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Dolphin (Platanista gangetica minor)
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Abstract: River dolphins i.e., Amazon river dolphin (Inia geoffrensis); Bolivian river
dolphin (Inia boliviensis); Ganges river dolphin (Platanista gangetica); Indus river
dolphin (Platanista gangetica minor); La Plata dolphin (Pontoporia blainvillei), are the
most endangered species live in geographically isolated rivers and estuaries of South Asia
and South America. In addition to these river dolphins, Baiji (Yangtze or Chinese river
dolphin; Lipotes vexillifer) was also a freshwater dolphin, recently considered extinct.
Habitats of river dolphins, including Indus river dolphins, are experiencing combinations
of persistent natural and anthropogenic threats. Habitat destruction and fragmentation,
changing climatic conditions, overfishing, bycatch and entanglement in fishing tools,
sedimentation of riverbeds, chemical and noise pollution, human interference, and
accidental vessel strikes are significant threats to the survival of Indus river dolphins.
Conservation efforts like habitat restoration and protection, legislation and fishing
regulation, awareness-raising campaigns, dolphin monitoring and research, National and
International cooperations, and National Heritage Animal status helped to increase the
survival of critically endangered Indus river dolphins..
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1. Introduction

Cetaceans are taxonomically the most diverse clade
of aquatic mammals including whales, dolphins and
porpoises. Dolphins are aquatic mammals, that belong
to infraorder Cetacea which comprises five families,
including Odontoceti (echolocating toothed whales).
Marine dolphins are generally found across the world,
with a diverse range of sizes and colors, and they rarely
come close to the land. However, there are few species
of freshwater dolphins living in the largest rivers of the
world. Fossil records of river dolphins dated back to
the Middle Eocene time (Hamilton et al., 2001).
Ancestors of modern dolphins were terrestrial
mammals, which became aquatic around 39-44 million
years ago (Bianucci et al., 2013). Organisms facing the
threat of extinction are termed endangered species.

provided the original author and source are appropriately cited and credited.

2. Types of river dolphins

There are following species of freshwater dolphins
found in the world (Braulik et al., 2021; Page and
Cooper, 2017).

2.1. Genus Platanista (Indian region)

i. Ganges river dolphin (Platanista gangetica):
Ganges river dolphin is found in the Ganges,
Brahmaputra, Karnaphuli and Meghna river systems in
India, Nepal, and Bangladesh.

ii. Indus river dolphin (Platanista gangetica minor):
Indus river dolphin is found in the Indus river system,
Pakistan.

2.2. Genus Inia (Amazon Region Dolphins)
i. Amazon river dolphin (Inia geoffrensis or Inia
geoffrensis geoffrensis): Amazon river dolphin found
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in the Amazon and Orinoco river systems, South
America (Ladegaard et al., 2015; Melo et al., 2021).

ii. Bolivian river dolphin (Inia boliviensis or Inia
geoffrensis boliviensis): Bolivian river dolphin is
found in the Beni-Mamoré and Madeira River basins
(Emin-Lima et al., 2022).

iii. Araguaian river dolphin or Araguaian boto
(Inia araguaiaensis): is a species of river dolphin
found in the Araguaia and Tocantins river basins in
Brazil. It was officially described as a new species in
2014, making it one of the most recently discovered
species of cetacean (Hrbek et al., 2014).

2.3. Genus Pontoporia (Brackish water dolphin)

i. La Plata dolphin (Pontoporia blainvillei) or
Franciscana: is a species of river dolphin found in the
waters of the Atlantic coast of South America. They
are the only species of river dolphin found in coastal

waters and estuaries of Argentina, Uruguay, and Brazil.

2.4. Extinct Yangtze River Dolphin (Lipotes
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In addition to the abovementioned freshwater
dolphins, Baiji (Yangtze river dolphin or Chinese river
dolphin; Lipotes vexillifer) a freshwater species of this
group was recently considered extinct (declared
functionally extinct in 2006) (Bin et al., 2022).

