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Abstract 
The effects of different levels of biochar and humic acid on the growth parameters, photosynthetic pigments, 
and nutritional content of blue fescue were investigated. The experimental design of this study was a factorial 
experiment based on a completely randomized design with three replications. The results showed that the 
interaction between humic acid and biochar had a significant effect on shoot length, shoot dry biomass, root-
to-shoot (R/S) biomass ratio, total chlorophyll, chlorophyll a, chlorophyll b, carotenoids, and leaf 
concentrations of N, P, K, Ca, Mn, Fe, Zn, and Cu. Root dry biomass was affected by humic acid and increased 
at 200 mg L⁻¹ and 400 mg L⁻¹ humic acid compared to the control. Increasing the application rates of biochar 
and humic acid resulted in an increase in leaf nutrient contents in blue fescue. The highest levels of 
chlorophyll a and chlorophyll b were recorded at 40 g kg⁻¹ biochar combined with 200 mg L⁻¹ humic acid and 
40 g kg⁻¹ biochar combined with 400 mg L⁻¹ humic acid, respectively. The use of biochar and humic acid, 
especially at application rates of 40 g kg⁻¹ and 400 mg L⁻¹, respectively, significantly improved most of the 
traits evaluated in this experiment. When biochar and humic acid were applied together, their effects were 
more pronounced. 
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_______________________________________________________________________________
 
Introduction 
In crop production, selecting the appropriate 
growing media for propagation and providing 
healthy seedlings and shrubs for use in 
landscaping and horticulture is essential. Plants 
provided with suitable growing media can tolerate 
abiotic stress (Fornes and Belda, 2019). The 
presence of nutrients available to plants depends 
on the nutrient concentration of the substrate 

(Zhang et al., 2014). In recent decades, biochar has 
attracted significant attention because of its 
practical benefits, such as its rich carbon content, 
high cation exchange capacity (CEC), and 
improved soil stability (Nobile et al., 2020). 
 
Biochar as a soil amendment has various effects 
on crop growth and quality, soil nutrient content, 
and soil microbial community (Chen et al., 2018). 
Biochar reduces sodium (Na) absorption and 
increases potassium (K) absorption; it also 
improves productivity, biomass, and 
photosynthesis under abiotic stress conditions (Ali 
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et al., 2017). Furthermore, it improves the 
physical, biochemical, and biological properties of 
the soil (Chen et al., 2018). Biochar is produced 
from biomass sources, including animal manure, 
crop, and garden waste, through thermal 
decomposition of biomass under oxygen-limited 
conditions (Zoghi et al., 2019). In some regions, 
the availability of nutrients such as manganese 
(Mn), phosphorus (P), zinc (Zn), iron (Fe), and 
copper (Cu) is low due to high soil pH values. In 
such soils, the use of organic materials such as 
biochar can affect nutrient concentrations and 
eventually increase plant growth (Aboukila et al., 
2018). Biochar has been shown to have a positive 
impact on production quality (Akhtar et al., 2014). 
Similarly, in controlled environments, growth 
parameters increase with the addition of biochar 
in the field (Major et al., 2010). 
 
The response of crop species to biochar varies 
(Fascella et al., 2020). For example, poinsettia 
plants grown with 0% and 40% biochar exhibited 
similar agronomic yields (Guo et al., 2018). The 
growth of Euphorbia x lomi was lower in plants 
grown with 100% peat compared to a mixture of 
40% peat and 60% biochar (Dispenza et al., 2016). 
Furthermore, some studies indicate that nutrient 
concentrations in biochar may not affect soil 
nutrition (Nobile, Denier, and Houben, 2020). For 
example, biochar significantly reduces nitrogen 
(N) content in soil (Agbna et al., 2017). However, 
other studies have reported opposite results 
(Chen et al., 2018). 
 
Currently, the use of organic acids is common in 
crops and horticultural products to improve their 
quantitative and qualitative characteristics. One of 
these compounds is humic acid (Khorasaninejad et 
al., 2018). Humic acids have a positive effect on 
plant nutrient uptake and are important for the 
availability of micronutrients in plants (Nikbakht et 
al., 2008). This can enhance plant nutrient uptake 
by improving root growth, which increases surface 
area and facilitates more efficient nutrient uptake 
(Nikbakht et al., 2008). Organic matter can 
contribute directly to soil nutrient storage or 
indirectly impact nutrient bioavailability by 
altering soil biochemical properties. Therefore, it 
can positively influence soil physical properties 
and fertility (Karimi et al., 2020). 

