
INTERNATIONAL JOURNAL OF PHYTOFUELS AND ALLIED SCIENCES  

(A Journal of the Society for the Conservation of Phytofuels and Sciences)  
(https://www.phytofuelalliedsciences.com) (ISSN 2354 1784)  

Effectiveness of Weed Management Strategies and Fertilizer Types on Weed Dynamics in 

Upland Rice Field 

*M. S. HUSSEIN 1, A. A. OYERINDE1, M. IDRISU2, M. T. LIADI1, A. A. JIMIN3 

1Department of Crop and Environmental Protection, University of Abuja, Abuja. 

2Department of Agronomy, University of Abuja, Abuja. 

3 Department of Crop and Environmental Protection, Joseph Sarwuan Tarka University, Makurdi. 

* Corresponding author: modupe.hussein@uniabuja.edu.ng 

 

Abstract 

Rice yield is constrained by weed competition, while fertilizer and weed management practices 

strongly influence weed dynamics in upland rice fields. The effects of rice variety, weed 

management, and fertilizer types on weed dynamics were evaluated using a split-split plot design. 

The experiment was conducted during the 2023 and 2024 cropping seasons with three rice varieties 

(FARO 55, FARO 56, FARO 59), four weed management (standard herbicide rate, reduced 

herbicide rate, manual weeding, and control), and three fertilizer types (organic, inorganic, and no 

fertilizer) across 108 plots. Weed density, height, species richness, cover, dry biomass, and 

competitive index were assessed at 4, 8, and 12 weeks after sowing. Data collected were analyzed 

using Statistical Package for the Social Sciences (SPSS) version 27. FARO 59 consistently showed 

greater weed suppression than FARO 55 and FARO 56, with lower weed density (6.67 plants/m2
), 

cover (2.77 %), and biomass (0.28 g), attributed to rapid canopy closure and higher crop biomass. 

Herbicide treatments, especially standard and reduced rates, effectively controlled weeds, while 

untreated control plots recorded the highest density (80.56 plants/m2) and biomass (2.72 g). 

Fertilizer application, particularly organic and inorganic, enhanced crop vigor and improved weed 

suppression compared to no fertilizer. Integrating FARO 59 with optimized herbicide use and 

fertilizer application proved most effective for sustainable weed management. The findings 

demonstrate that rice variety and weed management significantly influenced weed dynamics in 

upland rice. FARO 59 demonstrated superior weed suppression, while reduced herbicide rates 

combined with organic or inorganic fertilizers achieved comparable control to standard rates, 

offering sustainable management options.  
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Introduction 

Rice (Oryza sativa L.) serves as a staple food 

for over half of the world’s population, 

playing a crucial role in food security and 

economic stability, especially in developing 

countries (Arouna et al., 2017; Bin Rahman 

and Zhang, 2023). Upland rice is particularly 

important in areas with limited water 

resources and underdeveloped irrigation 

systems. However, its cultivation faces 

numerous challenges, with weed infestation 

being one of the most significant obstacles 

(Fahad et al., 2019). Weeds compete with rice 

for essential resources such as nutrients, 

water, light, and space, leading to substantial 

yield losses (Dass et al., 2017; Kaur et al., 

2018). Effective weed management is 

therefore essential for maintaining upland 

rice production and ensuring food security, 

particularly in smallholder farming systems 

(Daramola et al., 2020; Alagbo et al., 2022). 

Weed management in upland rice fields is 

complicated by the high diversity of weed 

species and their varying growth habits, 

which make them difficult to control with a 

single approach (Kumar et al., 2023). Manual 

weeding, the most common method among 

smallholder farmers, is labor-intensive, time-

consuming, and often economically 

unfeasible (Sims et al., 2018; Kakarla et al., 

2024). Chemical control methods, 

particularly herbicides, are increasingly used 

due to their effectiveness in reducing weed 

populations (Davis and Frisvold, 2017). 

However, the excessive and indiscriminate 

use of herbicides raises concerns about 

herbicide-resistant weed species, 

environmental pollution, and health risks to 

farmers and consumers (Basu and Rao, 2020; 

Parven et al., 2024). Therefore, integrated 

weed management strategies that enhance 

efficiency and sustainability are needed 

(Hussain et al., 2021). 

In addition to weed control, nutrient 

management is critical in upland rice 

cultivation (Dhyana, 2020). Fertilizers not 

only improve rice growth and yield but also 

influence weed dynamics by affecting the 

competitive balance between crops and 

weeds (Kaur et al., 2018). Inorganic 

fertilizers are favored for their immediate 

nutrient availability, helping to boost 

productivity. However, their long-term use 

can lead to soil degradation, reduced 

microbial diversity, and environmental 

pollution (Pahalvi et al., 2021; Verma et al., 

2023). Organic fertilizers, in contrast, 

improve soil structure, enhance nutrient 

cycling, and promote biodiversity, but they 

may not provide nutrients as rapidly as 

inorganic options (Singh and Ryan, 2015). 

The type and application rate of fertilizers 

can significantly influence weed species 

composition, density, and competitiveness, 

requiring a deeper understanding of how 

fertilizer management interacts with weed 

control (Kaur et al., 2018; Kumar et al., 

2024) 

The combination of weed management and 

nutrient application presents an opportunity 

to optimize upland rice production while 

addressing the challenges of environmental 

sustainability and resource efficiency (Ghosh 

et al., 2020; Kumar et al., 2023; Pervaiz et 

al., 2024). Several studies have explored the 

potential of combining weed control 

methods, Scavo and Mauromicale, (2020) 

reported that herbicide application and 

manual weeding, with different fertilizer 

types improve crop performance and weed 
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suppression. However, these studies often 

focus on individual aspects of weed 

management or nutrient application without 

considering their interactive effects on weed 

dynamics and rice growth. 

Therefore, this study aims to evaluate the 

combined effects of weed management 

strategies and fertilizers on weed growth and 

competition with rice crops. The findings 

from this research are expected to contribute 

to the development of integrated weed 

management strategies tailored to the specific 

needs of upland rice ecosystems by 

identifying the most effective combinations 

of weed control and fertilizer application. 

Materials and Methods 

Description of Experimental Site and 

Conditions 

The research was conducted at the Teaching 

and Research Farm, Faculty of Agriculture, 

University of Abuja, situated in Abuja, which 

has a tropical savanna climate characterized 

by distinct wet and dry seasons. The 

experimental site was located at an elevation 

between 360 and 490 meters above sea level. 

