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SOIL HEALTH FOR FOOD SECURITY: WHERE DO WE STAND TO
FEED THE ESCALATING POPULATION IN THE FACE OF
CLIMATE CHANGE?

Shabbir Ahmad Shahid*! Majda Khalil Suleiman?

!Desert Agriculture and Ecosystems Program, Environment and Life Sciences Research Center, Kuwait Institute for
Scientific Research PO Box 24885 Safat 13109 Kuwait

*Email: sshahid@kisr.edu.kw

ABSTRACT

The planet Earth was evolved nearly 4.54 billion years ago and the life on Earth could be mapped to 3,800
million years ago. In the Solar system, the Earth is the only planet to have an atmosphere containing free
oxygen, oceans of liquid water on its surface, and, of course, life. Since the evolution of Earth and until the
year 1971, the Earth used to provide surplus resources to live on sustainably. In the year 1971, human
demand exceeded the capacity of Earth to provide resources. This shows that the Earth resources start
shrinking rapidly and now the human needs 1.73 Earth planets to live on, and there is no virtual planet to
import, and this suggests that the business as usual will lead us when we will require more than two Earth
planets to meet our demand for food and eco-services for the current and escalating population estimated
at 10.9 billion by 2100, which was 0.6 billion in 1700. This shows that the human demand on nature is
unsustainable and increasing, confirming that by taking more from our ecosystems and natural processes
than can be replenished, we are jeopardizing our and new generations future. For example, in 2023, we
consumed 100% Earth resources by 2 August 2023, after this resources were overexploited to meet our
demand, thus putting more pressure leading to marginalize the resources. This means that humanity is
demanding more than the earth can provide. Currently, globally there is 1.1 global hectare eco-resources
deficit per capita per year. In this context, the achievement of UN-FAO, SDG 2 (End hunger by 2030) is
guestionable. Globally, i) 33% per cent of soils are degraded, ii) soil erosion is causing 60% crop yield loss,
iii) soil salinization is causing 27.3 billion $ annual loss due to decreased crop yields (20% irrigated lands
are salinized), iv) IPCC scenario confirms crops yield to be declined over 75% by 2100, v) 1/3" loss of
food produced, vi) increase in urbanization and, vii) impact of climate change (rising temperature, low
rainfall and subsequent decrease in aquifer recharge, increased drought etc), all are considered significant
threats to food security. This is alarming situation, and the question is where do we stand currently to cope
all the above impacts and what potential strategies we must adopt to mitigate the impacts to sustain our life
with respect to improving soil health for food security and provision of ecosystem services in the broader
context? On the positive side, the UN-FAO believes that sustainable soil management can lead to 58%
increase in crop yield. Therefore, there is great challenge for us to adopt climate resilient soil management
practices that enhance soil quality while producing the food, along with achieving land degradation
neutrality. In this key note, innovative ideas with respect to improvement of soil health and crops
intensification will be shared, as well as how the research in soil sector can be innovated in terms of long
time suitability of soil health for crop production as well as biological innovations in changing the crops
characters for another green revolution as a potential for crops intensification, and to set the future agenda
for agriculture research to meet the food demand of escalating population.

Keywords: Climate, innovation, human demand, escalating population, food security
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PLANT PHENOTYPING: ANALYSIS OF PLANT PHYSIOLOGICAL
STATUS

Mauro Centritto™
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*Email: mauro.centritto(@cnr.it

ABSTRACT

Plant physiological status is the interaction of the plant genome and the prevailing growth
conditions. Accurate characterization of plant physiology is therefore fundamental to effective
plant phenotyping studies; particularly those focused on identifying traits associated with
improved yield, lower input requirements, and climate resilience. Here, it is outlined the
approaches used to assess plant physiology and how these techniques of direct empirical
observations of processes such as photosynthesis, stomatal conductance, and the effectiveness of
protective energy dissipation mechanisms are unsuited to high throughput phenotyping
applications. Novel optical sensors, remote / proximal sensing (multi- and hyperspectral
reflectance, infrared thermography, sun-induced fluorescence), LiDAR, and automated analyses
of below-ground development offer the possibility to infer plant physiological status and growth.
However, there are limitations to such ‘indirect’ approaches to gauging plant physiology. These
methodologies appropriate to the rapid high temporal screening of a number of crop varieties over
a wide spatial scale do still require ‘calibration’ or ‘validation’ with direct empirical measurement
of plant physiological status. The use of deep-learning and artificial intelligence approaches may
enable the effective synthesis of large multivariate datasets to more accurately quantify
physiological characters rapidly in high numbers of replicate plants. Advances in automated data-
collection and subsequent data-processing represent an opportunity for plant phenotyping efforts
to fully integrate fundamental physiological data into vital efforts to ensure food and agro-
economic sustainability.

Keywords: Plant physiology, climate, LiDAR, Al
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IN-SITU FARM WASTE MANAGEMENT FOR SOIL HEALTH: ISIT
SOIL BIOLOGY, AND/OR SOIL MICROBIOLOGY ONLY?

Muhammad Tahir Rashid*

'EnviroLead, Calgary, Canada

*Email: tahir.rashid@envirolead.ca

ABSTRACT

Soil Health is the sustainable capacity of soil to function as a vital living system, recognizing that
soil contains biological elements that are key to ecosystem functioning within land-use and an
ecosystem boundary. There is a tendency to believe in an ideal microbial composition to be used
for In-situ farm waste management because its effects are often observed quickly (petri dish and
pot experiments). Soil health does not rotate only around biology as majority of soil
microbiologists believe from a professional and/or financial perspective. There is always great
benefit in the active collaboration of multiple disciplines to investigate Soil Health. We need to
integrate soil chemical, physical and biological factors to investigate it. There is also a need to
change research premises attitude to question what we and our colleagues are doing, or not doing,
because of our disciplinary focus. An integrated strategy for In-Situ farm waste management for
soil health will be presented including: 1) Introduction to soil biological classification and where
to focus, 1) Myths and misconceptions in soil microbiology, I11) Is it soil biology and/or soil
microbiology depended only, and iv) an integrated strategy for in-situ farm waste management for
soil health.

Keywords: In-situ, farm waste management, integrated strategy
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ANAEROBIC BIOGEOCHEMICAL PROCESSES TO MITIGATE
GREENHOUSE GAS EMISSIONS AND RECLAIM OIL SANDS
MINING WASTES

Tariq Siddique*!

1Canada Faculty of Agricultural, Life and Environmental Sci—Renewable Resources Dept, University of Alberta

*Email: tarigs(@ualberta.ca

ABSTRACT

Alberta’s oil sands make up ~80% of Canada’s total oil production and contribute ~10% to
Canada’s total greenhouse gas (GHG) emissions. The recovery of bitumen, for the production of
synthetic crude oil, from surface mined oil sands generates huge volumes of fluid fine tailings
(FFT) comprising water, sand, silt, clay, unrecovered bitumen, and residual diluent hydrocarbons.
More than 1.2 billion m 3 of FFT have been deposited in ponds, covering an area of ~270 km 2 in
Alberta, pending reclamation. Labile hydrocarbons in FFT produce methane (CH 4) in tailings
ponds and end-pit lakes (EPL). Establishment of EPL is considered a suitable approach to reclaim
FFT, however, CH 4 production has been implicated in preventing EPL progression into a viable
aquatic system. This talk provides insights into anaerobic biogeochemical processes that help (1)
understand emissions of GHG from tailings ponds and EPL, (2) investigate chemical flux in EPL
affecting water quality, (3) consolidate FFT for effective reclamation, and (4) strategize redox
processes to mitigate GHG emissions from tailings ponds and EPL.

Keywords: Anaerobic, biogeochemical process, GHGs, sand mining
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HYDROTHERMAL TREATMENT OF FOOD WASTE DIGESTATE
SOLID
Mi Yan*!, Feng Chen?, Yayong Yang*
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ABSTRACT

Food waste digestate solid (FWDS) is the by-product of anaerobic digestion and it contains high
moisture. Hydrothermal carbonization (HTC) and Supercritical water gasification (SCWG) have
the ability to convert wet bio-waste to hydrochar and syngas, which are a potential technologies
for handling FWDS. This study investigates the effect of reaction temperature and residence time
on solid and liquid products from HTC and SCWG process of FWDS. The results showed that
temperature had significant effect on hydrochar and syngas properties. The higher heating value
of hydrochar was 15.46 MJ/kg and the yield was 49%, under reaction conditions of 260°C and 60
min. The Lower heating value of syngas was 11.2 MJ/Nm? under reaction conditions of 500°C and
40 min. The hydrochar generated at higher temperature had a more stable combustion, higher
ignition temperature, higher burnout temperature. The syngas produced by the high-temperature
reaction has a higher Hz fraction and a higher gasification efficiency. Up to 67% (HTC) and 80%
(SCWG) of nitrogen in solid feedstock emigrated from to liquid product, while phosphorus was
mainly remained in the solid phase (>90%), which mainly existed in the form of apatite. FWDS
were obtained from a food waste treatment plant in Hangzhou, China. HTC and SCWG
experiments were conducted in a 500 mL Hastelloy batch reactor. Firstly, 120 g undried FWDS
(with the moisture content of 83.35%) and 120 mL deionized water were mixed and placed in the
reactor which was sealed afterwards. The reactor was then heated to the set temperature at a ramp
rate of 10 °C/min and held at the target temperature for the predetermined period of time, then
cooling the reactor to room temperature rapidly. The hydrochar samples was denoted as “x+y”, in
which x and y represent reaction temperature (220°C, 240°C, 260°C) and residence time (30 min,
45 min, 60 min) in HTC experiments, respectively. In SCWG experiments, x and y represent
reaction temperature (400°C, 450°C, 500°C) and residence time (20 min, 40 min), respectively.
The results suggested that HTC temperature had significant effect on the yield of hydrochar,
residence time had slight effect. The increase in HTC reaction temperature is beneficial for
enhancing Ti and Tb. However, 260+45 produced the maximum Tb in the study at 601°C. The
stability of compounds in the formation of hydrochar at 260+60 is related to lower Th. The (dw/dt)
mean of hydrochar decreased, indicating longer combustion periods. The combustibility index (S)
of hydrochar was lower compared to FWDS, and with the increase of temperature from 220°C to
260°C, the S showed a decreasing trend. Previous studies on HTC of maize silage digestate has
shown a trend of increasing temperature and decreasing S.

The liquid phase is rich in pollutants such as COD, TOC, NH4*-N, and TN. The increasing reaction
temperature degraded COD and TOC, while other compounds in the liquid phase, such as phenolic
compounds, nitrogen-containing heterocyclic compounds, organic acids, etc., are products of
lignocellulose degradation. In HTC, nitrogen mainly migrates towards the liquid phase, up to 67%,
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while phosphorus is mainly distributed in the solid phase. Syngas; Hz2, CO, CO2 and CHg are the
main syngas products. Within the temperature increasing from 400°C to 500°C, the total syngas
yield rose from 2.4 mol/kg to 9.0 mol/kg at 20 minutes and from 3.5 mol/kg to 9.7 mol/kg at 40
minutes, respectively.

The proportion of carbon in the solid phase decreases from 55% to 38%, which decreases by 17%.
The carbon content in the liquid presents the same trend, with a decrease of 12% from 26% to
14%. Nitrogen in the liquid from SCWG at 400°C was 66%/69%, and it increased to 80% at 500°C.
On the other hand, the proportion of N in the solid decreased from 18% at 400°C to 14% at 500°C.
Prolongation of residence time, the residual proteins and amino acids in FWDS will further
decompose, resulting in the increase of N-containing compounds concentration in liquid phase.
The results of N distribution were consistent with the results of the previous study of FWDS treated
by SCWG. After SCWG, phosphorus is mainly distributed in the solid and liquid phases, and its
main form is solid. The total solid phosphorus in the solid phase increased with the increase of
temperature, and the phosphorus in the solid phase was mainly inorganic phosphorus, and with the
increase of temperature and reaction time, organic phosphorus was gradually converted to
inorganic phosphorus. The addition of food waste to FWDS could improve the heating value of
hydrochar and syngas.

Hydrochar yield significantly decreased to 49.3% at 260+60, while residence time had a minor
effect compared with temperature, and The HHV of hydrochar reach up to 15.46 MJ/kg. The
hydrochar produced from higher temperature HTC had higher ignition temperature and stable
combustion characteristics. However, the intensification of HTC can lead to a decrease in the
combustion index S. The pollutants in liquid phase decreased significantly with HTC temperature
increasing. The main organic matter in the liquid phase is containing nitrogen heterocycles and
phenols, which is highly risk for environment pollution. In SCWG, higher temperature promoted
the increase of syngas production and H> fraction, the migration of carbon from solid phase to
liquid phase and gas phase, the migration of nitrogen to liquid phase, and the enrichment of
phosphorus in solid phase.

Keywords: Food waste, digestate, hydrothermal carbonization, hydrochar
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ENVIRONMENTAL DEGRADATION AND LIVELIHOOD
SECURITY IN SOMALIA” A CASE STUDY OF AFGOYE DISTRICT

Hassan Warsame Nor™!

!Benadir University, Mogadishu, Somalia

*Email: hassanwnur58@gmail.com

ABSTRACT

This study examined the effects of environmental degradation (ED) on livelihood insecurity in
Somalia with particular reference to Afgoye District. It focused the main causes and consequences
on the livelihood insecurities on households (HHs). The study further appraised the responses of
the government and other stakeholders towards curbing the effects of ED. A descriptive survey
design was adopted to establish ED and its effect on livelihood security. Factual characteristics
that compose the ED and livelihood security were qualitatively and quantitatively examined. The
study sample was 398 derived from Afgoye population of 79,400. The study findings revealed, ED
in Afgoye district is caused by various factors that has various consequences on livelihood security.
These include, deforestation of OR (95%CI) of 3.12 (1.32-4.76, making 3.12 times more likely to
cause ED. Similarly, it explored inappropriate farming practices OR (95%CI) of 2.22 (0.92-4.42)
leads to ED statistically associated with livelihood insecurity with 2.22 times more to impact the
livelihood security. Droughts of OR (95%CI) of 3.36 (1.32-4.76) is 3.36 times more likely to
impair ED. Floods OR (95%CI) of 2.13 (1.25-4.35) are damaging significantly livelihood. The
study found the livelihood insecurity of Afgoye will increase 98% at every increase in ED and vice
versa. The study recommended effective ED policies and practices, enhancing the livelihood
security of the HHs in Afgoye district.

Keywords: Environmental degradation, livelihood, deforestation
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EVALUATING PROBABILITY OF EROSION AND FORECASTING
SOIL EROSION RATES IN SOMALIA

Abdunnasir Abdullahi Mohamed™, Hassan Warsame No'?
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ABSTRACT

Soil erosion is a significant environmental issue in many parts of the world, affecting agricultural
productivity as well as natural ecosystems. Soil erosion exacerbates food insecurity and land
degradation concerns in Somalia, a country already dealing with a slew of socioeconomic issues.
The goal of this study is to assess erosion risk and predict soil losses in Somalia, which will provide
valuable insights for sustainable land management and resource planning. Using remote sensing
data, geographic information system (GIS) techniques, and hydrological modeling, the study
investigates erosion risk factors and their spatial distribution across the country. In order to
pinpoint erosion-prone areas and hotspots, topographical information, soil properties, land use and
land cover data, rainfall patterns, and vegetation indices are all used. In order to calibrate and
validate the predictive models, which increases their accuracy and dependability, historical erosion
data is also examined. The results of this study indicate that significant areas of Somalia are
susceptible to erosion-caused soil losses. The most vulnerable areas are identified, allowing
stakeholders to prioritize and allocate resources for soil conservation and erosion control efforts.
Furthermore, the study emphasizes the role of human activity in exacerbating erosion risk, such as
deforestation, poor agricultural practices, and overgrazing. The predictive models developed in
this study provide useful resources for predicting soil losses under various scenarios, taking into
account climate variability, land use changes, and mitigation strategies. Such forecasting abilities
are critical for guiding policy decisions and implementing efficient erosion management
techniques that can improve agricultural productivity, preserve ecosystems, and promote
environmental sustainability across Somalia. In conclusion, a thorough understanding of the
dynamics of erosion in the region is provided by the evaluation of erosion risk and the forecasting
of soil losses in Somalia. In order to preserve and strengthen Somalia&#39;s natural resources and
agricultural resilience, this research helps policymakers, land managers, and stakeholders develop
focused, fact-based strategies for soil conservation and sustainable land use.

Keywords: Erosion, soil loss models, SLEMSA, RUSLE, CORINE,
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MICROPLASTICS CONTAMINATION IN MANGROVE SEDIMENT:
A CASE STUDY OF POLLUTION UPTAKE BY SELECTED
ANIMALS
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ABSTRACT

This paper elaborates on the extension of marine microplastics pollution by determining the
abundance, physical characteristics, and relationship between tidal zones and microplastics uptake
by selected animals in a mangrove ecosystem. For this purpose, a mangrove area located at Port
Klang, a busy sea-port in West Malaysia was selected. The sediments from different tidal zone and
selected animals namely hermit crabs (Geosesarma sp.) and mudskippers (Periophthalmodon
schlosseri) were collected and analyzed. Microplastics extraction were conducted via density
separation and filtration, followed with a visual classification into fiber, pellet, film, and fragment.
Results showed that microplastics were significantly more abundant in sediment samples (1011.06
+ 117.36 particles/kg) than in seawater samples (18.23 + 2.67 particles/L), which was more
uniformly distributed in seawater samples across all tidelines. Between the two species,
Geosesarma sp. accumulated higher microplastics in the tissue at 1.00 particles/g probably
influenced by the feeding behavior of the crab. The results inferred that coastal microplastics
pollution in Port Klang is more affected by marine deposition than terrestrial sources, which poses
high risk of contamination due to bioaccumulation to the marine fauna. Thus, urgent mitigation
measures are highly critical in order to significant reduce the Microplastics contamination at Port
Klang.

Keywords: Mangrove, microplastics, pollution, crabs, mudskippers
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WASHED RICE WATER AS A FERTILIZER RESOURCE FOR
SUSTAINABLE AGRICULTURE: EXPERIMENTAL FINDINGS AND
FUTURE PROSPECTS
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ABSTRACT

This presentation summarizes the key findings from four experiments that evaluated the efficacy
of Washed Rice Water (WRW) as a sustainable fertilizer. This study aimed to provide scientific
validation for the use of WRW, which is traditionally discarded after rice washing, to enhance
agricultural productivity while contributing to sustainable water management. The first experiment
investigated the impact of the rice washing intensity, water-to-rice ratio (W:R), and fermentation
period (FP) on the nutrient composition and microbial content of WRW. The results indicate that
the concentrations of key nutrients, such as nitrogen, sulfur, and potassium, increased with higher
W:R ratios and longer fermentation periods. Notably, the nitrogen content increased significantly
with a W:R ratio of 3:1 and FP of 6 d. Beneficial nitrogen-fixing and phosphorus- and potassium-
solubilizing bacteria were also detected, with optimal bacterial populations observed at a W:R ratio
of 3:1 and FP of 3 d. In the second experiment, we focused on the effects of WRW fermentation
on the nutrient levels and microbial dynamics. Fermentation for 3 days resulted in a 46.9-83.3%
increase in nitrogen fixation and a 48.2-84.1% enhancement in phosphorus and potassium
solubilization. Beneficial bacterial strains, such as Bacillus velezensis and Pantoea agglomerans,
were identified, with notable increases in indole acetic acid production, which are crucial for plant
growth. The third study assessed the continuous application of unfermented and 3-day fermented
WRW to different soil types under rain shelter conditions. Application of fermented WRW led to
a 5-61% increase in plant growth parameters, such as leaf weight and area, compared to the control
treatments. Additionally, this treatment resulted in a significant increase in soil nutrient levels,
particularly in clay soil, with increments of 19-152% for nutrients such as ammonium,
phosphorus, and magnesium. The final experiment extended the application of WRW to open field
conditions and compared its effectiveness with that of NPK fertilizer. The combination of half-
rate NPK and 3-day fermented WRW (NO.5R3) showed superior results in plant growth and
nutrient uptake. NO.5R3 increased plant biomass by over 40% compared to the conventional
treatments, with enhanced nutrient absorption, especially for nitrogen, phosphorus, and potassium.
These studies collectively demonstrated the viability of WRW as an alternative fertilizer. These
findings highlight its potential in improving plant growth, nutrient uptake, and soil health, with
specific benefits observed in terms of increased nutrient content, beneficial microbial activity, and
enhanced water use efficiency. This research advocates the integration of WRW in sustainable
agricultural practices, particularly as a measure to optimize water resource management and reduce
environmental impact.
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MICROPLASTICS UPTAKE BY FRESHWATER FISH FROM
WATER AND SEDIMENTS OF MALAYSIA RIVERS
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ABSTRACT

The extensive utilisation of plastics has sparked significant apprehension regarding the
contamination of microplastics (MPs), particularly in aquatic habitats. The objective of this study
IS to ascertain the constituting elements of MPs in samples of sediment and surface water, and how
it accumulates in selected freshwater fish specimens collected from rivers in Malaysia. The
samples consisted of 30 cultivated individuals of Pangasianodon hypophthalmus and Oreochromis
niloticus, from Jelai River and Tembeling River, while from Kelantan River, wild Anabas
testudineus were obtained. Sediments, surface water, and fish samples were subjected to digestion,
density separation, and filtration to extract the MPs. The particles were examined, enumerated,
and categorised according to their form and colour. Sediment samples have lower MPs
concentrations, ranging from 2% to 7%, while water surface samples have the lowest
concentrations, ranging from 1% to 2%. Most fish samples collected from all the rivers take in
MPs, with concentrations ranging from 90% to 97%. Pangasianodon hypophthalmus contains a
total of 956 microplastics (MPs), Oreochromis niloticus contains 684 MPs, and Anabas
testudineus contains 454 MPs. Most of these MPs in all three fish species are in the form of fibres,
ranging from 86% to 91%. While MPs in soil and water surface exist in fragmented form. Most
MPs in the fish samples are black. Additionally, blue, red, and brown MPs were also detected. The
analysis utilising Fourier transform infrared spectroscopy indicated that the polymer of the black
MPs is polyethylene. This study indicates that rivers are contaminated with MPs, that MPs were
present in all examined fishes, regardless of whether they are wild or farmed. Thus, this call for
urgent need for appropriate mitigating measure to curb further contamination into the freshwater
food chain.

Keyword: Microplastics, River, Fish
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ANALYSIS OF BIOCHAR IN THE NEMORAL CLIMATIC ZONE:
APPLICATIONS OF MINERAL NITROGEN FERTILIZERS FOR
IMPROVING SOIL SUSTAINABILITY AND CROP PRODUCTION
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ABSTRACT

Agricultural waste poses a significant threat to climate change because it contributes significantly
to greenhouse gas (GHG) emissions when not managed properly. Utilizing Biochar generated from
swine-digestate-manure in temperate climates could provide a sustainable method to waste
management and GHG emission reduction. The purpose of this study was to investigate the
possibility of such biochar in lowering soil GHG emissions. Experiments included applying 25 t
ha! of swine-digestate-manure-derived biochar (B1) to spring barley (Hordeum vulgare L.) in
2020 and pea crops in 2021, combined with nitrogen fertilizers at rates of 120 kg ha* (N1) and
160 kg ha (N2) of synthetic nitrogen fertilizer (ammonium nitrate). Comparisons were done
between control treatments (no intervention) and treatments that did not use biochar. Carbon
dioxide (CO>), nitrous oxide (N20), and methane (CHa) emissions were measured directly utilizing
static chamber technology. In comparison to untreated soils, both biochar alone and in conjunction
with nitrogen fertilizers dramatically reduced GHG emissions. Cumulative emissions and global
warming potential (GWP) were significantly reduced in biochar-treated soils. The study also
looked into the effect of soil and environmental conditions on GHG emissions, and discovered a
link between moisture, temperature, and GHG emissions. So, biochar generated from swine
digestate manure appears to be a viable organic supplement for efficiently mitigating GHG
emissions and tackling the issues faced by climate change in agricultural contexts.

Keywords: Biochar; CO2; N.O; CH4 emissions; cumulative emissions; global warming potential; soil
moisture; soil temperature
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SEED FILM CULTIVATION TECHNOLOGY FOR CONSERVING
WATER AND FERTILIZER IN HARSH AGRICULTURAL
ENVIRONMENT OF UNITED ARAB EMIRATES

Khalil Ur Rahman?, Mohamed Khalifa Bin Thaleth!, Kaiyrkul Shalpykov?, and
Sungjin Choe?

LAl Nakhli Sector, The Private Office of Ruler of Dubai, UAE

2Instutue of Chemistry and Phytotechnologies of National Academy of Sciences of
Kyrgyz Republic, 267 Chui Avenue, Bishkek, 720071

3G and S Corporation

*Email: khalil.rahman@alnakhli.ae

ABSTRACT

The United Arab Emirates (UAE), situated in south-east of the Arabian Peninsula and adjacent to
Arabian Gulf, is committed to self-sufficiency in food (especially staple foods), feed and forages.
Its climate is arid, with harsh and dry summers, and salinity is a major environmental stress,
reducing crop productivity. In UAE, agriculture uses two-thirds of its water resources, which are
not renewable. The forage grasses singly use 50% of the agriculture sector’s water requirement
and, thus, are responsible for much of the environmental damage and groundwater mining. High
rates of agricultural water use are jeopardizing the UAE’s strategic groundwater reserves. With
increasing pressure on the limited water resources in the UAE, high water consuming irrigation
systems need to be replaced by water-efficient application techniques. In this scenario, sustainable
agricultural production is attempted using processes and systems which are non-polluting,
conserve non-renewable energy and natural resources, are economically efficient, and do not
compromise the needs of future generations. Overall goal of the reported R&D is to sustain crop
productivity by introducing seed film cultivation technology which is a dry-soil direct seeding
method employing a seed-attached biodegradable film, watered by drip tape irrigation under the
film. The Seed film cultivation is implemented with the seed-attacher which attaches seeds to a
biodegradable film to produce a seed film, and a mulcher which mulches the seed film on farmland
and installs a drip tape irrigation hose at the same time. The Seed film cultivation not only helps
to maintain temperature retention, uniform miniaturization, less plant competition and reduced
weeding effect by film mulching but also enable high crop productivity while suppressing waste
of water and fertilizer. The ultimate objective of this promising R&D is to implement the research-
based technology for nutrient and water conservation for optimizing crop productivities under
prevailing field conditions of UAE.

Keywords: Seed film cultivation, Salinity, Water saving
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INFLUENCE OF MONSOON ON MICROPLASTIC POLLUTION IN
MANGROVE SEDIMENTS: A MALAYSIAN CASE STUDY
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ABSTRACT

The wvulnerable mangrove ecosystem in Malaysia is increasingly threatened by widespread
microplastic pollution. Regrettably, there has been a lack of comprehensive studies on the
microplastic pollution in the Malaysian context. Therefore, the objective of this research is to
examine the presence, distribution, and characteristics of microplastics in the sediment of Matang,
Kuala Selangor, Sedeli Besar, and Cherating mangroves during the southwest and northeast
monsoon seasons. Mangrove sediment was collected using an auger at a depth of 1-10cm. The
microplastics in sediments were isolated through vacuum filtration and meticulously analyzed
under a dissecting microscope to categorize them based on size, shape, and colour. Additionally,
MFTIR was used to identify the polymer type of the microplastics. Microplastic concentration in
sediment of Matang, Kuala Selangor, Sedeli Besar, and Cherating during the southwest and
northeast seasons were 25.5 * 4 particles/kg and 27.7 £+ 1.65 particles/kg, 13.3 £ 1.41 particles/kg
and 10 + 1.17 particles/kg, 18.8 + 0.23 particles/kg and 10 + 0.71 particles/kg, and 6.67 + 0.94
particles/kg and 18.89 + 0.36 particles/kg, respectively. Microplastics with a size less than 0.1mm
was detected in all sediment samples from the selected sites for both seasons. The most dominant
microplastics are fragment-shapes, while the most dominant colour was blue. Results from this
research showed a positive correlation (r=0.75) between microplastic concentrations in sediment
during both the southwest and northeast monsoon seasons. Overall, microplastic abundance was
higher during the northeast monsoon, with the east coast mangroves (Matang and Kuala Selangor)
showed the highest levels of microplastic contamination. These findings contribute valuable data
on the prevalence of microplastics in specific mangrove areas in Malaysia, serving as a pivotal
reference point for understanding the distribution of microplastics within the ecosystem.

Keywords: Mangrove, monsoon, microplastic, sediments
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IMPORTANCE OF COLD FALLOW SEASON MANAGEMENT TO
ENHANCE SOIL ORGANIC CARBON STOCK IN TEMPERATE
PADDY SOIL
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ABSTRACT

In temperate rice paddy fields, mono-rice is cultivated under the flooding for less than the 120
days during the warm season, and thereafter, the soil is maintained under the dried upland
conditions for more than 220 days during the cold fallow season. In this region, most of the rice
straw is removed for livestock feeding and is not recycled into the soil under conventional
management practices. Continuous removal of rice straw under conventional practices could
rapidly deplete the soil organic carbon (SOC) stock which could severely compromise the soil
sustainability and productivity. However, the seasonal variation of soil C balance has not been
evaluated so far in temperate mono-rice paddy soil. To investigate the SOC stock changes in mono-
rice paddy soils and to develop soil management strategies to enhance SOC stock, two seasonal C
balances were investigated during the rice cropping season and the cold fallow season and were
compared by the net ecosystem carbon budget (NECB) analysis under the conventional
management (no fertilizer and straw removal for fallow season; chemical fertilization for rice
cultivation) for three years. Furthermore, to increase the soil SOC stock, barley and hairy vetch
cover crops were sowed at the seed recommendation rates (barley, 180 kg ha-1; hairy vetch, 90 kg
ha-1) during the cold fallow season and its biomasses were incorporated into the soil before rice
cultivation. At first, the influence of cover cropping and its biomass incorporation on total carbon
input was evaluated. Secondly, the effect of its biomass application on mineralized C losses and
SOC stock was investigated. Finally, the influence of cover cropping and its biomass application
on improving soil quality was assessed by characterizing the soil microbial community structure.
The conventional management practices significantly depleted the SOC because of low C input
and higher C mineralization. The net primary production (NPP) of rice plants were the main C
input source while the NPP of weeds and chemical fertilizer were negligible. The harvest removal
and mineralized C loss covered around 67 and 33 % of the total C output, however, almost 94 %
of the mineralized C loss occurred through CO2 emission during the cold fallow season. The
changes in SOC stock were determined by the NECB formula, which is defined as the difference
between the total carbon input and output, during the cold fallow and rice cropping season. The
annual NECB showed negative value for NECB under conventional practices, mainly because of
low C input and higher mineralized C loss during the cold fallow season. Cover cropping, and its
biomass incorporation increased the soil C balance (NECB) over the conventional NPK, but it also
has increased the mineralized C losses by 140-170 %, which were covered by 70-75 and 25-30 %
of CO2 and CH4, respectively. Conclusively, the conventional management with only chemical
fertilization and rice straw removal practices could deplete the SOC, because of low C input and
high mineralized C loss during the cold fallow season. Cover cropping, and its biomass
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incorporation was very effective soil management to increase the soil C stock by approximately
180 and 360 % for hairy vetch and barley, respectively in temperate mono-rice paddy soil.
Furthermore, cover cropping, and its biomass incorporation also improved significantly the soil
microbial activity, which is an early indicator of soil quality. Therefore, cover cropping and its
biomass application during the cold fallow season could be very useful soil management for
increasing the soil C stock in temperate mono-rice paddy soil.