Ornamental grasses are low-maintenance, low-
water plants that are commonly used in green 
spaces (Jarecka and Sosnowski, 2021). Festuca 
glauca Lam. is an ornamental grass that forms a 
compact cluster of narrow, long silver-blue leaves. 
It is widely grown, primarily in rock gardens and 
perennial garden beds (Yuan et al., 2011). 
 
While some researchers have documented the 
effect of biochar on plant growth, leaf nutrient 
content, water holding capacity, etc., in various 
field crops, there have been no reports on the 
effects of biochar and humic acid on Festuca 
glauca. The aim of this study is to assess the effect 
of biochar and humic acid addition on blue fescue 
growth response, photosynthetic pigment 
content, and nutritional components. The 
outcomes of this research could be used to 
enhance the growth of blue fescue plants after 
transplanting and in green spaces. 

 
Materials and Methods 
 
Plant material, biochar and soil condition 
 
The experiment was carried out from October to 
November 2022 under greenhouse conditions (27 
°C Day/18 °C Night and 60% Humidity) at the 
Faculty of Agriculture of Ferdowsi University of 
Mashhad, Iran. The biochar (BC) used in this study 
was prepared from the woody branches of 
pistachio (Pistacia vera L.). Slow pyrolysis was 
carried out at a temperature of 500 °C. The wood 
branches were placed in an electric vacuum 
furnace and the slow pyrolysis process lasted five 
hours. Some properties of biochar are given in 
Table 1.  
 
A sandy loam soil with 42% sand, 36% silt, and 22% 
clay was selected. The soil texture assessed by the 
hydrometric method (GeeandBauder, 1986). 
Electrical conductivity, cation exchange capacity, 
pH, calcium carbonate equivalent, available P, and 
organic matter are measured by standard 
methods (Sparks et al., 2020). The total nitrogen 
concentration of soil was determined by the 
Kjeldahl method (BremnerandHauck, 1982). The 
ammonium acetate (NH4OAc) extraction 
technique was applied to assess the available 
potassium (K) (Chen et al., 2018). 
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The total nitrogen (N) content was 2108 ppm, 
while P and K contents were 10.82 and 66 mg 
kg−1, respectively; pH was 7.8; cation exchange 
capacity (CEC), 8.64 meq. 100 g−1, EC was 4.5 ds 
m-1 and organic matter 0.175%. 
After air-drying, the soil was passed through a 
sieve with a mesh size smaller than 2mm. Then, 
the different levels of biochar were mixed 
uniformly with the soil, the levels of biochar were 
0, 20, and 40 g kg-1 of dry soil. Plastic container 
size 12 cm in diameter filled with a prepared 
mixture of soil and biochar. Three one-year-old-
plants of blue fescue (Festuca glauca) transplanted 
into containers. The containers kept in a 
greenhouse condition. The humic acid (HA) (Plant, 
s Choice Company from USA) used in the 
experiment with irrigation water in three levels: 0, 
200 and, 400 mg L-1 every 20 days until the end of 
the experiment. Plants kept for 70 days in 
greenhouse conditions and at the end of the 
experiment, some parameters measured.  
 
Growth measurements 
Crown diameter, maximum shoot length and 
maximum root length were recorded at the end of 
the experiment. Shoot and root dry biomass were 
also recorded. The shoot and root separately dried 
at 60 °C for 48 h. Plant height and dry weight were 
measured by a ruler and a precision Lab balance 
(GF-300), respectively. The root-to-shoot dry 
biomass (R/S biomass) was also calculated. 
 

