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Abstract. District Jhelum is located in the extremely diverse province of Punjab, Pakistan, and flowering event
in plants is always influenced by the environment. This study was conducted during 2018 to 2020 to investigate
the climatic effects on flowering cycle of plants. The main focus of the study was to find out the particular
association between flowering phenology of plants and climatic variables. Month-wise phenological response
of plants was recorded during frequent field visits at multiple representative microhabitats. The response data is
saved as binary data matrix, and mean monthly climatic data is obtained through remote sensing, and analysed
by using multivariate analyses like canonical correspondence analysis, hierarchical classification and pseudo-
canonical correlation. CCA and Hierarchical classification were applied to assess the importance climatic
variations towards the flowering phenological response and potential groups respectively. A total of 404 plant
species of 223 genera belonging to 75 plant families were examined. Majority of plant species were found in
flowering during the month of March (174 spp.) followed by April (159 spp.) and August (158 spp.), similarly,
Summer was the leading season (208 spp.) followed by Monsoon (203 spp.), Spring (181 spp.) and Autumn
(157 spp.). CCA results depicted that total variations in the flowering phenology response data were 3.45084,
and about 45.6% were explained by the explanatory climatic variables. Wind speed, mean monthly maximum
temperature and soil moisture were detected as most influential drivers of flowering phenology in the study
area. The current study will be useful for researchers as a major source of knowledge for the conservation of
valuable species. Such type of attempts will be supportive to explore the phenological response of plants in
various habitats such as forest, hilly, riverine, desert and range lands flora in their future projects.

Keywords: phenological response, hierarchical classification, canonical correspondence analysis

Introduction

The word “phenology” stands for the life history of plants (Vashistha et al., 2009). To
record phenological response at local and regional scale some modeling tools and remote
sensing play significant role (Neil and Wu, 2006). Phenology of plants is recorded through
observation during ecological explorations to estimate month wise or season wise data
including the last stage of appearance (Meier et al., 2007; Menzel et al., 2006). During
documentation of ground truth data, various climatic variables were recorded for
comparative data analysis (Badeck et al., 2004). In an ecosystem clear effects of climatic
variables on phenological response were determined (Kolb et al., 2007). Climatic and
phenological relations were documented by many research studies (Petry et al., 2016).
Phenology and climatic conditions are linked to multiple scales (Bertin, 2008),
environmental variables can affect the functional aspects of plants in any ecosystem
(Parmesan, 2006; Calinger et al., 2013) resulting in close relationships among plant
pollinators and plant species (Forrest, 2015; Kharouba and Vellend, 2015), and also among
migratory birds and plants (Both et al., 2006). In life of plants, some unpredicted
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circumstances can affect the flowering event such as extreme temperature, day length and
humidity, and studies documenting the influence of current climate on phenological events
become extremely important because researchers already predicted a remarkable potential
change in future climate. The presence or absence of biotic factors such as, grazers and
insect pollinators and abiotic factors such as temperature, day length, and rainfall which
influence the pattern of phenology (Thomson, 2010).

Various research studies resulted that temperature had significant effect on Phenology of
plant species. But it was noted that temperature and phenological effect was not uniform in
the World. The reason depicted that there was fluctuation in temperatures from different
regions. Each species showed particular effect of temperature on phenology. So, the effect
of temperature varied from species to species. In different regions of the World, with
altitudinal variations, temperature played a basic role in different phenological response
(Luo et al., 2007) (Holway and Ward, 1965; Shen et al., 2015; Luo et al., 2007) (Mooney
and Billings, 1960). At different stages of phenology, the plants showed variable response
at various temperature (Vashistha et al., 2009). International Panel on Climate Change,
stated that a global rise of 0.74 °C in surface temperature results in environmental changes
including less snow cover, rise in glacier melting, rise in sea level and variations in
environmental temperature, rainfall and wind speed (Change, 2007).

In various regions of the World, climatic variations affected phenological responses
greatly. The major climatic factors which influence the phenological pattern among various
species are temperature, soil moisture, precipitation and rainfall (Chambers et al., 2013; Liu
et al., 2016a, b; Inouye, 2008; Wolkovich and Cleland, 2011; Sun et al., 2015; Shen et al.,
2016; Buyantuyev and Wu, 2012; Piao et al., 2019; Ma et al., 2013; Yu et al., 2003; Zhang
et al., 2018; Visser et al., 2010; Richardson et al., 2013; Badeck et al., 2004; Zalamea and
Gonzalez, 2008). Globally, various seasons also play an important role in the phenology of
plant species (Piao et al., 2019; Wolkovich and Cleland, 2011; Mittermeier et al., 2019;
Gordo and Sanz, 2005; Morisette et al., 2009; Chambers et al., 2013; Yang et al., 2017).

Many studies resulted that temperature directly had direct influence on the phenological
response among various plants species (Piao et al., 2019; Cleland et al., 2007; Cornelius et
al., 2013; Prevéy et al., 2017; Crabbe et al., 2016; Shen et al., 2011; Keenan et al., 2020).
Whereas, seasonal environmental variations showed a clear association to flowering period
of plants. While phonological period, during life cycle of plants, represent prominent
association with temperature. Moreover, in some cases, humidity, soil moisture, soil
composition and soil texture influence the plant phenology (Cleverly et al., 2016; Francioli
et al.,, 2018; Nandintsetseg and Shinoda, 2011; Pefia-Barragan et al., 2011; Bodin and
Morlat, 2006). Soil showed a major effect on the life cycle of plants. Many studies from
different regions of the World, revealed the influence of soil factors on phenological pattern
of plant species (Pausas and Austin, 2001; Okusanya et al., 2016; Anderson et al., 2012;
Tadey, 2020; Tooke and Battey, 2010; Staehlin and Fant, 2015; Hulme, 2011; Cleland,
2007; Godoy et al., 2009; Neil et al., 2010; Lesica and Kittelson, 2010; Khanduri et al.,
2008; Chen et al., 2020; Wolkovich and Cleland, 2014; McEwan et al., 2011; Matthews and
Mazer, 2016).

The effect of climate and phenological response among large number of plants species
was investigated in different geographical regions (Menzel et al., 2006; Parmesan, 2006;
Parmesan and Yohe, 2003). Phenological response during spring season were recorded
from many decades (Chambers et al., 2013; Schwartz et al., 2013; Ge et al., 2015), while
phenological stages were not reported exactly (Menzel et al., 2006; Gill et al., 2015). From
terrestrial ecosystems, flowering patterns of plant which played a significant role as
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biological factor are influenced by climate variations (Rosenzweig et al., 2007; Khan et al.,
2018; Wang et al., 2018). It is resulted that species with progress in phenology with the rise
in temperature will have better chances of survival. Such types of species represented
maximum number of flowers, biomass production and vegetation cover. On the other hand,
species which do not respond to climate variation faced hazard with short growth period as
compared to active competitors (Cleland et al., 2012). As, such types of plant species not
responding to temperature changes are facing a rapid decline in their abundance during the
previous 150 years (Willis et al., 2008). Many ecologists reported the impact of topography,
anthropogenic and climatic changes and possible causes upon various plant species (Khan
et al., 2019a, b).

Ecologists should focus on durable and long lasting programming of existing natural
resources to assess biodiversity of rich flora from unexplored regions by using multivariate
analyses as comprising ordination techniques and hierarchical classification (Khan et al.,
2019a, b). Moreover, the district Jhelum, Punjab, Pakistan was still unexplored, mainly
relating to plant species indicating phenology and its patterns. As a result, the first ever
comprehensive research was conducted to explore the unexplained aims which were

a. to explore the flowering response of angiosperms during the year in different
seasons and monthly base

b. to discover the effect of climatic factors on phenological response of the plant
species.

The current attempt will convey effective ecological knowledge to the researchers, range
land managers, foresters, botanists and ecologists in future studies but also provide many
valuable plant species grouping with the phonological response.

Materials and methods
Study area

District Jhelum from Pakistan is located towards North of the river Jhelum and bounded
by district Rawalpindi in the North, Sargodha and Gujrat districts lies in the South, Azad
Kashmir is situated East, and district Chakwal is located West (Mushtaq et al., 2011; Shah
et al., 2013; Majeed et al., 2021). Total population of the district Jhelum is 1.223 million,
71% population lives in rural areas while the remaining 29% population lives in urban area
(Altaf et al., 2018). The climatic condition showed that the district is semi-arid, warm
subtropical region and is categorized by warm summer and severe winters. Jhelum is a
semi-mountainous range, mean annual rainfall is 880 mm per annum while annually
temperature in average is 23.6 °C. Jhelum river is compromise up to 247, 102 acres of main
land of plains on the other hand 41,207 acres is covered by hills (Figs. I and 2). The second
largest salt mine of the world (Khewra) is in Jhelum which covers an area of 2268 acres
(Shah et al., 2013; Hamidov et al., 2016). People of district Jhelum have their diverse mode
of life span, culture, traditions, beliefs and have been using indigenous plants for various
purposes (Igbal et al., 2011). The ethnic groups of the area showed a strong linkage with
wild plants of cultural and medicinal significance (Majeed et al., 2020).

Floristic and phenological data collection

The research area was floristically explored 2018-2020 (3 years) to record plant species.
The main focus was to record the phenological response to climatic changes with reference
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to season and monthly basis. The collected specimens of plant species were tagged with
voucher number, pressed, fully dried and finally mounted on the International standard
sized sheets of herbarium, following the identification by applying Flora of Pakistan (URL:
http://www.efloras.org/) and cross matched with floristic literature (Qureshi et al., 2011; Ali
and Nasir, 1989; Ali and Qaiser, 1995). Afterward the initial possible identification of
specimens, presently established binomials of each plant species and the family names were
copied from the plant list ver. 1.1 (URL: http://www.theplantlist.org/) (TPL, 2013), as
proposed by (Khan et al., 2016), to evade any taxonomic mistakes and misperception linked
to ordering and placement. Further information comprising local names (Cain and Castro,
1960), were also documented. Frequent field visits were conducted to note phenology and
to collect the plant samples from study sites. To record phenological responses of plant
species, 171 altitudinal transects (Grids 5x5 km?) containing 513 samples and 1539 sub-
plots were studied by applying stratified random vegetation sampling method. Sub-plots
(quadrates) size was 10x10 m for tree layer, 5x5 m for shrub layer and 1x1 m for
herbaceous layer (herbs and grasses). The completely prepared voucher specimens were
placed in the herbarium of the Department of Botany, University of Gujrat, Punjab,
Pakistan for future reference and record. Phenological response of each reported plant
species was found out by using the given equation:

Ypecies recored during floweing in a month

SFR (%) = X 100

Total plant species docomented in study area

where: SFR is monthly-based species flowering phenological response. Likewise, the
monthly-based response is used to determine the seasonal based flowering response for
each plant species, and this classification include winter season (November to February),
spring (March to April), summer (May to August), monsoon (July to September), and
autumn season (September to October). While family importance value (FIV) was
calculated with given equation:

LSpecies belong to plant family

FIV (%) = X 100

total plent species reported in study area

Climate data collection

In the study area, the climate conditions vary both in temporal and spatial scales. The
climate data including environmental precipitation, maximum and minimum temperature,
humidity, soil moisture, wind speed, and downward short and long wave radiations (2010-
2019 = 10 years) of the study area (Jhelum) was developed from the United States National
Centers for Environmental Prediction (US-NCEP), Climate Forecast System Reanalysis
(CFSR) by applying climate engine, (https://app.climateengine.org/). The temperature data
source was CESv2 19200 m (1/5-deg) daily reanalysis dataset (NOAA) (Table 2).

Statistical analyses

The reported data of phenological response was put in Microsoft excel spreadsheet (plant
species vs month-seasons), binary data matrix. Phenology of plant species was recorded
monthly. Climatic and phenological data was calculated and linked to remote sensing data
created with R statistical package (Ilyas et al., 2013), to produce pairwise correlation,
distribution and scatterplots (Khan et al., 2015, 2018). Hierarchical clustering tree for
months and seasons (Distance; Correlation, Linkage; Ward) was established and the
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package was named as “pvclust” with R statistical package (Team, 2014). CCA was applied
by using Canoco software (Ter Braak and Smilauer, 2012), to find out the impact of
climatic factors to show variations in the data for binary response (Khan et al., 2018).
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Figure 1. Map of the study area representing the points of quadrates at different elevations in
the district of Jhelum

Figure. 2. Landscape representing richness of flora of the study area (a) forest (b) first author
identifying plant species (c) view of salt range (d) view of hilly vegetation
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Results

The record of phenology period of each plant species is a fundamental and
important element of such explorations. Reproductive phenological response is
permanently interrelated to unique set of climatic variables of any area, thus,
assessment of essential climatic factors are needed to lean any potential future climate
variation influences.

