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Introduction                                                                                 

Manihot esculenta Crantz, cassavas are perennial, 
vegetative, woody shrubs with edible roots. It grows 
in subtropical and tropical regions worldwide. Cassava 
originated in tropical America and was introduced into 
Africa in the Congo basin by the Portuguese around 
1558. Cassava now sustains the livelihoods of over 
300 million Africans. Cassava production in the world 
totaled 302,662,494 million metric tonnes in 2020, with 
Africa accounting for approximately 61% (FAOSTAT, 
2022). Universal production of cassava has increased 
by 240 million metric tonnes since 2010. According to 
FAO projections, by 2025, Sub-Saharan Africa countries 

A CURRENT experiment was carried out at a private farm under sandy soil conditions 
in El-Bostan area, El-Behera Governorate, Egypt over two consecutive seasons of 
2019/2020 and 2020/2021. The aim was to investigate the effect of some plant growth 

bio-stimulants on cassava plants (Indonesian cultivar) growth and yield as well as the roots 
storability. The experiment contained thirteen treatments: potassium humate (1, 2, and 4 g/l), 
fulvic acid (1, 2, and 4 g/l), chitosan (1, 2, and 4 g/l), and seaweed extract (1, 2, and 4 g/l), in 
addition to a control treatment. Cassava plants were sprayed four times with the experimental 
treatments at 60, 90, 120, and 150 days after planting date. The experiment was set up with 
three replicates in a completely randomized block design. The obtained results showed that 
foliar spraying with seaweed extracts, fulvic acid, or chitosan at rates of 2 or 4 g/l resulted in 
the highest values for plant height, the number of main stems, number and weight of roots/plant, 
root length, and root diameter. Furthermore, cassava plants sprayed with seaweed extracts, 
fulvic acid and potassium humate at a rate of 2 g/l, had the highest levels of starch content in 
the roots, while treatment with seaweed extract at a rate of 4 g/l recorded the highest levels of 
N, P, and K in the shoots. The recommendations are that foliar spraying with seaweed extract at 
a rate of 4 g/l could be used to increase the production and quality of cassava roots, as well as 
the content of mineral elements in the shoots and the starch content in the roots. In addition, a 
storage period of 40 days at a temperature of 5 °C could be attained by using chitosan at a rate 
of 1 g/l or seaweed extract at 4 g/l as a field treatment.

Keywords: Manihot esculenta Crantz, Potassium humate, Fulvic acid, Chitosan, Seaweed 
extract, Cold storage.

will account for approximately 62% of global cassava 
production (FAOSTAT, 2022). It is rich in carbohydrates, 
available year-round, tolerant to low soil fertility, and 
resistant to diseases, drought, and pests tolerant (Ewubare 
and Ologhadien, 2019, Inegbedion et al., 2020). 

Foliar application of mineral fertilizers is a 
faster way of delivering nutrients to plants than 
soil application. Some authors have suggested that 
active uptake via stomata pores, rather than cuticular 
uptake, could occur. The use of bio-stimulants in crop 
production is needed. In a similar vein, bio-stimulants 
that encourage vegetative growth, mineral nutrient 
uptake, and plant productivity are available.
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Potassium humate has also been shown in previous 
studies to affect plant hormonal levels and improve the 
growth and development of crops under a variety of 
stressful conditions (Man-hong et al., 2020). Several 
studies have shown that potassium humate increases cell 
membrane permeability, photosynthesis rate, protein 
and hormone assimilation, and root cell elongation 
(Cimrin et al., 2010). Treatment with potassium 
humate improved potato plant growth, photosynthetic 
indicators, and tuber yield under various levels of water 
deficiency (Man-hong et al., 2020). Other researchers 
have found that potassium humate treatment improves 
biochemical indicators like chlorophyll content, 
ascorbic acid content, nitrogen content, starch, soluble 
solids, and protein content, as well as growth and 
productivity indicators in Spunta potatoes grown under 
stress conditions (Selim et al., 2012).

