S0 3.04+ 0.02¢ 2.00 + 0.06 cd 0.22+ 0.02d 0.04 + 0.01 bc
Irrigation x Silicon 12 xS1 3.49+0.03a 2.41+0.01b 0.27 £0.01 ¢ 0.08 £ 0.01a
(1x5) 12xS2 3.46+0.02a 2.19+0.05 ¢ 0.27£0.01¢ 0.06+0.01ab
13 x SO 2.05+0.03 e 1.04 £ 0.03 f 0.18£0.01e 0.02£0.01 ¢
13x S1 2.71+0.01d 1.890.05 de 0.23+0.01d 0.06 £ 0.01 ab
13 xS2 2.62+0.01d 1.72+0.01e 0.21+0.01 de 0.04 £0.010 be
Sig. *%k *k *k *

* and **: statistically significant differences at p <0.05 and p <0.01, respectively.

Table (4.5) presents the means and standard errors for the K (potassium) and Mg (magnesium) elements in the shoot and
root of Coriandrum sativum plants. The analysis focuses on the effects of three factors: irrigation, foliar spray with nano-silicon, and
their interaction.

Under the Irrigation (1) factor, three levels of irrigation are compared: 100% (11), 70% (12), and 30% (I3). The mean values for
K and Mg in both shoot and root are provided, along with their respective standard errors. The statistical significance of the differences
between the means is denoted by asterisks (* and **), with * indicating a significant difference at p < 0.05 and ** indicating a significant
difference atp <0.01.

Similarly, under the Silicon (S) factor, three levels of silicon treatment are compared: Control (S0), 5 ppm (51), and 10 ppm
(S2). The mean values for K and Mg in both shoot and root under each silicon level are given, along with the standard errors. The
significance of the differences is indicated by asterisks (* and **), with * representing a significant difference at p < 0.05 and **
representing a significant difference at p <0.01.

The Irrigation x Silicon (I x S) section represents the interaction between irrigation and silicon treatments. It includes multiple
sub-sections corresponding to different combinations of irrigation and silicon levels. The mean values for K and Mg in shoot and root
under each combination are provided, along with their standard errors. The statistical significance of the differences is denoted by
asterisks (* and **), with * indicating a significant difference at p < 0.05 and ** indicating a significant difference at p <0.01.

The significance row at the bottom of each section and the Irrigation x Silicon (I x S) section indicates the overall statistical

significance of the effects. The presence of * or **

in the Sig. row suggests significant differences between the treatments in most
comparisons.

Based on the table, it can be observed that both irrigation and silicon treatments have significant effects on the K and Mg
content in the shoot and root of Coriandrum sativum plants. The means of K and Mg content vary across different irrigation and silicon
levels, and the significance values indicate that these differences are statistically significant.

Furthermore, the interaction between irrigation and silicon treatments (I x S) also shows significant effects on K and Mg
content. The means of K and Mg content differ among the various combinations of irrigation and silicon levels, and the significance
values indicate that these differences are statistically significant.

The results suggest that variations in irrigation levels and silicon treatments can influence the uptake and accumulation of

potassium and magnesium in different plant parts, specifically the shoot and root of Coriandrum sativum. These findings highlight the
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importance of appropriate irrigation management and the potential role of silicon supplementation in influencing the nutrient status of
the plant.

The statistical analysis presented in Table 4.5 indicates significant differences between treatments in terms of potassium and
magnesium content in the shoot and root of Coriandrum sativum plants. The findings suggest that irrigation, silicon supplementation,
and their interaction play a role in modulating these nutrient levels in the plant. However, further research is required to fully
understand the underlying mechanisms and practical implications of these findings.

Table 4.6: Means and standard error for Ca element in shoot and root of Coriandrum sativum plant under three levels of

irrigation, foliar spray with nano-silicon and interaction.

