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ABSTRACT 

 

Carrots (Daucus carota) is an essential vegetable because of its high beta-

carotene (Vitamin A). This study seeks to determine the growth and yield 

performance of carrots applied with different concentrations of bio-stim-

ulant (BSS). This study was conducted at the University of Negros Occi-

dental – Recoletos, School of Agriculture last December 28, 2023 to 

March 27, 2024. Eighty (80) carrot seeds (Kaneko Bonfire Variety) were 

used as planting materials. The seedlings were transferred in polyeth-

ylene bags using the Complete Randomized Design (CRD) with four treat-

ments replicated four times. The treatments were the Control (no BSS), 

10%, 20%, and 30% BSS.  The BSS was applied at the plant base 15 and 

35 days after transplanting (DAT). The data gathered was analyzed uti-

lizing the STAR 2.1.0 software. To determined the relationships among 

different characteristics, we used Pearson's Product Moment Correlation 

Analysis to assess the correlations and associations. The results indicate 

that plants applied with 30%BSS have an average stem length of 

17.79cm, more foliage of 7.95, bigger taproots with 9.28cm, heavier tap-

roots of 32.45gm, heavy stems and leaves at 16.35gm, biomass accumu-

lation of 46.60gm, and average yield of 16,225kg/hectares. The control 

(0 BSS), on the other hand, has an average stem length of 14.75cm, fewer 

leaves at 7.10, smaller taproots with 7.59cm, lighter taproots of 16.90gm, 

the lighter weight of stems and leaves at 10.15gm, smaller biomass accu-

lation of 28.98gm, and lower yields at 8,450kg/hectare.  This study rec-

ommends the application of 30% bio-stimulant concentration in enhanc-

ing the growth and yield performance of the carrot plants.  
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Introduction 
The carrot (Daucus carota) is not just a 

common root vegetable but a nutritional pow-
erhouse and a staple in global cuisines. Carrots, 
typically known for their vivid orange hue, 
come in various colors due to their diverse cul-
tivars, each with a unique flavor profile 
and health benefits. (Ahmad et al, 2019).  

Carrots are usually classified as a vegetable 
crop that thrives in cool seasons and is culti-
vated worldwide, with Europe's highest per 
capita production. However, there has been a 
considerable increase in production in warmer 
regions of Asia over the past 50 years (Bolton 
et al, 2020). 

Historically, the carrot was first cultivated 
for its aromatic leaves and seeds, but over 
time, selective breeding has focused on en-
hancing the taproot for its flavor and nutri-
tional content.  

The domestic carrot has been shape into a 
more palatable form, with an agreeable and 
less fibrous texture, making the root an appeal-
ing ingredient in savory and sweet dishes 
(Amirkhani et al, 2016). 

Furthermore, as a biennial plant in the 
Apiaceae family, the carrot is an agro-
nomic subject of great interest. During its ini-
tial year, it undergoes a significant transfor-
mation, developing a rosette of leaves while ac-
cumulating resources in the taproot. From a bo-
tanical perspective, the carrot's germination is 
classify as epigeal, with cotyledonary leaves 
emerging above ground as the shoot grows up-
ward. 

 Understanding the allocation of resources 
between the shoot and storage root is crucial, 
as it informs the cultivation techniques that can 
optimize growth and yield. In the agricul-
tural sciences, studies have delved into how 
dry matter distribution and assimilation parti-
tioning between these structures are guided by 
their competitive demands for nutrients 
and energy (Que et al, 2019). 

Nutritionally, carrots are renowned for 
their abundance of beta-carotene, a precursor 
to vitamin A, and their rich ascorbic acid con-
tent. They also contribute essential macronu-
trients such as protein, carbohydrates, and  

dietary fiber, positioning them as a vitamin ad-
dition to diets worldwide.  

Due to the convergence of terpenoids and 
polyacetylenes, the characteristic flavor of car-
rots has made them a sought-after ingredient 
for culinary experts and home cooks alike (Xie 
et al, 2022). 

Moreover, the roots of carrots contain di-
verse bioactive compounds, including carote-
noids, which are vital for human health (Haq et 
al, 2015). Carotenoids occur naturally as pig-
ments in plants, algae and certain bacteria. In 
humans, carotenoids act as antioxidants, help-
ing shield cells against harm resulting from free 
radicals. These compounds are converted into 
vitamin A and are known for their potential 
health benefits. The text reminds us to promote 
good eye health and enhance the immune sys-
tem (Anthony, 2018). 

In modern horticultural practices, the term 
'bio-stimulant' has emerged as a cornerstone, 
especially in sustainable agriculture. A compre-
hensive definition highlights the role of bio-
stimulants in stimulating natural plant pro-
cesses to enhance growth, nutrient efficiency, 
and resilience against abiotic stressors (Bas-
tiaanse et al, 2017). 

Extensive research validates the promise of 
bio-stimulants, revealing their capacity to 
boost plant growth and quality, improve the ef-
ficiency of nutrient utilization, and fortify 
plants against various environmental stresses 
(Van Oosten et al, 2017). A particular interest 
in applying bio-stimulants in root vegeta-
bles such as carrots has developed.  

It has been position that foliar application 
of bio-stimulants can mitigate the darkening of 
carrot roots and augment their content of bio-
active compounds. It introduces the potential 
for increasing the nutritional value of carrots 
and extending their shelf life, which is of signif-
icant interest to the agri-food industry 
(Szczepanek et al, 2020). 

A recent study has focused on the sustaina-
bility of agricultural techniques, particularly in 
light of climate change and environmental de-
terioration. Bio-stimulants represent a strate-
gic response to these challenges, offering a 
means to enhance agricultural output while  
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minimizing the reliance on synthetic inputs. 
These natural products, derived from plant ex-
tracts or microbial formulations, present an en-
vironmentally friendly approach to boosting 
crop yield and quality. 