Fulvic acid plays an important role in the retention 
and release of macro- and micronutrients, as well as 
the biological availability and mobility of organic 
chemicals in soil (Hu et al., 2019). Because fulvic acid 
contains more electronegative oxygen atoms than any 
other humate molecule, it has the greatest influence on 
chemical reactions (Priya et al., 2014). According to 
Anjum et al. (2011) fulvic acid application increased 
the chlorophyll and water contents of leaves. It also 
increased spiration, thus leading to growth stimulation 
and water loss reduction. Potassium fulvate foliar or 
soil application has many beneficial effects, including 
stimulation of plant metabolism, increased enzyme 
activity (transaminase and invertase), and increased 
nutrient bioavailability and uptake, which ultimately 
reflect on crop growth and yield. 

Chitosan strengthens plant defense and can 
even increase plant pathogen resistance (Sharma et 
al., 2019). Chitosan was derived from the antitoxic 
substance chitin. Chitosan, especially in low doses, 
can boost a plant’s resistance to pathogens by boosting 
its immune system. Recently, the use of bio-fertilizers 
as part of bio-stimulants in plants has generated many 
benefits. Chitosan has featured among this round 
of these compounds due to its fast release through 
enzymatic processes without affecting the beneficial 
rhizosphere microbiome and its ability to induce 
symbiotic exchange between microorganisms and 
plants (Sharif et al., 2018). Chitosan is an individual 
product that has a bright future in the development of 
sustainable agricultural practices, at a very economical 
price, and available in large quantities, its application as 
a bio-fertilizer has been shown to have positive effects 
on the absorption of other nutrients without negatively 
affecting soil or plants (Sharif et al., 2018).

Seaweed extracts are among the most important 

sustainable bio-stimulants used (Ashour et al., 2020). 
Seaweed extracts have been used as bio-stimulants 
in agricultural practices since early plant breeding. 
Seaweed extracts are qualified to be utilized as bio-
fertilizer not only because they have a biological 
impact but also because they share with plants common 
biological compounds. Thus, this significant advantage 
has propelled seaweed to the top of the plant bio-
stimulant list and facilitated many plant treatment 
processes, primarily for serving and facilitating organic 
and sustainable agriculture (Ashour, 2019). In addition 
to the positive effects of seaweed extracts as a plant 
bio-stimulant that enhance stress tolerance, fast nutrient 
uptake, increased growth and yield, seaweed-based bio-
stimulants have also been shown to help reduce seed 
dormancy, promote flowering, enhance root systems 
(Ali et al., 2019), and improve fruit quality and taste 
(Kapur et al., 2018).

Few previous studies on the effect of foliar 
application of bio-stimulants on cassava plant growth 
and yield have been conducted. As a result, this study 
aimed to determine how different bio-stimulants 
benefited the growth and productivity of cassava plants 
grown on newly reclaimed sandy soils.  

Materials and Methods                                                                 

The experiments of this research study were 
conducted at a private farm under sandy soil conditions 
with a pH of 8.8 and an EC of 0.21 ds/m in El-Bostan 
area, El Beheira Governorate, Egypt, for two successive 
seasons of 2019/2020 and 2020/2021 aiming to study 
the effect of foliar spraying with some plant stimulants 
on cassava plants (Manihot esculenta Crantz) growth, 
yield, and quality. The Indonesian cassava cultivar 
was used a plant material for its consumption and the 
industry’s desirable characteristics. The experiment 
was designed as a complete randomized block design 
(CRBD) in three replicates. The plantation was done 
in single rows with 4 m length and 80 cm width with 
a spacing of 50 cm between plants. Cassava cuttings 
measuring 25-30 cm long were planted vertically in 
holes manually constructed at a depth of approximately 
10-12 cm. The experiment plot area was 9.6 m2 (2.4×4 
m) and consisted of three drip irrigated rows. The 
plantation dates were on the 15th and 25th of April in 
the first and second seasons, respectively. Ammonium 
nitrate (33%) at a rate of 50 units of N/feddan, calcium 
super phosphate (15.5% P2O5) at a rate of 80 units/
feddan, and potassium sulfate (48% K2O) at a rate of 
100 units/feddan were added along the growing season 
under drip irrigation system. The experiment included 
thirteen treatments as follows:

1- Control (tap water).   2- Potassium humate at 1 g/l. 
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3- Potassium humate at 2 g/l. 4- Potassium humate at 4 g/l. 

