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Maize (Zea mays L.) cultivation in the mid-hills of Nepal is vital for food security but faces significant yield losses due to weed
competition. The two-year (2023-2024) phytosociological study on summer maize was conducted to assess weed diversity and
dynamics in randomly selected 40 farmers’ fields of Puranchaur, Dhikidada, Gharmi, and Lamachaur at Pokhara Metropolitan
City of Nepal. During both years, a total of 21 weed species were documented, predominantly from the Asteraceae and Poaceae
families, and the majorities were annual broadleaf weeds. Persicaria nepalensis (Meisner) H. Gross emerged as the most eco-
logically significant species, exhibiting the highest Importance Value Index (49.06) due to its widespread distribution, higher
density, and abundance. Cyperus spp. (34.74), Galinsoga parviflora Cav. (31.86), and Ageratum conyzoides L. (26.96) were also
dominant, reflecting resilience in a rainfed disturbed environment. Spatial-temporal analysis revealed declining weed diversity in
Dhikidada (Shannon index: 2.23 to 2.04) but increased in Gharmi (1.97 to 2.09). The study underscores the need for integrated
weed management that targets the dominant weed species and actively monitors shifts in community diversity to reduce yield

losses and enhance maize production for smallholders in the region.
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1. Introduction

Maize (Zea mays L.) is a valuable and versatile cereal that can
be grown in diverse environments and geographical regions
for food, feed, fodder, and raw materials for industrial
products. In Nepal maize is grown in 0.94 million-ha, of which
67% of area, and 61% of the production is accompanied by the
mid-hills region [1]. The majority of maize in mid-hills is
grown on upland as a rainfed crop during the rainy season and
it is a way of life for most of the hill farmers [2]. Maize-based
cropping systems are dominant in upland, i.e., Bari land of
mid-hills [3]. Due to large spacing, high fertilizer use [4], and
adequate moisture content accompanied with high rainfall
[5], rainy season maize is greatly infested by a wide range of
weed flora [6]. Weeds lower photosynthetic efficiency, dry
matter production, and distribution of photosynthate to

reproductive parts, which lowers the crop’s sink capacity and
results in low grain yield [7]. Yield losses in maize due to
weeds ranges from 28% to 100% [8], 35%-83% [9], 7%—-62%
[10], and 8%-60% [11]. Weed removal in smaller farms in hills
is done manually [12]. Due to labor migration and urbani-
zation, manual weeding is getting more expensive, which
raises the cost of production [13]. Thus, specific and effective
weed management practices for small hill farmers could save
the cost of cultivation and maximize their profit.

For the development of a specific weed control strategy, the
first step involves the identification of problematic and
dominant weed species in an area since the weed population
extremely varies over the location and within the location as
well [14]. A phytosociological survey is a method used to study
plant communities, focusing on the types and distribution of
plants in an area [15]. In agriculture, these surveys are useful for
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FIGURE 1: Map showing the study location (Source: ArcGIS, 2024).

understanding weed dynamics in crop fields. This helps to
identify changes in weeds within crops, and how these changes
relate to farming practices, and can guide the development of
site-specific weed management strategies [16]. Phytosocio-
logical study is the starting point for the development of ap-
propriate, effective, and affordable weed management
technology. Thus, this study was undertaken to determine the
phytosociological characters of weeds in summer maize in the
western mid-hill of Nepal with the view to identify the most
important weeds associated with maize that can be the entry
point for an effective weed management strategy.

2. Materials and Methods

2.1. Study Site. The phytosociological survey was carried
out during the rainy season of 2023 and 2034 at Pokhara
Metropolitan City-Ward 16 and 19 (viz., Lamachaur,
Dhikidada, Gharmi, and Puranchaur). The study area
extends from 28°17'52"N/83°56'45"E to 28°16'21"N/
83°57'42"E from East to West and 28°17'52"N/83°56'45"E
to 28°16'21"N/83°56'41"E from North to South (Figure 1).

The elevation of the study area ranges from 1038 to
1227 msal.

2.2. Climate. The region has a moderate subtropical climate
[17], with annual rainfall of about 3900 mm [18]. The
weather condition of the study site during rainy season is
presented in Figure 2.

