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 POT EXPERIMENT was conducted at the Ornamental Department of the Horticulture Research 

Station in Sakha, Kafr El-Sheikh Governorate, Egypt during two seasons, 2021 and 2022. This 

study aimed to evaluate the effect of foliar application with nano-NPK and nano-chitosan using 

different doses under soil salinity stress on the growth and physiochemical attributes of Kigelia 

africana L. transplants. The treatments were mineral NPK using 5 g L-1 as a control, nano-NPK at 

three doses including 1, 2, and 3 ml L-1, as well as nano-NPK at only one dose of 2 ml L-1 + nano-

chitosan at three doses (i.e., 1, 2 and 3 ml L-1) for each. The obtained results showed that the applied 

nano-NPK at 2 ml L-1 + nano-chitosan at 2 ml L-1 significantly increased plant height (cm), stem 

diameter (cm), fresh and dry weight of vegetative parts per transplant (g), membrane stability index, 

as well as root length (cm), number of roots and root fresh and dry weights plant with the superiority 

of nano-NPK at 2 ml L-1 + nano-chitosan at 2 ml L-1 over control in both seasons. Most treatments 

recorded significantly higher values in chlorophyll a, b, carotenoids, catalase, and peroxidase activity 

in the leaves than control, with the superiority of nano-NPK at 2 ml L-1 + nano-chitosan at 2 ml L-1 

transplants compared to the control. The nutrient contents of nitrogen, phosphorus, and potassium in 

the leaves were significantly increased over the control for all treatments, especially in the treatment 

of nano-NPK + nano-chitosan at 2 ml L-1 under soil salinity stress conditions. 
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1. Introduction 

Kigelia africana (Lam.) Benth, commonly named 

sausage tree or African sausage tree, is a tropical tree 

that belongs to the Family Bignoniaceae and is native 

to Africa (Mann et al. 2003). This tree has many 

promising attributes because it possesses antioxidant, 

anti-inflammatory, antidiabetic, antimicrobial, 

antineoplastic, and anti-urolithic activities, as well as 

for treating various disorders and drugs (Abbas et al. 

2023; Fakudze et al. 2023). The tree produces night-

blooming red flowers and bears characteristically 

long woody fruit that looks like a giant sausage 

hanging from the crown. This tree is highly valued 

and culturally important to African communities.  Up 

to 25 m tall, the trunk can reach up to 0.6 m in 

diameter. It has a round and spreading crown. The 

bark is grey and thinly flaky. It is, primarily in 

Singapore, but Singapore can be deciduous during 

the long dry season. The leaves are compound, odd-

pinnate (imparipinnate), and up to 50 cm long. Each 

leaflet has 7 – 9 lateral veins and sometimes may 

have rough hairs on both sides (Bello et al. 2016). 

Each panicle contains 6 – 12, showy flowers with 

deep red to purple petals. Each flower is about 5 – 10 

cm long. They bloom in the evening, lasting only for 

a night, and are reported to be unpleasantly scented 

(Oyelami et al. 2012).  

Nano-fertilizers are promising candidates for 

sustainable agriculture and nano-farming approaches, 

particularly biological nanofertilizers (El-Ramady et 

al. 2023). Foliar nanofertilizers on the vegetative 

system. Play a great role in plant nutrition (Singh et 

al. 2024). They can increase the activity of 

photosynthesis processes and raise the ability of 

plants to withstand various stress conditions (Sári et 

al. 2023; El-Ramady et al. 2024; Mahawar et al. 
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2024). They can also increase plant resistance to 

phyto-diseases (Sári et al. 2024a). The properties of 

nanoparticles allow them to enter plant cells transfer 

chemicals and DNA inside the plant, and contribute 

to the transfer of compounds to the target parts, like 

leaves, roots, or the rest of the plant parts (Shalaby et 

al. 2022a). Nanofertilizers can increase growth 

parameters, such as plant height, number of leaves, 

leaf area, dry matter production, and photosynthesis 

pigments, which lead to a higher production 

compared to mineral fertilizers, especially during the 

seedling growing stage (Shalaby et al. 2022b; 

Sundararajan et al. 2023; Haydar et al. 2024; Zhao et 

al. 2024). NPK-nanoparticles (NPK-NPs) can be 

considered vital for the development of crop 

production and may play essential roles in food 

safety. The importance of these nano-NPK fertilizers 

could be realized from their role in supplying the 

vital nutrients for plant growth (Mokrani et al. 2018).  

Nano-chitosan is a natural polymer derived from the 

deacetylation of chitin, which may be obtained from 

crustaceans, insects, fungi, etc. Chitin is a natural 

polysaccharide, which consists of a copolymer of N-

acetyl-D-glucosamine and D-glucosamine residues, 

linked by b-1,4 glycosidic bonds (Al-Dhabaan et al. 

2018). It is present in various species in the shells of 

crustaceans, in cuticles of insects, and the cell walls 

of fungi and some algae. Chitosan nanoparticles (Ch-

NPs) can act as growth enhancers and potent 

antimicrobial agents against pathogenic fungi and 

bacteria (Yu et al. 2021). Chitosan is a promising 

bio-stimulant that increases plant productivity and 

enhance growth rate (Román-Doval et al. 2023). 

Foliar application of nano-chitosan increases 

seedling's vegetative growth parameters, 

photosynthetic pigments, chemical content, and 

macronutrients in leaves (Elshamy et al.2019; Divya 

et al. 2022). Nano-chitosan has antimicrobial 

properties, so it can be used as an inhibitor of micro-

pests such as bacteria and fungi in addition to being 

used as a plant growth promoter (Maluin et al. 2019). 

Treated plants with nano-chitosan increased growth 

compared to control under salinity stress by 

enhancing vegetative growth, dry matter, and relative 

water content under stress salinity (Balusamy et al. 

2022). A foliar spray of nano-chitosan on 

Catharanthus roseus under salinity enhanced the 

alkaloid biosynthesis and activity of antioxidant 

enzymes (Hassan et al. 2021). Many studies 

confirmed the promising applications of nano-

chitosan in different fields such as agriculture 

(Shrestha et al. 2023), drug delivery (Zaiki et al. 