Floristic classification

A total of 404 plant species were explored including vascular plants belonging to
Angiosperms (402 species (99.5%)), Gymnosperms (1 species (0.45%)) and non-
vascular Pteridophytes (1 species (1.33%)) including 223 genera and 75 families.
Angiosperms were further classified as dicot including 328 species (81.19%), 177
(79.37%) genera and 63 families (84%) while monocot comprised of 74 species
(18.32%), 44 (19.73%) genera and 10 families (13.33%) (Table 1). The leading plant
family was Poaceae (59 spp., 14.6%), followed by Leguminosae (57 spp., 14.11%),
Amaranthaceae (27 spp., 6.68%) and Solanaceae (19 spp., 4.7%) (Fig. 3), while the
leading genus was Euphorbia (10 spp., 2.48%), followed by Brassica (7 spp., 1.783%),
Heliotropium, Acacia, Solanum (6 spp., 1.49% each.) (Fig. 4).

Table 1. Summary of floristic composition in Jhelum district, Punjab, Pakistan

Phyto-Taxa Families Genera Species
Pteridophytes 1(1.33%) 1 (0.45%) 1(0.25%)
Gymnosperms 1(1.33%) 1(0.45%) 1 (0.25%)
Angiosperms 73 (97.33%) 221 (99.1%) 402 (99.5%)

Monocots 10 (13.33%) 44 (19.73%) 74 (18.32%)
Dicots 63 (84%) 177 (79.37%) 328 (81.19%)
Total 75 (100%) 223 (100%) 404 (100%)
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Figure 3. Graph depicting the leading plant families in the study area
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Figure 4. Graph depicting the leading plant genera in the study area

With respect to the diverse microhabitats, grassland showed the maximum number of 283
species (70.05% of overall flora), followed by 281 road side species (69.55%), 228 forest
species (55.44%) and 223 arable land species (55.2%), rest of micro-habitat resulted waste
places with 216 species (53.47%), hilly slope with 209 species (51.73%), shady places with
184 species (45.54%), graveyard with 174 species (43.07), wet land with 129 (31.93%), dry
land with 122 species (30.2%), scrubland and home garden, both with 110 species (27.23%),
sandy places with 92 species (22.77%) and mountain summits with 34 species (8.2%). An
overall habit-wise arrangement of the documented plant species showed four groups.
Maximum number of herbs involved 246 species (60.89%), followed by grasses with 59
species (14.6%), shrubs with 50 species (12.38%) and trees with 49 species (12.13%) (Fig. 5).

Habit and micro-habitat based classification of the flora of the study area

e=@enP|ant species  e=OmmPercentage
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HABIT AND MICRO-HABITAT CATEGORIES

Figure 5. A graph depicting the results of grouping of vascular plant species into different
habitat and micro-habitat categories
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Flowering phenology and classification

The reproductive phenological response recorded and showed that maximum
flowering stage of plant species was during months of March, April and August (174
spp., 43.07%, 159 spp., 39.36% and 158 spp., 39.11%). The minimum phonological
response was noted in the month of January and December (5 spp., 1.24%) and
November (7 ssp., 1.73%) (Fig. 6).

Temporal variations in the flowering phenology of the flora of the study area
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Figure 6. Graphical representation of temporal variations in the flowering phenology of the
vascular plant species

The reproductive phenology response resulted that the majority of the plant species
go through their reproductive phase during March, April, August and September months
in a year, while, November to January is not a favored time to arrive into effective
reproductive phonological phase due to ecological fluctuations. As far as the beginning
time for species phenological response is depicted, most of the plant species started the
flowering period in the months of February (32 spp., 7.92%), May (18 spp., 4.45%),
June (45 spp., 11.14%) and July (55 spp., 13.61%). While, decline in flowering
response with reduced number of plant species occurred in the month of October in 16
spp., 3.96%) (Fig. 7).

Leading reproductive phenological response results were shown in the summer by
208 species (51.49%) followed by Monsoon with 203 species (50.25%), during Spring
with 181 species (44.8%) and Autumn with 157 species (38.86%). The least
phenological response was recorded during Winter in 42 species (10.4%) (Fig. 8).

Ordination analysis

With reference to ordination analysis, detrended correspondence analysis (DCA), a
unimodal unconstrained model (where as climatic factors were applied for supplementary
variables) was designated to pursue the gradient length in the binary compositional
phenological response data. The results of presented analysis represented that the gradient
length in the response data was above 3 SD (standard deviation of species turnover) for
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the first two DCA axes. Moreover, the response data was binary (1/0), by concluding data
on the basis of the given two observations, a constrained uni-modal ordination model such
as CCA was used to find out the type variables in the phenological response data
described by the recorded predictions, and sort of importance order.
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The results of Pearson’s correlation and its significance showed that overall plant
species found in flowering phenological phase in different months is strongly correlated
(r > 0.8) with mean monthly values of five different climatic variables. These include
mean soil moisture (r =0.65), followed by precipitation variable that was found
moderately positively correlated (r =0.62), mean specific humidity (r = 0.60), long
wave radiations (r = 0.52), shortwave radiations (r = 0.49), mean minimum temperature
(r=0.46), mean maximum temperature (r =0.40), and similarly, a strong negative
correlation was observed with wind speed (r = 0.36) in the study area (Figs. 9 and 10).

Pairwise Pearson's correlation of climate and flowering phenology
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0.001, 0.01, 0.05, 0.1, 1) < = > symbols (“*¥*7 «oxkr ks w2«

The results showed the interlink age of response (months and seasons) and descriptive
(climatic) data. Multi-nonlinearity among climatic variations were determined on the
observations within variables of inflation factor (VIFs) assessment of every climatic
factors, and a threshold value of <5 is designated to eliminate the extremely collinear
descriptive variations. The ultimate CCA model was included of four types of predictions
such as minimum temperature, wind speed, and soil moisture (25 cm below the soil
surface) (Fig. 11). A total Variations of 3.45084 was noted in the reproductive phenology
response data, about 58.85% variations were described by the descriptive variables, and
the modified explained variations were 84.68%. The first two CCA axes cumulatively
explained about 45.6% variations (Table 2). A significantly higher pseudo-canonical
correlation (r > 0.8) value was recorded for the first three CCA axes which show that the
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nominated predictions were significant factors, and there is no single significant climatic
gradient relatively all the four were significant in one way or another (7able 3).

Cluster dendrogram with p-values (%)
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Figure 10. Hierarchical clustering tree of climate and species flowering response variables
(Distance: Correlation, Linkage: Ward) with AU/BP% values (n = 17)
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Figure 11. Canonical correspondence analysis biplot depicting the interrelationships of climate
and flowering phenological samples (months and seasons) in the study area

Table 2. CCA summary table

Statistic Axis 1 Axis 2
Eigenvalues 0.9252 0.406
Explained variation (cumulative) 26.81 38.58
Pseudo-canonical correlation 0.9797 0.8384
Explained fitted variation (cumulative) 58.85 84.68
Total variations 3.45084
Sum of canonical eigenvalues 1.57358304
Explained variation % 45.6
Unexplained variation % 54.4
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Table 3. Canonical correspondence analysis numerical results showing the order of
importance of studied climatic variables (p-values were corrected by using False Discovery
Rate method)

1. Simple term effects:

Variable Explains % pseudo-F P P(adj)
Wind speed (M/Sec) 24.7 4.9 0.002 0.0032
Min. temperature °C 243 4.8 0.002 | 0.0032
Downward long wave radiation (W/M?) 23.4 4.6 0.002 0.0032
Max. temperature °C 22.3 4.3 0.002 0.0032
Specific humidity (g/kg) 21.2 4 0.002 0.0032
Downward shortwave radiation (W/M?) 15.7 2.8 0.004 | 0.00533
Precipitation (mm) 10.2 1.7 0.056 0.064

Soil moisture (5 cm; in fraction) 7.6 1.2 0.234 0.234

2. Conditional term effects:

Wind speed (M/Sec) 24.7 4.9 0.002 0.003

Max. temperature °C 13.3 3 0.002 0.003

Soil moisture (5 cm; in fraction) 7.5 1.8 0.045 0.05

Discussion
Floristic classification and its importance

The study area District Jhelum, Punjab, Pakistan contains hills, Jhelum river flows
through it, mostly forest cover, scrub lands, range lands and little part of salt range. The
area is unique due to versatile geography, variable ecology and rich soil composition. It
was observed that the district contains maximum vegetation cover, species richness and
floristic diversity. The conducted study aimed to document the floristic composition of the
study area along with diverse features counting flowering phenology and reproductive
phenological response of the vascular and non-vascular plant species with respect to basic
climatic variables.

In the study area, a total of 401 vascular and 1 non-vascular plant species were
recorded. The obtained results of family importance value showed that the leading plant
family was Poaceae with 59 species followed by Leguminosae (57 spp.), Amaranthaceae
(27 spp.) and Solanaceae (19 sp.) while the leading genus was Euphorbia (10 spp.,)
followed by Brassica (7 spp.), and Heliotropium, Acacia, and Solanum (6 spp. each). The
conducted study was similar to the floristic composition of Muzaffarabad district, Azad
Jammu and Kashmir, Pakistan published by Khan et al., 2015, who explored that the
leading plant family was Compositae (69 spp.), followed by Poaceae (57 spp.),
Leguminosae (54 spp.), Lamiaceae (42 spp.) and Rosaceae (29 spp.); whereas the
prominent genus was Euphorbia (10 spp.), followed by Cyperus, Ficus, Geranium and
Prunus (7 spp. each). Identical discoveries with floristic composition of Qalagai hills,
Kabal valley Swat directed by Ilyas et al., 2013, the Poaceae (22 spp.) was the leading
plant family followed by Compositae (16 spp.) and Lamiaceae (14 spp.). In the parallel
style Shaheen et al., 2015 quantified 65 plant species of 26 families from western
Himalayan subtropical forest stands of Kashmir in which Poaceae (8 spp.) was the
prominent family followed by Compositae (6 spp.) and Lamiaceae (2 spp.) was typically
equivalent to the presented discoveries. Comparable outcomes from Shahbaz Garhi,
district Mardan, Pakistan by Khan et al., 2014, showed Poaceae (15 pp.) as the prominent
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family followed by Compositae (14 spp.). The identical survey was documented from
district Bagh of Azad Jammu and Kasmir by Tanvir et al., 2014 and reported Poaceae (42
spp.) as the leading plant family followed by Compositae (11 spp.). Khan et al., 2015
recorded Poaceae (54 spp.) as the leading family followed by Compositae (33 app.) and
Lamiaceae (23 spp.), and closely match with this study. Khan et al., 2017 described same
findings that Poaceae was the prominent family comprised of 20 species followed by
Lamiaceae (16 spp.) and Compositae (14 spp.), from Swat Ranizai, district Malakand,
Khyber Pakhtunkhwa, Pakistan. Poaceae and Compositae are leading due to widespread
ecological amplitude with diverse habitats (Ibrahim et al., 2019).

Traditional uses of 149 species belonging to 60 genera and 16 tribes of 5 sub families
of Poaceae were recorded by Majeed et al., 2020, from Punjab Province, Pakistan.
Hussain, 2009 documented 120 plant species belonging to 46 families, and detected
Poaceae as the leading family with 14 plant species also match with this study. Similar
results were presented by Shaheen et al., 2014, from Santh Saroola Kotli Sattian,
Rawalpindi, Pakistan, who recorded 106 species, Poaceae family was dominant with 21
spp., followed by Asteraceae (19 spp.), Fabaceae (15 spp.), Euphorbiaceae, Lamiaceae (7
spp., each). Umair et al., 2019 recorded similar results, as 129 plant species belonging to
59 families were examined and Poaceae with 13 plants species was the leading family,
from Chenab riverine area, Punjab province Pakistan. Amjad et al., 2016 presented
similar results from Nikyal valley, Azad Jammu and Kashmir, Pakistan, who recorded
110 species belonging to 51 families and 98 genera. Poaceae (18 spp.) was the leading
family followed by Asteraceae (10 spp.), Lamiaceae (8 spp.) and Fabaceae (7 spp.).
Zahoor et al., 2017 investigated 96 plants belonging to 34 families from district
Sheikhupura, province Punjab, Pakistan and Poaceae was the dominant family with 16
spp. followed by Fabaceae 15 spp. results were similar to the present study. Plant species
of the Poaceae family are not only used as fodder and forage but also contribute
substantially to the treatment of various health disorders, particularly in livestock (Majeed
et al., 2020).

Climatic determinants of flowering phenology

The flowering response results indicated that majority of plant species flowered during
the months of March (43.07%), followed by April (39.36%) and August (39.11%). The
minimum phenological response was noted in the month of January (1.24%), December
(1.24%) and November (1.73%).

The timing of flowering response as presented above was found highly correlated with
the climatic variations (like temperature and monsoon rainfall) of the study area. A
constrained unimodal ordination such as CCA was applied to check three predictors
including minimum temperature, humidity, and soil moisture (25 cm below the soil
surface).