3. Indus river dolphin (Platanista gangetica
minor)
Taxonomic classification of Indus river dolphin

¢ Animalia (Kingdom)
o Chordata (Phylum)

o Mammalia (Class)

o Artiodactyla (Order)
o Cetacea (Infraorder)
o Platanistidae (Family)
e Platanista (Genus)

e Species: Platanista gangetica minor or Platanista
minor

vexillifer)
k‘\

Amazon River DBlphin
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A,

\" R
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Fig. 1. River dolphins of South Asia and Latin Americas (Adapted from https://www.animalspot.net/dolphin )
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3.1. Salient features of Indus river dolphin

Indus blind dolphin, one of the limited odontocetes
(toothed whales) freshwater dolphin species, is of the
most endangered freshwater mammals (Rafi 2022;
Braulik et al., 2021; Nabi et al., 2021; Ibrahim et al.,
2021) and highly endangered species. The Indus river
dolphin is locally known as Bhulan and declared a
National Heritage Animal of Pakistan. It is considered
to be a subspecies of the Ganges river dolphin and is
native to the Indus river system, in Pakistan. These
dolphins are one of the oldest river dolphin species and
are called living fossils.

The first Indus River dolphin survey, conducted in
2001, indicated 1200 population of Indus river
dolphins, which increase to around 2000 after 15 years
(WWEF, 2023). This increase in population can be
credited to the efforts of provincial wildlife
departments, WWHF-Pakistan, and Dolphin Rescue
Network. Sindh Environmental Protection Agency,
Sindh Fisheries Department, Sindh Forest Department,
Sindh  Irrigation  Department, Sindh  Wildlife
Department, and activists from local communities are
components of the Dolphin Rescue Network. This
network regularly monitors the Indus River and its
adjacent canals and tributaries for the search of
stranded dolphins and their rescue.

Average weight (adult dolphin) is around 200
pounds (150-200 pounds) and an average length of
8.2ft (7-8.5 ft). Average life of these dolphins is around
30 years, however, at the age of 6-10 years, they reach
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sexual maturity. Recent population is a result of
continuous conservation and management in Indus
river with the help of WWF (WWF, 2023). Bhulan has
a long, thin snout and eyes that are located on the sides
of its head, which are adapted for hunting in murky
waters (Braulik et al., 2015b). Male Indus river
dolphins are slightly smaller in size than females.
Rounded forehead (melon), collects environmental
sounds, and is distinct from the Indus river dolphin,
like other cetaceans. They have small but poorly-
developed eyes, above the mouth corners. Their belly
is pale white (or pinkish), while grey back (NOAA,
2021).

Dolphins prefer deep water (deeper than 3 m) for
living, however, Indus river dolphins specially adapted
to shallow waters by swimming on their sides. Water
temperature between 8 °C to 33 °C is suitable for their
survival (NOAA, 2021). Bhulan cannot breathe
underwater, a large adult dolphin can swim with an
average speed of about 6 km h-! and comes to the water
surface after every two to three minutes. Like other
dolphins, the Indus dolphin has a layer of fat under its
skin that helps to keep its body warm and stores energy.
Inside its flippers, Bhulans have five fingers, just like
humans. These dolphins have sharp teeth, though look
scary, but do not bite (harmless to humans) these teeth
are only for holding the prey. These dolphins sleep but
half of their brain remains active, maintaining their
breathing and always keeping them aware of their
surroundings (NOAA, 2021).

Fig. 2. Indus river dolphin in Indus River (Photo credit: WWF-Pakistan)
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4. Origin of Indus River Dolphin

Ganges and Indus river dolphins are considered to be
evolved from common (marine-dwelling relatives)
ancestors that colonized the shallow seas that
penetrated low-lying areas of South Asia during the
Miocene when seawater levels rose and fell. However,
dolphins persisted in the freshwater river systems.
Calibrated molecular clock suggested the divergence
of the Ganges and Indus around 0.13-1.05 million
years ago, potentially when dolphins dispersed from
the Ganges into the Indus (Braulik et al., 2015a).

