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Abstract   

The experiment was conducted in lathhouse of the Department of Horticulture 

and Landscape Engineering, College of Agriculture / University of Basra during 

the agricultural seasons (2022 and 2023) on Duranta plants, to know the effect 

of spraying different levels of chitosan at levels (0, 100, 200) mg L-1 and whey, 

which are (0, 75, 150) ml L-1, on the content of nutrients and active compounds 

of Duranta plant leaves. The study followed the design of complete randomized 

sectors for factorial experiments with two factors of spraying chitosan and 

whey, with three concentrations for each, with three replicates for the 

treatment, so that the number of experimental units became 27 experimental 

units. The least significant difference (LSD) test was used at a significance level 

of 0.05) to compare the averages. The results show that the plants sprayed with 

chitosan at a concentration of 200 mg L-1 were significantly excelled and gave 

the highest nitrogen content in the leaves, which amounted to (3.070 and 3.483) 

%, phosphorus (0.260 and 0.286) % and potassium (2.486 and 2.742) %. The leaf 

content of active compounds increased when treated with chitosan at a 

concentration of 200 mg L-1, as the phenols content in the leaves reached 

(215.359 and 378.491) mg g-1 and flavonoids reached (20.257 and 19.426) mg 100 

g-1, respectively, for both seasons of the study. The plants that were sprayed 

with whey protein at a concentration of 150 ml L-1 were significantly superior in 

giving the highest content of nutrients in their leaves, as the nitrogen content 

reached (3.439 and 3.769) %, phosphorus reached (0.269 and 0.300) % and 

potassium reached (2.596 and 2.906) %. The content of the leaves of the plant 

also increased. Duranta is one of the active compounds when sprayed with high 

concentration of whey, as the content of phenols reached (223.177 and 374.827) 

mg g-1 and flavonoids (21.232 and 20.271) mg 100 g-1 in the leaves respectively 

for both seasons of the study.  
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Introduction   

Duranta plants are one of the most important branches of ornamental plants, 

which are beautiful and famous shrubs found all over the world and are usually 

used as plant hedges (1). Duranta has several names, the most important of 

which are the golden dewdrop, the flower of heaven, the whisper of angels, 

pigeon berries and the Brazilian flower of heaven (2). In addition to the 

importance of the Duranta plant as an ornamental plant, it is one of the most 

important medicinal plants, due to its content of active substances that have 
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been used in many medical fields. The Duranta plant has 

shown toxic effects on cancer cells, especially breast cancer 

cells, which paves the way for more research on its partial 

mechanism in treating cancer (3). The fruits and leaves have 

also been used in traditional folk medicine to treat malaria 

and worms. It also works as a diuretic, in addition to having 

anti-tumor and anti-bacterial activity (4). The Duranta plant 

has also shown many biological activities. It is antimicrobial, 

antioxidant and anti-cancerous. It protects the liver and 

nerves and relieves osteoarthritis due to its content of active 

compounds, estimated at 64 compounds, such as glycosides, 

flavonoids, phenols, steroids, terpenes and saponins (5, 6). It 

has many natural uses, as it is a promising agent in biological 

control against insects (7). The extract of the fruits of the 

Duranta plant showed great activity against malaria (8). 

Duranta essential oil also contains many biologically active 

compounds such as (β-sitosterol; naringenin; acteoside; 

lamiide; sucrose; raffinose) (9). The leaves of the Duranta plant 

also contain (limonene, β-caryophyllenel, pentadecanal, 1-

octen-3-ol, α-humulene), which are among the most important 

active substances in the leaves (10). Therefore, it is necessary to 

pay attention to its cultivation and use modern methods in 

plant management and service and the most important of 

these methods is the use of stimulants, biofertilizers and 

growth regulators.  

 Chitosan is a biopolymer with the chemical formula 

(C6H11O4N) n and its chemical name is Poly (1,4)-2-amino-2-

deoxy-B-d-glucose (11). Chitosan is also known as a 

polysaccharide, which can be practically obtained by 

removing acetyl from chitin, a long-chain polymer of N-acetyl

-glucosamine that is easily extracted from fungal cells and the 

exoskeleton of oysters, shrimp and other shellfish. These shell 

and crustacean materials are ground together and then 

subjected to a chemical stripping process to extract a part of 

the composition of these materials called acetyl, so that the 

chemical composition of chitosan becomes ready and carries 

a positive charge of ammonium that works to attract 

molecules of other materials that carry a negative charge (12). 