The area receives an average annual rainfall 

of 1,200 mm to 1,500 mm, with rainfall 

predominantly occurring from April to 

October. During the wet season, temperatures 

typically range from 22°C to 30°C (NiMet, 

2021). The soil at the experimental site is 

sandy loam, consisting of 71% sand, 14% 

silt, and 15% clay, with a pH of 6.5 and a 

carbon content of 9.8 g/kg (University of Uyo 

Lab.). Prior to the experiment, the site was 

left fallow for one year to ensure uniform soil 

conditions and minimize any residual effects 

from previous crops. 

Experimental Treatments and Design 

A split-split plot design was used, with rice 

variety as the main factor, herbicide 

treatments as the sub-factor, and fertilizer 

types as the sub-sub factor. The experiment 

involved three rice varieties (FARO 55, 

FARO 56, and FARO 59), grown in upland 

rice fields during the 2023 and 2024 cropping 

seasons. The herbicide treatments included 

M1 (herbicide at the standard rate), M2 

(reduced herbicide rate), M3 (manual 

weeding), and M4 (control, no weed 

management). Three fertilizer types were 

applied: F1 (organic- HELIN 1 liquid 

fertilizer), F2 (inorganic- NPK 15:15:15), 

and F3 (no fertilizer). AGRI FORCE 

(Bispyribac-Sodium at 100 g/l active 

ingredient) herbicide was applied at the rate 

of 0.05 ml per plot (standard rate) and 0.03 

ml per plot (reduced rate) at 4, 8 and 12 

weeks after sowing. A total of 12 treatments 

were applied for each rice variety, with each 

treatment replicated three times, resulting in 

108 plots. Each plot covered an area of 1 

square meter, with a 0.5-meter gap between 

plots of the same variety and a 1-meter gap 

between different varieties and replicates. 

Data Collection  

Weed density, weed height (cm), weed 

species richness, weed cover, weed dry 

biomass, and weed competitive index were 

assessed at 4, 8, and 12 weeks after sowing 

(WAS) in accordance with the established 

weed assessment protocol. (McGilchrist, 

1965; Taylor et al., 1993; Bàrberi and Lo 

Cascio, 2001; Magurran, 2003; Andreasen 

and Streibig 2011; Travlos et al., 2018). The 

data collected were analyzed using analysis 

of variance (ANOVA) in the Statistical 
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Package for the Social Sciences (SPSS) 

version 27 to evaluate the significance of the 

treatments. Mean comparisons were 

performed using Duncan’s Multiple Range 

Test (DMRT) at the 5% significance level. 

Significant differences among treatments 

were identified, and the interaction effects 

were analyzed to understand the combined 

influence of rice varieties, weed management 

strategies, and fertilizer types. 

Results 

There was no significant difference among 

the three rice varieties in weed density at 4 

weeks after sowing (WAS) in 2023. In 2024, 

FARO 55 had the highest weed density (7.64 

plants/m2) at 4WAS, although it was not 

significantly different from FARO 56. At 

8WAS in both years, there was no significant 

difference in weed density between FARO 55 

(22.44 plants/m2) and FARO 56 (22.00 

plants/m2), but both varieties differed 

significantly from FARO 59 (17.97 

plants/m2). At 12WAS, FARO 55 had higher 

weed density (29.94 plant/m2) compared to 

both FARO 56 and FARO 59, with no 

significant difference between FARO 56 and 

FARO 59 across the years. 

At 4 WAS in 2023, there was no significant 

difference among the treatments in weed 

density, but in 2024, treatments M1F1 

(herbicide at the standard rate treated with 

organic fertilizer) and M2F2 (reduced 

herbicide rate treated with NPK) had the 

highest weed densities (8.00 plants/m2), 

though not significantly different from 

several other treatments. Treatment M2F3 

(reduced herbicide rate with no fertilizer) 

resulted in lower weed density of 5.97 

plants/m2, but it was not significantly 

different from some of the treatments. At 

8WAS and 12WAS, treatments M4F1 

(control treated with organic fertilizer), 

M4F2 (control treated with NPK), and M4F3 

(No weed management, no fertilizer) 

exhibited significantly higher weed densities 

(67.89 plants/m2, 79.89 plants/m2, 80.56 

plants/m2 respectively) across both years.  

Regarding weed height, FARO 59 had higher 

weed heights at 4WAS in both years (7.44 

cm, 7.49 cm respectively), but it was not 

significantly different from FARO 55 in 2023 

and FARO 56 in 2024. At 8WAS in 2023, 

there was no significant difference in weed 

height between FARO 55 and FARO 56, 

while in 2024, FARO 55 had the highest 

weed height (20.56 cm), but it was not 

significantly different from FARO 56. At 

12WAS, there was no significant difference 

in weed height among the three varieties 

across both years. Treatment M2F1 produced 

taller weeds (7.62 cm) at 4WAS in 2023, 

although it was not significantly different 

from several other treatments. Treatment 

M2F3 resulted in shorter weeds in both years 

(6.16 cm; 5.57 cm respectively) and was not 

statistically different from several other 

treatments. At 8WAS across both years, 

M4F3 had significantly taller weeds of 47.20 

cm; 46.74 cm respectively compared to other 

treatments. Treatments with M4 resulted in 

taller weeds (62.87 cm) at 12WAS in both 

years, with no significant difference observed 

among the other treatments (Table 1). 

At 4 WAS across both years, there weas no 

significant difference in weed richness 

among the three rice varieties. However, 

FARO 55 showed significantly higher weed 

richness (5.25 in 2023, 5.03 in 2024) 

compared to FARO 56 and FARO 59 at 8 and 
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12 WAS in both years. FARO 59, on the other 

hand, FARO 55 exhibited the lowest weed 

richness (3.69, 3.42) at 12 WAS across both 

years. At 4 WAS in 2023, there was no 

significant differences among the treatments, 

but in 2024, treatment M3F2 had the highest 

weed richness (3.89), although it was not 

statistically different from other treatments, 

except for M1F3. Treatment M4F3 exhibited 

the highest weed richness at 8 WAS in both 

years (7.56, 6.78), but it was not significantly 

different from M4F1 and M4F2. Treatment 

M1F3 showed the lowest weed richness (2.00 

in 2023, 2.11 in 2024) and was not 

significantly different from M1F2 and M2F3 

in 2023 and from M1F1, M2F1, M3F1, 

M1F2, M2F2 and M2F3 in 2024. At 12 WAS, 

M4F1, M4F2, and M4F3 showed 

significantly higher weed richness (7.22, 

7.00, 8.00 respectively) across both years, 

while treatments with standard (M1) and 

reduced (M2) herbicide rates resulted in 

lower weed richness. 