2023), energy storage (Rostami and Khodaei 2023), 

biomedical attributes (Hassan et al. 2024), bio-

sensing and electronic fields (Rana et al. 2024). 

Therefore, this investigation aimed to evaluate the 

effect of foliar application of nano-NPK and nano-

chitosan using different doses on the growth and 

chemical constituents of Kigelia africana (Lam.) 

Benth.  During the seedling growing stage. The 

vegetative parameters, antioxidant activities, 

photosynthetic pigments, and leaf chemical 

composition will also be discussed. 

2. Materials and Methods 

A series of pot experiments were conducted at the 

Ornamental Department of the Horticulture Research 

Station in Sakha, Kafr El-Sheikh Governorate (the 

site is located at 31.07º N latitude and 30.57º E 

longitude for two summer seasons of 2021 and 2022. 

Data on climatic conditions of this study were 

obtained from the Agriculture Research Center 

during the two experimental seasons and presented in 

Table (1). The soil used in each season was analyzed 

according to Sparks et al. (2020) before cultivation 

(Table 2). The used soil was collected from the 

Station in Sakha, Kafr El-Sheikh Governorate.  

2.1 Plant materials  

At six months produced, transplants were obtained 

from a private nursery on March 25
th

 for two seasons 

at a uniform length of 18 ±1 cm. Then, on April 5
th

, 

the plants were planted in pots of 25 cm diameter 

using clayey loam soil (8 kg). The pots were 

manually watered every 3 days by using fresh water. 

Randomized completely block design was performed 

seven treatments were assessed. Each treatment 

consisted of three replicates as every replicate 

contained 10 plants. One months later, seedlings 

were foliar sprayed with mineral NPK (5g L
-1

), as a 

control, nano-NPK at 1, 2, and 3 ml L
-1 

and nano-

NPK at 2 ml L
-1 

+ nano-chitosan at 1, 2, 3 ml L
-1 

for 

each (Fig. 1).
 
During

 
the two experimental seasons at 

intervals of 15 days, the foliar spraying was done in 

the early morning until runoff. Nano-chitosan was 

foliar sprayed on the second day from adding NPK at 

2 ml L
-1

.  

2.2 Source of applied treatments 

The mineral NPK fertilizer (EGY FLEX, as 

commercial fertilizer 20:20:20) is composed of total 

nitrogen 20 % N, phosphorus (20% P2O5), and 

potassium (20 % K2O) produced by Egyptian Chem 

International for Agrochemicals". Nano-NPK (NPK-

NPs; 19:6:20) was and created by Biota EG 

Company with a concentration of nitrogen (3.8% N), 

phosphorus (1.2 % P2O5), and potassium (4% K2O). 

Nano-chitosan (Ch-NPs), solution at 2%, was 

produced by Biota EG Company. Transmission 

Electron Microscopy (TEM) of both nano-NPK and 

nano-sulfur can be observed in Figure 2. These 

nanoparticles were measured directly by TEM 

(Model Talos L120CG2 – TEM – Thermo- Fisher, 

Europe). The mean diameters of applied 
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nanomaterials were 308 and 302.6 nm for nan-NPK and nano-chitosan, respectively. 

Table 1. Monthly air temperature (max., min., and mean °C), relative humidity (RH %) at the 

experimental during the two growing seasons of 2021 and 2022.  

Months 

Air temperature (C) 
RH, % 

Air temperature (C)   

Max Min Mean Max Min Mean RH, % 

First season (2021) Second season (2022) 

March 22.3 17.6 19.9 62.6 21.7 16.8 19.2 63.5 

April 26.9 20.4 23.6 59.6 27.9 19.7 23.8 61.0 

May 32.4 24.7 28.5 58.3 31.0 21.8 26.4 59.5 

June 30.9 25.5 28.2 65.1 33.0 25.7 29.3 64.7 

July 33.9 27.9 30.9 69.6 33.4 26.6 30.0 71.7 

 August 35.6 28.3 31.9 66.2 34.5 25.9 30.2 72.7 

September 32.5 25.1 28.8 66.8 32.9 25.9 29.4 69.3 

October 28.5 22.3 25.4 69.6 29.6 20.4 25.0 74.9 

November 26.6 19.9 23.2 72.1 25.7 18.5 22.1 74.3 
 

 

Table 2. Physical and chemical analysis of the used soil in the 1
st
 and 2

nd
 two experimental seasons, 2021 

and 2022. 

Season 

Soil physical properties Soil chemical properties 

Sand  Silt Clay 
Texture 

class 
pH

*
 

EC
*
 

(dS m
-1

) 

OM 

(%) 

Available nutrients 

(ppm) 

N P K 

First season 24.58 37.79 37.63 Clay loam 

Clayey 

8.46 4.52 1.02 17.06 7.03 212.4 

Second season 24.30 35.28 40.42 8.40 4.55 1.15 22.16 8.34 209.8 

* In both seasons, pH and soil electrical conductivity (EC) were determined in soil suspension (1:5) and 

saturated soil paste extract, respectively. 

 

 

 
Fig. 1. An overview of the main treatments and measurements during the study. 
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Fig. 2. TEM imaging of nano-chitosan . 
 

2.3 Vegetative growth parameters  

At the end of experimental seasons on November 

10
th

 to 15
th,

 2021 and 2022, respectively, the 

following data were recorded, including plant 

height (cm), stem diameter (cm), fresh and dry 

weights of the stem (g), as well as root length (cm), 

number of roots and root fresh and dry weights (g) 

per plant. 

 

2.4 Estimation of chlorophyll content  

Chlorophyll content was gauged by adding 20 ml of 

acetone 80% to 1.0 g leaf tissue and 0.5 g of 

(MgCO3) powder were was append and then gently 

grinded. The admixture was incubated at 4ºC for 3 

hrs. The mixture was centrifuged at 2500 rpm for 5 

min. After that, supernatant fluid was taken to a 100 

ml volumetric flask. The volume was increased to 

100 ml by adding acetone 80%, and the mix was 

used to evaluate chlorophyll a and b by using the 

following equations according to Rajalakshmi and 

Banu (2015): 

Chlorophyll a (mg g
-1

 FW) =  

                  [12.7(A663) – 2.69 (A645)] V/1000W  

Chlorophyll b (mg g
-1

 FW) =  

                 [22.9(A645) – 4.68 (A663)] V/1000W  

Where A = Absorbance of specific wavelength,  

V = Final volume of chlorophyll extract in 80% 

acetone and  

W = Fresh weight of tissue extract. 