The positive charge of chitosan gives the polymer many 

unique physiological and biological properties. As a result of 

separating the acetyl group from chitin and its content of a 

free amine group provides it with a high ability to bind with 

the negative charge in fats, oils, cholesterol, negative metal 

ions, proteins and other large molecules that distinguish it 

from chitin to become ß-1,4- β-1,4-Poly-D-glucosamine. To 

gain its chemical properties (13-15) it was found that spraying 

chitosan at concentrations of 100, 200 and 300 mg L-1 on 

Duranta versicolor plants caused a significant increase in the 

leaf content of elements, as the plants are sprayed at a 

concentration of 300 mg L-1 gave the highest nitrogen content 

in the leaves, reaching 2.89 and 3.03 % for both growing 

seasons 2017 and 2018, respectively, while the lowest 

nitrogen content in the leaves was 1.42 and 1.49 % for both 

seasons, respectively, in control treatment. The same 

treatment also gave the highest phosphorus content in the 

leaves, reaching 0.644 and 0.679 % compared to the control 

treatment, which gave 0.351 and 0.370 % for both study 

seasons, respectively and gave the highest. The potassium 

content in the leaves reached 2.64 and 2.76 % compared to 

the control treatment that gave 1.64 and 1.70 % for both 

study seasons, respectively. It was showed that spraying 

spinach plants (Spinacia oleracea) with five concentrations of 

chitosan, which are (0, 100, 150, 200, 250, 300) parts per 

million, led to a significant increase in the phosphorus 

content of the leaves at concentrations of 200 and 250 ppm 

and potassium increased at concentrations of 150 and 250 

parts per million compared to control treatment (16).  

 Many studies show the effect of chitosan on improving 

the content of active compounds in leaves. Previous research 

concluded that spraying sage plants (Salvia officinalis L.) at a 

concentration of 0.50 g L-1 led to an increase in the content of 

total phenols and flavonoids and the amount of oil in the 

leaves compared to the control treatment (17). Spraying 

Cordyline plants with five concentrations of chitosan 0, 25, 50, 

75, 100 mg L-1 exceeded the 100 mg L-1 treatment and resulted 

in the highest total phenols content in the leaves, with an 

increase rate of 35.8 % compared to the control treatment 

(18). Spraying Tecoma stans (L.) Juss. ex Kunth seedlings with 

normal or nano chitosan at concentrations of 0, 150 and 

300 mg L-1 increased the leaf content of the nutrients N, P and 

K. The 300 mg L-1 treatment resulted in the highest nutrient 

content, reaching 2.232 % for N, 1.223 % for K and 0.311 % for 

P, compared to the control treatment, which had the lowest 

values at 1.591 %, 1.142 % and 0.254 %, respectively (19). 

 Whey is a by-product of the dairy industry and one of 

the most important nutrients due to its content of protein, 

lactose, phosphorus, potassium, calcium, magnesium and 

manganese (20). Whey is added as a supplement to the 

fertilization process to reduce the number of added fertilizers 

that cause many environmental problems. Whey contains 

many important elements for the plant, as one ton contains 

1.36 kg of nitrogenous compounds, 0.314 kg of phosphorus 

compounds, 1.59 kg of potassium salts and small amounts of 

magnesium and calcium (21, 22). Previous research showed 

that adding four concentrations of whey, namely 0, 8, 12, 24 

litres ha-1 to Chinese cabbage plants, led to improving the 

content of nutrients in plant leaves (23), the concentration 

exceeded 24 litres ha-1 and gave the highest content of 

nitrogen, phosphorus and potassium, reaching 2.547, 0.316 

and 1.403 % respectively, compared to control treatment, 

which gave the lowest content of elements, reaching 2.163, 

0.276 and 1.301 % respectively.  

 Therefore, the study aims to know the extent of the 

effect of spraying different concentrations of chitosan and 

whey in improving the content of nutrients and active 

compounds in the leaves of Duranta plants under 

environmental conditions in Basra Governorate. 

 

Materials and Methods 

The experiment was conducted in the canopy of the 

Department of Horticulture and Landscape Engineering, 

College of Agriculture / University of Basra during the two 

seasons 2022 and 2023 on Duranta plants, to know the effect 

of spraying different levels of benzyl adenine 0, 75, 150 mg L-1 

and chitosan at levels 0, 100, 200 mg L-1 in growth traits. Some 

chemical traits of the leaves of the Duranta plant. Seedlings 

were brought from one of the private nurseries in Baghdad at 
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one year old and transferred to plastic anvils with a diameter 

of 25 cm, filled with a medium consisting of 2 mol + 1 peat 

moss and several random samples were taken. of the soil 

before planting and some chemical and physical traits of the 

potting soil were estimated in the central laboratory of the 

College of Agriculture / University of Basra, Table 1. 