5. Major Threats to Indus River Dolphins

Indus River Dolphins are facing severe threats to
their survival, mainly due to the following reasons.

5.1. Habitat destruction and fragmentation:

Construction of barrages and canals has fragmented
the habitat of Indus dolphins, and reduced the areas
suitable for breeding and feeding (Aggarwal et al.,
2020; Khan et al., 2017). It is estimated that 80% of the
total habitat loss is due to construction of dams and
water diversions (Rafi, 2022; Braulik et al., 2021).

5.2. Bycatch and Entanglement in fishing tools:

Bycatch or non-targeted mortality, from several
fishing methods, especially entanglements in fishing
gears (e.g., gillnets), is a major risk for the
conservation of endangered aquatic species (Aggarwal
et al., 2020). The dolphins are accidentally trapped or
captured in fishing nets and other such tools, in the
adjacent pools and side channels along the Indus River.
Fishing activities in these areas are greater due to
higher fish densities. These can lead to injury or death
of dolphins (Kelkar and Dey, 2020).

5.3. Siltation:

The sedimentation of riverbeds due to erosion of
river banks, deforestation, land use change and poor
agricultural practices, restricted the space and food
availability of dolphins.

5.4. Chemical Pollution:

The Indus river and its tributaries are heavily
polluted with pesticides, agricultural and industrial
wastes, and sewage. Bioaccumulation of these
pollutants can immunity and is harmful to the health
and reproduction of dolphins and other species
dependent on its water. Chemical pollution also kills
fish, reducing the food for Indus river dolphins (Ali et
al., 205; Kumar et al., 2022; Sultana et al.,2014).

Open
Access

Indus river dolphins communicate and echolocate
using sound. Normal behavior of these dolphins is
interrupted by underwater noise pollution. Noise
interference induced by human activities interrupts the
feeding, communication, and orientation of Indus river
dolphins. Extreme cases of noise can cause temporary
or permanent hearing impairment (NOAA, 2021).

5.7. Overfishing

Overfishing is depleting the food supply for dolphins
and increasing competition for resources in the Indus
river (NOAA, 2021).

5.8. Climate change

5.6. Noise Pollution:

Climate change-induced anomalies in water flow and
temperature is causing severe impact on the habitat and
food supply of dolphins.

5.9. Human interference

Dolphin population is also affected by human
activities such as sand mining, illegal hunting, and boat
traffic. Moreover, accidental vessel strikes can harm
Indus river dolphins.

5.10. Vulnerable water security:

In the future survival of river dolphins in South Asia
is closely associated with regional water security and
rising freshwater demands (Braulik et al., 2012). Water
resources, in Pakistan, are highly vulnerable (Khan,
2019) mainly due to anomalies in rainfall patterns and
temperature, glacier melting, mismanagement,
inefficient use, and political conflicts over the
distribution and management of water resources
(Alkonetal., 2019; Kulkarni et al., 2021; Roic et 2017,
ul Hasson et al., 2019). Erratic and declining
freshwater availability is posing severe threats to the
long-term future of dolphins in the Indus river.

6. Conservation Efforts for Indus Dolphin
Protection in Pakistan

Several conservation efforts helped to protect the
Indus river dolphin in Pakistan, these efforts are briefly
included below.

6.1. Habitat restoration and protection

Projects to remove barriers and restore Indus river
system connectivity, protected areas and community-
based conservation programs for the improvement and
protection of dolphin’s habitat. Guddu — Sukkur part
of Indus river is a protected area, generally called as
Indus Dolphin Reserve. It was declared a Ramsar
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wetland under the Ramsar Convention on Wetlands
and Key Biodiversity Area (KBA) (Khan, 2006).

6.2. Legislation and regulations Enforcement
regarding fishing

Seasonal fishing bans, Fishing gear restrictions, and
community-based fisheries management are being
implemented to reduce the impact of fishing on the
dolphin’s population (Khan, 2017).

