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A B S T R A C T

Cultivation of medicinal plants by maintaining sustainable environment with low chemical inputs is attempted
through a pot culture experiment by integrating the biochar prepared from lemongrass (Cymbopogon flexuosus)
distillation waste and chemical fertilizers (CF) in different ratios. The objective was to find out the influence on
yield, physiology and quality of Andrographis paniculata (kalmegh) herb and on soil chemical/biological prop-
erties. All the growth parameters and yield were significantly influenced by the integrated biochar and CF
application. Biochar application, remarkably improved the soil carbon content, cation exchange capacity and
nutrients accessibility. However, significantly higher fresh herbage yield (140.8 g plant−1) was recorded in the
treatment receiving biochar (5 t ha−1) combined with recommended dose of CF (60:20:40 NPK kg ha−1). The
same treatment resulted in higher soil microbial biomass C, fluorescein diacetate hydrolytic, dehydrogenase and
alkaline phosphatase activity. Total phenol/flavonoid contents and antioxidant (DPPH and ABTS) activities,
were higher in sole biochar treated plant and increased further in combination with CF. Sole application of
biochar or CF did not have any significant influence on leaf andrographolide content, however their combination
increased the content but the effects were not significant on stem andrographolide. The reduction in stomatal
conductance and higher water use efficiency after biochar application indicates it’s potential to mitigate water
deficit stress. Results indicate that use of only biochar was not enough to improve the plant growth and soil
health. Therefore, to achieve environmentally safe and quality herb production, it is recommended to use
combination of biochar and CF which not only improve crop yield and quality but also improves the soil quality.

1. Introduction

Biochar, a carbon rich pyrogenic substances considered as an ideal
soil amendment for sustainable crop and environmental management.
Biomass resources like, agricultural wastes, wood waste, forest residues
and food waste are more frequently used as a precursor material for
biochar preparation. Farmers in India are encouraged to grow high
demanding essential oil bearing aromatic crops. Lemon grass
(Cymbopogon flexuous), an important essential oil containing aromatic
plant, are extensively cultivated in different parts of India. After ex-
traction of essential oil, the waste residues are either mulched or burnt,
which led to emission of green house gases (GHGs). So, conversion of
this spent material through effective valorization process will not only
reduced the environmental hazard but also increases the farmer’s in-
come. The conversion of this essential oil distillation waste into value
added soil amendment like biochar will be a best alternative strategy
for their effective management.

Use of biochar as soil amendments is constantly gaining importance
as it improves crop productivity and maintains soil fertility (Lehmann
et al., 2003). However, Hussain et al. (2016) apprised that biochar only
enhances the yield of crops when they are grown in unfertile/ barren
land and in fertile soil the effects are not so prominent. Therefore,
biochar incorporation along with chemical fertilizer (CF) could be an
appropriate option for yield improvement when crops are grown in
cultivated soil (Sadaf et al., 2017). This combined application may
enhance the availability and uptake of plant nutrients supplied through
chemical fertilizer and also reduces the leaching loss of nutrients by
minimizing the requirement of CF. Hence, co-application of biochars
and CF or mixing them in different proportions is necessary (Sadaf
et al., 2017). Though, importance of integrated use of biochar along
with CF has been reported in different food crops (Sadaf et al., 2017;
Khan et al., 2017), there is no reported work on its effects on medicinal
plant like Andrographis paniculata Nees (kalmegh) along with its quality
and soil health.
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Andrographis paniculata Nees. (Acanthaceae), popularly known as
kalmegh, the “King of Bitters” is widely used medicinal plant in India
and South-East Asia. In traditional medicinal system, whole plant of
kalmegh is used to treat ailment including fever, cold, inflammation,
and diarrhea (Subramanian et al., 2012). Kalmegh contains diterpenoid
lactones of which andrographolides is the major bioactive compounds
attributing the therapeutic activity like immune stimulatory (Wang
et al., 2010), anti-diabetic (Lee et al., 2010), anti retroviral (Yao et al.,
1992) etc. Other than andrographolides, phenolics and flavonoids are
the important class of compounds present in kalmegh (Chandra et al.,
2016). Due to its versatile medicinal properties and higher demand,
commercial cultivation of this herb is spreading across the country.
Combination of CF with organic material like biochar could be a holistic
approach for safe and quality herb production. Nutrient cycling in soil
is influenced by soil biochemical properties which are important soil
health indicators under changes in management practices. Most im-
portant biochemical indicators of soil health are soil microbial biomass
carbon (MBC) and enzymes (dehydrogenase, phosphatase, fluorescein
diacetate-hydrolyzing activity etc.) and can serve as early indicator
after application of biochar. However, most of the studies on applica-
tion of biochar are more concentrated on soil fertility and crop growth
or yield and impact of biochar application on the quality of the produce
in terms of bioactive compounds is neglected. Scare information are
available about the plant physiological parameter also as biochar act as
a soil conditioner and thus may mitigate the effect of climate change.
There are number of issues need to be addressed for application of
biochar in plant production such as 1) at what rate of biochar appli-
cation improve nutrient supply to plant 2) impact of co-application of
biochar and CF on plant growth and physiology, and 3) whether this
practices has influence on bioactive principle of medicinal herbs. There
is no systematic study available in the literature on the effect of co-
application of biochar and CF on growth, yield and quality of medicinal
herb.

We hypothesized that plant growth and nutrition will be stimulated
by increased nutrient use efficiency of chemical fertilizer expected due
to biochar application, and the nutrient availability will be facilitated
during plant growth period by reducing nutrient losses (leaching and
volatilization) and improving soil physical properties (Sadaf et al.,
2017). With this background, this endeavor aimed to investigate the
combined application of biochar and chemical fertilizer in improving
growth, physiology and quality of pot-grown kalmegh and soil health
indicators in the form of soil microbial biomass and enzymes and nu-
trient cycling.

2. Materials and methods

2.1. Biochar preparation

Distillation waste of Cymbopogon flexuosus (lemongrass), after oil
extraction, was used as a precursor material for biochar preparation.
The lemongrass cultivated in the experimental field of ICAR-Directorate
of Medicinal and Aromatic Plants Research (DMAPR), Anand, Gujarat,
India was collected, and after essential oil extraction, the solid residues
were dried, crushed and grounded to powder. The powdered materials
were then pyrolyzed in a digital temperature controlled muffle furnace
at a temperature of 350 °C (heating rate: 5 °Cmin−1 for 2 h) under N2

purge (flow rate: 2 mLmin−1) to make a limited oxygen environment.
The schematic diagram for preparation of biochar is depicted in the
Fig. 1.