Regarding weed cover, FARO 56 had the 

highest weed cover (3.97%) at 4 WAS in 

2023, though it was not significantly different 

from FARO 55 (3.36 %). FARO 59 had the 

least weed cover (2.77 %), but it was not 

significantly different from FARO 55. In 

2024, there was no significant difference 

among the three varieties. At 8 WAS in 2023, 

FARO 55 exhibited higher weed cover (29.56 

%), while FARO 56 had the lowest weed 

cover (26.03 %); however, neither was 

significantly different from FARO 59. There 

was no significant difference in weed cover 

among the varieties at 8 WAS in 2024 and 12 

WAS across both years. Treatments M2F3 

and M4F3 showed higher weed cover (4.22 

%, 4.33 % respectively), while Treatment 

M3F1 exhibited lower weed cover (2.33 %) 

at 4 WAS across both years, though none of 

these differences were significant compared 

to several other treatments. At 8 and 12 WAS 

across both years, treatments with M4 

(control) showed significantly higher weed 

cover compared to other treatments, while 

treatments with M1 (standard herbicide) and 

M2 (reduced herbicides) resulted in lower 

weed cover (Table 2).  

Throughout the growth stages and across 

both years, FARO 55 exhibited higher weed 

dry weight (WDW) (0.53 g, 0.59 g 

respectively), while FARO 59 showed lower 

WDW (0.28 g, 0.29 g respectively). 

Generally, treatments M4F1, M4F2, and 

M4F3 resulted in higher WDW (2.49 g, 2.48 

g, 2.72 g respectively) compared to other 

treatments, particularly M1F2 and M2F3.  

In 2023, FARO 56 showed a higher weed 

competitive index (WCI) value at both 4 and 

12 WAS (0.03, 0.32 respectively), although it 

was not significantly different from FARO 59 

at 12 WAS. In 2024, FARO 59 had a higher 

WCI than the other varieties at both 4 and 12 

WAS (0.03, 0.38 respectively), though it was 

not statistically different from FARO 56 at 12 

WAS. No significant differences in WCI 

were observed among the three varieties at 8 

WAS across the years. Treatments M4F1, 

M4F2, and M4F3 resulted in higher WCI 

values (20.99, 30.05, 26.61 respectively) 

compared to other treatments across both 

years and growth stages (Table 3). 

Discussion 

The absence of significant differences in 

weed density among the three rice varieties at 

4 weeks after sowing (WAS) in 2023 
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suggested that all varieties provided a similar 

environment for early weed establishment. 

However, FARO 55 exhibited the highest 

weed density at 4 WAS in 2024, although it 

was not significantly different from FARO 

56. This could indicate variability in early 

competitiveness, potentially influenced by 

environmental factors or seedling vigor. 

Early weed competition can have lasting 

effects on crop productivity if left unmanaged 

(Chauhan and Johnson, 2011). The 

consistently lower weed density in FARO 59 

highlights its competitive advantage, likely 

due to its inherent morphological traits, such 

as rapid canopy closure, higher tillering 

capacity, and greater biomass production, all 

of which were known to suppress weed 

growth (Ruzmi et al., 2021). The lack of 

significant differences in weed density across 

treatments suggested that herbicides or 

fertilizers alone may not effectively influence 

early-stage weed emergence, as reported by 

Mishra et al. (2016). However, by 8 and 12 

WAS, untreated plots (M4F1, M4F2, M4F3) 

consistently exhibited significantly higher 

weed densities compared to herbicide-treated 

plots (M1, M2), emphasizing the critical role 

of chemical weed control in managing late-

emerging weeds (Duke, 2015). The reduced 

herbicide rate (M1) combined with organic 

(F1) or inorganic (F2) fertilizers achieved 

comparable weed suppression to the standard 

herbicide rate (M2), demonstrating that 

reduced herbicide doses can still be effective 

in integrated systems. This was in line with 

Scavo and Mauromicale (2020), who 

highlighted that optimized herbicide 

applications could balance efficacy with 

environmental safety. 

The higher weed height in FARO 59 at 4 

WAS in both years suggested that the growth 

pattern of this variety allowed weeds to take 

advantage of early growth opportunities, a 

phenomenon observed in less competitive 

varieties during early crop stages (Chauhan, 

2013). The inconsistency in weed height at 8 

WAS could be due to environmental factors 

such as rainfall, temperature, and soil 

moisture, which influence weed growth 

dynamics (Upasani and Barla, 2018). The 

lack of significant differences in weed height 

among the three varieties at 12 WAS may 

reflect the convergence of weed growth as the 

rice canopy closed, suppressing further 

elongation, supporting the idea that late-

season weed height is more influenced by 

canopy closure than by inherent varietal 

competitiveness (Chauhan and Johnson, 

2011). Consistently shorter weeds across 

growth stages in herbicide-treated plots (M1, 

M2) compared to untreated plots (M4) 

underscores the role of chemical control in 

limiting weed growth, as untreated plots 

allowed weeds to grow taller, increasing 

competition for light and negatively 

impacting crop yields (Damalas and 

Koutroubas, 2022). The treatments involving 

organic or inorganic fertilizers (F1, F2) 

resulted in shorter weeds compared to those 

without fertilizers (F3), suggesting that 

nutrient availability enhances crop vigor, 

which suppresses weed growth (Mohler and 

Johnson, 2009; Lowry and Smith, 2018). 