According to the results of conditional (unique) term effect testing, mean maximum
temperature was shown as a significant factor of the phenological response followed by
soil moisture and wind speed. The majority of plant species are found in flowering stage
during July and August months in the Western Himalayan regions of India and Pakistan
(Vashistha et al., 2009; Khan et al., 2018), and strikingly match with our findings.

Likewise, the importance of temperature to the plants phenological responses, our
results are similar as stated in several explorations (Badeck et al., 2004; Ahas and Aasa,
2006; Estrella and Menzel, 2006; Pefiuelas et al., 2009) mostly in higher altitudinal areas
of the World.
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Minimum temperature was recorded as significant as maximum temperature in the
research area similar to Khan et al., 2018. Furthermore, rainfall was discovered as another
main element of the phenological response (Pearson, 2019), the similar influence of
rainfall on both spring and fall flowering events was reported from Southeastern United
State of America. Our results match with Heydel et al., 2015; and Khan et al., 2018, that
is maximum flowering species were recorded during four months (March, April, august,
September) due to favorable climatic conditions. Whereas minimum flowering species
were documented during three months (January, November and December) due to severe
climatic conditions. Many explorations showed that in hilly areas, maximum flowering
species were noted due to optimum climatic variables to support the phenomenon (Yadav
and Yadav, 2008; Tooke, 2010). So it was assessed that months of May, June and July are
appropriate regarding day length and temperature. The highest phenological response of
plant species during months of March, April, August and September which can also be
linked with maximum rainfall in these months (Summer and monsoon seasons) resulting
in higher soil moisture. While, rare plant species were also found in flowering stage in
November to January (in winters) due to severity in environmental conditions during
mentioned months. Climatic variations might be harmful in general but mainly useful to
rare and widespread plant species of this versatile, unique but delicate ecosystem of
Jhelum district, Punjab, Pakistan.

Conclusions and recommendations

The research area district Jhelum resulted higher degree of plant species richness
features of mostly diverse and rich flora in Punjab, Pakistan. The leading plant family was
Poaceae followed by Leguminosae, Amaranthaceae, Solanaceae while the leading genus
was Euphorbia followed by Brassica, Heliotropium, Acacia, Solanum, which proposed
that the research area is under heavy anthropogenic pressure and harbors unique climatic
environments. As concerned with the reproductive phenological response of the plant
species, minimum temperature, wind speed, precipitation and specific humidity are the
significant climatic determinants. The study resulted that the temperature is the leading
effective feature observing the phenology of the plant species. It was estimated that
increase or decrease in temperature showed specific association with pattern of
phenology. Response of phenology also showed month and season wise correlation.
Suddenly increase in temperature might be dangerous mainly to threatened and
widespread flora of the area. The study area needs active supervision and protection
strategies done with the participation of the indigenous population. The floristic study and
phenology of plant species was explored for the first time. Consequently, the current
research serves valuable information in future botanical investigation, and for plant
reserve managing and preservation effort in the area. Future research studies should be
linked to measurement of continuing climate variations. Under changing climatic
conditions, the spread of invasive alien plant species is needed to be controlled to save the
ecological niche of indigenous wild flora in the area.
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APPENDIX

Table Al. Temporal (2010-2019) variations in the climatic data (Mean = SD (Min-Max)) of district Jhelum, Punjab, Pakistan

Months Min Temp Max Temp Precipitation Wind speed Specific humidity Soil moisture D-Shortwave-Rad D-Longwave-Rad
January 5.24+0.81 18£1.75 47.74+54.85 2.494+0.17 4.07+0.91 0.24+0.04 137.35+17.72 285.19+10.4
(2010-2019) (3.98-6.53) (15.81-21.37) (0.4-178.23) (2.29-2.74) (2.59-5.59) (0.17-0.28) (102.79-156.34) (273.15-305.42)
February 7.32+1.15 19.3+2.44 113.9+£72.6 2.66+0.18 5.83+0.81 0.3£0.04 156.06+20.95 306.07+8.92
(2010-2019) (5.24-8.64) (16.42-23.18) (9.08-239.44) (2.44-2.94) (4.75-6.81) (0.24-0.35) (125.65-195.67) (292.52-317.13)
March 11.36+1.31 25.34+2.86 117.59498.66 2.62+0.16 7.2+1.13 0.29+0.06 215.35+19.93 328.84+7.66
(2010-2019) (9.96-13.92) (21.53-30.59) (12.1-283.46) (2.39-2.87) (4.92-8.39) (0.2-0.37) (176.04-238.07) (316.34-342.61)

April 16.49+1.03 31.99+2.7 104.04+55.51 2.58+0.31 8.21+1.2 0.26+0.05 268.88+16.83 357.86+5.73
(2010-2019) (15.04-18.46) (28.93-37.35) (19.16-177.93) (2.34-3.25) (6.72-10.46) (0.16-0.33) (228.62-288.59) (351.28-365.76)
May 21.48+0.87 38.79+1.74 56.02+40.76 2.51+£0.26 7.59£1.13 0.21+0.04 307.76£10.62 381.49+7.98
(2010-2019) (20.15-22.7) (35.16-40.95) (5.83-133.89) (2.14-2.99) (5.96-9.72) (0.16-0.27) (287.96-318.56) (371.25-393.43)
June 25.49+0.89 42.06+1.44 51.78449.11 2.19+0.12 9.38+2.08 0.19+0.03 308.9+10.75 411.44+9.36
(2010-2019) (24.24-27.23) (39.4-44.29) (3.66-155.66) (2.05-2.38) (5.88-12.33) (0.15-0.23) (290.16-325.21) (395.77-427.8)
July 26.53+0.73 38.17+2.01 233.75+131.86 2.16+0.19 16.48+1.63 0.28+0.04 273.07+10.52 436.86+3.65
(2010-2019) (25.73-27.7) (35.78-41.92) (66.36-483.97) (1.9-2.45) (14.26-19.35) (0.23-0.34) (254.7-296.1) (430.46-444.15)
August 24.82+0.59 35.46+2.3 310.41+198 1.83+0.17 18.04+1.76 0.32+0.05 261.09+13.48 427.21+4.01
(2010-2019) (23.95-25.84) (31.81-39.51) (57.49-741.27) (1.67-2.15) (14.5-19.96) (0.23-0.39) (229.54-281.76) (420.36-434.18)
September 21.76+0.75 34.28+2.27 144.67+128.34 1.63+0.16 14.17£2.32 0.3+0.06 240.94+12.69 397.08+8.21
(2010-2019) (20.76-23.29) (31.27-37.65) (35.44-413.59) (1.37-1.84) (9.66-16.62) (0.22-0.36) (214.93-256.23) (384.37-411.53)
October 16.28+0.67 31.324+2.14 26.71+22.77 1.88+0.15 7.58+1.98 0.23+0.06 208.42+6.36 345.61+6.99
(2010-2019) (15.41-17.55) (28.54-34.8) (0.03-58.86) (1.66-2.07) (4.76-11) (0.15-0.3) (199.84-217.49) (336.76-358.26)
November 11.26+0.52 25.01+2.14 17.43+25.19 2.49+0.21 4.68+1.08 0.21+0.06 154.49+13.02 307.63£7.75
(2010-2019) (10.46-12) (20.85-28.08) (0.05-82.33) (2.18-2.86) (3.06-6.75) (0.15-0.31) (122.82-167.86) (296.51-323.29)
December 6.79+0.99 20.344+2.06 13.85+16.82 2.6+£0.24 3.4+0.89 0.2+0.05 135.96+6.53 280.97+6.64
(2010-2019) (5.65-8.63) (16.7-24.55) (0.01-48.49) (2.28-2.93) (2.08-4.89) (0.14-0.31) (121.15-144.45) (268.85-290.74)