2.2. Physico-chemical characterization of biochar

Biochar-water suspensions (1:5 w/v) were used to measure the pH
and electrical conductivity (Ec) values by using digital pH and con-
ductivity meter, respectively. Determination of cation exchange capa-
city (CEC) of the lemon grass biochar was carried out by the method

described by Sumner and Miller, 1996 using 1 N sodium acetate solu-
tion (pH 8.2) exchange complex. Ignition method was used to de-
termine the total carbon (C) (%) in the biochar by keeping the sample in
a muffle furnace for about 6 h. Total C represented by the loss of weight
during ignition and calculated by following equation: Total
C= [(100−%ash)/1.8] (Basak, 2018). Micro-Kjeldhal method
(Bremner and Mulvaney, 1982) was used to determine the total ni-
trogen (TN) in biochar. Di-acid digestion (HNO3 and HClO4), followed
by vanado-molybdophosphate yellow colour complex method (Jackson,
1973) for phosphorus (P) estimation was used to determine the total P
in biochar. Di-acid digestion (HNO3:HClO4:10:4) followed by potassium
(K) analysis in flame photometric estimation was done to determine
total K in biochar (Jackson, 1973).

The Fourier transform infrared (FTIR) spectra of lemon grass bio-
char was recorded in Shimadzu IR-Prestige-21® using potassium bro-
mide (KBr) pellet. Powdered materials were mixed with KBr and the
spectra were recorded up to 64 scans with a resolution of 4 cm−1 in the
scan range of 400-4000 cm−1. The surface morphology of both lemon
grass and lemon grass biochar was seen under scanning electron mi-
croscope (SEM) (Philips XL-30®). For, SEM analysis, powdered mate-
rials were mounted on specimen stubs and coated with gold under
vacuum.

2.3. Pot culture experiment

A pot experiment was performed in late rainy season of 2016 under
natural condition in a net house of ICAR-Directorate of Medicinal and
Aromatic Plants Research (DMAPR), Anand, Gujarat, India. Bulk
amount of top (0–15 cm depth) soil was collected from the research
farm of ICAR-DMAPR. The experimental soil is Fluventic, Ustochrept
and sandy loam in texture with pH 7.6, Ec 0.32 dSm−1 and organic
carbon 0.27%. Clean 8 kg of bulk soil was mixed with biochar/ferti-
lizer/their combinations in different proportion and was transferred to
earthen pot [32 cm (Diameter)× 26 cm (Height)]. As the main com-
ponent of biochar (BC) is carbon (C) and to avoid too much C addition
through of biochar, the optimum dose of biochar was selected as
5 t ha−1. The treatment containing sole application of CF comprised of
recommended dose of fertilizer: 60 kg ha−1N (urea), 20 kg ha−1 P
(single super phosphate), and 40 kg ha−1K (muriate of potash). As
biochar also contains N or P (Table 1), hence changing one variable and
keeping other constant is impossible. So, experimental setup as ar-
ranged in this study offered the best available option to test the hy-
pothesis which is shown in Table 2. In total, seven treatments as shown
in Table 2, each with six replicates (7× 6), including un-amended
control (without biochar and CF) were allocated in 42 earthen pots.
After treatments application, two saplings (45 days old) of high yielding

Fig. 1. Schematic flow of biochar preparation unit.

A. Saha, et al. Industrial Crops & Products 140 (2019) 111607

2



genotype of A. paniculata (AP 13) were planted in each pot, and placed
in completely randomized design. After establishment, only one plant
was allowed to grow in each pot for duration of 120 days. Irrigation was
given to the each pot in regular interval to maintain the soil moisture at
field capacity throughout the duration of the trial.

2.4. Vegetative growth parameters and yield of kalmegh

To measure the different growth parameters, the plant samples were
collected during harvesting time (120 DAT). Growth attributing char-
acters like root/shoot length and branches number/plants were mea-
sured. Then, the whole plants were segregated into leaves, stem, and
roots and their fresh/dry weight was measured. Dry weights were
measured when samples reached a constant weight under shade drying.
Total fresh and dry herbage yield per plant was also measured.

2.5. Measurements of physiological parameters

Portable photosynthesis system (LI-COR-6400 XT, LI-COR Inc.
Lincon, Nebraska, USA) was used to determine the physiological
parameters like photosynthesis rate (PN), transpiration rate (E), sto-
matal conductance (gs), and internal CO2 concentration (Ci). After 60
days of transplanting, fully grown-up leaf was kept in the instrument
chamber so that thermocouple can touche it from the underside.
Reading was taken during 08:00 am to 10:00 am. The artificial light
was given at 1000 μmol photons m−2 s−1 for photosynthetically active
radiation (PAR) which also includes 10% of blue light. Into the
chamber, reference CO2 (400 ppm) was supplied with flow rate of
500 μmol s−1 and after attaining the stable flow of CO2 and H2O,
gaseous exchange parameters were measured. Ratio of PN: E was used
to determine the water use efficiency (WUEi).

2.6. Analysis of bioactive andrographolide

The different plant parts viz., leaf and stem were separated from the
plant sample, shade dried, powdered before extraction and analysed for
andrographolide content by High Performance Liquid Chromatography
(HPLC) method. Powdered leaves and stem samples (each 100mg)
were extracted with methanol (20mL) by sonication for 1min at room
temperature. Extract was centrifuged, filtered by syringe filter 0.45 μm
before being injected to HPLC. Andrographolide quantification was
carried out on an HPLC (LC-20AD pumps, Shimadzu, Kyoto, Japan)
which configured with SPD -20A UV–vis detector at 229 nm, a SIL-20AC
HT auto sample and Merck RP-18 (250×4.6mm, 5 μm) column.
Elution was done with a mobile phase: methanol and water (65:35, v/
v); flow rate: 1 mLmin−1; run time: 10min; sample injection volume:
10 μL.