Keywords: SOC, Paddy soil, rice straw, NECB
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ABSTRACT

Although it is an agricultural nation, Pakistan relies on imports for more than 85% of its edible oil
needs. About 2.681 million tons edible oil (including oil produced from imported oilseed) worth
Rs 826.482 billion (US$ 3.562 billion) was imported during FY2023 (July-March). Local edible
oil output in FY2023 (July-March) was about 0.496 million tons only. In Pakistan, palm oil is the
second most important import after petroleum. Such massive imports are connected to the
country's expanding per capita edible oil consumption and inability to produce the required
quantity of the same domestically. The country's yearly import of edible oil is startling at $4 billion,
putting a tremendous strain on the economy. Oil palm (Elaeis guineensis Jacq.) is a possible crop
for bridging Pakistan's enormous gap between local demand and edible oil output. Sindh is
naturally endowed with a potentially lucrative coastline stretch of 338 kilometers. Oil palm
farming is projected to provide socioeconomic benefits such as self-sufficiency in edible oils,
foreign exchange savings, support of industrialization, increased per-acre revenue for producers,
and year-round usage of rural labor. Domestic production of palm oil will lower import costs while
creating new revenue sources for farmers. Oil palm cultivation for edible oil production can assist
reduce reliance on imported oils, therefore contributing to national food security and lowering the
trade imbalance. However, achieving edible oil self-sufficiency in Pakistan has several Challenges
including competing land-use, water shortage, technology Gaps, inadequate infrastructure, farmer
finance availability, and the socioeconomic situation of smallholder farmers. Addressing these
difficulties necessitates a comprehensive and integrated approach is critical to Pakistan achieving
edible oil self-sufficiency.

Keywords: Coastal soils, Edible oil, Oil palm,
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ABSTRACT

Cleaner Production (CP) is the ongoing application of an integrated preventative environmental
approach to processes, goods and services to increase overall performance and decrease dangers
to persons and the environment. End-of-pipe pollution management solutions can never be as
economically viable as waste abatement projects, which reduce effluents by simply increasing
efficiencies. When CP methods are applied to processes, raw materials and energy conservation,
the elimination of hazardous raw materials, and the reduction of the amount and toxicity of all
emissions and wastes before disposal are all involved. On the contrary, implementing CP
technology into products requires minimizing environmental effects across the product's whole
life cycle, from raw material extraction to final disposal. Conservation of natural resources, less
waste, recovering valuable byproducts, enhanced environmental performance with less pollution,
greater productivity, improved efficiency, lower energy consumption, and a general decrease in
prices are all advantages of cleaner manufacturing. This expense, which occasionally accounts for
a sizeable amount of the product's overall cost and is either passed on to customers or taken out of
the industry's earnings, results in an indirect loss of funds. Simple techniques like basic
housekeeping and transferring technology are all part of cleaner production. Other simple
approaches include innovative product or process design. Due to the fact that it takes on the
problems with sustainable growth on multiple levels, this is an integrated and comprehensive
approach to environmental conservation.

NCPC is working as a non-profit organization with the ultimate aim to improve the environmental
conditions which in turn contributes to the welfare of community. This initiative is the first of its kind in
Pakistan with the aim of introducing Cleaner Production Technologies and Cleaner Products. Cleaner
Production (CP) provides an integrated preventive environmental strategy to processes and products in
order to reduce risks to human and the environment. Through the CP program, NCPC is bridging the gap
between competitive industrial production and environmental concerns.

Keywords: Cleaner production, human risk, environment, environmental performance, energy efficiency
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ABSTRACT

A study was conducted to assess PGPR strains from diverse chilli-growing regions in Sindh. A
total of 40 soil and plant samples were randomly collected from Kunri, Umer Kot, Mirpurkhas,
Badin, and Sanghar areas and screened for their potential to enhance chilli productivity. The
bacterial population varied across locations, influencing chilli plants’ growth positively. To
evaluate the effectiveness of bacterial consortia combined with different levels of mineral fertilizer
in enhancing chilli growth and production, experiments were conducted in both net-house and field
conditions. Out of the 22 screened PGPR strains, 18 demonstrated the ability to fix atmospheric
nitrogen, while 28 exhibited inorganic phosphate solubilizing activity. Moreover, 28 isolates were
identified as producers of the plant hormone indole-3-acetic acid (IAA), with NIA-PGPR 9 being
the highest IAA producer (42.61 mg L™1). PGPR consortium-2 showed promise in improving chilli
growth parameters (shoot length, root length, and plant dry mass) and yield (number of flowers
and fruits, fruit fresh weight) when combined with 75% of the recommended level of mineral
fertilizers in net-house conditions. The application of PGPR bio-inoculum, along with 75% of the
recommended levels of nitrogen and phosphorus fertilizers, significantly (19.82%) improved chilli
growth as compared to non-inoculated treatment. However, chilli shoot length (39 cm), number of
branches (32), number of fruits (23), fruit weight (16.25 kg plot™), fruit girth (7.62 cm), and width
(1.91 cm). Additionally, the highest SPAD values (59.85) and nutrient content, including nitrogen
(2.52%), phosphorus (0.34%), and potassium (2.73%), were observed in the PGPR bio-inoculant
with 75% of the recommended fertilizer application. In conclusion, the application of PGPR bio-
inoculum has the potential to enhance chilli growth and yield, allowing for a 25% reduction in
mineral fertilizer usage.

Keywords: Chilli growth, inoculation, nutrient uptake, crop sustainability, reduction in mineral
fertilizer.
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ABSTRACT

With recent developments in science and technology, nanotechnology has emerged as an all-
around solution provider. Since the last decade, nanotechnology has progressed as an
interdisciplinary science due to its broader applications in the agriculture and environmental
sciences. Nanoparticles (NPs) possess a larger surface area as compared to bulk materials that offer
very interesting functional properties for usage in the environment and agriculture. Worldwide,
pharmaceutical products, especially antibiotics are being used in large quantities for humans,
animals, agriculture, and aquaculture. These products are not metabolized fully within the body
and are released into the environment with their active ingredients, referred to as emerging
pollutants. Antibiotics released into the environment promote the spread of resistance in bacteria,
pose significant risks to human health, and disturb ecosystems when enter in food chain. The
antibiotics may kill beneficial bacteria in surface and subsurface water. The nanoparticles are being
used to remove antibiotics of different classes: Fluoroquinolones, Beta-lactam, and Sulfonamide
from wastewater namely, Ciprofloxacin, Ofloxacin, Levofloxacin, Amoxicillin, Ampicillin, and
Sulfamethoxazole which are used most commonly. Different approaches to handle/ remove the
emerging pollutants, growth responses, and fate into the environment will be presented/ discussed
in detail.

Keywords: Nanotechnology, emerging pollutants, food safety, pharmaceutical
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ABSTRACT

The anthropogenic climate change has already slowed down agricultural productivity growth by
21% in last 60 years. Around 33% of the earth's soil is already degraded and over 90% could
become degraded by 2050. The equivalent of one soccer pitch of soil is eroded every 5 seconds.
Each year, an estimated 24 billion tons of fertile soil is lost due to erosion. That's 3.4 tons lost
every year for every person on the planet. The global average soil erosion rate is 2.4 t ha yr .
Almost all Pakistani soils are deficient in essential macro-nutrients (NPK) and particularly soil
organic matter content. According to USDA Agricultural Research Service (ARS), soil is lost not
because we farm, it’s lost because of how we farm. Rural Business Development Center (RBDC),
Islamabad is working on Regenerative Agriculture (RA) through practical application of RA
practices in its two centers, one at Fatehjang and other at Toba Tek Singh, along with
demonstrations of these practices in a village (Gugh, Dullah-Chakwal) declared as Village
Learning Center where all activities are showcased and farmers trainings are being conducted there
to replicate these principles/practices in their fields to spread these RA practices on a larger scale.
These principles/practices includes: maintaining soil cover, minimizing soil disturbance (reduce/
no tillage), maintaining continual living plant roots, adding plant diversity, composting,
agroforestry, integrating livestock etc. These practices are found very useful in enhancing the soil
health and consequently the crop yields. These different practices helped to improve soil structure
and fertility, organic matter content, soil microbial activity, nutrient cycling, and soil carbon cycle,
and reduced soil erosion.

Key Words: Regenerative Agriculture, Soil health, Sustainability, Fertility
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ABSTRACT

The historical roots of commercial biofertilizers trace back to 1895 with the discovery of laboratory
cultures of Rhizobium. In India, these biofertilizers have become integral to supplementing
chemical fertilizers, showcasing an impressive growth rate of 12.5% from 2023 to 2028.
Interestingly, Pakistan shares identical environmental conditions and agricultural traditions with
India. However, it lags significantly behind in the mass-scale production and adoption of
biofertilizers in agriculture. The aim is to explore the reasons behind this disparity and outline a
forward-looking strategy to bridge the gap. Highlighting the potential synergy between
biofertilizers and chemical fertilizers, the presentation underscores their pivotal role in enhancing
soil health and ensuring affordable food production. In Pakistan, the primary challenge lies in the
absence of a holistic approach, akin to having skilled drivers without workshops equipped with
the necessary resources and capabilities. Bridging the mindset gap between biofertilizer users and
production workshops is crucial for widespread adoption. The urgent need to comprehend the
intricacies of biofertilizers is emphasized, coupled with an essential educational component to
enlighten stakeholders about the indispensable trio of chemical fertilizers, organic fertilizers, and
microorganisms for sustainable agriculture, soil health, and food security. The presentation delves
into critical issues such as adulteration, akin to undermining the power of biofertilizers. Strategies
to thwart adulteration and ensure the efficacy of these agricultural superheroes reaching fields are
explored. Affordability and accessibility are paramount considerations, discussed through
innovative strategies to make biofertilizers economically viable for farmers of all scales. The
presentation concludes with a compelling message, inviting all stakeholders to join this
transformative journey toward ensuring a healthier and sustainable food future for every individual
in Pakistan. Together, we are crafting a superhero narrative for agriculture, turning farming into an
inspiring and inclusive story.

Keywords: Biofertilizer, PGPR, Food Security, Sustainable agriculture
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ABSTRACT

Balanced nutrient management is not only a way to sustain Sugarcane (Saccharum officinarum L.)
production but also key to better profitability as well. A two-cropping years study was conducted
to evaluate the impact of potash (K) and micronutrients (Zn+Fe+B) on sugarcane production
economic return at two different locations (Rahimyar Khan and Sargodha). Treatments including
T:= N and P, @ 200, 100 kg ha® To= N and P as for T1 and K @150 kg ha Ts= NPK and
Micronutrients (Zn, Fe and B @ 0.1%, 0.1% and 0.06% foliar spray). The treatments were applied
according to a randomized complete block design with a factor factorial arrangement. The Zn, Fe,
and B foliar application was done at three different timings. Results indicated that on average over
two locations and years indicated that applied K increased cane yield by 13.5% which was further
improved by the micronutrient foliar application up to 17.3% higher than the FP. Similarly, K
alone and in combination with micronutrients improved brix contents by 27.46% and 38.4%,
polarity by 20.4% and 30.5%, and sugar recovery by 17.98% and 29.83% respectively over FP.
The N and P contents of sugarcane leaves were 28.5 % higher while, K contents were 45.5% and
53.7% higher in the plots applied K alone and those where K was applied combined with
micronutrients respectively. Consequently, the economics of cane yield revealed that soil-applied
K alone and combined with micronutrient as foliar application produced a significantly higher
return than the FP. The findings of the study appeal that K along with micronutrients foliar
application have a pivotal role in the yield and quality of sugarcane as well as income generation
of sugarcane growers.

Keywords: Balanced Fertilizers, Economic gain, Cane quality, Nutrient management
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ABSTRACT

Excessive N application coupled with low N-use efficiency (NUE) causes severe N losses, thus
resulting in serious environmental consequences. One-time root-zone targeted fertilization (ORTF)
is a promising approach to improve crop yields and NUE while simultaneously curtailing N input
and associated losses. A field experiment was conducted in Northeast China to compare the impact
of N application methods [band fertilization (BF, common practice in the region), and ORTF] on
grain yield and NUE in maize crops. Four N rates i.e. 180, 225, 270, and 315 kg ha™! were evaluated
under each fertilization method along with a control treatment (without N). Overall, ORTF proved
more efficient as compared to BF by producing 10% higher grain yield. The N rate of 225 kg ha’!
under ORTF showed maximum grain yield and cumulative N accumulation by aboveground plant
parts. The ORTF remarkably increased N recovery efficiency (69.1%), agronomic efficiency (27.1
vs. 17.5 kg kg'), and partial factor productivity (64.6 vs. 55.1 kg kg'!), while significantly reducing
N losses (30.9 vs. 44.4%) compared with BF. In conclusion, one-time N fertilization based on
targeted placement in the root zone could be an efficient nutrient management strategy for maize
Crops.

Keywords: Maize, Nitrogen, Nutrient management, Recovery efficiency, Root zone
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ABSTRACT

Soil salinization is the ecological worldwide problem including Pakistan. Larger area of Pakistan is affected
by salinity because it is located in arid and semiarid region. The main reason for the formation of salt
affected soil is that yearly evaporation exceeds the yearly precipitation due to capillary action causing salt
to collect on the top layer of the soil. The recovery of these kinds of salt-exaggerated soils is being studied
using a variety of management techniques. These include the use of organic amendments to ameliorate the
salt effected soil. In present studies the pot experiment was conducted to evaluate the effect of value added
compost on maize crop under salt effected soil. For pot experiment 1 kg soil were sieved for each pot and
salinity was developed at the rate of 0, 40 and 80mM NaCl . Compost was applies at the rate of 0, 1.5 and
3. Experiment was completely randomized design with three replication. Plants were harvested at the
vegetative growth (45 days) result show that the salinity negatively affects the plant growth physiological
and biochemically. Application of compost significant increase the plant height, root length, fresh, dry
weight and leaf area.The result suggest that the application of compost of 1.5 and 3% could be the better
strategy to ameliorate the salt contaminated soil.

Keywords: Soil salinization, Semiarid, salt-exaggerated, Compost, Salt effected soil.
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ABSTRACT

Maize (Zea Mays L.) is a multipurpose staple crop which meets the requirement of animals and humans
worldwide. Its total production is decreasing day by day due to various natural and anthropogenic factors.
The micronutrient Iron(Fe) plays a very important role in metabolic processes such as photosynthesis,
respiration and DNA synthesis therefore it is a very important micronutrient for all the living organisms. It
also activates many metabolic pathways. It plays an important role in different physiological and
biochemical pathways in plants and is required by the plants in wide range of biological functions. A root
colonizing bacteria, PGPR is involved in improving the fertility and productivity of soils as well as
improving the growth of grains. They play an important role in the development of plants since they protect
roots from diseases, thereby improving their functionality. The main objective of this study is to determine
the effect of Iron solubilizing bio inoculants on growth of maize in its early stages. We collected maize
rhizospheric soil and isolated a total of 33 bacterial strains from it. After that we conducted a siderophores
test and selected 10 bacteria that were giving positive response to the solubilization of iron. After the
selection of these bacterial strains germinated seeds were inoculated with these bacterial strains and jar trail
was conducted in growth room of soil microbiology lab. To evaluate the effect of Fe solubilizing bio
inoculants on maize growth completely randomize design was used. After 30 days of sowing harvesting
was done and growth parameters were recorded. It was analyzed that all the treatments (T1, T2, T3, T4, TS,
T6, T7, T8, T9 and T10) showed significant amount of growth increase. Meanwhile, T10 (SG33) showed
maximum growth. This treatment increases plant height (39%), root length (26%), shoot fresh weight
(40%), root fresh weight (38%), shoot dry weight (9%), root dry weight (38%), chlorophyll (36%). It was
concluded that application of iron solubilizing bacteria is an effective approach to enhance maize growth at
early stage.

Keywords: Maize (Zea Mays L.), Iron (Fe), DNA synthesis, physiological, Biochemical, PGPR,
Rizospheric soil, Siderophores, Growth Enhancement.
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ABSTRACT

Drought is considered a serious threat to sustainable crop production. Different chemical
compounds which reduce transpiration are known as “antitranspirants”. Because of the
significance of antitranspirants, a pot experiment was conducted to evaluate the effect of
antitranspirants on spinach under different field capacity moisture regimes. The study involved
completely randomized design factorial included: Factor (A) Type of antitranspirants (ATs): ATC::
Water, ATC.: K2SO4, ATCs: Castor oil and Factor (B): Field capacity moisture level (FCML):
FCML:: 50%, FCML2: 75%, FCMLs: 100%. Five kilograms of soil from arable land of drought-
affected areas of Badin was used in a pot experiment involving the local spinach variety “Sindhi
Palak”. The ATs were applied at 1% every 15 days of intervals until the harvesting of spinach. The
results indicated that decreasing field capacity moisture levels reduced most of the growth
parameters (plant height, fresh and dry weights of plant, number of leaves, stem girth, leaf area)
and physiological parameters including relative growth rate and cell membrane stability index.
Further, both ATs showed a greater effect of KoSO4 followed by castor oil as compared to water
treatment. In the case of nutrients (N, P, and K) concentrations followed a similar trend as of growth
parameters. However, N and K concentrations were found in an adequate range at 75% and 100
FCMLs in both ATs in plant tissue of spinach. It is concluded that the application of selected
antitranspirants could help to mitigate drought effects on spinach plants.

Keywords: Field capacity, Moisture, Potassium sulphate, Castor oil, Nutrient uptake
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ABSTRACT

Cover crops are non-cash crops primarily grown to protect and enrich the soil rather than for direct
harvest. The extensive root system of these crops helps in improving the structure of the soil,
increasing soil organic matter and boosting nutrient availability. All these factors provide favorable
conditions for crops to grow, which will lead to higher yield and is a key step towards sustainable
agriculture and enhancing soil quality. Certain cover crops such as legumes (peas, alfalfa, and
clover) can fix atmospheric nitrogen to ammonium and reduce the need for chemical fertilizers.
The decomposition of these crop cover crops enhances soil organic matter and improves soil
structure and nutrient holding capacity. These crops are also helpful in suppressing weeds that
minimize herbicides used and environmental pollution. Cover crops help the soil retain water by
reducing soil evaporation. The incorporation of cover crops also reduces environmental impacts
such as soil erosion and nutrient leaching. Therefore, careful selection of species and
decomposition is necessary to get sustainable yield production.

Keywords: Cover crops; Legumes; Organic matter; Soil erosion; Soil structure
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ABSTRACT

The main issue facing Pakistan's expanding population is meeting its food needs through food
production. Utilizing organic fertilizers, derived from animal dung or other farming wastes, is
typically employed to boost crop plant quality and yield while also strengthening the soil's
structure and stability. A pot trial was conducted to assess the impact of two organic amendments
at four different levels, on soil properties for tomato growth. There was a total of twelve treatment
combinations including two different soil textures. Organic amendments were applied @ control,
2.0%, 4.0%, and 6.0% (w/w). The results showed that the compost had a significant effect on plant
height (91.4cm), root length, leaf area, and root fresh and dry weight. Whereas, higher shoot fresh
(245g) and dry weight (33.40g) were observed where poultry manure was applied @2.0%. Similar
results were observed where compost was applied @ 4.0%. The combination of loamy soil and
compost exhibited the highest fruit dry matter percentage. Total N in soil was observed (0.14%)
and soil available Phosphorus (11.6ppm). The findings of this experiment indicate that the organic
amendments improved the availability of phosphorus to plants. Additionally, soil treated with
compost showed a slight but considerable increase in organic P. Overall, loamy soil showed
significant results as compared to sandy soils.

Keywords: Organic amendments, poultry manure, compost, Tomato
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EFFECT OF SULPHUR APPLICATION ON GROWTH, YIELD, AND
NUTRIENT UPTAKE OF COTTON

Riaz Hussain Soomro?

!Department of Soil Science, Faculty of Crop Production

*Email: soomroriaz933@gmail.com

ABSTRACT

The present study was conducted during Kharif season 2023 at Soil Fertility Institute Tandojam.
The experimental material was comprised of Mehran cotton variety. The experimental design was
a Randomized complete block design (RCBD) with three replications. The present study showed
that the recommended NPK + 60 kg S ha™! resulted statistically significant (P<0.05) increase in the
plant height, number of bolls plant™, number of sympodial branches, seed cotton yield plant™,
weight of bolls plant™! and cotton lint yield. However, the recommended NPK resulted in minimum
plant height, number of bolls plant™, number of sympodial branches, seed cotton yield plant™, the
weight of bolls plant™!, and cotton lint yield were statically significant (P<0.05). From the present
study, it is concluded that cotton fertilized with recommended NPK + 60 kg S ha™! resulted in
maximum cotton lint yield, as compared to recommended NPK + 45 kg S ha™! and recommended
NPK +25kg Sha'l.

Keywords: Cotton, NPK, Cotton lint
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EFFECT OF BONE MEAL COMPOST ON GROWTH AND
NUTRIENT CONTENT OF BANANA CROP
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ABSTRACT

The field experiment was conducted in 2022 to observe the effect of bone meal compost on the
growth and nutrient content of banana crop. The experimental field was organized at the
experimental site of Sindh Agricultural University Tandojam in a three-replicated randomized
complete block design. Each block was further planted with 36 banana suckers of three months
old. The treatments were designed as CK1: BMC=00 + recommended NPK (N=300, P=250 and
K=500) kg ha'!, CK2: BMC 7.0 t ha'! and zero use of chemical fertilizer, CK3: BMC 7.0 t ha™! +
recommended NPK (N=300, P=250 and K=500) kg ha!. The findings of the results showed the
beneficial effects of bone meal compost (BMC+IF) on banana health. Furthermore, the
maximum increase in banana pseudo stem height 26.72%, the number of leaves was 15.74%
leaf length 39.65%, leaf area index 36.37%, and stem girth 38.47% were observed in CK3.
Moreover, the root length decreased by 8.77% in CK3. However, the maximum increase in leaf
sap ions was observed with the application of bone meal compost and recommended inorganic
fertilizer. The maximum increase in sap nitrogen was 38.29%, phosphorus 59.35%, potassium
22.51%, and calcium was increased up to 44.92% when the plant was treated with bone meal
compost plus recommended inorganic fertilizer in compression to other treatments. Furthermore,
improvements in soil macronutrients were observed with the amendment of bone meal compost
and inorganic fertilizer. The maximum soil nitrogen content was 23.84%, phosphorus 31.75%, and
potassium 15.46% at the depths of 0-20 cm with the application of (BMC+ IF). The overall results
indicate the positive effects of bone meal compost and inorganic fertilizer for improving the growth
and ion uptake in banana plants. Furthermore, the amendment also improves the nutrient content
in soil at both depth levels.

Keywords: Bone meal compost, Banana crop, Nutrient content, Soil properties
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EFFECT OF FARMERS’ MANAGEMENT PRACTICES ON
AGGREGATE STABILITY, CARBON STORAGE AND SOIL
HEALTH IN BANANA GROWING AREAS OF SINDH

Azam Solangi*!, Wagar Ahmad?, Saleem Sarki!, Allah Wadhayo Gandahit
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ABSTRACT

Soil health is an intricate interplay among all its naturally coexisting components. In the context
of banana plants, they develop an adventitious root system, relying on the physico-chemical and
biological properties of the soil for optimal functioning. The conditions of the soil significantly
impact the weight of both banana roots and shoots. As an indicator of soil health, aggregate
stability governs the movement and storage of air and water throughout the soil profile, potentially
affecting soil carbon storage. To explore the relationship between aggregate stability, carbon
storage, and soil health, we conducted a survey in two districts of banana-growing areas in Sindh,
specifically Matiari and Tando Allah Yar (n = 12 sites, ~120 hectares). Soil samples were collected
from a depth of 0-15 cm, processed, and analyzed for aggregate stability and carbon storage.
Aggregate stability varied from poor to excellent, with an average considered good. In the surveyed
arca of 120 hectares, a total of 2687 tons of carbon was stored. In Matiari, carbon stock was
estimated to range between 1.41 and 37.3 tons ha™! (for small to large growers), while in Tando
Allah Yar, the carbon stock ranged between 1.51 and 28.57 tons ha™!. Our findings indicate that,
regardless of farmers' classification (small, medium, and large), aggregate stability, carbon storage
capacity, and soil health depend on soil management practices. One potential method for
improving soil conditions is the addition of organic amendments tailored to the specific soil
conditions. The incorporation of amendments with high and stable carbon content may potentially
enhance the growth of banana plants. However, implementing this approach requires a
comprehensive framework that integrates all soil components, fostering systematic and continuous
improvement in soil management. This integration is crucial to ensure that banana production is
sustainable and has a minimal impact on the surrounding environment.

Keywords: Soil health, soil stewardship, carbon storage, aggregate stability, banana, sustainable
production.
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GROWTH, NODULATION AND YIELD OF PEA (Pisum sativum L.) IN
RESPONSE TO PHOSPHORUS AND MOLYBDENUM
APPLICATIONS UNDER GREENHOUSE CONDITIONS

Muhammad Sarfrazt, Abdul Khalig*
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*Email: Sarfraz.ch121@gmail.com

ABSTRACT

Both phosphorus (P) and molybdenum (Mo) are considered important for nodulation, nitrogen
fixation, and overall plant growth. The present study was carried out to evaluate the comparative
and combined effectiveness of P and Mo on the growth, nodulation, and yield of pea (Pisum
sativum L.) under greenhouse conditions in the University of Poonch Rawalakot Azad Kashmir.
There were four P (0, 25, 50, and 75 kg P,Os ha™') and four Mo (0, 0.5, 1.0, and 1.5 kg Mo ha™)
levels. The pea variety “Meteor” was sown as a test crop in the experiment. Results showed that
the application of the P, Mo, and P+Mo combination significantly increased the growth,
nodulation, and yield of peas compared to the control. Co-application of 50 or 75 kg P>Os+1.0 kg
Mo ha'! (P,Mo,) increased the growth characteristics and nodulation of pea with alone P, Mo, and
combined P+Mo treatments. The yield and yield attributes of peas differed significantly with the
application of P, Mo, and their combinations over their respective controls. In conclusion, the
individual and combined application of P and Mo proved effective in improving growth,
nodulation, and yield attributes by peas.

Keywords: Pea, Phosphorus, Molybdenum, Growth, Nodulation, Yield



mailto:Sarfraz.ch121@gmail.com

7
INTERNATIONAL (13 SOil Health:
@ﬁqupﬁgﬁ A Key to Food Security”

RESPONSE OF BIOCHEMICALLY MODIFIED BIOCHAR TO
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ABSTRACT

Biochar is a carbon-enriched stable material produced from pyrolysis of organic materials. Its
production and application sequester atmospheric carbon and increase the carbon footprints of soil.
The efficiency of biochar can be improved by its enrichment with a variety of compounds. The
current study aims to evaluate the response of biochemically modified biochar in improving
chickpea production on sandy soils. There were five treatments of modified cotton sticks biochar
viz. Control (To); Biochar @ 5 Mg ha™! (T)); Acid Modified Biochar @ 5 Mg ha™! (T2); Bacteria
Modified Biochar @ 5 Mg ha™!' (T3); Mycorrhizae Modified Biochar @ 5 Mg ha™! (T4); and Bacteria
+ Mycorrhizae Modified Biochar @ 5 Mg ha™! (Ts). The experiment was arranged in a Randomized
Complete Block Design with three replications. Two local chickpea varieties, Bittal-2016 (Desi)
and Noor-2019 (Kabuli) were evaluated in this study. Results revealed that the use of biochar at
05 Mg ha™! with Bacteria + Mycorrhizae Modified Biochar significantly improved the shoot fresh
weight, shoot dry weight, root fresh weight, and root dry weight of both chickpea varieties. Under
this treatment, a substantial increase in 100-grain weight (42.7% and 30.4%) and grain yield (33%
and 16.1%) of chickpea was observed in Noor-2019 and Bittal-2016, respectively. It is concluded
that modification of biochar with bacteria and Mycorrhizal fungi @ 5 Mg ha! could be an effective
strategy to improve chickpea production in sandy soils.

Keywords: Cotton sticks, Biochar; Bacteria, Fungi, Chickpea, Coarse textured soils
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OF NITROGEN, PHOSPHORUS, AND POTASSIUM TO SOIL AND
PLANTS

Abid Kamal'*, Ishag Ahmad Mian! and Muhammad Tarig?!
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ABSTRACT

Soil organic matter depletion leads to soil structural degradation in cultivated ecosystems. Organic soil
amendment helps to address soil organic carbon depletion and environmental issues, as inorganic
fertilization hinders sustainable agriculture by affecting soil fertility and crop productivity. A two-year field
experiment at the Agriculture Research Farm, University of Agriculture Peshawar-Pakistan, examined the
effects of combining organic and inorganic amendments on maize variety Azam and hybrid CS 220, aiming
to compensate for soil organic carbon loss. Treatments were Control, half (H) NPK, Full NPK, Legume
Residues (LR) @ 10 tons ha!, Humic Acid (HA) @ 5 kg ha-1, Biochar (BC) @ 10 tons ha™!, LR + HNPK,
HA + HNPK, BC + HNPK, HLR +HHA+ HNPK, HLR + HBC + HNPK and HBC + HHA + HNPK. The
study used a two-factorial randomized complete block design with three replications to study maize two-
year data. Results showed significant cob lengths in HLR + HBC + HNPK treatment, while maximum
results in plant population, 1000 grain weight, and biological yield were in HBC + HHA + HNPK treatment.
The highest soil organic matter was recorded in plots with only BC application at 10 tons ha™!, with the
highest soil K recorded in BC + HNPK treatment. The hybrid CS 220 maize variety showed superior yield
and component performance compared to the Azam variety, while the Azam variety yielded the best results
in soil parameters. The maize production improved significantly in the second year compared to the first
year. The study suggests that combining organic and half-inorganic fertilizers improves soil fertility, making
it a viable strategy for crop yield regulation and sustainable maize production.

