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Introduction
Landscapes, such as parks and gardens, are crucial elements of human 

society (Reid et al., 2022) and play a vital role in improving the quality 
of life (Addas, 2023). They have long been recognized as important for 
enhancing the overall quality of human life, as they contribute significantly 
to biological, environmental, social, and psychological activities (Hunter 
et al., 2019; Crouse et al., 2021; Reid et al., 2022). Bedding plants (seasonal 
flowers) hold a key position in landscape design, providing aesthetic 
appeal and enhancing the ambiance. They serve as temporary space fillers, 
adding to the beauty of the surroundings (Addas, 2023). Considering the 
importance of these flowers in the landscape, the nutritional management 
of these plants significantly affects their production and quality (Khan 
et al., 2023). Therefore, utilizing the appropriate nutrition regime and 
cultivation medium becomes crucial in achieving the highest yield and 
quality (Hassan et al., 2022). Environmental restrictions, high costs, and 
exclusivity of certain cultivation substrates, such as peat, have led to a 
growing trend toward cost-effective and easily accessible mineral and 
organic alternatives like zeolite and biochar (Bashir et al., 2019).

Zeolites, a group of minerals first discovered in 1756, have garnered 
attention from ornamental plant producers due to their unique properties, 
including ion exchange capacity, high water absorption, catalytic activity, 
stable crystal structure, and gas absorption capabilities (Nazari et al., 
2007; Rahimi et al., 2021; Amirahmadi et al., 2022). These characteristics 
make zeolites a promising alternative to traditional peat moss as a 
growing medium for ornamental plants. Additionally, zeolites offer other 
beneficial effects in the agricultural sector, such as increasing fertilizer 
efficiency and gradual release, enhancing water retention capacity in the 
soil, mitigating drought stress, improving nutrient absorption, promoting 
plant growth and yield, and reducing pests and diseases (Boros-Lajszner 
et al., 2018; Amirahmadi et al., 2020).

Biochar, a stable, porous, and fine-grained carbon material, is 
produced through the pyrolysis of organic matter under oxygen-deprived 
conditions at temperatures ranging from 300 to 1000 °C (Farooq et 
al., 2021)cultivated mostly in a semi-arid environment and frequently 
confronts sporadic dry periods during different stages of plant growth, 
which drastically reduce its productivity. The current study was enacted 
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to evaluate the biochar application and seed priming induced drought 
tolerance in cowpea. The seeds of cowpea were primed with CaCl2 (1% 
solution. It plays a crucial role in enhancing the physical, chemical, and 
biological characteristics of soil (Meng et al., 2021), including increased 
water holding capacity (Chang et al., 2021), carbon storage, which can 
raise soil pH, especially on acidic soils  (Shetty and Prakash, 2020), 
also nutrient absorbing and cation exchange capacity (CEC) sorption 
characteristics (Abbruzzini et al., 2019), buffering capacity, improved 
soil structure, increased microbial biomass, nutrient provision, and 
improved soil fertility (Durukan et al., 2020). Furthermore, biochar has 
been reported to increase the yield of various plants. For instance, cabbage 
and lettuce treated with biochar exhibited increased final biomass, root 
biomass, plant height, and leaf count across all crop seasons compared to 
those without biochar treatment (Ghorbani et al., 2021).

African marigold (Tagetes erecta L.) is a warm season flower from 
the Asteraceae family. It is known for its vibrant colors and extended 
flowering period, which lasts from spring to early autumn. With its short 
transplant production time, ease of transplanting, and ability to thrive in 
various landscapes, African marigold is suitable for cultivation worldwide 
(Tavakoli Vala et al., 2023). Improving the growth, performance, and 
marketability of seasonal flowers, including African marigold, is a 
significant goal in plant production for landscapes. To achieve this, 
various methods are employed. This research aims to investigate the 
effects of zeolite and rice husk biochar on the vegetative, reproductive, 
and physiological characteristics of African marigold under greenhouse 
conditions.