At 4 WAS across both years, the lack of 

significant differences in weed richness 

among the three rice varieties suggested that 

early weed emergence was not strongly 

influenced by varietal traits. This finding 

aligns with Dass et al. (2017), who noted that 
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early weed suppression is typically driven by 

external management practices rather than 

varietal competitiveness during the seedling 

stage. FARO 55 consistently exhibited higher 

weed richness at 8 and 12 WAS compared to 

FARO 56 and FARO 59, which could be due 

to FARO 55's canopy structure or slower 

canopy closure, allowing greater light 

penetration and resource availability for 

diverse weed species (Lowry and Smith, 

2018). On the other hand, FARO 59 

displayed the lowest weed richness at 12 

WAS across both years, indicating superior 

weed suppression, potentially due to its 

competitive traits, such as greater biomass 

accumulation and an aggressive growth 

habit, which reduce weed diversity by 

monopolizing resources (Schreiber et al., 

2018). The lower weed cover in FARO 59 

aligned with its known competitive traits, 

such as rapid canopy closure and greater 

biomass production, which suppress early 

weed establishment (Schreiber et al., 2018). 

The lack of significant differences among 

varieties at 4 WAS in 2024 suggested that 

environmental conditions, such as rainfall or 

temperature, may have minimized the 

influence of varietal traits on early weed 

cover, as reported by Chauhan and Johnson 

(2011). FARO 55 exhibited higher weed 

cover at 8 WAS compared to FARO 56, but 

the differences was not statistically 

significant. The similarity in weed cover 

between varieties at this stage may indicate 

that canopy closure, a critical factor in weed 

suppression, was similarly effective across 

varieties (Osipitan et al., 2018). The lack of 

significant differences in weed cover at 12 

WAS further highlighted the diminishing 

influence of varietal traits as the crop canopy 

fully developed and shades out weeds 

(Nathalie et al., 2020). 

Higher weed cover observed in treatments 

M2F3 and M4F3 at 4 WAS suggested that the 

absence of herbicide application or fertilizer 

input allowed weeds to exploit available 

resources and establish rapidly, consistent 

with findings of Kaur et al. (2018). In 

contrast, treatment M3F1 showed lower 

weed cover at 4 WAS, although not 

significantly different from other treatments, 

highlighting the potential of manual weeding 

combined with organic fertilizer to suppress 

early weed growth by promoting vigorous 

crop establishment (Ghosh et al., 2022). 

Significantly higher weed cover at 8 and 12 

WAS in treatments observed in M4 (control) 

indicated that the lack of weed control in 

these treatments allowed unchecked weed 

growth, leading to greater weed cover. These 

findings reinforce the importance of timely 

and effective weed control measures in 

reducing weed proliferation (Osipitan, 2017). 

Lower weed cover observed in herbicide-

treated treatments (M1 and M2) across both 

growth stages underscores the efficacy of 

chemical weed control in limiting weed 

growth. Notably, the reduced herbicide rate 

(M2) performed comparably to the standard 

rate (M1), highlighting the potential for 

reducing herbicide doses without 

compromising weed control efficacy 

(Shehata et al., 2019; Monteiro and Santos, 

2022). 

The consistently higher weed dry weight 

(WDW) in FARO 55 across growth stages 

and years suggested that this variety is less 

competitive against weeds compared to 

FARO 59, which exhibited lower WDW. This 

could be attributed to FARO 55 
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morphological or physiological traits, such as 

a less vigorous canopy or slower growth rate, 

which may allow for greater weed 

establishment. Conversely, FARO 59 lower 

WDW indicated superior weed-suppressive 

ability, likely due to attributes such as rapid 

canopy closure, taller plant height, or better 

resource utilization (Dass et al., 2017; Lowry 

and Smith, 2018; Mwendwa et al., 2020). 

The higher WDW observed in treatments 

M4F1, M4F2, and M4F3 compared to others 

may be related to suboptimal combinations of 

weed management and fertilizer application, 

as fertilizing without effective weed 

management can exacerbate weed growth 

(Kaur et al., 2018). Conversely, the better 

performance of M1F2 and M2F3 in 

suppressing weeds suggested that the proper 

timing and integration of weed control 

measures with nutrient management could 

lead to more effective weed suppression. The 

weed competitive index (WCI) values 

revealed the competitive interactions 

between rice varieties and weeds. In 2023, 

the higher WCI of FARO 56 at 4 and 12 

WAS, similar to FARO 59 at 12 WAS, 

suggested that FARO 56 was more 

competitive against weeds during these 

stages. However, in 2024, FARO 59 

exhibited a higher WCI at both 4 and 12 

WAS, indicating variability in competitive 

performance across years, potentially 

influenced by environmental factors or 

changes in weed species composition 

(Ramesh et al., 2017). The lack of significant 

differences in WCI among varieties at 8 WAS 

across years suggested that this stage may 

represent peak resource competition, where 

varietal differences are less pronounced 

(Nath et al., 2024). The consistently higher 

WCI in treatments M4F1, M4F2, and M4F3 

suggested that these weed management and 

fertilizer combinations created conditions 

favorable for weeds over rice, as reported by 

Nazir et al. (2022). 

Conclusion 

The results from the findings showed that rice 

variety and weed management practices 

significantly affected weed dynamics in 

upland rice production. Among the varieties 

evaluated, FARO 59 consistently exhibited 

superior weed-suppressive ability, resulting 

in lower weed density, cover, and dry weight 

compared to FARO 55 and FARO 56. Clear 

differences were observed among weed 

management practices, with untreated control 

plots (M4F1, M4F2, M4F3) recording the 

highest weed density, height, cover, and dry 

weight highlighting the necessity of effective 

weed control. Treatments involving standard 

herbicide rates combined with either organic 

(M1F1) or inorganic (M1F2) fertilizers 

achieved strong weed suppression. Reduced 

herbicide rates combined with organic 

(M2F1) or inorganic (M2F2) fertilizers 

provided comparable control to standard 

rates, suggesting their potential as sustainable 

management alternatives. Furthermore, the 

combination of reduced herbicide rates 

without fertilizer (M2F3) effectively lowered 

weed density and height, indicating its 

suitability for resource-limited or low-input 

production systems. 

Recommendations 

Farmers are advised to grow FARO 59 in 

areas with high weed pressure because it 

consistently suppressed weeds throughout 

the growing season. To achieve the best weed 

control, use the standard herbicide rate (M1) 
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combined with organic (F1) or inorganic (F2) 

fertilizers. For a cost-effective and eco-

friendly option, reduced herbicide rates with 

organic (M2F1) or inorganic (M2F2) 

fertilizers should be considered as it also 

provided effective weed suppression like 

standard rate. In low-input systems, using a 

reduced herbicide rate without fertilizer 

(M2F3) is a good choice, as it effectively 

reduces weed density and height, especially 

at 8 and 12 WAS. Avoid untreated plots, as 

they resulted in the highest weed density, 

height, cover, and dry weight, which can 

reduce rice yields. Weed management 

required attention at 8 and 12 WAS when 

weed pressure is highest and can most affect 

crop growth. Further research is needed to 

understand the long-term impact of these 

practices on crop yields, weed seed banks, 

and sustainability. 
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Table 1: Mean of weed density and weed height as influenced by weed management and fertilizer combination at 4, 8 and 12 

weeks after sowing (WAS) in year 2023 and 2024. 