Treatment

Shoot

Root

100 % (11) 1.56+0.03 a 1.16+£0.11a
70% (12) 1.52£0.02b 1.09+0.09b
Irrigation (1)

30% (13) 1.36 £0.03 ¢ 0.58+0.09 ¢

Sig~ *¥k *k
Control (SO0) 1.41+£0.03 b 0.75+0.18 c
5 ppm (S1) 151£0.03a 1.06£0.15b

Silicon (S)

10 ppm (S2) 1.51+£0.03a 1.021£0.15a

Sig' *k *k
11 xS0 1.48 £ 0.04 cd 1.11+£0.04 c
11 x S1 1.54+0.02 b 1.15£0.02 ¢
11xS2 1.65+£0.01a 1.22+0.00 a
12 x SO 1.46 + 0.01 cd 1.01+ 0.01cd
12 x S1 1.57+0.02b 1.15+0.00b

Irrigation x Silicon (I x S)

12 x S2 1.52+£0.01 bc 1.12+£0.01c
13 xS0 1.29+0.01f 0.12+0.01f
13x S1 1.42 £ 0.01 de 0.89£0.01de
13xS2 1.38+£0.00 e 0.73£0.01e

Sig. Ak *k

* and **: statistically significant differences at p <0.05 and p <0.01, respectively.

Table (4.6) provides the means and standard errors for the Ca (calcium) element in the shoot and root of Coriandrum
sativum plants. The analysis focuses on the effects of three factors: irrigation, foliar spray with nano-silicon, and their interaction.

Under the Irrigation (1) factor, three levels of irrigation are compared: 100% (11), 70% (12), and 30% (13). The mean values for
Ca in both shoot and root are provided, along with their respective standard errors. The statistical significance of the differences
between the means is denoted by asterisks (* and **), with * indicating a significant difference at p < 0.05 and ** indicating a significant
difference atp<0.01.

Similarly, under the Silicon (S) factor, three levels of silicon treatment are compared: Control (S0), 5 ppm (51), and 10 ppm
(S2). The mean values for Ca in both shoot and root under each silicon level are given, along with the standard errors. The significance
of the differences is indicated by asterisks (* and **), with * representing a significant difference at p < 0.05 and ** representing a
significant difference at p <0.01.

The Irrigation x Silicon (I x S) section represents the interaction between irrigation and silicon treatments. Itincludes multiple

sub-sections corresponding to different combinations of irrigation and silicon levels. The mean values for Ca in shoot and root under
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each combination are provided, along with their standard errors. The statistical significance of the differences is denoted by asterisks (*
and **), with * indicating a significant difference at p < 0.05 and ** indicating a significant difference at p <0.01.

The significance row at the bottom of each section and the Irrigation x Silicon (I x S) section indicates the overall statistical
significance of the effects. The presence of * or ** in the Sig. row suggests significant differences between the treatments in most
comparisons.

Based on the results, it can be observed that both irrigation and silicon treatments have significant effects on the Ca content
in the shoot and root of Coriandrum sativum plants. The means of Ca content vary across different irrigation and silicon levels, and the
significance values indicate that these differences are statistically significant.

Furthermore, the interaction between irrigation and silicon treatments (I x S) also shows significant effects on Ca content.
The means of Ca content differ among the various combinations of irrigation and silicon levels, and the significance values indicate that
these differences are statistically significant.

The results suggest that variations in irrigation levels and silicon treatments can influence the uptake and accumulation of
calcium in different plant parts, specifically the shoot and root of Coriandrum sativum. Calcium is an essential nutrient for plant growth
and development, playing a crucial role in cell wall formation, enzyme activation, and various physiological processes.

Table 4.7: Means and standard error for micro elements in shoot Coriandrum sativum plant under three levels of irrigation,

foliar spray with nano-silicon and interaction.

Treatment

ppm ppm ppm
100 % (11) 191.9+6.86 a 589+3.12a 13.9+1.00a
70% (12) 174.9+4.40 b 52.9+2.20b 11.1+£0.59b
Irrigation (1)
30 % (13) 150.9+5.10c 40.6+2.41c 8.1+0.71c¢
Sig. sk sk sk
Control (S0) 167.5+8.92b 48.8+3.75¢ 10.1£0.93b
5 ppm (S1) 176.4+£6.96 a 53.1+2.38a 11.4+£0.59a
Silicon (S)
10 ppm (S2) 173.7+7.14 ab 50.7+2.77b 11.7+£0.69 a
Sig. *% Kk Kk
11 xS0 188.0 £ 0.93 ab 59.4+0.50a 12.7+£0.30c
11 xS1 189.5+0.55a 58.1+0.43b 13.7+£0.29b
11xS2 198.2+0.38a 59.5+0.46a 15.6+0.52a
12 x SO 177.3+£0.89 bc 499+0.14 e 10.3+ 0.26 e
Irrigation x Silicon (I 12 x S1 177.5+3.54 bc 56.6 £0.53 ¢ 11.8+0.26d
xS) 12 xS2 169.8 + 8.66 cd 52.4+0.64d 11.2+£0.17d
13 xS0 137.3+4.04f 37.3+0.24h 7.2+0.04¢g
13x $1 162.3+0.76 de 44.8 £0.23f 8.7+0.36 f
13xS2 153.3+0.87 e 40.1+0.24g 8.3+0.07f
Sig. sk sk sk
CV% 3.54 1.48 4.53