 
2.5 Evaluation of total carotenoids  

The content of carotenoids was evaluated using the 

same chlorophyll extract and measured at 470 nm 

in a spectrophotometer (Jenway 6405, the UK) to 

estimate the total content of carotenoids (including 

both xanthophylls + carotene) as follows equation 

as studied by Sumanta et al. (2014).  

Total carotenoids (mg g
-1

 FW) = (1000A470 - 1.82 

Chl. a – 85.02Chl. b)/198 

Where A = Absorbance at respective wave length, 

Chl. a= chlorophyll a and Chl. b= chlorophyll-b. 

 
2.6 Membrane stability index  

Membrane stability index (MSI) or electrolyte 

leakage (EL) was determined as described by 

Sairam et al. (1997) using 200 mg leaf disks in two 

test tubes including 10 ml of distilled water. The 

first set was put at 40 ºC in a water bath for 30 min, 

and electrical conductivity (C1) was measured. 

Another set was kept at 100ºC for 15 min and 

measured electrical conductivity (C2). MSI was 

stated as the following formula: 

MSI (%) = (1- C1/C2) ×100 

 
2.7 Leaf chemical composition 

Estimating N, P, and K content in the dried leaves 

was performed by using 0.2 g as the digested 

solution was used to determine N, P, and K by 

Kjeldahl device, spectrophotometer (Jenway 6405), 

and flame photometer (Jenway PFP7, Staffordshire, 

UK) of the previous elements, respectively. 

 
2.8 Determination of enzyme activities 

Catalase (CAT) and peroxidase (POX) activities 

were estimated using 0.3 g of leaves in liquid 

nitrogen. Then they added 2.0 mL of homogenized 

medium (0.1 M potassium phosphate buffer, pH 

6.8, 0.1 Mm EDTA, 1 mM phenyl methyl sulfonyl 

fluoride, and 1.0 % polyvinyl-pyrrolidone (w/v) 

and centrifugated at 12,000×g for 15 min at 4 °C 

according to Peixoto et al. (1999). Catalase activity 

(EC 1.11.1.6) was assessed by mixing 0.1 mL of 

enzymatic extract with 2.9 mL of reaction solution 

that was composed of 50 mM sodium phosphate 
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buffer (pH 7.0) and 12.5 mM H2O2 (Havir and 

McHale 1987). The decreasing absorbance was 

measured after a minute reaction at 240 nm at 25 

°C. Catalase activity was calculated using a molar 

extinction coefficient of 36 mol L
-1

 cm-1 and 

expressed by μmol of H2O2 min
-1

 mg
-1

 FW 

proposed by Anderson et al. (1995). Peroxidase 

was determined by spectrophotometer (Jenway 

6405, Japan). POX was determined through the 

production rate of purpurogallin at 420 nm 

according to Nakano and Asada (1981). The 

enzymatic activity was expressed in μmol 

purpurogallin min
-1

 g
-1

 FW. CAT and POX were 

determined using a spectrophotometer (Jenway 

6405, Japan). 

2.9 Statistical analyses 

Data were statically analyzed by analysis of 

variance (ANOVA) using Costat (Version 6.303, 

Co Hort, USA, 1998–2004)] program for the data 

set of the two independent experimental and 

combined analysis was carried out after checking 

the homogeneity of the variance Bartlett's test. 

Duncan
'
s multiple range test (Duncan, 1955) was 

used to compare the mean at the P ≤ 0.05% 

probability level, according to Gomez and Gomez 

(1984). Resulted were presented as the average 

mean of the two independent seasons ±SE. 

3. Results 

3.1 Vegetative characteristics 

Data of Kigelia growth parameters included plant 

height, stem diameter, fresh and dry weight of 

aerial parts, and leaf number, are listed in Table 

(3). The treated plants with N, P, and K-nano 

fertilizer at different levels and plus nano-chitosan 

were significantly superior in all traits compared to 

the control (mineral fertilizer). Treatment of nano-

NPK at 2 ml L
-1

 plus nano-chitosan at 2 ml L
-1

 gave 

the longest plant height, recording an increase rate 

of 58.8% compared to the control. The previous 

treatment was followed by treated plants with nano-

NPK at 2 ml L
-1

 plus nano-chitosan at 3 ml L
-1

 with 

an increasing rate of 32.6%, compared the control 

treatment. NPK-nano fertilizer and nano-chitosan at 

different levels significantly increased in all studied 

vegetative parameters compared to the control. 

Nano-NPK (2 ml L
-1

) plus nano-chitosan at 2 ml L
-1 

recorded the highest value of stem diameter with an 

increase of 30.2 %, followed by nano-NPK at 2 ml 

L
-1

 plus nano-chitosan at 3 ml L
-1 

with an increased 

rate of 17.7 % compared to the control treatment. 

Concerning the fresh and dry weights of plants, the 

same previous trend was observed, which showed 

significant superiority in treated plants with NPK-

NPs and Ch-NPs at an applied dose of 2 ml L
-1

 

compared to the control (Table 3). The highest 

increase values in fresh and dry weights (160 and 

124 %, respectively) were recorded at the applied 

dose of 2 ml L
-1 

of both studied nanomaterials, 

followed by the applied dose of NPK-NPs at 2 ml 

L
-1 

plus Ch-NPs at 3 ml L
-1

, which recorded 

increase rate for fresh and dry weights of 100 and 

85.6 %, respectively comparing with the control 

treatment. 

 

 
Table 3. Effect of nano-NPK and nano-chitosan foliar application on stem growth of Kigelia africana 

(Lam.) plants (average of two seasons, 2021 and 2022). 

