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Abstract 

 

Seeds of Nigella sativa, are considered as one of the vital forms of available 

healing treatment. A field experiment was carried out to investigate the effect of 

chitosan (0.0, 1.0, 2.0, and 3.0 g/l) and two individual amino acids; glycine and 

tryptophan (0.0, 1.0, 2.0, and 3.0 g/l) application on plant growth and 

productivity. Results showed a significant effect of both investigated factors in 

herb day weight, seed yield, and proximate analysis. The highest seed yields 

(44.1 and 42.7 g/plant) with insignificant difference between them was for 

plants treated with 1.0 g/l of chitosan + (1 g/l tryptophan) or (3.0 g/l glycine) 

respectively. Whereas the minimum seed yield of about 21.2 and 21.7 g/plant 

was estimated for non-amino acid treated plants + 2.0 or 3.0 g/l of chitosan. The 

higher seed moisture content (5.37%) was for plants treated with 2 g/l of 

tryptophan in addition to 1.0 g/l of chitosan. Generally, increasing chitosan over 

2.0 g/l caused a reduction in seed moisture content. Non-amino acid-treated 

plants that received 3.0 g/l of chitosan had the lowest ash (3.18%), but the 

highest value (4.63%) was for plants treated with 1.0 g/l chitosan + 1.0 g/l 

tryptophan. The lowest and highest lipids (28.11 and 30.75) were for untreated 

plants, and those treated with (2.0 g/l chitosan + 2.0 g/l tryptophan), 

respectively. Therefore, the study suggested that N. sativa plants could be 

treated with 1.0 g/l chitosan in addition to 1.0 g/l tryptophan to achieve the 

highest seed yield. However, for higher lipids content plants should be treated 

with 2.0 g/l of chitosan and 2.0 g/l tryptophan.  
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1. Introduction 

           Nigella sativa Linn (black cumin) plants which belong to 

the Ranunculaceae family, is a small annual herb native to 

North Africa, Southern Europe, and Southeast Asia [1]. 

However, it is cultivated in numerous region and countries like 

the Middle East, the Mediterranean region, Saudi Arabia, India, 

and Pakistan [2 and 3]. The prophet Muhammad peace be upon 

him considered it as one of the vital forms of available healing 

treatment. The use of black cumin seeds has been cited by Ibne–

Sina [4 and 5]. They are used as astringent, stimulant, bitter, 

diuretic, anthelmintic, emmenagogue, jaundice, dyspepsia, 

paralysis, piles, skin diseases, etc. [6 and 7]. There are hundreds 

of evidences for this miraculous medicinal herb, using different 

parts extracts, seed oil, volatile oils, fatty acids, and other 

isolated compounds [8, 9, and 10]. Black cumin seeds contain 

about 8.1–11.6% moisture and 4.8% ash. However, they are a 

rich source of protein (26.7%), fatty oil (35.6–41.5%), and 

carbohydrates (24.9%). They also contain volatile oils (0.5–

1.6%), crude fiber (8.4%), and cellulose (6.8–7.4%) [11 and 12]  

Chitosan is widely used in agricultural production as a potential 

and fascinating biocatalyst agent [13] via stimulating plant 

immune system by regulating many genes [14]. Moreover, it 

might increase the activity of many antioxidant enzymes which 

would protect plants from damage via free radical groups. 

These responses could help plants to retain water, absorb 

nutrients, and produce stress-tolerant proteins. On this basis, 

there is increasing attention on its agricultural applications to 

improve crop production [15]. Recent literature indicates the 

efficiency of chitosan application as soil and/or foliar usage in 

the rise of growth and secondary metabolites biosynthesis in 

numerous species [16]. Nigella sativa plants which were treated 

with nanoparticles of chitosan had significantly higher 

vegetative growth and seed yield compared to untreated ones 

[17]. Chitosan improved plant height, leaf area index, water 

efficiency, leaf temperature, and stomatal conductance of N. 

sativa [18].  

