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Abstract

Weed plants are a significant threat to agricultural growth and productivity, causing economic losses due to synthetic
herbicides, environmental pollution, and harm to non-target organisms. To address this issue, the study focused on analyzing
the phytochemical profile, cytotoxic properties, and effects of Euphorbia dracunculoides fruit methanolic extract on seed
germination, and growth of radish, and canola. Major phytochemicals, including alkaloids, flavonoids, phenols, tannins,
steroids, and catechin, were identified. The extract was evaluated using brine shrimp at concentrations ranging from 1.25 to
640 pg dry weight equivalent (DWE) /mL to determine cytotoxicity, comparing its LD50 value with the standard potassium
dichromate. For phytotoxicity, concentrations of 2.5, 5, and 10 mg DWE/mL were used to assess their impact on seed
germination and seedling growth in radish and canola. The concentrations causing 50% inhibition (1C50) for seed germination
and seedling growth were determined. Results showed that the extract exhibited high sensitivity to both plant species, with
brine shrimp displaying the highest mortality rate at 640 pg DWE/mL. It significantly inhibited seed germination and seedling
growth in radish and canola, with recorded 1C50 values for both species. The extract caused 50% growth inhibition of shoot
length at concentrations of 5.16 and 4.75 mg DWE/mL and 50% growth inhibition of root length at concentrations of 4.39 and
5.50 mg DWE/mL, respectively. The methanolic extract of E. dracunculoides fruit demonstrates potential as a sustainable and
cost-effective herbicidal agent, potentially reducing reliance on synthetic herbicides and mitigating herbicide-resistant weed
species. However, further research is required to understand its mechanisms of cytotoxicity and phytotoxicity, assess its safety

and effectiveness, and explore its application in integrated weed management strategies.
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Introduction

The threat of weeds to crop productivity is a major
concern, with an estimated 1800 weed species causing a
substantial 31.5% reduction in plant production, resulting
in annual losses of 32 billion USD (Kubiak et al., 2022).
Weeds possess remarkable resilience, efficiently utilizing
natural resources like soil moisture, nutrients, light, air, and
space, surpassing cultivated crops in this aspect
(Shekhawat et al., 2020). Their rapid growth and extensive
root systems make them formidable adversaries.
Controlling weeds typically involves the use of synthetic
herbicides, but this has led to the emergence of herbicide-
resistant weed species, alongside environmental pollution
and harm to non-target organisms (Kim et al., 2017).
Globally, over 500 cases of herbicide-resistant weeds have
been reported (Heap, 1999). The scarcity of new synthetic
herbicides targeting novel sites in the last two decades
emphasizes the urgent need to explore natural compounds
with fresh herbicidal potential (Dayan et al., 2012).
Addressing weed-related challenges involves exploring the
phytotoxic potential of natural compounds. The diverse
array of phytochemicals in plants presents a promising
avenue for sustainable and cost-effective botanical
herbicides, aiming to circumvent the development of
herbicide-resistant weed species (Hossen et al., 2023, Khan
et al., 2023, Kostina-Bednarz et al., 2023). Various

phytotoxic chemicals naturally produced by plants hinder
the germination, growth, and development of other plants,
including tannins, phenolic acids, coumarins, and
terpenoids (Qasim et al., 2019, Raclavska et al., 2021,
Khan et al., 2023). Leveraging this diversity offers a
promising path for botanical herbicides that are
sustainable, cost-effective, and do not contribute to
herbicide-resistant weed species (Hossen et al., 2023, Khan
et al., 2023, Kostina-Bednarz et al., 2023). A common
method to assess phytotoxicity involves radish seed
bioassays, observing the impact of compounds or plant
extracts on germination and seedling growth. Radish was
selected for phytotoxicity assay because of its fast
germination and seedling establishment, and its sensitivity
to toxic materials (Chung et al., 2017, Modlitbova et al.,
2019). For instance, (Khan et al., 2023) found significant
inhibitory effects of organic extracts from Chenopodium
glaucum on radish seed germination and growth at a
concentration of 10 mg/mL. Cytotoxicity, crucial in this
research, identifies compounds that inhibit metabolic
processes or cause organismal harm. The brine shrimp
lethality assay serves as a cost-effective preliminary
screening method for cytotoxic compounds (Baravalia et
al., 2012, Kamanja et al, 2018). Euphorbia
dracunculoides, a prevalent weed in rain-fed regions,
affects crops like chickpeas and wheat (Tanveer et al.,
2012). Extracts from this species exhibit medicinal
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properties and allelopathic effects on chickpeas (Tanveer
et al., 2012, Khattak et al., 2017). Rich in bioactive
compounds like phenols, tannins, anthraquinones,
alkaloids, saponins, and flavonoids, E. dracunculoides
holds promise for various applications (Majid et al., 2015).
This research hypothesizes that Euphorbia dracunculoides
fruit methanolic extract possesses cytotoxic and phytotoxic
potential. Objectives include assessing cytotoxicity using
the brine shrimp assay and investigating phytotoxic effects
on radish and canola germination and growth. Despite its
potential significance, systematic studies exploring the
cytotoxicity and herbicidal capabilities of E.
dracunculoides fruit extracts are notably lacking. This
research aims to fill this gap by evaluating the cytotoxic
potential against brine shrimp and assessing phytotoxic
effects on radish and canola.