In the context of carrots, more scientific in-
quiries are being made into bio-stimulants' ef-
fects on their output and quality to ensure sus-
tainable crop management. Bio-stimulants' ef-
ficacy in enhancing tomato fruits' yield and 
functional quality in various agricultural sys-
tems also underscores their potential applica-
bility to carrots (Caruso et al, 2019). 

Bio-stimulants have drawn considerable at-
tention for their role as plant growth and 
health enhancers. Utilizing photosynthetic mi-
croorganisms is anticipates to be a solution for 
aiding plant growth, development, and re-
sistance to stress in enclosed environments, 
such as those intended for space settlement 
(Renaud et al, 2023). 

Their broad benefits include increased crop 
yields, improved plant vigor, enhanced fruit 
quality, heightened disease resistance, acceler-
ated germination rates, and boosted photosyn-
thetic efficiency. (Amirkhani et al, 2019).  

Bio-stimulants improve the overall quality 
of seed germination by boosting the percentage 
of seeds that successfully germinate, increasing 
the speed at which germination occurs, and en-
suring a more consistent and uniform germina-
tion process (Qiu et al, 2020). 

Additionally, bio-stimulants contribute to 
plant resilience by fortifying their ability to 
withstand environmental stresses, an ongoing 
struggle due to the impacts of climate change. 
These properties of bio-stimulants hold the 
promise of not only improving crop perfor-
mance but also reducing the environmental 
footprint of agricultural practices. (Jeba et al, 
2022).  

In particular, applying bio-stimulants pre-
sents an opportunity to improve the produc-
tion and sustainable cultivation of indigenous 
leafy vegetables like carrots. They can signifi-
cantly contribute to food security, dietary di-
versification, and regional and global health.  

Bio-stimulants are heralded for their con-
tribution to nutrition efficiency, stress toler-
ance, and enhancement of crop quality traits, 

offering a compelling case for their inclusion in 
modern agricultural protocols (Du, 2015). 

A multitude of factor influence the efficacys 
of bio-stimulants. These include but are not 
limited to the dosage, timing, application 
method, the specific crop species or cultivar, 
growing conditions, and other environmental 
variables. When applied to the leaves, bio-stim-
ulants can act as systemic agents, requiring ef-
fective cuticle penetration to reach the active 
sites within the plant tissues.  

The time available for absorptions became 
restricted by the requirement for the bio-stim-
ulant to stay as a liquid, which is easiest when 
the air humidity is near saturation. It becomes 
essential when plants have treated various ele-
ments in field settings. (Grabowska et al, 2021). 

The versatility of bio-stimulant application 
methods, be it through foliar fertilization, fer-
tigation, or direct soil incorporation, has 
opened new avenues for enhancing crop 
growth, quality, and resilience to stresses. Re-
cent insights into plant bio-stimulants and mi-
crobiome engineering illuminate their pivotal 
role in crop improvement and stress mitiga-
tion. (Lau et al, 2022).  

Considering these vast potentials, this 
study was initiate to explore the application 
of different concentrations of bio-stimulants to 
carrot crops. The research intends to deter-
mine if these treatments can improve carrot 
growth and productivity, providing farmers 
with cost-effective options (Roy, 2024).  

The combination of plant microbial bio-
stimulants, ProbioHumus and NaturGel, has 
significantly enhanced the quality of carrots 
grown in organic and non-organic farming en-
vironments. When combined, bio-stimulants 
have shown to boost the levels of monosaccha-
rides, ascorbic acid, carotenoids, and phenols in 
carrots, thus increasing their antioxidant activ-
ity. 

Recently, a growing focus has been on ap-
plying plant-beneficial microorganisms, known 
as probiotics, as a partial replacement for 
chemical fertilizers. The increasing need for 
sustainable agriculture and the European 
Green Deal initiative drove this shift. Probiotic 
microorganisms for plants can serve various 
functions, including protection, biocontrol, bio-
fertilization, and bio-stimulation.  
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Plant bio-stimulants are broadly define as 
substances or microorganisms supplied to 
plants primarily to enhance their growth, im-
prove yield, and boost the overall quality of the 
crops, particularly regarding their nutrient 
content.  

Probiotics offer the potential to replace 
chemical fertilizers with bio-fertilizers and 
contribute to producing highly functional 
foods, which can have dual benefits for human 
health. 

Furthermore, research has shown that pro-
biotics can mitigate the adverse effects of 
chemical fertilization on vegetables, such as ni-
trate accumulation, in organic farming, which 
strictly prohibits synthetic fertilizers. Im-
proved nutritional properties define the prod-
ucts obtained. Therefore, applying plant probi-
otics as bio-fertilizers could provide a viable so-
lution to enhance crops and vegetables' food 
quality and nutritional value. Nevertheless, it is 
essential to note that organic farming is often 
associated with lower crop yields and higher 
production costs. (Gavelienė et al, 2021). 

It is crucial to understand that while bio-
stimulants can positively increase crop yield 
and quality, their effects are limited and must 
be combine with other techniques to ensure 
optimal results, especially given the current 
challenges of climate change. Effective crop 
management practices and the utilization of 
sustainable resources are essential alongside 
the use of bio-stimulants.  

In recent years, there has been a growing 
interest in developing new bio-stimulants to 
enhance agricultural production. Over the past 
two decades, these products have been widely 
recognized as promising solutions for mitigat-
ing the adverse effects of global changes on ag-
ricultural productivity.  