6.3. Awareness-raising campaigns

Educational programs and awareness campaigns are
being conducted to educate local communities,
fishermen, and policymakers about the importance of
protecting the Indus river dolphin and its habitat (Khan,
2017; NOAA, 2021).

6.4. Monitoring and research

Regular monitoring and research of the Indus river
dolphin population and its habitat is being conducted
to understand the species and to inform conservation
management. Sindh Wildlife Department, Engro
Foundation is actively involved in the protection of
primary habitat of Indus dolphins, which is around 500
km part of Indus River, stretched between Taunsa and
Sukkur barrages.

6.5. National and International Cooperations

Pakistan is working with international organizations,
such as the World Wildlife Fund (WWF), to develop
and implement conservation strategies for the Indus
river dolphin. WWF-Pakistan and Sindh Wildlife
Department collectively started initiatives to rescue the
entangled Dolphins in canals and return them to Indus
river, since 1992. There were 147 Dolphins entangled
in these canals as reported in the period from 1992 to
2017. Owverall, 130 Dolphins were recovered and
successfully returned to river. However, a strong
network was developed with the cooperation of WWF-
Pakistan and Sindh Wildlife Department along with
several other groups to rescue and monitor the
Dolphins in Indus River. On the other hand,
soundproof trucks are also used during rescue
operations as standardized measures and tools (Rafi
2022).

6.7. National heritage animal status

The Indus river dolphin is now considered a National
Heritage Animal of Pakistan and the government has
passed laws to protect them.

It is important that the available data have shown an
increase in the population of Indus dolphins. It is
essential to check the water quality throughout the year
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for the protection of Indus Dolphins (Ibrahim et al.,
2022). To minimize the mortality of Indus Dolphins
there is a dire need to reduce illegal hunting, use of
blubber, and anthropogenic pressure (lbrahim et al.,
2021). Conservational approaches e.g., ban on fishing
and transportation, further work on tagging,
assessments, reproductive success, and genomics will
be the possible strategies to recover (Nabi et al., 2021).
There is the utmost need for proper water management,
conservation policies, and continuous collaboration to
develop inclusive water management (Momblanch et
al., 2022). 2022).

Acknowledgment: Author is appreciates efforts of
Editor and Reviewers for improvement of conducting
this research article Author shows gratitude to
reviewers for comments for improvement of
manuscript

References

li, A, MA. Malik, R. Ahmad and T.S Atif. 1996.
Response of mungbean to potassium fertilizer.
Pakistan J. Agric. Sci. 33(1-4): 44-45.

Ali, M.A., G. Abbas, Q. Mohy-ud-Din, K. Ullah G.
Abbas and M. Aslam. 2010. Response of Mungbean
(Vigna radiata) to phosphatic fertilizer under arid
climate. J. Anim. Plant Sci. 20 (2): 83-86

Al-Zahrani, H. S., H. F. Alharby, K. R. Hakeem and R.
U. Rehman. 2021. Exogenous Application of zinc to
mitigate the salt stress in Vigna radiata (L.)
Wilczek-evaluation of  physiological and
biochemical processes. Plants. 10: 1005.

Amitrano, C., C. Arena, S. De Pascale and V. De
Micco. 2020. Light and low relative humidity
increase antioxidants content in mung bean (Vigna
radiata L.) sprouts. Plants. 9: 1093.

Arif, M., M. Arshad, A. Khalid and A. Hannan. 2008.
Differential response of rice genotypes at deficit and
adequate potassium regimes under controlled
conditions. Soil Environ. 27(1): 52-57.

Babaeian, M., I. Piri, A. Tavassoli, Y. Esmaeilian and
H. Gholami. 2011. Effect of water stress and
micronutrients (Fe, Zn and Mn) on chlorophyll
fluorescence, leaf chlorophyll content and sunflower
nutrient uptake in Sistan region. African J. Agric.
Res. 6 (15): 3526-3531.