Material and Methods

The semi-mature fruits of E. dracunculoides (Fig. 1)
were collected from 100 healthy plants growing in the wild
in Tehsil Takht-e-Nasrati (32.47° to 33.28° North and
70.30° to 71.30° East), District Karak Pakistan. All the
fruits were washed with tap water and then kept in the
shade for drying at room temperature. When all the fruits
were dried, they were hand-broken into small pieces and
ground into fine powder by using a grinding machine. After
sieving through a sieve plate (5 mm pore size), the fine
powder of 50 g was then extracted in 500 mL analytical
grade methanol for 72 h (Sigma Aldrich Co Ltd.) at 35°C
with continuous shaking in an incubator shaker. The fruit
extract was filtered by using a Whatman No. 1 filter paper.
The methanol present in the solution was evaporated at
40°C until the formation of a thick gummy extract.

Qualitative determination of phytochemicals: The
extract was evaluated for the presence of phytochemicals
like tannins, flavonoids, steroids, phenols, alkaloids,
Cardiac Glycosides, Catechin, and Volatile oils
(Sofowora, 1993, Harborne, 1973, Trease & Evans, 1983,
Raad et al., 2020.

Tannins: The extract (0.5 g) was mixed with bromine
water (10 mL). Presence of tannins was confirmed after
discoloration of the bromine water.

Flavonoids: Flavonoids were detected by using Shinoda
test. The extract was shaken with Mg ribbon and
concentrated HCI. After a few minutes the appearance of
pink color indicated the presence of alkaloids.

Steroids: The extract was mixed with 2ml of chloroform
and concentrated sulfuric acid. The mixture was separated
into two layers, a methanol layer and a lower chloroform
layer. Red color was appeared in the lower chloroform
layer, which indicated the presence of steroids.

Phenol: Drop by drop, 5% Glacial acetic acid was added
to the extract (1 uL). After that, the mixture was treated
with 5% NaNO,. The formation of muddy brown color
confirmed the presence of phenols.
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Fig. 1. E. dracunculoides.

Alkaloids: Hager’s test: Hager’s test was used for the
detection of alkaloids. The extract solution (2 mL) was
added to a small amount of Hager’s reagent. After mixing,
a yellow color was appeared, which confirmed the
presence of alkaloids. Mayer’s test: A 2 mL of the extract
was mixed with HCl (2 mL) and later several drops of
Mayer’s reagent were added to it. White precipitate of
green color appearance after reaction is indicator of
alkaloids in extract.

Cardiac glycosides (Keller-Kiliani test): The extract
solution 2 mL was mixed with glacial acetic acid (1 mL)
having several drops of FeCls;. The mixture was then added
with few drops of concentrated sulphuric acid which
resulted in the production of blue green color. This
appearance of blue green color indicated the presence of
cardiac glycosides.

Catechin: The match stick was dipped in plant extract,
dried, and then moistened with concentrated hydrochloric
acid. When heated near a flame, the color of wood is
changed into red or pink due to the presence of catechin.
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Volatile oils: A little amount of diluted hydrochloric acid
and sodium hydroxide were also added along with 2 mL of
oil. The appearance of white precipitate showed the
presence of volatile oils).