2.3. Weed Survey Methodology. The weed survey was
conducted in the rainy season of 2023 and 2024. Each
year, 40 farmers from Pokhara Metropolitan City Ward
Nos. 16 and 19 (10 from each location, viz., Lamachaur,
Gharmi, Dhikidada, and Puranchaur), growing maize in
succession to wheat or mustard, were randomly selected,
having a farm size of at least 0.25 ha. Weed sampling was
done from a quadrant of 1 m? (1 x 1 m) from each farmer
between 60 and 70 days after sowing of maize, a period
coinciding with the critical period of crop weed com-
petition. All weeds within the quadrant were carefully
uprooted.
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FIGURE 2: Weather conditions of the study site during the rainy seasons of 2023 and 2024. Note: 1-18 = weather condition in 2023; 20-
37 = weather condition in 2024; 19 = blank (gap between years); 1= May 1% Week; 2 = May 2" Week; each number represents one-week interval;
in the next year, 20, 21, and so on are the same as 1 and 2 of the first year (Source: Directorate of Agricultural Research, Gandaki Province, Lumle).

2.4. Weed Identification Protocol. In the field, weed speci-
mens were initially sorted and counted by species. For
species that could be confidently identified on-site using
standard morphological keys, data were recorded directly.
For specimens that could not be readily identified in the
field, representative samples were collected, tagged, and
prepared as herbarium. This preparation involved pressing
the plants between absorbent paper and drying them using
a standard plant press for subsequent detailed analysis. All
specimens, both those identified in the field and those
collected as herbarium, were then subjected to formal bo-
tanical identification. This process was conducted with the
expert assistance and the reference herbarium at the Na-
tional Herbarium and Plant Laboratories in Godawari,

Frequency =

Number of quardants in which particular species occured

Kathmandu, Nepal. There, specimens were cross-verified,
identified to the level of family, genus, and species, and
confirmed against the herbarium’s reference collections [19].

2.5. Data Analysis. The following phytosociological pa-
rameters were calculated for each species.

Frequency refers to the proportion of sampling units
(e.g., quadrats) in which a particular species is found relative
to the total number of sampling units surveyed (i.e., 80). This
is the likelihood of finding a species in a specific quadrant or
sample area [20]. A high frequency indicates that the species
is widely distributed across the sampled area. It is calculated
using the formula given by [21].

A species’ relative frequency, expressed as a percentage
using [20] formula, indicates how common it is in a given
area. A high relative frequency indicates that the species is
dominant or extremely common because it is found in
a higher number of sampling units than the majority of
others.

Frequency of particular species 100

(2)

Density refers to the average number of individuals of
a particular species per sampling unit (e.g., quadrant). A
high density indicates that the species is abundant in the
sampled area. It is calculated using the formula given by [21].

Relative f; =
CAVEEqUEneY = " tal frequency of all species

Total number of quardants

(1)

Total number of particular species in all quardants
Density =

Total number of quardants
(3)

Relative density is a measure of how abundant a species
is compared to all other species in the study area. A high
relative density means that the species is dominant or highly
abundant compared to other species. It is expressed as
a percent and is calculated using the formula suggested by
[20].

Density of particular species

Relative density = 100.

Total density of all species
(4)



Abundance is the average number of individuals of
a particular species per quadrant in which the species ac-
tually occurs. A high abundance means that the species is

Total number of particular species in all quardants
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densely populated in the quadrants where it is present. It is
calculated using the formula suggested by [22].

Abundance =

Number of quardant in which targated species occured

Relative abundance is the measure of abundance of
a particular species in relation to all other species within the
study area. A high relative abundance means a species is
dominant or more abundant compared to other species. It is
expressed as a percentage and is calculated using the formula
suggested by [22].

Abundance of a particular species

(5)

The Importance Value Index (IVI) is the integrated
measure to determine the overall importance of a species in
a community. The IVI gives an overall understanding of the
species’ ecological role in an area. A high IVI indicates that
the species has higher ecological importance or dominance
in the community; it is calculated using the formula sug-
gested by [22].