    

VARIABLE                                    WEED DENSITY                                                             WEED HEIGHT 

 

             

 
 

4WAS 8WAS 12WAS  4WAS 8WAS 12WAS 
 

             

 2023 2024 2023 2024 2023 2024  2023 2024 2023 2024 2023 2024 

Variety              

FARO 55 6.97 7.64a 22.81a 22.44a 29.58a 29.94a  6.98ab 6.73b 21.11a 20.56a 23.60   23.55 

FARO 56 6.75 7.08ab 21,86a 22.00a 24.06b 24.67b  6.74b 6.95ab 18.78a 18.52ab 23.95 24.08 

FARO 59 6.86 6.67b 18,08b 17.97b 21.25b 22.25b  7.44a 7.49a 16.99b 16.90b 21.31 21.53 

SEM± 0.29 0.29 0.71 0.74 1.2 1.22  0.21 0.22 1.04 1.00 1.65 1.63 

Treatment              

M1F1 7.67 8.00a 6.79c 7.11d 6.33c 7.11c  6.37ab 7.13a 5.43e 5.76e 8.47b 8.58b 

M2F1 7.33 8.00a 7.56c 7.44d 6.22c 6.89c  7.62a 7.42a 6.78e 6.50e 9.16b 9.19b 

M3F1 6.78 7.89ab 15.11b 15.11c 10.22c 11.00c  7.07ab 7.34a 10.94de 10.62de 11.23b 11.38b 

M4F1 6.67 6.22abc 53.11a 51.89b 67.78b 67.89b  7.40ab 7.09a 40.99b 40.11b 61.19a 61.28a 

M1F2 6.58 7.56abc 8.33c 8.33d 7.44c 7.89c  6.64ab 6.54ab 8.22e 8.08e 9.44b 9.53b 

M2F2 6.44 7.33abc 7.67c 8.22d 7.22c 8.00c  7.00ab 7.20a 11.53de 11.18de 12.09b 12.08b 

M3F2 7.64 7.22abc 13.58b 13.67c 11.89c 12.22c  7.14ab 7.42a 19..96c 19.73c 11.92b 12.02b 

M4F2 7.56 7.33abc 53.67a 53.22ab 79.33a 79.89a  7.29ab 7.39a 45.28ab 44.74ab 62.57a 59.77a 

M1F3 6.22 6.00bc 8.22c 8.00d 5.33c 6.11c  6.57ab 6.52ab 7.01e 6.97e 9.07b 9.32b 

M2F3 5.89 5.89c 6.89c 6.69d 7.00c 7.89c  6.16b 5.57b 9.06de 8.84de 9.06b 9.19b 

M3F3 6.11 6.56abc 13.67b 13.44c 11.00c 12.00c  7.69a 7.37a 15.04cd 14.61cd 11.29b 11.43b 

M4F3 7.44 7.56abc 56.44a 56.33a 79.78a 80.56a  7.74a 7.67a 47.20a 46.74a 59.94a 62.87a 

SEM± 0.58 0.58 1.43 1.47 2.40 2.43  0.43 0.44 2.07 2.01 3.30 3.26 

V x T Ns Ns <0.001 <0.001 <0.001 <0.001  Ns Ns Ns Ns Ns Ns 

Mean value of figures with the same superscript in a column are not significantly different (p<0.05%). Weed density=WD, weed height=WH. 
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M1F1= Standard rate of herbicide with organic fertilizer, M2F1= Reduced rate of herbicide with organic fertilizer, M3F1= Manual weeding with organic herbicide, M4F1=Control 

with organic fertilizer, M1F2= Standard rate of herbicide with inorganic fertilizer, M2F2= Reduced rate of herbicide with inorganic fertilizer, M3F2= Manual weeding with inorganic 

herbicide, M4F2=Control with inorganic fertilizer, M!F3= Standard rate of herbicide with no fertilizer, M2F3= Reduced rate of herbicide with no fertilizer, M3F3= Manual weeding 

with no fertilizer, M4F3=Control with no fertilizer.  

Table 2: Mean of weed richness and weed cover as influenced by weed management and fertilizer combination at 4, 8 and 12 

weeks after sowing (WAS) in year 2023 and 2024 

VARIABLE WEED RICHNESS  WEED COVER 

              

 
 

4WAS 8WAS 12WAS  4WAS 8WAS 12WAS 

              

 2023 2024 2023 2024 2023 2024  2023 2024 2023 2024 2023 2024 

 

Variety              

FARO 55 3.44 3.53 5.25a 4.69a 5.03a 4.17a  3.36ab 3.11 29.56a 33.33 27.26 27.69 

FARO 56 3.44 3.31 4,08b 3.28b 4.36b 3.25b  3.97a 3.83 26.03b 29.81 25.39 26.94 

FARO 59 3.31 3.31 3.86b 3.64b 3.69c 3.42c  2.77b 2.81 27.36ab 30.83 26.47 28.22 

SEM± 0.12 0.12 0.14 0.23 0.15 0.19  0.23 0.22 1.01 1.20 1.12 1.18 

Treatment              

M1F1 3.67 3.44ab 2.89d 2.67de 1.89c 3.11b  3.00ab 2.78bc 4.89d 4.67d 1.89c 5.56c 

M2F1 3.44 3.56ab 3.11d 2.33de 2.22c 2.78bc  2.56bc 2.67bc 7.67d 5.44d 2.22c 4.33c 

M3F1 3.67 3.33ab 4.78c 3.33de 4.22b 3.00bc  2.33c 2.44c 22.79c 32.78c 4.22b 16.67b 

M4F1 3.67 3.44ab 6.56b 5.67ab 8.89a 7.22a  2.56bc 2.67bc 71.11a 72.78a 8.89a 77.78a 

M1F2 3.00 3.56ab 2.07de 1.89e 2.11c 2.00bc  3.56ab 3.67abc 4.78d 9.11d 2.11c 5.78c 