Source: The climate data about precipitation, maximum and minimum temperature, specific humidity, soil moisture, wind speed, and downward short and longwave radiations (2010-2019 = 10 years) of the
study area (Jhelum) was acquired from United States National Centers for Environmental Prediction (US-NCEP) Climate Forecast System Reanalysis (CFSR) by using climate engine
(https://app.climateengine.org/). The data source was CESv2 19200 m (1/5-deg) daily reanalysis dataset (NOAA)
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Family | No. | Species | V/No. | Local name | Habit* | Micro-habitats** | Phenology
Pteridophytes and their related species
I Preridaceac | 1| Adiantum capillus-veneris L. | 621/MM/12020 | Sarhaj I WL | August-September
Gymnosperms
2. Ephedraceae | 2 | Ephedra ciliata Fisch. & C.AMey. | 880/MM//2020 | Phog | s | DL,FO,GR,HS,RS,SP,SL,WP | March-April
Angiosperms (Monocots)
3. Araceae 3 Colocasia esculenta (L.) Schott 897/MM//2020 Arvi H ALHG June-July
4 Pistia stratiotes L. 515/MM//2020 Water Cabbage H WL March-April
4. Arecaceae 5 Phoenix dactylifera L. 501/MM//2020 Khajoor T AL,DL,GL,RS February-March
5. Asparagaceae 6 Agave americana L. 675/MM//2020 Desi kwargandal S AL,DL,FO,GL,GR,RS,SP,WP August-September
6. Cannaceae 7 Canna indica L. 867/ MM//2020 Ratta phool H HG March-April
7. Commelinaceae 8 Commelina benghalensis L. 795/MM//2020 Kani H FO,GL,HS,RS,SL,SH,WP,WL March-April
9 Cyperus difformis L. 776/MM//2020 Chota dheela H AL,FO,GL,GR,HS,RS,SL,SH,WP,WL August-September
8. Cyperaceae 10 Cyperus iria L. 573/MM//2020 Murak ghaa H AL,FO,GL,GR,HS,RS,SP,SL,SH,WP,WL August-September
11 Cyperus niveus Retz. 815/ MM//2020 Chita dheela H AL,FO,GL,GR,HS,RS,SL,SH,WP,WL August-September
12 Cyperus rotundus L. 663/MM//2020 Murak H AL,FO,GL,HS,RS,SL,SH,WP,WL August-September
9. Juncaceae 13 Juncus articulatus L. 546/MM//2020 Dheela H FO,GL,HS,WP,WL August-September
14 Apluda mutica L. 668/MM//2020 Tachuli G AL,DL,FO,GL,GR,RS,SP,WP August-September
15 Aristida abnormis Chiov. 810/MM//2020 Bara Lumb G DL,GL,SP,SH,WP August-September
16 Aristida adscensionis L. 608/MM//2020 Chitta Lumb G DL,GL,SP,SH,WP August-September
17 Aristida mutabilis Trin. & Rupr. 562/MM//2020 Lumb G DL,GL,GR,SP,SH,WP August-September
18 Arundo donax L. 875/MM//2020 Naru ghaa G GL,RS,WP August-September
19 Avena fatua L. 653/MM//2020 Jai G AL,DL,GL,RS,SP,WP March-April
20 Bothriochloa bladhii (Retz.) S.T.Blake 696/MM//2020 Palwan ghaa G AL,GL,HS,RS,SH,WP,WL August-September
10. Poaceae o1 | Brachiaria deflexa Sgg‘y“gaw) CEHubb.ex | 60 MM/2020 Moti ghaa G AL,GL,HG,RS,SH,WP,WL August-September
22 Brachiaria distachya (L.) Stapf 622/MM//2020 Seer ghaa G AL,GL,HS,RS,SH,WP,WL August-September
23 Brachiaria ramosa (L.) Stapf 820/MM//2020 Chota kmadi G AL,FO,GL,GR,HS,RS,SH,WP,WL August-September
24 | Brachiaria reptans (L.) C.A.Gardner & C.E.Hubb. | 654/MM//2020 Para ghaa G AL,FO,GL,GR,RS,SH,WP,WL August-September
25 Cenchrus biflorus Roxb. 692/MM//2020 Chita Dhaman G AL,DL,FO,GL,GR,RS,SP,WP August-September
26 Cenchrus ciliaris L. 734/MM//2020 Kala Dhaman G DL,FO,GL,RS,SP,WP August-September
27 Cenchrus pennisetiformis Steud. 870/MM//2020 Kali Dhamani G DL,FO,GL,GR,RS,SP August-September
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28 Cenchrus setiger Vahl 704/MM//2020 Kala Dhamani G DL,FO,GL,RS,SP,WP August-September
29 Chrysopogon serrulatus Trin. 586/MM//2020 Jangli jai G DL,FO,GL,RS,SP,WP August-September
30 Chrysopogon aucheri (Boiss.) Stapf 528/MM//2020 Chitta Dhaman G DL,FO,GL,HS,RS,SP,WP August-September
31 Cymbopogon jwarancusa (Jones) Schult. 839/MM//2020 Lamb ghaa G DL,GR,RS,SP,WP August-September
32 Cynodon dactylon (L.) Pers. 660/MM//2020 Khabbal ghaa G AL’DL’FO’GL’GR’HS’EJi’MS’RS’SP’SL’SH’WP’ August-September
33 Dactyloctenium aegyptium (L.) Willd. 559/MM//2020 Khar Madana G AL,DL,GL,GR,RS,SP,SL,SH,WP,WL August-September
34 Desmostachya bipinnata (L.) Stapf 735/MM//2020 Khusa Dab G DL,GL,GR,SP,WP August-September
35 Dichanthium annulatum (Forssk.) Stapf 845/MM//2020 Murgha ghaa G AL,FO,GL,GR,HS,HG,RS,SL,SH,WP,WL August-September
36 Digitaria nodosa Parl. 661/MM//2020 Chota ghaa G AL,FO,GL,HS ,HG,RS,SH,WP,WL August-September
37 Digitaria sanguinalis (L.) Scop. 538/MM//2020 Toota ghaa G AL,FO,GL,RS,SL,SH,WP,WL August-September
38 Echinochloa colona (L.) Link 614/MM//2020 Jungli chawly G AL,FO,GL,HS,HG,RS,SL,SH,WP,WL August-September
39 Echinochloa crus-galli (L.) P.Beauv. 731/MM//2020 Sanwari G AL,FO,GL,GR,HS,HG,RS,SL,SH,WP,WL August-September
40 Echinochloa stagnina (Retz.) P.Beauv. 671/MM//2020 Chawly ghaa G FO,GL,HS,RS,SH,WP,WL August-September
41 Eleusine indica (L.) Gaertn. 822/MM//2020 Nika mdhana G AL,FO,GL,HS,RS,SH,WP,WL August-September
42 Eragrostis cilianensis (All.) Janch. 889/MM//2020 Chitti pholi ghaa G FO,GL,HS,RS,SL,SH,WP,WL August-September
43 Eragrostis ciliaris (L.) R.Br. 789/MM//2020 Makni ghaa G AL,FO,GL,HS,SL,SH,WP,WL August-September
44 Hordeum vulgare L. 858/ MM//2020 Jao G AL,DL,RS February-March
45 Imperata cylindrica (L.) Raeusch. 775/MM//2020 Baggi sari G WL August-September
46 Ochthochloa compressa (Forssk.) Hilu 529/MM//2020 Tara ghaa G DL,HS,RS,SP August-September
47 Oryza sativa L. 804/MM//2020 Monyji, Chawal G AL,WL September-October
48 Panicum antidotale Retz. 508/MM//2020 Bara chawala G HS,RS,WL August-September
49 Panicum maximum Jacq. 524/MM//2020 Bansi ghaa G GL,RS,SL,WP,WL August-September
50 Panicum repens L. 771/MM//2020 Moti khabal G AL,GL,GR,HS,RS,WP,WL August-September
51 Panicum turgidum Forssk. 807/MM//2020 Garam G DL,GL August-September
52 |Pennisetum divisum (Forssk. ex J.F.Gmel.) Henrard| 637/MM//2020 Desi Garam G DL,GL August-September
53 Pennisetum orientale Rich. 541/MM//2020 Chita ghaa G AL,GL,HS,RS,WL August-September
54 Pennisetum glaucum (L.) R.Br. 852/MM//2020 Bajra G AL,DL June-July
55 Phalaris minor Retz. 784/MM//2020 Dumbi sitti G AL,GL,RS,WP,WL March-April
56 Phragmites karka (Retz.) Trin. ex Steud. 540/MM//2020 Narru G RS,WL August-September
57 Poa annua L. 652/MM//2020 Jangli Jai G AL,HS,RS,WP,WL March-April
58 Poa pratensis L. 557/MM//2020 Sanwak G AL,GL,HS,WP,WL August-September
59 Polypogon fugax Nees ex Steud. 895/MM//2020 Daddi ghaa G AL,GL,GR,HS,RS,SH,WP,WL August-September
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60 Saccharum bengalense Retz. 582/MM//2020 Kana, Sarkanda G FO,GL,GR,HS,RS,SP,SL,WP,WL August-September
61 Saccharum spontaneum L. 626/MM//2020 Kana G DL,FO,GL,GR,HS,RS,SP,SL,WP,WL August-September
62 Saccharum officinarum L. 558/MM//2020 Ganna phool G AL, WL October-November
63 Setaria intermedia Roem. & Schult. 710/MM//2020 Choti Chawly G AL,HS,RS,SH,WP,WL August-September
64 Setaria italica (L.) P.Beauv. 824/MM//2020 Kangni ghaa G AL,GL,GR,WP,WL August-September
65 Setaria pumila (Poir.) Roem. & Schult. 651/MM//2020 Ban kangni G AL,FO,GL,RS,WL August-September
66 Setaria verticillata (L.) P.Beauv. 898/MM//2020 Bajra ghaa G AL,DL,GL,GR,RS,SH,WP,WL August-September
67 Setaria viridis (L.) P.Beauv. 854/MM//2020 | Lumba Kangni ghaa G AL,DL,GL,GR,RS,WP,WL August-September
68 Sorghum bicolor (L.) Moench 601/MM//2020 Jowar, milo G AL,GL,RS,WP,WL June-July
69 Sorghum halepense (L.) Pers. 548/MM//2020 Kmadi ghaa, Baru G AL,GL,HS,RS,WL August-September
70 Stipagrostis plumosa Munro ex T.Anderson 657/MM//2020 Bhalu ghaa G AL,GL,HS,WP,WL August-September
71 Triticum aestivum L. 876/MM//2020 Kanak, Gandum G AL,HS,SP February-March
72 Zea mays L. 803/MM//2020 Makai G AL,GL,HS,RS,WL June-July
11, Typhaceae 73 Typha domingensis Pers. 506/MM//2020 Konder H WL October-November
74 Typha elephantina Roxb. 884/MM//2020 Kondar H WL August-September
75 Aloe vera (L.) Burm.f. 894/MM//2020 Kawar gandal H AL,DL,FO,GR,HG August-September
12. Xanthorrhoeaceae
76 Asphodelus tenuifolius Cav. 585/MM//2020 Piazi H AL,FO,GL,GR,HS,RS,SP,SL,SH,WP,WL February-March
Angiosperms (Dicots)
77 Dicliptera bupleuroides Nees 881/MM//2020 Rewari H AL,DL,FO,GL,GR,RS,SH,WP March-April
13. Acanthaceae 78 Dicliptera verticillata (Forssk.) C.Chr. 590/MM//2020 Jamni booti H DL,FO,GR,HS,RS,SP,SL,SH,WP February-April
79 Justicia adhatoda L. 574/MM//2020 Baikr S DL,FO,GL,GR,HS,MS,RS,SL February-March
80 Trianthema portulacastrum L. 525/MM//2020 Jangli Sanwak H AL,DL,FO,GL,HS,RS,SH,WP,WL June-July
14. Aizoaceae 81 Trianthema triquetra Rottler & Willd. 570/MM//2020 Choti alwati H DL,FO,GL,GR,HS . MS,SP,SL,WP June-July
82 Zaleya pentandra (L.) C.Jeffrey 715/MM//2020 Ratti Hazar dani H AL,FO,GL,GR,RS,SL,SH,WL August-September
83 Achyranthes aspera L. 802/MM//2020 Puth kanda H AL,DL,FO,GL,GR,RS,WP,WL August-September
84 Achyranthes bidentata Blume 512/MM//2020 Puth kanda H AL,DL,FO,GL,GR,RS August-September
85 Aerva javanica (Burm.f.) Juss. ex Schult. 544/MM//2020 Niki boi H DL,FO,GR,HS,SP,SL,WP February-April
86 Aerva lanata (L.) Juss. 688/MM//2020 Boi H DL,FO,GR,HS,SP,SL,WP May-July
15. Amaranthaceae N - -
87 Alternanthera paronychioides A.St.-Hil. 724/MM//2020 Chitti pholi H DL,FO,GR,HS ,MS,SP August-September
88 Alternanthera pungens Kunth 706/MM//2020 Khaki, Bhakrra H FO,GL,HS,RS,SL,SH,WP March-April
89 Alternanthera sessilis (L.) R.Br. ex DC. 509/MM//2020 Poni booti H FO,GL,HS,SL,SH,WP,WL September-October
90 Amaranthus deflexus L. 542/MM//2020 Jangli Tandla H AL,FO,GL,HS,SH,WP August-September
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91 Amaranthus graecizans L. 634/MM//2020 Pohli H FO,GL,HS,RS,SL,SH,WP August-September
92 Amaranthus retroflexus L. 673/MM//2020 Aam bathoo FO,GL,GR,HS,RS,SL,SH,WP March-April
93 Amaranthus spinosus L. 787/MM//2020 Konjel H FO,GL,HS,RS,SH,WP,WL March-April
94 Amaranthus viridis L. 878/ MM//2020 Tandla H AL,GL,HS,RS,SL,SH,WP August-September
95 Atriplex aucheri Moq. 678/MM//2020 Loni jhari S DL,FO,GL,GR,HS,SL,SH,WP July-August
96 Atriplex dimorphostegia Kar. & Kir. 736/MM//2020 Loni booti H FO,GL,HS,RS,WP,WL August-September
97 Atriplex griffithii Moq. 551/MM//2020 Lani jhari S DL,FO,GL,GR,HS,RS,SP,SL,SH May-July
98 Bassia hyssopifolia (Pall.) Kuntze 825/MM//2020 | Chotti lani, Retli booti H DL,FO,GL,GR,HS,RS,SH,WP March-April
99 Beta vulgaris L. 744/MM//2020 Chukandar H AL,GL,HG,RS March-April
100 Chenopodium album L. 748/MM//2020 Bathoo H AL,FO,GL,GR,HS,RS,SL,SH,WP March-April
101 Chenopodium ficifolium Sm. 552/MM//2020 Jangli Bathoo H DL,FO,GL,GR,HS,RS,SH March-April
102 Chenopodium murale L. 805/MM//2020 Karwa bathoo H FO,GL,GR,HS,RS,SL March-April
103 Chenopodium glaucum L. 887/MM//2020 Ratta Bathoo H FO,GL,GR,HS,RS,SH,WP March-April
104 Chenopodium vulvaria L. 611/MM//2020 Chitta bathoo H AL,DL,RS March-April
105 Digera muricata (L.) Mart. 694/MM//2020 Tandla saag H FO,GL,GR,HS,RS,SH,WP,WL August-September
106 Dysphania amb ’gél;‘;’]‘iist S(L') Mosyakin & 856/MM//2020 Desi Bathoo H AL,DL,FO,GL,GR,HS,RS,SL,SH,WP August-September
107 Spinacia oleracea L. 823/ MM//2020 Pallak H AL,GL,HG March-April
108 Suaeda acuminata (C.A.Mey.) Moq. 583/MM//2020 Smandri booti H DL,FO,GL,GR,HS,RS,SP,SH August-September
109 Suaeda vermiculata Forssk. ex J.F.Gmel. 799/MM//2020 Lani booti S FO,GL,GR,HS,RS,SL,SH, WP March-April
. 110 Allium cepa L. 602/MM//2020 Ganda H RS March-April
16. Amaryllidaceae - - -
111 Allium sativum L. 684/MM//2020 Thoom H AL,GL,HG March-April
17. Anacardiaceae 112 Mangifera indica L. 580/MM//2020 Aam T AL,GL,HG,RS May-June
18. Annonaceae 113 Polyalthia longifolia (Sonn.) Thwaites 677/MM//2020 Ulta ashoq T HG,RS April-June
114 Centella asiatica (L.) Urb. 893/ MM//2020 Chattri H DL,GL,GR,HS,SH,WP June-August
19. Apiaceae 115 Coriandrum sativum L. 513/MM//2020 Dhaniya H AL,GL,HG,RS March-April
116 Daucus carota L. 843/MM//2020 Gajjar H AL,GL,HG March-April
117 Foeniculum vulgare Mill. 517/MM//2020 Sounf H AL,GL,HG March-April
118 | Blyttia spiralis (Forssk.) D.V.Field & J.R.I.Wood | 598/MM//2020 Wal-tara H FO,HS,SH,WP March-April
119 Calotropis procera (Aiton) Dryand. 640/MM//2020 Ak S DL,FO,GR,HS,RS,SP,WP March-April
20. Apocynaceae 120 Calotropis gigantea (L.) Dryand. 565/MM//2020 Bara ak S DL,FO,GR.HS,RS,SP,SH, WP March-April
121 Cascabela thevetia (L.) Lippold 793/MM//2020 Peeli kanier T AL,GL,HG,RS March-April
122 Leptadenia pyrotechnica (Forssk.) Decne. 883/MM//2020 Khip S DL,FO,GR,HS,RS,SP,WP September-October
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123 Nerium oleander L. 658/MM//2020 Kanair S HG,RS July-August
124 Pentatropis capensis (L. f.) Bullock 853/MM//2020 Tara lee H FO,GL,GR,HS,RS,SL,SH,WP March-April
125 Pergularia daemia (Forssk.) Chiov. 774/MM//2020 Sapni vail H FO,GR,HS ,RS,SH,WP February-April
126 Pergularia tomentosa L. 606/MM//2020 Jangli Sapni vail H FO,HS,RS,SH,WP,WL February-April
127 Rhazya stricta Decne. 672/MM//2020 Wiayti Ak S DL,FO,GL,GR,HS,RS,SP,SL,SH,WP August-September
128 Tylophora hirsuta Wight 563/MM//2020 Panjni jhari S AL,GL,HG,RS May-July