Materials and methods
Description of the Site and Experiment
In order to evaluate the effect of zeolite and rice husk biochar on the 

morphological, biochemical, and photosynthetic characteristics of African 
marigold (Tagetes erecta L.) a greenhouse research was conducted in the 
Department of Horticultural Science, Faculty of Agriculture, University 
of Kurdistan. The experiment was performed as a completely randomized 
design with 5 treatments and 5 repetitions. Each replication had 2 
experimental units (one plant in a pot). The treatments are as follows:

1. Soil mixture (field soil, sand, and manure, 1:1:1; v/v/v) as control.
2- Soil mixture amendment with 10% (w w-1) rice husk biochar.
3-Soil mixture enriched with 25 g of zeolite per kg.
4- Soil mixture containing 10% (w w-1) rice husk biochar and 25 g of 

zeolite per kg.

Preparation of potting media and planting transplants
The biochar used in this study was prepared from rice husks, as 

described in our previous research (Safari et al., 2023). The natural 
clinoptilolite type of zeolite was obtained from the Afrazand Company’s 
zeolite mine in Semnan, Iran. The physicochemical characteristics of 
pure rice husk biochar and pure clinoptilolite zeolite are mentioned in 
our previous research conducted by Safari et al. (2023) and Rahimi et 
al. (2021), respectively. Plastic pots with a volume of 3 L, a height of 
18 cm, an inner diameter of 17 cm, and a surface area of 227 cm2 were 
filled with soil mixtures according to the mentioned proportions. Before 
planting the transplants, the pots were watered three times with 100 cc of 
running water, with each watering occurring every three days. To prepare 
transplants, African marigold F1 seeds prepared from PanAmerican 
Seed Company were grown in 28-cell cultivation trays that were filled 
with a mixture of field soil, sand, and peat in a volume ratio of 1:1:1 on 
August 30, 2022.The culture trays were kept for 20 days in the controlled 
conditions of the greenhouse (average day and night temperature of 25 
and 17 oC, relative humidity of 50%, and a day length of 14 hours). After 
the transplants reached the 3-leaf stage, one seedling was planted in each 
pot. Irrigation was carried out immediately, and thereafter, the pots were 
watered every 4 days. No fertilizer was used to provide nutrients to the 
plants during the experiment period. 

Measurements
Morphological traits
After the flowers bloomed and fully opened, they were cut, and their 

length and diameter were measured using a digital caliper. The flowers were 

then dried in an oven at a temperature of 70°C for 48 h. The dry weight 
of the flowers was determined using a digital scale (EK-15KL, A&D Co. 
Ltd., Tokyo, Japan) with an accuracy of 0.001. To measure the length of 
the flowering period, we counted the number of days from the appearance 
of the first flower until the end of flowering. After the flowering stage, we 
measured additional parameters such as plant height, stem diameter, shoot 
dry weight, number of lateral branches, number of flowers, and number 
of leaves.

Chlorophyll and carotenoid content
To measure the content of chlorophyll and carotenoid, utilized the 

method developed by Lichtenthaler and Buschmann (2001). First, 0.2 g 
of leaf samples were thoroughly ground in a mortar with 10 mL of 80% 
acetone and 0.01 g of magnesium oxide. Afterward, the mixture was 
centrifuged (Hettich MIKRO 200, Tuttlingen, Germany) at 3000 g for 
10 min. The resulting supernatants were collected, and their absorbance 
values were evaluated at wavelengths of 663 nm, 645 nm, and 470 nm 
using a spectrophotometer (AAnalyst 100, PerkinElmer, Inc., Waltham, 
MA, USA). Finally, calculate the amounts of chlorophyll a, b, total, and 
carotenoids using the following relationships: 

Chla = (12.25 × A663 – 2.79 × A645) 
Chlb = (21.21 × A645 – 5.1 × A663)
ChTotal = Chla + Chlb
Car = (1000Total × A470 – 1.8 × Chla – 85.02 × Chlb) /198

Total soluble carbohydrate content
The method described by Irigoyen et al. (1992) was used to measure 

the total soluble carbohydrate content. First, 0.2 g of leaf tissue was 
weighed and ground with 2.5 mL of 95% ethanol in a mortar. The 
resulting supernatant extract was then transferred to a falcon tube, while 
the remaining leaf residue was ground again with 5 ml of 70% ethanol. 
The complete extract was centrifuged at 3500 g for 10 min. Next, 1 mL of 
the extract was transferred to a test tube and mixed with 3 ml of anthrone 
reagent. The test tubes were then placed in a hot water bath for 15 min to 
allow the color to develop. After cooling the tubes, their absorbance was 
measured at a wavelength of 625 nm using a spectrophotometer. Finally, 
the concentration of soluble carbohydrates in mg g-1 of fresh leaf tissue 
was determined by referring to a standard curve.