5- Fulvic acid at 1 g/l.  6- Fulvic acid at 2 g/l. 

7- Fulvic acid at 4 g/l.       8- Chitosan at 1 g/l. 

9- Chitosan at 2 g/l.     10- Chitosan at 4 g/l. 

11- Seaweed extract at 1 g/l.   12- Seaweed extract at 2 g/l. 

13- Seaweed extract at 4 g/l. 

Treatments were conducted as foliar spraying four 
times, 60, 90, 120, and 150 days after planting date and 
during the growth period of cassava plants.

Data Recorded
Vegetative Growth

Three plants/replicate were randomly collected 180 
days after planting date to record vegetative growth 
parameters, i.e., plant height, number of main shoots/
plants, leaf area, and stem diameter. 

Yield Components
Three plants/replicate were randomly collected 

after 270 days from planting date to record the yield 
components. Root numbers/plant, root length, root 
diameter, and total and marketable yield of roots were 
calculated.

Weight Loss Percentage
Weight loss was recorded at the start of the cold 

storage experiment as initial root weight and then 
every 7 days during the storage period (40 days). It was 
expressed as a percentage of weight loss relative to the 
initial weight, as described in the equation by Lemoine 
et al. (2009).

Weight loss (%) = [(A-B/A)] x 100 

Where A: the initial weight, and B: weight at 
inspection date.

Decay Percentage
Cassava roots were assessed in each treatment for 

the percentage of the surface showing visible rotting 
every 7 days at room temperature and then in cold 
storage, respectively. Decay was calculated for each 
treatment based on the over 10% of the surface showed 
visible rotting for every root. Overall, roots showing 
extensive rotting (over 50% surface) were removed 
from the experiment (Wenzhong et al., 2004). Decays 
are determined as scores, 1 = none, 2 = slight, 3 = 
moderate, 4 = moderately severe, and 5 = severe. 

Leaf Mineral Contents 
Nitrogen, phosphorus, potassium, and iron were 

determined after 180 days from the planting date, 
cassava leaf samples were oven dried at 60 - 70°C, and 
then dry leaf samples were ground to a fine podwer and 

then wet digested using sulphuric acid (H2SO4 98%) 
and oxygen peroxide (H2O2 30%). Total nitrogen was 
determined using the Kjeldahl method as described by 
Piper (1950) Phosphorus content was measured using 
spectrophotometer method according to Watanabe and 
Olsen (1965). Potassium content was analyzed using 
the flame photometer method as described by Chapman 
and Pratt (1961). Iron content was determined by 
thiocyanate colorimetry, a spectrophotometric method 
according to Woods and Mellon (1941).

Root Starch Content 
After 270 days from planting date, samples of 

cassava roots were dried in a forced-air oven at 70 ºC 
until constant weight, and then ground to a fine powder 
and used to determine starch contents in the roots 
according to the method described by Somogyl (1952).  

Statistical Analysis
All the data obtained were subjected to a statistical 

analysis of variance (ANOVA) procedure of one-way. 
The means were separated using Duncan’s multiple 
range test at a 5% level of significance according to the 
method described by Snedecor and Cochran (1989).

Results and Discussion                                                                         

Vegetative Growth Characteristics
Data in Table 1 showed that foliar spraying with 