2.7. Determination of total phenol (TPC) /flavonoid (TFC) content and
antioxidant activity of A. paniculata extracts

Dried, powdered aerial parts of kalmegh (1 g) after extraction with
80% aqueous methanol, was analysed for total phenol (TPC)/flavonoid
(TFC) content and antioxidant activity. Folin-Ciocalteau method was
used to determine the TPC (Singleton et al., 1999) and values were
expressed as gallic acid equivalent (mg GAE g−1 of dry extract). Alu-
minum nitrate method was used for TFC determination as developed by
Wang et al., 2012 with little modification and expressed as mg Quer-
cetin equivalent g−1 of dry extract. The antioxidant activity of extracts
were evaluated by assays of radical scavenging activity using DPPH
(2,2-Diphenyl-1-picrylhydrazyl) (Liyana-Pathiranan and Shahidi, 2005)
and ABTS (2,2′-Azino-bis-3-ethylbenzothiozoline-6-sulfonic acid dia-
mmonium salt) (Re et al., 1999) radicle. For DPPH scavenging assay,
1.0 mL methanolic solution of DPPH (mM L−1) was mixed with 3.0mL
of methanolic solution of kalmegh extract and it was kept under dark
(30min) at room temperature followed by spectrophotometric mea-
surement at 517 nm. For ABTS assay, to generate ABTS+ stable radical
cation, it was diluted with methanol to get an absorbance of
0.706 ± 0.001 units at 734 nm (Re et al., 1999). The extracts were
then mixed with this ABTS cation and 7min later absorbance was
measured at 734 nm. Scavenging activity (%) of DPPH and ABTS ra-
dical was calculated as: = (Ac – As) ×100/Ac, Ac and As corresponds to
absorbance of control and sample.

2.8. Soil sampling and analysis

After harvesting of kalmegh, soil samples (0–15 cm depth) were
collected, homogenized and representative part was air-dried, sieved
(2-mm sieve) for analysis of organic carbon and available nutrients like
nitrogen (N), phosphorus (P) and potassium (K) content while other
part was kept at 4 °C in refrigerator. The refrigerated soil samples were
equilibrated at room temperature and soil microbial biomass and en-
zyme activity was determined.

Soil organic carbon content was determined by Walkley-Black
method (Nelson and Sommers, 1996). Soil available nitrogen was de-
termined by Kjeldah digestaion cum distillation method (Bremner,
1960). 0.5M NaHCO3 solution was used to extract the available P in
soil (Olsen et al., 1954) and quantified spectrophotometrically
(Watanabe and Olsen, 1965). 1 N NH4OAc (pH 7.0) solution was used
to extract the soil available K followed by its determination by flam
photometer (Hanway and Heidel, 1952). Soil samples were measured
using portable pH-EC meter to determine the Ec and pH of the soil by
suspending it in distilled water (1:2.5).

Fumigation-extraction followed by titration method was used to
determine microbial biomass carbon (MBC) in soil (Jenkinson and
Powlson, 1976). Triphenylformazan (TPF) production rate from 2,3,4-
tri-phenyl tetrazolium chloride (TTC) (Klein et al., 1971) was mon-
itored to determine the dehydrogenase (DHA) activity. The p-ni-
trophenol (PNP) released from soil incubation with p-nitro phenyl
phospahatse was used to determine acid (AcP) and alkaline (AlP)
phosphatase activities (Tabatabai and Bremner, 1969). For determina-
tion of soil fluorescein diacetate hydrolytic activity (FDA), the released
fluorescein through hydrolysis of fluorescein diacetate was measured
(Green et al., 2006). All the data were expressed in terms of oven dry
weight of soil.

Table 1
Characteristics of lemon grass distillation waste biochar.

Properties (mean ± SD) pH EC (dSm–1) Total C (%) Total N (%) Total P (%) Total K (%) CEC (cmol (+) kg−1) Ash (%)

Biochar 8.13 ± 0.02 0.67 ± 0.007 47.6 ± 0.7 0.73 ± 0.002 0.19 ± 0.006 0.68 ± 0.008 26.9 ± 1.12 14.3 ± 0.36

Table 2
Treatment description of biochar and chemical fertilizer.

Treatment Name

Non-fertilized soil without biochar Control
Non-fertilized soil with full dose of biochar BC(F)
Fertilized soil with recommended dose and without biochar CF(F)
Half dose of biochar+half recommended dose of fertilizer BC(H)+CF(H)
Half dose of biochar+ full recommended dose of fertilizer BC(H)+CF(F)
Full dose of biochar+ half recommended dose of fertilizer BC(F)+CF(H)
Full dose of biochar+ full recommended dose of fertilizer BC(F)+CF(F)
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2.9. Statistical analysis

The results of all the experiments are expressed as the mean ± SD
of six replicates. SPSS version 20.0 was used for statistical analysis by
analysis of variance. For statistical comparison between the treatments,
Dun-can’s Multiple Range Test (DMRT) was done at the p < 0.05 level.

3. Results and discussion

3.1. Biochar characterization

Table 1 represents the outline of physico-chemical properties of
biochar produced. The lemongrass biochar contained 47.6% total
carbon and was alkaline in nature (pH=8.13) with a pH higher than
the experimental soil. The yield of biochar was almost 41.3% which was
comparable with the yield reported by Deshmukh et al., 2015 for bio-
char from distillation waste of C. flexuosus.

The FTIR spectra of lemon grass biochar determine the functional
group variability. Broad band between 3500 and 4000 cm−1 indicates
the mixed stretching vibration of OeH/NeH bonds (Fig. 2). Band
around 3037.89 and 2887.44 cm−1 indicates the stretching vibration of
aliphatic hydrocarbons. A strong peak at 2374.37 cm−1 represents
stretching vibration of OeCeO and the peak at 1701.22 cm−1 re-
presents carbonyl (eC=O) stretching vibration (Reddy et al., 2013).
Peaks around 750–600 cm−1 attributed to aromatic out-of-plane CeH
bending and 1575.84 cm−1 peak indicates COOH group stretching. The
peaks around 1180.44 cm−1 were attributed to vibrations of inter-
molecular ester bonding. The FTIR spectra of lemon grass biochar re-
veal the highly cross-linked network of carboxylic acids and hydroxyl
groups in the matrix indicating its chelating potential.

The morphology of biochar changed dramatically as compared to
the raw lemon grass (Fig. 3). The SEM microgram of lemon grass shows
smooth layered compacted structure (Fig. 3A). Whereas, the biochar
micrograph contains porous network of interconnected macro and
micro pores with particle sizes of the order of 1–10 μm (Fig. 3B) en-
suring its porous morphology (Bhaduri et al., 2016). These pores could
be helpful in retaining the nutrients in soil when biochar is applied as a
soil amendment.