Treatments 
Plant height 

(cm) 

Stem diameter 

(cm) 

Fresh weight of 

stem (g) 

Dry weight of 

stem (g) 

(T1) Control (mineral NPK 5 g L
-1

) 79.17g 20.60g 96.65g 29.17g 

(T2) NPK-NPs 1 ml L
-1

 80.42f 21.15f 104.42f 32.27f 

(T3) NPK-NPs 2 ml L
-1

 112.82b 24.73b 220.65b 60.45b 

(T4) NPK-NPs 3 ml L
-1

 89.85e 23.15e 165.55e 44.83e 

(T5) NPK-NPs 2 ml L
-1

 + Ch-NPs 1 ml L
-1

 99.95d 23.78d 179.61d 51.17d 

(T6) NPK-NPs 2 ml L
-1 

+ Ch-NPs 2 ml L
-1

 125.77a 26.83a 250.76a 65.42a 

(T7) NPK-NPs 2 ml L
-1 

+ Ch-NPs 3 ml L
-1

 104.98c 24.25c 192.53c 54.15c 

F-test ** ** ** ** 
The mean followed by the same letter in the same column does not differ significantly from Duncan's multiple range test at the 5% level.  

3.2 Root growth parameters 

There is a significant increase in all studied 

parameters with an increase in the applied dose of 

nano-NPK and chitosan nanoparticles, including 

the root length, root number, root fresh, and dry 

weight compared with the control treatment (Table 

4). The highest root length was observed after 

applying foliar of NPK-NPs at 2 ml L
-1 

plus Ch-

NPs at the same level (2 ml L
-1

), with an increment 

rate of 47.9%, which was followed by 30 % in the 

case of nano-NPK at 2 ml L
-1

 and nano-chitosan at 

3 ml L
-1 

comparing with the control treatment. The 

same direction was recorded for all parameters of 

roots, as shown in Table (4), compared to the 

control treatment (mineral NPK foliar spray). 

3.3 Photosynthetic pigments 

Data illustrated in Fig. 3 (A, B, and C) that all 

NPK-nano and NPK-nano plus nano-chitosan at 

different rates increased the values of studied 

photosynthetic pigments (i.e., chlorophyll a, b, and 

carotenoids) comparing with the control. The same 

trend for previous parameters could be noticed, 

which recorded the highest values in studied 

photosynthetic pigments resulting from the foliar 



 EMAM NOFAL, et al., 

_________________________________________________________________________________________________________________ 

____________________________ 

Egypt. J. Soil Sci. 64, No. 2 (2024) 

666 

spraying with nano-NPK (2 ml L
-1

) plus nano-

chitosan (2 ml L
-1

), except the values of 

carotenoids, which the highest values were 

recorded after applying NPK-NPs at 2 ml L
-1

 plus 3 

ml L
-1 

nano-chitosan (T7).  

 

 
Table 4. Effect of nano-NPK and nano-chitosan foliar application on root growth parameter of Kigelia 

Africana L. plants (average of two seasons, 2021 and 2022). 

Treatments 
Root length 

(cm) 
No. of roots 

Root fresh 

weight (g) 

Root dry 

weight (g) 

(T1) Control (mineral NPK 5 g L
-1

) 49.97g 25.17e 48.30g 15.11g 

(T2) NPK-NPs 1 ml L
-1

 52.77f 27.00e 59.99f 16.68f 

(T3) NPK-NPs 2 ml L
-1

 71.68b 44.67b 111.62b 50.16b 

(T4) NPK-NPs 3 ml L
-1

 60.68e 33.00d 76.93e 29.07e 

(T5) NPK-NPs 2 ml L-
1
 + Ch-NPs 1 ml L

-1
 63.27d 38.00c 90.20d 36.97d 

(T6) NPK-NPs 2 ml L
-1

+ Ch-NPs 2 ml L
-1

 73.95a 48.67a 149.23a 60.45a 

(T7) NPK-NPs 2 ml L
-1

+ Ch-NPs 3 ml L
-1

 64.98c 39.33c 98.50c 40.47c 

F-test ** ** ** ** 
The mean followed by the same letter in the same column does not differ significantly from Duncan's multiple range test at 

the 5% level. 

 

3.4 Membrane stability index (MSI) 

Data presented in Fig. 3D showed that the height 

values were recorded as the previous parameters 

from nano–NPK (2 ml L
-1

) plus nano-chitosan (2 

ml L
-1

) with an increasing rate of 10.6% followed 

by nano-NPK alone or plus 3 ml L
-1

 nano-chitosan 

as listed 8.6 and 6.9%. On the other hand, the 

lowest values resulted from nano-NPK at 1 ml L
-1 

and control treatment with non-significant 

differences among them. 
 

 

  

  
Fig. 3. Effect of nano-NPK and nano-chitosan foliar application on photosynthetic pigments and membrane stability 

index (MSI) of Kigelia africana L. as (A) chlorophyll a (mg g-1 FW), (B) chlorophyll b (mg g-1 FW), (C), 
carotenoids (mg g-1 FW) and (D) membrane stability index (%). Data are mean value ± SE. Bars at the same 
letter are insignificant at the P≤0.05 level. (T1) Control (mineral NPK 5 g L-1), (T2) NPK-NPs 1 ml L-1, (T3) 
NPK-NPs 2 ml L-1, (T4) NPK-NPs 3 ml L-1, (T5) NPK-NPs 2 ml L-1 + Ch-NPs 1 ml L-1, (T6) NPK-NPs 2 ml L-1 

+ Ch -NPs 2 ml L-1, (T7) NPK-NPs 2 ml L-1 + Ch -NPs 3 ml L-1 (average of two seasons, 2021 and 2022). 
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3.5 Chemical composition of leaves 

It is indicated from results in Fig. 4 (A, B, and C) 

that all treatments, including nano-NPK alone or 

plus Ch–NPs, augmented the content of nitrogen, 

phosphorus, and potassium in the leaves with 

increasing applied doses. The significantly highest 

values of N, P, and K content in plant leaves were 

achieved from the treatment of nano-NPK with 

nano-chitosan at 2 ml L
-1 

as recorded at 4.15, 0.5 

and 3.63%, respectively, followed by treated plants 

with nano-NPK (2 ml L
-1

) alone or plus nano-

chitosan (3 ml L
-1

) against the control treatment, 

which gave the lowest values of N, P and K content 

(3.11, 0.48 and 2.73%, respectively).  