Maximum quantum efficiency of photosystem II
To measure the maximum quantum efficiency of photosystem II, two 

healthy and fully developed leaves were chosen from each plant. A plant 
photosynthesis meter (EARS-miniPPM, Delft, Netherlands) was used 
to measure this trait and its components in both dark conditions (from 8 
o’clock at night) and light conditions (12 o’clock in the afternoon). These 
measurements were then used to calculate the amount of photosynthesis 
using the following equations (Klughammer and Schreiber, 2008; Li et 
al., 2008):

Fv= Fm night – Fa night
Fv/Fm= (Fm night – Fa night) / Fm night

Statistical analysis
Statistical analysis was performed on all data using SAS version 

9.4 software (SAS Institute Inc., Cary, NC, USA). A one-way analysis 
of variance (ANOVA) was conducted to determine if there were any 
statistically significant differences among the treatments. The LSD test 
was used to determine the differences between the treatments, with a 
significance level of 0.05.

Results
Length, fresh weight, turgor, and dry weight of roots
The culture medium type had a significant impact on the root 

length, root fresh weight, root turgor weight, and root dry weight of 
African marigold (Fig. 1A-D). The application of biochar, zeolite, and 
a combination of these amendments increased the root length, root fresh 
weight, and root turgor weight compared to the control. However, biochar 
and the combination of biochar + zeolite did not have a significant effect 
on root dry weight. Overall, the highest values for all four root attributes 
were obtained when using zeolite alone in the soil mixture (Fig. 1A-D).
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 Fig. 1. Root length (A), root fresh weight (B), root turgor weight (C) and root dry weight (D) of African marigold grown in a soil mixture 
(control) or soil mixture amended by biochar, zeolite, or their combination. The same letter(s) above bars are not significantly different according to 

LSD (p ≤ 0.05). Error bars represent the standard error of means (n = 5).
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Stem fresh, turgor and dry weight and plant height
Based on the results shown in Fig. 2, it was found that the use of biochar 

and zeolite, either alone or in combination in the soil mixture, significantly 
affected growth parameters such as stem fresh weight, stem turgor weight, 
stem dry weight, and plant height. Individually, the application of biochar 

and zeolite in the soil mixture had a more positive impact compared to 
their combined application. It should also be mentioned that zeolite was 
more effective than biochar, and the soil mixture containing zeolite had 
the highest amount of these mentioned traits (Fig. 2A-D).

Fig. 2. Stem fresh weight (A), stem turgor weight (B), stem dry weight (C), and plant height of African marigold grown in 
a soil mixture (control) or soil mixture amended by biochar, zeolite, or their combination. The same letter(s) above bars are not 

significantly different according to LSD (p ≤ 0.05). Error bars represent the standard error of means (n = 5).
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Length, diameter, fresh and dry weight of flowers
Unlike the vegetative traits, the reproductive traits were less affected 

by the application of biochar and zeolite (Fig. 3A-D). Zeolite application 
in the soil significantly increased flower length, while there was no 
significant difference observed between control plants and those grown 

in other culture media (Fig. 3A). Flower diameter was not significantly 
affected by any of the four types of culture medium (Fig. 3B). The fresh 
and dry weight of the flower was either not significantly affected by the 
effect of biochar and zeolite, or it was reduced by the use of these two 
amendments (Fig. 3C-D).

A

A

C

C

B

B

D

D

Fig. 3. Flower length (A), flower diameter (B), flower fresh weight (C) and dry weight  (D) of African marigold 
grown in a soil mixture (control) or soil mixture amended by biochar, zeolite, or their combination. The same letter(s) 

above bars are not significantly different according to LSD (p ≤ 0.05). Error bars represent the standard error of means (n = 5).