3.2. Growth and yield parameters of kalmegh as influenced by different
combination of biochar and chemical fertilizer

The growth and yield parameters of kalmegh, observed under dif-
ferent treatments are given in Table 3 and Fig. 4. Combined application
of biochar and CF performed better as compared to the individual ap-
plications. The root length was significantly high in biochar and CF
treated plant which accounts almost 26–102.3% higher as compared to
the un-amended and unfertilized control (Fig. 4). Among the different
treatments, the maximum root length was observed in the treatment
BC(F)+CF(F). The treatment of sole application of both BC and CF and
their combination at half of their respective doses did not show sig-
nificant difference with respect to root length. However, CF(F) showed
slightly better result. While considering the shoot length, it was ob-
served that the treatment of BC(F)+CF(F) had a significant effect in
increasing the shoot length over control and all other treatments
(Fig. 4). But the sole application of CF(F) showed slight but significantly
higher effect as compared to sole application of biochar i.e. BC(F). It is
also evident from the data that BC(H)+CF(H) showed slight lower, but
non-significant effect as compared to the CF(F) with respect to shoot
length.

Fig. 2. FTIR spectra of lemongrass biochar.

Fig. 3. Scanning electron micrographs of distillation waste (A) and biochar (B) of lemongrass.
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Results also shows that the treatment comprising of biochar/che-
mical fertilizer combination with either of one in full dose, showed
better effects as compared to sole application or combination of half
doses of both. A similar pattern for root length and shoot length was
also observed in case of fresh and dry weight of the root, shoot and leaf
(Table 3). The fresh and dry weight of root/shoot/leaves were observed
significantly higher in the treatment receiving BC(F)+CF(F). However,
the effects were non-significant when compared with the treatment
BC(H)+CF(F) with reference to the shoot and leaf fresh weight and
shoot dry weight. Moreover, there no clear cut trends were observed
among the treatments like sole biochar, sole fertilizer and BC(H)+CF
(H) with respect to fresh and dry weight of the plant. But it was clear
from the data that the sole fertilizer application had significantly better
effect [except shoot dry wt (g)] as compared to the treatment comprises
of sole biochar and BC(H)+CF(H). Number of branches per plant were
also highest in the treatment receiving CF(F)+BC(F) (Fig. 4). The next
best treatment was BC(H)+CF(F) and BC (F)+CF (H) which are non-
significant to each other.

Above ground biomass, i.e. herbage (leaf+ stem) is the main eco-
nomic part of kalmegh. Application of full dose of CF and biochar re-
corded the highest total herbage yield (fresh and dry) which was an
almost 29.3–95.4% higher than control (Table 3). Sole application of CF
has better effect as compared to the sole application of biochar in terms
of fresh total herbage yield, whereas as it was non-significant for dry
herbage yield. The results also indicated that mixed biochar/CF com-
bination has a more intense effect on plant growth parameters and yield
than sole biochar and fertilizer treatment. Biochar is known for its
ability for retaining plant nutrients in soil (Alburquerque et al., 2013;
Bass et al., 2016). Furthermore, it has synergistic effect on soil micro-
bial activity. Combined application of biocahr with CF led to the con-
tinuous and persistent supply and release of nutrients (Bass et al.,
2016). This persistent supply of nutrients compensate nutrient loss from
the soil and better uptake of nutrient from applied CF, which results in
enhanced crop growth parameters and yield (Haider et al., 2017). This
could be the reason for even half dose of biochar in a combination of

full recommended dose of CF [BC(H)+CF(F)] leads to good crop
growth and sometimes at par with the full dose application of BC+CF.
Though the treatment of BC(F)+CF(H) also performed better as
compare to sole application, but their effects were lower than the
[BC(H)+CF(F)]. This indicates that chemical fertilizer dose is more
important than biochar dose in maintaining the crop growth. Here the
role of biochar is more as a soil amendment rather than a nutrient
source. However, the leaf stem ratio was almost similar in all the
treatment except control. Low leaf to stem ratio could be associated
with the enhanced plant height (Vijayaraghavan et al., 2005).

There is a very little report about how biochar influencing the
overall growth of medicinal herb. Pandey et al., 2016 reported mixed
biochar/chemical fertilizer combination helps in boosting the growth of
the basil plant, however sole application of biochar did not suffice in
enhancing the crop growth. Jain et al., 2017 found that biochar
amendment even in acidic mine spoils significantly enhances the bio-
mass of the medicinal plant Bacopa monnieri L. and also helps in re-
ducing the metal accumulation in plant tissues.

As we have carried out a pot experiment with controlled irrigation,
the possibility of leaching losses of nutrients is very less (Alburquerque
et al., 2013). Hence, the nutrients retaining potentiality of biochar
under this controlled condition help in long, consistent supply of nu-
trients from chemical fertilizer applied in combination with biochar.
Sadaf et al. (2017) and Rajkovich et al. (2012) also opined that the
innate nutrient content of biochar is low, but it can improve the effi-
ciency of chemical fertilizer to ensure consistence supply of plant nu-
trients. So, under such circumstances, particularly in field condition,
the biochar can play a promising role in retaining the soil nutrients and
reduce leaching, volatilization or adsorption losses of nutrients from
chemical fertilizer and thus improve the continuous and consistence
supply of nutrients ensuring its availability.

3.3. Andrographolide content as influenced by biochar and chemical
fertilizer combination

Andrographolide content in both dry leaf and stem of kalmegh were
effected by the different treatment (Table 4). Application of biochar or
CF does not have any significant influence on leaf andrographolide
content as compared to the control. However, treatment combination
BC(F)+CF(F), showed 16–18% increase in leaf andrographolide con-
tent over control and sole application of CF. Among the treatments, the
lowest leaf andrographolide % was found in treatment of BC(H)+CF
(H). Treatment comprised of BC(F)+ CF(H) and BC(H)+CF(F) did not
show any significant differences. This showed that nutrient is very
much essential whether in the form of biochar or fertilizer for pro-
duction of andrographolide in leaf. However, comparable amount of
leaf anrographolide in control indicates that nutrient stress might have
a role in production of leaf andrographolide.

However there was no clear cut trend in % stem andrographolide
content and it was lower than leaves (Table 4). Sole fertilizer treatment
showed better effect as compared to the sole biochar application.