21. Berberidaceae 129 Berberis lycium Royle. 840/MM//2020 Sumbulu T AL,GL,RS March-April

22. Bignoniaceae 130 Tecoma stans (L.) Juss. ex Kunth 806/MM//2020 Peeli jhari S HG,RS August-September
131 Cordia myxa L. 535/MM//2020 Lasura T AL,GL,HG,RS March-April
132 Cordia dichotoma G.Forst. 518/MM//2020 Lasuree T AL,GL,HG,RS March-April
133 Heliotropium aucheri DC. 871/MM//2020 Tara booti H DL,FO,GL,GR,HS,RS,SP,SL March-April

23, Boraginaceae 134 Heliotropium crispum Desf. 682/MM//2020 Chitti choli H DL,FO,GR,HS,RS,SP,SL,SH,WP August-September
135 Heliotropium curassavicum L. 507/MM//2020 Lani pata H DL,FO,GR,HS,RS,SP,SL,SH,WP March-April
136 Heliotropium europaeum L. 616/MM//2020 [Uth chaaro, Hathi sundi H DL,FO,GL,GR,HS,RS,SP,SL,SH,WP August-September
137 Heliotropium strigosum Willd. 756/MM//2020 Chita koka H DL,FO,GR,RS,SP,SL,SH,WP March-April
138 Heliotropium supinum L. 533/MM//2020 Choti boi H DL,FO,GR,HS,RS,SP,SL,WP March-April
139 Brassica nigra (L.) K.Koch 792/MM//2020 |Kala saroon, Kala rayea| H AL,GL March-April
140 Brassica oleracea L. 770/MM//2020 Band ghobi H AL,GL,HG February-March
141 Brassica deflexa Boiss. 782/MM//2020 Peela saroon H AL’DL’FO’GL’GR’HS’E\/C]}:MS’RS’SP’SL’SH’WP’ March-April
142 Brassica juncea (L.) Czem. 674/MM//2020 Peela raya H AL,GL March-April
143 Brassica napus L. 629/MM//2020 Shaljam H AL,GL,HG February-March
144 Brassica rapa L. 619/MM//2020 Peeli rayi H AL,GL February-March
145 Brassica tournefortii Gouan 828/MM//2020 Sirmi H AL,GL February-March

24. Brassicaceae 146 Capsella bursa-pastoris (L.) Medik. 760/MM//2020 Mirch booti H FO,GL,GR,HS,MS,RS,SH,WP,WL August-September
147 Eruca vesicaria (L.) Cav. 751MM/2020 | T Mr‘;eyr;‘; Osoon | gy AL,FO,GL.GR,HS,MS,RS,SL,SH,WP,WL March-April
148 Lepidium apetalum Willd. 505/MM//2020 | Jangli Khoob kalan H FO,GL,HS,MS,SH,WP,WL July-August
149 Lepidium didymum L. 703/MM//2020 Chattri booti H AL,FO,GL,GR,HS, MS,SL,SH,WP,WL March-April
150 Lepidium aucheri Boiss. 873/MM//2020 Choti Lani H FO,GL,GR,HS,MS,RS,SL,SH,WP,WL April-May
151 Lepidium sativum L. 813/MM//2020 Bag bhari H HG,RS,SH March-April
152 Malcolmia africana (L.) R.Br. 780/MM//2020 Chiti phuli H DL,FO,GL,GR,MS,RS,SH,WP,WL March-April
153 Raphanus raphanistrum L. 664/MM//2020 Mongrae H AL,GL.HG February-April
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154 Sisymbrium irio L. 750/MM//2020 Peeli Saroon H AL,GL,HS,RS,SH,WP March-April
155 Sisymbrium orientale L. 826/MM//2020 Jangli Saroon H AL,GL,HS,RS,SH,WP March-April
25. Cactaceae 156 Opuntia dillenii (Ker Gawl.) Haw. 699/MM//2020 Chitter thore H DL,HS,SP,SL,SH,WP March-April
26. Cannabaceae 157 Cannabis sativa L. 669/MM//2020 Bhang H AL,GL,GR,RS,SH,WP,WL March-April
27. Capparaceae 158 Capparis decidua (Forssk.) Edgew. 532/MM//2020 Karir S DL,FO,GR,HS,SP August-September
28. Caricaceae 159 Carica papaya L. 904/MM//2020 Papeeta S AL,GL,HG March-April
160 Stellaria media (L.) Vill. 796/MM//2020 Chitti booti H AL,FO,GL,HS,MS,RS,SL,SH,WP March-April
161 Stellaria persica Boiss. 511/MM//2020 Sitara booti H AL,FO,GL,HS,RS,SL.SH,WP July-August
29. Caryophyllaceae - —
162 Stellaria decumbens Edgew. 587/MM//2020 Chitti cona H FO July-August
163 Stellaria monosperma Buch.-Ham. ex D. Don 716/MM//2020 Ghal booti H FO,GL,GR,RS,SL,SH,WP,WL July-August
30. Cleomaceae 164 Cleome viscosa L. 578/MM//2020 Zard booti H FO,GL,GR,RS,SH,WP,WL March-April
165 Carthamus oxyacantha M.Bieb. 863/MM//2020 Pholi, Kandiyari H DL,FO,GL,GR,HS,RS,SP,SL, WP August-September
166 Cirsium arvense (L.) Scop. 761/MM//2020 Kandiyari H DL,FO,GL,GR,HS,SP,SH,WP March-April
167 Cirsium falconeri (Hook.f.) Petr. 720/MM//2020 Jhalar Kandiyari H DL,FO,GR,HS,RS,SP,SH,WP September-October
168 Echinops echinatus Roxb. 566/MM//2020 Ont-ktara H DL,FO,GL,GR,HS,RS,SP,SL,SH March-April
169 Eclipta prostrata (L.) L. 847/ MM//2020 Bhangra H AL,FO,GL,GR,RS,SH,WP,WL March-April
170 Erigeron aegyptiacus L. 757/MM//2020 | Jangli Genda Phool H AL,FO,GL,GR,RS,SP,SH September-October
171 Erigeron bonariensis L. 872/MM//2020 Dodi booti H DL,FO,GR,HS,RS,SH,WL March-April
172 Erigeron canadensis L. 605/MM//2020 Konjel pholi H DL,FO,GL,GR,RS,SH,WL October-November
173 Lactuca serriola L. 609/MM//2020 Bhatal H AL,FO,GL,GR,HS,RS,SH,WP,WL March-April
31. Compositae 174 Launaea nudicaulis (L.) Hook {. 861/MM//2020 |  Dodak, Dudhkal H AL,FO,GL,GR,RS,SH March-April
175 |  Launacap ’Oc“mlf:jz; g;;"b') Ramayya & = o /MM/2020 | Dodak, Bhathala H AL,FO.GL,GR,RS,SH,WP,WL March-April
176 Parthenium hysterophorus L. 670/MM//2020 Koka booti H AL,DL,FO,GL,GR,RS,SH,WP,WL March-April
177 Silybum marianum (L.) Gaertn. 553/MM//2020 Ount Katara H DL,GL,GR,RS,SL,SH,WP March-April
178 Sonchus arvensis L. 623/MM//2020 Peeli Bhattal H AL,GL,GR,HS,RS,SL,SH,WP March-April
179 Sonchus asper (L.) Hill 666/MM//2020 Bhattal H DL,FO,GL,HS,RS,SL,SH March-April
180 Sonchus oleraceus (L.) L. 713/MM//2020 Peeli dodhak H AL,FO,GR,RS,SH March-April
181 Tagetes erecta L. 830/MM//2020 Peela Genda H HG,RS,SH July-September
182 Xanthium strumarium L. 764/MM//2020 Puth kanda H AL,DL,FO,GL,GR,HS,RS,SH,WP,WL March-April
183 Convolvulus arvensis L. 728/MM//2020 Lelli H AL,FO,GL,GR,RS,SH,WL March-April
32. Convolvulaceae 184 Convolvulus prostratus Forssk. 785/MM//2020 Lehi, Vanvaihre H AL,FO,GL,GR,RS,SH,WL February-April
185 Convolvulus lineatus L. 888/MM//2020 Waja vail H AL,FO,GL,GR,RS,SP,SH,WL March-April
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186 Cuscuta reflexa Roxb. 811/MM//2020 | Ashk bail , Ambar bail H AL,DL,FO,GR,HS,RS,SL,SH,WP,WL December-January
187 Ipomoea alba L. 534/MM//2020 Sawer pholi H AL,GL,HG,RS,SH,WL March-April
188 Ipomoea carnea Jacq. 729/MM//2020 Gull e abbasi S AL,RS,WL August-September
189 Ipomoea pes-tigridis L. 903/MM//2020 Chitti chatri H AL,DL,GL,GR,HS,RS,SH,WP,WL August-September
190 Ipomoea aquatica Forssk. 896/MM//2020 Jungli vail H AL,FO,GL,GR,RS,SH,WL February-April
191 Ipomoea cairica (L.) Sweet 604/MM//2020 Jungli lehli H AL,FO,GL,GR,HS,RS,SL,SH,WP,WL July-August
192 Benincasa hispida (Thunb.) Cogn. 730/MM//2020 Bari Khakhri H AL,GL,HG June-July
193 Citrullus colocynthis (L.) Schrad. 638/MM//2020 Tumma H AL,DL,FO,GL,GR,HS,RS,SP,SL,SH,WP May-June
194 Citrullus lanatus (Thunb.) Matsum. & Nakai 755/MM//2020 Dwana, Turbooz H AL,GL,HG July-August
195 Cucumis sativus L. 635/MM//2020 Khera H AL,GL,HG June-July
196 Cucumis melo L. 527/MM//2020 Khakhri H AL,GL.HG June-July

33, Cucurbitaceae 197 Cucurbita moschata Duchesne 718/MM//2020 Paitha H AL,GL,HG June-July
198 Cucurbita maxima Duchesne 702/MM//2020 Ghea H AL,GL,HG June-July
199 Cucurbita pepo L. 709/MM//2020 Kaddu H AL,GL,HG June-July
200 Luffa acutangula (L.) Roxb. 624/MM//2020 Kali Toori H AL,GL,HG June-July
201 Luffa cylindrica (L.) M.Roem. 522/MM//2020 Ghea toori H AL,GL,HG June-July
202 Momordica balsamina L. 712/MM//2020 Jangli kraila H AL,GL,HG May-June
203 Praecitrullus fistulosus (Stocks) Pangalo 809/MM//2020 Tinda H AL,GL,HG June-July
204 Chrozophora tinctoria (L.) A.Juss. 850/MM//2020 Chitti Boi H DL,FO,GR,HS,RS,SP,SL,WP May-June
205 | Chrozophora ob l""Sng{ gfl’g (Delile) AJuss. ex | 01 Mm/2020 Khuri H DL,FO,GR,HS,SP,WP August-September
206 Chrozophora plicata (Vahl) A.Juss. ex Spreng. 656/MM//2020 Chitri booti H DL,FO,GR,HS,RS,SP,WP August-September
207 Chrozophora sabulosa Kar. & Kir. 687/MM//2020 Giri booti H DL,FO,GL,GR,HS,RS,SP,WP August-September
208 Croton bonplandianus Baill. 762/MM//2020 Kala bhangra H FO,GL,GR,HS,RS,SH,WP,WL March-April
209 Euphorbia cyathophora Murray 848/MM//2020 Pathar chat S HG,RS,SH March-April
34. Euphorbiaceae 210 Euphorbia helioscopia L. 892/MM//2020 Choti chattri H AL,FO,GL,GR,RS,SH,WP,WL March-April
211 Euphorbia hirta L. 801/MM//2020 Lal dhudi H AL,FO,GL,GR,HS,HG,MS,RS,SL,SH,WP,WL March-April
212 Euphorbia indica Lam. 837/MM//2020 Dudhi kalan H AL,FO,GL,GR,HS,RS,WP,WL March-April
213 Euphorbia prostrata Aiton 648/MM//2020 Choti it-sit H AL,DL,GL,GR,HS ,HG,RS,SH,WP June-July
214 Euphorbia thymifolia L. 819/MM//2020 It-sit H AL,DL,FO,GL,GR,HS,HG,RS,SH,WP June-July
215 Euphorbia densa Schrenk 584/MM//2020 Dhodak H AL,DL,FO,GL,GR,RS,SH,WP,WL June-July
216 Euphorbia granulata Forssk. 874/MM//2020 Ltari booti H DL,FO,GR,HS,MS,SP,SL, WP August-September
217 Euphorbia prolifera Buch.-Ham. ex D.Don 561/MM//2020 Pholi booti H DL,FO,GL,GR,HS,MS ,RS,SP,SL April-May
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218 Euphorbia serpens Kunth 779/MM//2020 Boni booti H DL,FO,GL,GR,HS,MS.RS,SP,SL,SH August-September
219 Ricinus communis L. 689/MM//2020 Hernoli S AL,DL,FO,GL,GR,HS,RS,SP,SL,WP August-September
35. Fagaceae 220 Quercus incana Bartram 617/MM//2020 Shah baloot T AL,FO,GL,HG,RS August-September