M2F2 3,56 3.33ab 3.33d 3.22de 2.44c 2.11bc  3.44ab 2.78bc 7.78d 8.78d 2.44c 9.22c 

M3F2 3,56 3.89a 5.11c 3.67cd 4.56b 2.11bc  3.11ab 3.44abc 33.33b 43.89b 4.56b 21.67b 

M4F2 3.22 3.22ab 7.22ab 6.67a 9.00a 7.00a  3.67ab 3.33abc 73.33a 75.00a 9.00a 78.33a 

M1F3 3.00 2.89b 2.00e 2.11e 1.56c 1.78c  3.89b 4.00ab 5.22d 4.22d 1.56c 5.44c 

M2F3 3.11 3.44ab 2.56de 3.33de 1.78c 1.89bc  4.22a 3.56abc 7.00d 8.00d 1.78c 7.78c 

M3F3 3.33 3.33ab 5.00c 4.78bc 4.00b 2.33bc  3.67ab 3.44abc 19.44c 32.22c 4.00b 18.89b 

M4F3 3.56 3.44ab 7.56a 6.78a 9.67a 8.00a  4.33a 4.22a 74.44a 78.89a 9.67a 80.00a 
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SEM± 0.23 0.24 0.27 0.46 0.30 0.38  0.45 0.43 2.02 2.41 2.20 2.36 

V x T Ns Ns <0.001 <0.01 0.004 0.006  Ns Ns Ns <0.001 Ns Ns 

Mean value of figures with the same superscript in a column are not significantly different (p<0.05%). Weed richness=WR, weed cover=WC. 

M1F1= Standard rate of herbicide with organic fertilizer, M2F1= Reduced rate of herbicide with organic fertilizer, M3F1= Manual weeding with organic herbicide, M4F1=Control 

with organic fertilizer, M1F2= Standard rate of herbicide with inorganic fertilizer, M2F2= Reduced rate of herbicide with inorganic fertilizer, M3F2= Manual weeding with inorganic 

herbicide, M4F2=Control with inorganic fertilizer, M!F3= Standard rate of herbicide with no fertilizer, M2F3= Reduced rate of herbicide with no fertilizer, M3F3= Manual weeding 

with no fertilizer, M4F3=Control with no fertilizer. 
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Table 3: Mean of weed dry weight and weed competitive index as influenced by weed management and fertilizer combination at 

4, 8 and 12 weeks after sowing (WAS) in year 2023 and 2024. 

VARIABLE WEED DRY WEIGHT  WEED COMPETITIVE INDEX 

              

 
 

4WAS 8WAS 12WAS  4WAS 8WAS 12WAS 

              

 2023 2024 2023 2024 2023 2024  2023 2024 2023 2024 2023 2024 

 

Variety              

FARO 55 0.53a 0.59a 1.52a 1.49a 1.15a 1.21a  0.01b 0.01c 5.97 5.76 0.25b 0.25b 

FARO 56 0.45a 0.59b 1.13b 1.14b 1.02a 1.07ab  0.03a 0.02b 8.21 8.12 0.32a 0.32ab 

FARO 59 0.28b 0.29c 1.17b 1.19b 0.79b 0.87b  0.02b 0.03a 7.59 7.57 0.37a 0.38a 

SEM± 0.03 0.03 0.07 0.06 0.12 0.07  0.002 0.00 0.98 0.96 0.37 0.04 

Treatment              

M1F1 0.44ab 0.48abcd 0.68ef 0.69ef 0.44c 0.46c  0.01c 0.01c 0.27c 0.27c 0.01c 0.01c 

M2F1 0.50b 0.49abcd 0.56ef 0.60f 0.34c 0.37c  0.02c 0.02bc 0.33c 0.26c 0.01c 0.01c 

M3F1 0.50b 0.51abc 0,97de 1.00de 0.62c 0.68c  0.02c 0.02abc 1.79c 1.69c 0.05c 0.05c 

M4F1 0.52a 0.58a 2.67a 2.64a 2.40a 2.49a  0.02c 0.02bc 20.99b 20.02b 1.05b 1.06b 

M1F2 0.29c 0.33cd 0.53f 0.51f 0.36c 0.42c  0.02c 0.03abc 0.33c 0.31c 0.01c 0.01c 

M2F2 0.32bc 0.34bc 0.78ef 0.78ef 0.43c 0.49c  0.02c 0.02abc 0.61c 0.61c 0.00c 0.03c 

M3F2 0.50b 0.50abc 1.56c 1.46c 1.04b 1.13b  0.02c 0.02abc 3.71c 3.67c 0.04c 0.03c 

M4F2 0.52a 0.46abcd 2.23b 2.23b 2.34a 2.48a  0.04a 0.03abc 30.05a 29.83a 1.28a 1.25ab 

M1F3 0.31bc 0.41abcd 0.64ef 0.69ef 0.31c 0.38c  0.03b 0.03abc 0.30c 0.31c 0.01c 0.01c 

M2F3 0.34bc 0.31d 0.77ef 0.76ef 0.43c 0.46c  0.02c 0.02abc 0.42c 0.40c 0.02c 0.02c 

M3F3 0.46ab 0.53ab 1.22cd 1.21cd 0.47c 0.54c  0.03b 0.03abc 1.69c 1.71c 0.04c 0.04c 

M4F3 0.37bc 0.39bcd 2.68a 2.71a 2.62a 2.72a  0.04a 0.03a 26.61a 26.70a 1.25ab 1.28a 

SEM± 0.06 0.06 0.13 0.12 0.14 0.14  0.004 0.00 1.96 1.93 0.07 0.07 

V x T Ns Ns 0.04 0.004 Ns Ns  Ns Ns Ns Ns Ns Ns 

Mean value of figures with the same superscript in a column are not significantly different (p<0.05%). weed biomass=WB, weed competitive index=WCI. 
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M1F1= Standard rate of herbicide with organic fertilizer, M2F1= Reduced rate of herbicide with organic fertilizer, M3F1= Manual weeding with organic herbicide, M4F1=Control 

with organic fertilizer, M1F2= Standard rate of herbicide with inorganic fertilizer, M2F2= Reduced rate of herbicide with inorganic fertilizer, M3F2= Manual weeding with inorganic 

herbicide, M4F2=Control with inorganic fertilizer, M!F3= Standard rate of herbicide with no fertilizer, M2F3= Reduced rate of herbicide with no fertilizer, M3F3= Manual weeding 

with no fertilizer, M4F3=Control with no fertilizer. 