Mineral and photosynthesis pigments 
assessment 
 
For assessment of nutrient content, shoots were 
cut and washed with distilled water and dried at 
60 °C for 48 h. The dried shoot biomass was milled 
and passed through a 0.5-mm sieve. To quantify 
the elements, two grams of leaf sample was 
digested in 2 mol hydrochloric acid after heating 
for four h at 550 oC (Zoghi et al., 2019). The P 
content was measured by the ascorbic acid 
method using a UV-vis spectrophotometer 
(MurphyandRiley, 1962). The K content of plant 
samples was analyzed using a flame photometer 
(Karimi et al., 2020). Leaf N content was 
determined using the Kjeldahl method 
(BremnerandHauck, 1982). Plant available from 
calcium (Ca), zinc (Zn), iron (Fe), copper (Cu), and 
manganese (Mn) using DTPA extracted and 
measured using atomic absorption spectroscopy 
(Kazemi et al., 2019). Leaf chlorophyll and 
carotenoids were extracted by acetone 80% and 
measured (Lichtenthaler, 1987). 
 
Experimental design 
 
Data analysis were carried out in a factorial 
experiment based on completely randomized 
design with three replications. Two factors 
comprised of three levels of biochar (0, 20, and 40 
g kg-1 of dry soil) and three levels of humic acid (0, 
200 and, 400 mg L-1). Data analysis and mean 
comparison was determined by LSD test at p≤0.05 
using SAS 9.4 software. 

 
Results 
The results showed that the interaction between 
humic acid and biochar had a significant effect on 
shoot length, shoot dry biomass, root-to-shoot 
(R/S) biomass ratio, total chlorophyll, chlorophyll 
a, chlorophyll b, carotenoids, and leaf 
concentrations of N, P, K, Ca, Mn, Fe, Zn, and Cu 
(Table 2). 

Plant Growth Parameters 

According to these outcomes, the combined use of 
biochar (BC) and humic acid (HA) was significant at 
the 5% probability level for shoot dry biomass. The 
highest shoot dry biomass was observed with the 

Table 1 
Physical and chemical properties of pistachio 
BC 

Parameter Biochar 

pH 7.2 
EC (ds/m) 4.2 
N (%) 6.5 
P (mg kg-1) 0.074 
K (mg kg-1) 0.226 
Ca (ppm) 51074.3  
Mg (%) 0.036 
Cu (ppm) 72.147 
Mn (ppm) 240.947 
Zn (ppm) 171.582 
Fe (ppm) 22021.3 
Organic Carbon (%) 7.41 
Organic matter (%) 12.77 
CEC (meq. 100 g−1) 6.3 
Bulk density (g cm-3) 0.39 
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combined application of 200 mg L⁻¹ HA and 40 g 
kg⁻¹ BC (Fig. I. a). There was also a significant 
difference between 40 g kg⁻¹ BC and 0 g kg⁻¹ BC in 
all levels of HA (Fig. I. a). 

The best result for shoot length was recorded with 
20 g kg⁻¹ BC and 400 mg L⁻¹ HA and 20 g kg⁻¹ BC 
and 200 mg L⁻¹ HA, respectively (Fig. I. b). The R/S 
biomass increased in plants grown in substrates 
combined with BC and HA, but in all levels of BC, 
the highest R/S biomass was recorded with 0 mg 
L⁻¹ HA (Fig. I. c). 

The interaction effect was insignificant for crown 
diameter and root dry biomass (Table 1). Root dry 
biomass was affected by HA and increased with 
200 and 400 mg L⁻¹ HA compared to 0 mg L⁻¹ HA 
and showed a significant difference from this level 
of HA (Fig. II. b). Conversely, biochar had no 
positive effect on this trait (Fig. II. a). Crown 
diameter was significantly higher at 20 g kg⁻¹ BC 
compared to other levels, with the highest value 
at this level (Fig. II. c). In this study, humic acid 

addition showed a more significant effect on root 
growth compared to the control (Fig. II. b). 