The European Bio-stimulant Industry 
Council (EBIC) has provided a comprehensive 
definition of bio-stimulants, stating that they 
contain substances and microorganisms that 
are apply to plants or the rhizosphere to stimu-
late natural processes, thereby enhancing nu-
trient uptake, nutrient efficiency, tolerance to 
abiotic stress, and overall crop quality.  

Bio-stimulants can classified in various 
ways, and these classifications may sometimes 
overlap, making it challenging to distinguish 

them from other types of chemicals. However, 
the primary goal of bio-stimulants is to im-
prove crop production and quality by enhanc-
ing plants' nutrient use efficiency and increas-
ing their stress tolerance, all without directly 
delivering additional nutrients (fertilizers) or 
eradicating pests and diseases (phytosanitary 
treatments).  

In the European Union, a plant bio-stimu-
lant is consider a fertilizing product designed 
solely to stimulate plant nutrition processes re-
gardless of the product's nutrient content. The 
purpose of enhancing one or more of the fol-
lowing specific plant or plant rhizosphere's 
characteristics include nutrient utilization effi-
ciency, ability to withstand abiotic stress, desir-
able traits, and the presence of limited nutri-
ents in the soil or rhizosphere (Zulfiqar et al, 
2024). 

Thus this study is conducted to determine 
effect of application of different concentrations 
of bio-stimulant on the growth and yield of car-
rot plants and to contribute to the pool of 
knowledge in agriculture and technology. 

 
Theoretical Background 

In modern horticultural practices, the term 
'bio-stimulant' has emerged as a cornerstone, 
especially in sustainable agriculture. A compre-
hensive definition highlights the role of bio-
stimulants in stimulating natural plant pro-
cesses to enhance growth, nutrient efficiency, 
and resilience against abiotic stressors (Bas-
tiaanse et al., 2017). 

Extensive research validates the promise of 
bio-stimulants, revealing their capacity to 
boost plant growth and quality, improve the ef-
ficiency of nutrient utilization, and fortify 
plants against various environmental stresses 
(Van Oosten et al., 2017).  

A particular interest in applying bio-stimu-
lants in root vegetables such as carrots has de-
veloped. It has been deposited that foliar appli-
cation of bio-stimulants can mitigate the dark-
ening of carrot roots and augment their content 
of bioactive compounds. It introduces the po-
tential for increasing the nutritional value of 
carrots and extending their shelf life, which is 
of significant interest to the agri-food industry 
(Szczepanek et al., 2020). 
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A recent study has focused on the sustaina-
bility of agricultural techniques, particularly in 
light of climate change and environmental de-
terioration. Bio-stimulants represent a strate-
gic response to these challenges, offering a 
means to enhance agricultural output while 
minimizing the reliance on synthetic inputs. 
These natural products, derived from plant ex-
tracts or microbial formulations, present an en-
vironmentally friendly approach to boosting 
crop yield and quality. 

In the context of carrots, more scientific in-
quiries are being made into bio-stimulants' ef-
fects on their output and quality to ensure sus-
tainable crop management. Bio-stimulants' ef-
ficacy in enhancing tomato fruits' yield and 
functional quality in various agricultural sys-
tems also underscores their potential applica-
bility to carrots (Caruso et al., 2019). 

Bio-stimulants have drawn considerable at-
tention for their role as plant growth and 
health enhancers. Utilizing photosynthetic mi-
croorganisms is anticipate to be a solution for 
aiding plant growth, development, and re-
sistance to stress in enclosed environments, 
such as those intended for space settlement 
(Renaud et al., 2023). 

Their broad benefits include increased crop 
yields, improved plant vigor, enhanced fruit 
quality, heightened disease resistance, acceler-
ated germination rates, and boosted photosyn-
thetic efficiency. (Amirkhani et al., 2019). Bio-
stimulants improve the overall quality of seed 
germination by boosting the percentage of 
seeds that successfully germinate, increasing 
the speed at which germination occurs, and en-
suring a more consistent and uniform germina-
tion process (Qiu et al., 2020). 

Additionally, bio-stimulants contribute to 
plant resilience by fortifying their ability to 
withstand environmental stresses, an ongoing 
struggle due to the impacts of climate change. 
These properties of bio-stimulants hold the 
promise of not only improving crop perfor-
mance but also reducing the environmental 
footprint of agricultural practices. (Jeba et al., 
2022).  

In particular, applying bio-stimulants pre-
sents an opportunity to improve the produc-
tion and sustainable cultivation of indigenous 
leafy vegetables like carrots. They can  

significantly contribute to food security, die-
tary diversification, and regional and global 
health.  

Bio-stimulants are selected for their contri-
bution to nutrition efficiency, stress tolerance, 
and enhancement of crop quality traits, offer-
ing a compelling case for their inclusion in 
modern agricultural protocols (Du Jardin, 
2015). 

A multitude of factor influence the efficacy 
of bio-stimulants. These include but are not 
limited to the dosage, timing, application 
method, the specific crop species or cultivar, 
growing conditions, and other environmental 
variables. When applied to the leaves, bio-stim-
ulants can act as systemic agents, requiring ef-
fective cuticle penetration to reach the active 
sites within the plant tissues. The time availa-
ble for absorptions was restricted by the re-
quirement for the bio-stimulant to stay as a liq-
uid, which is easiest when the air humidity is 
near saturation. It becomes essential when 
plants have treated various elements in field 
settings (Grabowska et al., 2012). 

The versatility of bio-stimulant application 
methods, be it through foliar fertilization, ferti-
gation, or direct soil incorporation, has opened 
new avenues for enhancing crop growth, qual-
ity, and resilience to stresses. Recent insights 
into plant bio-stimulants and microbiome engi-
neering illuminate their pivotal role in crop im-
provement and stress mitigation. (Lau et al., 
2022).  