* and **: statistically significant differences at p <0.05 and p <0.01, respectively.

Table (4.7) presents the means and standard errors for three microelements (Fe, Zn, and Mn) in the shoot of Coriandrum
sativum plants. The analysis focuses on the effects of three factors: irrigation, foliar spray with nano-silicon, and their interaction.

Under the Irrigation (1) factor, three levels of irrigation are compared: 100% (11), 70% (12), and 30% (I3). The mean values for
Fe, Zn, and Mn in the shoot are provided, along with their respective standard errors. The statistical significance of the differences
between the means is denoted by asterisks (* and **), with * indicating a significant difference at p < 0.05 and ** indicating a significant

difference atp<0.01.
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Similarly, under the Silicon (S) factor, three levels of silicon treatment are compared: Control (S0), 5 ppm (S1), and 10 ppm
(S2). The mean values for Fe, Zn, and Mn in the shoot under each silicon level are given, along with the standard errors. The significance
of the differences is indicated by asterisks (* and **), with * representing a significant difference at p < 0.05 and ** representing a
significant difference at p <0.01.

The Irrigation x Silicon (I x S) section represents the interaction between irrigation and silicon treatments. It includes multiple
sub-sections corresponding to different combinations of irrigation and silicon levels. The mean values for Fe, Zn, and Mn in the shoot
under each combination are provided, along with their standard errors. The statistical significance of the differences is denoted by
asterisks (* and **), with * indicating a significant difference at p < 0.05 and ** indicating a significant difference at p<0.01.

The coefficient of variation (C.V%) is also provided for each microelement, indicating the variability of the measurements.

Based on the table, it can be observed that both irrigation and silicon treatments have significant effects on the content of Fe,
Zn, and Mn in the shoot of Coriandrum sativum plants. The means of these microelements vary across different irrigation and silicon
levels, and the significance values indicate that these differences are statistically significant.

Furthermore, the interaction between irrigation and silicon treatments (I x S) also shows significant effects on the
microelement content in the shoot. The means of Fe, Zn, and Mn differ among the various combinations of irrigation and silicon levels,
and the significance values indicate that these differences are statistically significant.

The results suggest that variations in irrigation levels and silicon treatments can influence the uptake and accumulation of
microelements in the shoot of Coriandrum sativum. Microelements such as Fe, Zn, and Mn play essential roles as cofactors for various
enzymes and are involved in important metabolic processes in plants.

Table 4.8: Means and standard error for micro elements in root Coriandrum sativum plant under three levels of irrigation,

foliar spray with nano-silicon and interaction.

Treatment

ppm

ppm ppm

100 % (11) 83.31+6.13a 20.86+1.36a 10.29+1.14a
70% (12) 73.73+4.56 b 17.38+0.86 b 6.89+0.67 b
Irrigation (1)
30% (13) 47.76 £4.83 c 12.72+1.01c 3.42+0.81c
Sig‘ Kk *k £
Control (S0) 62.77£6.15¢ 15.49+1.37b 5.74+1.15b
5 ppm (51) 71.87+4.46 b 17.87+£0.92a 7.341£0.57 a
Silicon (S)
10 ppm (S2) 70.16+4.80a 17.60+1.04a 7.53£0.75a
Sig‘ Kk *k £
11 x SO 78301217 c 19.20+£0.32 ¢ 9.43+0.18 ¢
11 xS1 82.33+0.49b 21.18+£0.17 b 10.03+0.15 b
11xS2 89.30+0.46a 22.20+0.23a 11.40+£0.06 a
12 x SO 67.62 £ 0.56 d 16.18+0.19 e 5.22+ 0.06 f
Irrigation x Silicon ( 12 x $1 78.23+£0.27 ¢ 18.63+0.43 c 8.20+0.21d
xS) 12 x S2 75.3310.84c 17.33+0.09d 7.27+0.33e
13 xS0 42.40+0.60g 11.10+£0.20 g 2.56+0.07 h
13x S1 55.04+1.17 e 13.81+0.10f 3.77+0.16 g
13xS2 45.84+0.73f 13.27£0.24f 3.94+0.03g
Sig' kk *K kK

* and **: statistically significant differences at p <0.05 and p <0.01, respectively.