Amino acids are considered precursors of proteins and other 

nitrogen compounds such as nucleic acids [19 and 20]. They are 

well known as plant biostimulants which have a significant 

effect on plant growth, more abundant growth, and more 

uniform flowering, yield, and significantly mitigate the injuries 

caused by abiotic stresses [21 and 22]. Therefore, they have a 

great importance in plant nutrition for obtaining higher yields 

and quality and shortening of the productive cycle with better 

biomass [23]. Plants can biosynthesis amino acids, but this is an 

extremely energy consuming phenomena. So, the application of 

ready amino acids for uptake might save plant energy and 

increase their development, especially during the critical times 

of their development [24 and 25]. There are many studies 

regarding the plant growth response to foliar application of 

amino acids. The influence of amino acids on the vegetative 
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growth, yield, and chemical constituents of different medicinal 

and aromatic plants and many other crops has been widely 

examined [25 and 26].  So that, this study aimed to improve 

seed and lipids of N. sativa using natural biostimulants; chitosan 

and amino acids 

2. Materials and methods   

2.1. Experimental design  

A randomized complete block design field experiment in split 

plot arrangement [27] with three replicates was conducted 

during the seasons of 2020/2021 and 2021/2022 at the Farm of 

Hort. Dept., Fac. of Agric., Minia Univ. The physical and 

chemical analysis [28] of the experimental soil is shown in 

Table 1. Black cumin (Nigella sativa) seeds were sown on 15th 

Oct. in plots (3×4 m) consisting of 7 rows with a 60 cm distance 

between the rows and 30 cm between the hills within the row. 

The main plot included 4 concentrations of chitosan (0.0, 1.0, 

2.0, and 3.0 g/l) whereas the subplot included the two amino 

acids glycine and tryptophan under seven treatments {control 

(0.0), and 1.0, 2.0 or 3.0 g/l for both types of amino acid). 

Hence, the interaction between both studied factors included 28 

treatments.   

Table (1): Physical and chemical analysis of the experimental soil 

(average of both seasons). 

Soil characters Value Soil characters Value 

Soil type Clayey 

loam 

Avail. P (%) 15.40 

Sand (%) 28.59 Exch. K (mg/100g) 2.45 

Silt (%) 30.29 Exch. Ca (mg/100g) 31.43 

Clay  41.12 Exch. Na (mg/100g) 2.46 

Organic Matter (%) 1.65  

DTPA 

Ext.(ppm) 

Fe 

Cu 

Zn 

Mn 

8.39 

CaCO3 (%) 2.10 2.04 

pH (1:2.5) 7.79 2.81 

EC (mmhos/cm) 1.06 8.19 

Total N (%) 0.08   

 

Chitosan (Itan Biotech Limited, India), Glycine (Biosntha, UK) 

and tryptophan; (AgriBegari, India) were applied as a foliar 

application using a hand spray.  Chitosan was dissolved in 

acetic acid then the volume was completed to the final one. The 

plants were sprayed till runoff using liquid soap as a wetting 

agent. Control plants were sprayed with water containing a 

wetting agent. The treatment commenced after 45 days of 

transplanting and was repeated three times every 30-day 

intervals.   

All plants were fertilized with ammonium sulphate (20.6 % N), 

200 kg/fed. of calcium superphosphate (15.5% P2O5) and 50 

kg/fed. of potassium sulphate (48% K2O). The amount of N 

fertilizer was divided into two batches, added at three-week 

intervals, starting Nov. 15th, while the K fertilizer was added 

with the first batch of N fertilizer. Whereas P fertilizer was 

added during preparing the soil for cultivation in both 

experimental seasons. All other agriculture practices were 

carried out following farmer habitat. 

2.2. Harvesting and estimation of plant growth and seed yield  

During the 1
st
 week of May in both seasons, plants were cut just 

above ground surface. The plants were air-dried for several days 

to remove moisture before recording the herb dry weights. Seed 

yield/plant was manually extracted from each plant and 

weighted.   