Considering these vast potentials, this 
study was initiated to explore the application 
of different concentrations of bio-stimulants to 
carrot crops. The research intends to deter-
mine if these treatments can improve carrot 
growth and productivity, providing farmers 
with cost-effective options (Roy, 2024).  

The combination of plant microbial bio-
stimulants, ProbioHumus and NaturGel, has 
significantly enhanced the quality of carrots 
grown in organic and non-organic farming en-
vironments. When combined, bio-stimulants 
have shown to boost the levels of monosaccha-
rides, ascorbic acid, carotenoids, and phenols in 
carrots, thus increasing their antioxidant activ-
ity. 

Recently, a growing focus has been on ap-
plying plant-beneficial microorganisms, known 
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as probiotics, as a partial replacement for 
chemical fertilizers. The increasing need for 
sustainable agriculture and the European 
Green Deal initiative drove this shift. Probiotic 
microorganisms for plants can serve various 
functions, including protection, biocontrol, bio-
fertilization, and bio-stimulation.  

Plant bio-stimulants are broadly define as 
substances or microorganisms supplied to 
plants primarily to enhance their growth, im-
prove yield, and boost the overall quality of the 
crops, particularly regarding their nutrient 
content. Probiotics offer the potential to re-
place chemical fertilizers with bio-fertilizers 
and contribute to producing highly functional 
foods, which can have dual benefits for human 
health. 

Furthermore, research has shown that pro-
biotics can mitigate the adverse effects of 
chemical fertilization on vegetables, such as ni-
trate accumulation, in organic farming, which 
strictly prohibits synthetic fertilizers. Im-
proved nutritional properties define the prod-
ucts obtained. Therefore, applying plant probi-
otics as bio-fertilizers could provide a viable so-
lution to enhance crops and vegetables' food 
quality and nutritional value. Nevertheless, it is 
essential to note that organic farming is often 
associated with lower crop yields and higher 
production costs. (Gavelienė et al., 2021). 

It is crucial to understand that while bio-
stimulants can positively impact crop yield and 
quality, their effects are limited and must be 
combined with other techniques to ensure op-
timal results, especially given the current chal-
lenges of climate change. Effective crop man-
agement practices and the utilization of sus-
tainable resources are essential alongside the 
use of bio-stimulants.  

In recent years, there has been a growing 
interest in developing new bio-stimulants to 
enhance agricultural production. Over the past 
two decades, these products have been widely 
recognized as promising solutions for mitigat-
ing the adverse effects of global changes on ag-
ricultural productivity.  

The European Bio-stimulant Industry 
Council (EBIC) has provided a comprehensive 
definition of bio-stimulants, stating that they 
contain substances and microorganisms that 
are applied to plants or the rhizosphere to  

stimulate natural processes, thereby enhancing 
nutrient uptake, nutrient efficiency, tolerance 
to abiotic stress, and overall crop quality.  

Bio-stimulants can classified in various 
ways, and these classifications may sometimes 
overlap, making it challenging to distinguish 
them from other types of chemicals. However, 
the primary goal of bio-stimulants is to im-
prove crop production and quality by enhanc-
ing plants' nutrient use efficiency and increas-
ing their stress tolerance, all without directly 
delivering additional nutrients (fertilizers) or 
eradicating pests and diseases (phytosanitary 
treatments).  

In the European Union, a plant bio-stimu-
lant is consider a fertilizing product designed 
solely to stimulate plant nutrition processes re-
gardless of the product's nutrient content. The 
purpose of enhancing one or more of the fol-
lowing specific plant or plant rhizosphere's 
characteristics include nutrient utilization effi-
ciency, ability to withstand abiotic stress, desir-
able traits, and the presence of limited nutri-
ents in the soil or rhizosphere (Zulfiqar et al., 
2024). 

 
Objective of the Study 

This study aimed to determine the effect of 
applying the different levels of concentration of 
bio-stimulant solution on the growth and yield 
of carrot plant. 

Specifically, it aims to: 
1. Determine the effect of applying the differ-

ent levels of concentration of bio-stimulant 
solution on the growth of the carrot plant. 

2. Determine if there is a significant increase 
in the yield of carrot plants applied with dif-
ferent concentrations of bio-stimulant so-
lution. 

3. Determine other characteristics of the car-
rot plant that are directly correlated with 
the length of stems and tap root weight. 

 
Research Design and Treatments 

This study is laid out in Complete Random-
ize Design (CRD), the use of CRD is the standard 
design for agricultural experiments where sim-
ilar experimental units are grouped into blocks.  

This study applies the different levels of 
concentrations of bio-stimulant solution on 
carrot plants. It is conducted at the University 
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of Negros Occidental-Recoletos, School of Agri-
culture, Bacolod City, Philippines for the period 
December 2023 to March 2024. 

 
Treatments 

T1- Control (no BSS)                
T2- 10% BSS 
T3- 20% BSS  
T4- 30% BSS 

 
Cultural Management 
Area Preparation and Lay-outing 

The area was cleared and the layout was 
done per research design. The type soil was 
sandy clay loam. 

 
Seedling Preparation 

Used egg trays were utilized as seedling 
container in sowing the carrot seeds. The plant 
were watered before and after sowing until it 
reaches 60% germination   
 
Transplanting 

Carrot seedlings were transferred in poly-
ethylene bags 26 days after sowing, eighty (80) 
carrot seedlings utilized for our study. 

 
Water Management  

Soil moisture was maintained by watering 
as needed. 

 
Weed Management 

Cleanliness of the area was done by remov-
ing the weeds. 