seaweed extract at 4 g/l resulted in the highest plant 
height values in both tested seasons. Furthermore, 
foliar spraying with both 1 and 2 g/l potassium humate, 
2 and 4 g/l fulvic acid and 1 and 2 g/l seaweed extract 
provided the greatest results   in plant height in the 
second season compared to the control treatment. Our 
findings are consistent with those reported by Kavya 
et al. (2021). Foliar spraying with seaweed extract at 
4 g/l resulted in the highest values of leaf area in the 
two tested seasons, with no significant differences 
with fulvic acid at 1 and 4 g/l, and chitosan at 2 g/l 
in the first season only. In addition, the attained results 
showed that foliar application of seaweed extract at 4 
g/l produced the maximum number of stems/plant in 
the two seasons. Furthermore, potassium humate at 1 
and 4 g/l, fulvic acid at 4 g/l, and seaweed extract at 1 
and 2 g/l had the highest values in both tested seasons 
when compared to the control treatment. The results 
also indicated that foliar spraying of seaweed extract 
at 4 g/l gave the highest values   of stem diameter in 
both tested seasons, with no significant differences with 
almost all other treatments, except for the treatments 
of 1 g/l chitosan and the control in the first season. The 
improvement in cassava growth could be attributed 
to the seaweed extract, which contains a variety of 
plant hormones that can improve the efficiency of the 
metabolic process, increase the efficiency and capacity 
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of photosynthesis, and promote plant cell division 
(Tomasz and Wanda, 2020). These findings are also in 
harmony with Kavya et al. (2021).

The results in Table 2 showed that the foliar 
application of seaweed extract at 4 g/l had the highest 
values of root numbers/plant in both tested seasons, 
with no significant differences with spraying potassium 
humate at a rate of 1/l, both fulvic acid at rates of 2 
and 4 g/l, and both chitosan at rates of 2 and 4 g/l in 
the first season. In addition, spraying fulvic acid at a 
rate of 1 g/l and seaweed extract at rates of 1 and 2 
g/l had no significant differences relative to seaweed 
extract at a rate of 4 g/l in the second season. Regarding 
root yield per plant, data in Table (2) also indicated 
that foliar application of seaweed extract at a rate of 4 
g/l provided the highest values of root numbers/plant 
in both tested seasons, with no significant differences 
with spraying fulvic acid at a rate of 2 g/l and chitosan 
at a rate of 4 g/l in the first season. However, in the 
second season all treatments achieved the highest 
insignificant value of root numbers/plant compared 
to control treatment. In addition, the obtained results 
revealed that the highest insignificant root length was 
attained from foliar spraying chitosan at a rate of 1 
g/l as well as seaweed extract at a rate of 4 g/l in both 
tested seasons. In addition, all the treatments produced 
greater root length in the first season and all stimulants 
and controls had no significant differences among them 
in the second season. Also, data shown in Table (2) 
indicated that foliar treatments of fulvic at a rate of 1 
g/l, chitosan at a rate of 4 g/l, and seaweed extract at a 
rate of 4 g/l achieved the highest values of root diameter 
compared to the other treatments and control in both 
studied seasons. The application of seaweed extract 
promoted root growth, which can be linked to the 
alginate oligosaccharide-induced synthesis of an auxin-
related gene, which improved auxin concentrations and 
promoted root formation and elongation. Furthermore, 
it is possible that seaweed extract increased auxin and 
cytokinin assimilation and localization, resulting in 
the production of branching and adventitious roots as 
well as greater root biomass (Abbas et al. 2020). In 
this regard, seaweed extracts enhance cell proliferation 
while also increasing nutrient intake and photosynthetic 
rate, which has a good effect on the number and length 
of roots (Mohamad et al. 2021, Sourav et al. 2021). 
Furthermore, chitosan has significant anti-disease 
activities, stimulates plant hormone production, 
helps to absorb soil nutrients, stimulates solubility, 
root durability, stimulates root growth, and promotes 
carbohydrate metabolism, as mentioned by Seyyed et 
al. (2021) and Alshymaa et al. (2022). 