Cytotoxicity assay: Cytotoxicity of the extract was
evaluated using the Brine Shrimp Lethality Test (Duke,
2002). A stock solution of the extract in DMSO at a
concentration of 10 mg DWE/mL was prepared. For
control, 10 mg/mL of potassium dichromate was prepared
in distilled water. The stock solution was diluted with
DMSO to obtain a range of concentrations, including 1.25,
2.5, 5, 10, 20, 40, 80, 160, 320 and 640 pg/mL DWE /mL.
To obtain the same concentration range, distilled water was
used to dilute the potassium dichromate stock solution
(positive control). A reference negative control solution of
DMSO was also prepared in distilled water (Meyer et al.,
1982). The culture dishes and flasks were cleaned and
sterilized in order to get the test subjects ready for the
assay. The brine shrimp eggs were transferred into 500 mL
of sterile artificial seawater in a conical flask. The eggs in
the flask were incubated for 48 hours at 25°C and 120 rpm
in a laminar flow hood for hatching (McLaughlin et al.,
1998). For each concentration of the test chemical and the
positive control, the Brine Shrimp Lethality Assay was
conducted in triplicate. A 96-well plate with 100 pL of test
and control samples was then filled with a known number
of nauplii, followed by incubation under standard growth
conditions for 24 hrs (McLaughlin et al., 1998). By using
a microplate reader, the number of surviving nauplii in
each well was counted. The following formula was then
used to calculate the percentage of survival in each well.

Number of surviving nauplii

Mortality (%) = ( ) x 100

Total number of nauplii

Both the extract and the reference potassium
dichromate LD50 value were determined using a probit
analysis tool. The log concentration of the test drug and the
positive control were plotted against the percentage
mortality. The toxicity of the drug was established by
comparing the LD50 value of the test compound to that of
the positive control.

Phytotoxicity assay: Phytotoxicity of E. dracunculoides
fruit extract was performed by using radish (variety Desi
White) and canola (variety Rainbow) seed germination
assay under in vitro conditions (Turker & Camper, 2002,
Butler, 2004). The various concentrations of the fruit
extract, i.e., 1, 5, and 10 mg DWE/mL, were prepared in
methanol. Glass Petri dishes arranged with Whatman No.
1 filter papers (two filter papers per Petri dish) were
autoclaved by using an autoclave machine (WiseClave
Model WAC 60, Korea). Seeds of radish and canola were
purchased from a local market in District Bannu and then
sterilized by washing first with 10% Clorox solution and
then with 95% ethanol. The filter papers in Petri dishes
were moistened with 0.5 mL methanolic solutions of fruit
extract separately. Later on, methanol was evaporated in an
open-air oven. The 10 10 seeds of radish and canola were
placed on filter papers in each Petri dish and moistened
with 10 ml sterilized distilled water. For control, the filter

papers were applied with only distilled water. The
experiment had three replicas for each treatment. All the
Petri dishes were kept in the dark at a room temperature of
25+1°C. After noting the seed germination data, all the
Petri dishes were shifted to a growth chamber, and their
covers were removed. The internal environmental
conditions of the growth chamber were 16 hours of
illumination, 8 hours of dark per 24-hour cycle, and 25°C
temperature.

After 24 hours, seed germination was started. Every
seed having a 5 mm radial length was considered a
germinated one. The seed germination data was recorded
for five days unstill the last seed in control was grown.

Number of seeds germinated

Seed germination (%) = ( ) x 100

Total number of seeds grown

After growth for 14 days’ seedlings in each treatment
group were weighed using a digital balance (UniBloc
Model TX323L Shimadzu, Japan). Then, the seedlings
were dried to constant weight in an oven (WiseVen
DAIHAN Scientific Model 050, Korea) at 72°C for three
days, and their dry weight was noted. The length of both
shoot and root was measured using a measuring tape. The
chlorophyll and carotenoid contents of Radish and Canola
seedlings were measured using the and (Arnon, 1949,
Kirk, 1967) techniques.

Data analyses

Mean values were determined for all the treatments,
and standard error was calculated. Results tested via
analysis of variance and differences among means were
calculated by LSD test using Statistics version 8.1 (USA).
The extract concentrations required for 50% growth
inhibition (ICso values) of the radish and canola were
calculated using the Quest Graph™ ICs, Calculator.