Table (4.8) presents the means and standard errors for three microelements (Fe, Zn, and Mn) in the root of Coriandrum

sativum plants. The analysis focuses on the effects of three factors: irrigation, foliar spray with nano-silicon, and their interaction.

30



Nano particles of Silicon effects on Photochemistry components ... Alghamdi ® Rashad ® Algandaby

Under the Irrigation (1) factor, three levels of irrigation are compared: 100% (11), 70% (12), and 30% (I3). The mean values for
Fe, Zn, and Mn in the root are provided, along with their respective standard errors. The statistical significance of the differences
between the means is denoted by asterisks (* and **), with * indicating a significant difference at p < 0.05 and ** indicating a significant
difference atp <0.01.

Similarly, under the Silicon (S) factor, three levels of silicon treatment are compared: Control (S0), 5 ppm (51), and 10 ppm
(S2). The mean values for Fe, Zn, and Mn in the root under each silicon level are given, along with the standard errors. The significance
of the differences is indicated by asterisks (* and **), with * representing a significant difference at p < 0.05 and ** representing a
significant difference at p <0.01.

The Irrigation x Silicon (I x S) section represents the interaction between irrigation and silicon treatments. It includes multiple
sub-sections corresponding to different combinations of irrigation and silicon levels. The mean values for Fe, Zn, and Mn in the root
under each combination are provided, along with their standard errors. The statistical significance of the differences is denoted by
asterisks (* and **), with * indicating a significant difference at p < 0.05 and ** indicating a significant difference at p <0.01.

The coefficient of variation (C.V%) is also provided for each microelement, indicating the variability of the measurements.

Based on the table, it can be observed that both irrigation and silicon treatments have significant effects on the content of Fe,
Zn, and Mn in the root of Coriandrum sativum plants. The means of these microelements vary across different irrigation and silicon
levels, and the significance values indicate that these differences are statistically significant.

Furthermore, the interaction between irrigation and silicon treatments (I x S) also shows significant effects on the
microelement content in the root. The means of Fe, Zn, and Mn differ among the various combinations of irrigation and silicon levels,
and the significance values indicate that these differences are statistically significant.

The results suggest that variations in irrigation levels and silicon treatments can influence the uptake and accumulation of
microelements in the root of Coriandrum sativum. Microelements such as Fe, Zn, and Mn are essential for various physiological and
biochemical processes in plants, including enzyme activities and metabolic pathways.

The findings from this study highlight the importance of appropriate irrigation management and the potential role of silicon

supplementation in modulating the microelement status of the plant's root system.

Talk.
GA3
ABA
ASA
Tph.
TFL.
TFA
TC
PSH
NSH
NR
PR
KSH
KR
MGSH
MGR
CASH
CAR
FESH
FER
ZNSH
ZNR
MnSH
MnR

0.8

0.6

— 0.4

0.2

000000000000000000000
0000000000000 000000000
MGSH (00000 0CCCOCLECCOCC000000C

0000000:00000000000000
ABA 00000000¢000¢ 0000000000
TF. (000G C0CEC0CCCCECC0000000
TFA 0000000 0¢c00000000000000

ASA/@GGGGCCGCOEEECOCECROCGROGOSE

TC[000000C0C00000000000000
PSHIG0000000C00000000000000
NSH|000000¢c0:000c00000000000

NR(0OOOOOCO:-0000c0000000000¢

PR[@GCGCCCCECOGCOCO00CCO0O0CTE

KSHI00000000CC00C0C00CCOG00E

Tak. (000C0C000000C:CC0000000
MGR[6ece0c0000000cc00CRO00Ce
CASH |GGG 00 CGOCOGOCECOECOGCOGOGE
CARj@GGOGOCOCCCOO:0c00CROEGCOGSE
FESH 00000000 0000000000600
FER (000000 CECc000CECECEC0006C
INSH 00000000000 Cc00CC0C0000C
INR 000000 COE:00CCECLCE00C00
MnSH @ @000 CCEC0CCCE0CCE000C6006C
MnR @000 0CCECcECECECECCLEC0C00C