Photosynthetic pigments
The use of biochar and zeolite did not significantly increase the amount 

of photosynthetic pigments in leaves. Although the highest amounts of 
chlorophyll a, b, total, and carotenoids were obtained with the use of 

biochar alone, the difference compared to the control was not significant. 
Even in contrast to this, the lowest value of the four mentioned traits was 
obtained when zeolite alone was applied. However, this reduction was not 
significant compared to the control (Fig. 4A-D).

Fig. 4.  Chlorophyll a (A), chlorophyll b (B), total chlorophyll (C) and carotenoid (D) of African marigold grown in a 
soil mixture (control) or soil mixture amended by biochar, zeolite, or their combination. The same letter(s) above bars 

are not significantly different according to LSD (p ≤ 0.05). Error bars represent the standard error of means (n = 5).
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Total soluble carbohydrates
The use of zeolite alone, as well as its combination with biochar, 

resulted in a significant increase in the amount of leaf soluble carbohydrates. 
The highest amount of this attribute was achieved when they were used 
together. There was no significant difference in the amount of leaf soluble 
carbohydrates when biochar was used alone in the soil mixture (Fig. 5A).

Maximum quantum efficiency of photosystem (Fv/Fm)
The maximum quantum efficiency of photosystem II (Fv/Fm) is 

significantly affected by the application of biochar and zeolite alone in 
soil mixture. However, the combination of these two amendments had no 
significant effect on this trait (Fig. 5B).

Fig. 5. Total soluble carbohydrates (A) and maximum quantum efficiency of photosystem (Fv/Fm) (B) of African marigold 
grown in a soil mixture (control) or soil mixture amended by biochar, zeolite, or their combination. The same letter(s) above 

bars are not significantly different according to LSD (p ≤ 0.05). Error bars represent the standard error of means (n = 5).

Discussion
Biochar, which is a charcoal-like substance made from organic matter, 

is becoming increasingly popular in agriculture because of its impressive 
ability to improve soil health and enhance plant growth (Das and Ghosh, 
2020). One of the main advantages of biochar is its effect on soil density. 
It reduces the apparent specific gravity and creates a lighter, more porous 
soil structure. This increased porosity results in better aeration, allowing 
roots to breathe more easily and penetrate deeper into the soil. As a result, 
root growth thrives, leading to improved nutrient absorption and increased 
microbial activity (Garg et al., 2021).

Research on soybeans shows the clear benefits of biochar, both 
directly and indirectly. In this study, it was found that biochar led to a 
significant increase in the weight of both fresh and dry soybean roots 
and organs. This positive outcome can be attributed to two main reasons: 
biochar enhances the availability of nutrients in the soil and also improves 
its biological, physical, and chemical properties (Gavili et al., 2019). 
Another emerging star in the world of agriculture is zeolite, which serves 
a unique purpose in managing nutrients. By acting as a slow-release 
reservoir, zeolite particles gradually release essential elements into the 
surrounding environment, ensuring a consistent supply for plant growth 
(Nazari et al., 2014; Nazari, 2019). Additionally, zeolite’s adhesive 
properties enable it to cling to root surfaces, facilitating the breakdown 
of nutrients and organic materials. This, in turn, promotes healthy root 
development (Akbari et al., 2021; Mondal et al., 2021). A study conducted 
on cucumber cultivation demonstrated the efficacy of zeolite, revealing a 
significant increase in root growth, available nutrient levels (N, P, and K), 
and CEC compared to control plants (Vassilina et al., 2023).

The porous structure of biochar enhances water retention in the soil, 
improves nutrient absorption, and enhances soil properties. This, in turn, 
promotes plant growth in both stressful and non-stressful conditions 
(Yildirim et al., 2021). In a recent study, it was found that rice husk 
biochar increased the fresh weight and turgor of African marigold stems 
compared to the control. Similar findings were reported in studies on 
corn (Aguirre et al., 2021), quinoa (Tourajzadeh et al., 2024), and tomato 
(Kul et al., 2021). On the other hand, zeolite helps reduce the leaching 
of essential nutrients such as P and K, providing a slow-release source 
throughout the growth period. This ultimately leads to higher production 
and transport of osmolytes within the plant (Akbari et al., 2021). In our 
study, the treatment of zeolite significantly increased the fresh weight, dry 
weight, and turgor of African marigold stems. This finding is consistent 
with previously observed results in sunflower (Baghbani-Arani et al., 
2020) and petunia (Hamidpour et al., 2013). Additionally, the application 
of rice husk biochar significantly increased the height of the plants 
compared to the control group. This can be attributed to biochar’s ability 
to enhance nutrient absorption, improve soil properties, increase water-
holding capacity, and boost photosynthesis. These factors ultimately result 