2.3. Seed proximate analysis   

A sample of 10 g seeds was randomly taken from each season 

and mixed. The standard methods of the Association of Official 

Analytical Chemists [29] were followed to assess moisture, ash, 

and crude lipids.   

Moisture %: Milled seed samples were precisely weighed in an 

aluminum dish and then dried overnight at 72° C. Therefore, the 

dish was covered and cooled in a desiccator before being 

weighed. The sample was further dried for 2 h and reweighed 

until estimated at a constant weight.   

Moisture matter content % = (Final weight- Primary weight)/ 

(Weight of the sample) X 100 

Ash %: A sample of about 5 g was precisely weighed into a 

porcelain crucible and heated over a low flame till completely 

charred before being heated in a muffle furnace till a constant 

weight to warrant complete conversion to ash.   

Ash content % = (Ash weight)/ (Weight of the sample) X 100 

Total crude lipids %: The crude lipids were assessed by 

extracting the sample using petroleum ether for 16 h in a 

Soxhlet apparatus. The solvent was evaporated, and the residue 

was weighed to estimate the crude fat content.  

2.4. Statistical analysis 

The obtained data were tabulated and subjected to proper 

statistical analysis [27] using the statistical program MSTAT-C. 

3. Results and discussion 

3.1. Herb dry weights 

Results showed that N. sativa herb dry weights were 

significantly affected following chitosan and amino acids 

application in both seasons (Table 2). Moreover, the interaction 

between both factors was significant. In the 1st one, the lowest 

weight (50.7 g/plant) was for plants that were not treated with 

any of these substances. However, the highest value (84.5 

g/plant) was assessed for plants treated with 1.0 g/l chitosan + 

2.0 g/l glycine. But there was no significant difference between 

this value and these for plants treated with the same 

concentration of chitosan + 1.0, 2.0, or 3.0 g/l glycine. 

Under any concentration of glycine or tryptophan increasing 

chitosan over than 1.0 g/l caused a reduction on the herb weight 

with no significant difference in most cases between 0.0, 2.0, 

and 3.0 g/l of chitosan. Regarding the effect of tryptophan 

(Table 2) shows that the highest herb dry weights were achieved 

when plants treated with 3.0 g/l tryptophan + 0.0, 1.0, or 2.0 g/l 

chitosan since 2.0 g/l tryptophan was not significantly better. 

Similar observations were assessed in the 2
nd

 season (Table 2). 
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Table (2): Effect of chitosan and amino acids (tryptophan and glycine) 

on herb dry weights of Nigella sativa during two seasons. 

 

3.2. Seed yield 

Black cumin seed weights were significantly affected by both 

investigated factors. Moreover, there was a significant 

interaction between them with a similar trend in both seasons 

(Table 3). In the 1st one non amino acids-treated plants had the 

lowest yield with no significant difference among 0.0, 2.0, and 

3.0 g/l of chitosan treatments but, these treated only with 1.0 g/ 

chitosan had significantly higher yield (26.7 g/plant). All amino 

acid applications significantly improved seed yield however, the 

response was a significant varied depending on the type and 

concentration. Plants that were treated with 1.0 g/l chitosan in 

addition to 1.0, 2.0, or 3.0 g/l of glycine or tryptophan had 

significantly the highest yield than all other chitosan 

concentrations. However, all amino acids treated plants had 

significantly higher yields than non-treated ones regardless of 

the chitosan concentration. An augmentation of seed yield was 

observed under any concentration of chitosan by increasing 

amino acid concentrations. However, the highest concentration 

of amino acids is not preferable as no significant difference was 

detected between 2.0 and 3.0 g/l under the same concentration 

of chitosan.  