Relative abund = 100.
clativeabundance Total abundance of all species
(6)
Important value index = Relative frequency + relative density + relative abundance. (7)

2.6. Simpson’s Diversity Index. Simpson’s Diversity Index is
calculated using the following formula given by [23] and
represents the probability that two individuals randomly
selected from a community belong to different species.

Zni(ni-1)

D=1-"——""_
N(N-1)

(8)
where ni is the total number of each species and N is the total
number of all the species.

2.6.1. Shannon and Weiner Index (H'). The Shannon-
Wiener index is a measure of species diversity in a com-
munity that quantifies the uncertainty in predicting the
species identity of a randomly chosen individual and is
calculated using the formula given by [24].

H' ==Y (pixIn pi). (9)

H' is Shannon’s Diversity Index, p; is the proportion of
individuals of species i in the total sample, and In is the
natural logarithm.

3. Results and Discussion

3.1. Weed Flora. During the study, 21 weed species were
collected from different locations and categorized with or-
der, family, growth habit and plant morphology (Table 1). A
total of 11 families were recognized. Among them, the
largest number of weed species belongs to Asteraceae and
Poaceae families. The predominance of the Asteraceae and
Poaceae weeds in agroecosystems is a direct consequence of
their exceptional ecological adaptability to the disturbed,
resource-rich, and highly competitive conditions created by

farming practices [25, 26]. Both families exhibit rapid life
cycles and prolific seed production, enabling them to exploit
temporary gaps, colonize bare soil quickly, and maintain
persistent seed banks [27]. Diverse growth forms and
competitive nature, including rosettes that concentrate
ground-level light, dense root systems that insensitively
capture nutrients and water, and C4 photosynthesis make
many grass weeds common [28]. Most of the weeds were
broadleaf followed by grassy weeds which were categorized
as annual and occasionally as perennial in nature. The
upland attributed to maize cultivation in Nepal is under
conventional agriculture practices, leading to high soil
disturbance, increasing the dominance of annual weeds [29].

The higher abundance of annual broadleaf weeds,
compared to perennial weeds, reflects their evolutionary
adaptation to frequent agricultural disturbances [30], which
favor species with short life cycles and transient seed banks
[31]. The greater number of tillage operations are performed
in the cultivation of summer maize in the mid-hills of Nepal
[32], leading to the abundance of annual weeds. Euphorbia
hirta and Oxalis latifolia were the weeds observed only in the
second year.

3.2. Phytosociological Values. The observed IVI among weed
species in this study underscores the ecological heteroge-
neity and competitive dynamics within the plant commu-
nity. The most dominant species is Persicaria nepalensis,
with the highest IVI of 49.06, which is attributed to its high
frequency (9.52%), high density (22.70%), and high abun-
dance (16.84%) (Table 2). The success of Persicaria nepalensis
is associated to its efficient resource acquisition, ability to
produce many seeds and grow from vegetative parts,
commonness in May Polygonaceae species [33, 34]. The
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TABLE 1: Weeds in the rainy season maize in western mid-hills, at Pokhara, Nepal.

Scientific name Order Family Growth habit Plant morphology 2023 2024
Ageratum conyzoides L. Asterales Asteraceae A D-B Pl Pl
Bidens pilosa L. Asterales Asteraceae A D-B Pl Pl
Crassocephalum crepidioides (Benth.) S. Moore Asterales Asteraceae A D-B Pl Pl
Galinsoga parviflora Cav. Asterales Asteraceae A D-B Pl Pl
Synedrella nodiflora (L.) Gaertn. Asterales Asteraceae A D-B Pl Pl
Amaranthus viridis L. Caryophyllales Amaranthaceae A D-B Pl Pl
Drymaria cordata (L.) Willd ex Roem. and Schult. Caryophyllales Caryophyllaceae A D-B Pl Pl
Commelina benghalensis L. Commelinales Commelinaceae A M-B Pl Pl
Cynodon dactylon (L.) Pers. Cyperales Poaceae P M-G Pl Pl
Digitaria ciliaris (Retz.) Koeler Cyperales Poaceae A M-G Pl Pl
Echinochloa crus-galli (L.) P. Beauv. Cyperales Poaceae A M-G Pl Pl
Eleusine indica (L.) Gaertner Cyperales Poaceae A M-G Pl Pl
Eragrostis pilosa (L.) P. Beauv. Cyperales Poaceae A M-G Pl Pl
Cyperus spp. Cyperales Cyperaceae P1 M-S Pl Pl
Fimbristylis littoralis Gaud. Cyperales Cyperaceae A/PL M-S Pl Pl
Euphorbia hirta L. Euphorbiales ~ Euphorbiaceae A D-B AB Pl
Borreria latifolia (Aubl.) K. Schum. Gentianales Rubiaceae A D-B Pl Pl
Oxalis latifolia Kunth Geraniales Oxalidaceae Pl D-B AB Pl
Phyllanthus niruri L. Malpighiales  Phyllanthaceae A D-B Pl Pl
Persicaria nepalensis (Meisner) H. Gross Polygonales Polygonaceae A D-B Pl Pl
Polygonum plebeium Polygonales Polygonaceae A/P] D-B Pl Pl