Studied traits 

Leaf content of macro elements: According to the method 

mentioned by Cresser and Parsons (24), the leaf content of 

major elements was estimated according to the following 

steps: 

1. 0.2 of the dry ground sample was taken for each 

experimental unit and placed in the digestion tube. 

2. 5 ml of concentrated sulfuric acid was added and left for 24 

hr (overnight). 

3. The digestion device was heated until it reached a 

temperature of 400 °C. 

4. The samples were placed in the device for half an hour until 

boiling. 

 3 ml of the acid mixture (4 mL of concentrated 

perchloric acid + 96 mL of concentrated sulfuric acid) was 

added and then heated until the solution became clear. The 

solution was left to cool and the volume was completed to 50 

mL with distilled water. 

Nitrogen percentage in leaves %: Total nitrogen was 

measured in the digested samples using a Microkjeldahl 

steam distillation device according to the method of Page et 

al (25). 

Phosphorus percentage in leaves %: Phosphorus percentage 

in leaves was estimated using a Spectrophotometer with a 

wavelength of 470 nm according to the method of Murphy 

and Riley (26). 

Potassium percentage in leaves %: Potassium was estimated 

in the leaves using a Flame photometer type PEP 73 JEN WA 

73 according to the method of (25). The results are expressed 

according to the standard curve in which potassium chloride 

is used. 

Active ingredients in the leaves 

Preparation of extract: The plant extract was prepared by 

taking 1 g of the dry plant sample and adding 10 mL of the 

prepared solution consisting of 70 % ethanol and 100 µL of 

hydrochloric acid HCl, then leaving it for three days and then 

filtering it and evaporating it with a rotary evaporator at a 

temperature of 40 °C 

Total phenols content in the leaves: (mg 100 g-1) 450 µL of 

Follen's reagent were taken and 450 µL of distilled water were 

added to it, the mixture was mixed and 50 µL of the prepared 

extract were added to it, then left for 5 min at room 

temperature and then 500 µL of 15 % sodium carbonate were 

added to it, then mixed and left for 60 min, then the 

absorbance was measured at a wavelength of 765 nm using a 

spectrophotometer and the phenols were estimated using 

the curve using calcidic acid (27). 

Total flavonoids content in leaves: The total flavonoids in the 

leaves were estimated using the method described by Borrás-

Linares I et al (27) and based on the standard curve of 

quercetin, 0.5 mL of the filtrate was taken and 1.5 mL of 

methanol was added to it and mixed, then 0.1 of 10 % 

aluminium chloride was added to it and 1 M of potassium 

acetate was prepared and 2.8  mL distilled water was added to 

it and left for 30 min, then measured by a spectrophotometer 

at a wavelength of 415 nm and flavonoids were estimated 

using quercetin as a standard substance. 

Statistical analysis 

The experiment was conducted according to a Randomized 

Complete Block Design (R.C.B.D) and in a factorial experiment 

with two factors, the first representing spraying chitosan at 

three levels 0, 100, 200 mg L-1 and the second factor 

representing spraying whey at three levels 0, 75, 150 ml L-1. The 

number of experimental treatments was 9 factorial treatments 

and the number of replicates for each treatment was 3 

replicates. The total number of experimental units was 27 

experimental units. The statistical analysis of the experiment 

data was done using the Genestat statistical program and the 

Least Significant Differences (L.S.D) test was used at a 

probability level of 0.05 to compare the averages of the 

treatments.  

 

Results  

Nutrient content of Duranta leaves 

The results in Table 2 shows the significant effect of spraying 

with chitosan on the content of Duranta leaves of nitrogen, 

phosphorus and potassium, as the plants treated with a 

concentration of 200 mg L-1 recorded the highest nitrogen 

content in their leaves for both study seasons, reaching 3.070 

and 3.483 %, respectively, compared to control plants, whose 

average nitrogen content of leaves reached 2.310 and 2.723 

%, respectively, for both seasons, respectively. It also gave 

the highest phosphorus content in the leaves, reaching 0.260 

and 0.286 %, respectively, compared to control plants, whose 

average phosphorus content reached 0.212 and 0.238 %, 

respectively, for both study seasons, while the potassium 

content of the leaves reached 2.486 and 2.742 %, respectively, 

compared to control plants, whose average Its potassium 

content was 1.591 and 1.848 % respectively for both seasons. 