Baligar, V.C., N.K. Fageria and Z.L. He. 2001.
Nutrient use efficiency in plants. Commun. Soil Sci.
Plant Anal. 32: 921-950

Bell, L. W., A, T. James, M. A. Augustin, A.
Rombenso, D. Blyth, C. Simon, T. J. V. Higgins and

Ali, 2022

(41)

J. Environ. Agric. Sci. 24(3&4):37-43.



Protecting Endangered Species: A Case Study of Indus River Dolphin

J. M. Barrero. 2021. A niche for cowpea in sub-
tropical Australia? Agronomy. 11: 1654.

Bukhsh, M. A. A. H. A, R. Ahmad, A. U. Malik, S.
Hussain and M. Ishaque. 2011. Profitability of three
maize hybrids as influenced by varying plant density
and potassium application. J. Anim. Plant Sci. 21(1):
42-47.

Burlyaeva, M., M. Vishnyakova, M. Gurkina, K.
Kozlov, C.-R. Lee, C.T. Ting, R. Schafleitner, S.
Nuzhdin, M. Samsonova and E. von Wettberg. 2019.
Collections of mungbean (Vigna radiata) (L.) R.
Wilczek] and urdbean (V. mungo (L.) Hepper] in
Vavilov Institute (VIR): traits diversity and trends in
the breeding process over the last 100 years. Genet.
Resource. Crop Evol. 66: 767-781.

Concha, C. and P. Doerner. 2020: The impact of the
rhizobia—legume symbiosis on host root system
architecture. J. Exp. Bot. 71: 3902-3921.

Favero, V. O., R. H. de Carvalho, A. B. C. Leite, D. M.
T. dos Santos, K. M. de Freitas, R. M. Boddey, G. R.
Xavier, N. G. Rumjanek and S. Urquiaga. 2022.
Bradyrhizobium strains from Brazilian tropical soils
promote increases in nodulation, growth and
nitrogen fixation in mung bean. Appl. Soil Ecol. 175:
104461.

Ganesan, K. and B. Xu. 2018. A critical review on
phytochemical profile and health promoting effects
of mung bean (Vignha radiata). Food Sci. Hum.
Wellness. 7: 11-33.

Govt. of Pakistan, 2018. Economic survey of Pakistan
2017-18. Ministry of Food, Agric. and Livestock,
Economic wing, Islamabad, Pakistan.

Govt. of Pakistan, 2022. Economic survey of Pakistan
2021-22. Ministry of Food, Agric. and Livestock,
Economic wing, Islamabad, Pakistan.

Hakim, S., A. Imran and M. S. Mirza. 2021
Phylogenetic diversity analysis reveals
Bradyrhizobium yuanmingense and Ensifer aridi as
major symbionts of mung bean (Vigna radiata L.) in
Pakistan. Brazilian J. Microbiol. 52: 311-324.

Hou, D., L. Yousaf, Y. Xue, J. Hu, J. Wu, X. Hu, N.
Feng and Q. Shen, 2019: Mung bean (Vigna radiata
L.): Bioactive polyphenols, polysaccharides,
peptides, and health benefits. Nutrients. 11: 1238.

Hussain, F., Malik, A.U., Haji, M.A. and A.L.
Malghani. 2011. Growth and yield response of two
cultivars of mungbean (Vigna radiata L.) to different
potassium levels. J. Anim. Plant Sci. 21(3): 622-625.

Hussain, J. T. Khalig, M.H.u. Rahman, A. Ullah, I.
Ahmed, A.K. Srivastava, T. Gaiser and A. Ahmad.
2021. Effect of temperature on sowing dates of
wheat under arid and semi-arid climatic regions and
impact quantification of climate change through

Open
Access

mechanistic modeling with evidence from field.
Atmosphere. 12: 927.

Hussain, J., T. Khalig, A. Ahmad, A. Senthold, and G.
Hoogenboom. 2018. Wheat responses to climate
change and its adaptations: A focus on arid and semi-
arid environment. Int. J. Environ. Res. 12: 117-126.