 
Pests and Diseases Control 

Monitoring for the presence of pests and 
diseases was done during the entire duration of 
the study. 

 
Harvesting  

Harvesting of cucumber fruits was done by 
priming starting forty-five (45) days after sow-
ing. Fruits were carefully cut from the vines us-
ing a pruning knife. 
 
Preparation and Application of Bio-stimulant 
Solution 
a. Preparation of solutions was done at the 

onset of every application. 

b. The required concentrations per treatment 
were diluted in water. 

c. Application of solutions was done 15 and 
35 days after transplanting. A plastic meas-
uring cup was used to measure the solution 
for even distribution. 

d. The mixture was applied at the base of the 
plants. 

e. Application was done early in the morning 
or late in the afternoon. 

 
Data Gathered 
1. Number of Leaves 
2. Length of Stems 
3. Length of Tap Roots  
4. Diameter of Tap Roots  
5. Weight of Tap Roots 
6. Weight of Stems and Leaves 
7. Biomass 
8. Yield 

                                                                                           
Statistical Analysis 

All data gathered were computed statisti-
cally. It was subjected to Analysis of Variance 
(ANOVA) in CRD using STAR 2.0.1. 

The Least Significant Differences (LSDs) 
were utilized to determine the significant dif-
ferences among treatments. 

Pearson’s Product Moment Correlation Co-
efficient was used to measure the strength of 
the linear correlation between two variables. 
 

Results and Discussions  
Number of Leaves 

The data taken shows that the number of 
leaves at three critical growth stages: 20, 40, 
and 60 days after transplanting is transcribe in 
Table 1. The application of bio-stimulants sig-
nificantly hasten the leaf production at 20DAT 
and 60DAT and has moderate significant effect 
at 40DAT.  

It is worth noting that the highest leaf count 
at each stage is observe in treatment with 
30%BSS concentration. On the other hand, the 
control (no BSS) consistently exhibited the 
lowest leaf count, indicating the stimulating ef-
fect of the bio-stimulant throughout the growth 
period.  

In particular, at 20 DAT carrots applied 
with 30%BSS produce the highest number of 
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leaves of 4.90 higher by 27.27% or 1.05 leaves 
than 0% BSS. Comparative results is shown by 
those applied with 20%BSS and 10%BSS with 
average of 4.40 and 4.25 leaves, respectively. 

At 40DAT, the result indicates a moderate 
significant at 5% level. A comparative result is 
shown between the plants applied with 
30%BSS and 20%BSS with average of 6.90 and 
6.65 leaves, respectively. Same result is indi-
cated between those applied with 20%BSS and 
10%BSS with 6.65 and 6.40 leaves as well. 
Those with 0%BSS had produced the lowest 
number of leaves with an average of 6.25 only. 

Furthermore, the application of different 
levels of concentration of bio-stimulant shows 
the same trend viz-a-viz the production of 
leaves of carrot plants at 60DAT.  

Plants applied with 30%BSS produces the 
most number of leaves with 7.95 higher by 
11.97% or an average of 0.85 leaves from 
plants with 0%BSS. Zero percent BSS has the 
lowest production of 7.10 leaves only.  Rela-
tively, comparable result is observe between 
the 10%BSS application and 0%BBS with 7.10 
and 7.16 leaves, respectively.

 
Table 1. The average number of leaves of carrot plants applied with different levels of con-

centration of Bio-stimulant solution 20DAT, 40DAT and 60DAT. 

Concentration of Bio-stimulant 
Average Number of Carrot Plants 

20DAT 40DAT 6oDAT 
T1 – Control (no BSS) 3.85ᶜ 6.25ᶜ 7.10ᶜ 

T2 – 10% BSS 4.25ᵇ 6.40ᵇᶜ 7.16ᶜ 
T3 – 20% BSS 4.40ᵇ 6.65ᵃᵇ 7.47ᵇ 
T4 – 30% BSS 4.90ᵃ 6.90ᵃ 7.95ᵃ 

Mean 4.35 6.55 7.42 
    

Pr (>F) 0.0000** 0.0101* 0.0000** 
CV (%) 3.38 3.58 1.55 
Means followed by the same letter are not significantly different at its other,  **=highly significant 

 
It can be deduce from the research con-

ducted by Pobereżny et al. (2020), the results 
indicated a substantial increase in the growth 
of carrot leaves and an improvement in the nu-
trient composition when bio-stimulants were 
utilize. These positive changes resulted in en-
hancing the nutrient absorption and pro-
cessing enabled by the bio-stimulants.  

However, it is essential to note that bio-
stimulants' had an impact on soil health that 
may vary depending on factors such as soil 
type, management practices, crop varieties, 
and environmental conditions (Saa et al, 2015). 
This variability could potentially hinder the 
widespread adoption of bio-stimulants in the 
agricultural sector.  

After analyzing the data, it is apparent that 
there are substantial variations in the leaf 
count across different treatment groups, with 
30% BSS yielding auspicious outcomes. These 
findings suggest a compelling association  

between bio-stimulant concentration in carrot 
plants and their leaf development.  

These findings underscore the significance 
of conducting further research, highlighting the 
need to pinpoint the most effective bio-stimu-
lant dosages for optimizing vegetative growth. 
This optimization could increase plant vitality 
and potentially higher yields (Nikmatullah et al, 
2021).  

  
Length of Stems  

The stem length data in Table 2 show a 
highly significant result at 20DAT, 40DAT, and 
at 60DAT, respectively. These results highlight 
the impact of application of different levels of 
concentration of BSS on stem length and sug-
gest differential effects on plant development 
at various stages. 