221 Geranium rotundifolium L. 722/MM//2020 Bouni booti H AL,FO,GL,GR,RS,SH,WP,WL March-April

. 222 Geranium lambertii Sweet 545/MM//2020 Tara booti H FO,GL,RS,SH,WP,WL March-April

36. Geraniaceae 223 Geranium pratense L. 707/MM//2020 Asmani pholi H AL,FO,GR,HS,RS,SH,WP March-April
224 Geranium pusillum L. 862/MM//2020 Gana booti H FO,GL,GR,HS,RS,SL,SH,WP August-September

37. Gisekiaceae 225 Gisekia pharnaceoides L. 644/MM//2020 Balu ka sag H AL,FO,GL,GR,RS,SP,SH,WP July-August

226 Anisomeles indica (L.) Kuntze 794/MM//2020 Jamni booti H FO,HS,RS,SH, WP March-April

227 Mentha longifolia (L.) L. 698/MM//2020 Jangli poodina H FO,GL,HS,SL,SH,WL May-June

228 Mentha arvensis L. 693/MM//2020 Poodina H AL,GL.HG March-April

229 Mentha pulegium L. 659/MM//2020 Jamni poodina H AL,FO,GL,HS,RS,SL.SH,WL March-April

230 Mentha royleana Wall. ex Benth. 631/MM//2020 Chitta poodina H AL,FO,GL,HS,RS,SL.SH,WL March-April

38. Lamiaceae 231 Mentha spicata L. 503/MM//2020 Podina H FO,GL,HS,SH,WL March-April
232 Ocimum americanum L. 890/MM//2020 Danadar booti H FO,GR,HS,RS,SL,SH,WP August-September
233 Ocimum basilicum L. 737/MM//2020 Niazbo S HG,SH August-September
234 Salvia aegyptiaca L. 705/MM//2020 Ksaroo H FO,HS,RS,SP,SL,SH,WP August-September

235 Salvia moorcroftiana Wall. ex Benth. 530/MM//2020 Lapra H FO,HS,SL,SH,WP May-June

236 Salvia nubicola Wall. ex Sweet 841/MM//2020 Hernar H FO,HS,RS,SH,WP,WL August-September
237 Acacia farnesiana (L.) Willd. 851/ MM//2020 Kabli kikar T DL,FO,HS,RS,WP August-September
238 Acacia nilotica (L.) Delile 783/MM//2020 Kikar T DL,FO,HS,RS,SP,WP August-September

239 Acacia catechu (L.f.) Willd. 514/MM//2020 Wada kiker T DL,FO,HS,RS,WP July-August

240 Acacia modesta Wall. 827/MM//2020 Pholai kiker T DL,FO,HS,RS,SP,WP March-April
241 Acacia senegal (L.) Willd. 618/MM//2020 Wilayti kikeri T FO,GL,HG,RS,WP August-September
242 Acacia torta (Roxb.) Craib 831/MM//2020 Jungli kiker S DL,FO,GL,HS,RS August-September
39. Leguminosae 243 Albizia procera (Roxb.) Benth. 630/MM//2020 Chita Sharin T AL,DL,GL,HG,RS,SP August-September
244 Albizia lebbeck (L.) Benth. 597/MM//2020 Shareen T AL,FO,GL,GR,HG,RS,WP August-September

245 Alhagi maurorum Medik. 610/MM//2020 Kandera S DL,FO,GR,HS,SP July-August
246 Arachis hypogaea L. 877/ MM//2020 Moong phali H AL,DL,GL,SP August-September
247 Astragalus psilocentros Fisch. 882/MM//2020 Jangli jantri H HS August-September