Hussain, J., T. Khalig, S. Asseng, U. Saeed, A. Ahmad,
B. Ahmad, I. Ahmad, M. Fahad, M. Awais, A. Ullah,
and G. Hoogenboom. 2020. Climate change impacts
and adaptations for wheat employing multiple
climate and crop models in Pakistan. Clim. Change.
163(1): 253-266.

Igbal, J., G. Shabbir, K. N. Shah, H. Fayyaz ul and A.
Qayyum. 2021. Deciphering of
genotype X environment interaction to identify
stable heat-tolerant mung bean genotypes by GGE
Biplot Analysis. J. Soil Sci. Plant Nutrit. 21: 2551-
2561.

Islam, M. R., B. C. Sarker, M. A. Alam, T. Javed, M.
J. Alam, M. S. U. Zaman, M. G. Azam, R. Shabbir,
A. Raza, M. Habib-ur-Rahman, E. S. Dessoky and
M. S. Islam, 2021: Yield stability and genotype
environment interaction of water deficit stress
tolerant mung bean (Vigna radiata L. Wilczak)
genotypes of Bangladesh. Agronomy. 11: 2136.

Jackson, L. S. 2001. Maize yield as affected by organic
inputs and urea in the West African moist Savanna.
Agron. J. 93 (6): 1191-1124.

Khan, M.A., M. Aslam, T. Sultan and |.A. Mahmood.
2002. Response of phosphorous application on m-
growth and yield of inoculated and uninoculated
mungbean. Int. J. Agri. Biol., 4: 523-524.

Lu, Y., X. Chang and X. Guo. 2019. Dynamic changes
of ascorbic acid, phenolics biosynthesis and
antioxidant activities in mung beans (vigna radiata)
until maturation. Plants. 8: 75.

Ma, Y., L. Tong, S. Wang, T. Liu, L. Wang, L. Liu, X.
Zhou, S. Zhou and C. Blecker. 2022. Effect of heat
and relative humidity treatment on y-aminobutyric
acid accumulation, other micronutrients contents,
antioxidant  activities and  physicochemical
properties of mung bean (Vigna radiata L.). Int. J.
Food Sci. Technol. 57: 590-600.

Malghani A.L., A.U. Malik, A. Sattar, F. Hussain, G.
Abbas and J. Hussain. 2012. Response of growth and
yield of wheat to NPK fertilizer. Sci. Int. 24(2):185-
189.

Mandal, S., M. Mandal and A. Das. 2009. Stimulation
of indole acetic acid production in a Rhizobium
isolate of Vigna mungo by root nodule phenolic
acids. Arch. Microbiol. 191: 389- 393

Matemu, A., S. Nakamura and S. Katayama. 2021.
Health benefits of antioxidative peptides derived

Ali, 2022

(42)

J. Environ. Agric. Sci. 24(3&4):37-43.


https://ideas.repec.org/a/spr/climat/v163y2020i1d10.1007_s10584-020-02855-7.html
https://ideas.repec.org/a/spr/climat/v163y2020i1d10.1007_s10584-020-02855-7.html
https://ideas.repec.org/a/spr/climat/v163y2020i1d10.1007_s10584-020-02855-7.html
https://ideas.repec.org/s/spr/climat.html

Protecting Endangered Species: A Case Study of Indus River Dolphin

from legume proteins with a high amino acid score.
Antioxidants. 10: 316.

Mishra, G. P., H. K. Dikshit, K. Tripathi, M. S. Aski,
A. Pratap, U. Dasgupta, R. M. Nair and S. Gupta.
2022. Mungbean Breeding. In: D. K. Yadava, H. K.
Dikshit, G. P. Mishra and S. Tripathi eds.
Fundamentals of Field Crop Breeding. pp. 1097-
1149. Springer Nature Singapore, Singapore.

Mott, J., O. Abaye, M. Reiter and R. Maguire. 2022,
Evaluating Effects of Bradyrhizobium and
arbuscular mycorrhizal fungi inoculation on yield
components of mung bean (Vigna radiata (L.)
Wilczek) and nitrogen fixation. Agronomy. 12:
2358.