Keywords: Biochar, Humic acid, Legumes, Residues, Maize, Yield, Soil fertility
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ABSTRACT

Nitrogen being one of the major factors of food production, is essential for the very existence of
life on planet earth. To meet food, feed and shelter for ever-increasing population particularly in
South Asia, the use of nitrogenous fertilizers have increased significantly during the last 4 decades.
This has resulted in accumulation of reactive N compounds like NH3, NO3;, NOx, N>O in the
environment causing a deterioration of soil, air and water quality, biodiversity loss, and climate
change. Several factors including biomass burning, transport and energy sector, wastewater
contribute towards N emissions in Pakistan, however agriculture sector contributes about 66% to
total N emissions. Use of N fertilizers in the country has been increased exponentially during last
three decades as more than 10-fold increase in N input has been observed from 1961 to 2021.
Pakistan consumed 3835.2 thousand tons of mineral N in 2022 compared to 62.1 thousand tons in
1961 on same arable land. The N application per unit of land has increased to 112.89 kg/ha in 2021
compared to 1.36 kg N/ha in 1961. High N application has contributed to enhance cereal-based
food security from 6.7 mt production to 42.7 mt in 2020. But excessive and inefficient use of N
fertilizer has resulted in enhancing the N release in the environment (Nitrogen surplus). The
nitrogen use efficiency has dropped from 50% to less than 30% in cereal based cropping system.
The total nitrous oxide (N2O) emission has increased from 63.99 to 1069 mt COaeq/yr in last 5
decades with about 82% share from agriculture sector. Similarly, the total NH3 emission has
increased from 0.28 mt/yr to about 1.44 mt/yr in last 5 decades. A broad and balanced approach is
needed in making policies to mitigate climate and non-climate impacts of N pollution as mitigation
of one component of N pollution (for example efforts to reducing NO3 leaching and run off) can
exacerbate emission of other components of N cascade (NH3, NOx and N>O emissions). The
presentation will overview the nitrogen use in Pakistan, and in South Asia for the past 50 years
and its role in crop production as well as environmental concerns, with draft roadmap for South
Asia.
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BORON AND SILICON ON SHEDDING OF FRUITING
STRUCTURES AND QUALITY COTTON PRODUCTION UNDER
CHANGING ENVIRONMENT

Abdullah Keerio*!? Ghulam Murtaza Jamro?, Zia-ul-hassan Shahl, Pir Ahmed Naqi
Shah3, Javaid Ahmed Shah4

1Department of Soil Science, Sindh Agriculture University, Tandojam, Pakistan

2Plant Physiology/Chemistry Section, Central Cotton Research Institute, Sakrand, Pakistan
3Department of Agronomy, Sindh Agriculture University, Tandojam, Pakistan

4Soil and Environmental Sciences Division, Nuclear Institute of Agriculture, Tandojam, Pakistan

*Email: abdullahkeerio2003@yahoo.com

ABSTRACT

Shedding of squares and young bolls in cotton during crop development, can be influenced by
adverse environmental conditions, including extreme temperatures. Elevated temperatures have
the potential to induce abscission in cotton plants, resulting in notable yield losses and reduced
cotton crop quality. Understanding the impact of temperature variation on shedding of fruiting
structures of cotton and its mitigation through dual supplementation of boron and silicon was
evaluated. The experiment was involved two factors, Factor-A: Temperature (°C)-3 (35, 40, 45)
and Factor-B: Dual supplementation—5 (T1: No fertilizer (control), T2: Recommended dose of
fertilizer (RDF), T3: RDF+Boron (B), T4: RDF+Silicon (Si) and T5: RDF+B+Si) with three
replications. Both factors, treatments, and temperature, significantly influenced all measured
parameters. At different temperature levels (35°C, 40°C, and 45°C), variations were observed in
plant height, sympodial branches, total number of fruiting points, bolls per plant, boll weight, seed
weight, shedding, and seed cotton yield. Chlorophyll content, cell membrane stability, and proline
levels were also affected by temperature changes. Additionally, fiber quality parameters, including
staple length, fiber strength, micronaire value, and uniformity index, showed temperature-
dependent fluctuations. Dual supplementation of boron and silicon demonstrated contrasting
effects on several parameters compared to the control. In summary, this research provides valuable
insights into the complex relationships between treatments, temperature, and diverse physiological
and agronomic aspects of cotton plants, contributing to a comprehensive understanding of factors
influencing cotton growth and yield.

Keywords: Cotton, changing environment, Temperature, Boron, Silicon
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ABSTRACT

Organic amendments play an important role in soil production by enhancing the physical,
chemical, and biological properties of soil. Our objective was to evaluate the effect of different
organic amendments on soil nitrogen mineralization and the availability of other nutrients such as
Phosphorus and Potassium. The applied treatments were i) Control, ii) Biochar @1t ha’!, iii)
Biochar @ 2t ha!, iv) Biochar @ 3 t ha'!, v) Compost @ 5t ha™!, vi) Compost @ 10t ha™!, vii)
Compost @ 20t ha™!, viii) FYM @ 5t ha!, ix) FYM @ 10t ha!, x) FYM @ 20 t ha'. This study
concluded that the maximum nitrogen mineralization rate was observed at the 21st day of
incubation in Compost @ 20t ha! treated pots. Maximum soil pH was recorded in farmyard
manure @ 20tha™!. Soil EC, total nitrogen, Olsen Phosphorus, and Potassium were maximum in
pots treated with farmyard manure @ 20t ha™! as compared to compost and biochar treatments in
both experiments. Maximum plant nitrogen, phosphorus, and potassium were observed in
farmyard manure @ 20 t ha! as compared to other treatments in the pot experiment. The mean
maximum mineralization of nitrogen was shown by compost treatment followed by Farmyard
manure. Long-term studies are required to determine the mineralization potential of biochar for
sustainable nutrient management.

Keywords: Organic Amendments, Nitrogen, Mineralization, Ammonia, Volatilization
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ABSTRACT

Zinc (Zn) is an essential micronutrient and its deficiency is a leading cause of malnutrition in
underdeveloped countries where the widespread population depends upon staple cereals for daily
calorie intake. In Pakistan, more than 70% of soils are reported to be Zn deficient, primarily due
to the alkaline-calcareous nature of the soil and increased phosphorus application, leading to the
formation of insoluble Zn-phosphate complexes and reducing Zn availability. Low Zn turns into
low grain Zn concentration, which harms human and animal health. Its deficiency in maize (Zea
mays) affects crop yield, nutrition, and overall economic well-being as it plays an important role
in enzyme activation and hormone regulation. To address this problem current research was
conducted to explore the potential of two interventions. Zinc-solubilizing bacteria (ZSB) and Zn-
chitosan nanoparticles (NPs) enhance nutrient use efficiency precisely Zn, promote crop
development, increase production of maize crops, and support sustainable agriculture. The study
used a methodical procedure that included extracting chitosan from crab shells, synthesizing Zn-
chitosan NPs, and growing bacterial cultures. In a pot experiment, Zn-chitosan NPs were applied
at doses of 25, 50, and 75% of the recommended Zn for maize. ZSB was used as a seed inoculant,
and the effects of each treatment, individual and in combination, were evaluated. The result showed
the positive impacts of Zn-chitosan NPs and ZSB on maize resulting in increased plant growth,
chlorophyll content (SPAD-value), photosynthesis active radiation, fluorescence yield, Quantum
yield, and electron transport rate. It significantly enhanced plant growth parameters and
physiological parameters and increased soil microbial community. The study suggests that
chitosan extraction promotes waste recycling and ecosystem revival; the application of Zn-
chitosan NPs and ZSB boosts maize crop yield, ensuring food security.

Keywords: Zinc, Chitosan, Nanoparticles, Zinc Solubilizing Bacteria
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ABSTRACT

Wheat (Triticum aestivum L.) is widely cultivated for its grain consumption throughout the world.
In addition, zinc (Zn) uptake by plants is reduced because of alkaline-calcareous soils, and high
application of P which results in the production of insoluble Zn-phosphate complexes and reduces
Zn availability. The current study was designed to evaluate the effect of zinc solubilizing bacteria
(ZSB) and apple peel (AP) on the sustainable production of wheat. In this study, 30 strains were
isolated from which 10 showed zinc solubilization. The three most efficient ZSB isolates were
named FS1, FS4 and FS9. The pot experiment was conducted to raise the Zn uptake in wheat
through the application of ZnO, bacterial strains, and AP. The study was organized according to
the completely randomized design (CRD) by using three strains (FS1,4 and 9), ZnO, and AP as an
organic amendment, each with 3 replications. The maximum plant height of 89.43 cm (27%
increase over control), plant dry weight of 19.19 g (52% increase over control), root dry weight of
5.62 g (66% increase over control), 100 grains yield of 6.13 g (57% increases over control) were
observed by the combination of FS9, ZnO, and AP. Thus, the results demonstrated that the
inoculation of FS with ZnO and AP has the potential to increase Zn solubility and improve Zn
content in wheat, therefore, their efficient use can play an important role in sustainable agriculture,
and in the management of environmental problems.

Keywords: Apple peel, Zinc solubilizing bacteria, Wheat yield, Sustainable agriculture
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ABSTRACT

Modern agriculture is largely dependents upon fertilizers leading to unavoidable threat to
agriculture. Chemical fertilizer plays an essential role in enhancing crop productivity and soil
fertility, but the harmful effects of chemical fertilizers cannot be ignored. Limited information is
available about the effectiveness of plant growth-promoting rhizobacteria (PGPR) and compost to
decrease the use of chemical fertilizer. The beneficial effects of compost on plant growth is mainly
associated with microbial biodiversity and the presence of bacteria with plant growth promoting
effects. PGPR are considered eco-friendly, bio-fertilizer that reduce the use of chemical fertilizer
and pesticides. As sustainable agriculture is the global target, an experiment was conducted to
evaluate the plant growth promotion and suppressive activity against fungal diseases by using
PGPR and compost without using any chemical fertilizer. Both inoculated and uninoculated
cucumber seeds were sown in soil treated with different concentrations of peat, compost and silt.
Nine treatments were tested using factorial design up to two way in pots. The experimental results
revealed significant variations among treatments in respect of morphological characters; shoot
length (18%), root length (25%), no. of leaves/plant, and leaf area with respect to uninoculated
control. Similarly, net photosynthetic rate and SPAD value were higher in plants having seeds
inoculated with consortium of Basillus spp., Bacillus subtilis, Bacillus aryabhattai with 81.3%
reduction in cucumber root-rot disease with increase in N, P, K, Mg and Mn content which were
67, 72, 84 and 85% respectively as compared with rest of the treatments. These experimental
results revealed that morpho-physiological characters of cucumber could be modified by the
application of PGPRs and organic fertilizer. This would be more beneficial in environmentally
friendly cucumber cultivation and may be used as an alternative to inorganic fertilizers to enhance
plant growth and reduce disease incidence subsequently, resulting in higher yield.

Keywords: PGPR, compost extract, cucumber, organic biofertilizer.
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ABSTRACT

Kinnow is grown in Sargodha region of Pakistan. Nutrient management, particularly optimization
of nitrogen (N) management is arduous to improve yield and quality of fruit while enhancing
nitrogen use efficiency (NUE), and environment protection. Commonly used soil sampling,
analytical techniques and handheld canopy sensors are used for nutrient management in agronomic
crops, but use of these technologies for nutrient management in orchards is time consuming and
laborious. Keeping in view the limitations of above-mentioned techniques a field survey was
carried out for indexing Nitrate-N and total Nitrogen content in the citrus orchard of district
Sargodha. Ninety geo-referenced soil along with associated foliage samples were collected. Based
on Landsat 8 imagery, 43 vegetation indices (VIs) were calculated and interrelated with NO3-N
and total N content in the foliage. Ordinary kriging was found potential method for pedometric
mapping of N status in the soils and foliage. Ratio vegetation indices (RVI 1,2,3) could be used to
estimate NOs3-N variability up to 42-69% in the surface, sub-surface and lower soil depths.

Keywords: Foliage, Nutrient management, NUE, vegetation indices.
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ABSTRACT

Zinc (Zn) malnutrition cutback by agronomic biofortification of cereals is an immediate and
efficient pathway yet depends on many locale factors. A field experiment was executed where ten
commonly grown wheat varieties of Sindh were tested for their performance for yield, Zn and
phytic acid (PA) concentrations and Zn bioavailability with respect to soil Zn applications. Wheat
varieties (Moomal-2002, Mehran-89, NIA-Amber, Abadgar-93, Anmol-91, NIA-Sarang, Sarsabz,
Imdad-2005, TD-1 and TJ-83) were grown against soil Zn application rates of 0, 3.3, 6.6, 9.9 and
13.2 kg Zn ha!, as ZnSO4.H,0. The plants fertilized with various Zn rates significantly produced
more straw and grain yield, Zn concentration and Total Daily Absorbed Zn (TAZ) values and
reduced the quantity of PA and PA/Zn molar ratio than the plants where no Zn was fertilized. For
defined parameters, the adequate values were observed with 13.2 and/or 9.9 kg Zn ha™! among the
Zn fertilized treatments. There was a significant variation among chosen wheat varieties for
selected traits. Four varieties, TD-1, NIA-Sarang, NIA-Amber, and Anmol-91 outclassed in
performance among the tested varieties. We advise that the Zn should be included in wheat crop
cycle, and the professed four best performing wheat varieties with 13.2 kg Zn ha'! should be grown
in climatic conditions of Sindh to minimize Zn undernourishment.

Keywords: Zinc malnutrition, Agronomic biofortification, Yield, Zn bioavailability, Wheat
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ABSTRACT

Integrated nutrient management (INM) is an environment friendly and ecologically adoptable
approach of plant nutrition to sustain crop productivity and maintain soil fertility on long-term
basis. A three year field experiment on saffron was carried out in Abbaspur site of District Poonch
comprising twelve treatments combinations; T1= control; T>=urea N @ 100 kg ha! (UNiqo); T3=
Poultry manure (PM) @ equivalent to 100 kg total N ha™! (i.e. PMiqo); T4+= Farmyard manure
(FYM) @ equivalent to 100 kg total N ha™! (i.e. FYMiqo); Ts= PMso+FYMso; Te= UN7s + PMos;
T7= UNso + PMso; Ts= UNzs + PMy7s; To= UN7s + FYMas; Tio= UNso + FYMso; Tii= UNas +
FYM?7s and Ti>= UNso + PMas+ FYMpys. Results displayed that sole application of PM or in
combination with 50 % UN (UNso + PMso) were effective compared to the controls in increasing
the number of flowers (72 %), flower dry weight (37 %), stigma length (78 %), dry weight of
stigma (45 %), number of daughter corms plant™ (44 %) and corm diameter (68 %) of saffron over
three years. In addition the same treatment combination boosted corm weight (126 %), corm yield
(126 %) and stigma yield (38 %) over controls across the years. This treatment combination was
followed by UNso+PM2s+FYMoas, while the sole application of UNso did not perform better to the
rest of the nutrient treatment combinations. These results showed that UNsg in combination with
PMso might be developed as potent strategy for improving the growth and yield attributes of
saffron.

Keywords: Integrated nutrient management, Saffron, Manure, stigma yield, corm yield.
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ABSTRACT

Maize is one of the most important summer crop of cereal based cropping system in Pakistan. Due
to climate change on one hand, winter is squeezing and farming community started to extend its
cultivation from spring to summer. On the other hand, water shortage becomes more sever. Root
growth is crucial for better crop stand having water limited condition. Therefore, an experiment
was designed to screen out the performance of root and shoot growth of different maize varieties
in relation to reduction in soil moisture content in District Charsadda crop growing condition. Ten
(10) maize varieties namely, Azam, Jalal, Pahari, Kaptaan, Saad, Igbal, Edhi, Malhan, Bilal
(Hybrid) and Azlan (Hybrid) were tested in four (04) different moisture condition i.e. 25%, 50%,
75%, and 100% soil moisture saturation. The experiment was organized in a Completely
Randomized Design with three replications having total of 120 experimental units. The results
revealed that when average across moisture treatments, maize varieties were found significant
(p<0.05). Similarly, when average across maize varieties, reduction in soil moisture content
significantly (p<0.05) effect maize plant growth and development. The findings of this research
provide valuable insights into selecting suitable maize varieties for cultivation in the regions
characterized by varying water availability.

Keywords: Pot maize, moisture levels, water-use efficiency, growth parameters, crop productivity.
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ABSTRACT

Phosphorus (P) is a rare earth mineral and essential macro-nutrient for achieving optimum crop
productivity. As the soils of this region are mostly alkaline calcareous, acidic fertilizers may have
higher soil availability and consequent productivity of crops. The current study explored the
performance of different phosphorus (P) sources i.e., Nutrient Enriched Manure Phosphate (NEM-
P) and Superphosphate-plus (SSP-Plus) containing Selenium (Se) and Silicon (Si) and Di-
ammonium phosphate (DAP) in rice (Oryza sativa L.) production. The P fertilizers were
broadcasted and incorporated @ 60 kg P,Os ha'! at transplanting of seedlings and N was applied
@ 120 kg N ha'! in two equal splits, at transplanting and tillering stage. A randomized complete
block design with four replications was adopted. Cumulative N losses in soil treated with different
P fertilizers (DAP, SSP-Plus and NEM-P) after split urea application were assessed in cropped soil
under field conditions. Overall, lower N-losses were observed after second split application of urea
than that after first split application. Urea sole application caused maximum losses in both splits
over that applied in association with P fertilizers. Urea sole application showed higher N losses
(18% after first urea split) while urea application in soils fertilized with DAP, SSP-Plus and NEM-
P showed lower ammonia losses (10.78, 9.73 and 8.66 %), respectively. Paddy yield was higher in
NEM-P treatment when compared with other ones. Besides other quality parameters, paddy grain
accumulated higher Se in NEM-P treatment (1346 ug kg ') while lower in DAP treatment (1074
ug kg ). Overall, current study revealed the effectiveness of NEM-P through lower N-losses,
higher crop yield and improved nutrient availability for plant uptake that could benefit growers in
terms of higher produce as well as consumers by getting quality food.

Keywords: Alkaline calcareous soil, NEM-phosphate, Nitrogen losses, paddy yield.
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ABSTRACT

Iodine solubility in soil and its uptake by plants is governed by the complex interaction among the
iodine forms, soil pH and organic matter content. Thus, time-dependent water-soluble iodine
(WSI) in soil, iodine concentration and uptake by shoots and grains of maize were investigated in
limed and humic acid amended soil fertilized with zinc iodide and zinc iodate. Iodine was applied
at the rate of 3 mg kg'! soil while lime and humic acid were applied at the rate of 3 g kg™! soil. The
WSI in iodide fertilized soil achieved a steady state level within one month of incubation, except
for limed soil where it showed a slight decline even after two months of incubation. In iodate
fertilized soil, WSI was 2—6 folds higher than iodide fertilized soil and it gradually decreased from
938 g kg'! soil after one-month of incubation to 562 pg kg soil after 3 months of incubation.
Humic acid did not affect WSI in iodide fertilized soil but decreased it by 24-48% in iodate
fertilized soil. lodine application had a non-significant negative effect on grain yield, leaf and stalk
dry matters. Compared to iodide treatment, iodate fertilized soil resulted in 5 to 7 folds higher
iodine concentration in leaves and 5—11 folds higher concentration in stalks. Iodate fertilization to
limed soil resulted in 2 folds higher iodine concentration in leaves and up to 3 folds higher in stalks
than iodide fertilized soil. A minor quantity of iodine was translocated to grains, and the maximum
achieved concentration (200 ug kg with iodate) could support one-third of the recommended
dietary allowance (RDA). It is concluded that soil iodine fertilization to maize could partially
contribute to RDA of iodine, while using iodine enriched shoots as animal fodder could generate
substantial iodine intake through secondary route.

Keywords: Biofortification; Humic acid; lodine; Lime; Maize; Zinc lodide; Zinc lodate
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ABSTRACT

Modern high-protein wheat varieties need more N fertilizers, which can harm the environment by
leaching and emitting gases and also cost a lot. This study aimed to evaluate how varying levels
of soil and foliar applied urea fertilizers affect the wheat yield and nitrogen-use-efficiency. The
experiment was conducted at the Crop Sciences Institute's experimental field, Agriculture
Research Centre, Tandojam. The research design was a randomized complete block with factorial
combination of soil and foliar nitrogenous fertilizer treatment through urea fertilizer, i.e. Factor A:
Soil nitrogen application: (N1= 0% of recommended dose control, N2= 50% of recommended
dose, N3= 75% of recommended dose, N4= 100% of recommended dose), Factor B: Foliar
nitrogen application: (F1= 0% N applied through foliar spray of urea Control, Fo= 2% N applied
through foliar spray of urea, F3= 3% N applied through foliar spray of urea), were used in triplicate.
A significant influence of varying levels of soil and foliar applied urea was observed on the tested
parameters of wheat. Among the examined treatments, Results revealed that plant height ranged
between (53.98-62.05 cm), spike length (7.46-12.57 cm), no. of spikelets per spike (11.60-18.60),
number of grains per spike (33.43-48.27), number of tillers m? (260.33-377.67), 1000-grains
weight or seed index (30.12-42.48 g), grain yield (3589.00-5736.30 kg ha™!), straw yield (3538.70-
5430.30 kg ha!), N% in grain (0.58-2.60), N% in straw (0.32-0.86), N uptake in grain (20.77-
149.37), N uptake in straw (11.23-46.63). The combination of soil applied nitrogen + foliar applied
nitrogen @ the rate of 100% + 3% N kg ha™! respectively, produced better results than the other
treatments.

Keywords: Wheat yield, Nitrogen uptake, Soil and foliar nitrogen application.
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ABSTRACT

The current study aimed to assess the impact of various nitrogenous + phosphatic fertilizer sources
application on wheat yield and micronutrient accumulation. The study was executed at the
experimental field of Soil Fertility Research Institute, Agriculture Research Center Tandojam. The
experiment was laid out in randomized complete block design with five treatments and four
replications. T1: Control (No fertilizer use), T2: NP+CAN, T3: NP +Urea, T4: DAP + CAN, and
T5: DAP + Urea, A significant influence of various sources of N and Pwas observed on the tested
parameters of wheat. The combined application of DAP + CAN produced better results than the
application of NP + CAN, NP + Urea, DAP + Urea as well as control treatment. The results
revealed that plant height ranged between (79.507- 87.373cm), spike length (14.298-17.542 cm),
number of spikelets spike-1 (5.897-10.006), number of grains spike-1 (20.176-32.994), number of
tillers m-2 (269.76-360.95), 1000- grains weight or seed index (31.158- 39.285g), grain yield
(4029.4 -5346.6 kg ha™! ), straw yield (2752.1-3549.5kg ha™!' ), Cu% in grain (7.1092-7.1743), Cu%
in straw (12.291- 12.370), Fe % in grain (17.631-17.817), Fe % in straw (21.660-22.232), Mn %
in grain (23.905-24.230), Mn % in straw(18.772-18.964), Zn % in grain (21.743-22.069), Zn % in
straw (11.949-12.212), Cu uptake in grain (218.57-220.46 kg ha™! ), Cu uptake in straw (660.36-
664.21 kg ha'! ), Fe uptake in grain (533.94-538.61 kg ha™! ), Fe uptake in straw (1170.6-1181.9
kg ha! ), Mn uptake in grain (737.34-740.00 kg ha™! ), Mn uptake in straw (740.00-1018.2 kg ha’
') Zn uptake in grain (665.39-677.51 kg ha™' ), and Zn uptake in straw (547.60-557.35 kg ha! )
respectively. Wheat growth and yield were found to be improved with the DAP + CAN (T4)
treatment than with any other.

Keywords: Wheat yield, Nitrogenous and phosphatic fertilizer sources, Micronutrients
accumulation
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ABSTRACT

Boron is an essential micronutrient which plays vital roles in reproductive as well as vegetative
stages of plant growth and development. Available soil analysis data suggest that nearly 60% of
the cultivated soils are B deficient in Pakistan. Presently micronutrient use is very low compared
to the occurrence of soil deficiency. Although use of micronutrients especially zinc (Zn) and B has
increased, it is very difficult to ensure uniform field application of these nutrients. But in many
instances micronutrient deficiencies go unnoticed in the form of hidden hunger. In order to promote
the use of micronutrients, fortification/value addition of micronutrients in conventional
macronutrient fertilizers is the ultimate solution. For farmers’ convenience in uniform application
of Boron micronutrient to crops, FFC has developed Boron fortified DAP (B-DAP) through
incorporation of B in each granule (B fortified formulated DAP). A number of trials on crops to
evaluate the effect of B-DAP (B 0.1%) on growth and yield performance of rice, wheat, potato and
sugarcane crops were conducted. Trials were conducted on B deficient trial sites and test products
were standard DAP, Boron fortified DAP and DAP+B (as Borax). All DAP variants were applied
on the basis of recommended rates of DAP application. Application of B as either B-DAP or in
combination with DAP had positive impact on yield contributing growth parameters and
significantly improved crop yield compared to the standard DAP application. With B-DAP
application, yield of rice, potato, sugarcane and wheat increased by 8.43%, 1.88%, 5.67% and
7.30%, respectively compared to standard DAP. Compared to standard DAP, application of
DAP+B yield increase was 7.63, 2.60, 2.08 and 5.05 % for rice, potato, sugarcane and wheat crops,
respectively. This increase in yield is attributed to uniform application of B, enhanced efficiency
and B availability to the plants along with phosphorus.

Keywords: Boron fortified DAP, Micronutrients, Fortification, Hidden hunger
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ABSTRACT

Average yield of fruit orchards in Pakistan i.e., 9 tonnes per hectare is alarmingly low when
compared to world’s average yield i.e., 25 tonnes per hectare. While average yield of apple
orchards in Pakistan is 6.1 tonnes per hectare which is very low when compared to other apple
producing countries. There might be several reasons for lower average yield of apple orchards in
Pakistan, but nutrient deficiency is one of the main reasons. Keeping in view the limitations of
classical statistics for explaining spatial heterogeneity, a survey in the farmer grown apple orchards
was conducted for indexing K content using geo-statistics and GIS as a diagnostic tool. Geo-
referenced soil samples were collected from 60 apple orchards. Recently matured leaves were
sampled from associated apple trees. Our results indicated that 90% of orchards were categorized
as low to marginal in extractable K content. Total K content in the foliage were deficient in the
surveyed area. The moderate to strong spatial dependence of K content in soil provided an
opportunity to prepare contour maps for classifying the whole area into various management zones
based on having differential K content for regional scale information. Based on Landsat 8 imagery,
10 vegetation indices (VIs) were calculated and interrelated with extractable K content and total
K content in the foliage. Ordinary kriging was found as a potential method for pedometric mapping
of K status in the soils and foliage. Ratio vegetation indices (RVI 1,2,3) could be used to estimate
K variability up to 50-75% in the surface and sub-surface soil depths. Normalized difference
Vegetation Index was found promising for total K prediction.

Keywords: Potassium, Apple, Geo-references, Geo-statistics, Swat.
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ABSTRACT

Considering their likelihood for fixation and losses, phosphorus (P) and potassium (K) are required
comparatively in greater amounts for vegetative growth, crop quality, and grain yield. Phosphorous and K
interaction is just negligible in the agriculture system. To determine how different rates of P and K fertilizer
application affect maize growth and yield, this research was conducted. In this regard, a field experiment
was conducted at the Statistics Section of the Agriculture Research Institute Tandojam, Pakistan. This study
examined the effects of five treatments and three replications on one variety of maize Dadu-1 using a
randomized complete block design (RCBD). Treatment regime was set as T1, control/no fertilizer, T2,
P205=60 kg ha-1+K20=50 kg ha-1, T3, P205=90 kg ha-1+K20=50 kg ha-1, T4, P205=60 kg ha-
1+K20=60 kg ha-1, T5, P205=90 kg ha-1+K20=60 kg ha-1. Experimental findings showed that maximum
numbers of grains cob-1 (468.46), weight of cob (285.13g), 1000 grains weight (344 g), grains yield (4861
kg ha-1), and concentration of P (1.86%), concentration of K (0.42%) were observed in T5. While minimum
numbers of grains cob-1 (349.13), weight of cob (150 g), 1000 grains weight (224 g), grains yield (4054 kg
ha-1), concentration of P (1.46%) and concentration of K (0.18%) were observed in control/No fertilizers
application (p<0.05). Phosphorus and K applied at the rate of (90+60 kg ha-1) were found significant as
compared to the rest of the other treatments on maize. Therefore, assuming adequate soil and crop
management can improve growth and yield components.

Keywords: Macronutrient; Synergism, Alkaline soil, Local variety; Cereal crop.
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ABSTRACT

Sunflower genotypes may vary in ability to perform under inadequate soil potassium (K)
availability due to their varied nutrient use efficiency (NUE). In order to classify genotypes for
KUE, varied criteria is adopted based on deficiency symptoms, biomass production, plant nutrient
concentration and uptake etc. With accelerated release of crop varieties, there is need to develop
sound criteria to categorize genotypes as nutrient responsive and non-responsive, efficient and
non-efficient, ensuring validity of the results used in the breeding programs. This research was
mainly aimed at evaluating 45 sunflower genotypes for K-use efficiency under field conditions. In
K-adequate plots, recommended rate (60 kg K ha™') was applied; while in control (K-deficient),
the soil was kept untreated for applied K. K deficiency generally reduced sunflower growth;
however, K-efficient genotypes accumulated more biomass due to higher K uptake. Genotype HO-
Irevealed excellent adaptation potential in terms of high shoot dry weight under both K regimes
and ranked as the only most desirable, “efficient-responsive” genotype. Genotype Euroflore
produced low shoot dry weight under low K condition and ranked as “non-efficient.” Genotype
Sputnik produced low shoot dry weight at adequate K level and ranked as “non-responsive.”The
validity of results was ensured through the use of two different methods for genotype ranking.

Keywords: Helianthus annuus, K-concentration, NUE, Index scoring technique.
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ABSTRACT

Phosphorus transformation, fractionations and availability to plants vary with sources of P fertilizer in
addition to several other soil and climatic factors. In this regard a series of laboratory and field experiments
were conducted during 2017-19 to evaluate the influence of pretreatment of composting materials with
phosphorus sources on compost quality, P fractionation, bioavailability and its resultant effects on wheat-
maize yields. Wheat straw and farmyard manure were pretreated with varying amounts of phosphorus from
RP (rock phosphate) or TSP (triple super phosphate fertilizer) and left to decompose for 150 days in closed
pits. The prepared composts were then applied to fields for wheat and maize yields and P use efficiency.
The results showed that pretreatment delayed the thermophilic stage in both composting materials,
facilitating decomposition for a longer period. The decline in total organic carbon and narrowing in the C:N
ratio was faster in P-treated composts, with a more prominent effect in wheat residue than FYM. Labile
phosphorus tended to transform into non-labile phosphorus with incubation time, possibly due to mineral
P conversion into organic P or adsorption onto exchange sites on organic residues. Similarly, results of field
studies showed that pre-treatment of compost with P resulted in higher wheat and maize plant growth and
yields. When applied alone or in conjunction with FYM, TSP performed significantly better but upon pre-
treatment with compost, RP and TSP performed at par or even the RP-enriched compost performed better
than TSP enriched compost in residual crops revealing lasting effect and slow release of P from RP sources
and less conversion to non-labile fraction. These results suggest that enrichment of compost with P is viable
and feasible option to enhance composting process and quality, and minimize the bulk of compost otherwise
required for optimum P availability and crop yield.