 

  

 

  

 
 

 

 

Fig. 4. Effect of nano-NPK and nano-chitosan foliar application on chemical composition nitrogen, phosphorus, and 

potassium of Kigelia africana L in leaves (%) for N, P, K (A), (B), and (C), respectively. Data are mean value 

± SE. Bars at the same letter are insignificant at the P≤0.05 level. (T1) Control (mineral NPK 5 g L-1), (T2) 

NPK-NPs 1 ml L-1, (T3) NPK-NPs 2 ml L-1, (T4) NPK-NPs 3 ml L-1, (T5) NPK-NPs 2 ml L-1 + Ch-NPs 1 ml L-

1, (T6) NPK-NPs 2 ml L-1+ Ch -NPs 2 ml L-1, (T7) NPK-NPs 2 ml L-1+ Ch -NPs 3 ml L-1 (average of two 

seasons, 2021 and 2022). 

 

3.6 Antioxidant activity 

The same trend can be observed in the case of 

antioxidants, including catalase and peroxidase 

activities, after applying different doses of nano-

NPK and nano-chitosan (Fig. 5 A and B). 

Concerning the catalase activity, the highest value 

(32.05 μmol of H2O2 min
-1

 mg
-1

 FW) of CAT was 

recorded after applying nano-NPK (2 ml L
-1

) and 

nano-chitosan (2 ml L
-1

) compared to the control. 

For peroxidase activity, a similar trend like CAT 

was observed, where the highest value (0.97 μmol 

of H2O2 min
-1

 mg
-1

 fw) of peroxidase was recorded 

after applying the dose of 2 ml L
-1

 of NPK-NPs and 

nano-chitosan compared with the control. 
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Fig. 5. Effect of nano-NPK and nano-sulfur foliar application on antioxidant activity of Kigelia africana L. as (A) 
catalase activity (μmol of H2O2 min-1 mg-1 FW) and (B) peroxidase activity (μmol purpurogallin min-1 g-1 FW). 
Data are mean value ± SE. Bars at the same letter are insignificant at the P≤0.05 level. (T1) Control (mineral 
NPK 5 g L-1), (T2) NPK-NPs 1 ml L-1, (T3) NPK-NPs 2 ml L-1, (T4) NPK-NPs 3 ml L-1, (T5) NPK-NPs 2 ml L-1 
+ Ch-NPs 1 ml L-1, (T6) NPK-NPs 2 ml L-1+ Ch -NPs 2 ml L-1, (T7) NPK-NPs 2 ml L-1+ Ch -NPs 3 ml L-1  

(average of two seasons, 2021 and 2022). 

 

4. Discussion 

Under arid and semi-arid regions, soil salinity 

increases yearly, causing a serious global problem 

for food security. Few studies were done using 

nanofertilizers on the growth of woody transplants. 

Therefore, this study aimed to evaluate the effects 

of foliar-applied nano-NPK and nano-chitosan at 

different doses on the growth and chemical 

compounds of Kigelia africana (Lam.) Benth 

transplants. This section will answer the following 

questions: 

- What is the role of applied nanomaterials in 

ameliorating the salinity stress? 

- What is the suggested mechanism of nano-

chitosan under salinity stress? 

- To what extent can seedlings of Kigelia africana 

(Lam.) Benth to be tolerant to soil salinity stress? 

- What is the recommended applied dose of 

nanomaterials under such studied stress? 

- What is further research needed in the future on 

such a topic? 

The applied nanomaterials have many benefits 

under different stresses, such as soil salinity stress. 

The role of studied materials, including nano-

fertilizers and nano-amendments like nano-chitosan 

in ameliorating the salinity stress was confirmed on 

many crops (Balusamy et al. 2022; Singh et al. 

2023; Rehman et al. 2024). The suggested 

mechanism under salinity may go back to 

optimizing phytohormone and phenolic levels, 

protecting the photosynthetic apparatus, enhancing 

photosynthetic efficiency, boosting the uptake of 

nutrients and the activity of antioxidants, as well as 

regulating gene expression, thereby strengthening 

the plant's resilience to such stress (Rehman et al. 

2024). Another suggested mechanism involved the 

role of nano-chitosan in reducing the deleterious 

impacts of salinity on plants by enhancing plant 

growth through regulating cellular osmotic 

pressure, increasing the bioavailability and uptake 

of essential nutrients and water (Aazami et al. 

2023). 

In the current study, applied Ch-NPs increased 

many studied vegetative and biochemical 

parameters by enhancing the metabolic processes, 

increasing photosynthetic efficiency, and 

antioxidative enzymatic resistance. These results 

are in harmony with the report of many studies on 

different crops such as Catharanthus roseus (L.) G. 

Don. (Hassan et al. 2021), wheat (Hajihashemi and 

Kazemi 2022), and grapes (Aazami et al. 2023). 

This may be attributed to the fact that the nano 

fertilizers have a smaller diameter than the pores of 

the plant cell, and nanoparticles easily permeate 

through the plant cell wall and reach the plasma 

membrane (Mohamed et al. 2022).  

Recently, more studies on the combined application 

of nano-NPK and nano-chitosan on different crops 

were published with a focus on the productivity of 

French bean (Hasaneen et al. 2016), wheat (Abdel-

aziz et al. (2016), potato (Elshamy et al. 2019), 

coffee (Ha et al. 2019), field crops (Ashraf et al. 

2022), and intercropped maize-soybean (Abou El-

Enin et al. 2023). The previous studies are in 

harmony with the results that this combination is a 

promising nano-based fertilizer which can be 

applied under normal and stressful conditions.  
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As far as we know, this is the first report on the 

combined foliar application of nano-NPK and 

nano-chitosan on Kigelia africana. Based on the 

obtained results from the current study, it is obvious 

that the seedlings of Kigelia africana (Lam.) Benth 

is considered to be tolerant to soil salinity stress 

until the studied salinity level (4.5 dS m
-1

). More 

studies are needed to investigate the higher levels 

of soil salinity in different growing stages, 

including the seedlings and others.  

The recommended applied dose of nano-NPK and 

nano-chitosan was 2 ml L
-1

 from each nano-form 

under such studied conditions. It could be 

summarized the suggested mechanisms of applied 

nano-chitosan in Fig. 6. It is reported that nano-

chitosan can upregulate the metabolism of both C 

and N in soybean plants under elevated levels of 

atmospheric carbon dioxide (Abuelsoud et al. 