248 Bauhinia variegata L. 685/MM//2020 Kachnar T AL,GL,HG,RS March-April

249 Butea monosperma (Lam.) Taub. 772/MM//2020 Wiayti sumbal T RS March-April
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250 Cassia fistula L. 846/MM//2020 | Girdi nalli, Amaltas T AL,GL,HG,RS March-April
251 Cicer arietinum L. 577/MM//2020 Choly, chany H AL,DL,SP February-March
252 Dalbergia sissoo DC. 695/MM//2020 Tahli T AL,DL,FO,GL,GR,HS,RS,SP,SH,WP,WL April-May
253 Indigofera linifolia (L.f.) Retz. 714/MM//2020 Lal dani H DL,FO,GR,HS,RS,SP,SL,SH,WP March-April
254 Indigofera arabica Jaub. & Spach 646/MM//2020 Gulabi pholi H DL,FO,GR,HS,RS,SP,SL,WP March-April
255 Indigofera sessiliflora DC. 759/MM//2020 Shareni booti H DL,FO,GR,HS,RS,SL,WP March-April
256 Indigofera tinctoria L. 849/MM//2020 Neeli jhari S DL,FO,GR,HS,RS,SL,WP November-December
257 Indigofera trita L.f. 680/MM//2020 Lal pholi H AL,FO,GL,RS,SH,WP,WL February-March
258 Lathyrus aphaca L. 844/MM//2020 Jangli mattar H AL,FO,GL,RS,SH,WP,WL September-October
259 Lathyrus sativus L. 572/MM//2020 Jangli mattri H AL,FO,GL,HS,RS,WP,WL March-April
260 Lathyrus pratensis L. 818/MM//2020 Peeli vail H AL,FO,GL,HS,RS,WP,WL March-April
261 Lens culinaris Medik. 516/MM//2020 Dal masoor H AL,GL,HG February-March
262 Leucaena leucocephala (Lam.) de Wit 550/MM//2020 Desi shareen T AL,GL,GR,HS . HG,RS,WP March-April
263 Medicago sativa L. 662/MM//2020 Lucen, Losan H AL,GL June-July
264 Melilotus indicus (L.) All. 754/MM//2020 Senji H AL,GL,GR,RS,SH,WP,WL March-April
265 Melilotus officinalis (L.) Pall. 600/MM//2020 Chitti Sinje H AL,GL,GR,RS,SH,WP,WL March-April
266 Melilotus messanensis (L.) All. 790/MM//2020 Patrro H AL,GL,RS,WP,WL March-April
267 Parkinsonia aculeata L. 667/MM//2020 Angrezi kikar T DL,FO,GR,HS,RS,SP,WP August-September
268 Pisum sativum L. 711/MM//2020 Mattar H AL,GL September-October
269 Pongamia pinnata (L.) Pierre 592/MM//2020 Sukh chain T AL,GL,HG,RS August-September
270 Prosopis cineraria (L.) Druce 745/MM//2020 Jand T DL,FO,GR,HS,RS,SP,SL, WP August-September
271 Prosopis glandulosa Torr. 886/MM//2020 Wilayti kikar T AL,DL,FO,GR,HS,RS,SP,SL August-September
272 Prosopis juliflora (Sw.) DC. 547/MM//2020 Phari kikar T AL,FO,GR,HS,RS,WP August-September
273 Rhynchosia capitata (Roth) DC 686/MM//2020 Rawan H AL,GL,HG March-April
274 Rhynchosia minima (L.) DC. 855/MM//2020 Jangli Rawan H AL,FO,HS,HG,RS,WP,WL March-April
275 Senna occidentalis (L.) Link 576/MM//2020 Jangli arwan H AL,FO,HS,HG,RS,WP,WL March-April
276 Senna tora (L.) Roxb. 766/MM//2020 Jantar H AL,GL March-April
277 Sesbania sesban (L.) Merr. 581/MM//2020 Wiayti shareen T FO,HS,HG,RS, WP August-September
278 Sesbania concolor J.B.Gillett 620/MM//2020 Jungli shareen S FO,HS,HG,RS August-September
279 Sesbania grandiflora (L.) Pers. 607/MM//2020 Majandri T FO,HS,HG,RS November-December
280 Tamarindus indica L. 798/MM//2020 Imli T AL,GL,HG,RS December-January
281 Trifolium resupinatum L. 788/MM//2020 Barsan H AL,GL March-April
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282 Trifolium alexandrinum L. 717/MM//2020 Chita Shatala H AL,GL March-April
283 Trifolium pratense L. 556/MM//2020 Gulabi Shatala H AL,GL March-April
284 Trifolium repens L. 579/MM//2020 Shatala H AL,GL February-March
285 Trigonella anguina Delile 568/MM//2020 Jangli meethre H AL,DL,FO,GL,GR,HS,RS,SH,WP,WL March-April
286 Trigonella corniculata Sibth. & Sm. 615/MM//2020 Meethre H ALHG March-April
287 Trigonella foenum-graecum L. 901/MM//2020 Methra H ALHG March-April
288 Vicia sativa L. 767/MM//2020 Jangli Rewari H AL,FO,GL,HS,SL,SH,WP,WL March-April
289 Vicia bakeri Ali 549/MM//2020 Daturi H AL,FO,GL,HS,RS,SH,WP,WL August-September
290 Vicia faba L. 725/MM//2020 Lobia H AL,GL,HG December-January
291 Vigna mungo (L.) Hepper 777/MM//2020 Mung dal H AL,GL,HG February-March
292 Vigna trilobata (L.) Verdc. 832/MM//2020 Rawan dal H AL,GL.HG February-March
293 Vigna unguiculata (L.) Walp. 560/MM//2020 Lobia H AL HG February-March
40. Linaceae 294 Linum usitatissimum L. 857/MM//2020 Alsi H AL HG June-July
295 Ammannia baccifera L. 613/MM//2020 Ratta krond H AL,DL,FO,GL,HS,RS,SL, WP, WL August-September
41, Lythraceae 296 Ammannia auriculata Willd. 536/MM//2020 Kandi booti H AL,DL,FO,GL,GR,HS,RS,SL,SH,WP August-September
297 Ammannia verticillata (Ard.) Lam. 902/MM//2020 Nevi kandi H AL,DL,FO,GL,GR,HS,RS,WP August-September
298 Lawsonia inermis L. 833/MM//2020 Mehndi S AL,GL,HG March-April
299 Abelmoschus esculentus L. Moench 567/MM//2020 Bhindi H ALHG June-July
300 Abutilon indicum (L.) Sweet 588/MM//2020 Peela crown H FO,GR,HS,RS,SL,SH,WP March-April
301 Abutilon theophrasti Medik. 543/MM//2020 | Janlgi Peela crown H FO,GR,HS,RS,SL,WP March-April
302 Abutilon grandifolium (Willd.) Sweet 765/MM//2020 Gidar booti S FO,GR,HS,RS,SL,WP July-August
303 Abutilon hirtum (Lam.) Sweet 800/ MM//2020 Peeli booti H FO,RS,SL,WP March-April
304 Bombax ceiba L. 786/MM//2020 Simbal T AL,GL,GR,RS February-March
42. Malvaceas 305 Corchorus depressus (L.) Stocks 591/MM//2020 Bahu-phali H DL,GR,HS,MS,SP,SL March-April
306 Grewia asiatica L. 721/MM//2020 Falsa S AL,GL,HG,RS February-March
307 Malva neglecta Wallr. 665/MM//2020 Sitara Sunchal H AL,DL,FO,GL,GR,RS,SH,WP,WL March-April
308 Malva parviflora L. 510/MM//2020 Sunchal H AL,DL,FO,GL,GR,RS,SH,WP,WL March-April
309 Malva sylvestris L. 564/MM//2020 Jamni phool H HG,RS,SH April-May
310 Malva verticillata L. 885/MM//2020 Kandi Sunchal H AL,GL,GR,RS,SH,WP,WL March-April
311 Malvastrum coromandelianum (L.) Garcke 642/MM//2020 (Khati booti, Peeli booti| H DL,FO,GL,GR,HS,MS,RS,SL,SH,WP October-November
312 Sida spinosa L. 719/MM//2020 Jungle maithi H FO,GL,GR,HS,MS,RS,SH,WP March-April
43. Martyniaceae 313 Martynia annua L. 575/MM//2020 Gulabi kona H FO,GL,GR,HS,MS,RS,SL,SH,WP,WL March-April
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44, Meliaceas 314 Azadirachta indica A.Juss. 633/MM//2020 Neem T AL,GL,HG,RS July-August
315 Melia azedarach L. 864/MM//2020 Dharaik T AL,GL,HG,RS August-September
45. Menispermaceae | 316 Tinospora sinensis (Lour.) Merr. 639/MM//2020 Glow S AL,GL.HG April-May
317 Broussonetia papyrifera (L.) L'Hér. ex Vent. 817/ MM//2020 Gul toot T HG,RS March-April
318 Ficus benghalensis L. 593/MM//2020 Desi bohar T AL,GL,HG,RS March-April
319 Ficus carica L. 749/MM//2020 Anjeer T AL,GL,HG,RS May-June
46, Moraceae 320 Ficus religiosa L. 791/MM//2020 Peepal T AL,GL,HG,RS August-September
321 Ficus palmata Forssk. 879/MM//2020 Desi Anjeer T AL,GL,HG,RS May-June
322 Ficus sarmentosa Buch.-Ham. ex Sm. 521/MM//2020 Wiayti bohar T AL,GL,RS August-September
323 Morus alba L. 866/MM//2020 Safaid toot T AL,GL,HG,RS March-April
324 Morus nigra L. 625/MM//2020 Kala toot T AL,GL,HG,RS March-April
47. Moringaceae 325 Moringa oleifera Lam. 700/MM//2020 Sohanjana T AL,GL,HG,RS February-March
48. Musaceae 326 Musa % paradisiaca L. 645/MM//2020 Keela H AL,GL,HG,WL March-April
327 Callistemon lanceolatus (Sm.) Sweet 643/MM//2020 Bottle bursh T HG,RS March-April
49, Myrtaceae 328 Eucalyptus globulus Labill. 554/MM//2020 Saifeda T AL,GL,GR,RS,WL August-September
329 Psidium guajava L. 859/MM//2020 Amrood S AL,GL,HG January-February
330 Syzygium cumini (L.) Skeels 808/MM//2020 Kala jaman T AL,HG,RS August-September
50. Nitrariaceae 331 Peganum harmala L. 701/MM//2020 Harmal booti H DL,FO,GR,HS,MS,RS,SP March-April
332 Boerhavia diffusa L. 504/MM//2020 Nevi booti H AL,FO,GL,HS,RS,SL,SH,WP July-August
333 Boerhavia procumbens Banks ex Roxb. 649/MM//2020 Ttsit H FO,GL,HS,RS,WP June-July
51, Nyctaginaceae 334 Boerhavia repens L. 816/MM//2020 Looni booti H AL,FO,GL,GR,HS,RS,SH, WP August-September
335 Bougainvillea glabra Choisy 520/MM//2020 Rangli bail S HG,RS August-September
336 Bougainvillea spectabilis Willd. 723/MM//2020 Bugal bail S HG,RS August-September
337 Mirabilis jalapa L. 526/MM//2020 Gul-e-Asar H HG,RS August-September
338 Jasminum grandiflorum L. 594/MM//2020 Chambeli S ALHG July-September
52. Oleaceae 339 Jasminum sambac (L.) Aiton 641/MM//2020 Motiya S ALHG July-September
340 Olea ferruginea Wall. ex Aitch. 746/MM//2020 Kao S AL August-September
53. Oxalidaceae 341 Oxalis corniculata L. 732/MM//2020 |Peeli booti, Choti lonak H AL,FO,GL,GR,HS,RS,SH,WP,WL February-March
54. Papaveraceae 342 Fumaria indica (Hausskn.) Pugsley 537/MM//2020 Papra H AL,GL,HS,RS,SH,WP March-April
343 Fumaria vaillantii Loisel. 899/MM//2020 Shatra papra H AL,GL,HS,RS,SH,WP March-April
55. Pedaliaceae 344 Sesamum indicum L. 835/MM//2020 Till H AL March-April
56. Phrymaceae 345 Mazus pumilus (Burm.f.) Steenis 691/MM//2020 Chita phol H FO,GR,HS,RS,SH,WL March-April
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57. Plantaginaceae 346 Veronica anagallis-aquatica L. 834/MM//2020 Hazar booti H AL,FO,GL,HS,RS,SH,WP March-April
347 Persicaria glabra (Willd.) M.Gomez 523/MM//2020 Hazar dani H AL,FO,GL,HS,RS,SP,SH,WP September-October
348 Polygonum plebeium R.Br. 531/MM//2020 | Droonk, Gorakh pan H AL,FO,GL,GR,HS,MS,RS,SL,SH,WP,WL March-April
58. Polygonaceae 349 Rumex crispus L. 650/MM//2020 Lonak H AL,FO,GL,HS,RS,SL,SH,WP,WL March-April
350 Rumex dentatus L. 812/MM//2020 Khatkal H AL,FO,GL,HS,RS,SL,SH,WP,WL March-April
351 Rumex patientia L. 860/MM//2020 Khatkal H AL,FO,GL,GR,HS,MS,RS,SH,WP,WL March-April
352 Portulaca grandiflora Hook. 763/MM//2020 Kulfa H DL,FO,GL,GR,HS,RS,SP,SL August-September
353 Portulaca oleracea L. 865/MM//2020 Kulfa lonak H FO,GL,HS,RS,SH,WP,WL August-September
59- Portulacaceae 354 Portulaca pilosa L. 829/MM//2020 Lorni booti H FO,GL,HS,MS,RS,SH August-September
355 Portulaca quadrifida L. 753/MM//2020 Lornak booti H FO,GL,GR,HS,MS,RS,SL,SH,WP August-September
60. Primulaceae 356 Anagallis arvensis L. 900/MM//2020 |Neeli booti, Billi booti. H AL,FO,GL,GR,HS,MS,RS,SH,WP March-April
357 Nigella sativa L. 740/MM//2020 Kalwanji H ALHG March-April
358 Ranunculus muricatus L. 773/MM//2020 Chambel booti H FO,GL,SH,WP March-April
359 Ranunculus sceleratus L. 571/MM//2020 Jal Dhania H FO,GL,GR,HS,RS,SL,SH February-March
61. Ranunculaceae .
360 Ranunculus arvensis L. 739/MM//2020 Peela phola H DL,GL,HS,SP,SH,WP March-April
361 Ranunculus natans C.A.Mey. 697/MM//2020 Peela tara H FO,GL,GR,HS,SP,SH August-September
362 Ranunculus repens L. 738/MM//2020 Peela Gullab H GL,GR,HS,RS,SH,WP June-July
62. Rhamnaceae 363 Ziziphus jujuba Mill. 726/MM//2020 Bairi T DL,FO,GL,GR,HS,HG,RS,SP August-September
364 Ziziphus nummularia (Burm.f.) Wight & Arn. 612/MM//2020 Jangli bairi T FO,GL,HS,RS,SP August-September
63. Rosaceae 365 Rosa indica L. 814/MM//2020 Gulaab S HG,RS March-April
64. Rubiaceae 366 Galium aparine L. 589/MM//2020 Wanwair booti H AL,FO,GL,GR,HS,RS,SL,SH,WP June-July
367 Citrus limon (L.) Osbeck 869/MM//2020 Nimboo S ALHG March-April
65. Rutaceae 368 Citrus reticulata Blanco 836/MM//2020 Kino malta S AL .HG September-October
369 Citrus sinensis (L.) Osbeck 743/MM//2020 Musmi malta S AL HG September-October
66 Salicacess 370 Populus alba L. 778/MM//2020 Sufaid Poplar T ALHG February-March
371 Salix alba L. 599/MM//2020 Desi bohoer T AL,GL,GR,HG,RS February-April
372 Salvadora oleoides Decne. 690/MM//2020 Jall, Van T DL,FO,GR,HS,SP,WP August-September
67. Salvadoraceae
373 Salvadora persica L. 747/MM//2020 Pelo S DL,GR,RS,SP,SL,WP August-September
68. Sapindaceae 374 Dodonaea viscosa (L.) Jacq. 768/MM//2020 Sanatha S FO,GR,HS,MS,RS,SL,SH,WP March-April
69. Scrophulariaceae | 375 Verbascum thapsus L. 891/MM//2020 Gidhar tambaku H FO,GR,HS,SP,SH March-April
376 Capsicum annuum L. 742/MM//2020 Shimla mirch H AL,GL.HG June-July
70. Solanaceae — -
377 Cestrum nocturnum L. 838/ MM//2020 Rat ki rani S HG,RS March-April
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378 Datura innoxia Mill. 519/MM//2020 Siah dhatoora S FO,GL,GR,HS,MS,RS,SH,WP August-September
379 Datura metel L. 628/MM//2020 Datura S FO,GL,GR,HS,MS,RS,SP,SL,SH,WP,WL June-July
380 Datura stramonium L. 627/MM//2020 Jangli dhatoora S FO,GL,GR,HS,MS,RS,SP,SL,SH,WP,WL June-July
381 Hyoscyamus niger L. 683/MM//2020 Khoob kalan H GL,HS,RS,SH,WP March-April
382 Nicotiana tabacum L. 679/MM//2020 Tambaku H AL,GL,HG July-September
383 Physalis alkekengi L. 769/MM//2020 Lal cherry H FO,GL,HS,SH June-July
384 Physalis minima L. 733/MM//2020 Jangli rasbari H FO,GL,HS,SL,SH August-October
385 Physalis divaricata D. Don 569/MM//2020 Jungli berry H FO,GL,HS,SL,SH,WP August-September
386 Physalis peruviana L. 502/MM//2020 Jungli berry H FO,GL,GR,HS,SL,SH August-September
387 Solanum americanum Mill. 636/MM//2020 (Kainch Mainch, Makao| H AL,FO,GL,GR,HS,RS,SH,WP June-July
388 Solanum incanum L. 727/MM/2020 | 2neli baingan, S FO,GL,HS,SH,WP June-July
Mahokari
389 Solanum melongena L. 681/MM//2020 Baingan H ALHG June-July
390 Solanum nigrum L. 603/MM//2020 | Kanch Manch, Makao H AL,DL,FO,GL,GR,HS,RS,SP,SL,SH,WP,WL March-April
391 Solanum surattense Burm. f. 758/ MM//2020 Choti Kandiari H DL,FO,GR,HS,MS,RS,SP,SL October-November
392 Solanum tuberosum L. 596/MM//2020 Allo H ALHG January-February
393 Withania somnifera (L.) Dunal 555MM/2020 | A5 Jirl‘(ge'riipa“air’ H DL.FO,GL,GR HS.RS,SP,SL,SH,WP March-April
394 Withania coagulans (Stocks) Dunal 741/MM//2020 Jangly chana S DL,FO,GL,SP,SH March-April
71, Tamaricaceae 395 Tamarix aphylla (L.) H.Karst. 868/MM//2020 Khagal T DL,FO,GL,RS,WP March-April
396 Tamarix dioica Roxb. ex Roth 676/MM//2020 Khagal, Rukh S DL,FO,GL,GR,RS,SP,SL, WP August-September
397 Lantana camara L. 708/MM//2020 Rangli jhari S FO,GL,HS,RS August-September
73, Verbenaceas 398 Lantana indica Roxb. 797/MM//2020 Chitti rangli S FO,GL,HS,RS August-September
399 Phyla nodiflora (L.) Greene 595/MM//2020 Bukand booti H FO,GL,MS,SH,WP,WL August-September
400 Verbena officinalis L. 752/MM//2020 |Chandni, Sindhi podina H FO,GL,HS,MS,SL,SH,WL August-September
73. Violaceae 401 Viola pilosa Blume 647/MM//2020 Lillio H FO,GL,HS,SH,WL April-May
74. Vitaceae 402 Vitis vinifera Linn. 655/MM//2020 Angoor S ALHG June-July
403 Fagonia indica Burm.f. 842/MM//2020 Jawanh booti S DL,FO,GR,HS,RS,SP,SL July-August
75. Zygophyllaceae
404 Tribulus terrestris L. 539/MM//2020 Bhakhra H DL.FO,GL,GR,HS,MS,RS,SP,SL,SH,WP August-September

*; H: Herbs; S: Shrubs; T: Tree; G: Grass; **; AL: Arable Land; DL: Dry Land; FO: Forest; GL: Grassland; GR: Graveyard; HS: Hilly Slopes; HG: Home Gardens; MS: Mountain Summits; RS: Roadside;
SP: Sandy Places; SL: Scrubland; SH: Shady Places; WP: Waste Places; WL: Wet Land
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Abstract. The research was aimed to determine the growth of soybean genotypes under shading. This
Research was conducted in Malang, East Java, Indonesia. Treatments entailed of two factors, namely
level of shading and soybean genotypes, arranged in factorial randomized complete block design with
three replications. Level shading entailed of without shading and 50% shading, while soybean genotypes
included of Argopuro, Dena 1, Dena 2, Dena 3, Grobogan, Panderman, and Karat 13. The results
indicated that the soybean genotype responses to shading were different. Shading reduced leaf area index
(LAI), net assimilation rate (NAR), and plant growth rate (PGR), however it increased the specific leaf
area (SLA) and leaf area ratio (LAR Dena 1 genotype showed the lowest PGR stress intensity at 6%,
followed by Panderman (16%) which are below the average of genotypes stress intensity at 56 DAP
(24%). The PGR had significantly positive correlation with seed yield. The average decrease in seed
yields of 7 soybean genotypes were 32%, and Dena 1 showed the most tolerant to shading. This proved
wih the fact that of Dena 1 which is currently widely planted by the farmers in Indonesia on an
intercropping pattern, or under shading of young plantation crops.