GA3

=
(=%
ot

Figure 4.1. Correlation heat map for studied traits. * and ** present
the significantly of correlation coefficient at 0.05 and 0.01 in respective.
Pooled data for levels of silicon under irrigation levels were used for correlation heat map of plant hormones, macro
elements, and micro elements have shown in Fig 4.1. All trait showed a positive significant (p < 0.01) correlation with all studied traits

except ABA, and total phenols which had a negative correlation with all studied traits.
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Table 4.9: Means and standard error for root length, shoot length, fresh weight, and dry weight in Coriandrum sativum plant

under three levels of irrigation, foliar spray with nano-silicon, and interaction.

Treatment Root Length Shoot Length Fre
h Weight Dry Weight
(cm) (cm) (gm) (gm)
100 % (11) 6.641£0.12a 5.60+0.21 ab 0.19£0.02a 0.09+£0.02a
Irrigation (1)
70% (1
6.92+0.12a 6.49+0.20a 0.29+0.02a 0.12+0.02a
) 30% (13) 6.20+£0.09 a 5.27+0.12b 0.131£0.01a 0.06+£0.01a
Sig. ns * ns ns
Silicon (S) Control (SO
6.28+0.12a 6.30+0.04a 0.23+0.01a 0.15+0.04a
5 ppm (S1) 6.86£0.092 6.1
+0.04a 0.29+0.01a 0.19+0.04a
10 ppm (S2) 6.63+0.03a 4.91+0.02b 0.18+0.01a 0.0
+0.02a
Sig. ns * ns *k
11 xS0 6.00+£0.29a 6.33+1.11ab 0.26+0.09 b 0.12+£0.05 ab
11 xS1 6.40+047a 4.77 £0.41 bc 0.10£0.01 b 0.04+0.00 b
11 xS2 7.531£0.69a 5.70+£0.47 b 0.22+0.06 b 0.11+£0.03 ab
12 x SO 6.67+0.41a 6.17+0.41b 0.19+ 0.01b 0.32+ 0.23a
Irrigation x 12 x S1 7.23+1.27a 8.03+£0.92a 0.47+£0.09 a 0.17 £0.04 ab
Silicon (1xS) 12xS2 6.87+1.48a 5.27+0.63 bc 0.21£0.01b 0.10£0.01ab
13 xS0 6.171£0.12a 6.40+ 0.44 ab 0.26+0.10 b 0.08 + 0.04 ab
13% $1 6.93+0.38a 5.63+0.15 bc 0.21+0.04b 0.10+0.01ab
13 xS2 5.50+0.29a 3.77+£0.26 c 0.11£0.01b 0.04+0.01b
Sig. ns * * *

* and **: statistically significant differences at p <0.05 and p <0.01, respectively. ns: non-significant

Table (4.9) presents the means and standard errors for root length, shoot length, fresh weight, and dry weight in Coriandrum
sativum plants. The analysis focuses on the effects of three factors: irrigation, foliar spray with nano-silicon, and their interaction.

Under the Irrigation (1) factor, three levels of irrigation are compared: 100% (11), 70% (12), and 30% (I3). The mean values for
root length, shoot length, fresh weight, and dry weight are provided, along with their respective standard errors. The statistical
significance of the differences between the means is denoted by asterisks (* and **), with * indicating a significant difference at p <0.05
and ** indicating a significant difference at p <0.01. In this case, no significant differences were observed for root length, fresh weight,
and dry weight, while shoot length showed a significant difference at p <0.05.