As for the effect of spraying with whey, the results of Table 2 

showed the moral superiority of plants sprayed with whey at 

a concentration of 150 mL L-1 on plants sprayed with other 

concentrations for both seasons, as the highest nitrogen 

content in their leaves reached 3.439 and 3.769 % compared 

to control plants whose nitrogen content in their leaves 

reached 1.841 and 2.341 %, respectively. The plants sprayed 

with the same concentration also surpassed morally in the 

phosphorus content of their leaves, as it reached 0.269 and 

0.300 % compared to control plants whose phosphorus 

content reached 0.189 and 0.210 % for both seasons, 

Particle size 
 

Texture 
PH 

EC O.M N P K 

Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

dsm-1 % mg L-1 

10.0 8.0 82.0 
Loamy 
Sand 

7.34 1.0 26 53 26.3 66.4 

Table 1. Some primary traits of the soil used in the study 
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respectively. The highest potassium content reached 2.596 

and 2.906 % compared to control plants whose potassium 

content reached 1.498 and 1.708 % for both seasons of the 

study. In sequence. As the results in Table 2 shows the 

significant effect of the interaction between chitosan and 

whey protein on the nitrogen and phosphorus content of 

leaves for both seasons of the study, the interaction between 

200 mg L-1 chitosan + 150 mL L-1 whey protein) was 

significantly superior to the rest of the treatments and gave 

the highest nitrogen content in its leaves, reaching 3.907 and 

4.237 % compared to control plants, whose average nitrogen 

content was 1.490 and 1.990 % for both seasons of the study, 

respectively. This treatment also gave the highest 

phosphorus content in its leaves, reaching 0.290 and 0.321 % 

compared to control plants, whose average phosphorus 

content was 0.168 and 0.189 %, respectively, for both 

seasons. As for the interaction effect on the potassium 

content, it was significant in the second season only. The 

interaction treatment between 200 mg L-1 chitosan and 150 

mL L-1 whey) the highest content reached 3.503 % compared 

to control treatment which gave the lowest potassium 

content reached 1.334 %. 

Active compounds in the leaves of Duranta plants 

The results of Table 3 shows the significant effect of spraying 

with chitosan on the content of active compounds in the 

leaves of Duranta plants, as when comparing the averages of 

the treatments, the plants treated with chitosan showed 

significant differences between them, as the plants treated 

with 200 mg L-1 of chitosan recorded a significant superiority 

in the content of their leaves of total phenols, which reached 

27.116 and 29.559 mg g-1 and the highest content of total 

flavonoids in the leaves reached 20.257 and 19.426 mg 100 g-1 

for both seasons of the study, in succession, compared to 

control treatment, which gave the lowest content of total 

phenols in its leaves, which reached 24.779 and 27.213 mg g-1 

and the lowest content of total flavonoids, which reached 

15.313 and 14.864 mg 100 g-1 For both study seasons, 

respectively. As for the effect of spraying with milk whey on 

the content of active compounds in the leaves, it was 

significant, as the results of Table 3 showed that the plants 

sprayed with milk whey at a concentration of 150 mL L-1 were 

superior in the content of their leaves of total phenols, which 

reached 36.387 and 36.838 mg g-1 and the highest content of 

total flavonoids reached 21.232 and 20.271 mg 100 g-1 for 

Table 2. Effect of spraying chitosan and whey on the content of nutrients in the leaves of Duranta plants 

Potassium content in leaves  )%( Phosphorus content in leaves  )%( Nitrogen content in leaves  )%( 
Chitosan whey 

0202 0200 0202 0200 0202 0200 
1.334 1.124 0.189 0.168 1.990 1.490 0 

0 1.685 1.475 0.207 0.186 2.400 1.900 000 
2.104 1.894 0.235 0.214 2.633 2.133 000 
1.879 1.629 0.247 0.222 2.870 2.460 0 

57 2.220 1.970 0.283 0.258 3.297 2.887 000 
2.620 2.370 0.302 0.277 3.580 3.170 000 
2.330 2.020 0.277 0.246 3.310 2.980 0 

070 
2.885 2.575 0.303 0.272 3.760 3.430 000 
3.503 3.193 0.321 0.290 4.237 3.907 000 

0.0877 N.S. 0.0069 0.0071 0.1360 0.1371 LSD 

1.708 1.498 0.210 0.189 2.341 1.841 0 

whey 
2.240 1.990 0.277 0.252 3.249 2.839 57 
2.906 2.596 0.300 0.269 3.769 3.439 070 