Table 3
Leaf stem (L:S) ratio, fresh and dry weight (g plant−1) of root, shoot, leaves and herbage yield of kalmegh; Values in the same column followed by different letters are
statistically different (p < 0.05) between the treatment (ANOVA with DMRT).

Treatments Root fresh wt (g) Shoot fresh wt (g) Leaf fresh wt (g) Root dry wt (g) Shoot dry wt (g) Leaf dry wt (g) Fresh herbage
yield
(g plant−1)

Dry herbage
yield
(g plant−1)

L:S ratio

Control 4.8 ± 0.3e 62.8 ± 3.1d 9.3 ± 1.2d 1.5 ± 0.3e 18.2 ± 2.6d 2.0 ± 0.2f 72.1 ± 3.2e 20.2 ± 2.5d 0.15 ± 0.02b

BC(F) 6.1 ± 0.3d 76.9 ± 3.3c 16.3 ± 1.9c 1.9 ± 0.2d 22.3 ± 1.4bc 3.4 ± 0.3e 93.2 ± 3.9d 25.7 ± 1.6c 0.21 ± 0.03a

CF(F) 7.5 ± 0.4c 82.1 ± 4.1c 18.9 ± 2.2bc 2.1 ± 0.2d 21.3 ± 2.2bcd 4.2 ± 0.2d 101.0 ± 5.0c 25.5 ± 2.3c 0.23 ± 0.03a

BC(H)+CF(H) 6.7 ± 0.3d 78.3 ± 3.3c 17.2 ± 2.0c 1.4 ± 0.2e 20.4 ± 1.6cd 3.8 ± 0.3de 95.5 ± 2.6cd 24.2 ± 1.9c 0.22 ± 0.03a

BC(H)+CF(F) 10.1 ± 0.9b 108.5 ± 8.8a 26.1 ± 2.6a 3.7 ± 0.4b 35.8 ± 3.5a 6.8 ± 0.6b 134.6 ± 9.0a 42.6 ± 3.8a 0.24 ± 0.03a

BC(F)+CF(H) 8.1 ± 0.5c 92.3 ± 4.6b 21.3 ± 1.9b 2.4 ± 0.2c 24.0 ± 2.9b 5.5 ± 0.3c 113.6 ± 5.8b 29.5 ± 2.6b 0.23 ± 0.02a

BC(F)+CF(F) 11.6 ± 1.0a 113.3 ± 7.3a 27.5 ± 4.8a 4.3 ± 0.2a 37.4 ± 4.0a 8.5 ± 1.0a 140.8 ± 7.9a 45.9 ± 4.3a 0.24 ± 0.05a

Fig. 4. Growth parameters i.e. root length (cm), shoot length (cm) and no. of
branches/plant of kalmegh plants. Bars are mean of the six replications ±
standard error of mean. Bars followed by the different letters are significantly
different at p < 0.05 based on DMRT test.
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However, combined application BC(F)+CF(H) showed highest % stem
andrographolide content which was non-significant with sole CF
treatment.

Though bichar or CF treatments did not show a clear trends in %
androgarpholide content in leaves and stem, the total andrographolide
yield in leaf or stem per plant or leaves+ stem/plant were highest in
combined treatment of biochar and CF application compared to the sole
application and control. HPLC chromatogram in Fig. 5 shows the var-
iation on andrographolide content in leaf and stem.

There was almost 196, 108, and 71% increase in total

andrographolide content in plant treated in BC(F)+CF(F) treatment
over control and sole application of BC and CF, respectively. Report also
stated that BC alone or in combination with CF influenced the total
yield of bioactive compounds rather than % content in aromatic plant
like basil (Pandey et al., 2016). Based on the dry weight accumulation
of stem and leaves and % andrographolide content, it can be easily
concluded that stem was more crucial factor in deciding the total an-
drogarpholide yield per plant as compared to leaf. This may be due to
the fact that high herbage yield increases the partitioning of biomass in
the stem, which compensates the high concentration of

Table 4
Andrographolide content (%) and yield (g plant−1) in leaf and stem and total andrographolide yield/plant; Values in the same column followed by different letters
are statistically different (p < 0.05) between the treatment (ANOVA with DMRT).

Treatments Leaf andrographolide (%) Shoot andrographolide
(%)

Andrographolide yield in leaf
(g plant−1)

Andrographolide yield in shoot
(g plant−1)

Total andrographolide yield
(g plant−1)

Control 2.06 ± 0.042c 0.83 ± 0.020d 0.04 ± 0.005f 0.15 ± 0.020e 0.19 ± 0.019f

BC(F) 2.09 ± 0.013c 0.90 ± 0.018c 0.07 ± 0.007e 0.20 ± 0.012d 0.27 ± 0.018e

CF(F) 2.08 ± 0.032c 1.14 ± 0.019a 0.09 ± 0.005d 0.24 ± 0.024c 0.33 ± 0.027d

BC(H)+CF(H) 1.76 ± 0.039d 0.88 ± 0.012c 0.07 ± 0.007e 0.18 ± 0.013de 0.25 ± 0.019e

BC(H)+CF(F) 2.24 ± 0.048b 0.95 ± 0.029b 0.15 ± 0.012b 0.34 ± 0.035a 0.49 ± 0.040b

BC(F)+CF(H) 2.26 ± 0.050b 1.16 ± 0.019a 0.12 ± 0.008c 0.28 ± 0.032b 0.40 ± 0.026c

BC(F)+CF(F) 2.43 ± 0.029a 0.96 ± 0.028b 0.21 ± 0.024a 0.36 ± 0.043a 0.57 ± 0.052a

Fig. 5. High-performance liquid chromatography (HPLC) chromatogram of standard andrographolide (A) and those of leaf (B) and stem (C) of kalmegh with soil
treatment of BC(F)+CF(F).
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andrographolide in leaves (Kalariya et al., 2018). This was the reason
for comparatively lower leaf/stem ratio in our present study as com-
pared to previous studies (Verma et al., 2015; Khan et al., 2015). Pre-
vious study also showed that growing season, temperature and hu-
midity affected the chemical composition of kalmegh rather than
fertilizer application (Tewari et al., 2010).