Overall, carrot plants applied with 30%BSS 
concentration produced the longest stems as 
compared to those plants with no BSS applica-
tion at different period of growth. 
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At 20DAT plants applied with 30%BSS pro-
duces the longest stem of 13.62cm longer by 
74.84% or 5.83cm from those with 0%BSS with 
has the shortest length of 7.70cm only.  Those 
applied with 20%BSS and 10%BSS the average 
length of 12.02cm and 8.67cm, respectively, 
which is comparable among the two concentra-
tion. 

Relatively at 40DAT application of 30%BSS 
has still the greatest result with 17.11cm a dif-
ference of 17.76% or 2.92cm from those plants 
with 0%BSS which has a length of 14.19cm, the 
shortest among the different concentration. A 
comparative result is observe for plants  

applied with 20%BSS and 10%BSS with a stem 
length of 15.75cm and 15.13cm, respectively.  

Same trend is observe with the data taken 
at 60DAT. Plants applied with 30%BSS has the 
longest leaf with 17.79cm a difference of 
20.61% or 3.04cm from those plants with 
0%BSS with 14.75cm only. Furthermore, a 
comparative result is observe between plants 
applied with 20%BSS and 10%BSS concentra-
tion with 16.66cm and 15.76cm, respectively. 

The result indicates that the length of the 
stem of the carrot plant could be enhance sig-
nificantly with high concentration of BSS.

 
Table 2. The average length of stems (cm) of carrot plants applied with different levels of concentra-

tion of Bio-stimulant solution 20DAT, 40DAT and 60DAT. 

Concentration of Bio-stimulant 
Average Length of Carrot Leaves 

20DAT 40DAT 6oDAT 
T1 – Control (no BSS) 7.79ᵈ 14.19ᶜ 14.75ᶜ 

T2 – 10% BSS 8.67ᶜ 15.13ᵇ 15.76ᵇ 
T3 – 20% BSS 12.02ᵇ 15.75ᵇ 16.66ᵇ 
T4 – 30% BSS 13.62ᵃ 17.11ᵃ 17.79ᵃ 

Mean 10.52 15.54 16.24 
    

Pr (>F) 0.0000** 0.0000* 0.0001** 
CV (%) 4.78 3.40 3.91 
Means followed by the same letter are not significantly different at its other,  **=highly significant 

 
It can be deduce from the study of the group 

of Renaud in 2023 that Bio-stimulants have 
drawn considerable attention for their role as 
plant growth and health enhancers. Utilizing 
photosynthetic micro-organisms which is one 
of the component of bio-stimulant which could 
be a solution for aiding plant growth, develop-
ment, and resistance to stress. 

 
Length, Diameter, and Weight of Taproots 

Table 3 discuss the three most important 
variables gathered in relation to the yield as 
well as the reaction of carrot plants on the ap-
plication of the different concentration of bio-
stimulant. 

 
Length of Taproots 

The table (table 3) shows the reaction of the 
length of the taproot of carrots as applied with 
the different levels of concentration of bio-
stimulant solution taken at 60DAT. The result 

shows that taproot length does not influence by 
the application or non-application of bio-stim-
ulant solution. 

  
Diameter of Taproots 

The size of the taproot of carrots is signifi-
cantly influence by the application of bio-stim-
ulant at higher concentration. Bigger taproot 
size is being produced with the application of 
30%BSS with average diameter of 9.28cm. 

A comparative result is observe between 
the application of 20%BSS and 10%BSS with an 
average diameter of 8.08cm and 7.85cm, re-
spectively. Same observation is shown between 
the application of 10%BSS and 0%BSS with an 
average diameter of 7.85cm and 7.59cm, re-
spectively. 

 
Weight of Taproots 

Weight of the taproots also significantly in-
fluence with the application of different  
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concentrations of BSS. Relatively heavier tap-
roots are produce at carrot plants applied with 
greater concentrations of BSS. 

Foremost, plants applied with 30%BSS has 
produced the heaviest taproot of 32.45gm 
higher by 92.01% or an average difference of 

15.55gm from those plants with 0%BSS which 
is the lightest among the treatments. Compara-
tive result is shown between the plants applied 
with 20%BSS and 10%BSS with average weight 
of 21.80gm and 20.02gm, respectively.  

 

Table 3. The average length (cm), diameter (cm) and weight of carrot taproots applied with 
different levels of concentration of Bio-stimulant 60DAT. 

Concentration of 
Bio-stimulant 

Length of Taproot 
(cm) 

Diameter of Taproot 
(cm) 

Weight of Taproot 
(gm) 

T1 – Control (no BSS) 13.67 7.59ᶜ 16.90ᶜ 

T2 – 10% BSS 14.09 7.85ᵇᶜ 20.02ᵇ 
T3 – 20% BSS 14.20 8.08ᵇ 21.80ᵇ 
T4 – 30% BSS 15.13 9.28ᵃ 32.45ᵃ 

Mean 14.27 8.20 22.79 
    

Pr (>F) 0.0631ⁿˢ 0.0000* 0.0000** 
CV (%) 4.84 3.41 6.94 
Means followed by the same letter are not significantly different at its other,  ns= not significant, 
**=highly significant 

 
Taproot length, diameter, and weight meas-

urements indicate that applying microbial bio-
stimulants, such as ProbioHumus and 
NaturGel, has increased the average weight of 
carrot roots (Nikmatullah, 2021). Moreover, 
these bio-stimulants have promoted the accu-
mulation of monosaccharides, ascorbic acid, ca-
rotenoids, and phenols in the taproots.  

The above-mentioned results further intri-
cate dynamics between bio-stimulants and car-
rot plant development, which could provide 
valuable insights for optimizing agricultural 
practices and enhancing crop productivity. 