 

References 

Alagbo, O. O., Akinyemiju, O. A., & Chauhan, B. S. (2022). Weed 

management in rainfed upland rice fields under varied 

agro-ecologies in Nigeria. Rice Science, 29(4), 328-339. 

Andreasen, C., & Streibig, J. C. (2011). Evaluation of changes in 

weed flora in arable fields of Nordic countries–based on 

Danish long‐term surveys. Weed Research, 51(3), 214-

226. 

Arouna, A., Lokossou, J. C., Wopereis, M. C. S., Bruce-Oliver, S., 

& Roy-Macauley, H. (2017). Contribution of improved 

rice varieties to poverty reduction and food security in sub-

Saharan Africa. Global Food Security, 14, 54-60. 

Bàrberi, P., & Lo Cascio, B. (2001). Long‐term tillage and crop 

rotation effects on weed seedbank size and 

composition. Weed research, 41(4), 325-340. 

Basu, S., & Rao, Y. V. (2020). Environmental effects and 

management strategies of the herbicides. International 

Journal of Bio-resource and Stress Management, 11(6), 

518-535. 

Bin Rahman, A. R., & Zhang, J. (2023). Trends in rice research: 

2030 and beyond. Food and Energy Security, 12(2), e390. 

Chauhan, B. S. (2013).   Strategies to manage weedy rice in Asia. 

Crop Protection, 48, 51–56. 

Chauhan, B. S., & Johnson, D. E. (2011). Row spacing and weed 

control timing affect yield of aerobic rice. Field Crops 

Research, 121(3), 226–231. 

Damalas, C. A., & Koutroubas, S. D. (2022). Weed competition 

effects on growth and yield of spring-sown white 

lupine. Horticulturae, 8(5), 430.  

Daramola, O. S., Adigun, J. A., & Olorunmaiye, P. M. (2020). 

Challenges of weed management in rice for food security 

in Africa: A review. Agricultura Tropica et 

Subtropica, 53(3), 107-115. 

Dass, A., Shekhawat, K., Choudhary, A. K., Sepat, S., Rathore, S. 

S., Mahajan, G., & Chauhan, B. S. (2017). Weed 

management in rice using crop competition-a review. Crop 

protection, 95, 45-52. 

Davis, A. S., & Frisvold, G. B. (2017). Are herbicides a once in a 

century method of weed control?. Pest management 

science, 73(11), 2209-2220. 

Dhyana, A. K. (2020). Sowing time and nutrient management for 

productivity enhancement of upland rice (Oryza sativa 

L.) (Doctoral dissertation, Department of Agronomy, 

College of Agriculture). 



 
 

 

[ INTERNATIONAL JOURNAL OF PHYTOFUELS AND ALLIED S CIENCES]   September, 2025 14(1)   
1 - 17 

15 Publication of the Society for the Conservation of Phytofuels and Allied Sciences 

 

Duke, S. O. (2015). Perspectives on transgenic, 

herbicide-resistant crops in sustainable 

agriculture. Weed Science, 63(SP1), 118–

129. 

Fahad, S., Adnan, M., Noor, M., Arif, M., Alam, 

M., Khan, I. A., ... & Wang, D. (2019). 

Major constraints for global rice 

production. In Advances in rice research 

for abiotic stress tolerance (pp. 1-22). 

Woodhead Publishing. 

Ghosh, D., Brahmachari, K., Brestic, M., 

Ondrisik, P., Hossain, A., Skalicky, M., ... 

& Bell, R. W. (2020). Integrated weed 

and nutrient management improve yield, 

nutrient uptake and economics of maize 

in the rice-maize cropping system of 

Eastern India. Agronomy, 10(12), 1906. 

Ghosh, D., Brahmachari, K., Skalický, M., Roy, 

D., Das, A., Sarkar, S., ... & Hossain, A. 

(2022). The combination of organic and 

inorganic fertilizers influence the weed 

growth, productivity and soil fertility of 

monsoon rice. PloS one, 17(1), 

e0262586. 

Hussain, M. I., Abideen, Z., Danish, S., Asghar, 

M. A., & Iqbal, K. (2021). Integrated 

weed management for sustainable 

agriculture. Sustainable Agriculture 

Reviews 52, 367-393. 

Jacob-John, J., D’Souza, C., Marjoribanks, T., & 

Singaraju, S. (2021). Synergistic 

interactions of SDGs in food supply 

chains: A review of responsible 

consumption and 

production. Sustainability, 13(16), 8809. 

Kakarla, U. S., Venkataramana, A., Gopinath, S., 

Shivaram, K., Yugendhar, K., Harika, K. 

V. S. L., & Dixit, S. (2024). 

Revolutionizing Agricultural Harvesting 

with IoT Application. In MATEC Web of 

Conferences (Vol. 392, p. 01014). EDP 

Sciences. 

Kaur, S., Kaur, R., & Chauhan, B. S. (2018). 

Understanding crop-weed-fertilizer-

water interactions and their implications 

for weed management in agricultural 

systems. Crop Protection, 103, 65-72. 

Kumar, V., Mahajan, G., Sheng, Q., & Chauhan, 

B. S. (2023). Weed management in wet 

direct-seeded rice (Oryza sativa L.): 

Issues and opportunities. Advances in 

Agronomy, 179, 91-133. 

Kumar, S., Kumari, S., Rana, S. S., Rana, R. S., 

Anwar, T., Qureshi, H., ... & Aghayeva, 

S. (2024). Weed management challenges 

in modern agriculture: The role of 

environmental factors and fertilization 

strategies. Crop Protection, 185, 106903. 

Lile, R., Ocnean, M., & Balan, I. M. (2023). 

Challenges for Zero Hunger (SDG 2): 

Links with Other SDGs. Zero Hunger, 9. 

Lowry, C. J., & Smith, R. G. (2018). Weed 

control through crop plant manipulations. 

In Non-chemical weed control (pp. 73-

96). Academic Press. 

Magurran, A. E. (2003). Measuring biological 

diversity. John Wiley & Sons. 

McGilchrist, C. A. (1965). Analysis of 

competition experiments. Biometrics, 

975-985.  