Nutrient Concentration 

Both macro and micronutrients were affected by 
biochar amendment and humic acid. Increasing 
biochar (from 0 g kg⁻¹ to 40 g kg⁻¹) and HA (from 0 
mg L⁻¹ to 400 mg L⁻¹) resulted in an increase in leaf 
phosphorus in blue fescue (Fig. III. a). The highest 
phosphorus content was recorded at 40 g kg⁻¹ BC 
with 400 mg L⁻¹ HA and 20 g kg⁻¹ BC with 400 mg 
L⁻¹ HA, respectively, which showed significant 
differences from the control. In all BC levels, the 
lowest phosphorus content was observed at 0 mg 
L⁻¹ HA (Fig. III. a). In contrast, leaf potassium (K) 
content in BC levels decreased with increasing HA; 
except at 20 g kg⁻¹ BC with 400 mg L⁻¹ HA, leaf K 
values decreased with increasing HA. The highest 
leaf K was recorded at 40 g kg⁻¹ BC with 0 mg L⁻¹ 
HA (Fig. III. b). Regarding nitrogen (N), the 
interaction of BC and HA appeared to have a 
negative effect, with leaf N decreasing at 20 and 
40 g kg⁻¹ BC with increasing HA (Fig. I. c). The 

Table 2 
Analysis of variance mean square effects of pistachio biochar (BC) and humic acid (HA) on some morphological, physiological 
and nutrient parameters of blue fescue. 

Sources of 
variation 

df Shoot length Root length 
 

Root dry 
biomass 

Shoot dry 
biomass 

R/S biomass Crown 
diameter 
 

Chlorophyll a 
 

BC 2 1.02* 2.20 ns 5.91* 4.93** 0.56** 26.78** 0.16* 
HA 2 1.08* 2.68 ns 5.16* 0.30 ns 0.17* 4.22 ns 0.06 ns 
BC*HA 4 2.82** 7.99 ns 1.68 ns 0.53* 0.02* 3.99 ns 0.27**  
Error 18 4.69 54.13 18.74 4.71 0.12 65.51 0.75 
CV (%)   3.16 8.37 17.91 10.01 21.91 8.84 1.93 

 
Sources of 
variation 

df Chlorophyll b 
 

 Total 
Chlorophyll  
 

Carotenoid N p K Mn 

BC 2 0.30 ns 1.40** 0.032** 0.22** 0.00005* 0.59** 87.05** 
HA 2 0.22 ns 0.78 ** 0.11** 0.22** 0.0001** 0.30* 66.12** 
BC*HA 4 0.61*  0.70** 0.04** 0.20** 0.0004** 0.23* 230.45** 
Error 18 2.63 0.85 0.07 0.17 0.0002 1.09 51.84 
CV (%)   4.96 1.19 4.35 5.43 7.15 5.91 4.33 

 

Sources of 
variation 

df Ca Fe Zn Cu 

BC 2 246471.62 ns 27979.43** 248.35* 3.87* 
HA 2 3051774.43** 17475.43 ** 234.51* 2.48 ns 
BC*HA 4 3571586.15 ** 20833.19** 308.88** 6.35** 
Error 18 3161981.21 3294.05 1140.00 17.71 
CV (%)   6.56 6.66 15.99 24.61 

 
CV: Coefficient of Variation; ns, *, **: not significant, significant difference at P < 0.5 and P < 0.01 respectively 
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highest N content was observed at 20 g kg⁻¹ BC 
with 0 mg L⁻¹ HA (Fig. III. c). 

Calcium (Ca) concentration was positively affected 
by the addition of biochar and humic acid, with the 
highest values recorded at 40 g kg⁻¹ BC with 400 
mg L⁻¹ HA (Fig. III. d). Leaf iron (Fe) and copper (Cu) 
significantly increased with increasing BC and HA, 
with the highest leaf Fe recorded at 40 g kg⁻¹ BC 
with 400 mg L⁻¹ HA (Fig. III. e and III. h). At 20 and 
40 g kg⁻¹ BC, leaf zinc (Zn) increased compared to 
0 g kg⁻¹ BC (Fig. III. f). Although the highest 
manganese (Mn) concentration was observed at 
40 g kg⁻¹ BC with 400 mg L⁻¹ HA, there was no 

noticeable difference among other treatments 
(Fig. III. g). 