3.4. Total phenolic (TPC) and flavonoid (TFC) content as influenced by
different treatments

TPC and TFC contents are shown in Fig. 6. TPC contents varied from
8.1 to 13.1 mg GAE g−1 of dry extract (Fig. 6). Moreover, plant treated
with combined BC and CF application led to better accumulation of TPC
compared to sole application. However, sole application of biochar
performed better compared to sole fertilizer treatment and was com-
parable with BC(H)+CF(H) treatment. Sole application of biochar
even showed better effect than the treatment of BC(H)+CF(F). How-
ever BC(F)+CF(F) treatment was the best in terms of accumulation of
TPC followed by BC(F)+CF (H). The results indicates that dose of
biochar is more important than the dose of fertilizer. In addition to TPC,
accumulation of TFC is also increased in mixed BC and CF treatment.
TFC in kamegh extract was higher with sole BC treatment compared to
sole CF treatment. Compared to sole treatment, combined application
of both BC and CF induced more effect rather than the dose of appli-
cation. Highest TFC was found in CF(F)+BC(F) treatment which were
at par with BC(H)+CF(F) treatment.

Scanty reports are available about the influence of biochar on plant
phenolic/flavonoid content (Petruccelli et al., 2015; Quartacci et al.,
2017). Petruccelli et al. (2015) found that TPC/TFC and DPPH radical
scavenging activity was higher in tomato plant treated with biochar and
the effects were substrate specific based on the biochar feedstock. The
study also revealed that compared to sole CF application, sole appli-
cation of biochar showed pronounced effect in imparting antioxidant
and phenolic activities. Biochar addition to the contaminated soil either
restored or exceeded the TPC/TFC and antioxidant activity of lettuce
plant (Quartacci et al., 2017). Biochar application in general helps in
improving the soil water holding capacity which in turn helps in water
mobility to the leaves and thus enhance the plant metabolic activities
enhancing the production of secondary metabolites. Biochar applica-
tion also enhances the nutrient availability and their uptake by plant
which affects the secondary metabolites production (Petruccelli et al.,
2015).

3.5. Antioxidant potenital of kalmegh under different treatments

Mixed biochar and chemical fertilizer application had a consider-
able influenced on the antioxidant activity of kalmegh extract.
Methanolic extracts from plants grown under sole biochar application

showed higher DPPH and ABTS radical scavenging activity over the
control and sole CF application. However combined application of BC
and CF showed more % inhibition over control (Fig. 7). 55.4% and
36.6% increase in % inhibition of DPPH and ABTS radical was observed
over the control in the extract of plants treated with BC(F)+CF(F). Here
also, even half doses fertilizer with full dose biochar treated plants
showed better activity than half dose of biochar combined with full
dose of chemical fertilizer. It indicates that biochar is more pertinent in
inducing the quality of plant.

A possible factor contributing to the improvement of the antioxidant
activity may be the enhancement of phenolic and flavonoid production,
as evidence from TPC and TFC content (Petruccelli et al., 2015;
Quartacci et al., 2017). Andrographolide content may also be the
reason for this increment. Increment of the antioxidant activity in
plants treated with mixed application might be due to all round pro-
moting effect of both biochar and CF on metabolic activities of plant
associated to antioxidant properties. The composition of biochar may
also affect the soil ecology and thus plant metabolism.

3.6. Effects on photosynthesis related physiological parameters of kalmegh

Compared to control, higher leaf photosynthesis rate was found in
all treatments. Maximum photosynthetic value was in CF(F)+BC(F)
treated plant (Table 5). However, stomatal conductance, and internal
CO2 concentration was higher in control treated plant as compared to
the sole biochar and fertilizer treated plant. The values were increased
when biochar was combined with chemical fertilizer except in CF
(H)+BC(H) treatment. Application of BC alone and BC+CF combi-
nation increased the WUE of plants and it was highest in CF(F)+ BC(F)
treatment but the transpiration rate was unaffected (Table 5). From the
Table 5 it can be concluded that sole biochar application reduces the
stomatal conductance, though it got recovered in combination with
chemical fertilizer, still it is lower than the control. The trend is not
same as it was found in plant growth parameters. In general biochar
treated plants reduces the loss of water by stomatal closure and low
transpiration rate. Ultimately this will help in internal water balance
and leaf turgidity in plant. At the same time, due to amendment effects
of biochar it helps in increasing nutrient retention and supplying ca-
pacity of soil and thus support photosynthetic performance (Zainul
et al., 2017). Plant anatomical and/or physiological parameters might
have been changed due to biochar application and thus reduces the
stomatal conductance and at the same time increases the water use
efficiency. Reports are available where biochar amendment emerged as
a potential candidate to mitigate water deficit stress (Paneque et al.,
2016). This is in accordance with the previous study where biochar is
used to protect the plant from water deficit stress without compro-
mising the yield and photosynthetic rate (Paneque et al., 2016). Con-
trary to this, though mixed biochar/fertilizer combination increases the

Fig. 6. Phenolic and flavonoid content in kalmegh extracts under different
treatment combination. Bars are mean of the six replications ± standard error
of mean. Bars followed by the different letters are significantly different at
p < 0.05 based on DMRT test.

Fig. 7. DPPH (2,2-Diphenyl-1-picrylhydrazyl) and ABTS (2,2′-Azino-bis-3
ethylbenzothiozoline-6-sulfonic acid diammonium salt) scavenging activity of
kalmegh extracts under different treatment combination. Bars are mean of the
six replications ± standard error of mean. Bars followed by the different letters
are significantly different at p < 0.05 based on DMRT test.
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stomatal conductance but still the values were lower than the plants of
control soil. Zainul et al. (2017) and Munda et al. (2016) also found that
addition of chemical fertilizer with biochar increases the stomata con-
ductance.

3.7. Impacts of biochar and chemical fertilizer treatment combination on
soil pH and Ec

Soil pH and Ec as influenced by the biochar application or its
combination with CF is given in Table 6. Sole application of fertilizer
had no significant effects on soil pH. However, when the biochar was
applied solely or in combination with chemical fertilizer, particularly at
full doses, significant increase in soil pH was observed. The alkaline
nature of our prepared biochar might have played a role in this phe-
nomenon (Faloye et al., 2017). Sole application of biochar or chemical
fertilizer had non-significant effects on soil Ec. However, combined
application, particularly at full doses increases the soil Ec. Literature
reports indicate that after biochar application, there should be an in-
crease in Ec. This may be due to the pyrolysis of the organic residue led
to production of ash, which composed of oxides of calcium, magnesium
and potassium and at a higher pyrolysis temperature their content gets
increased (Khanna et al., 1994; Jien and Wang, 2013). Alkaline nature
of biochar is also important contributing factor in increasing the soil Ec
However, in our study the amount of biochar added at sole application
was not sufficient enough for significant changes in the soil Ec and the
temperature for biochar preparation was also low.