Overall, the highest seed yield 44.1 and 42.7 g/plant for the 1
st 

season were for plants treated with 1.0 g/l of chitosan + (3.0 g/l 

tryptophan) and (3.0 g/l glycine) respectively. Whereas the 

minimum seed yield (21.2 and 21.7 g/plant) was estimated for 

non-amino acid treated plants + all chitosan concentrations 

except 1.0 g/l.  

Our current study showed a pronounced effect of chitosan on N. 

sativa herb weight and seed yield. Interestingly the increment in 

plant herb weights was highest at 1.0 g/l of chitosan then a 

negative relationship was seen between both characters and 

chitosan concentration. Similarly, the herb fresh and dry 

weights of Pelargonium garveolens [30] and M. arvensis [31] 

was correlated with the concentration of chitosan. The 

enhancing effect of chitosan on plant growth is subject to its 

deacetylation degree, molecular weight, and concentration [32]. 

Chitosan could improve plant physiological properties by 

stimulating plant immune system [13] that could be attributed to 

its content of amino acids, vitamins, and growth hormones as 

cytokinin and auxin which encourage a range physiological 

response, such as biomass [33]   

The observed encouraging effects of amino acids application on 

black cumin seeds plant was similar to many achievements on 

medicinal and aromatic plants as reviewed by [16] Sun et al. 

(2024). The relationship between plant nitrogen utilization, and 

concentrations amino acids application had been found [34 and 

35]. They suggested that the main role of amino acids on plant 

growth could be related to regulation the nitrate uptake and 

assimilation, but not as sources of reduced nitrogen. Amino 

acids application might affect nitrate reductase enzyme which 

occupying a control point in the pathway of nitrate assimilation.  

3.3. Seed proximate analysis   

3.3.1. Moisture content  

The moisture content of black cumin seeds was significantly 

varied due to both investigated factors as well as the interaction 

between them (table 4). In the 1st one, untreated plants had the 

minimum value (4.04%) which did not significantly vary under 

various concentrations of chitosan. However, the highest seed 

moisture contents (5.70 and 5.44%) were for plants treated with 

1.0 g/l of tryptophan or glycine in addition to 1.0 g/l of chitosan, 

respectively. Mostly, increasing chitosan over 2.0 g/l caused a 

reduction in seed moisture content. Also, the 1.0 g/l of any of 

the applied amino acids was preferable to the other 

Amino 

Acids  

(g/l) (B) 

Chitosan (g/l) (A) 
Mean 

(B) 
0 1 2 3 

First season 

Control  50.7 58.4 51.4 47.3 52.0 

G
ly

ci
n

e
 

1 57.0 80.3 59.2 52.9 62.4 

2 51.4 84.5 56.38 61.6 63.5 

3 59.7 83.7 52.9 61.6  66.7 

T
ry

p
to

p
h

a
n

 

1 59.7 65.6 52.88 50.0 57.1 

2 62.1 62.4 64.0 62.7 62.7 

3 66.9 65.9 66.9 58.7 64.6 

Mean (A)  58.2 71.2 58.6 56.3  

LSD 5 %  A:1.5 B:3.2 AB: 6.4 

Second season 

Control  46.3 57.8 51.2 51.5 51.7 

G
ly

ci
n

e
 

1 53.2 73.8 52.2 50.0 57.3 

2 56.4 83.9 51.5 60.9 63.7 

3 60.1 85.8 58.6 59.5 66.0 

T
ry

p
to

p
h

a
n

 

1 61.8 67.5 53.8 50.8 58.5 

2 63.6 62.6 66.2 62.1 63.6 

3 68.1 66.4 68.7 61.1 66.1 

Mean (A)  56.5 71.1 57.5 52.7  

LSD 5 %  A: 2.6 B:2.8 AB:5.6 
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concentrations (table 4). A similar observation was achieved in 

the 2nd season.    

Table (3): Effect of chitosan and amino acids (tryptophan and glycine) 

on seed yield of Nigella sativa during two seasons. 

 

Table (4): Effect of chitosan and amino acids (tryptophan and glycine) 

on seed moisture % of Nigella sativa during two seasons. 