Leaf Photosynthesis Pigments 

The combination of biochar and humic acid 
increased chlorophyll a, chlorophyll b, and total 
chlorophyll content in blue fescue. The highest 
chlorophyll a and chlorophyll b were recorded at 
40 g kg⁻¹ BC with 200 mg L⁻¹ HA and 40 g kg⁻¹ BC 
with 400 mg L⁻¹ HA, respectively (Fig. IV. a and Fig. 
IV. b), showing significant differences compared to 
the control. The highest total chlorophyll content 
was observed at 40 g kg⁻¹ BC with 400 mg L⁻¹ HA,  

 

 

 
 
Fig. II. Effect of biochar on root dry biomass (a) and crown 
diameter (c) and effect of humic acid on root dry biomass (b) 
of blue fescue. Different letters are significant at p < 0.05 (LSD 
test). 
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Fig. I.  Effect of biochar and humic acid on Shoot dry biomass 
(a), Shoot length (b) and R/S biomass (c) of blue fescue. 
Different letters are significant at p < 0.05 (LSD test). 
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Fig. III. Effect of biochar and humic acid on leaf P (a), leaf K (b), leaf N (c), leaf Ca (d), leaf Fe (e), leaf Zn (f), leaf Mn (g), and leaf 
Cu (h) of blue fescue. Different letters are significant at p < 0.05 (LSD test). 
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which showed significant differences from other 
treatments (Fig. IV. c).  

Discussion 
 
Plant Growth Parameters 

 
The plants Gerbera, Calathea, and Calendula show 
positive effects when treated with a combination 
of biochar (BC) and humic acid (HA) (Fornes and 
Belda, 2019; Karimi et al., 2020; Nikbakht et al., 
2008). 
 
The growth of crops, particularly rice and corn, can 
be enhanced through the use of biochar (Qin et al., 
2016; Xiao et al., 2016). Conversely, a study by 
Chen et al. (2018) suggests that the influence of 
biochar on plant growth may not be enduring. 
Lavender plants grown with lower biochar in the 
substrate had better growth performance 
(Fascella et al., 2020). Biochar increases grape 
productivity, but its quality is not affected by 
biochar (Genesio et al., 2015). The characteristics 
of biochar, climate variations, application rates, 
soil types, environment, and crops contribute to 

the conflicting outcomes of biochar (Akhtar et al., 
2014; Gul et al., 2015; Liu et al., 2016). 
 
The relationship between biochar and plant 
growth parameters depends on the type and rate 
of biochar used in experiments. Different types of 
biochar affect nutrient content, as reported by 
Głąb et al. (2020). Moreover, the presence of 
biochar enhances water content in plants, leading 
to improved growth (Tayyab et al., 2018). Biochar 
can improve soil fertility, resulting in increased 
growth and yield (Zoghi et al., 2019). In grasslands, 
root biomass increased with the application of 
biochar (Głąb et al., 2020), which is consistent with 
our study. 
 
The higher growth of roots with the use of humic 
acid could be due to greater allocation toward the 
roots in plants with humic acid addition, which is 
consistent with the results of Nikbakht et al. 
(2008). In tomato and basil, edaphic and foliar use 
of HA led to increases in quality, quantity, and 
early crop ripening (Abdipour et al., 2019; Eshghi 
et al., 2013; Yildirim, 2007). HA promotes aerial 
growth by increasing the uptake of minerals such 

 

 
 
Fig. IV. Effect of biochar and humic acid on chlorophyll a (a), chlorophyll b (b), total chlorophyll (c), carotenoid (d), of blue fescue. 
Different letters are significant at p < 0.05 (LSD test). 
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as nitrogen, calcium, phosphorus, potassium, 
manganese, iron, zinc, and copper (Abdipour, 
Hosseinifarahi, and Najafian, 2019). Humic acids 
have beneficial effects on plant growth and 
development by direct and indirect effects on 
protein synthesis, alteration of enzyme activity, 
stimulation of photosynthesis and nutrient 
uptake, reduction of toxic elements, and 
increasing soil microbial flora (Abdipour, 
Hosseinifarahi, and Najafian, 2019). 
 
Nutrient Concentration 
 
Our findings are consistent with Karimi et al. 
(2020), Zhang et al. (2014), and Nikbakht et al. 
(2008), who reported that humic acid and biochar 
increase P, K, Ca, Fe, Mn, and Zn compared to the 
control. Biochar application led to a significant 
increase in N, P, and K content in Quercus 
castaneifolia compared to non-biochar soils (Zoghi 
et al., 2019). BC additions in medium culture 
increased plant nutrients in fly ash and eggplant 
(Belyaeva and Haynes, 2012; Kul, 2022). In 
Centaurea cyanus L., BC addition increased 
nutrient content, growth, and improved 
ornamental indices (Yang and Zhang, 2022). 
 