2023). So, it is expected the integrated impact of 

both nano-NPK, and nano-chitosan in promoting 

the growing plants under salinity stress in the recent 

study. 

 

 

 

Fig. 6. The main applications of nano-chitosan (Part I) and the suggested mechanisms resulted from 

applying nano-chitosan (Part II). 

Conclusions  

Soil salinity is one of the most important global 

issues that threatens global food production, 

especially under climate change. Study the growing 

Kigelia Africana under salinity stress in the presence 

of different doses using foliar application of nano-

NPK and nano-chitosan was investigated in the 

current study. With a focus on these seedlings' 

morphological, physiological, and biochemical 

characteristics, foliar spraying of a combined dose of 

2 ml L
-1

 from both nano-chitosan and nano-NPK 

recorded the highest studied parameters under 

salinity stress. This previously applied dose is the 

recommended combined dose under such salinity 

stress conditions. Further investigations are needed 

on this crop, focusing on the molecular attributes. 

The economic and ecological aspects are very 

important and should be considered during an 

investigation such as nano-based fertilizers. 

 

Conflicts of interest: There are no conflicts to 

declare. 

Funding: No external fund for this work. 

Acknowledgments: The authors would like to thank 

their institutions for providing the needed support. 



 EMAM NOFAL, et al., 

_________________________________________________________________________________________________________________ 

____________________________ 

Egypt. J. Soil Sci. 64, No. 2 (2024) 

670 

References 

Aazami, M.A., Maleki, M., Rasouli, F., Gohari G (2023). 

Protective effects of chitosan based salicylic acid 

nanocomposite (CS-SA NCs) in grape (Vitis vinifera 

cv. ‘'Sultana’) under salinity stress. Sci Rep 13, 883. 

https://doi.org/10.1038/s41598-023-27618-z  

Abbas Z, Mustafa S, Khan MF, Khan MA, Massey S, Dev 

K, Khan A, Parveen S, Husain SA (2023). Therapeutic 

importance of Kigelia africana subsp. africana: an 

alternative medicine. Nat Prod Res., 1-15. doi: 

10.1080/14786419.2023.2273914.  

Abdel-Aziz HMM, Hasaneen MNA, Omer AM (2016). 

Nano chitosan-NPK fertilizer enhances the growth and 

productivity of wheat plants grown in sandy soil. 

Spanish J. Agric. Res., 14(1):902. 

https://doi.org/10.5424/sjar/2016141-8205. 

Abou El-Enin, M.M., Sheha, A.M., El-Serafy, R.S. et al. 

(2023). Foliage-Sprayed Nano-Chitosan-Loaded 

Nitrogen Boosts Yield Potentials, Competitive Ability, 

and Profitability of Intercropped Maize-Soybean. Int. J. 

Plant Prod. 17, 517–542. 

https://doi.org/10.1007/s42106-023-00253-4  

Abuelsoud W, Saleh AM, Mohammed AE, Alotaibi MO, 

AbdElgawad H (2023). Chitosan nanoparticles 

upregulate C and N metabolism in soybean plants 

grown under elevated levels of atmospheric carbon 

dioxide. Int J Biol Macromol. 252:126434. doi: 

10.1016/j.ijbiomac.2023.126434. 

Al-Dhabaan FA, Mostafa M, Almoammar H, Abd-Elsalam 

KA (2018). Chitosan-based nanostructures in plant 

protection applications. In: Nanobiotechnology 

Applications in Plant Protection. Springer, Cham, pp. 

351-384. 

Anderson MD, Prasad TK, Stewart CR (1995). Changes in 

isozyme profiles of catalase, peroxidase, and 

glutathione reductase during acclimation to chilling in 

mesocotylus of maize seedlings. Plant Physiology, 109, 

1247–1257.  

Ashraf U, Zafar S, Ghaffar R, Sher A, Mahmood S, Noreen 

Z, Maqbool MM, Saddique M, Ashraf A (2022). 

Impact of nano chitosan-NPK fertilizer on field crops. 

In: Santosh Kumar, Sundararajan V. Madihally (Eds.) 

Nanomaterial-Plant Interactions, Role of Chitosan and 

Chitosan-Based Nanomaterials in Plant Sciences. 

Academic Press, Pp: 165-183, 

https://doi.org/10.1016/B978-0-323-85391-0.00008-3. 

Balusamy SR, Rahimi S, Sukweenadhi J, Sunderraj S, 

Shanmugam R, Thangavelu L, Mijakovic I, 

Perumalsamy H (2022). Chitosan, chitosan 

nanoparticles and modified chitosan biomaterials, a 

potential tool to combat salinity stress in plants. 

Carbohydr Polym., 284:119189. doi: 

10.1016/j.carbpol.2022.119189.  

Bello I, Shehu MW, Musa M, Zaini Asmawi M, Mahmud 

R (2016). Kigelia africana (Lam.) Benth. (Sausage 

tree): Phytochemistry and pharmacological review of a 

quintessential African traditional medicinal plant. J 

Ethnopharmacol. 189:253-76. doi: 10.1016/j.jep.201 

6.05.049. 

Divya K, Thampi M, Vijayan S, Shabanamol S, Jisha MS 

(2022). Chitosan nano-particles as a rice growth 

promoter: evaluation of biological activity. Arch. 

Microbiol. 204 (1), 1e11.  

Duncan DB (1955). Multiple Range and Multiple F-Test. 

Biometrics, 11, 1-42. 

http://dx.doi.org/10.2307/3001478. 

El-Ramady H, Abdalla N, Sári D, Ferroudj A, Muthu A, 

Prokisch J, Fawzy ZF, Brevik EC, Solberg SØ (2023). 

Nanofarming: Promising Solutions for the Future of 

the Global Agricultural Industry. Agronomy; 

13(6):1600.  

El-Ramady H, Prokisch J, Mansour H, Bayoumi YA, 

Shalaby TA, Veres S, Brevik EC (2024). Review of 

Crop Response to Soil Salinity Stress: Possible 

Approaches from Leaching to Nano-Management. Soil 

Systems 8(1):11.  