 

3.3.2. Ash content  

The ANOVA showed a significant interaction between chitosan 

and amino acids application regarding the seed ash content in 

both investigated seasons (Table 5). In the 1st one non amino 

acid-treated plants which received 3.0 g/l of chitosan had the 

lowest ash content (3.18%). On the other hand, the highest seed 

ash percentage (4.63%) was for plants treated with 1.0 g/l 

chitosan + 1.0 g/l tryptophan. Interestingly under the same 

concentration of chitosan, the ash percentages were gradually 

increased by decreasing the tryptophan or glycine. Under the 

same concentration of chitosan, results indicated that tryptophan 

was significantly more effective in most cases than glycine in 

increasing seed ash content. Comparable results can be 

observed in Table 5 for the 2nd season.   

Ash content estimates the overall quantity of minerals in a diet, 

but the mineral content estimates the amount of specific 

inorganic components, such as N, P, Ca, etc. present in a food 

[36]. Achieved results showed that chitosan application 

improved ash seed content, confirming results previously 

reviewed [37] and investigated [38] in Amaranthus gangeticus 

and [39] Spinacia oleracea. Amino acids are well-known as bio-

stimulants that positively affect plant growth and yield [40] due 

to their easy mobility and transport [41]. Amino acid 

application directly or indirectly increased the ash content of 

Pisum sativum [42].  Also, the ash content in wheat grains was 

significantly increased by the application of commercial amino 

acids foliar spray [25].  

Table (5): Effect of chitosan and amino acids (tryptophan and glycine) 

on seed ash % of Nigella sativa during two seasons. 

 

3.3.3. Lipids contents 

Chitosan as well as amino acids application significantly 

affected seed lipid contents with a similar trend in both seasons 

(Table 6). In the 1st one, untreated plants had the lowest value 

(28.11%) while the highest ones (30.75 and 30. 66% with no 

significant difference between them) were for plants that were 

treated with 2.0 g/l chitosan + 2.0 g/l tryptophan and 1.0 g/l 

glycine, respectively. Regardless of the concentration of amino 

acids, results showed that chitosan at 2.0 g/l was the best 

concentration to achieve higher lipid content which did not 

significantly decrease at the highest concentration of chitosan. 
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In most cases at the same concentration of amino acids, there 

was no significant difference in the lipid contents between the 

non-chitosan-treated plant and those treated with the highest 

concentration (3.0 g/l). Results showed that at the same 

concentration of chitosan seed lipids contents were decreased 

by increasing tryptophan or decreasing glycine concentration. 

Likewise, the results of our present study regarding increasing 

lipids content of back cumin seeds due to chitosan application 

[43] on Sesamum indicum and [44] on soybean indicated 

chitosan as foliar plays. They suggested that chitosan could 

reduce stoma diameter preventing depleting cell water, which 

finally raises the biomass and final seed yield. Further, chitosan 

could contribute to an increase in photosynthesis by improve the 

chlorophyll content, which could be consider as one of the 

reasons for increasing seed and oil.  Our results are in 

accordance with [45] on Echinacea plants, who reported that the 

application of some amino acids significantly increased total 

lipid content and glutamic acid was better than others. The same 

trend was reported [46] stating that spraying of amino acids 

successfully manipulates the total lipids yield of Urtica 

pilulifera.   

The impact of chitosan and amino acids which are considered 

low-cost and environmentally safe chemicals based on 

secondary metabolites production of medicinal and aromatic 

have an increase attention [15]. The current study confirms 

these hypotheses. Therefore, it's recommended that N. sativa 

plants with 1.0 g/l chitosan in addition to 1.0 g/l tryptophan to 

achieve the highest seed yield. However, for higher lipids 

content plants should treated with 2.0 g/l of chitosan and 

tryptophan. 

Table (6): Effect of chitosan and amino acids (tryptophan and glycine) 

on lipids % of Nigella sativa seeds during two seasons. 
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