Keywords: Composting, Enriched compost, Phosphorus fractionation, P use efficiency, rock phosphate.
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ABSTRACT

Urea is widely applied to agricultural crops as a source of nitrogen (N), however, a large portion
of applied N (about 40-60%) is lost to the environment through nitrification/denitrification losses,
surface runoff and leaching below root zone. Boron (B) is a micronutrient and about 31% of world
soils and 49% of Pakistani soils are B deficient. The boron coated urea (BCU) may be applied to
compensate B requirements of crop plants as well as help decrease N losses in alkaline soils.
Present study was aimed to decrease ammonia (NH3) volatilization losses and boron fortification
of wheat grown under natural field conditions. Different formulations of BCU were applied at 150
kg N ha! to wheat crop in three equal splits in comparison with plain urea and NH3 volatilization
losses were measured after application of each split. The urea coated with borax (at 1% using
mustard oil) resulted in lower NH3 volatilization losses (up to 37%) and improved grain yield of
wheat (up to 13%) as compared to plain urea. Moreover, BCU also improved B uptake by wheat
grains over plain urea treatment. The current findings suggested application of boron coated urea
for enhancing nitrogen use efficiency, B fortification and crop productivity by curtailing
environmental contamination from applied fertilizer as NHj3 volatilization.

Keywords: Coated urea, Boron uptake, Ammonia losses, Wheat.
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ABSTRACT

In addition to its culinary significance, tomatoes hold immense nutritional value, contributing
essential vitamins and antioxidants to human diets. The incorporation of tryptophan, an essential
amino acid, into tomato cultivation not only enhances plant development but also adds nutritional
value to the resulting fruits. Tryptophan, an essential amino acid vital for plant growth and
development, plays a key role in the biosynthesis of plant compounds. Serving as the primary
precursor of indole acetic acid, a crucial regulator in plant growth, it positively influences various
physiological processes in plants. This study aimed to assess the impact of foliar application of
tryptophan on tomato (Lycopersicum esculentum L.) plants, utilizing a randomized complete block
design with five different concentrations. The results indicated that optimal tryptophan levels
significantly enhanced both the growth and yield of tomato plants. Morpho-physiological
parameters were observed across different growth stages, and chemical analysis post-harvest
revealed positive effects on fruit development. Statistical analysis using statistix 8.1 confirmed
that tryptophan application positively influenced the overall growth and yield of tomatoes,
highlighting its potential as a valuable supplement in tomato cultivation.

Keywords: Tunnel, Tryptophan, Auxin, Tomato.
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ABSTRACT

A pot experiment was conducted to determine the effect of vermicompost enriched with different
microbial strains on the growth and yield of garlic. The experiment was laid out in Completely
Randomized Design (CRD) in three replications during the year 2019-2020. Vermicompost
enriched with PGPR strains [(Pseudomonas stutzeri (S-1), Pseudomonas aeruginosa (S-1I) and
Pseudomonas putida (S-111)] was added @ 10 t ha'! before sowing. Results showed significant (P
< 0.05) improvement in various growth and yield parameters. Chlorophyll content increased by
23% in garlic plants with vermicompost enriched with S-III. Maximum plant height of 51.6 cm
was observed in treatment where S-III was inoculated with vermicompost, showing 32% increase
over control. Fresh and dry weights of garlic plants were increased by 41% and 29% respectively
in treatment where vermicompost was inoculated with S-III. Maximum and significantly (P <0.05)
improved garlic bulb yield of 17.91 g pot! with 40% increase and diameter of 3.62 cm with 23%
increase over control were recorded in treatment of VC enriched with S-III. Post harvest soil pH
values were slightly affected. Maximum shoot N, P and K concentrations were recorded as 4.06
%, 1558 mg kg! and 27088 mg kg respectively. In garlic bulbs, bacterial inoculation with
vermicompost showed the highest values of N, P and K concentrations as 2.33 %, 1191 mg kg™,
and 21161 mg kg'!, respectively which were 54%, 69% and 53% more than control which had un-
inoculated vermicompost. Highest values for macronutrient uptake were recorded as 0.35 g pot™,
0.015 g pot!, and 0.263 g pot™!, with percent increase of 87%, 114%, 91% for N, P and K
respectively, Results showed that microbially enriched vermicompost has potential to improve
garlic yield. Inoculation of P. putida (S-11I) with VC proved the most effective strain to improve
garlic yield under the prevailing conditions.

Keywords: PGPR, Garlic, Vermicompost, Microbial inoculation.
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ABSTRACT

A substantial increase in fertilizers prices in the last few years and the introduction of high-yielding
varieties has urged to revamp the fertilizer recommendations to rationalize the use of fertilizers to
meet the production target in the most economical way. For this purpose, field studies were
conducted in rice and central zones of Punjab, Pakistan to determine the response of fine rice to
increasing nitrogen doses. In brief, during the first two years of study (2017-18), seven graded
doses (0, 28, 56, 84, 112, 140, 168 kg ha!) of nitrogen application at transplanting were tested at
different locations. Phosphorus and potash were applied @ 90 and 60 kg ha™!, respectively as basal
doses in all treatments except the control. Results of the study revealed that by increasing nitrogen
level up to 140 kg ha’!, a significant increase in paddy yield. However, further increase in N
application did not result in increase in yield; rather it decreased the paddy yield. Agronomic
efficiency and partial factor productivity of N decreased to 9.3 and 30 respectively at N application
rates of 140 and 168 kg ha™'. Economic analysis of N showed decreasing marginal rate of return
(MRR) with increasing doses on N and it was 5.0 and 2.5 respectively for Rice and Central zones
at 140 kg N ha''. Above this level of N, the MRR became negative. Therefore, it was concluded
that soil application of 140 kg N ha! was the most optimum dose for obtaining an economic yield
for current fine varieties of rice.

Keywords: Agronomic efficiency, Nitrogen, paddy yield, economics, fine rice.
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ABSTRACT

Synthetic chemicals for pathogens (SCPs) facilitate remarkable plant growth in relation to plant
defense management (DM). However, SCPs impart few negative impacts on the plant by the
accumulation of harmful chemicals, giving rise to significant health risks and malnutrition issues.
Undesirable effects of SP begin during production, generating hazardous byproducts that worsen
environmental pollution. Additionally, the application of SCPs induces adverse effects on soil
physiochemical and biological properties. On the other hand, biochar and mineral nutrients have
positive effects on soil health and DM (Ralstonia solanacearum, Phaeoacremonium minimum,
Fusarium oxysporum, and numerous additional). Biochar of various crop residues (poultry and
animal manures), and micro- and macro-nutrients increase plants' metabolic and enzymatic
activities (MEA) and play a vital role in DM. DM involves the comprehensive management of
plants' defense, including root and foliar disease management. The availability of certain nutrients
is crucial for DM, and biochar and mineral nutrients follow an integrated pathogen and pest
management system (IPPM) by supplying essential nutrients for plants' MEA. Using soil
amendments containing mineral nutrients is a promising approach that contributes significantly to
IPPM and soil health and is in line with the circular economy's zero-waste strategy. Therefore, to
completely comprehend the effects of biochar mineral nutrients and identify the best practices for
its application for DM, toxicological risk assessments and research are essential.

Keywords: Soil Health, Synthetic Chemicals, Biochar and Mineral Nutrients, Integrated Pathogen
and Pest Management, Plant Defense Management
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ABSTRACT

Vermicomposting can be adopted as a cost-effective climate smart technology for improving P
mineralization from rock phosphate (RP) and increasing soil-plant health. The current study was
conducted to convert the RP-blended degradable organic wastes into phosphorus (P) rich
vermicompost through earthworms and phosphate solubilizing microbes (PSMs) and assessed its
role on onion growth and soil health. Three types of RP-enriched vermicomposts were produced
by mixing powdered RP with biodegradable wastes in the presence of earthworms and PSMs in
vermi-boxes, pits, and piles. The efficiency of each vermicompost was evaluated on onion growth
and nutrient uptake in a pot trial. Then, the most efficient vermicompost selected for pot trial was
further assessed on onion growth parameters and soil health under field conditions. The results
expressed that under pot trial, half fertilization of RP-enriched vermicompost together with half
doses of inorganic fertilizers (Urea, SSP, SOP) significantly enhanced shoot biomass (17.66 g pot”
1, bulb weight (94.65 g pot™), plants height (34.33 cm) as well as N (242.33 mg pot™!) and P (20.06
mg pot™) uptake by onion as compared to control. Similarly, compared to sole RP vermicompost,
the N and P uptake, shoot dry biomass, height, and bulb weight of onion plants under field
conditions were also significantly improved by the treatments supplemented with half doses of
both inorganic fertilizers and RP-enriched vermicompost. The current experiments concluded that
half dose of RP-enriched vermicompost in combination with half inorganic fertilizers has great
potential to improve soil health, nutrient uptake, and growth parameters of onion under pot and
field conditions. The RP-enriched vermicompost can be used as a cost-effective and climate-smart
strategy to increase vegetable growth and minimize the usage of chemical fertilizers in alkaline
calcareous soils.

Keywords: Onion growth, Organic wastes, Nutrient uptake, Rock phosphate, Vermicomposting
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ABSTRACT

High soil calcareousness and poor potassium (K) availability are significant growth-limiting
factors for sunflower plants. Understanding the interactions between soil calcareousness and K
supply is critical for enhancing sunflower growth and K fertilizer use efficiency. The objective of
this study was to investigate the influence of interactions between soil calcium carbonate levels
and potassium application rates on the early growth of sunflower plants grown in a wire-house in
silty clay soil. The targeted calcium carbonate levels were 5, 10, 20, and 30% of the soil, and K
application rates were 60 and 120 kg K>O ha'! in the form of SOP. The pot experiment was
designed in a completely randomized design with four replications. In sunflower seedlings,
increasing calcium carbonate levels reduced growth metrics such as shoot height, root length, fresh
shoot weight, dry shoot weight, fresh root weight, and dry root weight. Similarly, increasing soil
calcium carbonate reduced shoot K content and chlorophyll concentration in leaves in contrast to
the control. The higher rate of K fertilizer relieved the limiting effects of soil calcareousness on
sunflower chlorophyll concentration, shoot K concentration, and growth to some extent. The shoot
K content was increased by 21.91% and total chlorophyll concentration increased by 17.31% with
the higher K application rate (120 kg K>O ha') over control. The results showed that under
calcareous soil conditions, sunflower plants perform better at the early stage when fertilized with
120 kg K20 ha'’.

Keywords: Calcareous soils, potassium application rate, Sulphate of potash, K nutrition,
sunflower seedling
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ABSTRACT

The effects of adding cellulose on a variety of soil health indices are explored, as well as the
intricate interactions between biochar, essential soil elements including mineral nitrogen and
phosphorus, and biochar. Due to their ability to improve soil conditions, biochar’s unique
physicochemical properties have generated a great deal of attention. In order to evaluate the effects
of biochar, mineral nitrogen, phosphorus, and cellulose on microbial activity, nutrient cycling, pH
dynamics, and the potential for carbon sequestration, we designed lab research. Following the
addition of the required amounts of wheat straw biochar, corncob cellulose, and chemical nitrogen
and phosphorus to per gram soil, microcosms of 80 g of dry-equivalent fresh soils were incubated
in mason jars for 26 days. Following 26 days of incubation, we found that across the cellulose
treatments, mineral P and mineral N caused 18.5% and 18.1% greater cumulative C mineralization,
respectively. Therefore, both of our hypotheses were proven correct: adding chemical fertilizers N
and P increased the advantages of biochar and adding cellulose encouraged carbon mineralization
while also increasing the availability of nutrients in the soil. Our research revealed intricate
relationships between these variables, which had an impact on soil health indices both
synergistically and antagonistically. Biochar is already being used, which highlights its benefits
for improving nutrient retention, encouraging microbial diversity, and assisting carbon
sequestration. However, the presence of mineral phosphorus and nitrogen, together with cellulose,
causes pH shifts, nutrient availability variations, and microbial breakdown rates to fluctuate
dynamically. The significance of specialized soil management techniques that consider the
complexity of amendments is highlighted by these interactions. In order to better understand how
these interactions affect soil health and offer suggestions for improving sustainable agriculture
practices, we are able to decipher these complex linkages. Such findings open the door for well-
informed decision-making in soil management for increased productivity and environmental
stewardship as global agricultural systems confront rising challenges.

Keywords: Microbial biomass carbon, soil respiration, extracellular enzyme activity, soil
phosphorus, Mineral nitrogen.
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ABSTRACT

Zinc (Zn) is an element that is necessary for various enzymatic, ionic, and metabolic processes,
particularly during seed germination. This study aimed to assess the impact of various zinc-soaking
solutions on the germination of wheat seeds. The field investigation was conducted at the Soil
Fertility Research Institute in Tandojam. Randomized complete block design with a plot size of
4x5 meters (20 m?) were employed. T1 consisted of distilled water without zinc; T2 included 2%
zinc sulfate; T3 contained 2% zinc nitrate; and T4 had 2% zinc chelate solutions. Each treatment
had three replications. The results showed that soaking seeds in zinc significantly improved seed
germination. T2 (zinc sulfate) had the greatest germination rate, which reached 89%. It had a robust
root length of 2.0 cm, demonstrating rapid seedling growth. T4, which had an average root length
of 1.9 cm and an 87% germination rate. T3 (zinc nitrate) showed 1.7 cm of root growth along with
an increased germination rate of about 85%. The control (T1) had the lowest seed germination
(75%), the smallest root length (1.4 cm), and relatively weaker seedling vigor. In conclusion, zinc
soaking treatment, especially with zinc sulfate and zinc chelate, showed a clear and beneficial
effect on wheat crop seed germination, root length, and general seedling vigor. These results
highlight the potential advantages of supplementing with zinc to maximize crop productivity.

Keywords: zinc compounds, wheat seed germination, seed soaking
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ABSTRACT

An incubation study was conducted in the black soil of Jilin province of China to determine the
effects of glucose addition patterns (single and repeated additions) on soil microbial biomass
carbon (SMBC), CO, accumulation, and soil properties. Forty gram air-dried soil was filled into
250 mL Schott bottles and the bottles were arranged in factorial-CRD with 5 replications. Single
addition received all amounts of glucose at the start of the experiment while repeated addition
received the same amount of glucose in five splits. Control received water only. Five different
types of black soil were used in the study. Thereafter, a C-labeled glucose (2%) solution was added
dropwise to the soil. The additions pattern showed variable impact on soil microbial biomass, CO2
release, and soil properties. Single and repeated additions increased SMBC by 25.6% and 11.9%
compared to control. The highest CO2-C concentration was produced in the second week after
glucose addition. It was observed that different addition patterns (single and repeated) endorsed
variable impact on SOC concentration depending on soil type, and time since glucose was added.
The single addition showed higher SMBC, CO> evolved and accumulation in the initial incubation
period (2™ week), later on, up to the 16™ week repeated additions showed higher soil microbial
biomass and CO accumulation.

Keywords: Addition patterns, Soil Microbial biomass, CO», Single addition, Repeated addition
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ABSTRACT

Wheat (Triticum aestivum L.) is one of the most important edible foods for the human. However,
its yield is restricted by insufficient nutrient availability. Wheat stem rust (Puccinia graminis) is a
serious threat to wheat production all over the world. Salicylic acid (SA) is a defensive plant
hormone that regulates plant immunity and its effects on the resistance to biotic stress including
plant pathogens (rust disease). A study was conducted to evaluate foliar spray of SA with soaked
and unsoaked seeds with NPK to improve wheat yield and control rust disease. Thrice replicated
treatments included: T1 NPK (168-90-60 kg ha!), T2 Soaked seed 1% SA + NPK, T3 3FS (Foliar
spray at 30, 60, and 90 DAS of SA +NPK), T4 Soaked Seed 1% SA + 3FS at 30, 60, and 90 DAS
+NPK. The results showed that the maximum production of spikelets (23) and number of tillers
per m? (257), 1000-grain weight (47 g), grain yield (5255 kg ha') in T4 (NPK + Soaked seed 1%
SA + 3FS) and minimum were in T2 (NPK+ soaked seed 1% SA). The addition of salicylic acid
with foliar and soaked seed increased relative water content (54.9 %) and chlorophyll content
(37.15 %), and N (79.8), P (12.9) and K (74.4) uptake in kg ha!. The rust disease gradually
increased with the period. Two types of disease response based on a disease rating scale of 1-9
were observed i.e. resistant and moderately resistant. The analysis of variance of the data showed
the moderately resistance disease rating scale at the treatment T1 NPK and T2 NPK + Soaked seed
where foliar spray of SA was not applied. Thus, salicylic acid of foliar spray with balanced
fertilization was observed to establish positive responses in the plants.

Keywords: plant nutrition, growth hormone, plant growth, physiological parameters, grain yield,
rust infestation
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ABSTRACT

Wheat is the most widely cultivated crop in the world and it plays a significant role in global food
security. Phosphatic fertilizers can play a crucial role in promoting wheat growth and yield. This
study focused on different phosphatic fertilizers (DAP, NP, and SSP) that were applied to wheat
varieties (TD-1. SKD-1, and TJ-83). The results of the present study revealed that spike length,
the number of grains/spikes, seed index, and grain yield significantly increased with P (DAP, NP,
and SSP) sources. The results of this study generally suggest that NP and DAP have behaved
equally and show better performance over SSP. The data showed that TJ-83, being a taller variety,
gave better plant height. In addition, grain yield was maximum (3345 kg/ha) for SKD-1 in the NP-
applied treatment, followed by the same variety in the DAP-applied treatment (3343 kg/ha). TD-
1 applied with NP resulted in a yield of 3330 kg/ha, while TD-1 applied with DAP resulted in a
yield of 3236 kg/ha, with the minimum yield observed in the control (1234 kg ha). P sources
observed significant effects on N and P contents in straw. The P content in straw was much higher
(0.07%) in SSP-applied treatment compared to DAP and NP (0.4%). The three wheat varieties did
not differ in N content in grains and straw and K content in straw. The P and K in grains were
highest in TD-1 followed by SKD-1, and TJ-83, which behaved equally. Whereas P content in
straw was highest in TJ-83.

Keywords: Phosphatic Fertilizer, Wheat varieties
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ABSTRACT

Soil plays an influential role in the growth and distribution of plants. It provides the mechanical
support and also nutrients necessary for plant growth including potassium (K), phosphorus (P),
and nitrogen (N). Twenty-two samples of different Tharparkar soils were collected for analysis at
the Water Testing Laboratory, Nuclear Institute of Agriculture (NIA), Tandojam. Plant and soil
sampling approach and a detailed topography survey were combined to evaluate the edapho-
vegetation relationship and its influence on plant distribution. The quadrate sampling method is
one of the most adequate methods for vegetation surveys. The research used ten (10) quadrates per
site; each quadrate was 12.6 feet. Every species of a plant was counted, and all quadrates were
separated from each other by 50 m. At the study location, the plants were identified using available
literature. Although Tharparkar is predominantly a sandy desert, there exists a small proportion of
clay. The soil's nutrient levels were found to be deficient, as per the recorded data. The average
organic matter content was considerably lower than the standard level, measuring below 0.5%.
The percentage of nitrogen was also below the recommended level for healthy plant growth. In
about half of the samples, the potassium content was less than 100 mg/kg. These findings indicate
that the soil may not be conducive to supporting healthy plant growth and requires appropriate
intervention to replenish the nutrient levels. The distribution of plant species was affected by
various soil parameters. Among these parameters, the parentage of silt, organic matter, and
potassium had a relatively higher impact on vegetation dynamics in the area.

Keywords: Edapho-vegetation Relationship, Soil sampling, Analysis, Soil Texture, Chemical
Analysis, Macronutrients
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ABSTRACT

Maintaining carbon to nitrogen ratio (C:N ratio) is crucial in agricultural soils, particularly under
extensive cultivation to avoid soil nitrogen (N) depletion. So far, incubation studies paid attention
to the relationship between the C:N ratio and N mineralization using only organic amendments as
a source of C. The present study thus examined how activated C influences N availability under
urea-fertilized-wheat with increasing C:N ratios. A pot experiment was carried out in a warechouse
with wheat under calcareous soil conditions. Plants were subjected to the carbon at the rate of 0,
1, 5, and 10% of the recommended N till harvesting. A narrow C:N ratio (1% of the recommended
N) enhanced the soil organic carbon (SOC), soil moisture, and N-availability in the soil-plant
system. Moreover, the narrow C:N ratio resulted in increased leaf P and Mg accumulation and
improved the plant growth attributes and yield. Higher levels of C or wider C:N ratios though
enhanced the SOC, these decreased the available soil N, plant biomass, and yield. Applying large
quantities of activated C reinforced the effect of C:N ratios on wheat growth and yield. It is thus
concluded from our results that the supply of activated C at the rate of 1% or narrow C:N ratio
promotes the growth and yield of plants due to increased SOC and soil moisture (%).
Consequently, N-availability in the soil-plant system is enhanced resulting in the improvement of
plant nutrient uptake, growth, and yield of wheat.

Keywords: Activated carbon; Available N; Nutrient uptake; Soil organic carbon; Soil moisture;
Wheat yield
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ABSTRACT

Microbes are known to be a key driver of C cycling and contribute to biological residues in soils.
However, the contribution of amino acids and microorganism-derived amino sugars to SOC under
different fertilization regimes remains poorly understood. A long-term field trial had treatments
fertilized for 23 years with compost (CM), half compost nitrogen (N) plus half inorganic fertilizer
N (HCM, split on total N basis), inorganic N-phosphorus-potassium (NPK), NP, NK, and PK
fertilizers, and no fertilizer (control). In this study, soil samples (0-20 cm) were used to evaluate
the dynamics of amino acids, microbe-derived amino sugars and SOC content. Long-term
amendment with CM, HCM and NPK significantly (P<0.05) increased the SOC by 176%, 110%
and 58%, respectively, compared with the control. Increased SOC under compost amendment
promoted macro-aggregation (>250 um), while NPK had no apparent effect. The individual amino
sugar content in all the treatments ranked as follows: glucosamine > galactosamine > muramic
acid > mannosamine. Compost amendment alone increased the abundance of microbes (especially
bacteria), and significantly (P<0.05) increased the muramic acid content, which was significantly
(P<0.05) correlated with the abundance of gram-positive bacteria (especially PLFAs i116:0 and
al6:0). In contrast, the content of fungi-derived glucosamine and galactosamine were higher in the
NPK treatment than in the CM and HCM treatments. The total amino sugar content in the control
was 193.0 mg kg'!, and significantly (P<0.05) increased to 298.6-358.4 mg kg! in the CM and
HCM treatments and 392.2 mg kg™! in the NPK treatment. In conclusion, our results suggested that
microbial residue C contribution to organic C decreased with increasing SOC content, which was
associated with a decrease in fungal residue C content, and the increase of organic C in the test
soil. This primarily depended on the accumulation of inputted organic C by the preservation of
aggregation under compost amendment. In contrast, compost amendment more efficiently
increased the concentration of amino acids especially D-amino acids, which was mainly correlated
with gram-positive bacteria.

Keywords: Amino acids; Amino sugars; Compost; Macro-aggregates; Microbes; Organic carbon



mailto:bibizarina100@uad.edu.pk

7
INTERNATIONAL (13 Soil Health:
;O«QQNFQEN% A Key to Food Security”

DECOMPOSITION DYNAMICS OF SURFACE APPLIED
INDIVIDUAL AND MIXED TRIFOLIUM AND POPULUS LEAF
RESIDUES

Majid Mahmood Tahir*, Juveria Mushtaq, and Abdul Khalig

Department of Soil and Environmental Sciences, Faculty of Agriculture, University of Poonch, Rawalakot, Azad
Jammu and Kashmir

*Email : majidmahmood@upr.edu.pk

ABSTRACT

The breakdown of organic matter, known as residue decomposition, plays a crucial role in linking
the cycling of nutrients and their availability in low-input agricultural systems. Despite its
importance, there has been limited research on how this process is affected when tree leaf residues
are combined with legume crop residues. Therefore, we investigated the decomposition dynamics
of surface-applied individual and mixed leaf residues of Trifolium and Populus in soil in the native
environment and also in arable soil under laboratory incubation conditions. Surface soil was
collected from an arable field, a Trifolium field, and a Populus field. The experiment setup was
based on two factors, i.e., treatments and incubation periods. Treatments were: T1: arable soil with
no amendment; T>: white clover soil without any amendment; Ts: popular soil without any
amendment; T4= clover soil + clover leaves; Ts= arable soil + clover leaves; T¢ = popular soil +
popular leaves; T7= arable soil + popular leaves; Tg= arable soil +clover leaves + popular leaves.
The six incubation periods were 0, 15, 30, 45, 60 and 75 days. The incubated soil jars were removed
after 15, 30, 45, 60, and 75 days to determine mass loss, total organic carbon and nitrogen of leaf
residues and soil organic carbon, soil mineral nitrogen, and soil pH. Trifolium leaf residues
decomposed faster compared to Popular leaf residues, both in native and arable soil. Compared to
individual residues, mixed residues showed accelerated decomposition. The residue quality,
residue mixing, and soil played important roles in their residue decomposition. Our study suggests
that a better understanding of the mixed residue decomposition away from their environment will
help to identify suitable management strategies for improving soil quality.

Keywords: Trifolium, Populus, Leaf residues, Residue mixture, Residue decomposition
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ABSTRACT

Integrated nutrient management (INM) is an environment-friendly and ecologically adaptable
approach to plant nutrition to sustain crop productivity and maintain the soil fertility of fragile
agricultural ecosystems. A three-year field experiment on saffron was conducted involving 12
fertilization regimes: control; urea (UN) at 100 kg ha!; poultry manure (PM) at 100 kg ha'l;
farmyard manure (FYM) at 100 kg ha™'; PM50 + FYM50; UN75 + PM25; UN50 + PM50; UN25
+ PM75; UN75 + FYM25; UN50 + FYM50; UN25 + FYM75; and UN50 + PM25+ FYM25.
Results showed that PM alone and combined with 50% UN (UN50 + PM50) were effective
compared to the respective controls in increasing the number of flowers (58%), flower dry weight
(59%), stigma length (70%), dry weight of stigma (40%), number of daughter corms plant-1
(35%), and corm diameter (71%) of saffron over years. In addition, the same treatment
combination increased corm weight (96%), corm yield (96%), and stigma yield (35%) over
controls across the years. This treatment combination was followed by UN50 + PM25 + FYM25,
while UNS50 alone did not perform at par with the rest of the fertilization regimes. These results
showed that UNS50 + PM50 might be developed as a potent strategy for boosting the growth and
yield (stigma and daughter corms yield) of saffron in temperate climatic conditions.

Keywords: Synergistic fertilization, Cash crop, Poultry manure, Farmyard manure, Stigma yield,
Corm yield
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ABSTRACT

Exploring suitable organic amendments can help improve nitrogen use efficiency and crop yields.
The potential of an indigenous plant chilla in comparison with dicyandiamide (DCD) was
evaluated for nitrification inhibition and maize growth by conducting incubation and greenhouse
experiments. The influence of soil amendment of chilla plant materials (leaf and bark powder),
added at 1% and 20% on nitrogen (N) transformation process, fate and recovery of N in the soil,
and its effect on maize growth was studied. The treatments comprised of T1-(control)-soil with no
amendment, T>-Urea nitrogen (UN), T3-UN + 2 mg/kg (DCD), T4-UN + 40 mg/kg leaf powder
(LP), Ts-UN + 40 mg/kg bark powder (BP), T¢-UN + 20 mg/kg LP + 20 mg/kg BP. The soil
amended with treatment materials was incubated for 60 days to observe N transformation and the
same treatment material at the same rate was applied to soil in the pots and maize plants were
grown using a completely randomized design (CRD) in the greenhouse. There was a significant
difference in the dynamics of NH4+"-N and NOs-N during incubation, therefore compared to
control the urea-treated soil singly or in combination with DCD or plant material exhibited its
effect on the growth parameter of maize grown in a greenhouse. We concluded that the tested plant
chilla has the potential to inhibit nitrification and thereby retain N in the soil to improve the N use
efficiency of the crop. Among all treatments, the leaf power of selected plant material was superior
to better growth and increased N recovery efficiency than bark material or synthetic nitrification
inhibitor (DCD). Therefore, owing to the nitrogen inhibition capacity of chilla, the residues of the
plant can be incorporated as a useful soil amendment to improve N use efficiency and crop yield.

Keywords: Nitrogen transformation, Nitrification inhibition, Maize growth, N use efficiency
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ABSTRACT

Wheat is the most important cereal food crop in Pakistan. Wheat genotypes are inherently low in
nutrients, particularly protein, and differ in their potential to uptake nitrogen (N) and nitrogen-use-
efficiency (NUE). A field experiment was conducted at the Agriculture Research Center
(latitude25°25°26"N and longitude 68°32°47"E) to test the efficacy of different organic
amendments (cluster bean, sesbania, and farmyard manure) for enhancing N uptake potential and
NUE of wheat. Five genotypes (Imdad, TD1, Kiran-95, Khirman, and V-11005) were grown and
supplied with three organic sources [cluster bean at 9 tons ha’!, sesbania at 15 tons ha'! and
farmyard manure at 10 tons ha™!, on a dry weight basis]. The treatments were arranged according
to spilt plot design, organic sources in main plots and genotypes in sub-plots, with three repeats.
Results revealed that the organic sources highly significantly affected and increased the agronomic
traits (plant height 12.8%, tillers 53%, grains spike™ 32%, biomass yield 20%, grain yield 16%, N
uptake in grain 34%, and total N uptake of 47%). Farmyard manure (FM) proved best organic
source followed by sesbania and cluster bean. Wheat genotypes were highly responsive to organic
amendment and improved grain yield by 17% in Kiran-95 and grain N uptake of 25.5% in Khirman
compared to TD1, which proved as the least responsive. Based on grain yield and N uptake, the
genotypes were classified into grain yield and nitrogen efficiency groups. Kiran-95 was
categorized as a high yield-medium NUE, Khirman medium yield-high NUE, and V-11005 as a
medium yield-medium NUE. Moreover, Imdad and TD; were ranked in the medium yield-medium
NUE and low yield-low NUE categories, respectively. Finally, it is concluded that the FM, among
the used organic sources, is the best followed by sesbania. Kiran-95 proved to be the highest
yielding, Khirman had the highest NUE and V-11005 was the most responsive. Hence, these
genotypes may be utilized in wheat breeding programs for efficient N uptake.