3.8. Impact on organic carbon and available nutrient (N, P and K) content
of soil

The soil organic carbon (SOC) content was increased in the treat-
ments receiving only biochar and combination of BC plus CF. The in-
crement of SOC content with sole biochar treatment was 31% and 21%
as compared to the control and chemical fertilizer treatment, respec-
tively (Table 6). However, maximum SOC was found in the treatment
receiving CF(F)+ BC(F) and it was almost 65% higher than the control.
Half dose of biochar was not adequate to increase the SOC. SOC plays
an essential role in maintaining soil fertility and quality. Increment in
SOC after biochar addition and its positive co-relation with biochar
dose indicates that the biochar has a significant role in maintaining the

SOC, which can improve soil quality and crop growth (Arif et al., 2017).
From Table 6 it is very clear that similar to SOC, the addition of

biochar as a soil amendment also increased the nutrient availability (N,
P, and K). The values were significantly higher upon addition of full
dose of biochar compared to half or full doses of chemical fertilizer.
Even sole application of biochar increased the soil available N by 62%
and 15% higher than the control and CF treatment, respectively. The
available K content in sole biochar treated soil was 29% and 17%
higher than the control and CF treated soil. The sole biochar treatment
increased the available P by almost 13% over the control and values
were similar to CF treatment. The highest value of soil available N and
K was found in the treatment receiving CF(F)+BC(F), which was at par
with the treatment receiving BC(F)+CF(H). Similarly the highest
available P content was recorded in the treatment of CF(F)+BC(F).
Besides being acts as a soil conditioner, biochar also helps in improving
the soil physico-chemical parameters which results in increasing nu-
trient retention and supply (Jain et al., 2016). At the same time it re-
duces the nutrient losses through leaching or other soil processes
(Major et al., 2010). Soil pH has also a prominent role in nutrient
availability and application of biochar also influences the soil pH
(Zwieten et al., 2010) as mentioned earlier, could be an another reason
for increasing the soil nutrient availability.

3.9. Impact on soil microbial biomass carbon

Soil microbial biomass carbon (MBC) showed a significant increase
in the treatments receiving biochar as well as combination of biochar
and CF. Sole application of CF resulted significantly lower soil MBC
(almost 10% less) than sole application of biochar (Fig. 8A). Again,
combine application of biochar and CF increased the soil MBC irre-
spective of their individual doses. This enhancement of MBC in soil may
be due to the presence of innate carbon source in biochar. Generally
biochar is low in inherent mineral nutrients but rich source of carbon.
Here, in combine application of biochar and CF, biochar may act as
source of carbon for energy as well as habitat for microorganism,
whereas CF acts as a source of mineral nutrients for growth and pro-
liferation of microorganism. This was reflected in the results depicting
higher soil MBC under combine application of BC and CF due to rapid
growth and multiplication of microorganism. However, there are dis-
crepant reports on effect of biochar on soil MBC. Reports are available

Table 5
Photosynthesis rate (PN), stomatal conductance (gs), internal CO2 concentration (Ci), and transpiration rate (E) and water use efficiency (WUEi) of kalmegh under
different combination of biochar-chemical fertilizer treatment; Values in the same column followed by different letters are statistically different (p < 0 .05) between
the treatments (ANOVA with DMRT).

Treatments PN (μmol CO2m−2 s−1) gs (mol H2Om−2 s−1) Ci (μmol CO2mol−1 air) E (mmol H2Om−2 s−1) WUEi

Control 15.3 ± 2.64d 0.34 ± 0.13a 270 ± 19.1ab 4.88 ± 0.81a 3.14 ± 0.27b

BC(F) 16.1 ± 1.98cd 0.2 ± 0.06b 231 ± 14.9bc 4.45 ± 0.81a 3.61 ± 0.45a

CF(F) 15.5 ± 2.22d 0.29 ± 0. 08ab 237 ± 39.6bc 5.5 ± 1.88a 2.80 ± 0.26b

BC(H)+CF(H) 16.4 ± 2.53c 0.2 ± 0.07b 206 ± 54.4c 4.5 ± 1.14a 3.62 ± 0.51a

BC(H)+CF(F) 18.3 ± 3.91b 0.24 ± 0.05ab 303 ± 41.4a 5.1 ± 1.26a 3.57 ± 0.68a

BC(F)+CF(H) 18.6 ± 5.72b 0.23 ± 0.06ab 264 ± 35.4ab 4.99 ± 0.42a 3.73 ± 0.4a

BC(F)+CF(F) 22.6 ± 4.13a 0.29 ± 0.15ab 293 ± 29.4a 5.86 ± 1.13a 3.85 ± 0.43a

Table 6
Effect of physico-chemical and available nutrient of soil after harvest; Values in the same column followed by different letters are statistically different (p < 0.05)
between the treatments (ANOVA with DMRT).

Treatments pH EC (dSm–1) Soil OC (%) Soil available N (mg kg−1) Soil available P (mg kg−1) Soil available K (mg kg−1)

Control 7.63 ± 0.02d 0.34 ± 0.005b 0.26 ± 0.05d 21.2 ± 2.3e 16.6 ± 1.1c 72.3 ± 6.2d

BC(F) 7.81 ± 0.02b 0.38 ± 0.021ab 0.34 ± 0.04b 34.3 ± 1.1c 18.9 ± 1.5bc 93.3 ± 6.1c

CF(F) 7.65 ± 0.01cd 0.35 ± 0.015b 0.28 ± 0.04cd 29.8 ± 1.6cd 19.0 ± 1.8bc 79.6 ± 8.5d

BC(H)+CF(H) 7.67 ± 0.04cd 0.36 ± 0.015b 0.33 ± 0.04b 27.1 ± 4.5de 19.1 ± 2.8bc 90.3 ± 5.0c

BC(H)+CF(F) 7.68 ± 0.04c 0.35 ± 0.015b 0.32 ± 0.03bc 44.5 ± 6.2b 23.6 ± 3.6a 91.6 ± 16.3c