0.0506 0.1252 0.0039 0.0041 0.0780 0.0792 LSD 

1.848 1.591 0.238 0.212 2.723 2.310 0 

Chitosan 
2.263 2.007 0.264 0.239 3.152 2.739 000 
2.742 2.486 0.286 0.260 3.483 3.070 000 

0.0506 0.1252 0.0039 0.0041 0.0780 0.0792 LSD 

  Total flavonoids content (mg/100g-1) Total phenolics content (mg g-1) 
Chitosan whey 

0202 0200 0202 0200 
11.253 11.273 18.755 15.635 0 

0 13.270 13.523 20.262 16.591 000 
15.243 16.900 21.646 17.601 000 
15.097 15.683 27.313 23.972 0 

57 19.203 19.067 27.984 25.182 000 
21.163 20.357 28.846 25.864 000 
18.243 18.983 35.571 34.728 0 

070 
20.700 21.200 36.756 36.549 000 
21.870 23.513 38.186 37.884 000 

0605.1 N.S. 0.2493 0.5501 LSD 
13.256 13.899 20.221 16.609 0 

whey 
18.488 18.369 28.048 25.006 57 
20.271 21.232 36.838 36.387 070 

06.517 065750 0.1439 0.3176 LSD 
14.864 15.313 27.213 24.779 0 

Chitosan 
17.724 17.930 28.334 26.107 000 
19.426 20.257 29.559 27.116 000 

06.517 065750 0.1439 0.3176 LSD 

Table 3. Effect of spraying chitosan and whey on some active compounds in the leaves of Duranta plants 
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both study seasons, respectively, compared to control 

treatment, which gave the lowest content of total phenols in 

its leaves, which reached 16.609 and 20.221 mg g-1 and the 

lowest content of total flavonoids in the leaves, which 

reached 13.899 and 13.256 mg 100 g-1 for both study seasons, 

respectively. As for the effect of the interaction between the 

two study factors on the content of active compounds in the 

leaves of Duranta plants, Table 3 shows that there are 

significant effects of the interaction in this trait, as the plants 

that were sprayed (200 mg L-1 chitosan with 150 mL L-1 whey) 

significantly outperformed the rest of the treatments in the 

content of their leaves of total phenols, as they gave the 

highest content of total phenols in the first and second 

seasons, reaching 37.884 and 38.186 mg g-1 compared to 

control treatment, which gave the lowest content of total 

phenols, reaching 15.635 and 18.755 mg g-1. They also 

significantly outperformed in the content of their leaves of 

total flavonoids in the second season, reaching 21.870 mg 100 

g-1 compared to control treatment, which gave the lowest 

content of total flavonoids in its leaves, reaching 11.253 mg 

100 gm-1. 

 

Discussion 

We noted from Table 2 that high concentrations of chitosan 

spraying are superior in improving the leaf content of 

nutrients and active compounds. This may be because 

chitosan treatment plays a role in increasing the biomass of 

roots and shoots and stimulates the pathways of building 

auxin and cytokinin and stimulates the activity of enzymes 

(28). Or it may be because chitosan stimulates the series of 

primary and secondary metabolic pathways for building 

carbon and N. It may stimulate the levels of CO2, N and P 

fixation, which leads to increased production of sucrose, 

which provides carbon structures for the synthesis of 

phospholipids and antioxidants (29). Or it may be due to the 

fact that chitosan works to increase the absorption of 

nutrients and increase the net rate of photosynthesis, build 

phenols and flavonoids and works to increase the activity of 

enzymes (30, 31). As there was a superiority of high 

concentrations of whey protein and the reason for improving 

the content of nutrients and active compounds of the leaves 

of the Duranta plants is attributed to the role of whey protein, 

which contains many nutrients on the one hand and 

increases their readiness on the other hand, in addition to 

containing amino acids, organic acids and proteins. This led 

to an increase in the percentage of nitrogen in the leaves due 

to the presence of a sufficient amount of nitrogen in the whey 

protein (32). Also, whey protein is a nutrient because it 

contains several elements, including phosphorus and thus 

increases its absorption by the green group of plants, which 

led to an increase in the percentage of phosphorus in the 

leaves of the Duranta plants with an increase in the 

concentration of whey protein. 

 

Conclusion 

Considering the field experiment, spraying chitosan led to an 

increase in the content of the nutrients important for plant 

growth and active compounds in the leaves. Spraying 

Duranta plants with whey protein also led to positive results 

in improving the active compounds through the positive 

relationship between the two factors, which led to improving 

the cultivation of Duranta plants and their tolerance to 

climatic conditions in Basra Governorate. 
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