Elshamy MT, ELKhallal SM, Husseiny SM, Farroh KY 

(2019). Application of nano-chitosan NPK fertilizer on 

growth and productivity of potato plant. J. Sci. Res. 

Sci., (36),424-414. 

Fakudze NT, Sarbadhikary P, George BP, Abrahamse H 

(2023). Ethnomedicinal Uses, Phytochemistry, and 

Anticancer Potentials of African Medicinal Fruits: A 

Comprehensive Review. Pharmaceuticals (Basel), 

16(8):1117. doi: 10.3390/ph16081117.  

Gomez KA, Gomez AA (1984). Statistical Procedures for 

Agricultural Research. John Wiley and Sons, Inc., New 

York.pp:680. 

Ha NMC, Nguyen TH, Wang SL, et al. (2019). Preparation 

of NPK nanofertilizer based on chitosan nanoparticles 

and its effect on biophysical characteristics and growth 

of coffee in green house. Res Chem Intermed 45, 51–

63. https://doi.org/10.1007/s11164-018-3630-7  

Hajihashemi S, Kazemi S (2022). The potential of foliar 

application of nano-chitosan-encapsulated nano-silicon 

donor in amelioration the adverse effect of salinity in 

the wheat plant. BMC Plant Biol 22, 148. 

https://doi.org/10.1186/s12870-022-03531-x 

Hasaneen MNA, Abdel-Aziz HMM, Omer AM (2016). 

Effect of foliar application of engineered 

nanomaterials: carbon nanotubes NPK and chitosan 

nano-particles NPK fertilizer on the growth of French 

bean plant. Biochem. and Biotechno. Res.4(4): 68-76. 

Hassan FAS, Ali E, Gaber A, Fetouh MI, Mazrou R 

(2021). Chitosan nano-particles effectively combat 

salinity stress by enhancing antioxidant activity and 

alkaloid biosynthesis in Catharanthus roseus (L.) G. 

Don. Plant Physiol. Biochem. 162, 291e300. 

Hassan MG, Hawwa MT, Baraka DM, El-Shora HM, 

https://doi.org/10.1038/s41598-023-27618-z
https://doi.org/10.5424/sjar/2016141-8205
https://doi.org/10.1007/s42106-023-00253-4
https://doi.org/10.1016/B978-0-323-85391-0.00008-3
http://dx.doi.org/10.2307/3001478
http://dx.doi.org/10.2307/3001478
http://dx.doi.org/10.2307/3001478
https://doi.org/10.1007/s11164-018-3630-7
https://doi.org/10.1186/s12870-022-03531-x


RESPONSE OF KIGELIA AFRICANA (LAM.) BENTH TRANSPLANTS TO NANO-NPK AND NANO-CHITOSAN ...  

_________________________________________________________________________________________________________________ 

____________________________ 

Egypt. J. Soil Sci. 64, No. 2 (2024) 

671 

Hamed AA (2024). Biogenic selenium nanoparticles 

and selenium/chitosan-Nanoconjugate biosynthesized 

by Streptomyces parvulus MAR4 with antimicrobial 

and anticancer potential. BMC Microbiol., 24(1):21. 

doi: 10.1186/s12866-023-03171-7.  

Haydar MS, Ghosh D, Roy S (2024). Slow and controlled 

release nanofertilizers as an efficient tool for 

sustainable agriculture: Recent understanding and 

concerns. Plant Nano Biology 7, 100058. 

Mahawar, L., M. Živčák, M. Barboricova, M. Kovár, A. 

Filaček, J. Ferencova, D.M. Vysoká and M. Brestič 

(2024). Effect of copper oxide and zinc oxide 

nanoparticles on photosynthesis and physiology of 

Raphanus sativus L. under salinity stress. Plant Physiol 

Biochem. 2024, 206:108281. doi: 

10.1016/j.plaphy.2023.108281. 

Maluin FN, Hussein MZ, Yusof NA, Fakurazi S, Seman 

IA, Hilmi NHZ, Daim LDJ (2019). Enhanced 

fungicidal efficacy on Ganoderma boninense by 

simultaneous co-delivery of hexaconazole and dazomet 

from their chitosan nanoparticles. RSC Adv. 9 (46), 

27083e27095. 

Mann A, Gbate M, Umar AN (2003). Medicinal and 

Economic Plants of Nupeland, Jube- Evans Books & 

Publications, Bida 1: 277 

Mohamed MN, Ahmed AS, Farroh KY (2022). Usage of 

Nanoparticle NPK to Reduce the amount of Mineral 

Fertilizers in 'Crimson 'Seedless'  ' Crimson 'Seedless' 

Grapevines. New Valley J. Agric. Sci., New Valley 

University, Egypt, NVJAS. 2 (6): 473-482 

Mokrani K, Hamdi K, Tarchoun N (2018). 

Communications in Soil Science and Plant Analysis 

Potato (Solanum Tuberosum L.) Response to Nitrogen, 

Phosphorus and Potassium Fertilization Rates Potato 

(Solanum Tuberosum L.) Response to Nitrogen 

Phosphorus. Communications in Soil Science and Plant 

Analysis. Taylor & Francis, 49 (11: 1314–1330. 

Nakano Y, K Asada (1981). Hydrogen peroxide is 

scavenged by ascorbate specific peroxidase in spinach 

chloroplasts. Plant Cell Physiology, 22, 867–880. 

Oyelami OA, Yusuf KO, Oyelami AO (2012) The use of 

Kigelia africana in the management of polycystic 

ovary syndrome (PCOS). Chin Med, 3: 1-3. 

Peixoto PHP, Cambraia J, Sant’ana R, Mosquim PR, 

Moreira MA (1999). Aluminum effects on lipid 

peroxidation and on activities of enzymes of oxidative 

metabolism in sorghum. Revista Brasileira de 

Fisiologia Vegetal, 11, 137–143. 

Rajalakshmi K, Banu N (2015). Extraction and Estimation 

of Chlorophyll from Medicinal Plants. Inter. J. of Sci. 

and Res.; 4(11), 209 – 212.  

Rana AK, Gupta VK, Hart P, Scarpa F, Thakur VK (2024). 