in more frequent cell division and faster growth (Yildirim et al., 2021). 
Similar results have been found in research on lettuce (Park et al., 2021), 
a maize-Chinese cabbage rotation system (Zhao et al., 2022), and wheat 
(Khan et al., 2021), where the application of biochar led to taller plants 
and improved growth. In our study, zeolite also significantly increased 
plant height, likely due to its high water-holding capacity and enhanced 
CEC, which promote efficient nutrient storage and irrigation management. 
Furthermore, zeolite replaces ammonium and potassium with calcium 
on exchange sites, making these vital nutrients more readily available 
to plants. This, combined with increased P solubility and improved soil 
characteristics such as aeration, pH, and moisture retention, contributes 
to significant growth enhancements (Mondal et al., 2021). Studies on 
radish (AL-fatlawi et al., 2023), sweet pepper (Castronuovo et al., 2023), 
and African marigold (Nazari et al., 2007) confirm the positive impact of 
zeolite on plant height and growth.

Contrary to expectations, this study revealed that rice husk biochar 
significantly reduced the fresh and dry weight of African marigold flowers 
without affecting their length or diameter. This finding differs from 
previous research, where biochar enhanced reproductive and functional 
characteristics in various plants such as wheat (Khan et al., 2021), tomato 
(Kul et al., 2021), and corn (Aguirre et al., 2021). Similarly, zeolite had 
no substantial effect on flower length, diameter, and fresh weight but 
significantly reduced dry weight. This contrasts with results observed in 
petunia (Hamidpour et al., 2013) and Moldavian dragonhead medicinal 
plants (Karimzadeh Asl et al., 2018), where zeolite promoted growth. 
Several factors might explain these discrepancies, including variations 
in water quality, environmental conditions during the experiment, the 
specific African marigold variety used, and the inherent characteristics of 
the soil employed. All of these could influence plant responses to biochar 
and zeolite amendments. Further research investigating these factors in 
a controlled setting could provide valuable insights into the observed 
inconsistencies and improve our understanding of how biochar and zeolite 
interact with African marigold during the flower development stage.

The Fv/Fm ratio is a suitable index for assessing light inhibition and 
stress-induced disorders in photochemical centers. This ratio indicates the 
maximum quantum efficiency of photosystem II in converting absorbed 
light into chemical energy (Alemu, 2020). By studying chlorophyll 
fluorescence performance in plant leaves, changes in heat dissipation and 
photochemical efficiency can be observed (De Cannière et al., 2024). 
Measuring chlorophyll fluorescence is a valuable method for assessing 
damage to the photosynthetic apparatus and determining the physiological 
state of the plant. This method effectively reveals the health of the thylakoid 
membrane, the plant’s tolerance to environmental stress, the degree of 
damage incurred, and the relative efficiency of electron transfer from 
photosystem II to photosystem I (Findurová et al., 2023). Any stress factor 
that affects the plant’s photosynthetic system can damage components of the 
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electron transport chain and photosystem II, disrupting electron transfer and 
causing the loss of light energy as heat and fluorescence. The application 
of biochar can enhance photosynthetic efficiency by reducing the optical 
inhibition of photosystem II, ultimately increasing the rate of photosynthesis 
(Zhang et al., 2020). Research has shown that biochar improves the 
photosynthetic activity of Phragmites by enhancing soil characteristics and 
facilitating nutrient uptake (Abideen et al., 2020). Similarly, another study 
found that biochar-treated cucumber (Nadeem et al., 2017) and okra plants 
(Batool et al., 2015) exhibited increased photosynthesis and photosynthetic 
components. However, in the present study, no significant changes were 
observed in the rate of photosynthesis or its components following the 
application of biochar and zeolite. This lack of impact could be attributed 
to the use of an unsuitable dosage of biochar or zeolite. Additionally, 
the treatments did not have any effect on the amount of chlorophyll and 
photosynthetic pigments, which may have contributed to the absence of 
observed effects on photosynthetic components. 