Keywords: organic sources, inorganic fertilizer, grain yield uptake, and wheat crop
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ABSTRACT

Biofortification of crops is an effective and sustainable approach to reduce global malnutrition.
Iron (Fe) is one of the key micronutrients essential for plant growth, yield, and quality. It is present
abundantly in soil but its bioavailability to plants is often low. To produce biofortified wheat grains
with improved crop production, eight treatments [viz. NPK (RD), NPK + 10 kg ha! SA- Fe (Soil
applied Fe), NPK + 20 kg ha! SA-Fe, NPK + 0.2% FA-Fe (Foliar applied), NPK + SI (seed
Inoculation), NPK + 10 kg ha! SA-Fe + SI, NPK + 20 kg ha™! SA-Fe + SI and NPK + 0.2% FA-
Fe + SI] were tested in completely randomized block design (RCBD) with three repeats. The
results of the field study revealed that the application of NPK + 20 kg ha' of SA-Fe + SI
significantly increased the grain yield of wheat crop. The improved P (13% increase) and K (5.7%
increase) content in wheat grains were observed in NPK + 20 kg ha! SA-Fe + SI treatment
compared to non-inoculum treated treatment. The application of NPK + 0.2% FA-Fe + SI enhanced
the Fe concentration (45.7 ug g!) in wheat grains compared to control. It is concluded that the
application of chemical fertilizers along with siderophore-producing bacteria is an effective
approach for improved growth and quality of wheat grains.

Keywords: Biofortification, Foliar application, Iron, malnutrition, Seed inoculum
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ABSTRACT

Wheat (Triticum aestivum L.) is a major crop in Pakistan. It plays a crucial role in food security,
with over one-third of the population relying on it as a primary food source. The crop losses during
harvesting, threshing, and transportation are quite significant. In current years, the cutting methods
have gained attention as a promising alternative for wheat cultivation to reduce post-harvest losses.
This experiment was carried out during the winter season of 2022- 2023 at the experimental field
of Soil Fertility Research Institute, Tandojam. The experiment was laid out in randomized
complete block design (RCBD) with four replications having a plot size of 3x5m?. The four
treatments consisted of no cut, one cut, two cut, and three cuts, at the growth stage after 35 days,
65 days, and 75 days respectively. Based on morpho-physiological characters, the following
parameters were studied: plant height (cm), no of tillers plant™!, spike length, plants-m?, seed index,
and biological yield. The data regarding the analysis of variance were significant for all the
parameters studied. For parameters like plant height, the number of tillers plant™, spike length,
plants m-2, seed index, and biological yield, the highest values were recorded in T at one cutting
(81.60,17.73, 12, 159.17, 50.86, and 526.60) followed by T1 with no cutting (79.73, 15.86, 10.13,
106.53, 55.59 and 254.45). However, the lowest mean was recorded in T4 at the third cutting for
the same parameters. From all the findings, it may be concluded that one cutting is optimum to
produce a higher grain yield followed by no cutting. It may also be concluded that one cutting can
reduce the lodging risk factor in wheat crop.

Keywords: Physiological parameters, yield, lodging factor, cutting methods and wheat crop
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ABSTRACT

As the slow-release fertilizer, boron-coated urea (BCU) can not only slow down nutrient loss but
also have outstanding advantages in controlling the N release and addition of B to the soil. This
experiment systematically investigated the best-performing level of boron coating on urea. Three
levels of boron coatings (0.5, 1, and 1.5%) on urea were evaluated under a wirehouse. From the
results, it was indicated that 1% BCU showed maximum response in all physical parameters
including plant height and biomass production. After that, lower levels of 1% BCU i.e. (90, 85,
and 80% of RD of BCU concerning standard urea) were evaluated under field conditions on canola
crop. Data regarding physical, chemical, and quality parameters were recorded. From the recorded
results, it was observed that 85% of BCU showed statistically similar results concerning standard
urea. The plots where the standard urea was applied produced total biomass and grain yields of
4.70 t ha and 965 kg ha'!, respectively. The application of 85% BCU increased biomass and grain
yields by 4.71 t ha! and 966 kg ha™"* respectively. Similarly, 10% to 15% improved results of
quality parameters i.e. crude proteins, crude fat, crude fiber, and ash contents were obtained with
the application of 85% BCU as compared to control where no Zn with plain urea was applied. In
conclusion, it is stated that 85% of recommended urea as 1% BCU is effective in improving the
yield and quality parameters of canola crops.

Keywords: Boron-coated urea, Canola, Quality, and Yield
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ABSTRACT

This research carries a fieldwork to investigate the impact of potassium (K) fertilizer on K uptake
and K use efficiency in onion variety Nasarpuri during kharif 2022. The experimental layout was
a randomized complete block (RCB) design with three treatments of K (50, 75, and 100 kg K>O
ha!) along with a control treatment (no K fertilizer). Soil samples were collected from the field
before transplanting of seedlings and were analyzed for physical and chemical properties. The soil
was silty clay loam, non-saline (EC, 0.51 dS m™), alkaline (7.5), low in organic matter (0.603 %),
deficient in N (0.035 %), and marginal to deficient in extractable-K (130 mg/kg) respectively. The
extensively higher K uptake in leaf and bulb was reported (125.4 kg ha! and 1349 kg ha!) in 100
kg K>O ha™! over the control. The maximum total K recovery in the onion plant was reported
(1473.5 kg ha!) in 100 kg KO ha™! over the control treatment. The physiological use efficiency of
K fertilizer in onion plants was reported higher in 50 kg K>O ha!, as the rate of K fertilizer
increased to 100 kg K>O ha'!, decreasing the physiological use efficiency (19.8 kg kg™! to 40.5 kg
kg™!). The maximum chemical and biological use efficiencies of K fertilizer were, respectively,
1303.3 % and 330.7 kg ha'! at 100 Kg K>0 ha! over 75 and 50 Kg K>O ha!. The maximum value-
cost ratio (VCR) (77.9) with a net profit of Rs. 407,489 was calculated at 100 kg K>O ha’.
Therefore, the current study concluded that the highest dose of 100 kg KO ha! is the most suitable
rate, which promotes K uptake and K use efficiency and proved profitable for higher income and
net profit. It suggested that farmers and growers may use potassium application, as a monetary
return with satisfaction.

Keywords: Impact of potassium, K uptake, K fertilizer use efficiency, value-cost ratio, soil
conditions
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ABSTRACT

The rapid increase in the global human population, expected to reach 9.7 billion by 2050,
necessitates a 59-98% rise in food demand. This challenges agriculture to enhance productivity
while limiting the risks of land degradation, nutrient depletion, and biodiversity losses due to
excessive use of chemicals. Therefore, there is a need to explore alternative options like organic
fertilizers, including biogas slurry that can offer sustainable nutrient uptake with minimal losses.
Our study aimed to assess the impact of biogas slurry amended with nano-biochar on soil
biochemical characteristics, sorghum yield, and ammonia emissions under rainfed conditions.
Treatments were (i) control (untreated), (ii) inorganic N fertilizers (IF) applied at 90 kg N ha™!, (iii)
biogas slurry (BS) applied at 90 kg N ha™!, (iv) IF (87.5% of applied N) + poultry manure nano-
biochar (PMB) at 12.5% of applied N, and (v) BS (87.5% of applied N) + PMB at 12.5% of applied
N. Sorghum was sown as test crop. Soil samples were taken before sowing and after harvesting of
the crop and analyzed for their biochemical characteristics. Crop yield and its attributes were
examined. In a parallel pot experiment, NH3; emissions were monitored for 72 hours after treatment
application using passive flux samplers. Results indicated that the combined application of
BS+PMB boosted soil mineral N by 17% compared to sole BS. Besides, this treatment
significantly elevated soil microbial biomass carbon (MBC) by 37%, and microbial biomass
nitrogen (MBN) by 42% compared to sole IF. The application of sole IF and BS significantly
increased shoot dry matter yield by 56% and 17%, respectively, compared to the control. Adding
PMB to BS increased shoot dry matter yield by 22% compared to sole BS. Similarly, BS+PMB
enhanced shoot N uptake by 46% compared to sole BS. Notably, PMB and BS+PMB substantially
decreased NH3 emissions by 43% and 41%, respectively, compared to sole IF. It is concluded that
the use of biogas slurry with nano-biochar is a sustainable agricultural practice that can improve
soil biochemical characteristics and crop productivity with minimum effect on the environment.

Keywords: Biogas slurry, Nano-biochar, NH3 emissions, Soil characteristics, Crop yield
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ABSTRACT

A large amount of organic waste is generated from fruits vegetable markets (Sabzi mandi), which
can be converted into useful material instead of being dumped in landfill sites and reduce the
environment and economic problems. The conversion of organic wastes into useful by-products
such as biochar (BC), compost (COM), and co-composted biochar (BCC), through pyrolysis and
composting process, could be used as soil amendments to improve soil fertility. A 2-year mung
bean-wheat crop rotation study was designed to test fruits vegetables waste (FVW) derived BC
(20 t ha'l), COM (20 t ha) and BCC (20 t ha') for determining the residual impact of organic
amendments on the soil fertility, microbial biomass (MBC and MBN), enzymes activities and
mung bean-wheat crops yield under rainfed condition. Results indicated that BCC remained
changed by significantly increasing soil organic carbon (33%), nitrate- nitrogen (84%) available
P, available K along with micro-nutrients, and moisture contents in the surface soil in both legume-
cereal cropping seasons 2017-19. Additionally, the MBC (28%) and MBN (36%) were
pronouncedly increased in organic materials amended plots compared to control. Soil enzymes
activities such as urease and dehydrogenase were significantly higher under the application of
BCC. Similarly, addition of BC, COM and BCC amendments increased mung bean (37%, 43%
and 44%, respectively) and wheat (29%, 28% and 35%, respectively) grain yield as compared to
control during both years. In conclusion, BC and BCC had prolonged residence time which
sustained nutrients status, improved crop growth and yield over 2-years. Moreover, compost had
greater degradability as compared to BC and BCC and thus had higher initial availability of both
macro and micronutrients.

Keywords: Biochar, Compost, Co-compost Biochar, Mung bean-Wheat
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ABSTRACT

Recent advancements in fertilizer technology suggest that nanobiochar integration with organic
fertilizers can mitigate nutrient losses and improve crop productivity. This study explores the
potential of a novel nanobiochar-coated DAP as "smart"” chemical fertilizer with improved nutrient
utilization efficiency and reduced nutrient losses. Nanobiochar-coated DAP granules were
developed to regulate nutrient release kinetics, particularly targeting improved phosphorus (P)
dynamics in the soil, ending in better maize crop yield and enhanced P utilization efficiency.
Laboratory experiments assessed varying concentrations (2.5%, 5%, and 10% w/w) of
nanobiochar coating on DAP granules, evaluating control release kinetics of P and N. The
confirmation of nanobiochar coating was established via discrete carbon peaks in X-ray diffraction
analysis and FTIR spectroscopic examination, revealing a smooth and uniform coating on DAP
granules. Semi-field trial consisted of five treatments: i) control, ii) uncoated DAP, iii) 2.5%
nanobiochar-coated DAP, iv) 5% nanobiochar-coated DAP, and v) 10% nanobiochar-coated DAP,
to maize crops. Remarkably, application of 2.5% nanobiochar-coated DAP exhibited substantial
soil improvement-enhancing microbial biomass carbon and nitrogen by 104% and 147%, while
enriching available P, N, and K levels by 40%, 70%, and 46%, respectively, compared to control.
This treatment led to an 88% boost in maize shoot dry matter yield, accompanied by remarkable
increments of 229%, 205%, and 67% in P, N, and K uptakes by maize. In contrast, other coating
treatments failed to surpass uncoated DAP in augmenting these parameters. Thus, 2.5%
nanobiochar coating demonstrated the potential to improve N and P utilization in maize crops,
significantly enhancing soil biochemical characteristics and crop productivity. This research
highlights nanobiochar as a promising alternative to hazardous coating materials, offering the dual
advantage of boosting economic gains while contributing to environmental sustainability.

Keyword: Nanobiochar, DAP, Nutrient uptake, Maize yield.
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ABSTRACT

Bread Wheat (Triticum aestivum L.) a staple cereal of one third of world population, is rank third
in terms of production with ~770 million tonnes of annual global yield from a cultivated area of
219 million hectares. To meet future food demand, crop production needs to be enhanced by 70%
by the end of 21% century. Among various abiotic factors that limit crop production, salinity is a
major obstacle to wheat production in many parts of world. In Pakistan, over 2.5 million hectares
of irrigated land are affected by severe surface salinity. Higher salinity increases the concentration
of Na’ and CI ions, this ionic imbalance causes disequilibrium of nutrients that declines
germination, and adversely affects the subsequent metabolic processes. In the present study, a total
of 28 wheat genotypes with different genetic background that included land races, green
revolution, post green revolution and elite cultivars were screened against different levels of
salinity stress. Morphophysiological traits such as chlorophyll (C-C), seedling length (SD-L),
shoot length (SH-L), root length (R-L), seedling fresh weight (SD-FW), shoot fresh weight (SH-
FW), root fresh weight (R-FW), seedling dry weight (SD-DW), shoot dry weight (SH-DW) and
root dry weight (R-DW) were recorded. The analysis of variance (treatments, treatments™®
genotypes, treatment® year of release) for C-C, SD-L, SH-L, R-L, SD-FW, SH-FW, R-FW, SD-
DW, SH-DW and R-DW showed a significant difference (p<0.05) between treatments and
treatments*genotypes. Under high salinity treatment (16ds/m) all the traits showed a significant
decline. Correlation analysis showed a positive correlation of SH-DW with C-C, SD-FW, SH-FW
and R-FW with values equal 0.513, 0.702, 0.735 and 0.582 under control. Chlorophyll under high
salinity treatment (T2) showed a positive correlation with SH-L, SD-FW and SH-FW with r values
equal to 0.625, 0.565 and 0.644. Seedling length showed a positive correlation with SD-FW, SH-
FW, SD-DW, SH-DW and R-DW with r values equal to 0.537, 0.709, 0.710, 0.684 and 0.595 under
T2. Principal Component Analysis (PCA) divided the data into ten factors, the first three
components contributed 83% of total variation. The PCA also depicted the least variation between
C-C, SD-DW, SH-DW and SH-FW. The genotypes Maxipak-65, Suleman-96, Yecora, Lyp-73
and Shalimar-88 performed well under high salinity conditions. These genotypes can be used in
future breeding programs for production of new germplasm and can be cultivated in areas
influenced by salinity stress.
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ABSTRACT

Burning wheat and rice straws is a common practice among agricultural communities. Moreover,
applied phosphorus transforms to unavailable residual form that is the major cause of limited P-
supply to the plants. The experiment was conducted at Soil Chemistry Section, Ayub Agricultural
Research Institute Faisalabad, to evaluate the different crop residue management techniques and
to calculate different soil-P fractionations under different crop residues management techniques.
Four treatments (0, 50, 75 and 100% of recommended dose of fertilizers), four different residues
management techniques (traditional harvesting, burning, rotavation and surface application of
residues) were tested with split plot design. Among main plots, maximum rice paddy and wheat
grain yield (5.47 and 3.98 t ha!, respectively) were produced where crop residues were rotavated.
Burning of crop residues resulted in minimum rice paddy and wheat grain yield (4.52 and 3.37 t
ha, respectively). The treatment with 100% NPK fertilizer gave best rice paddy and wheat grain
yield (6.50 and 4.82 t ha', respectively). Among different treatments, the treatment with 100 %
fertilizer rate resulted in maximum soil organic matter (SOM) and Olsen, water-soluble and Ca
+Mg fractions of soil P (0.79 %, 13.88, 3.36 and 406.2 mg kg, respectively). A comparison of
methods of cultivation, showed that maximum SOM and Olsen, water-soluble and Ca +Mg
fractions of soil P (0.89 %, 11.12, 4.38 and 403.0 mg kg™) was given by the rotavation method.
Hence, it is concluded that rotavation of crop residues not only improves soil physicho-chemical
properties of soil but also increases yield on sustainable basis.

Keywords: Residue management, Rotavation, Rice-Wheat rotation, P-fractionation
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ABSTRACT

Composting is an attractive solution for recycling invaluable organic waste into valuable soil
nutrients. In fact, the lately awakened global awareness has recognized composting's feasibility as
a solution for sustainable nutrient management and also helps to overcome the waste pollution.
Cover crops add organic matter to soil and improve soil fertility. The composting experiment was
conducted by using various organic wastes, viz., green crops, vegetable waste and farmyard
manure, and poultry manure. Parameter recorded for compost was pH, EC, TOC and NPK. Results
showed treatment (green waste + vegetable waste+ poultry litter + farmyard manure) showed
around neutral pH and yielded higher nutrient contents. The treatment combination for pot
experiment was To (control), T1 (half NPK recommended dose), T2 (NPK recommended dose), Ts
(green waste compost), T4 (vegetable waste compost), Ts (green waste compost + vegetable waste
compost) Te (Mix compost + urea), T7 (mix compost + ammonium sulphate). Plant parameters,
viz., plant height, fresh- and dry shoot weight, fresh- and dry root weight, and nutrient contents
(N, P and K). Results of this study revealed that treatment T7 (compost + ammonium sulphate)
improved all crop growth attributes along with nutrient concentration in maize plants.

Keywords: Compost; Organic Waste; Soil Fertility; Organic Matter
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ABSTRACT

Nitrogen (N) is essential for metabolic activities and helps in growth promotion. Low nitrogen
uses efficiency (NUE) due to imbalanced fertilization causes heavy losses of N from agriculture
which imparts both economic and environmental consequences. NUE can be improved by the
cultivation of rice genotypes that use N more efficiently. Different rice (Oryza sativa L.) genotypes
have different genetic potential to use nitrogen. Therefore, 268 rice genotypes, which includes 257
from BAAP and 11 from Pakistan germplasm were screened in field condition for two years
(Kharif-2021 and 2022) with 50 and 100% of recommended N at a rate of 127 kg ha*. Urea was
used as N source. Chlorophyll content (SPAD value), plant height (cm), days to flowering, relative
N concentration, grain yield (g/six plant) and shoot biomass (g/six plant) were recorded. A two-
way analysis of variance (ANOVA) was performed on the entire dataset, and a very significant
(p<0.05, p=0.001) influence of treatment on genotypes and vice versa were disclosed. The
genotypes were grouped into three classes efficient (E), medium (M) and in-efficient (I). The
genotypes were allocated 3 to "E", 2 to "M" and 1 to "I" for each parameter, for a total score of 18
per parameter, 36 each year and 72 over two years. During a two-year period, the following
genotypes were ranked in the top twenty: Chenab Basmati, Azucena, Super Gold 2019, DOM
SUFID, Boraya, SXC 290, Dumsia 81, AUS 364, KS-282, BINA dhan 5, AUS 74, Basmati 515,
Pk-1121 Aromatic, Minghui 63, BRRI dhan 50, Lakhai, AUSMERI, Early Sutarsar 39, Kali boro
41-1 and KSK-434. In contrast, the genotypes that were rated in the lowest twenty were Gohama
Bhhadri, AUS 68, AUS 169, Chandra Kana, Bhingha, DM 59, IARI 6621, AUS 180, AUS 204,
AUS 411, ARC 10392, AUS 453, AUS 209, MTU 18, AUS 130, Motzhul, ARC 10376, Dhala
Shaitta and CN2-175-5-31. Furthermore, the identification of N responsive candidate genes is now
being carried out using the genome-wide association mapping of this phenotypic data. This aims
to provide prospects for breeders to enhance NUE without compromising yield.

Keywords: Soil Fertility, Nitrogen, Genotypes, Rice, NUE, BAAP
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ABSTRACT

Wheat is grown at large scale in Punjab and Sindh provinces of Pakistan. Integrated nutrient
management is of great importance. The prices of phosphatic fertilizers are very high while
phosphorus use efficiency (PUE) is very low. A field experiment was conducted at Research Farm
of MNS-University, Multan during 2020-2021. The compost (1 Mg ha*) and biochar (0.5 Mg ha-
1) were applied only during wheat sowing. Three levels of phosphorus (0, 75%, and 100%) were
applied. The phosphorus levels, compost and biochar were applied alone and in combination.
Overall, combined application of 75% recommended phosphorus + compost + biochar showed
better results as compared to sole applications of organic amendments and phosphatic fertilizer. In
wheat, combined application of P @ 75% of recommended phosphorus + compost + biochar
showed 20.4%, 19.7% and 9.4% more values for chlorophyll content (SPAD value), plant height
and 1000 grain weight, respectively, as compared to control. Thus, P @ 75% + compost + biochar
can be recommended to the farmers in Multan Region in wheat to get higher crop productivity.

Keywords: Organic amendments, Phosphorus use, Nutrient management.
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ABSTRACT

Phosphorus nutrition plays a significant role in developing an efficient root system. This filed
experiment was conducted to evaluate mustard root architecture and yield in response to
phosphorus application and ACC-deaminase rhizobacterial seed inoculation. The experiment was
conducted in a two-factor randomized complete block split plot design with three replications.
Factor A comprised of two phosphorus doses, i.e. P1 = No P fertilizer, i.e. Control and P> = 85 kg
ha! (100% recommended P fertilizer). Factor B included three treatments involving different
rhizobacterial strains, i.e. Sto = Control (No rhizobacterial seed inoculation), St; = seed inoculation
with Pseudomonas fluorescens containing only ACC-deaminase activity, St> = seed inoculation
with Pseudomonas fluorescens biotype F containing both ACC-deaminase and P-solubilizing
activities P doses and rhizobacterial seed inoculation significantly affected (p<0.05 to 0.01) root
weight, tap root length, tap root diameter, number of braches per root, number of pod per plant, seed
yield and grain P accumulation of mustard. However, their interaction was significant only for root
weight (p<0.01) and tap root diameter (p<0.05) of mustard. Adequate P nutrition increased various
plant traits of mustard against control, i.e. root weight (47%), tap root length (58%), tap root
diameter (73%), number of branches per root (78%), number of pods per plant (90%), seed yield
(37%) and P accumulation (61%). Seed inoculation of Pseudomonas fluoresens with single activity
of ACC-deaminase increased various plant traits of mustard against control, i.e. root weight (33%),
tap root length (29%), tap root diameter (25%), number of branches per root (24%), number of
pods per plant (16%), seed yield (11%) and P accumulation (10%). The maximum increase due to
the interaction effect of two main sources of variance in various plant traits of mustard was noted
only for root dry weight (2.4-fold) and tap root length (2.8-fold). The study concluded that seed
inoculation with Pseudomonas fluorescens having dual activities of ACC-demainase and
phosphate solubilization enhances root growth and thereby seed yield, both under phosphorus
deficient and adequate conditions

Keywords: Mustard, Phosohorus Application, ACC-Deaminase Rhizobacterial, Seed Yield
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ABSTRACT

Potassium (K) is a major essential nutrient required for plant growth and development. However,
its use is negligible or minimal in current agricultural practices of Pakistan. In view of the
significance of K, K enriched compost (KEC) was prepared from the market waste and the solution
of biological active substances (BAS) including auxin precursor L-tryptophan (L-TRP), indole
acetic acid (IAA), gibberellic acid and kinetin. The BAS were applied onto the surface of organic
fertilizer @10 mg L-TRP kg™ of compost and were compared with the treatment having no
blending of these BAS or with the treatment where only inorganic K fertilizer was applied @ 60
kg ha™! in field condition. The data of study indicated that the blending of L-TRP to 300 kg KEC
and its application @ 45 kg K ha! was found to be the most effective developed organic K fertilizer
treatment for enhancement in growth and yield traits of maize. Further, this treatment also
improved the K concentration of maize straw and grain. The results of the study concluded that
the application of L-TRP could improve the effectiveness of the KEC and production of hybrid
maize.

Keywords: Potassium, hybrid maize, potassium, enriched compost, L-TRP.
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ABSTRACT

Mango stands as the 6th most crucial fruit cultivated in tropical regions, yet its growth faces
potential setbacks due to micronutrient deficiencies. In Pakistan, the majority of agricultural soils
grapple with micronutrient scarcities, notably zinc (Zn), boron (B), and copper (Cu). This study
aims to ascertain the most effective nutrient application approach to sustain mango plant growth
and optimize fruit production within the orchards of Mirpur Khas district, Sindh, Pakistan. The
research delved into evaluating the yield and physiological responses of 15 to 20-year-old mango
plants when subjected to various methods of micronutrient application (B, Zn, and Cu) via foliar
and soil applications. The combined application of Zn, B, and Cu showcased remarkable
improvements in plant chlorophyll content, photosynthesis rate, transpiration, and stomatal
conductance. Additionally, fruit numbers, weight, and overall yield showed significant
enhancement through the foliar spray of 0.8% Zn, 0.8% B, and 0.5% Cu. This combined
micronutrient application not only elevated ash content but also augmented total soluble solids and
sugar content while significantly reducing titratable acidity. Furthermore, it bolstered nutrient
availability, thereby enhancing the metabolism of macronutrients. However, it's noteworthy that
foliar micronutrient application did not impact soil nutrient availability. The results strongly
advocate for the efficacy of foliar application involving 0.8% Zn, 0.8% B, and 0.5% Cu,
complemented by NPK and farmyard manure administered before flowering, as an effective
strategy to elevate mango growth and optimize yield. There was 19% more fruit yield obtained
when plants receive combined foliar spray of micronutrients. This insight offers valuable
implications for sustainable mango cultivation practices.

Keywords: Fruit quality; fruit yield; photosynthesis; soil application; foliar spray, nutrient
availability.
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ABSTRACT

Salinity is an important abiotic stress affecting the growth, yield, and grain quality. Phosphorus is
an essential macronutrient that plays a major role in plants’ metabolic processes. Phosphorus ranks
the most often limiting macronutrients in saline soils. It is involved in censorious plant functions
including energy transfer, photosynthesis, sugar and starch processing and nutrient flow within the
plant. A pot experiment was conducted to evaluate the impact of organic and inorganic sources of
P on the growth and yield of maize grown in saline soil conditions at the wire house of Institute of
Soil and Environmental sciences (ISES), University of Agriculture Faisalabad (UAF). Maize
variety Hybrid FH-1046 from Ayub Agricultural Research Institute (AARI) was used for this
experiment. This genotype had been examined under normal condition as well as under salt stress
(Control, 6 and 10 dSm™). The treatments included T1= 100% P application through DAP, T2=
50% P application through DAP +50% P application through FYM, T=3 50% P application
through DAP +50% P application through Poultry Manure, T4= 50% P application through DAP
+50% P application through compost. These treatments were tested at control, 6 and 10 dSm™* with
three replications and arranged according to completely randomized design. The physiological
(Relative water contents, Membrane stability index, SPAD-value) were studied at the completion
of vegetative growth stage. The crop was harvested at maturity and data regarding growth and
yield parameters was collected. To examine the recorded data, suitable statistical procedures were
used. The results showed detrimental effect of salinity on the growth and yield of Maize.
Application of organic amendments along with inorganic P sources significantly enhance the P
uptake and mitigated the adverse effect of salt stress.

Keywords: Maize, Salinity, Compost, Poultry Manure, Farmyard Manure, Phosphorus, DAP



mailto:tayyabanaz@uaf.edu.pk

7h
INTERNATIONAL 13 SOil Health:
@ﬁqypﬁgﬁ A Key to Food Security”

ALLELOPATHIC IMPACT OF SELECTED FERTILE SOILS
LOVING WEEDS ON GROWTH AND YIELD PARAMETERS OF
WHEAT CROP GROWN IN DISTRICT BHIMBER, AZAD KASHMIR

Tanveer Hussain*!, Muhammad Ishtiag?, Muhammad Ajaib!, Madiha Kabir!, Rawish
Sikander?!

!Department of Botany, Azad Jammu and Kashmir, University of Bhimber -10040 (AJK), Pakistan

*Email: tanveer.botany@must.edu.pk

ABSTRACT

Four fertile soils growing weed species named as Chenopodium album, Fumaria indica, Lantana
camara and Anagallis arvensis were used to check their allelopathic effects against growth and
yield parameters of Triticum aestivum. All the weed powder treatments indicated significant effects
on fresh and dry root and shoot weight of wheat plant. Some treatments exhibited inhibitory effects
on seed germination and plant growth, while others showed stimulatory effects. The speed of seed
germination varied among the treatments, with some showing faster or slower germination rates
compared to the control. Result of this study revealed that higher concentration of weed invitro
treatments suppressed the growth of Triticum aestivum significantly. The allelopathic effects varied
depending on the type and quantity of the weed leaf powder used. These results suggested that the
allelopathic effects of weed extracts indicated negative impacts on the seed germination and
growth of wheat crop. Hence, many different weed management strategies were recognized in
agricultural practices. Further the research was explored the specific mechanisms involved in these
allelopathic interactions and assessed the long-term effects on crop productivity.

Keywords: Allelopathic Effects, Chenopodium album, Fumaria indica, Lantana camara,
Anagallis arvensis, District Bhimber, Azad Kashmir, Wheat Crop.
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ABSTRACT

Cadmium (Cd) contamination in agricultural soils threatens plants, animals and human health due
to its accumulation in crop plants. Besides heavy metal contamination, zinc (Zn) deficiency in
alkaline calcareous soils is another major issue nowadays, leading to Zn deficiency in crops. The
present study hypothesized that cultivation of maize on green manured soil and supplied with soil
Zn application would decrease Cd accumulation and increase Zn accumulation in maize plants. To
test this hypothesis, maize was grown on two soils (fallow and green manured) contaminated with
two levels of Cd (0 and 8 mg Cd kg™') and supplied with two rates of Zn (0 and 8 mg Zn kg™")
through soil. Results revealed that as compared to non-spiked soil, Cd-spiking significantly
decreased the plant yield and plant Zn concentration and increased plant Cd concentration in both
fallow and green manured soil. Contrarily, soil Zn application compared to no Zn application
increased the plant yield, plant Zn accumulation and decreased plant Cd concentration. Overall,
plants grown on green manured soil accumulated low levels of Cd as compared to those grown on
fallow land soil. The positive effect of green manuring and soil zinc application on reducing Cd
accumulation and improving Zn uptake in crops highlights the significance of environmentally
friendly agricultural practices. Moreover, these findings highlight the potential of employing green
manure and soil zinc application as a strategy to reduce Cd contamination and enhance Zn uptake
in maize, offering promise for sustainable agricultural practices and reduced health risks associated
with heavy metal contamination in crops.

Keywords: Accumulation, Cadmium, Green manuring, Maize, Soil, Zinc
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ABSTRACT

Phosphorus (P) availability is the major constraint in obtaining optimum crop yield in calcareous
soils due to its precipitation as dicalcium and octacalcium phosphate by reacting with Ca*2 and
Mg*2. Therefore, we explored the role of phosphate solubilizing bacteria (without and with PSB
@ 2 kg ha) in optimizing maize yield and P availability from soluble and insoluble P sources
applied @ of 100 kg P.Os into calcareous soil. Mainly, PSB inoculation significantly improved
maize plant height (5.6%), 1000 grain weight (11%), dry matter (7.5%), stover (10.8%) and grain
yield (6.8%), plant P concentration (10.1%) and uptake (18.6%), extractable P (3.1%), agronomic
(48%) and uptake (53%) P use efficiency over un-inoculated plots. Phosphorus application
significantly improved maize yield, soil health and agronomic P use efficiency (4.84 times over
control), however, its impact was more pronounced when applied as 50% P each from farmyard
manure (FYM) and single super phosphate (SSP). On the basis of overall performance, the sources
were ranked as 50% FYM + 50% SSP > 50% rock phosphate (RP) + 50% SSP> 100% SSP>75%
FYM + 25% SSP > 75% RP +25% SSP > 100% FYM > 100 RP > control. Interactively, a
significant and maximum increased over absolute control in most of the soil and plant tested
characteristics were observed when 100 kg P2Os ha* was supplemented 50% each as FYM and
SSP along with PSB inoculation which was followed by 50% P each as FYM and SSP
demonstrating that PSB were effective in enhancing RP solubilization under calcareous soil.
Maximum value cost ratio of 3.1 was observed for 50% P each as FYM and SSP + PSB which was
similar to 100% P as FYM + PSB and 75% FYM+ 25% SSP + PSB. Therefore, in calcareous soil
P shall be amended 50% each as organic and mineral source with PSB for its efficient utilization
and obtaining optimum yield of maize.