Results

Qualitative evaluation of phytochemicals of the E.
dracunculoides fruit extract: Preliminary screening of the
extract revealed the presence of different phytochemicals
(Table 1). All the significant phytochemicals like alkaloids,
flavonoids, phenols, tannins, steroids, catechin, and
volatile oils were present. Only cardiac glycosides were
absent in the extract.

Table 1. Phytochemicals in E. dracunculoides fruit
extract + indicates presence and — indicates
absence of a phytochemical.

Phytochemical Extract
Alkaloids +
Flavonoids
Phenol
Tannins
Steroids
Volatile oil
Cardiac glycosides -
Catechin +

+ + 4+ + +




Cytotoxicity effects of the E. dracunculoides fruit extract
on brine shrimps: The mortality (%) of the brine shrimps
showed that the maximum mortality (%) was achieved at
640 pg/mL of the extract. At 640 ug DWE/mL of E.
dracunculoides fruit extract, the mortality (%) was 100%.
The standard drug potassium dichromate used as a positive
control showed 100% mortality of brine shrimps at all the
tested concentrations above 80 ug DWE/mL (Table 2).

The LD-50 values were determined for both the
extract and standard potassium dichromate. The LD-50
value obtained for extract in brine shrimp lethality assay
was 57.95 ug DWE /mL. At the same time, the LD-50
value calculated for the standard drug potassium
dichromate was 6.087 ug DWE/mL (Table 3).

Phytotoxicity effects of the E. dracunculoides fruit
extract on radish and canola

Seed germination: The seed germination (%) of both the
radish and canola was significantly decreased by the extract at
all three concentrations. However, the decreasing effect of the
extract on seed germination (%) of both the plant species was
significantly higher (p>0.05) at 10mg/mL concentration. In
radish, the extract at 10mg DWE/mL showed a 46% decrease
in seed germination (%) than the extract-free control. In
canola, the extract at 10mg/mL concentration showed a 61%
decrease in seed germination (%) as compared to its respective
control (Fig. 1).

Growth parameters: All the concentrations of the extract
showed a significant decrease in the shoot and root fresh
weight of both the radish and canola. The extract at 2.5, 5,
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and 10 mg DWE/mL exhibited a 34%, 60%, and 62%
decrease in shoot fresh weight of radish as compared to its
extract-free control. All three concentrations (2.5, 5, and 10
mg DWE/mL) of the extract showed a 39%, 55%, and 79%
decrease in shoot fresh weight of canola. The extract at 2.5,
5, and 10 mg/mL concentration showed a 65%, 65%, and
60% decrease in root fresh weight of radish as compared to
its extract-free control. In canola, the extract showed 47%,
39%, and 65% decrease in root fresh weight of canola at
2.5, 5, and 10 mg DWE/mL concentration (Fig. 2a, 2b).

The shoot and root dry weight values of both the radish
and canola were lower for treatment applied with extract as
compared to respective extract-accessible controls. In
radish, the extract at 10 mg DWE/mL showed a 65% and
64% decrease in shoot and root dry weight. Whereas in
canola, the extract at 10 mg DWE/mL exhibited an 80%
and 66% decrease in shoot and root dry weight as
compared to its respective extract-free control (Fig. 3a, 3b).

The extract at all three concentrations (2.5, 5, and 10
mg DWE/mL) showed inhibitory effects on shoot
elongation of both the radish and canola. The maximum
decrease in shoot length of both the plant species was
recorded due to the application of extract at 10mg/mL
concentration. The extract at 10 mg DWE/mL showed a
45% decrease in the shoot length of radish and a 57%
decrease in the shoot length of canola as compared to their
respective extract-free extract (Fig. 4a).

Similarly, the root elongation of both the radish and
canola was significantly decreased by extract application.
The values of root length were lowest for treatments
received at 10 mg DWE/mL concentration. At 10mg/mL
concentration, the extract showed a 13% and 78% decrease
in the root length of radish and canola, respectively (Fig. 4b).

Table 2. Mortality (%) of brine shrimps at various concentrations of the extract and
standard drug potassium dichromate.

Number of dead nauplii

Mortality (%)

Concentration Number of nau_plii used Potassium Potassium
(ng/mL) in the experiment Extract dichromate Extract dichromate
1.25 10 0 1 09 10¢
25 10 0 3 09 30¢
5 10 0 4 08 40¢
10 10 0 6 08 60°
20 10 3 9 30 90°
40 10 4 9 40° 90°
80 10 5 10 509 1002
160 10 7 10 70° 1002
320 10 9 10 90° 1002
640 10 10 10 100° 1002

Table 3. LDso results of E. dracunculoides fruit extract
against brine shrimp.