N’Danikou, S., A. J. Shango and J. P. Sigalla. 2022.
Variation of seed traits and initial quality among
selected cowpea, mungbean, and soybean
accessions. Seeds. 1: 303-314.

Oad, F.C., A.N. Shah, G.H. Jamro and S.H. Ghaloo.
2003. Phosphorus and Potassium Requirements of
Mungbean (Vigna radiata). J. Appl. Sci. 3: 428-431.

Potter, N.N. and J.H. Hotchkiss, (1997). Food Science.
CBS Publishers, New Delhi, India. pp 403.

Rehman, S. u., Z. Aslam, B. S. Aljuaid, R. N. Abbas,
S. Bashir, M. H. Almas, T. H. Awan, K. Belliturk,
W. a. A. Al-Taisan, S. F. Mahmoud and S. Bashir.
2022. Reduction in the allelopathic potential of
Conocarpus erectus L. through vermicomposting.
Sustainability. 14: 12840.

Shahi, D.K. 2002. Effect of fertilization and seed
bacterization on yield and quality of mungbean. J.
Res. Birsa. 14: 21-24

Open
Access

Supasatyankul, B., M. Saisriyoot, U. Klinkesorn, K.
Rattanaporn and S. Sae-Tan. 2022: Extraction of
phenolic and flavonoid compounds from mung bean
(vigna radiata 1.) seed coat by pressurized liquid
extraction. Molecules. 27: 2085.

Tisdale, S. L., W. L. Nelson and J. D. Beaton. 1990.
Soil fertility and fertilizer. Elements required in plant
nutrition. 4th Ed. Maxwell McMillan Publishing,
Singapore, p. 52-92.

Ullah, A., T. M. Shah and M. Faroog. 2020. Pulses
Production in Pakistan: Status, Constraints and
Opportunities. Int. J. Plant Prod. 14: 549-569.

Yin, Z., W. Guo, H. Xiao, J. Liang, X. Hao, N. Dong,
T. Leng, Y. Wang, Q. Wang and F. Yin. 2018.
Nitrogen, phosphorus, and potassium fertilization to
achieve expected yield and improve Vyield
components of mung bean. PloS One 13: e0206285.

Tilman, D., C. Balzer, J. Hill and B. L. Befort. 2011.
Global food demand and the sustainable
intensification of agriculture. Proc. Nat. Acad. Sci.
108: 20260-20264.

Cassman, K. G. and P. Grassini, 2020. A global
perspective on sustainable intensification research.
Nat. Sustain. 3: 262-268.

Mueller, N. D., J. S. Gerber, M. Johnston, D. K. Ray,
N. Ramankutty and J. A. Foley. 2012. Closing yield
gaps through nutrient and water management.
Nature. 490: 254-257.

Koritschoner, J. J., J. I. Whitworth Hulse, A. Cuchietti
and E. M. Arrieta. 2023. Spatial patterns of nutrients
balance of major crops in Argentina. Sci. Tot.
Environ. 858: 159863.

INVITATION TO SUBMIT ARTICLES:

Journal of Environmental and Agricultural Sciences (JEAS) (ISSN: 2313-8629) is an Open-Access, Peer-Reviewed online Journal,
which publishes Research Articles, Short Communications, Review Articles, Methodology Articles, Technical Reports in all areas
of Biology, Plant, Animal, Environmental and Agricultural Sciences. For manuscript submission and information contact editor

JEAS at editor.jeas@outlook.com, WhatsApp: +92-333-6304269.

Online Submission System http://www.jeas.agropublishers.com

Follow JEAS at Facebook: https://www.facebook.com/journal.environmental.agricultural.sciences

Join LinkedIn Group: https://www.linkedin.com/groups/8388694

Ali, 2022

(43)

J. Environ. Agric. Sci. 24(3&4):37-43.



mailto:editor.jeas@outlook.com
http://www.jeas.agropublishers.com/
https://www.facebook.com/journal.environmental.agricultural.sciences
https://www.linkedin.com/groups/8388694