Sustainable MXene-chitosan/ chitin composites for 

Interdisciplinary applications in water purification, bio-

medical, bio-sensing and electronic fields. Materials 

Today Sustainability, 100671. 

https://doi.org/10.1016/j.mtsust.2024.100671.  

Rehman A, Khan S, Sun F, Peng Z, Feng K, Wang N, Jia 

Y, Pan Z, He S, Wang L, Qayyum A, Du X, Li H 

(2024). Exploring the nano-wonders: unveiling the role 

of Nanoparticles in enhancing salinity and drought 

tolerance in plants. Front Plant Sci., 14:1324176. doi: 

10.3389/fpls.2023.1324176. 

Román-Doval R, Torres-Arellanes SP, Tenorio-Barajas 

AY, Gómez-Sánchez A, Valencia-Lazcano AA (2023). 

Chitosan: Properties and Its Application in Agriculture 

in Context of Molecular Weight. Polymers, 15, 2867. 

https://doi.org/10.3390/polym15132867 

Rostami MS, Khodaei MM (2023). Recent advances of 

chitosan-based nanocomposites for supercapacitor 

applications: Key challenges and future research 

directions. Journal of Energy Storage, 72, Part B, 

108344. https://doi.org/10.1016/j.est.2023.108344.  

Sairam RK, Deshmukh PS, Shukla DS (1997). Tolerance 

of drought and temperature stress in relation to 

increased antioxidant enzyme activity in wheat. J. 

Agron. Crop Sci., 178(3), 171-178. 

Sári D, Ferroudj A, Abdalla N, El-Ramady H, Dobránszki 

J, Prokisch J (2023). Nano-Management Approaches 

for Salt Tolerance in Plants under Field and In Vitro 

Conditions. Agronomy.; 13(11):2695. 

https://doi.org/10.3390/agronomy 1311 2695. 

Sári D, Ferroudj A, Dávid S, El-Ramady H, Faizy S, 

Ibrahim S, Mansour H, Brevik EC, Solberg S, Prokisch 

J (2024). Drought Stress Under a Nano-Farming 

Approach: A Review. Egyptian Journal of Soil 

Science, 64(1), pp. 135-151. doi: 

10.21608/ejss.2023.239634.1668 

Schwab F, Zhai G, Kern M, Turner A, Schnoor JL, 

Wiesner Barriers MR (2015). Pathways and processes 

for uptake, translocation and accumulation of 

nanomaterials in plants critical review Nanotoxicology, 

10, pp. 257-278. 

Shalaby TA, Bayoumi Y, Eid Y, Elbasiouny H, Elbehiry F, 

Prokisch J, El-Ramady H, Ling W (2022a). Can 

Nanofertilizers Mitigate Multiple Environmental 

Stresses for Higher Crop Productivity? Sustainability; 

14(6):3480.  

Shalaby TA, El-Bialy SM, El-Mahrouk ME, Omara AED, 

El-Beltagi HS, El-Ramady H (2022b). Acclimatization 

of In Vitro Banana Seedlings Using Root-Applied Bio-

Nanofertilizer of Copper and Selenium. Agronomy; 

12(2):539.  

Shrestha R, Thenissery A, Khupse R, Rajashekara G 

(2023). Strategies for the Preparation of Chitosan 

Derivatives for Antimicrobial, Drug Delivery, and 

Agricultural Applications: A Review. Molecules. 2023, 

28(22):7659. doi: 10.3390/molecules28227659.  

https://doi.org/10.1016/j.mtsust.2024.100671
https://doi.org/10.3390/polym15132867
https://doi.org/10.1016/j.est.2023.108344
https://doi.org/10.3390/agronomy%201311%202695


 EMAM NOFAL, et al., 

_________________________________________________________________________________________________________________ 

____________________________ 

Egypt. J. Soil Sci. 64, No. 2 (2024) 

672 

Singh A, Rajput V, Varshney A, Sharma R, Ghazaryan K, 

Minkina T, Alexiou A, El-Ramady H (2024). 

Revolutionizing Crop Production: Nanoscale Wonders 

- Current Applications, Advances, and Future 

Frontiers. Egyptian Journal of Soil Science, 64(1), 221-

258. doi: 10.21608/ejss.2023.246354.1684. 

Sparks DL, Page AL, Helmke PA, Loeppert RH (2020). 

Methods of Soil Analysis, Part 3: Chemical Methods 

(Vol. 14). New York: John Wiley & Sons 

Sumanta N, Haque CI, Nishika J, Supraksh R (2014). 

Spectrophotometric Analysis of Chlorophylls and 

Carotenoids from Commonly Fern Species by Using 

Various Extracting Solvents, Res. J. Chemical Sci.; 

4(9):63-69. 

Sundararajan N, Habeebsheriff HS, Dhanabalan K, Cong 

VH, Wong LS, Rajamani R, Dhar BK (2023). 

Mitigating Global Challenges: Harnessing Green 

Synthesized Nanomaterials for Sustainable Crop 

Production Systems. Glob Chall., 8(1):2300187. doi: 

10.1002/gch2.202300187. 

Wang A, Li J, Al-Huqail AA, Al-Harbi MS, Ali EF, Wang 

J, Eissa, MA (2021). Mechanisms of chitosan 

nanoparticles in the regulation of cold stress resistance 

in banana plants. Nanomaterials 11 (10), 2670. 

Yu J, Wang D, Geetha N, Khawar KM, Jogaiah S, Mujtaba 

M (2021). Current trends and challenges in the 

synthesis and applications of chitosan-based 

nanocomposites for plants: a review. Carbohydr. 

Polym. 261, 117904. 

Zaiki Y, Iskandar A, Wong TW (2023). Functionalized 

chitosan for cancer nano drug delivery. Biotechnol 

Adv., 67:108200. doi: 

10.1016/j.biotechadv.2023.108200.  

Zhao L, Zhou X, Kang Z, Peralta-Videa JR, Zhu YG 

(2024). Nano-enabled seed treatment: A new and 

sustainable approach to engineering climate-resilient 

crops. Sci Total Environ. 2024, 910:168640. doi: 

10.1016/j.scitotenv.2023.168640. 

 