Note: A, annual; P, perennial; D, dicot; M, monocot; B, broad leaf; G, grass; S, sedge; Pl, present; AB, absent.

TaBLE 2: Phytosociological values of the weed species in the rainy season maize in western mid-hills, at Pokhara, Nepal.

Weeds TOI TNI F D A RF (%) RD (%) RA (%) IVI
Persicaria nepalensis 61 1766 0.76 22.08 28.95 9.52 22.70 16.84 49.06
Cyperus sp. 66 1128 0.83 14.10 17.09 10.30 14.50 9.94 34.74
Galinsoga parviflora 57 996 0.71 12.45 17.47 8.89 12.80 10.16 31.86
Ageratum conyzoides 66 769 0.83 9.61 11.65 10.30 9.89 6.78 26.96
Digitaria ciliaris 59 712 0.74 8.90 12.07 9.20 9.15 7.02 25.38
Eleusine indica 55 575 0.69 7.19 10.45 8.58 7.39 6.08 22.05
Cynodon dactylon 35 411 0.44 5.14 11.74 5.46 5.28 6.83 17.57
Eragrostis pilosa 40 349 0.50 4.36 8.73 6.24 4.49 5.08 15.80
Drymaria cordata 40 276 0.50 3.45 6.90 6.24 3.55 4.01 13.80
Echinochloa crus-galli 43 243 0.54 3.04 5.65 6.71 3.12 3.29 13.12
Synedrella nodiflora 31 207 0.39 2.59 6.68 4.84 2.66 3.88 11.38
Fimbristylis littoralis 17 124 0.21 1.55 7.29 2.65 1.59 4.24 8.49
Borreria latifolia 3 27 0.04 0.34 9.00 0.47 0.35 5.24 6.05
Phyllanthus niruri 19 70 0.24 0.88 3.68 2.96 0.90 2.14 6.01
Commelina benghalensis 14 44 0.18 0.55 3.14 2.18 0.57 1.83 4.58
Bidens pilosa 10 26 0.13 0.33 2.60 1.56 0.33 1.51 3.41
Polygonum plebeium 8 24 0.10 0.30 3.00 1.25 0.31 1.75 3.30
Amaranthus viridis 9 23 0.11 0.29 2.56 1.40 0.30 1.49 3.19
Crassocephalum crepidioides 4 5 0.05 0.06 1.25 0.62 0.06 0.73 1.42
Euphorbia hirta 3 3 0.04 0.04 1.00 0.47 0.04 0.58 1.09
Oxalis latifolia 1 1 0.01 0.01 1.00 0.16 0.01 0.58 0.75

Note: F, frequency; D, density; A, abundance.

Abbreviations: IVI, Importance Value Index; RA, relative abundance; RD, relative density; RF, relative frequency; TNI, total number of individuals; TOI, Total

Occurrence Index.

shallow and fibrous root system of Persicaria rapidly cap-
tures soil nutrients and moisture, enabling aggressive growth
in disturbed, nutrient-rich agroecosystems. Concurrently,
a single plant of Persicaria can produce thousands of small
seeds that form a persistent seed bank [35]. Cyperus sp.
ranked second in dominance with an IVI of 34.74, indicating
a substantial presence in the community because of their
resilience attributed to their propagation through tubers and