Keywords: Calcareous soil; farmyard manure; maize; phosphorus use efficiency; rock phosphat
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ABSTRACT

Malnourishment is an increasing apprehension in the underdeveloped countries, brings about in
miscellaneous health and social problems, such as mental problems, disruption in the immune
system and inclusively poor health. Lack of water availability and malnutrition are serious threats
to world food security and survival of living organisms. To address and overcome these issues a
pot experiment was designed to improve the productivity and grain bio-fortification of spring
maize (Zea mays L.) through zinc nutrition under limited moisture supply. Thirty-two pots were
placed in rain sheltered net house under the Faisalabad, Punjab, Pakistan climatic conditions during
spring 2021 and 2022. A completely randomized design (CRD) in factorial arrangement was
designed with four replicates. The treatments consist of two drought levels having well-watered
(70% water holding capacity), and drought stress with (35% water holding capacity), while factor
B contains two genotypes DK-6525 (Monsanto), and High corn-8288 (ICI) and two levels of zinc
treatments Z1 = 0 mg kg* of soil Z, = 10.0 mg kg of soil. The results revealed that zinc treated
pots with 10 mg kg soil had significant (P<0.05) results with 18.6 g root fresh weight plant?, 32.5
cm leaf length, 0.83 (-MPa) leaf water potential, and 33.90 mg kg™ grain zinc contents over control.
Among the two genotypes DK-6525 performed better as compared to High corn 8288 under
maximum zinc application in respect of morphological and physiological parameters. It was
concluded from this study that application of Zn @ 10.0 mg kg™ of soil under well-watered
conditions improve growth, productivity and grain zinc contents as compared to moisture stress
condition under semiarid climates.

Keywords: Zinc, Nutrition, Growth, Yield, Cultivars
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ABSTRACT

Leading crop simulation models used by a global team of agricultural scientists to simulate wheat
production up to 2050 showed large wheat yield reductions due to climate change for South Asia,
where food security is already a problem. Research trails was conducted to check the effect of
different growth hormones on yield of wheat crop, because in current situation due to increase in
population, we must get maximum yield of staple crop by using minimum resources to meet the
requirements of humans. Basically, there were three treatments isabion, quantis and MLE
(Moringa Leaf Extract) respectively are applied in 9 plots with the mingling of these hormone.
Isabion is a chemical with amino acids and peptide which promotes root growth and vigorous
development of buds. Isabion is a result of transformation of natural collagen through a process
that meets the highest standards of production and quality. Quantis is also bio-stimulant and is
combination of carbons, calcium and energy source carbohydrates, in the form of sugars and amino
acids. MLE was prepared by me (took leaves of moringa, freeze them at 5 centigrade for 10 hours
and then grind them in grinder by using water is well). This promotes wheat growth and
productivity by affecting senescence and source sink relationship. The trial design was RCBD with
the two varieties akbar and champion respectively. The variance was shown in height of plant and
no of grains per spike as well because of application of isabion due to its good ingredients in this.
The results are also good but isabion remained incredible due to its capacity to absorb on the wheat
when it applied. All of them are good and must be used commercially for the good production of
wheat crop under changing climate of semi-arid conditions.

Keywords: Food safety, Hormone, Isabion, Quantis, MLE, Growth, Senescence, Yield
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ABSTRACT

The utilization of biochars as soil amendments for enhancing nutrient retention in subsoils present
potential limitations. To address this issue, we conducted a greenhouse experiment to assess the
effects of various biochar’s derived from animal manures (swine manure, poultry litter, cattle
manure) and plant residues (rice straw, soybean straw, corn straw) when applied to surface of an
acidic soil. Our study focused on wheat crops under a no-tillage system, with a subsequent
evaluation of the residual impacts on soybeans. The experimental design involved the application
of biochar’s at different rates i.e. 10 and 20 Mg ha™, followed by the assessment of their influence
on NPK levels, pH, and exchangeable Al in stratified soil layers (0-5, 5-10, 10-15, and 15-25 cm).
Furthermore, we investigated the interplay between biochar doses and the application of nitrogen
(N) in the top 5 cm of soil, specifically examining NOs", NHs", P and K levels. Our findings
revealed that in the top 5 cm of soil, biochar doses and N application significantly affected NOgz',
NH4*, P and K concentrations. However, in deeper soil layers, no significant differences were
observed among biochar doses or N application. Interestingly, K levels were impacted throughout
all soil depths, regardless of the presence or absence of NH4" fertilizer application. Moreover,
biochar application up to a 5 cm depth induced favorable changes in soil pH and reduced
exchangeable Al. In contrast, deeper layers experienced a decrease in soil pH and an increase in
exchangeable Al following biochar treatment. In conclusion, our study demonstrates that biochar’s
can effectively retain NPK nutrients, enhance soil pH, and decrease exchangeable Al, independent
of the type and dosage of application under a no-tillage system. Nonetheless, the efficacy of
biochar amendments may vary with soil depth and type of nutrient, warranting careful
consideration for maximizing their benefits in sustainable agricultural practices.

Keywords: Biochar, Stratification, pH, Exchangeable Al, Primary Nutrients
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ABSTRACT

Accumulation of HMs affects the biological and physicochemical properties of soil that result in
poor nutrient supply and eventually lower agricultural production. Due to its stable nature,
affordability, and environment-friendly nature, biochar (BC) is becoming more and more popular
in recent years for the restoration of metal-contaminated soils and carbon sequestration for a longer
period. It is pertinent to devise an economical, easily available, or environment-friendly strategy
to mitigate the toxic impact of Cr on the growth and productivity of crop plants. The present study
hypothesized that co-composted biochar could restore Cr-contaminated soils and subsequently
enhance the growth and productivity of crop plants. Based on this hypothesis, the present study
was conducted to prepare co-composted biochar using compost prepared from plant leaves or
biochar from walnut peels and to investigate the potential of prepared co-composted biochar on
the restoration of artificially spiked Cr- and Ni-contaminated soil and the growth and productivity
of maize. A pot experiment was conducted in the greenhouse of the Department of Forestry,
Shaheed Benazir Bhutto University Sheringal. There were eight treatments, arranged in completely
randomized design in triplicate. The results showed that the maximum plant growth, yield and
yield parameters were recorded with the application of co-composted biochar under Cr (25 ppm)
and Ni (90 ppm) stresses. The minimum Ni concentration in the shoot (5.0 mg kg™* DW), and root
(2.33 mg kg* DW) portions were recorded with the application of co-composted biochar under Cr
(25 ppm) and Ni (90 ppm) stresses and it was 60.5 and 18.9%, 57.6 and 51.7% less in comparison
to the controls with and without Cr and Ni stresses, respectively. Similarly, the minimum Cr
concentration in the shoot (8.83 mg kg™t DW) and root (6.17 mg kg™t DW) portions were recorded
with the application of co-composted biochar under normal conditions and it was 45.4 and 4.8%
and 38.3 and 15.9% less in comparison to the controls with and without Cr and Ni stresses, respectively.
Regarding the remediation efficiency, the maximum remediation factor for Ni (0.05%) and Cr (0.21%) was
recorded with the application of compost under combined stresses of Cr and Ni and these were 140.7 and
307.3%, and 141.5 and 247.4% more in comparison to the controls with and without Cr and Ni stresses,
respectively. In conclusion, the application of co-composted significantly alleviates the Cr and Ni stress in
maize and improves the growth, physiological, and bioaccumulation of Cr and Ni in maize tissues.

Keywords: Compost; biochar; heavy metals, nickel; chromium; cereals
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ORGANIC FERTILIZERS: APOTENTIAL SOURCE OF
MICROPLASTICS ENTRY INTO FOOD CHAIN

Aamna Naeem?!, Aamir Alaud Din', Muhammad Ansar Faroog**

Ynstitute of Environmental Sciences and Engineering (IESE), National University of Sciences and Technology
(NUST), Islamabad, Pakistan

*Email: ansar@iese.nust.edu.pk

ABSTRACT

Organic fertilizers have become an important source of microplastics (MPs) and nanoplastics
(NPs) entry into agricultural soils. These small-sized plastics are of great concern as they enter the
food chain causing potential damage to the growth of edible plants, as well as to human health.
The present study aimed at quantification and characterization of MPs in three different types of
composts i.e., municipal solid waste (MSW) compost, Leaf compost (LC) and organic compost
(OC) and also focused on its impact on growth of Lettuce (Lacuta sativa). Results showed that
MPs abundance (size 50-500 um) in compost samples (n=8) varied depending upon the source of
compost, with MSW compost having the highest abundance i.e., 19800 + 565 MPs/kg, followed
by LC and OC having 9700 + 424 and 5100 + 989 MPs/kg. Fragments and Fibers were the most
dominant shape type of MPs. The Fourier Transform Infrared Spectroscopy (FTIR) results
revealed that Polyethyelene (PE), Polypropylene (PP) and Polyethylene terephthalate (PET) were
the most common polymers. Concentration of heavy metals (Cr, Cd, Ni, Pb), organic matter,
nitrogen and phosphorous, excluding potassium, were all found within the limits provided by Soil
Fertility Research Institute (SFRI) under the Fertilizer and Allied products standards. Fisher’s LSD
test showed that the growth of Lettuce plant was most adversely affected by MSW compost, which
led to a significant (P < 0.05) decline in leaf length, no. of leaves, leaf fresh and dry weight as well
as Membrane Stability Index (MSI) in comparison to OC and LC plants. SEM images showed
accumulation of MPs in all leaf samples, with the highest occurring in lettuce grown on MSW
compost. Hence, it is highly important to standardize the plastic content in commercially available
compost samples as they are entering the major food crops and plants, polluting the
agroecosystems, and threatening the survival of humans.

Keywords: Organic fertilizers, Heavy metals, Microplastics, Food security, Lettuce
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ABSTRACT

Metal-containing dust do not degrade biologically and accumulated on the surfaces of plant tissues.
Metal present in urban roadside soils and surface dust may be originated from traffic, industrial
processes, fuel combustion, fertilizers, and construction activities. Health risks associated with
metal containing dust were assessed on soil quality and plant growth along 23 Km long Jaranwala
road, Faisalabad having an Air Quality Index > 400. Soil, plant, and water samples were collected
and Particulate Matter along the road was also monitored with Microdust Pro. Total Suspended
Particles (TSP) values from edge of Jaranwala road vary from 944-1504 pg m=, PM2.5 ranged
from 67-831pg m>, PM10 ranged from 581-981 pg m>. The chlorophyll contents in Sorghum
plant of Jaranwala road varies from 33.2-57.7 SPAD. The soil concentration of AB-DTPA Cu, Mn,
Ni, Pb, and Cd were found within the safer limits. Although the result indicated that all metal
values were within safer limits but Particulate matter (TSP, PM 10, PM2.5) were higher compared
to USEPA (2012) standards. Practical strategies like reduction of emissions, keeping wet surfaces,
timely tuning of vehicles and urban traffic jams for controlling HMs pollution are required to
reduce the health risks associated with exposure to these toxic substances.

Keywords: Heavy metals, High-way, Roadside soils, Health risks.
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ABSTRACT

Arsenic (As) is a noxious metalloid for plants, animals and human health. Elevated levels of As in
soils may accumulate toxic levels in wheat grains. The long-term consumption of such grains can
deteriorate human health. Moreover, the vulnerable population groups in developing countries
intake only inadequate dietary zinc (Zn) which is strongly linked to cereal-based diets. The present
study evaluated the effect of soil Zn application on decreasing As and increasing Zn accumulation
in wheat grains. For this, two Zn-biofortified wheat (Akbar-2019 and Zincol-2016) cultivars were
grown on soil spiked with diverse levels of As [0 (distilled water control), 5 and 25 mg As kg™'].
Two rates of Zn [0 (no Zn application) and 8 mg Zn kg™ (soil Zn application)] were also applied
to the soil. Arsenic spiked soil decreased plant dry matter yields, chlorophyll pigments, and P and
Zn accumulation but increased As accumulation in wheat. Contrarily, soil Zn application enhanced
crop yield, and increased P and Zn accumulation with a simultaneous decrease in As accumulation
in both cultivars. Compared to no Zn, soil Zn application decreased grain As concentration by
26%, 30% and 32% in soil spiked with 0, 5, and 25 mg As kg™, respectively. Thus, applying Zn
to As-spiked soil mitigates the harmful effects of As by increasing Zn and decreasing As
concentration in wheat, resulting in improved grain quality for human consumption. In conclusion,
Zn application should be recommended for addressing the health implications associated with As-
contaminated crops and human Zn deficiency.

Keywords: Akbar-2019, Arsenic, Contamination, Spiking, Soil application, Wheat, Zinc, Zincol-
2016
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ABSTRACT

Nutrient depletion from soil has become a serious constraint for sustainable crop production. This
situation is very critical, and it has drastically affected crop yields, deteriorated soil quality, and
labile carbon (C) fraction in soils. A field experiment was conducted to investigate the effects of
integrated nutrient management effects on nutrient availability and labile carbon fractions and
yield of hybrid maize (Zea mays L.) in arandomized complete block design (RCBD) and replicated
three times, involving 17 treatments of different organic manures and mineral fertilizers. The
treatments included Ti: control (without manure and fertilizer), T>: 100% farm yard manure
(FYM), T3: 100% poultry manure (PM), T4: 100% sugarcane filter cake (SF), Ts: 100% banana
waste compost (BWC), Ts: 100% wheat straw (WS),T7: 100% recommended dose of fertilizer
(RDF) Ts: FYM + 75% RDF, To: PM + 75% RDF, Tio: FC + 75% RDF , T11: BWC + 75% RDF,
T12: WS +75% RDF, T13: FYM + 50% RDF, T14: PM + 50% RDF, T1s: FC + 50% RDF, T1s: BWC
+50% RDF and T17:WS + 50% RDF).The integration of the recommended dose of fertilizer (RDF)
and different organic manures significantly increased, growth, yield contributing traits and grain
yield. Further, the integration of RDF and organic manures increased, nutrients (N, P and K)
content in index tissue, organic matter content, total N, AB-DTPA P and K, labile SOC fractions,
and soil bacterial populations at harvesting. The result revealed that the overall maximum grain
yield was obtained in T7: RDF 100% and T;; BWC+RDF 75% (70 maunds ha™'). Maximum
organic matter was found in T11 BWC+RDF 75% (1.08%) and minimum was in control (0.45%).
Maximum N content (0.045%), P content (8.66 mg kg™') and K content (301.67 mg kg™!) was found
in Ty BWC+RDF 75%. A significant enhancement in labile C fractions in surface soil was
observed as compared to over control plots where integrated chemical fertilizer and organic
manures were applied. As compared to control, maximum labile C fraction was found in T
BWC+HRDF 75% (12.95 mg g!). All manuretreatments increased soil bacterial population
significantly, but the greatest was found at T1y BWC+RDF 75%. It is suggested that integrated
nutrient management is the best strategy to maximize maize growth and yield, organic matter
content (%), increase nutrients (N, P and K) availability and labile SOC fractions.

Keywords: IPNMS, Banana waste compost, Carbon fractions, Bacterial population.
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ABSTRACT

Cerium (Ce*") and cerium oxide nanoparticles (CeO-NPs) have diversified reported effects on
plants. Once dispersed in the environment their fate is not well understood, especially in co-
existence with other pollutants like cadmium (Cd). The effect of co-application of Ce and Cd is
reported in various studies, but the role of Ce source (ionic or bulk) and nanoparticle size is still
unknown in cereal plants like maize (Zea mays). To better understand the synergistic effects of Ce
and Cd, 500 mg kg™' Ce coming from ionic (Ce*" as CeSOs4) and CeO: nano sources (10 nm, 50
nm, and 100 nm) alone and in combination with 0.5 mg Cd kg™' sand were applied to maize
seedlings. Growth, physiology, root structure, anatomy, and ionic homeostasis in maize were
measured. The results revealed that Ce*' resulted in an overall decrease in seedling growth, and
biomass and resulted in higher heavy metal (in control sets) and Cd (in Cd spiked sets) uptake in
maize seedlings’ root and shoot. The effects of CeO2-NPs were found to be dependent on particle
size; in fact, under Cd-0 (non-Cd spiked sets) CeO»-100 nm showed beneficial effects compared
to the control. While under co-application with Cd, CeO>-50 nm showed net beneficial effects on
maize seedling growth parameters. The Ce alone, and in combination with Cd, altered the root
suberin barrier formation. Both ionic and nano Ce sources alone and in co-existence with Cd
behaved differently for tissue elemental concentrations (Ce, Cd, micronutrients like B, Mn, Ni,
Cu, Zn, Mo, Fe, and elements Co, Si) suggesting a strong influence of Cd-Ce coexistence on the
element’s uptake and translocation in maize. The Ce application has a divergent effect on maize
crops depending upon the Ce source under Cd stress conditions. Further investigations are needed
to properly understand the mode of transport and action of Ce-based nanomaterials.

Keywords: Heavy Metals, Maize, Micronutrients, Nanotechnology, Root barrier.
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ABSTRACT

The microecosystem provides biodiversity dynamics within confined ecosystems that helps in
conservation efforts and the preservation of diverse species. Further such concepts can be applied
for botanical research within these systems can shed light on plant-microbe interactions. The
current study was designed with the concepts of development and supervising climate change
factor and sustaining itself with help of available nutrients. The terrarium concept was applied in
6-inch, 12 inch and large capacity glass jars, including the biotic factors snails, earthworms,
mosses, small plants and beetles where abiotic components consisted of soil, pebbles, stones, and
charcoal. The system was held enclosed with no further addition of moisture or nutrients. The self-
sustaining system sustained for 15 days in 6inch beaker indicating the decline phase due to
temperature fluctuations, however the moisture and the other nutrient factors remained sustainable.
Critical observations were the plants displayed measurable size increase. The snail population
dwindled for unknown reasons where the moss underwent a chromatic deepening. Where in the
larger container the plant exhibited measurable growth in its physical dimensions. Slightly change
in moss color, the number of snail eggs expanded, and the snail eggs started showing signs of
movement. The overall system indicated to follow the Leibig’s Principle “The growth is regulated
by a limiting factor, i.e. the scarcest resource, rather than by the total resources available”. In
current research it was found that the system if remained undisturbed with proper proportion of
biotic components has capacity to self-sustain until the ecological overshoot is being reached.
However in a closed ecosystem the food and energy cycles have enough capacity to sustain for
longer duration and recycle the nutrients for itself.
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ABSTRACT

The presence of antibiotic resistance genes (ARGs) and mobile genetic elements (MGEs) in
livestock manure raises significant concerns regarding their impact on soil health. Composting,
often utilized to manage manure, presents an opportunity to study the fate of these elements and
their potential implications for future environments. Throughout the composting process, the fate
of ARGs and MGE:s is a complex interplay influenced by multiple factors. Temperature, moisture,
oxygen levels, and microbial activity all contribute to the transformation and degradation of these
elements. While some ARGs may decrease due to degradation or loss of MGEs, certain conditions
within the composting environment might favor the survival and persistence of resistant genes.
Understanding the dynamics of these elements during composting is crucial for evaluating their
risks to soil health. The potential transfer of ARGs from compost to soil ecosystems can disrupt
microbial communities, alter nutrient cycles, and pose threats to environmental and human health.
Consequently, mitigating these risks necessitates comprehensive assessments of composting
practices and their efficacy in reducing the abundance and transferability of ARGs. Efforts focused
on monitoring and managing composting processes can aid in designing strategies to minimize the
dissemination of antibiotic resistance. Moreover, integrating technologies that facilitate the
targeted degradation or elimination of ARGs during composting holds promise in mitigating these
threats. In conclusion, comprehending the behavior and persistence of antibiotic resistance genes
and mobile genetic elements during livestock manure composting is pivotal for assessing their
potential impact on soil health. Proactive measures, informed by scientific insights, are imperative
to mitigate these threats and preserve the integrity of our ecosystems.

Keywords: Antibiotic resistance, Livestock, Gene, Manure, Soil health
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ABSTRACT

The escalating global average atmospheric temperature, attributed to carbon-induced global
warming, poses severe threats to the Earth's climate, ecosystems, and biodiversity. The
consequences include the melting of polar ice caps, rising sea levels, and the disruption of natural
habitats for various species. This rapid environmental transformation is exacerbated by continued
human emissions of heat-trapping greenhouse gases (GHGs), with carbon dioxide (CO.) being a
critical Anthropogenic contributor due to its abundance and long atmospheric persistence. In
response to these challenges, we advocate a primary focus on Carbon Sequestration as a pivotal
strategy to mitigate carbon emissions. Carbon Sequestration involves the removal of carbon from
the atmosphere and its deposition in reservoirs, thus curbing global warming and related
environmental issues. The various reservoirs, known as carbon pools, can be natural or human-
induced. Notable strategies for carbon sequestration include carbon capture at power plants,
membrane gas separation, carbon capture and conversion, bioenergy with carbon capture and
storage, chemical looping, afforestation, reforestation, improved forestry, or agricultural practices,
and revegetation. Protecting and enhancing natural carbon pools, including soil, ocean, forest, and
the atmosphere, are also critical components of these strategies. This prospective highlights the
importance of adopting an integrated approach that combines natural and technological strategies
for comprehensive and sustainable carbon sequestration. It delves into the challenges,
opportunities, and potential synergies among different sequestration methods, emphasizing the
need for interdisciplinary collaboration, policy support, and technological advancements. The
successful implementation of these strategies is crucial for achieving a resilient and sustainable
future, addressing the global climate crisis effectively.

Keywords: Carbon sequestration, Global warming, Greenhouse gases, Climate change,
Sustainable practices,
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ABSTRACT

The annual waste of 36 million tons of food in Pakistan, with 40 percent being food waste, poses
a significant environmental and sustainability challenge. Outdated practices such as burning and
open dumping persist, contributing to pollution and greenhouse gas emissions. A mere 2% of
individuals engage in composting, and only half of the waste is recycled, further exacerbating
environmental issues. We propose a transformative solution at the household level by introducing
an automatic compost bin that segregates garbage at its source. Composting, a controlled and
aerobic process, facilitates the natural decomposition of organic materials into a nutrient-rich
mulch or soil supplement. The resultant compost, a crumbly, black material with an earthy aroma,
can be a valuable resource for enhancing plant development, preventing soil erosion, and
improving overall soil quality. By diverting waste from burning to landfills, this approach
significantly reduces strong greenhouse gas emissions, contributing to a cleaner environment. The
composting process not only addresses waste management challenges but also offers additional
benefits, including the balancing of pH levels, carbon sequestration, and the promotion of
biodiversity. This comprehensive methodology involves systematic stages such as garbage
collection, layering with soil, mixing, and temperature monitoring. Critical components, including
air and water moisture, oxygen, and a balanced ratio of carbon-rich (brown waste) to nitrogen-rich
(green waste) materials at 25-30:1, ensure the effectiveness of the composting process.
Implementing household-level composting as a sustainable waste management practice has the
potential to revolutionize waste disposal habits in Pakistan.

Keywords: Composting, Food waste, Automated composting bin, Household waste
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ABSTRACT

Intensive cultivation of crops and scarcity of fresh water have resulted in the increased use of
untreated wastewater for irrigation in developing countries, especially Pakistan. Untreated
wastewater usually contains a wide range of heavy metals. Once crops are exposed to this
contaminated water, they accumulate heavy metals in their edible parts and risk to humans and
animals. Therefore, there is a dire need of time to assess the heavy metal content in wastewater-
irrigated crops. The present survey study was conducted to monitor the heavy metals including
lead (Pb), cadmium (Cd), nickel (Ni), and chromium (Cr) in crops grown with untreated
wastewater in urban and peri-urban areas of Punjab, Pakistan. Heavy metal contents were
determined using a flame atomic absorption spectrophotometer. Results showed that among the
crops grown with untreated wastewater, 61.3% were contaminated with Cr, 55.4% with Pb, 54.6%
with Cd, and 14.6% with Ni when compared with the permissible limit. However, maximum
degree of contamination was observed in crops of district Gujranwala compared to crops grown
with wastewater in other districts. Based on these results, it is concluded that a substantial amount
of heavy metals was found in crops irrigated wastewater. Hence, it is recommended that
wastewater should be treated before irrigation on agricultural land.

Keywords: Sewage water, Heavy metal, Bioaccumulation, Edible part,
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ABSTRACT

Degradation of soil and water from discharge of untreated industrial effluent is alarming in
Pakistan. Therefore, buildup of heavy metals in soil from contaminated effluent, their entry into
the food chain and effects on rice yield were quantified in a pot experiment. Wastewater samples
were collected from two different industries and treatments were comprised as, control, Textile
effluent of Rashid Printing Textile (RPT) 100%, RPT with 40% dilution of tap water, Textile
effluent of Mamtaz Mehal Textile (MMT) 100%, MMT with 40% dilution of tap water, and
RPT+MMT effluents collectively with 50% dilution of tap water with industrial effluents applied
as irrigation water. Effluents, initial soil, different parts of rice plants and post-harvest soil were
analyzed for various elements, including heavy metals. Application of elevated levels of effluent
contributed to increased heavy metals in pot soils and rice roots due to translocation effects, which
were transferred to rice straw and grain. Results indicated that heavy metal toxicity may develop
in soil because of contaminated effluent application. Heavy metals are not biodegradable, rather
they accumulate in soils, and transfer of these metals from effluent to soil and plant cells was found
to reduce growth and development of rice plants and thereby contributed to lower yield. Moreover,
a higher concentration of effluent caused heavy metal toxicity as well as reduction of growth and
yield of rice, and in the long run, a more aggravated situation may threaten human lives, which
emphasizes the obligatory adoption of effluent treatment before its release to the environment, and
regular monitoring by government agencies needs to be ensured.

Keywords: Biomass, Crop yield, Heavy metals, Industrial effluent, Soil pollution.
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ABSTRACT

Biomarkers are biological precursors which are derived by the decay of C3 or C4 or mixed
vegetation types undergone degradation process millions of years before. The aim of the study was
to understand the paleoenvironmental and climate reconstruction from biomarkers in the soil and
oil seeps. For that purpose, oil seep and soil impregnated with oil was collected from the oil seeps
exposed in the Kohat and Potwar Plateau. It was observed that from GC-FID chromatogram nC15-
nC31 normal alkanes shows the moderate thermal maturity of the organic matter because light
hydrocarbons are present but high concentration of nC22-nC26 alkanes are also present. Pr/nC17
and Ph/nC18 ratios are 0.45 and 0.30 respectively (<0.5) indicates the non-biodegraded OM.
OEP29 value is 0.95 indicates the thermal maturity of the OM. TAR value is 1.91 indicates high
terrestrial organic matter input in the source. Terpanes is present in which marine organic matter
input seems dominant because marine biomarker C23 is in high concentration as compared to
terrestrial organic matter biomarkers C19 and C20. C19/C19+C23 ratio is 0.09 which indicates the
high marine organic matter input. Ts/Ts+Tm ratio is 0.52 which indicates that organic matter is
thermally mature, C28,30 Bisnorhoane is in very high concentration. C29/C30 ratio is 1.82 (>1)
indicated the carbonate lithology and a high ratio of G/C30 indicated the hypersaline depositional
environment. Oleanane index is also high almost 50% which leads towards the high terrestrial
input in organic matter. Homohopanes Index (H32S/ H32S+ H32R) value is 0.63, which also
reinforces the evidence of thermal maturity of organic matter. The sample is thermally mature
because C29BB/C29BB+C29aa and C29S/C29S+C29R ratios are in the range of 0.40-0.55, so
sample is falling in the thermally mature zone or oil window. The sample has mixed organic matter
input because C27/C29 ratio is 0.51, indicate that marine biomarker C27 steranes and terrestrial
biomarker C29 steranes are almost equal concentration so mixed source of organic matter. This is
concluded that the presence of all biomarkers except for n-alkanes is from oil and oil is the source
of such biomarkers in the soil.

Keywords: Biomarkers, Marine, Terrestrial, Terpanes, Hopanes.

112



mailto:sulemanorakzai@gmail.com

7
INTERNATIONAL “Soil Health:
;QﬁQﬂpﬁEusé A Key to Food Security”

SEDIMENTS BOUND PHOSPHORUS FRACTIONS AND ALGAL
AVAILABILITY FROM CONNECTING SOURCES OF RIVER
JHELUM PAKISTAN

Mohsin Zafar™, Gulfam Mohi-ud-Din?, Qamar Sarfaraz®

1Department of Environmental Sciences, Mirpur University of Science and Technology (MUST), Mirpur 10250
Azad Jammu and Kashmir-Pakistan

2School of Water and Environment, Chang'an University, Shaanxi, People’s Republic of China

3Department of Soil Science, Faculty of Agriculture, Lasbela University of Agriculture, Water, and Marine
Sciences, Uthal, Balochistan - 90150, Pakistan

*Email; mohsinses@gmail.com

ABSTRACT

Freshwater sediment may act as an internal source of legacy bound phosphorus (P) that can induce
algal production and decline overall water quality. This study assesses the mobility, bioavailability,
and origin of phosphorus in a diverse rural catchment of River Jhelum, Azad Jammu and Kashmir
(AJ&K). The sampling includes seven monitoring stations during summer to autumn 2020 at sub-
catchments scale and delineation was carried by using GIS terrain analysis tools. The time
integrated sediment samples were installed and three samplings (Summer-July, Autumn-
September and Fall-December) was carried out. Results indicated that TP contents from highest to
lowest for seasons as; summer (1657.9 mg kg'') > autumn (1619.5 mg kg'') > autumn (1387.4 mg
kg™!). The overall sediment TP contents for land use followed the pattern from highest to lowest
as; anthropic (2352.2 mg kg'!') > waste dumping (2296 mg kg™!) > agriculture (1540.7 mg kg™!) >
D1(1320.6 mg kg') > D2(1299.4 mg kg!) > outlet (1282.8 mg kg!) > forest (792.7 mg kg™).
Similarly, the overall inorganic P (Pin) the values for seasons were as; summer (1535.8 mg kg™') >
autumn (1507.8 mg kg™") > fall (1328.4 mg kg™"). The overall sediments P, content for locations
followed the pattern from highest to lowest were like that of TP. Individually, the anthropic and
city waste dumping site sediments showed highest concentrations of P during summer and autumn
seasons, respectively. The sediment bioavailable P (anion exchange resin extractable P) content
when ranked highest in sediments from waste dumping site (53.34 mg kg') > anthropic (50.12 mg
kg!) > agriculture (29.36 mg kg'') > D1(27.47 mg kg'') > D2(21.51 mg kg!') > outlet (17.88 mg
kg!) > forest (3.75 mg kg™!). Individually, higher bioavailable P was noted in anthropic sediments
followed by the waste dumping site during summer posing serious threats to water quality.