 
Weight of Stems & Leaves and Biomass 
Weight of Stems and Leaves 

The average weight of stem and leaves of 
carrots at different levels of concentrations of 
Bio-stimulant is shown in Table 4. The results 
indicate that application of different levels of 
concentration of bio-stimulant can significantly 
affect the weight of stem and leaves of carrots 
plants. 

The data was determined at 60DAT and the 
result shows that the heaviest weight of stem 
and leaves was observe on the carrot plants  

applied with 30%BSS and 20%BSS with 
16.35gm and 15.20gm, respectively which are 
significantly comparable. Plants with 0%BSS 
has the lightest weight of 10.15gm only. 

 
The Biomass 

Biomass is the total volume of dry matter 
produced by any plant. The biomass of the car-
rot plants also determined at 60DAT. It also in-
dicates that the accumulation of biomass of the 
carrot plants is greatly influence by the applica-
tion of different levels of concentration of bio-
stimulant 

Plants applied with 30%BSS accumulated 
the highest volume of biomass with 46.60gm 
heavier by 28.20% or 10.25gm higher for those 
applied with 20%BSS with 36.35gm. A compa-
rable result is observe between those plant ap-
plied with 10%BSS and no BSS application with 
30.30gm and 28.98gm, respectively lower from 
the two other concentration mentioned above. 

It indicates that heavier stems and greater 
volume of biomass can be realize by applying a 
higher concentration of bio-stimulant to carrot 
plants.
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Table 4. The average weight of stems and leaves (gm) as well as the biomass (gm) of carrot plants 
applied with different levels of concentration of Bio-stimulant 60DAT. 

Concentration of Bio-stimulant Weight of Stems and Leaves (gm) Biomass (gm) 
T1 – Control (no BSS) 10.15ᶜ 28.98 

T2 – 10% BSS 12.00ᵇ 30.30ᶜᶜ 
T3 – 20% BSS 15.10ᵃ 36.35ᵇ 
T4 – 30% BSS 16.35ᵃ 46.60ᵃ 

Mean 13.40 35.56 
   

Pr (>F) 0.0000** 0.0000** 
CV (%) 6.25 5.02 
Means followed by the same letter are not significantly different at its other,  ns= not significant 

 
The weight of the taproot, which is a vital 

component of yield, shows a robust positive 
correlation with the number of leaves and the 
weight of stems and leaves. It suggests that bi-
omass accumulation above ground is intri-
cately link with the growth of roots below 
ground. 

 Moreover, the diameter of the taproot, 
overall biomass, and yield all exhibit strong 
correlations with root weight, underlining the 
pivotal role of more extensive and healthier 
roots in enhancing overall plant vigor and 
productivity. This thorough assessment offers 
a detailed examination of the significance and 
impact of an array of natural plant bio-stimu-
lants on the yield and quality of crops. (Drobek 
et al, 2019). 

 

The Yield 
The average yield of carrot plant is greatly 

influence by the application of different con-
centrations of bio-stimulant. A significant re-
sult is obtain on the carrot yield with highest 
concentration of the same. 

Plants applied with 30%BSS has the highest 
yield of 16.225.00kg/ha which is higher by 
92.20% or a difference of 7,775.00kg/ha from 
plants with no BSS application with 
8,450.00kg/ha only which is the lowest among 
the treatments. 

A comparative result is observe between 
carrot plants applied with 20%BSS and 
10%BSS with average weight of 
10,900.00kg/ha and 10,012.50kg/ha, respec-
tively.

Table 5. The average yield (kg/ha) of carrot plants applied with different levels of concen-
tration of Bio-stimulant 60DAT. 

Concentration of Bio-stimulant Yield (kg/ha) 
T1 – Control (no BSS) 8,450.00ᶜ 
T2 – 10% BSS 10,012.50ᵇ 
T3 – 20% BSS 10,900.00ᵇ 
T4 – 30% BSS 16,225.00ᵃ 

Mean 11,396.88 
  
Pr (>F) 0.0000** 
CV (%) 6.94 
Means followed by the same letter are not significantly different at its other,  ns= not significant 

 
The research highlighted above offers com-

pelling evidence that plant microbial bio-stim-
ulants significantly impacts the weight and 
quality of carrot roots and the accumulation of 
beneficial substances.  

According to Gavelienė et al (2021), these 
bio-stimulants improved the weight and qual-
ity of carrot roots, reinforcing the idea that they 
play a crucial role in enhancing crop yields.  
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They similarly demonstrated that applying the 
soil bio-stimulant Agriful resulted in a note-
worthy 4.47% increase in the average weight of 
carrot taproots, effectively contributing to a 
higher overall yield. (Fabianová et al, 2021). 

Moreover, using plant microbial bio-stimu-
lants was associated with a significant 10g in-
crease in root weight. It is worth emphasizing 
the dynamic and complex nature of the micro-
bial communities within the rhizosphere mi-
crobiome.  

These communities often called the plant's 
second genome, form intricate and essential re-
lationships with the host plant. As highlighted, 
the plant microbiome plays a crucial role in in-
fluencing plant fitness and growth while pro-
tecting against diseases and aiding the plant's 

resistance to environmental stresses (Afridi et 
al., 2022). 

 
Characteristics Correlated with the Length of 
Stems of Carrot Plants 

Table 6 shows the characteristics that are 
correlates with the length of stems of the carrot 
plants. Among the characteristics tested for 
correlation with the length stem of carrot 
plants, five characteristics are positively corre-
late.  

Among the positive correlations are, the 
number of leaves, weight of stems and leaves, 
diameter of taproots, biomass, and yield are 
strongly correlated with the length of stems, 
with coefficient r-values of 0.84, 0.90, 0.81, 
0.88, and 0.87, respectively. 