Data presented in Table 3 clearly illustrated that 
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foliar spraying with 4 g/l seaweed extract resulted in 
the maximum nitrogen content in cassava leaves in both 
tested seasons. In addition, spraying 1 g/l fulvic acid 
in the first season and 1 g/l of potassium humate in the 
second season had greater values of N percentage in 
cassava leaves compared to the control treatment. The 
showed results in the same table indicated that spraying 
with 4 g/l of seaweed extract resulted in the maximum 
phosphorus percentage in leaves in both experimental 
seasons. Furthermore, spraying with 1 g/l of each fulvic 
acid, seaweed extract, and chitosan gave the greatest 
results in phosphorus percentage compared to the 
control. The obtained results also indicated that the 
highest values of potassium percentage were observed 
when cassava plants sprayed with 4 g/l seaweed extract 
in both seasons. Additionally, foliar spraying with 2 
g/l potassium humate and 1 g/l fulvic acid exhibited 
significant increments in the percentage of K in the first 
season, as well as 1 g/l seaweed extract in the second 
season compared to the control treatment. Regarding 
iron content in the cassava leaves, data in Table 3 
revealed that spraying with 4 g/l of both seaweed 
extract and chitosan resulted in the highest significant 
iron content values in both tested seasons. Also, foliar 
spraying with 1 g/l fulvic acid and 2 g/l seaweed extract 
in the first season and 2 and 4 g/l of chitosan and 1 
g/l seaweed extract in the second season exhibited 
considerable values of iron (ppm) when compared 
to the control. Increasing nutrients in cassava leaves 
could be attributed to seaweed extracts improving 
the antioxidant system of examined plants, which led 
to optimal growth, accelerated growth, and nutrient 
uptake, which can increase the capacity of plants for 
tolerance of stressful conditions, increase yield, and 
enhance crop nutritional content, as supported by 
Małgorzata et al. (2019). They showed that seaweed 
has a substantially beneficial effect on potato tubers, 
improving growth as measured by an increase in 
carbon and nitrogen assimilating. The beneficial effect 
of spraying seaweed extracts on improving N, P and 
K percentages resulted in elevated biosynthesis and 
carbohydrate translocation, which are essential for 
accelerating cell division and the formation of DNA 
and RNA (Tomasz and Wanda, 2020, Mohamed et 
al. 2021). The foliar application of seaweed extract 
can increase crop root growth, improve root ability to 
absorb macronutrients and translocate them upward to 
the aboveground parts (Chen et al. 2021). 

Roots Weight Loss
Results in Table 4 showed that spraying with 

chitosan at a rate of 1 g/l resulted in the lowest value 
of loss weight of cassava roots after 40 days of cold 
storage, however, spraying 1 g/l of potassium humate 
as a field treatment resulted in the greatest loss of 

root weight in both studied seasons. These findings 
are consistent with Mahmoud (2017) who stated that 
chitosan functions as a plant defense trigger and maybe 
a powerful of anti-transparent to protect water content 
in plant organs, improve plant growth, and protect, and 
stimulate the plant’s immune system. 

Roots Decay
The data in Table 4 showed that the control treatment 

had the highest percentages of decayed roots after 40 
days of cold storage at 5°C in both tested seasons. 
In contrast, potassium humate treatment at rates of 1 
and 4 g/l, fulvic acid at a rate of 4 g/l, chitosan at a 
rate of 2 g/l and seaweed extract at rates of 1 and 2 g/l 
produced the lowest percentages of decayed roots than 
the rest treatments in both seasons. Chitosan has been 
widely used as a foliar treatment to inhibit the growth, 
spread, and development of several diseases caused by 
bacteria, fungi, and pests (Rabea, et al. 2003, Abdel-
Gayed et al. 2017).

Root Starch 
Data in Table 4 revealed that foliar spraying of 

seaweed extract at a rate of 4 g/l gave the highest 
percentage value of starch in cassava roots in the first 
season, however, in the second season, fulvic acid at a 
rate of 2 g/l recorded the highest percentage values of 
starch, without significant differences with potassium 
humate treatment at a rate of 1 g/l compared to the 
other treatments. Carbohydrate accumulation is related 
to the biosynthesis of plant hormone signals, which is 
in line with the physiological responses triggered by 
the application of exogenous hormone molecules to 
sugarcane (Chen et al. 2021).