Keywords: Sediment, Phosphorus release, Fractions, Bioavailability, Land use.
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ABSTRACT

Atmosphere is the important part of our environment that sustains life on earth. The atmosphere
contains different types of gases in different quantities. All these gases are vital for living
organisms. Any dynamic change in the quantity of these gases affects the natural state of the
environment. Over the last few decades, due to increase in urbanization and industrial development
combined with more energy consumption, Asian countries have experienced vast changes in the
environment. In Pakistan, as compared to international standards energy consumption is very low
but the quality of air is deteriorating day by day. The major outcomes of this research involved
measuring the CO and CH4 concentrations at various sites across the Hattar industrial area. In this
study, the pollution concentration levels in two buffer zones at 100 and 200 meters from the study
area were measured using GIS interpolation techniques. This study also determined safe zones
with less greenhouse gases emissions. For calculating property values at locations outside the
range of the data points, IDW interpolation method was used. Moran’s 1 indicator was used to
explain the overall distribution of pollutants and whether they exhibit clustering properties. The
Getis-Ord Gi* statistic for each pollutant in the current study was generated using the Hot Spot
Analysis tool. There were hardly any methane reports. The results showed that both pollutants had
a random distribution pattern, and in buffer zone 2 the concentration level of pollutants was lower
than in buffer zone 1. This research showed that the pollutants ranges were within the permitted
limit. Road traffic, energy production and burning of solid waste were causing emissions of CO
and CHa4. To control the concentration levels of these gases there is a need to launch eco-friendly
Initiatives to regulate, safeguard, and improve ambient air quality so that people can live healthy
and productive lives.

Keywords: Greenhouse gases, Methane, Carbon monoxide, Air quality, Hattar industrial estate.
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ABSTRACT

This study investigates the effect of boundary conditions and treatment-time on the electrokinetic
(EK) desalination of salt-affected soil. The effect of ion exchange membranes (IEM), calcium
chloride (CaCl,), and ethylenediaminetetraacetic acid (EDTA) on the removal of salt (i.e., Na®,
CI", and Ca®") and metal (i.e., Co*" and Fe?") ions from the soil by EK was studied. For this
purpose, a DC electric field of 1 V cm™ was applied across the soil specimen via steel mesh
electrodes for 12, 24, 48, and 72 hours. The results show that an increase in treatment-time
decreased the electroosmosis and ion removal rate, which might be attributed to the formation of
acid-base fronts in soil, except in the IEM case. While applying IEM the electroosmotic flow
(EOF) was not observed within the soil specimen, therefore, the removal of ions took place only
by diffusion and electromigration. The results show that higher electroosmosis was observed by
using CaCl, and EDTA; thus, the removal rate of Co?", Na” and Ca?" ions was greater than CI ions
due to higher EOF. However, for relatively low EOF, the removal of Cl ions exceeded that of Co**,
Na*, and Ca*" ions, possibly due to a lack of EOF. In addition, the adsorption of Fe?" ions in soil
increased by increasing treatment time due to the corrosion of anode during all HEK experiments
except in the case of HEK-2, where AEM was introduced at the anode-soil interface.

Keywords: Electroosmosis, Electromigration, lon exchange membranes, EDTA, pH
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ABSTRACT

Cadmium (Cd) pollution is increasing around the globe and its trace quantity can severely affect
all living things, including plants. We conducted a pot experiment during summer 2023 following
a replicated Completely Randomize Design to investigate the effects of simulated wastewater
added with different Cd levels (5.0, 10 and 15 ppm as CdCl;) and Zn (20 ppm Zn as ZnSO4) on
the growth, yield and physiological traits of rice (cv. Shua-92). Results showed that the application
of simulated wastewater with Cd and Zn significantly affected the plant height, weight, panicle
weight, biological and grain yield of rice crop. Moreover, Chlorophyll a and b, proline and relative
water content were also significantly differed under all treatments. The non-significant effects of
all treatments were observed on number of tillers, panicle count, 1000 grain weight on each panicle
and straw yield of rice. The maximum increase for all parameters was observed under (5.0 ppm
Cd) with simulated wastewater treatment except grain weight/panicle, straw yield, proline and
relative water content were maximum at the level of (5.0 ppm Cd + 20 ppm Zn) with simulated
water. The minimum growth rate was found under control while minimum values of 1000 grain
weight on each panicle, biological yield, grain yield under (15 ppm Cd+ 20 ppm Zn). It can be
concluded from the above findings that application of (5ppm Cd) with wastewater couldn’t affect
the growth & development of rice genotype Shua-92. Moreover, this genotype didn’t respond to
Zn in presence of Cd. It can be suggested that this genotype should be further explored at different
combinations of Zn and Cd.

Keywords: Simulated wastewater, Rice, Cadmium, Zinc, Shua-92
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ABSTRACT

The toxic effects of cadmium (Cd) on wheat plants include the accumulation of reactive oxygen
species, disruption of antioxidant enzymes, interference with nutrient uptake, and reduction in
growth and yield. These effects highlight the importance of mitigating Cd stress in agricultural
systems to ensure the productivity and quality of wheat crops. Application of copper nanoparticles
(CuNPs) and hydroxyapatite nanoparticles (nHAP) is known as the most economical strategy to
reduce the adverse effects of Cd on plants. A pot experiment was conducted to remediate Cd-
contaminated soil by using CuNPs and nHAP during the growth of wheat crops. The results of the
current experiment revealed that the combined application of CuNPs and nHAP increased plant
height (73%), root length (63%), spike length (44%), shoot dry weight (57%), root dry weight
(63%), and grain yield (49%) compared to the Cd-contaminated control. Similarly, the
physiological attributes of wheat crop leaves were improved by the combined application of
CuNPs and nHAP, relative to the application of CuNPs and nHAP alone at different rates. The
photosynthetic rate, transpiration rates, stomatal conductance, and sub-stomatal CO; intake
increased in the combined application of CuNPs and nHAP by 45%, 63%, 49%, and 55%,
respectively, compared to the control treatment. These findings highlight the potential of CuNPs
and nHAP for mitigating the toxic effects of Cd on wheat plants and improving their growth and
physiological performance in Cd-contaminated soil. The study provides valuable insights into the
use of nanomaterials for remediation of heavy metal-contaminated agricultural soils and the
enhancement of crop productivity under Cd stress.

Keywords: Cadmium, Hydroxyapatite, CuNPs, Grain yield, Stomatal conductance, Crop
productivity.
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ABSTRACT

The utilization of wastewater for irrigation can lead to the accumulation of heavy metals in soils
and crops, ultimately resulting in the entry of these toxic metals into the human food chain. This
research investigates the accumulation of heavy metals in spinach cultivated using irrigation
waters ranging from good to marginal quality, with or without soil zinc (Zn) application. In this
experiment, different types of irrigation water including distilled water (control), wastewater, canal
upstream water, canal downstream water, and tubewell water were used. Since there were
significant differences in heavy metal loads at different sites, a composite wastewater sample from
14 disposal stations across Multan city was collected for wastewater irrigation. Additionally, two
rates of Zn (0 and 8 mg Zn kg') were applied to the soil as zinc sulfate heptahydrate
(ZnS0O4.7H20). Throughout the growth period, the pots were irrigated with the respective irrigation
waters. Preliminary observations indicated that spinach irrigated with wastewater and canal
downstream water, supplied with Zn, exhibited better yield compared to no soil Zn application and
irrigation with tubewell or distilled water. This suggests a significant effect of heavy metal
contamination through irrigation water and soil Zn application. In conclusion, wastewater
irrigation coupled with Zn application is likely to reduce the uptake of heavy metals in crops. This
not only ensures safer and sustainable agriculture production but also safeguards human health by
minimizing potential exposure to heavy metals.

Keywords: Accumulation, Heavy metals, Irrigation, Spinach, Soil, Wastewater, Zinc
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ABSTRACT

Despite being cost-effective, wastewater irrigation carries environmental and health risks. This
study compared the effectiveness of low-temperature (350°C) pyrolyzed green-waste biochar
(GWB) and popular-twig biochar (PTB) in removing Cd, Cr and Pb from wastewater and in heavy
metal sorption in soil. The study also assessed treatment effects on irrigation water quality and soil
fertility. In the first part, municipal wastewater was treated with GWB and PTB at 0, 1,2, and 4 g
L!. The highest rate of GWB had the highest capacity to remove heavy metals, ranging from 88%
to 96%. The maximum metal sorption capacities, up to 1093 nug g !, were with 1 g GWB L.
Biochar also significantly increased the concentrations of nitrate-N, phosphate-P and total K in the
wastewater. In the second part, an alkaline-calcareous was incubated for 90 days after amending
with GWB and PTB at 0, 1 and 2% (w/w). During the incubation, the soil was irrigated with the
municipal wastewater. Biochar additions significantly decreased plant-available concentrations of
Pb, Cd and Cr, and increased microbial biomass C, microbial biomass P and alkaline phosphatase.
In conclusion, treating wastewater with 4 g GWB L™! was the most effective in removing Cd, Pb
and Cr from wastewater, but the metal sorption capacities were maximum at 1 g GWB L',
Similarly, wastewater-irrigated soil amended with 2% GWB had the lowest concentrations of
plant-available Cd, Pd, and Cr with a significant increase in nutrient availability. These findings
contribute to the safe use of wastewater for irrigation.

Keywords: Alkaline-calcareous soil, Biochar, Heavy metal, Municipal wastewater.
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ABSTRACT

This study has explored the utilization of a cost-effective and efficient adsorbent for the removal
of cadmium (Cd) from polluted water sources. The eucalyptus underwent pyrolysis and subsequent
treatment with potassium permanganate to produce Potassium Permanganate-modified biochar
(KBC), enhancing its ability to adsorb Cd. A variety of methodologies were utilized to
comprehensively analyze and explore the physicochemical properties of KBC. In addition, a
comprehensive evaluation was conducted to analyze the influence of various environmental factors
on the capacity and rate of Cd (II) adsorption. These factors include temperature, adsorbent dosage,
pH, adsorption duration, and starting concentration. The mechanism of Cd (II) removal by KBC
has been studied in detail through adsorption kinetics, isotherms, and thermodynamics. It is worth
noting that KBC exhibits a significantly higher sorption capacity for Cd (II) at 31.05 mg g"!, in
contrast to the 26.438 mg g g observed for unmodified biochar (BC). The removal rate reached
an impressive 99.36% under optimal conditions. These conditions included a pH of 5, a dosage of
80.0 mg, and contact duration of 6 hours, at temperature of 25°C, and an initial concentration of
50.0 mg L!. The adsorption mechanism aligns with the Langmuir isothermal adsorption model
and the pseudo-second-order kinetic model, indicating monolayer adsorption on a uniform surface
with spontaneous heat absorption due to combined chemical and physical factors. The Cd (II)
adsorption mechanism is primarily driven by the oxygen- and manganese-containing groups of
KBC, which utilize complexation, oxidation, and cation-n electron interaction. Based on the data
analysis, it can be concluded that the application of potassium permanganate to modify eucalyptus
biochar is an effective method for removing heavy metals, specifically cadmium.

Keywords: Heavy metals, sorption, biochar.
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ABSTRACT

Municipal solid waste management is a serious problem all over the world. Anaerobic digestion
of organic part of municipal waste to produce biogas to be used as a source of energy could be
useful technique in developing countries to manage municipal solid waste. In this research study
anaerobic digestion of municipal solid waste was carried out in different combinations with
hydrogen and methane producing bacteria to see the possibility of biohythane production
(methane+hydrogen). The study was carried out in biogas unit of PMAS-Arid Agriculture
University Rawalpindi, Pakistan. The treatments included: City waste (CW), City waste (CW) +
Clostridium beijerinkii (HPB), City waste (CW) + Methanobacterium thermoautotrophicum
(MPB). City waste (CW) + HPB+MPB. Plastic drums (250 L) with proper sealing and inlet, outlet
valves were used for anaerobic condition purpose. Temperature and moisture were recorded
regularly through a digital hygrometer installed in each plastic drum. Anaerobic digestion
continued for 60 days. The results indicated that the highest value of CH4 was 74.2 % in
CW+MPB+HPB followed by 64 % in CW+MPB. The highest value of H> was 14.96 % in
CW+MPB+HPB followed by 10.53% in CW+HPB. The highest value of H>S was 63.3ppm in
CW+MPB+HPB followed by 54.66ppm in CW+HPB. The highest value of CO was 850 ppm in
CW-+MPB followed by 680 ppm in CW+HPB. Chemical analysis of composts revealed that pH
varied from 7.4 to 7.7 and overall, it was close to neutral. Electrical conductivity of composts
varied from 1467.4 mg/L to 1667.5 mg/L. Total nitrogen, phosphorus and potassium content of
these composts varied from 2.2% to 2.93, 0.25 to 0.89% and 3.2 to 3.8% respectively. The
anaerobic composts produced in above experiment were used in greenhouse study to check the
effect of application of various composts on soil and plants. Maize was sown as test crop in pots
for 60 days. Treatments included application of four composts, i.e. CW, CW+MPB, CW+HPB,
CW+MPB+HPB and then application of these composts along with half dose of recommended
NPK for maize. It was noted that plant growth parameters, i.e. plant height, fresh biomass weight,
along with macro and micronutrient content of soil and maize plants were higher with the
application of CW+MPB+HPB+1/2NPK  followed by CW+MPB+1/2NPK and
CW+HPB+1/2NPK. Although H; emission was less than desired but if it can be improved close to
20% then this mixture can be used for biohythane production also.

Keywords: Biogas, City waste, Anaerobic digestion, Soil, Compost.
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ABSTRACT

The aridity and intensive cropping pattern in Pakistan give rise to numerous insect and pests which
warrants pesticide application in increasing quantity year by year. In a judicious way use of
agriculture pesticides is, however, a great concern for both food safety as well as environmental
protection. The sale and export especially under free trade agreements and the WTO scenario, the
export of fruit, vegetables, and cereals, to the modern international market is strictly regulated, in
terms of technical trade barriers, for pesticide residues concerning the established maximum
residue limits (MRLs). Keeping in view, a trial was conducted at Pesticide Residue Laboratory,
Kala Shah Kaku in 2022-23 to assess the presence of residues of commonly used pesticides on the
vegetables; Imidaclopride (25% WP) and Lufenurone (5% EC) (insecticides), Thiophenate methyl
(70%WP) (Fungicide) haloxy fop-P methyl (10.8%EC) (Herbicide) Okara, Brinjal and Chilli.
Herbicide was applied to all plots @ 350 ml/acre at the time of sowing. Similarly, thiophene methyl
was applied to all plots @ 100 g/acre at flowering, while two insecticides were applied in
respective plots at flowering at 200 g/acre and 400 ml/acre. The aim of the study was to evaluate
the metabolic conversion of the thophenate methyl to carbendazim and to study any possible effect
of accompanying insecticide on this conversion in three selected vegetables. Results of the study
showed that Imidaclopride, lufenuron, and haloxyfop-P methyl did not cause any residue in all 3
vegetables in detectable quantity. However, the use of thiophenate methyl produced carbendazim
residues, which were subjected to change in the presence of two different insecticides in all three
vegetables namely Brinjal, Chilli, and Okara. Factors and analysis have shown that in Okra the
thiophenate methyl metabolism into carbendazim was more facilitated in the presence of
Imidacloprid than lufenuron where 2.75 ppm of carbendazim was detected as compared to 1.31
ppm with imidaclopride and lufenuron respectively. The same was the case with the other two
vegetables (Chilies and Brinjal), the same amount of thiophenate methyl (@100 g/acre) yielded
0.74 and 1.98 ppm carbendazim with imidaclopride while lufenuron insecticide 0.26 and 0.56 ppm
with lufenuron. So, the choice of insecticide affects the conversion of thiophenate methyl into
carbendazim which is currently a serious issue with Pakistan's exports to the international market.
The message could be important for extension workers, industry, exporters, and the farming
community at large.

Keywords: Thiophenate methyl, Carbendazim, Pesticide residues, Vegetables.
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ABSTRACT

Cadmium (Cd) pollution is of concern in many countries, particularly where untreated wastewater
is disposed of in agricultural soils. Previously experiments have been conducted using bulk
particle-sized amendments, but there is a lack of research specifically by using micron-sized
organic and inorganic amendments. The current pot experiment was conducted to investigate the
efficiency of micron-sized (< 140 pm) gypsum (Gyp), single super phosphate (SSP), rock
phosphate (RP), rice husk biochar (RHB), farmyard manure (FYM), compost (CMP) amendments
on the growth, physiological characteristics, and antioxidant enzyme activities of maize crop in
artificially (30 mg kg™!' and 60 mg kg!') Cd contaminated soils. The application of RHB having <
140 um micron-size showed a maximum increase in plant length (50.01%, and 43.68%), shoot dry
weight (122.80% and 95.87%), and grain/cob weight (103.96% and 90.67%) was measured in 30
and 60 mg kg™ soil respectively as compared to control. Similarly, the maximum increase in
chlorophyll contents 80.59% and 70.97%, photosynthetic rate 70.63% and 61.57%, stomatal
conductance 98.64% and 88.91%, and transpiration rate 92.98% and 82.80% was measured for
RHB in both 30 and 60 mg kg' Cd contaminated soils respectively. Maximum increase in
antioxidant enzyme activity parameters like sodium dismutase (66.96% and 58.14%), peroxidase
(73.77% and 67.62%), catalase (81.05% and 70.82%), and ascorbate peroxidase (85.37% and
74.55%) at various Cd contamination levels 30 and 60 mg kg™! respectively, was measured in soil
where RHB was applied. Overall, the above results showed that RHB having < 140 pm size was
the most efficient source for increasing growth, yield, physiological characteristics, and enzyme
activities of maize crop in Cd-contaminated soils.

Keywords: Cd Contaminated Soils, Food safety, Maize Growth, Micron-sized amendments.
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Ayta Umar!, Muhammad Nadeem?, Shahid Hussain", Ammara Basit!
1Department of Soil Science, Faculty of Agricultural Sciences and Technology, Bahauddin Zakariya University,
Multan 60800, Pakistan

’Department of Agronomy, Faculty of Agricultural Sciences and Technology, Bahauddin Zakariya
University, Multan 60800, Pakistan

*Email: shahid.hussain@bzu.edu.pk

ABSTRACT

Wastewater irrigation may add toxic metals like Cd into soils, potentially contaminating edible
plant parts and the human food chain. This research investigated inflows and outflows of Cd and
Zn in soils during a two-year wheat-sorghum rotation, affected using irrigation water. This field
study included two experimental sites (a control site and an exposed site) and two cropping seasons
(201920 and 2020-21). At exposed site, both total and DTPA-extractable Cd and Zn
concentrations in the soil were higher than those at control site. This difference was attributed to
the use of contaminated irrigation water and wet atmospheric depositions at exposed site. At
exposed site, Cd and Zn balances in wheat cropping seasons ranged from +66 to +71 g ha™' for Cd
and from +274 to +301 g ha™' for Zn. In sorghum cropping seasons, these balances ranged from
+80 to +86 g ha™' for Cd and from +148 to +152 g ha™' for Zn. At control site, Zn balance was
negative that ranged from —67 to —77 g ha™! and from —227 to —228 g ha™' in wheat and sorghum
cropping seasons, respectively. Conversely, the Cd balance was positive and ranged from +4 to +7
g Cd ha™' in both years for the two crops. Crop removal was the major outflow pathway of Cd and
Zn from the soils of both sites, with sorghum being the exhaustive crop. In general, concentrations
of Cd and Zn in plant samples were higher at exposed than control site. Consequently, wheat at
exposed site had grain Zn concentration (35-36 mg kg™') close to the desirable limit but the Cd
concentration (0.30-0.33 mg kg') exceeded the permissible limit. Therefore, it is advisable to
remove metals from wastewater before discharging the water into drains. Moreover, for
contaminated sites, the design of crop rotations should be based on the rates and sources of metal
inflows as well as the types of crops being cultivated. Conversely, for sites with minimal heavy
metal exposure, the application of Zn to low-Zn calcareous soils is imperative to achieve optimal
crop yields.

Keywords: Cadmium, Inflows and Outflows, Wastewater irrigation, Wheat-sorghum rotation,
Zinc.
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ABSTRACT

The re-suspension of urban road dust particles, containing high concentrations of hazardous
metals, stands as a primary source of particulate matter impacting human health and air quality. To
assess dust levels containing heavy metals, we targeted four sampling sites in Lahore: Punjab
University's new campus, Canal Road, Services Hospital Lahore, and a commercial site near
Jahangir Tomb. At each site, we evaluated five available Ulta Ashok trees (Polyalthia longifolia).
From each tree, two old and two young leaves were collected. One leaf from both the old and
young categories underwent washing, while the other remained unwashed. This process was
replicated for all trees at all four sites. The study revealed higher concentrations of Cd (0.35 mg
kg), Pb (2.45 mg kg!), and Zn (6.12 mg kg') in Ulta Ashok leaves from commercial sites,
whereas Punjab University exhibited the lowest values of Cd (0.25 mg kg™!), Pb (1.79 mg kg™),
and Zn (5.43 mg kg™!). Moreover, a strong positive correlation was observed between foliar toxic
metal quantities and dust retention, particularly for smaller particles. This suggests that hazardous
metals are absorbed through the leaf surface subsequent to dust deposition. The findings further
indicated that trees situated in commercial areas and near busy highways were more prone to
accumulating dust, including metals.

Keywords: Particulate matter, Dust, Heavy metals, Foliar transfer, Risk assessment, Human health.
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ABSTRACT

The effect of the chelator Diethylene Triamine Pentaacetic Acid (DTPA) on the phytoaccumulation
of lead (Pb) and cadmium (Cd) by lettuce (Lactuca sativa) has been systematically analyzed. In
order to investigate metal sorption on agricultural soils from various regions, two separate
experiments have been carried out. Three months of greenhouse trials show that adding metal
chelators significantly increases lettuce growth. In the first phase of experiment the influence of
chelator on phytoaccumulation of Pb and Cd by lettuce shows that Cd has a higher propensity for
forming complexes with plant enzymes and translocate from roots to shoots more effectively than
Pb. The competitive adsorption of particular metals on agricultural soils has been evaluated
through batch studies in lab setting. The bioavailability of Cd has been improved with the rising
concentration of DTPA while an opposite trend observed for Pb, highlighting a complex interaction
between metals and chelators. Moreover, plant dry biomass decreases by more than 50% with an
increase in chelator’s concentration while three-month DTPA treatment results in a significant
metal solubility in soil signifies increase in bioavailability followed by slight degradation. The
regression models were trained and optimized to predict the adsorption capacity according to plant
characteristics, metal sources, environmental conditions (e.g. temperature and pH), and the initial
concentration of metals. Langmuir isotherm analysis supports effective metal adsorption on soil
surfaces, emphasizing robust degrading capability. Notably, lettuce demonstrates superior
phytoaccumulation and adsorption capacity for Cd compared to Pb. These findings underscore the
complex dynamics of metal-chelator interactions, providing crucial insights for optimizing metal
remediation strategies in agricultural contexts. This study contributes to practical approaches for
enhancing soil health and plant productivity in metal-contaminated environments.

Keywords: soil sorption, predictive modeling, phytoaccumulation, soil health, DTPA.
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ABSTRACT

The MCPA is highly mobile herbicide, being one of the widespread pesticides detected in potable
water sources. Sorption on biochar’s restricts unchecked pesticides movement avoiding harm to
unidentified targets. Long-lasting sorption though could restrict herbicide bioefficacy,
compromising usefulness as vital crop protection input. This research was planned to evaluate
effect of pyrolysis temperatures (350, 500 and 800 °C) on easily available feedstocks; poultry
manure (PM), rice hulls (RH) and wood pellets (WP) finding possibility in tailoring biochar with
MCPA sorption but reversibly, not affecting purpose of application. The MCPA concentration
levels included: 0.1, 0.9, 4.7, 9.4, 25 and 50 mg L™!. Pyrolysis temperature brought more carbon,
ash contents, C/N and C/H, while O/C decreased in biochars over temperature increments.
Sorption increased with pyrolysis temperature from 350 °C to 800 °C. For % sorption, descending
order was poultry manure (53.23%) > rice hulls (50.40%) > wood pellets (48.33%). Slope (1/n)
values were <1, L-type isotherm, showing MCPA sorbed more at low herbicide concentration.
Poultry manure and rice hulls pyrolyzed at 800 °C (PM800 and RH800) continued sorption during
first desorption step in 24 h. PM800 continued sorbing MCPA even on increasing concentrations,
taking almost all (> 99%) from solution. Sorption/desorption coefficients were corelated strongly
(R? = .982; p < .05). Desorption decreased with the increase in pyrolysis temperature. For mean
%desorption, order could be wood pellets (32.17%) > rice hulls (28.24%) > poultry manure
(27.17%). Lower Hysteresis coefficient (H) values with increased pyrolysis temperature also
showed variation in desorption pattern from that of sorption, sorbing more than desorbing.
Sorption/desorption data fit to Langmuir, Freundlich, Dubinin—Radushkevich and Temkin isotherm models.
Langmuir parameters were better corelated with MCPA sorption/desorption {R*=-0.850 (sorption) and R?
= -0.831 (desorption); p < 0.05}. Poultry manure and rice hulls when pyrolyzed on higher temperatures
(500 and 800 °C) could be referred to after spills, accidental leakages and other direct losses for soil and
water contamination. While wood pellets and rice hulls pyrolyzed on 350 °C could sorb better quantities of
MCPA to cover indirect losses including runoff and drift at first step nevertheless desorbing subsequently
to let herbicide perform effectively for the intended use of application.

Keywords: MCPA, Sorption, Desorption, Biochar, Pyrolysis, Temperature
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ABSTRACT

Accelerants can effectively enhance the performance of the anaerobic digestion (AD) system. It
is hypothesized that methanogens present in the inoculum (Intestinal fluid) can enhance the
process of biodegradation and biogas production due to which nutrients could mineralize and
bentonite may further increase the biodegradation process due to Direct Interspecies Electron
Transfer (DIET). The objective of this study was to optimize the best composition of accelerants
(bentonite and biochar) for the optimization of biogas production and to assess the effect of sole
as well as combined accelerants for optimizing digestate nutrients contents. To improve the
biogas yield and digestate utilization of anaerobic digestion (AD), low-cost composited
accelerants consisting of bentonite (BT) (0.5, 1.0, and 2.0 g/L) and biochar (BC) (0.12, 0.16, 0.20
g/L) and composite (0.25g/L BT+0.6g/L BC, 0.5g/L BT+ 0.8g/L BC and 1.0g/L BT+ 0.10g/L
BC) were conducted in batch experiment with a constant temperature of (36 = 1°C). Total biogas
yield (580 mLg™! VS) was the highest for bentonite (2.0 g/L), followed by bentonite (1.0 g/L and
0.5 g/L) and was the lowest in the control group (441 mLg™! VS). The total solid, volatile solid,
and chemical oxygen demand removal rates (42%, 47%, and 48%) for anaerobic digestion with
bentonite (2.0g/L) were much higher than the control group (31.4%, 36%, and 37.9%). The
enhanced fertilizer nutrient content (4.04%) confirmed that the digestate with bentonite (2.0 g/L)
could safely serve as a potential component of organic fertilizer. It is concluded that low-cost
accelerants not only enhance the biogas yield but also increase the nutrient content of the
digestate.

Keywords: Anaerobic digestion, Additives, Organic fertilizer, Digestate fertility, Intestinal waste.
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ABSTRACT

Heavy metals also termed as potentially toxic elements can enter the food chain through different
anthropogenic activities. Sewage irrigation of crop plants is one of these unwanted activities. Use
of several organic and inorganic amendments to immobilize or reduce the availability of metals to
crop plants is recommended. Biochar is an organic amendment prepared through pyrolysis of
organic wastes and has proved itself a promising soil amendment. An experiment was designed to
check the biochars (BCs) capacities prepared from different type of feedstocks to adsorb HMs.
The different concentrations 0.0, 0.5, 1.0, 2.0, 5.0, 10.0, 20.0, 40.0, 60.0 and 80.0 mg L™! of single
elements solutions were prepared and added in centrifuge tube containing 2 g of BC. The
treatments were T1 Control (Without Biochar), T> Cotton Stalks Biochar (CSBC), T3 Rice straw
Biochar (RSBC), T4 Poultry Manure Biochar (PMBC), Ts Lawn Grass Biochar (LGBC), Ts
Vegetables Peel Biochar (VPBC), T; Maize Straw Biochar (MSBC), Ts Rice Husk Biochar
(RHBC). The tubes filled with suspension of BC and metals solution were shaken on mechanical
shaker, centrifuged for 10 min (2000 rpm) and finally clear filtrate was extracted. The equilibrated
filtrates were analyzed for concentration of heavy metals (Cd, Pb, Fe, Pb, Ni). The concentrations
of BC-sorbed metals were measured by calculating the difference of applied solution and
remaining concentration in that applied solution. The sorption data was fitted for two nonlinear
isotherm models (Freundlich and Langmuir) and adsorption parameters were investigated. The
results showed that the rate of sorption was fast at initial solution concentrations due to maximum
available empty spaces for metals. All the BCs were good sorbent for all HMs because, the
presence of negatively charge functional groups surface of BCs in addition of different feedstocks
make it best for sorption. The results indicated strong sorption affinity of all BCs for all metals
except Fe in applied form of solutions. It was concluded that the Freundlich and Langmuir
equations (linear) were best fit on adsorption data.

Keywords: Biochar, Heavy-metals, Sorption, Bio-remediation.
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ABSTRACT

Heavy metal pollution has become a significant concern due to its toxic effects on humans, plants,
animals, and the environment. The presence of heavy metals like lead (Pb) in agricultural soils
needs to be remediated to fulfil the food needs of the world's enormous population. Different
physical, chemical, and biological methods are used to remediate soil pollution with heavy metals.
However, the combined application of metal-tolerant bacteria with chemical amendments is
getting attention due to their cost-effectiveness and environment-friendly nature. Plant growth-
promoting rhizobacteria (PGPR) are involved in growth promotion, yield improvement, and
physiological processes of plants. Compost improves soil structure and provides the substrate to
microbes. Therefore, in the present research, lead-resistant bacteria and compost as an organic
amendment were used to enhance the growth of spinach and immobilize the lead. Lead nitrate was
used to spike the soil with three levels (0, 500, and 800 ppm) of lead. It was observed that PGPR
(Bacillus safensis N-11) and compost applications demonstrated good results in lessening the
toxicity of Pb and improving the growth, physiology, and antioxidant status of spinach. However,
the combined application of PGPR and compost significantly enhanced the plant height (28%),
plant dry weight (31%), chlorophyll SPAD value (30%), relative water content (27%), and
membrane stability index (28%) of spinach as compared to control under 800 ppm Pb
concentration. Moreover, the combined application of PGPR and compost significantly reduced
the proline content (21%), CAT (26%), POD (26%), POX (29%) SOD (23%) of spinach at 800
ppm Pb. Further, significant reductions in shoot and root lead content were also observed, which
were 35% and 21% less than the respective control at 800 ppm Pb concentration, respectively. It
is concluded that the combined use of Bacillus safensis and compost can enhance spinach growth
and immobilize Pb under contaminated conditions.