Mishra, J. S., Rao, A. N., Singh, V. P., & Kumar, 

R. (2016). Weed management in major 

field crops. Advances in Weed 

Management. Indian Society of 

Agronomy, 1-23. 

Mohler, C. L., & Johnson, S. E. (2009). Crop 

rotation on organic farms: A planning 

manual. Cornell University Press.  



 
 

 

[ INTERNATIONAL JOURNAL OF PHYTOFUELS AND ALLIED S CIENCES]   September, 2025 14(1)   
1 - 17 

16 Publication of the Society for the Conservation of Phytofuels and Allied Sciences 

Monteiro, A., & Santos, S. (2022). Sustainable 

approach to weed management: The role 

of precision weed 

management. Agronomy, 12(1), 118. 

Mwendwa, J. M., Brown, W. B., Weidenhamer, 

J. D., Weston, P. A., Quinn, J. C., Wu, H., 

& Weston, L. A. (2020). Evaluation of 

commercial wheat cultivars for canopy 

architecture, early vigour, weed 

suppression, and yield. Agronomy, 10(7), 

983. 

Nakai, J. (2018). Food and Agriculture 

Organization of the United Nations and 

the sustainable development 

goals. Sustainable development, 22, 1-

450. 

Nath, C. P., Singh, R. G., Choudhary, V. K., 

Datta, D., Nandan, R., & Singh, S. S. 

(2024). Challenges and alternatives of 

herbicide-based weed 

management. Agronomy, 14(1), 126. 

Nathalie, C., Munier-Jolain, N., Dugué, F., 

Gardarin, A., Strbik, F., & Moreau, D. 

(2020). The response of weed and crop 

species to shading. How to predict their 

morphology and plasticity from species 

traits and ecological indexes? European 

Journal of Agronomy, 121, 126158. 

Nazir, A., Bhat, M. A., Bhat, T. A., Fayaz, S., Mir, 

M. S., Basu, U., ... & El Sabagh, A. 

(2022). Comparative analysis of rice and 

weeds and their nutrient partitioning 

under various establishment methods and 

weed management practices in temperate 

environment. Agronomy, 12(4), 816. 

Nigerian Meteorological Agency (NiMet). 

(2021). Annual Climate Review Bulletin 

for Abuja and Environments. Abuja, 

Nigeria. 

Osipitan, O. A. (2017). Weed interference and 

control in cowpea production: A 

review. Journal of Agricultural 

science, 9(12), 11-20. 

Osipitan, O. A., Dille, J. A., Assefa, Y., & 

Knezevic, S. Z. (2018). Cover crop for 

early season weed suppression in crops: 

Systematic review and meta‐

analysis. Agronomy Journal, 110(6), 

2211-2221. 

Pahalvi, H. N., Rafiya, L., Rashid, S., Nisar, B., 

& Kamili, A. N. (2021). Chemical 

fertilizers and their impact on soil 

health. Microbiota and Biofertilizers, Vol 

2: Ecofriendly tools for reclamation of 

degraded soil environs, 1-20. 

Parven, A., Meftaul, I. M., Venkateswarlu, K., & 

Megharaj, M. (2024). Herbicides in 

modern sustainable agriculture: 

environmental fate, ecological 

implications, and human health 

concerns. International Journal of 

Environmental Science and Technology, 

1-22. 

Pervaiz, R., Baloch, R., Arshad, M. A., Abbas, R. 

N., Shahzad, N., Hamid, M., ... & Akbar, 

M. M. (2024). Herbicide strategies for 

weed control in rice cultivation: Current 

practices and future directions. Haya 

Saudi J Life Sci, 9(4), 114-129. 

Ramesh, K., Matloob, A., Aslam, F., Florentine, 

S. K., & Chauhan, B. S. (2017). Weeds in 

a changing climate: vulnerabilities, 

consequences, and implications for future 

weed management. Frontiers in plant 

science, 8, 95.  

Ruzmi, R., Ahmad-Hamdani, M. S., Abidin, M. 

Z. Z., & Roma-Burgos, N. (2021). 

Evolution of imidazolinone-resistant 

weedy rice in Malaysia: the current 

status. Weed Science, 69(5), 598-608. 



 
 

 

[ INTERNATIONAL JOURNAL OF PHYTOFUELS AND ALLIED S CIENCES]   September, 2025 14(1)   
1 - 17 

17 Publication of the Society for the Conservation of Phytofuels and Allied Sciences 

Scavo, A., & Mauromicale, G. (2020). Integrated 

weed management in herbaceous field 

crops. Agronomy, 10(4), 466. 

Schreiber, F., Scherner, A., Andres, A., 

Concenço, G., & Goulart, F. 

(2018). Competitive ability of rice 

cultivars in the era of weed resistance. 

IntechOpen. 

Shehata, S. A., Abouziena, H. F., Abdelgawad, K. 

F., & Elkhawaga, F. A. (2019). Weed 

control efficacy, growth and yield of 

potato (Solanum tuberosum L.) as 

affected by alternative weed control 

methods. Potato Research, 62, 139-155. 

Sims, B., Corsi, S., Gbehounou, G., Kienzle, J., 

Taguchi, M., & Friedrich, T. (2018). 

Sustainable weed management for 

conservation agriculture: Options for 

smallholder farmers. Agriculture, 8(8), 

118. 

Singh, B., & Ryan, J. (2015). Managing 

fertilizers to enhance soil 

health. International Fertilizer Industry 

Association, Paris, France, 1. 

Taylor, D., Kent, M., & Coker, P. (1993). 

Vegetation description and analysis: a 

practical approach. The Geographical 

Journal, 159(2), 237. 

Travlos, I. S., Cheimona, N., Roussis, I., & 

Bilalis, D. J. (2018). Weed-species 

abundance and diversity indices in 

relation to tillage systems and 

fertilization. Frontiers in Environmental 

Science, 6, 11. 

Upasani, R. R., & Barla, S. (2018). Weed 

dynamics in changing climate. Journal of 

Experimental Botany, 66(12), 3435-

3450. 

Verma, R. C., Singh, N. K., Gangavati, A. R., 

Ashoka, P., Kesarwani, A., Ali, I., & 

Pandey, S. K. (2023). A Review of Long-

Term Effects of Mineral Fertilizers on 

Soil Microorganisms. International 

Journal of Plant & Soil Science, 35(20), 

1145-1155.  
 

 