Similarly, under the Silicon (S) factor, three levels of silicon treatment are compared: Control (S0), 5 ppm (51), and 10 ppm
(S2). The mean values for root length, shoot length, fresh weight, and dry weight under each silicon level are given, along with the
standard errors. The significance of the differences is indicated by asterisks (* and **), with * representing a significant difference at p <
0.05 and ** representing a significant difference at p <0.01. In this case, shoot length and dry weight showed significant differences at p

<0.05 and p<0.01, respectively, while root length and fresh weight did not show significant differences.
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The Irrigation x Silicon (I x S) section represents the interaction between irrigation and silicon treatments. It includes multiple
sub-sections corresponding to different combinations of irrigation and silicon levels. The mean values for root length, shoot length,
fresh weight, and dry weight under each combination are provided, along with their standard errors. The statistical significance of the
differences is denoted by asterisks (* and **), with * indicating a significant difference at p < 0.05 and ** indicating a significant
difference at p <0.01. In this case, shoot length, fresh weight, and dry weight showed significant differences at various combinations of
irrigation and silicon levels, while root length did not show significant differences.

The results suggest that irrigation and silicon treatments can have significant effects on the shoot length, fresh weight, and
dry weight of Coriandrum sativum plants. However, no significant differences were observed for root length under the tested
conditions.

The findings indicate that variations in irrigation levels and silicon treatments can influence the growth and biomass
accumulation of Coriandrum sativum plants. Shoot length, fresh weight, and dry weight are important parameters that reflect plant
development, biomass production, and overall plant performance.

Overall, the statistical analysis presented in Table 4.9 suggests that the interaction between irrigation and silicon treatments
can have significant effects on shoot length, fresh weight, and dry weight in Coriandrum sativum plants, with irrigation and silicon
treatments individually influencing some of these parameters as well. However, root length did not show significant differences under

the tested conditions.

4.3 Conclusion

The study investigated the effects of different levels of irrigation (100%, 70%, 30%) and silicon spray treatments (control, 5
ppm, 10 ppm), as well as their interaction, on key plant hormones (GA3, ABA, ascorbic acid) and secondary metabolites (total alkaloids,
total phenols, total flavonoids) in Coriandrum sativum plants.

The results showed that both irrigation levels and silicon treatments significantly impacted the levels of all hormones and
secondary products measured. Varying the irrigation amount and silicon application resulted in changes to the plant's hormone
concentrations and biochemical composition.

Specifically, deficiencies in watering (30% irrigation) or lack of silicon treatment were found to decrease the levels of growth-
promoting GA3, stress-response ABA, and antioxidant ascorbic acid compared to optimal conditions. Secondary metabolites involved in
medicinal properties like antimicrobial activity were also reduced under stressed conditions.

In conclusion, this study demonstrated that irrigation management and silicon supplementation can influence important
physiological and chemical processes in Coriandrum sativum by altering the production and balance of key plant hormones and
secondary metabolites. This has implications for growth, development, environmental responses, nutritional value and potential
medicinal uses of the crop.

This study demonstrated that irrigation management and silicon supplementation can influence important physiological,
chemical, nutritional, and elemental processes in Coriandrum sativum by altering the production and balance of key plant hormones,
secondary metabolites, and macronutrients. Specifically, deficiencies decreased hormones, metabolites, fatty acids, carbohydrates, and
nutrient levels compared to optimal conditions. This has implications for growth, development, environmental responses, nutritional
value, potential medicinal uses, and overall health of the crop. Variations in irrigation and silicon treatments were shown to impact the
levels of hormones, secondary products, fatty acids, carbohydrates, nitrogen, and phosphorus in both the shoots and roots of the plants.
The changes in biochemical composition may have further implications for the plant's applications in food and pharmaceutical
industries. Therefore, precise control of irrigation and silicon supplements can optimize the cultivation of coriander.

This study evaluated the effects of different irrigation levels (100%, 70%, 30%), silicon spray treatments (0, 5, 10 ppm), and
their interaction on growth parameters and nutrient status of Coriandrum sativum plants.

The results found that irrigation, silicon application, and their combined interaction significantly impacted the content of
various macronutrients, micronutrients and minerals in both the shoots and roots. This included N, P, K, Mg, Ca, Fe, Zn and Mn. The
treatment factors also influenced phytohormone and secondary metabolite levels in the plants.