Keywords: PGPR, Spinach, Lead, Heavy metal stress, Bacillus safensis, Compost.
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ABSTRACT

Soil is a geochemical sink for all the waste of our planet. Heavy metals lead to the cause of
contamination in agricultural soils. Heavy metals accumulate in agricultural soil adversely affect
plant growth. Among Heavy metals Copper and Cadmium have serious adverse effects on plant
growth and human health. To determine the impact of copper application on maize crop growth in
cadmium contaminated (Clayey Loam) soil (pH 7.4, EC 1.32dS m™!, SAR 7.4) a pot experiment
was conducted using Cd Contaminated soil (30 mg kg as CANO3), to investigate the effect various
level of Copper applied in Cadmium contaminated soil in Maize crop. In cadmium contaminated
soil copper was applied @ 15 and 30 mg kg™ using CuSOs salt. Results indicated that copper
application did not have positive effect on the growth of Maize crop. However, after control
treatment (normal soil) the maize growth attributes were improved with the application of Cu@]15
mg kg™!. Our investigation suggests that copper application @15 ppm in cadmium contaminated
soil can effectively ameliorate the cadmium stress.

Keywords: Contaminated Soil, Cadmium, Copper, Maize.
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ABSTRACT

The heavy metals like Nickle (Ni), Copper (Cu), Cadmium (Cd) and Lead (Pb) have ability to alter
the structure of soil. These metals are unnecessary and have bad impacts on the life of flora, fauna
and microorganisms. The study objectives were assessing the substantial metals and nitrogen
accumulation in cabbage and cauliflower at maturation stage by the application of industrial
effluents. The study was conducted in wire house at SARC, University of Agriculture Faisalabad.
The samples of water were collected from four different sites like masood textile mill (MTM),
ibrahim fibers, sitara chemical and canal water. Then the following treatments were used for
irrigation: T1 = tap water, T2 =25% MTM+ 25% (sitara +ibrahim) + 50% tap water), T3 = Masood
Textile Mill (MTM), T4 = Sitara Chemical + Ibrahim fiber, TS = (50% MTM+ 50% (Sitara
+Ibrahim). The physio-chemical and biological analysis of water, Soil and Plant like EC, pH, RSC,
SAR, TDS, TSS, Soil particles distribution analyses, turbidity, BOD, COD, growth parameters of
plants, and instrumental analyses were performed. The data obtained from these parameters was
analyzed statistically. The results showed that the maximum chlorophyll contents (77.40),
membrane stability index (80.8%), relative water contents (93.04%), shoot fresh weight (216.2),
root fresh weight (13.2 g), flower fresh weight (95.4 g), shoot dry weight (41.08 g), root dry weight
(5.31 g), flower dry weight (25.5 g), root length (14.1 cm), flower circumference (73.8 mm) and
total nitrogen in root (0.39%), shoot (0.37%) and flower (0.31%) were recorded in TI (canal water)
and minimum in T6 (50% MTM+ 50% (Sitara +Ibrahim) in cabbage relatively cauliflower. While
the maximum concentration Pb in shoot (2.72 ppm) and root (2.87 ppm) and Cu in shoot (3.28
ppm) and root (3.34 ppm) in the T6 (50% MTM+ 50% (Sitara +Ibrahim) and minimum in T2 (tap
water) in cabbage as compared to cauliflower respectively.

Keywords: Brassica, Heavy metals, Industrial effluents, SARC, Food quality.
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ABSTRACT

Biosurfactants are amphiphilic compounds produced extracellularly by microorganisms on cell
surfaces, or excreted extracellularly. They contain hydrophilic and hydrophobic moieties that
reduce surface and interfacial tension between molecules at the surface and interface respectively.
Focus of the present study was on the isolation of bio surfactant producing bacteria from (tannery
wastewater) and assessing the potential of these isolates for biosurfactant production. Oil
displacement, hemolytic activity, CTAB assay and emulsification index methods were used to
screen the capability of isolates for producing biosurfactant. Additionally, simultaneously
biodegradation potential of selected isolate for azo dyes and chromium (VI) was investigated. For
Emulsification index among all the isolates strain K-3, K-1 K-17, S-13, and S-5 showed up to 40%
emulsification after 24 hours. Best oil displacement activity was observed in strain K-6. This strain
could displace 2 nm diameter to 8 mm. Best hollo zone formation on CTAB media plates observed
by strain S-5 and K-3. For blood hemolysis test, best result was observed for K-3 and S-5 bacteria
strains. Best results for chromium at 2 mgL! were shown by strain S-13 as compared to control
Up to 90 % degradation was observed after 48 hours of incubation of bacterial strains. Two best
strains (K-3, S-13) were selected from study based on their degradation potential and their
degrading capability. Maximum decolonization for Azodye Reactive-5 black was shown by strain
S-13 on all concertation (15 mgL',100 mgL'150 mgL') and bacterial strain K-3 was found with
best simultaneous degradation potential for azodye and reduction potential for chromium.

Keywords: Biosurfactant, Biotreatment, Tannery, Effluent, Dye, Chromium
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ABSTRACT

Arsenic (As) immobilization through adsorption and precipitation by inorganic and organic
supplements might be an important strategy for improving the productivity of contaminated soils. In
two independent experiments, four P levels (0, 5, 10 and 20 g kg™ phosphate rock) and four FYM
levels (0, 20, 35 and 50 g kg™) at two As contamination levels (60 and 120 mg kg soil) were
tested in three different textured soils (sandy, loamy and clayey) to evaluate the effect of P and
FYM on As dynamics in soil and toxicity to sunflower (Helianthus annuus L.). Increasing P
supplementation increased labile (L-As), calcium-As (Ca-As), organic matter-As (OM-As) and
residual As (R-As) while decreased iron-As (Fe-As) and aluminum-As (Al-As) in all the three
textural types. P restricted As movement to plants, and mitigated the As-induced oxidative stress
which was evident by a significant (P < 0.05) reduction in hydrogen peroxide (H202),
malondialdehyde (MDA) while increase in glutathione (GSH), and consequently improved the
achene yield. FYM was also found to decrease water soluble As (WS-As), L-As, Al-As, Ca-As
but increased R-As, OM-As and Fe-As. FYM mediated immobilization was increased with
increasing its rate of application, and highest effect was noticed in clayey textured soil. As
Speciation in soil also significantly (P < 0.05) varied with FYM, reduction in arsenate while
increase in arsenite, mono-methyl arsenate and di-methyl arsenate with increasing the rate of FYM
supplementation. Bioaccumulation factor declined with FYM, and maximum decline of 38.65%
and 42.13% in sandy, 34.24% and 36.26% in loamy while 29.16% and 35.10% in clayey soils at
As-60 and As-120, respectively by 50 g kg™ FYM as compared to respective As level without
FYM. As mobility in soil and uptake plant was significantly (P < 0.05) declined by P and FYM
with the subsequent improvement in sunflower growth and yield.

Keywords: Bioaccumulation, Farmyard manure, Fractionation, Phosphorus, Speciation, Soil
texture, Sunflower.
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ABSTRACT

Fresh water is scarce in Pakistan and may become distinct entity in future. Thus, it is becoming
imperative for the farmers, particularly in close vicinities of industrial areas, to use polluted
wastewater for irrigation. Therefore, we investigated the removal of chromium (Cr) from
artificially contaminated water using rice straw as a bio-sorbent, which represents a viable,
ecofriendly, and cost-effective solution to the problem. Fine milled rice straw was treated with acid
(HNOs3) and alkali (NaOH) solutions to expose its exchange sites and functional groups. Firstly,
the optimum adsorbent dose, water temperature and pH rendering maximum adsorption were
determined using various levels of each variable in batch experiments. In each case, 50 mL of
contaminated water containing 3 mM Cr (III) was treated with the adsorbent. Later, adsorption
isotherms (Langmuir and Freundlich) were studied to determine the adsorption capacity of rice
straw at the optimized adsorbent dose, temperature and pH values using series of Cr contaminated
waters. The maximum adsorption was found at 6 pH and 45 °C temperature under the controlled
environment. Chromium adsorption to the bio-sorbent was best described by Langmuir adsorption
model (R?= 0.98), and the bio-sorbent was found to adsorb substantial amount of metal from
solution leaving water safer for agricultural use. The results suggest that agricultural waste like
rice straw may be used as bio-sorbent to remove pollutants from wastewater discharged by industry
for irrigation without affecting soil health.

Keywords: Water pollution, Food safety, Soil health, Environment.
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RESPONSE OF Acacia ampliceps UNDER WATER AND CHROMIUM
STRESSED SOILS
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Nain Tara Mushtag!, Noman Zahid!, Amina Abdul Rahim?, Laraib Noor?, Ayesha Abid?,
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ABSTRACT

Due to textile and leather industrialization, heavy metal contamination is an evolving issue for
arable lands and in some areas these contaminations have increased up to alarming levels.
Hexavalent Chromium is one of the most toxic heavy metal that is released in soil due to these
anthropogenic activities. It has severe effects on plant health and soil microbiota. Drought or water
deficit is a severe abiotic stress that adversely affects the growth and yield of crops. Yield losses
up to 50% have been observed for various crops due to water deficiency. Drought affects plants in
many ways and at various levels of their growth and development. The objective of the study was
to evaluate the capacity of Acacia ampliceps to take up this heavy metal into roots, shoots, leaves
and to evaluate the growth parameters and physiological response of this plant. Moreover, the
survival response and effect on nutrient content under chromium toxicity was also assessed. All
treatments were kept under the same environmental conditions having control (normal irrigation),
drought (half to normal), waterlogging (double to normal) and chromium level at 50 mg kg*
respectively. There were three replications for each treatment respectively. Two factor CRD was
used for statistical analysis. Different physiological parameters were recorded, and experimental
observations were done for four weeks. The results show tolerance of Acacia ampliceps to drought
but moderate sensitivity to Chromium stress.

Keywords: Acacia ampliceps, Water stress, Chromium, Soil
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ASSESSMENT OF HEAVY METAL CONTAMINATION IN LEAFY
VEGETABLES: IMPLICATIONS FOR PUBLIC HEALTH AND
REGULATORY MEASURES

Nasir Rahim1, Aimen Noorl, Agsa Kanwall, Majid Mahmood Tahirl, Abid Yaqubl
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ABSTRACT

Heavy metal contamination in leafy vegetables poses significant health risks, emphasizing the
urgent need for stringent monitoring and intervention measures to ensure food safety and mitigate
potential adverse effects on public health. This study investigates the levels of heavy metals,
including Cd, Cr, Ni, Pb, Zn, and Cu, in locally grown and commercially available leafy
vegetables, comparing them to the safety limits established by WHO/FAO. The results revealed
that Cd, Cr, Ni, and Pb levels in vegetables exceeded WHO/FAO limits, while Zn and Cu remained
within permissible bounds. Marketed vegetables had higher metal concentrations than nearby
farms. For Cu (0.114-0.289 mg kg'!) and Zn (0.005-0.574 mg kg''), DIM was below DI and UL.
Cd's DIM (0.031-0.062 mg kg ') stayed below UL but exceeded DI. Marketed kale and mint
surpassed both DI and UL limits for Ni, while local produce only exceeded DI. All vegetables had
DIM below DI, except mint and kale. For Pb, every vegetable exceeded DI limits, with market
samples contributing significantly. Cr DIM ranged from 0.028 to 1.335 mg kg!, lacking a set
maximum daily intake. HRI values for Zn, Cd, Cu, Ni, and Pb suggested potential health risks
associated with leafy greens, while Cr HRI was below 1. The study underscores the need for
stringent monitoring and intervention measures to mitigate health risks posed by heavy metal
contamination in leafy vegetables. This suggested that eating these leafy greens might put
consumers of Cd, Cu, Ni, Pb, and Zn at considerable risk for health problems.

Keywords: Heavy metal, Leafy vegetables, Public health
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EFFECT OF VARIOUS SOWING METHODS AND ZINC
APPLICATION ON GROWTH AND QUALITY TRAITS OF MAIZE

Aziz Laghari ', Mahmooda Buriro!, Ghulam Mustafa Laghari?, Khalid Husain Talpur?
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ABSTRACT

Plant nutrient management and sowing methods play a crucial role for maize production. However,
in Pakistan, many maize growers still rely on improper fertilizers and outdated sowing methods.
To address this issue, a field trial was conducted at the Student's Experimental Farm Department
of Agronomy, Sindh Agriculture University Tando Jam during 2017. The trial aimed to investigate
the effect of sowing methods and zinc application on growth, yield and quality traits of maize using
randomized complete block design with three replicates having net plot size 3 m x 5= (15 m™).
The maize variety used in the trial was Akbar, and it was subjected to six different treatments: F1
= 0Zn + Broadcasting, F2 = 0Zn + Drilling, F3 = 0Zn + Ridge, F4 = Recommended Zn @ 20 kg
ha-1 + Broadcasting, F5 = Recommended Zn @ 20 kg ha-1 + Drilling, and F6 = Recommended
Zn @ 20 kg ha™! + Ridge. The results of the trial showed that the application of zinc with the ridge
sowing method significantly improved various agronomic, phenological, and physiological traits
of maize. Parameters such as plant height, number of leaves per plant, stem girth(cm), number of
cobs plant!, cob girth(cm), cob length(cm), grain weight per cob(g), seed index (1000 grains
weight), biological yield(kg ha™'), grain yield (kg ha'), 50% days to tasseling, 50% days to silking,
leaf area index, crop growth rate(gm™ days™), net assimilation rate (g m?> day™ '), and zinc uptake
(kg ha'') were all observed to be highest in the treatment involving the recommended Zn @ 20 kg
ha™! + ridge sowing method. On the other hand, the lowest values for these traits were found in the
treatment with 0Zn + broadcasting. Whereas, the quality traits of the maize crop, such as protein
content, starch, and total sugars, were not significantly affected by zinc application with different
sowing methods. The treatment with recommended Zn @ 20 kg ha! and the ridge sowing method
resulted in the highest protein content, starch, and total sugars The findings of this study indicate
that the application of Zn at a rate of 20 kg ha-1 during ridge sowing resulted in improved growth,
yield, and quality characteristics of maize crops when compared to zinc application through
broadcasting and drilling sowing methods.

Keywords: Maize, Sowing, zinc, growth, yield and quality.
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IN-SITU STABILIZATION OF HEAVY METALS AND YIELD OF
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Maria Mussarat!, Muhammad Zohaib Ikram?!, Muhammad Rashid?, Dost Muhammad?

1Department of Soil and Environmental Sciences, Faculty of Crop Production Sciences, The University of
Agriculture, Peshawar-Pakistan
2So0il and Plant Nutrients Division, Agricultural Research Institute, Tarnab, Peshawar

Email: drmaria@aup.edu.pk

ABSTRACT

Agriculture lands irrigated through industrial wastewater have detrimental effect on agriculture
crop production as well as on human health. The current study was conducted at the Agriculture
Research Institute Tarnab, to determine effect of green soil bio-fertilizer (GSB) applied at 1.73 kg
ha™!, Humic acid (HA) at 30 kg ha’!, Single super phosphate (SSP) at 2500 kg ha! and Biochar
(BC) applied at 20 t ha''. Treatments were arranged in RCB design, and all plots were irrigated
with wastewater received from irrigation channels and sewage water from houses. Results showed
that total spinach yield from three cuts was higher in SSP treated plots (22666 kg ha™') followed
by similar value of 22428 kg ha™! in biochar treated plots that were statistically higher than humic
acid (20809 kg ha'), green biochar (18189 kg ha') and control (14857 kg ha!). The NPK
concentrations as average of three cuts and as well as in postharvest soils were higher in treated
plots as compared to control but the differences among treatments were either statistically similar
or inconsistent in case of plant but in soil it followed the pattern as BC>SSP>HA>GS except AB-
DTPA ext. P that was higher in SSP treated plots than others. Postharvest AB-DTPA ext.
micronutrients (Cu, Zn, Fe and Mn) and heavy metals (Ni, Cd, Pb, and Cr) concentrations as well
as their concentration in plants were higher in control than treated plots suggesting heavy metal
stabilization under wastewater irrigation. The stabilization in both soils and plants generally
followed the pattern as BC>SSP>HA>Green Soil. It was concluded that amendments like biochar,
SSP and humic acid should be used to stabilize heavy metals and enhance yield of leafy vegetables
under the given wastewater irrigation.

Keywords: Heavy metals stabilization, Biochar, Wastewater irrigation, Contaminated soil.
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APPLICATION OF RELEASE NITROGEN FERTILIZERS AND
BIOCHAR FOR SUNFLOWER (Helianthus anus L.) PRODUCTIVITY
AND TO ALLEVIATE THE DROUGHT STRESS
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ABSTRACT

Sunflower is an oilseed crop growing successfully in Pakistan. Pakistan produces only 13 percent
oil of its total consumption. The yield of sunflower is low in Pakistan as compare to other growing
countries. Abiotic stress like drought stress and proper nutrition are the reasons behind the low
yield of sunflower. For this a two year field experiment was conducted at the Agronomic Research
Area, Department of Agronomy, Bahauddin Zakariya University, Multan. Treatments included the
biochar application (Control and Biochar), slow release nitrogenous fertilizer (simple urea, zinc
coated urea and sulphur coated urea) and drought stress (normal irrigation (100% field capacity)
and drought stress (60% field capacity)). The experiment was laid out in randomized complete
block design (RCBD) with split-split plot arrangement and was repeated three time. Field capacity
was adjusted in the main-plot, biochar application was adjusted in the sub-plot while nitrogenous
fertilizers were adjusted in the sub-sub plot. Results regarding the yield and quality attributed were
studied with their antioxidant activity. Results showed that Application of biochar with the
application of zinc coated urea increased the sunflower achene yield (2484 and 2494 kg ha!) with
increasing the yield attributes like achene head diameter (13.7 and 15.29 cm) and number of achene
per head (1457 and 1463) under normal irrigation during the year-I and year-II. Maximum leaf
transpiration rate (9.26 and 9.16 m mols™), photosynthetic rate (18.10 and 18.19 pumol m2s™),
stomatal conductance (852.0 and 856.2 molms™!) and chlorophyll contents (19.5 and 19.6) were
also measure with the application of biochar and zinc coated urea during the year-1 and year-II.
Application of biochar also increased the antioxidant activity under drought stress. Maximum
mineral uptake was also determined in the application of biochar and zinc coated urea in normal
irrigation. It was concluded that maximum crop productivity can be obtained with the application
of biochar and zinc coated urea and adverse effect of drought can be alleviate with the application
of biochar.

Keywords: Biochar, slow release nitrogen fertilizers, chlorophyll contents, quality and drought
stress
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EFFECT OF PHYTOSYNTHESIZED IRON NANOPARTICLES ON
GROWTH AND LEAD UPTAKE IN MAIZE (Zea mays L.) PLANTS
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ABSTRACT

Excess lead (Pb) level in arable soils is a serious concern in recent times which needs timely and
proper attention for safer food production on such soils. The current study investigated the effects
of green-synthesized iron nanoparticles (FeNPs) on growth and Pb uptake by two maize (Zea mays
L.) hybrids. The results depicted that plant growth linearly decreased with increasing Pb levels in
soil. Pb alone enhanced the leaf electrolyte leakage, hydrogen peroxide, and activities of selected
enzymes. Combined use of FeNPs and Pb increased the growth and reduced the oxidative stress
in plants than Pb treatments alone. Pb alone increased the Pb concentrations in maize tissues while
FeNPs decreased the Pb concentrations in maize tissues. The findings depicted that foliar-applied
FeNPs may have potential in minimization of the toxic effects of Pb in maize hybrids through
minimizing Pb concentrations in tissues thereby enhancing biomass of the plants. Thus, FeNPs
may facilitate safer cereal production in soils having excess Pb.

Keywords: Heavy metals, Nanoparticles, Cereals, Iron, Lead.
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NANO-PARTICLES: A NOVEL TOOL FOR SUSTAINABLE CROP
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ABSTRACT

The agriculture sector, vital for global food production, faces environmental challenges stemming
from the use of chemical fertilizers, such as nutrient leaching and methane emissions. This review
explores the potential of nanotechnology in promoting sustainable crop production, aiming to
enhance growth and productivity while mitigating environmental impact. Nanotechnology
presents a promising solution by introducing controlled release fertilizers that can enhance nutrient
absorption rates, utilization, and reduce nutrient losses. Nanoparticles, fabricated through physical,
chemical, and biological methods, offer diverse options for agricultural applications. Examples
include Nano-fertilizers, Nano-herbicides, Nano-fungicides, and Nano-pesticides, all designed to
optimize crop production. Utilizing nanotechnology in agriculture offers several advantages. By
releasing nutrients at rates matching plant demand, nanotechnology minimizes losses and
optimizes nutrient utilization. Additionally, nanoscale products enhance pest and weed control
efficiency, reducing reliance on excessive chemical applications. This not only decreases input
requirements but also minimizes waste, fostering sustainable agricultural practices. Furthermore,
nanoparticles produced through biosynthesis hold promise for environmentally friendly and
economically viable approaches to long-term agricultural development. Despite these benefits,
challenges must be addressed. Effective regulations and risk management protocols are essential
to ensure the safe and responsible use of nanoscale products in agriculture. Continued research and
development are imperative to comprehend fully the potential impacts of nanotechnology on crop
ecosystems and the environment. Collaboration among scientists, policymakers, and stakeholders
is crucial to establish guidelines and standards for the widespread adoption of nanotechnology in
agriculture. In conclusion, while nanotechnology offers immense potential for sustainable
agriculture, responsible implementation necessitates adequate regulations, risk management, and
ongoing research. With these measures, nanotechnology can revolutionize crop production,
contributing significantly to a more sustainable and resilient food system.

Keywords: Climate change, Controlled release fertilizers, Environmental issues, Green revolution,
Nanotechnology, Sustainable agriculture
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ABSTRACT

Phytoremediation, the use of plants to clean environmental contamination, is known to be an
effective strategy for removing heavy metals from soils in an environment-friendly way. Iron (Fe)
IS a necessary nutrient that might help in the mitigation of heavy metal stress. Cadmium (Cd)
contamination is an emerging global problem that has several adverse effects on the growth and
development of organisms. In the current study, a pot experiment was conducted to evaluate the
Fe-assisted Cd tolerance potential of castor bean (Ricinus communis) at the botanical garden of
Allama Igbal Open University, Islamabad-Pakistan. A total of eight treatment combinations of Fe
(FeCl2.4H20) and Cd (Cd (NHz)2) were replicated thrice. Plant biomass, leaf gas exchange
parameters, chlorophyll score, relative water content, membrane permeability, antioxidant
enzymes, proline, and accumulation of Cd were measured. Results showed that only the Fezo
treatment enhanced shoot and root biomass by 18.78%, and 24.49%, respectively, as compared to
the control treatment. Furthermore, Cd with Fe treatments improved the photosynthetic rate,
stomatal conductance, superoxidase (SOD), catalase (CAT), and glutathione (GSH) by 15.80%,
46.33%, 27.57%, 51.69%, and 8.52%, respectively, relative to Cd without Fe treatments.
Additionally, Fe addition resulted in the reduced bioavailability of Cd, leading to less accumulation
of Cd in plant parts relative to Cd without Fe treatments. In conclusion, the Fe supplement could
assist in the tolerance of Cd stress to castor beans by modulating the defense system, physiology,
and allometry of plants.

Keyword: Phytoremediation; castor bean; allometry; Pakistan; antioxidants; accumulation
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COMBINED APPLICATION OF PGPR AND BIO-STIMULANTS FOR
GROWTH PROMOTION OF RICE (ORYZA SATIVAL.)
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ABSTRACT

Since rice is grown worldwide, its production is severely affected by biotic and abiotic stresses and various
other factors such as agricultural inputs, lack of canal water, expert consultancy to the farmers, and finance.
To increase rice production, there are several chemical and physical methods in practice, which in turn
deteriorate the environment and affect soil health. Whereas biological amendments are more reliable and
eco-friendlier than any other chemical amendments. As, recent studies showed that biological amendments
have long-lasting effects on soil health but have not been widely used, because of their slower effects. It is
also an alternative approach to minimize the usage of chemical fertilizers and their environmental impact.
The biological amendments used now a days are PGPR, microbial biostimulant, biochar and compost etc.
The PGPR can enhance nutrient availability and uptake, while the bio-stimulants can improve nutrient
assimilation and utilization. The combined application of PGPR and bio-stimulants can have synergistic
effects on plant growth and stress tolerance. To check the effectiveness of these biological amendments
‘PGPR and biostimulants on the rice yield, a pot experiment was conducted using a completely randomized
design (CRD) in the wire house of ISES, UAF. The treatment plan comprised of control (no amendment),
PGPR (RPF+RPF>), biostimulant (Dip and Grow), biostimulant + PGPR (RPF;+RPF,) along with three
replications. All agronomical practices were carried out. The agronomical data collected from pot trial
showed that the bacterial strains with biostimulant performed well (55%) as compared to the control (32%)
without any amendment. The combined application of (RPF; and RFP;) with bio-stimulant increased the
fresh shoot weight, fresh root weight, 100grain weight, and grain yield of rice by 77, 73, 47, and 26%. The
fertile spikes increased by 27% when biostimulant was applied, while the sterile spikes rate decreased in
control treatment. Based on the result, it was concluded that individual use of PGPR strain and bio-stimulant
positively affected the plant yield in almost all treatments but the effects of combination (RPF+RPF) with
bio-stimulant 65% were excellent. The findings of the study provide supporting evidence that rhizobacteria
and biostimulants effectively contributed to increasing rice yield.

Keywords: Rice yield, Plant growth promoting rhizobacteria (PGPR), Biostimulants (Dip and Grow)
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YIELD OF MASH BEAN UNDER IN VITRO CONDITIONS

Kashiuf Asif*!, Wagas Mahmood?, Hafiz Naeem Asghar?!, Zahir Ahmad Zahir?!

Ynstitute of Soil and Environmental Sciences, University of Agriculture, Faisalabad.

*Email: kashafasif3595@gmail.com

ABSTRACT

Excessive use of synthetic fertilizers is a major bottleneck towards adopting microbial techniques
on a large scale and poses a great challenge to food security by disrupting soil properties and
increasing production costs. Current research must focus on developing suitable alternatives for
optimizing crop production along with reduced agricultural cost. We compared the efficacy of
different rhizobial and rhizobacterial isolates for promoting growth of Vigna mungo in a growth
room trial. Several PGPR and rhizobacteria strains are isolated and checked for growth promoting
characters. Results revealed that isolates, ‘Stenotrophomonas rhizophila PKA-18’ significantly
enhanced shoot length (1.58-fold), root length (95%), root fresh weight (1.45-fold), shoot dry
weight (6.3-fold) and SPAD value (1.35-fold) as compared to control. While inoculation of
‘Rhizobium sp. RKA-47’ significantly increased shoot length (2.07-fold), root length (77%), shoot
fresh weight (2.95-fold) and shoot dry weight (1.55-fold). Principal component analysis (PCA)
indicated that among rhizobacteria, ‘Bacillus subtilis PKA-25’ and ‘Stenotrophomonas rhizophila
PKA-18’ whereas, among rhizobia, ‘Rhizobium sp. RKA-47" and ‘Bradyrhizobium japonicum
RKA-46’ were the most efficient strains. Similarly, root parameters (root diameter, number of tips
and root length) with root scanner were noted. Based on growth promotion, 3, 3 isolates from
growth room trial were selected and further tested for consortium development. A combination of
rhizobial and PGPR strains with multiple traits could be more useful under diverse conditions
compared to a strain containing single trait. Compatibility of these isolates were checked. These
combinations were further checked for mash bean growth promotion under axenic conditions.
Hence, co-inoculation of rhizobacteria and rhizobia proved to be an ideal option for improving
mash bean growth under axenic conditions.

Keywords: PGR’s, Microbiome, co-inoculation, biofertilizer, nodule, symbionts, biological
nitrogen fixation

146



mailto:kashafasif3595@gmail.com

(J .
INTERNATIONAL “SOII Health:

PFQ[‘,F!!,ENSQ A Key to Food Security”

ACIDIFIED MANURE AND NITROGEN-ENRICHED BIOCHAR
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ABSTRACT

Application of organic residues such as farm manure and biochar in various agricultural
environments has shown positive effects on soil carbon sequestration. However, there is a lack of
consensus regarding the agronomical benefits of a single and small dose of biochar and farm
manure in arid alkaline soils. Therefore, a field experiment with the given treatments (i) control
(no amendment), ii) acidified manure (AM) at 300 kg ha'%, iii) nitrogen (N)-enriched biochar (NeB)
at 3 Mg hat, and iv) an equal combination of AM + NeB (150 kg ha® AM + 1.5 Mg ha! NeB))
was conducted in a typical cotton-wheat cropping system. A parallel laboratory incubation study
with the same amendments was carried out to account for soil carbon dioxide emissions (CO>).
The N enrichment of biochar and its co-application with acidified manure increased soil mineral
N (NOs™ and NH4*) in the topsoil (0-15 cm) and increased total N uptake (25.92% to 69.91%) in
cotton over control, thus reducing N losses and increasing uptake over control. Compared to the
control, co-application of AM + NeB significantly improved soil N and P bioavailability, leading
to increased plant biomass N, P, and K (32%, 40%, 6%, respectively) uptake over control. The
plant's physiological and growth improvements [chlorophyll (+28.2%), height (+47%), leaf area
(+17%), number of bolls (+7%), and average boll weight (+8%)] increased the agronomic yield in
the first season crop cotton by 25%. However, no positive response was observed in the second-
season wheat crop. This field study improved our understanding that co-application of acidified
manure and N-enriched biochar in small doses can be a strategy to achieve short-term agronomic
benefits and carbon sequestration in the long run.

Keywords: organic amendment, soil respiration, nitrate leaching, cotton-wheat yield
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ABSTRACT

Soybean holds significant importance in sustainable agriculture in Pakistan due to its high protein
content, oil production, and nitrogen-fixing abilities. However, challenges such as inadequate
nodule formation, soil degradation, and phosphorus deficiency affects soybean production.
Biofertilizers can effectively address these issues by containing microbes that aid in nitrogen
fixation, nutrient solubilization, and growth promotion. Use of biofertilizer is the need of hour to
gain sustainable soybean production. This study aims to accomplish several objectives, such as
isolating plant growth-promoting rhizobacteria (PGPR) from rhizospheric soil and rhizobium from
soybean nodules, evaluating their individual and combined effects, assessing their inf