Conclusion                                                                                     

A current experiment was carried out at to 
investigate the effect of some plant growth bio-
stimulants on cassava plants (Indonesian cultivar) 
growth and yield as well as the roots storability. This 
study recommended that foliar spraying with seaweed 
extract at a rate of 4 g/l could be used to increase the 
production and quality of cassava roots, as well as the 
content of mineral elements in the shoots and the starch 
content in the roots. In addition, a storage period of 40 
days at a temperature of 5 °C could be attained by using 
chitosan at a rate of 1 g/l or seaweed extract at 4 g/l as 
a field treatment.
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تأثير الرش الورقي ببعض محفزات النمو على النمو والإنتاجية والقدرة التخزينية لنبات الكسافا
محمد علي سليمان حماد1 محمد إمام رجب2 صبري موسى سليمان يوسف2 وشادية عبد اللاه إسماعيل1

1 قسم بحوث البطاطس والخضر خضریة التكاثر- معھد بحوث البساتين ــ مركز البحوث الزراعية ــ الجيزة ــ مصر.

2 قسم البساتين ــ كلية الزراعة ــ جامعة عين شمس ــ مصر.

و   2019/2020 موسمي  خلال  البحيرة  بمحافظة  البستان  بمنطقة  خاصة  مزرعة  في  حقلية  تجربة  أجریت 
 Manihot) 2020/2021 لدراسة تأثير الرش الورقي ببعض محفزات النمو على نمو وإنتاجية نباتات الكسافا
esculenta Crantz) الصنف الإندونيسي وكذلك القدرة التخزینية لجذور الكسافا وقد اشتملت التجربة على 13 
معاملة رش هي كالتالي: هـيومات البوتاسيوم بتركيز 1، 2، 4 جم/لتر، حمض الفولفيك بتركيز 1، 2، 4 جم/لتر، 
الشيتوزان بتركـيز 1، 2، 4 جم/لتر ومستخلص الأعشاب البحریة بتركيز 1، 2، 4 جم/لتر وكذلك معاملة الكنترول 
(الرش بالماء فقط) . تم رش نباتات الكسافا أربع مرات خلال موسم النمو بعد 60 و 90 و 120 و 150 یوماً من 
الزراعة. نفذت التجربة بتصميم القطاعات الكاملة العشوائية بثلاث مكررات. وتم تخزین جـذور الكسافا الناتجة 
من كل المعاملات تحت درجة حرارة 5 درجة مئویة وحساب نسبه الفقد في الوزن للجذور ونسبه التلف بالجذور 

المخــزنه بعد 40 یوم من التخزین المبرد.

وقد أظھرت النتائج المتحصل عليھا أن الرش الورقي بمستخلص الأعشاب البحریة أو حمض الفولفـيك أو الشيتوزان 
قــد أدى إلى الحصول على أعلى القيم لكل من ارتفاع النبات وعدد السيقان الرئيسية وكذلك عدد ووزن الجذور/
نبات وطول الجذور وقطرها. كما أظھرت النباتات التي تم رشھا بمستخلص الطحالب والفولفيك اسيد وهيومات 
البحریة  الطحالب  بمستخلص  المعاملة  أدت  كما  بالجذور  النشا  لمحتوي  القيم  أعلى  جم/لتر  بتركيز2  البوتاسيوم 

بتركيز 4 جم/لتر الي الحصول علي أعلى القيم لكلا من النيتروجين والفوسفور والبوتاسيوم بالأوراق.
وفى النھایة توصي الدراسه بالرش الورقي كمعاملة حقلية تحت ظروف الأراضي المستصلحه الجدیده بمستخلص 
الطحالب البحریة بمعدل 4 جم/لتر أو الشيتوزان بمعدل 1 جم/لتر لزیادة إنتاج وجوده جذور الكسافا وكذا زیادة 
محتواها من العناصر المعدنية في الأوراق ومحتوى النشا فى الجذور وكذلك اطاله فترة التخزین لمده 40 یوم 

تحت درجه حراره 5 درجة مئویة.

 ، المعدنية  المحتویات   ، الجذور  ، محصول  الخضرى  النمو   ، النباتية  النمو  ، محفزات  الكسافا  الدالة:  الكلمات 
محتوى نشا بالجذر ، التخزین المبرد.