Adding biochar to the soil improves its properties in several ways. It 
enhances nutrient and water access, increases nutrient storage, boosts CEC, 
reduces compaction, and fosters beneficial microorganisms (Ding et al., 
2010). These factors collectively contribute to better plant growth, as we 
observed in our study. Furthermore, the total soluble carbohydrate content 
in these plants also increased, which aligns with previous findings in beans 
(Farhangi-Abriz and Torabian, 2017) and perennial ryegrass (Rahimi et al., 
2021; Safari et al., 2023). On the other hand, zeolite, with its crystalline 
structure, acts as a reservoir for water and nutrients, gradually releasing 
them to plants. Its high CEC also makes it a valuable soil amendment, as 
it modifies the physical and chemical properties to promote optimal plant 
growth (Akbari et al., 2021). Similar to studies on cucumber (Vassilina 
et al., 2023) and radish (AL-fatlawi et al., 2023), our research found that 
zeolite application elevated the total soluble carbohydrate level. 

The positive effects of biochar on soil physicochemical properties 
have been extensively documented. Its gradual release of elements helps 
reduce carbon, P, and N loss, resulting in improved soil fertility, increased 
chlorophyll content, and enhanced plant growth and physiological 
characteristics (Mukherjee and Zimmerman, 2013; Safari et al., 2023). It 
is worth noting that biochar also enhances magnesium absorption, which is 
a key component of photosynthetic pigments (Dong et al., 2019). Previous 
studies have shown that biochar application leads to increased chlorophyll 
content in crops such as corn (Adejumo et al., 2016), peanut (Agegnehu 
et al., 2015), and perennial ryegrass (Safari et al., 2023). Similarly, zeolite 
has been found to enhance chlorophyll content in tuberose plants by 
improving nutrient uptake, water access, and soil properties (Bahadoran et 
al., 2012; Nazari, 2019). However, in this study, the combined application 
of biochar and zeolite did not significantly affect plant photosynthetic 
pigments. There could be several explanations for this observation. For 
example, the high application rates of biochar and zeolite may have 
resulted in salinity and toxicity from the released elements, which could 
have hindered chlorophyll production. Additionally, the Allelochemical 
properties of biochar’s phenolic compounds may have had a negative 
impact on pigment production.

Conclusions
This study aimed to investigate the effects of biochar, zeolite, and soil 

on the growth characteristics of African marigolds. The results revealed 
interesting findings regarding the impact of these amendments on various 
parameters. Soil cultivation alone resulted in the highest dry flower 
weight, indicating its importance in supporting plant growth. Remarkably, 
the addition of biochar significantly enhanced the maximum efficiency 
of Photosystem II, which converts light energy into chemical energy. 
This suggests that biochar has the potential to improve photosynthetic 
performance in plants. On the other hand, zeolite application had a 
significant positive effect on root and stem length, weight, turgidity, 
flower length, plant height, and photosystem II efficiency. However, 
it unexpectedly led to a decrease in chlorophyll content. These 
contrasting effects indicate the complexity of plant responses to zeolite 
and highlight the need for further investigation into its mechanisms of 
action. Furthermore, the combined treatment of biochar and zeolite 
with soil increased total soluble carbohydrate content. Although this 
combined treatment did not significantly enhance the growth rate or 
overall plant condition, it suggests a potential synergy between biochar 
and zeolite in promoting carbohydrate accumulation. Overall, zeolite 

alone demonstrated a higher effectiveness compared to other treatments, 
as it positively influenced multiple growth parameters. However, further 
research is warranted to explore different application levels of biochar 
and zeolite, as well as their potential interactions, to optimize their 
effects on plant growth and development. Understanding the underlying 
mechanisms and fine-tuning the application strategies will contribute to 
the advancement of sustainable agricultural practices.
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