Sample LDso  Regression equation  R?
Extract 57.95 y=1.4582x +2.4305 0.9422
Potassium dichromate  6.087  Y=1.7787x +3.6152 0.9584

Photosynthetic pigments: The extract significantly
inhibited the chlorophyll a and chlorophyll b content in the
leaves of both the radish and canola. The decreasing effects
of extract were dose-dependent such that chlorophyll
values were lowest in leaves of treatment applied with
extract at 10 mg DWE/mL concentration. The extract at 10

mg DWE/mL concentration showed a 78% and 79%
decrease in leaf chlorophyll content of radish and canola as
compared to their respective extract free control (Fig. 5a).

Like chlorophyll a, the chlorophyll b content was
decreased in leaves of radish and canola due to the
application of extract. The lowest value of chlorophyll b
was recorded in the leaves of both the plant species treated
with extract at 10 mg DWE/mL concentration. The extract
at 10mg/mL concentration showed a 78% and 78%
decrease in leaf chlorophyll b content as compared to their
extract-free control (Fig. 5b).
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Table 4. The concentration of E. dracunculoides fruit methanolic extract (mg DWE/mL) required for 50%
growth inhibition (ICs) of radish and canola.

Test plant Seed germination Shoot fresh ~ Shootdry Root fresh  Rootdry Shoot length Root length Chl ‘@’ Chl ‘b’
species (%) weight (g) weight (g)  weight (9)  weight (g) (cm) (cm) (mg/g FW)  (mg/g FW)
Radish 5.28 3.93 4.30 8.70 8.62 5.16 439 3.80 4.15
Canola 5.23 5.21 5.26 5.36 8.31 4.75 5.50 4.66 4.14

100 - & a induce cell death by disrupting vital cellular functions. The
=] b b LD-50 value, and cytotoxic effects allgn_ with previous studies

S 80 - ™ c . on plant extracts with anticancer potential. _

= q The extract demonstrated dose-dependent phytotoxic

8 60 1 d effects on both radish and canola, affecting seed germination,

e 40 - growth parameters, and chlorophyll content. The IC50 values

£ reflected efficient growth inhibition (McLaughlin et al., 1998,

8, 20 1 Ayatollahi et al., 2010). The comprehensive phytochemical

§ 0 , i I B I N I profile underscores the potential of E. dracunculoides fruit

@ 5 2 2 2l 2 £ ¢ extract as a source of bioactive compounds. The concentration-

S 3 3 | & B B > dependent decrease in seed germination, particularly at 10 mg
c B EBE ElO E E E DWE/mL, points to the extracts phytotoxicity. The rich
N — N — phenolic content may disrupt enzymatic processes involved in
Radish Canola germination (Tanveer et al., 2012, Majid et al., 2015, Zeb et

Fig. 1. Phytotoxic effect of E. dracunculoides fruit extract on seed
germination of radish and canola.

I1Cso values of phytotoxic activity: According to ICsovalues,
it was evident that the extract was highly efficient in the
growth inhibition of both the radish and canola. In the case of
radish, 1Csp values of the extract for seed germination (%),
shoot fresh weight, shoot dry weight, root fresh weight, root
dry weight, shoot length, root length, chlorophyll a, and
chlorophyll b were 5.28, 3.93, 4.30, 8.70, 8.62, 5.16, 4.39,
3.80 and 4.15 mg DWE/mL respectively. Similarly, in canola
ICso, values of the extract for seed germination (%), shoot fresh
weight, shoot dry weight, root fresh weight, root dry weight,
shoot length, root length, chlorophyll a, and chlorophyll b
were 5.23,5.21, 5.26, 5.36, 8.31, 4.75, 5.50, 4.66 and 4.14 mg
DWE/mL respectively (Table 4).