 
Table 6. Characteristics of carrot plants that significantly correlated with the length of stems applied 

with different levels of concentration of bio-stimulant solution 

Characteristics Correlated 
with Length of Stems 

Correlation Coefficient 
(r) 

P-value Interpretation 

Number of leaves 0.8468 0.0000** Strong (+) linear correlation 

Weight of stems and leaves 0.9063 0.0000** Strong (+) linear correlation 
Diameter of taproot 0.8143 0.0001** Strong (+) linear correlation 
Biomass 0.8853 0.0000** Strong (+) linear correlation 
Yield 0.8759 0.0000** Strong (+) linear correlation 
**=highly significant at a 1% level of probability,  

 
Characteristics Correlated with the Taproot 
Weight of Carrot Plants 

Table 7 indicates the characteristics that 
correlates with the taproot weight of carrot 
plants. Among the characteristics tested for 
correlation with the taproot weight of carrot 
plants, five characteristics are positively corre-
late.  

Among the positive correlations are, the 
number of leaves, weight of stems and leaves, 
diameter of taproot, and biomass are all 
strongly correlated with the weight of taproots, 
with a coefficient r-values of 0.91, 0.84, 0.90, 
and 0.96, respectively. The yield has a perfect 
correlation with r-value of 1.00.

 
Table 7. Characteristics of carrot plants that significantly correlated with the weight of taproots ap-

plied with different levels of concentration of bio-stimulant solution. 

Characteristics Correlated 
with the Weight of Taproot 

Correlation Coefficient 
(r) 

P-value Interpretation 

Number of leaves 0.9139 0.0000** Strong (+) linear correlation 
Weight of stem and leaves 0.8411 0.0000** Strong (+) linear correlation 

Diameter of taproot 0.9017 0.0003** Strong (+) linear correlation 
Biomass 0.9628 0.0000** Strong (+) linear correlation 
Yield 1.000 0.0000** Perfect (+) linear correlation 
**=highly significant at a 1% level of probability,  
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Conclusion and Recommendations 
The application of bio-stimulants at varying 

concentrations has a significant effect on carrot 
vegetative growth's and productivity parame-
ters. Notably, application of 30%BSS concen-
tration demonstrated the most substantial in-
fluence on the number of leaves, stem length, 
weight of the stem and leaves, the weight and 
diameter of the taproot, the accumulated bio-
mass, and yield of the carrot crop. Interestingly, 
the taproot length remained unaffected by the 
bio-stimulant application, suggesting a selec-
tive impact on specific growth characteristics. 

Based on these findings, applying a concen-
tration of 30% of bio-stimulant effectively en-
hances the growth and yield of carrot plants. 
Additionally, a strong correlation has been 
identify between several growth characteris-
tics and the productive capacity of the plants, 
indicating the intricate link between vegetative 
growth and yield outcomes.  

These results suggest the potential for tar-
geted bio-stimulant application to optimize 
carrot crop production. This study aims to de-
termine the most effective treatment to im-
prove the development and production of car-
rots by evaluating the impact of various con-
centrations of bio-stimulant application (De 
Vasconcelos and Chaves, 2020). 

The researchers highly recommend using 
30% levels of concentration of bio-stimulant in 
carrots' growth and yield performance. In addi-
tion, based on our study's results and the sig-
nificant correlations observed, the following 
recommendations are propose to optimize the 
growth and yield of carrots.  

It is recommend that application of 30% 
concentrations of bio-stimulant be incorporate 
as a standard practice to enhance the overall 
carrots and yield. This specific concentration 
has proven to be highly effective across various 
growth parameters, including the number of 
leaves, weight of stems and leaves, diameter of 
the taproot, the accumulated biomass and yield 
of the carrot crops. 

When cultivating carrots, it is essential to 
employ correct cultivation techniques to en-
hance the overall growth and yield of the crop. 
Additionally, selecting superior seed varieties  
 

is crucial in influencing carrot production. 
When making cultivation decisions, it is essen-
tial to consider bio-stimulants impact on spe-
cific traits such as leaf number, stem length, and 
taproot diameter. These considerations are vi-
tal in ensuring successful carrot cultivation. 

Regarding cultivation and crop production, 
the monitoring and evaluation process is es-
sential for ensuring the health and success of 
our crops. It is vital to consistently evaluate the 
state of our carrot crops and take immediate 
action to address any issues hindering their 
growth. By closely monitoring our crops, we 
can intervene proactively to prevent any prob-
lems from escalating. 

In addition, optimizing the yield of our car-
rot crops is a key priority. Research indicates 
that adjusting the dosage of bio-stimulants can 
significantly impact the overall yield. By care-
fully fine-tuning the concentration of bio-stim-
ulants, we can aim to achieve our desired yield 
targets.  

It is essential to recognize a correlation be-
tween the dosage of bio-stimulants and the re-
sulting yield. In general, higher dosages of bio-
stimulants lead to improved growth and higher 
yields for our carrot crops. 

The researchers plan to conduct additional 
in-depth studies focusing on the effects of var-
ying bio-stimulant concentrations on carrot 
plants' growth parameters. These extended 
studies will thoroughly examine various carrot 
varieties to evaluate their impact on the ulti-
mate yield. 

In future research, it would be beneficial to 
include a diverse range of carrot varieties to 
evaluate their specific responses to bio-stimu-
lant application. This approach will allow for a 
more customized and targeted use of bio-stim-
ulants, considering each variety's unique char-
acteristics. 

Investigate the long-term effects of con-
sistent bio-stimulant use on soil health and car-
rot crop sustainability to ensure that increased 
yields do not compromise future production 
capabilities. 
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