Significant differences were observed in the shoot length, fresh weight and dry weight of C. sativum under varying irrigation

and silicon regimes, indicating effects on growth and biomass accumulation. However, root length was not significantly impacted.
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5.1 Findings

Recently, researchers and agricultural experts are interested in using NPs for alleviating plant responses to stress conditions
in order to provide a secure and long-term future for agriculture around the world (Saxena et al., 2016). Since of their increased surface
area and the ability to tailor specific features through coatings and/or functionalization to improve nutrition delivery, nanoparticles are
more reactive than their bulk scale counterparts (Dimkpa er a/,2019 and Ahmad and Kalra, 2020). Drought is one of the most
significant restrictions in irrigated agriculture, limiting crop output and consequently posing a danger to food security (Abdelkhalik et
al.,2019). Increased drought occurrences in arid places intensify these concerns to food production sustainability. Drought stress can
inhibit plant growth by interfering with a variety of physio-biochemical processes and generating nutritional shortages. As a result,
these stresses may resultin severe yield reductions.

Due to eco-friendliness, economic opportunities and sustainability the "green” route for NPs synthesis is of great interest. It is
a new and evolving research area in the scientific world, where regular advances are noted to guarantee a promising future for this field
that can be used to reduce the negative effects of abiotic stresses on plants (Younes er a/, 2020). Plant extracts could be used as
reducing and stabilizing agents for green synthesis of NPs (Ahmad and Kalra, 2020).

The dry fruits of C. sativum are known as coriander seeds, and the word “coriander” often refers to the fruits (as a spice),
rather than to the plant. The top producers of C. sativumfruits in the world today are India, Russia, Morocco, Canada, Romania, and
Ukraine, with smaller producers including Iran, Turkey, Israel, Egypt, China, the United States, Argentina, and Mexico (Nadeem er af,
2013). In 2008, global trade in coriander was around 100 million kg (around US$ 134 million) (Sharma MM er al,, 2008) The odor of
the fruits of C. sarivurmhas been described as sweet, candy-like, and aromatically spicy (kerolla ar al,, 1993). The dried fruits are used
in curries, curry powder, pickles, sausages, soups, stews, and ratatouille (Sharma MM er al, 2008). The fruit essential oils of C
sativum are typically dominated by linalool (60%-80%), with lesser concentrations of Ol-pinene (up to 9.5%), Y-terpinene (1%-10%),
camphor (up to 4.9%), and geranyl acetate (up to 4.7%) (Zheljazkov & mandal er al, 2015) The International Organization of
Standards (ISO) standard for coriander essential oil is O-pinene (3.0%-7.0%), myrcene (0.5%-1.5%), limonene (2.0%-5.0%), Y-
terpinene (2.0%-7.0%), linalool (65.0%-78.0%), camphor (4.0%-6.0%), O-terpineol (0.5%-1.5%), geraniol (0.5%-3.0%), and geranyl
acetate (1.0%-3.5%). Data collected from ISO /SO3576

The commercially available C. sazivum essential oils from this study, either the fruit (coriander) essential oil or the herb
(cilantro) essential oil, have similar chemical compositions. Thus, unless adulteration is a problem, the chemical qualities of the
essential oils are very consistent. Commercial coriander essential oil is dominated by linalool (62.2%-76.7%) with lesser quantities of O
pinene (0.3%-11.4%), Y-terpinene (0.6%-11.6%), and camphor (0.0%-5.5%). Commercial cilantro essential oil is composed largely of
(26)-decenal (16.0%-46.6%), linalool (11.8%-29.8%), (2£)-decen-1-ol (0.0%-24.7%), decanal (5.2%-18.7%), (2£)-dodecenal (4.1%-
8.7%), and 1-decanol (0.0%-9.5%). Nevertheless, there are likely other chemotypes of C. sarivumessential oils that may be considered
for cultivation and commercialization (Prabodh er al,, 2020). The enantiomeric distribution of linalool was 87% (+)-linalool:13% (-)-
linalool in both coriander and cilantro essential oils, while O-pinene was 93% (+):7% (=) in coriander, 90% (+):10% (=) in cilantro; and
(+)-camphor:(-)-camphor was 13%:87% in both essential oils. Chiral GC—MS analysis was able to detect an adulterated coriander
essential oil sample. Coriander essential oil has apparently shown no human toxicity (Mandal S er al,, 2015) There are no published
reports on any adverse effects of cilantro essential oil. Both coriander and cilantro essential oils can be considered safe for use in human

foods. (Prabodh er al, 2020).
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