Discussion

Understanding the impact of Euphorbia dracunculoides
fruit extract on both cytotoxicity and phytotoxicity (Sottys-
Kalina et al., 2019, Abdelgaleil et al., 2020) is crucial in
evaluating its potential applications. This research delves into
the qualitative evaluation of phytochemicals and the
subsequent effects on brine shrimps, seed germination, growth
parameters, and chlorophyll content in radish and canola.
Each parameter provides insights into the potential
applications and risks associated with the extract (Majid et al.,
2015). The main findings of our study include the preliminary
screening identified a rich profile of phytochemicals in E.
dracunculoides fruit extract, including alkaloids, flavonoids,
phenols, tannins, steroids, catechin, and volatile oil. The
extract exhibited significant cytotoxicity against brine
shrimps, with a high mortality rate at 640 pg/mL. The LD-50
value of 57.95 pg DWE/mL suggests a potent cytotoxic effect
comparable to the standard drug potassium dichromate
(Meyer et al., 1982, Nguta et al., 2012). The cytotoxicity on
brine shrimps suggests the presence of potent constituents,
positioning the extract as a potential candidate for further
exploration in anticancer research (Sharma et al., 2014). The
high cytotoxicity against brine shrimps correlates with the
observed phytochemical richness, particularly phenols,
alkaloids, and flavonoids. These bioactive compounds likely

al., 2016). The extract-induced reductions in shoot and root
fresh weights, as well as shoot and root dry weights, indicate a
hindrance in overall plant growth. Phenolic compounds,
known for herbicidal properties, likely interfere with cellular
processes, impacting biomass accumulation (Majid et al.,
2015, Zeb et al., 2016, Enneb et al., 2023). Inhibitory effects
on shoot and root elongation, especially at 10 mg DWE/mL,
suggest interference with secondary metabolites. Compounds
present in the extract may impede cell division and affect
photosynthetic processes crucial for plant elongation (Begum
et al, 2022). Concentration-dependent reduction in
chlorophyll aand chlorophyll b content implies oxidative stress
induction  (Chaparzadeh & Hosseinzad-Behboud, 2015).
Phenolic compounds, prevalent in the extract, may inhibit
enzyme activity and gibberellin synthesis, impacting
chlorophyll pigments (Boutoub et al., 2021). In phytotoxicity,
the presence of phenolic compounds and tannins in the extract
provides insight into the mechanisms of action. These
compounds, known for herbicidal properties, may interfere
with enzymatic processes, cell division, and photosynthesis,
leading to the observed inhibitory effects on seed germination,
growth parameters, and chlorophyll content (Majid et al.,
2015). The presence of phenols and tannins correlates with
herbicidal properties reported in the literature. The dose-
dependent phytotoxicity on radish and canola further
emphasizes the potential applications of the extract as a source
of herbicidal compounds (Perotti et al., 2020). The IC50
values highlight the extract's selectivity in inhibiting shoot
growth over root growth in both radish and canola. This
differential impact on chlorophyll a and chlorophyll b content
indicates a species-specific response, a phenomenon reported
in other plant extract studies (Hossen et al., 2021, 2023).

The observed effects on seed germination, growth
parameters, and chlorophyll content have implications for
potential agricultural applications. However, the study urges
caution in the ethnomedicinal use of E. dracunculoides fruit
extract due to its cytotoxicity. In conclusion, this research
sheds light on the multifaceted effects of E. dracunculoides
fruit extract, offering valuable insights into its cytotoxic and
phytotoxic potential. Further exploration of the underlying
mechanisms and isolation of active compounds holds promise
for future applications in medicine and agriculture.
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Fig. 2. Phytotoxic effect of E. dracunculoides fruit extract on shoot (a) and root (b) fresh weight of radish and canola.
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Fig. 3. Phytotoxic effect of E. dracunculoides fruit extract on shoot (a) and root (a) dry weight of radish and canola.
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Fig. 4. Phytotoxic effect of E. dracunculoides fruit extract on shoot (a) and root (b) length of radish and canola.
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Conclusions

The intriguing aspect of this research lies in the potent
cytotoxic and phytotoxic effects of Euphorbia dracunculoides
fruit extract, showcasing its rich phytochemical arsenal. These
findings hold practical implications for potential applications
in developing natural herbicides and exploring anticancer
properties. Future research should delve into isolating and
characterizing specific compounds responsible for these
effects, enhancing our understanding of their mechanisms.
Overcoming limitations, such as focusing on a broader range
of target organisms and conducting field trials, will pave the
way for more robust applications in sustainable agriculture
and healthcare.
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