Phosphorus (P) content in soil decreases with the 
use of biochar (Liang et al., 2014). On the other 
hand, Masto et al. (2013) stated that biochar 
promotes phosphorus mineralization in soil by 
increasing microbial biomass (Masto et al., 2013). 
Biochar may act as a P source in agriculture and 
increase plant growth (Manolikaki et al., 2016). 
Therefore, biochar increases the availability of P 
and K in soil and affects the nutrient content of 
plants (Chen et al., 2018). Amendment with 
biochar in a sand-based media (unfertilized) led to 
an increase in the release of nutrients from 
biochar to pore water (P and K), showing the 
potential for nutrient release from biochar. Also, 
increasing levels of Fe, K, Na, and P were observed 
in press water extracts with increasing rates of 
biochar (Kaudal et al., 2016). The increase in leaf 
Ca content in blue fescue cultivated with 
increasing biochar dosage was similar to that in 
apple rootstock and lavender species (Street et al., 
2014). Realizing nutrient content from medium 
culture amended with biochar is the main reason 

for the higher content of nutrients in plants 
(Kaudal et al., 2016). 
 
Humic acid (HA) may decrease the absorption of 
some elements, especially at higher 
concentrations (Nikbakht et al., 2008). It was 
demonstrated that the biomasses of pansies, 
lettuce, and basil were reduced as pH of the 
biochar increased. Similarly, the biomass of basil 
decreased when the electrical conductivity of 
biochar increased (Nobile, Denier, and Houben, 
2020). HA influences the growth of the root 
system, causing lateral roots and root hairs to 
multiply and increasing the absorption and 
concentration of nutrients in the plant's aerial 
portions. However, HA promotes nutrition 
transfer in the aerial portion and increases the 
permeability of cell membranes (Abdipour, 
Hosseinifarahi, and Najafian, 2019; Karimi et al., 
2020). In addition, HA has the potential to create 
complex mobile forms, chelate inaccessible 
nutrients, improve availability, and modify soil pH 
(Tahir et al., 2011). 
 
Leaf Photosynthesis Pigments 
 
Our findings about the effect of biochar on 
chlorophyll content are consistent with other 
studies (Hashem et al., 2019; Karimi et al., 2020). 
Applying biochar and humic acid could improve 
chlorophyll content by enhancing plant growth 
conditions in calendula (Karimi et al., 2020). It was 
reported that applying humic acid significantly 
increased chlorophyll content (Fascella et al., 
2020; Karimi et al., 2020; Khorasaninejad, Alizadeh 
Ahmadabadi, and Hemmati, 2018). 
 
Nutrient content may positively affect and 
increase chlorophyll content (i.e., P and K) in 
growing substrates (Netto et al., 2005). P and K are 
essential elements in the production of leaf 
photosynthesis pigments and plant 
photosynthetic activities. Deficiency of these 
elements leads to decreased photosynthesis due 
to reductions in chloroplast nutrient supply and 
issues in the Calvin cycle (Netto et al., 2005). 
 
Leaf carotenoid content in Lavender increased in 
the substrate with biochar amendment (Fascella 
et al., 2020). In basil and tomato, the SPAD index 
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was lower in BC-compost mixes due to lower leaf 
N content compared to the control (Gholizadeh et 
al., 2017). These results show that the type of BC 
can affect the availability of macro and 
micronutrients in plants and change other 
physiological properties. 
 

Conclusion 
 
Our findings in this study on blue fescue plants 
appear to suggest that pistachio biochar and 
humic acid have positive effects on growth 
parameters, photosynthesis pigments content 
and, nutrient uptake of blue fescue. The 
application of BC and HA, especially at a rate of 40 

g kg−1 and 400 mg L−1, respectively, could 
improve most of the selected traits of this 
experiment. By combined application of BC and 
HA, their effect is much exhibited. Biochar and 
humic acid increase macro and micro nutrients of 
blue fescue and they recommend to use in growth 
substrate. Outcome of this research could be used 
for better growth of the blue fescue plant after 
transplanting and also growth in green space. 
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