C4 photosynthesis [36]. Galinsoga parviflora (31.86) and
Ageratum conyzoides (26.96), both from the Asteraceae
family, are moderately dominant due to their short life
cycles, which allow them to regenerate and spread quickly
[37, 38]. Digitaria ciliaris (25.38) and Eleusine indica (22.05)
were moderately dominant species, playing a significant role
in the weed flora. On the other hand, Cynodon dactylon
(17.57), Eragrostis pilosa (15.80), and Drymaria cordata
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TaBLE 3: Diversity indices of weeds in rainy season maize in the western mid-hills at Pokhara, Nepal.
Shannon-Weiner Index (H') Simpson’s Diversity Index (D)
Location Year Year
2023 2024 2023 2024
Puranchaur 2.27 2.26 0.86 0.88
Lamachaur 2.36 2.29 0.87 0.87
Dhikidada 2.23 2.04 0.86 0.82
Gharmi 1.97 2.09 0.80 0.81
Overall 2.39 2.30 0.88 0.86

(13.80) were less dominant but still ecologically relevant.
Competitive pressure from vegetatively propagating species
and management practices limits the growth of grass and
keeps grass populations under control [39]. Rare species, like
Borreria latifolia (6.05), Commelina benghalensis (4.58), and
Crassocephalum crepidioides (1.42), had negligible ecological
importance in the current study.

3.3. Diversity Indices. The Shannon-Weiner Index reveals
changes in species richness, while the Simpson’s Index
shows how prevalent species are. The data reveal changes in
weed diversity across four locations between 2023 and 2024,
with mixed trends in the Shannon-Weiner and Simpson’s
Diversity Indices (Table 3). In Puranchaur, weed diversity
remained relatively stable, with a slight increase in domi-
nance by common weed species indicating that management
practices adopted in Puranchaur are favoring certain weeds
[40]. Lamachaur experienced a mild decline in weed species
richness, but the dominant weed species remained un-
changed. In Dhikidada, there has been a significant re-
duction in weed diversity, which is likely due to intensified
land use or ineffective weed management, which has allowed
certain weeds to dominate at the expense of others [41]. In
contrast, weed diversity in Gharmi has been increasing over
the years, suggesting that current management practices
have reduced the dominance of a few species and promoted
a more balanced weed community, which can be further
enhanced through integrated weed management [42]. De-
spite Gharmi, overall weed diversity in the region declined,
with fewer rare weed species and more dominance by a few
species.

Spatial variation is more important than temporal var-
iation in understanding weed diversity [43]. The study shows
that differences between locations (spatial variation) were
more pronounced and significant than changes between
years (temporal variation). There were slight changes in
overall diversity indices for the entire study area from 2023
to 2024 (Shannon Index: 2.39 to 2.30; Simpson’s Index: 0.88
to 0.86), which indicated that the weed community structure
was relatively stable over time. In contrast, the diversity
indices differed substantially between the four locations
(Puranchaur, Lamachaur, Dhikidada, and Gharmi) within
the same year. Furthermore, the trends over time were not
uniform across location; diversity declined in Dhikidada,
increased in Gharmi, and remained relatively stable in
Puranchaur and Lamachaur. Differences in the weed
management practices across the locations [44],

microenvironments, or unique soil conditions to each site
had a stronger influence on the weed community and its
diversity than temporal variation [45].

4. Conclusions

The study identified Persicaria nepalensis as the most eco-
logically dominant weed in rainy season maize fields of
western mid-hills in Nepal, due to its widespread distri-
bution and adaptability. Cyperus spp., Galinsoga parviflora,
and Ageratum conyzoides followed as competitors, reflecting
their resilience in rainfed and disturbed environments.
Euphorbia hirta and Oxalis latifolia were emerging weed
species in the regions. Differences in the management
practices and microclimate resulted in the differences in the
weed dominance across the location but remained more
stable across time. To address these challenges, integrated
weed management strategies based on phytosociological
insights prioritizing high-IVI and emerging weed species are
critical to minimize the yield losses and enhance maize
productivity in smallholder farming. As such, it requires
a two-fold approach, where scientific research could advance
ecological understanding related to dominant and emerging
weed species, and policy intervention should be made to
develop spatial maps and locally adapted management
packages for small-scale farmers.
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