BC(F)+CF(H) 7.83 ± 0.02ab 0.40 ± 0.026a 0.41 ± 0.04a 49.9 ± 9.0ab 22.0 ± 1.3ab 109.9 ± 10.2b

BC(F)+CF(F) 7.87 ± 0.02a 0.41 ± 0.021a 0.43 ± 0.03a 51.9 ± 1.7a 23.9 ± 4.2a 122.0 ± 4.1a
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where biochar addition at low doses (< 8%) in temperate soil showed
non-significant effect on soil MBC (Anders et al., 2013). However, some
studies indicated that biochar added at low rate (< 2%) increased the
soil MBC (Demisie and Zhang, 2015; Prayogo et al., 2014) which is
similar to our study where even the addition of half doses of biochar in
combination with CF significantly increased the soil MBC. These variant
reports could be due to the variation in biochar type (type of feedstock
material, pyrolysis temperature, etc.) and soil types. Soil pH has a
considerable impact on microbial community structure of soil (Xu et al.,
2016) and here, both soil and biochar are alkaline in nature and hence
definite impact of biochar is expected on soil MBC.

3.9.1. Impact on fluorescein diacetate (FDA) hydrolyzing activity
Soil FDA hydrolysis activities were recorded highest with the

treatment of BC(F)+CF(H) (Fig. 8 B). However, this treatment found
at par with sole biochar application and treatment comprised of CF
(F)+BC(F). The sole application of biochar recorded about 60% and
34% higher FDA hydrolysis activities as compared to control and CF
application, respectively. Application of half doses of biochar resulted
lower FDA activities as compared to full dose of biochar application.
This indicates that biochar had more pronounce effect as compare the
chemical fertilizer in enhancing the enzymatic activities. FDA activities
are highly representative way for measuring total soil microbial

activities (Adam and Duncan 2001) and have a strong correlation with
the soil MBC. However, increase in FDA activity was much higher as
compared to MBC in soil due to biochar application. Yoo et al. (2016)
also found a reduction in soil MBC, but exoenzymes activities either
maintained or stimulated after biochar addition. MBC represents a total
microbial population present in soil, whereas metabolic enzyme ac-
tivity such as FDA represents physiologically active microbial popula-
tion. So, much higher FDA activity with the application of biochar
might be due to more substrate availability which stimulates metabolic
activity of microbes in soil.

3.9.2. Impact on dehydrogenase activity
Dehydrogenase (DHA), an intracellular enzyme and its action re-

presents the total microbial activity. The pattern of DHA is also similar
to soil MBC and FDA activities. The addition of biochar increased the
DHA activity, and combined fertilization and biochar treatment showed
better DHA activity. The treatment with sole biochar contained a DHA
activity of about 93% and 39% higher than the control and CF treated
soil, respectively (Fig. 8 B). However, there was only 39% higher DHA
activity in the CF treatment over the control (Fig. 8 B). Soil DHA ac-
tivities has close relation with the soil organic matter content. So, the
addition of biochar helped in more availability of substances required
for DHA activity. In addition to providing substrate availability, biochar
induce a reducing environment in soil and thus accelerates the elec-
tronic reduction process and improves the DHA activity (Jain et al.,
2016). This might be the reason for low DHA activity in CF(F)+BC(H)
and CF(H)+BC(H) treatment, where half dose of biochar was applied.
However, higher DHA activity registered in the combined treatment
indicates the intracellular in nature of the enzyme. The DHA activity is
associated only with the living microbial cells in soils whose growth is
also enhanced due to the fresh supply of nutrient provided by chemical
fertilizer (Sarkar et al., 2016).

3.9.3. Impact on soil phosphatase activities
Effect of different treatments on acid (AcP) and alkaline (AlP)

phosphatase activity are shown in the Fig. 8C. Activity of AlP varied
from 66.2 to 89.1 mg PNP kg−1 soil h−1 and it was
28.5–38.9 mg PNP kg−1 soil h−1 for AcP activity. Overall, AcP activity
was lower than AlP and these two enzymes behaved differently after the
application of biochar. A substantial increase in AlP activity was ob-
served with biochar and BC+CF application leading to elevated
quantity of available P which in turn promoted the AlP activity. The
treatments receiving chemical fertilizer did not show any significant
difference. However, treatments containing sole application of biochar
showed significant higher AlP activities. Application of biochar in-
creased the AlP activity whereas AcP activity was remain unaffected by
biochar application. Extracellular enzymes like phosphatases are im-
mobilized by soil colloids and thus protect it from external environment
(Boyd and Mortland, 1990). However, low sensitivity for AcP after
biochar addition may be associated with the low organic matter content
of soil. However AlP activity was significantly enhanced after biochar
addition and when it was combined with chemical fertilizer, the mag-
nitude of increment was very high as compared to the AcP. These
contradicted results could be correlated with soil pH (Greaves et al.,
1976). As reported previously, application of biochar increases the soil
pH and our soil was also predominantly alkaline in nature. Increase in
soil pH after bicohar application would also lead to high AlP activity.
Xiao et al. (2016) also found that the higher AlP activity after addition
of biochar led to higher P availability which was also observed in our
study.

4. Conclusion

The study describes the potential use of distillation waste of es-
sential oil industry as an environment friendly, cheap biochar produc-
tion precursor with remarkable inventory of future benefits. The

Fig. 8. (A) Soil microbial biomass carbon; (B) fluorescein diacetate hydro-
lyzing/dehydrogenase activities; (C) acid and alkali phosphatase activities
under different treatment combination. Bars are mean of the six replica-
tions ± standard error of mean. Bars followed by the different letters are sig-
nificantly different at p < 0.05 based on DMRT test.
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investigation also gives a new advent for sustainable fertilization
through co-application biochar and chemical fertilizer to boost up the
crop production potential and soil fertility status. Application of che-
mical fertilizer in combination with biocahr increased the soil pH, or-
ganic carbon, available nutrient content and also improved soil biolo-
gical activity. So, overall improvement of soil properties due to biochar
application might have increased nutrient use efficiency which re-
flected in growth and yield of A. paniculata. This study indicates that
biochar can effectively manipulate the chemical fertilizer application
while improving yield and quality of medicinal herb as well as soil
properties. The findings of present study may be helpful for formulating
innovative management strategies for quality production of medicinal
herb (A. paniculata.) considering economic viability and environmental
sustainability. However, further investigation is also needed to evaluate
the effect of biochar on soil nutrient status and plant availability under
field condition.
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