Keywords: intercropping, leaf area, net assimilation, stress intensity, tolerant

Introduction

In Indonesia, availability of land for soybean (Glycine max (L.) Merr.) monoculture
cultivation is very limited because most of the land is used for estate plantations and
other food crops, especially rice and maize. Therefore, expansion of the soybean
planting area can be done by utilizing suboptimal land, especially dry land with
intercrop system and among annual estate plant stands. Land available among other
plant stands can be in the form of land under plantation stands, forest plants, and young
estate plants (0-3 years), as well as land between rows of maize and cassava plants.
Shaded lands which can be used for soybean development in Indonesia in the
plantation, intercropping with maize, and intercropping with cassava were reaches to
1.7 million ha, 5.5 million ha, and 0.67 million ha, respectively (Mulyani et al., 2009;
Statistics Indonesia, 2019).

Harsono et al. (2020) reported that the shade of maize crops above the canopy of
soybean in the intercropping with maize (double row with spacing of (40 x 20) cm X
200 cm) and soybean with pplants spacing of 30 cm x 15 cm) at the age of 40 and
60 days were 53-59% and 58-63%, respectively. This condition causes a decrease in
soybean yields of 40-44%. In plantation lands, the levels of shade can reach 20-60%,
depending on type and age of plantation crops. Shade decreases the photosynthetic rate
through reducing the production of ATPs in photosystem II (PSII) reaction center via
blocking electron flow rate (Huang et al., 2018; Valladares and Niinemets, 2008).
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The morphological characteristics of soybean, biomass accumulation and
distribution, and yield were significantly affected by shading stress Soybean is
susceptible to shading effect of neighboring highstalked maize plants, hence reducing
soybean yield (Liu et al., 2010). The characteristics that must be possessed by soybean
genotypes in this condition are shading tolerance under shading conditions < 50%. For
this reason, soybean plants that are adaptive to shading are needed. Light is a source of
energy for plant photosynthesis, and light intensity has an important influence on plant
morphology, physiology, and reproduction (Li et al., 2010; Mauro et al., 2014; Wang et
al., 2014). In each plant habitat, light intensity varies temporally (seasonally and daily)
and spatially. Therefore, plants perform acclimatization and plasticity to overcome the
light variation problem (Zhang et al., 2003). Soybean varieties which were exposed to
shade stress showed an increased in plant heights and internode lengths, but reduced
stem diameters and lignin accumulation in stems (Liu et al., 2018).

Leaf area is a basic component of leaf area index for crop production, which
contributes to light interception of the entire plant canopy (Zhu, 2010; Evans, 2013).
Hence, leaf area is important for plants to overcome shading. On the other hand, leaves
are also involved in avoidance responses to shading. Leaf size is highly dependent on
the number and size of cells. However, leaf area is not only determined by the number
and size of cells, but also cell division, cell development and the overall tissue of the
organ (Gonzalez et al., 2012). Besides being controlled by genetic factors, leaf area is
also influenced by environmental factors including light. Shading promotes elongation
of petioles and inhibits leaf development. Quantitative methods are used to describe and
interpret the performance of all parts of the plant, namely plant growth analysis. Growth
analysis is a method used to describe photosynthetic dynamics measured through dry
matter production. Plant growth can be measured without damaging the plant, such as
measuring plant height or leaf count, but this often lacks accuracy. Dry matter
accumulation is more described as a measure of growth because it reflects the ability of
plants to bind energy from sunlight through photosynthesis, as well as their interactions
with other environmental factors (Sumarsono, 2008).

Shading reduced soybean seed yield 34-55% depending on population density and
variety (Liu et al., 2010). The ability of genotypes to respond to shading stress (low light)
is different, so that the selection of soybean genotypes that is suitable for the shading
environment plays an important role (Polthanee et al., 2011). The objective of this study
was to determine the plant growth of seven soybean genotypes under shading condition.

Methodology
Place and time of study

The research was conducted in Kendalpayak Research Station, Malang, East Java,
Indonesia, in 2013.

Research design

The research consisted of two factors. The first factor was level of shading, namely
without shading or non-shading and 50% shading, while the second factor was seven
soybean genotypes, consisted of Argopuro, Dena 1, Dena 2, Dena 3, Grobogan,
Panderman, and Karat 13. Placement of treatment was based on a factorial complete
randomized block design that was repeated three times.
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Each treatment unit was planted on a plot measuring 1.6 m x 3.0 m. Soybean seeds
were planted at a spacing distance of 40 cm x 15 cm and two seeds per hole. The 50%
shading treatment came from two layers of black paranet mounted at a height of 1.8 m.
Shade treatment was applied from planting to harvesting.

Observations were made on the quantitative characters of plants, including total
number of leaves per plant, leaf area calculated using a leaf area meter, and seed weight
per plot. Observations were carried out destructively every two weeks, starting at the
age of 28 days after planting (DAP) to 56 DAP. The method of sample selection was by
removing three crops without affected the performance the remaining ones.

Data analysis

The growth analysis was calculated based on the model used by Gardner et al.
(1985), namely:

1. Leaf area index (LAI) shows the ratio of the leaf surface to the land area occupied
by the plant, calculated by the formula:

_ [(LAi + (LAi —1)]/2
Ga

LAI

(Eq.1)

where:
LAi and LAi-1 = leaf area (cm?/plant) at Ti and Ti-1, respectively
Ti and Ti-1 = plant age on day i and i1-1
Ga = Land area occupied by plants (cm?)
2. Specific leaf area (SLA) shows the thickness of the leaves based on leaf dry
weight, calculated by the formula:

_ [(LAi/ LDWi)]+[(LAi —1) (LDWi—1)]
2

SLA

(Eq.2)

where:
LAi and LAi-1 = leaf area (cm2/plant) at plant age Ti and Ti-1, respectively
LDWi and LDWi-1 = leaf dry weight (g/plant) at Ti and Ti-1, respectively
3. Leaf area ratio (LAR) is the ratio between the tissue carrying out photosynthesis to
the total plant tissue, calculated by the formula:

_ [(LAi/TDWi)]+[(LAi —1) (TDWi—1)]
2

LAR (Eq.3)

where:
LAi and LAi-1 = leaf area (cm2/plant) at plant age Ti and Ti-1, respectively
TDWi and TDWi-1 = total dry weight (g/plant) of Ti and Ti-1, respectively.
4. Net assimilation rate (NAR) shows the net assimilation results, calculated by the
formula:

NAR — (TOWi—-TDWi—1) " (ln LAi—In LAi—1) (g Jem? Jweek) (Eq.4)
(T-Ti-1) (LAi—LAi—1)
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5. Plant growth rate (PGR) shows an increase in plant dry weight per unit land area
in certain time intervals, calculated by the formula:

[(TDWi—TDWi—-D]/[(T —Ti—1)]
Ga

PGR = (g/cm?/day) (Eq.5)

where:
TDWi and TDWi-1 = total dry weight = leaf dry weight + root dry weight (g/plant) at
plant age of Ti and Ti-1, respectively.

The data were analyzed using MSTAT-C statistical software package for variance
and continued with the 5% Least Significant Difference (LSD) test to compare the two
mean values.

Results and discussion
Leaf area index

The leaf area index (LAI) of the genotypes tested was different in each shading
environment (Table 1). In general, shading treatment resulted in a reduction of LAI at
each observation age, as indicated by shading/non-shading ratio of the mean of all
genotypes. At 28 days after planting (DAP), the LAI means were 0.85 and 0.79
mg/m?/day in non-shading and shading condition, respectively. Not all genotypes
showed LAI reduction due to shading, for instance, Argopuro consistently increased
LAI of 15%, 31%, and 3% at 28, 42, and 56 DAP, respectively. Panderman also
increased LAI of 38% and 5% at 28 and 42 DAP, respectively. These data indicated that
at 28 and 42 DAP, there was no effect of shading on LAI conditions of these two
genotypes (Argopuro and Panderman). In general, the LAI of each genotype as well as
the mean of all genotypes increased with the plant ages (28 — 56 DAP) in both non-
shading and shading conditions.

Table 1. Leaf area index (LAI) and S/NS ratio of seven soybean genotypes in the shading (S)
and non-shading (NS) conditions at three plant ages

Leaf area index (LAI) at plant ages
28 days after planting 42 days after planting 56 days after planting
(mg/m?day) (%) (mg/m?*day) (%) (mg/m*/day) (%)
Argopuro 0.67 ef 0.77 cd 115 1.371 1.79 ef 131 1.98 gh 2.04 fg 103
Dena 1 1.08 a 0.76 cde 70 246a 1.78 ef 72 291 a 2.85ab 98
Dena 2 1.06 ab 1.02 ab 96 2.06 b 1.87 de 91 248 cd 253¢ 102
Dena 3 0.73 de 046 ¢g 63 1.88 cde 1.13 60 2.35d 1.56 66
Grobogan 1.05 ab 098 b 93 1.95 bed 1.87 de 96 220e 1.78 i 81
Karat 13 0.75 de 0.70 def 93 2.02 be 1.68 fg 83 272b 2.14 ef 79
Panderman 0.61f 0.84c 138 1.52h 1.59 gh 105 1.86 hi 1.84 hi 99
Mean 0.85 0.79 95 1.89 1.67 91 2.36 2.11 90
SD#* 0.20 0.19 25.3 0.36 0.26 229 0.38 0.45 14.3

*S/NS ratio = shading/non-shading ratio. **SD = standard deviation
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Shading caused changes in shading/non-shading ratio of LAI of each soybean
genotype. The shading/non-shading ratio of LAI means of 7 genotypes in each plant age
were 95%, 91%, and 90% at 28, 42, and 56 DAP, respectively. These data indicated that
in this research shading reduced the LAI This was agree with that of reported by Su et
al. (2014) that the LAI of shading soybean plants was reduced by 71.0% in maize-
soybean intercropping compared to monocultured soybean crops.

The pattern of changes of shading/non-shading ratio of LAI of each soybean
genotype is shown in Figure 1. Dena 1, Dena 2 and Dena 3 which are considered
tolerant to shading, in this study showed a reduction of LAI in the shading condition
less than 100%. Argopuro and Panderman varieties did not show negative effect of
shading on LAI, indicated these varieties tolerant to shading based on LAI shading/non-
shading ratio.

Increased of LAI in each variety or genotype is as an effort of the plants to increase
light capture through increasing leaf area in shading conditions. Leaf area index is the
ratio of the leaf surface to the land area where the plant grows to the leaf area as its
basic component, which contributes to light interception of the entire plant canopy
(Evans, 2013; Zhu et al., 2010).

160
— === ArgOopuro
X
< =f=Dena 1
=
= ===Dena 2
aZa =3é=Dena 3
% ==ie= Grobogan
3 10 ~@—Karat 13
Panderman
20
Mean
0 T T 1
28 DAP 472 DAP 56 DAP
Plant Age (Days after planting = DAP)

Figure 1. Shading/Non-shading ratio on leaf area index (LAI) of seven soybean genotypes at
three different plant ages

Leaf area specific

The specific leaf area (SLA) of soybean genotypes tested was different in the two
shading environments (7able 2). Shading resulted in an increase in SLA of each
genotype and the means of 7 genotypes at each observation age. At 28 DAP, the SLA
means were 182.0 and 261.6 cm?/g in non-shading and shading conditions, respectively.
The SLA increased as plant grew older, namely at 56 DAP, the SLA means were 361.5
and 428.1 cm?/g in non-shading and shading conditions, respectively. Overall, shading
caused an increase in SLA at various plant ages (Table 2).

The rate of reduction or stress intensity of SLA means of 7 genotypes in each plant
age ranged from 18.41% at 56 DAP to 49.17% at 28 DAP (Table 2), indicated that as
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plants grew up, the leaves were less sensitive to shading effect. These pattern of SLA
stress intensity of soybean genotypes at various ages of observation is presented in
Figure 2. Almost all of 7 genotypes showed a decreased in SLA stress intensity values
as plants grew up, except Grobogan variety that showed an increase value at 56 DAP
(Fig. 2).

Table 2. Specific leaf area (SLA) and S/NS ratio of seven soybean genotypes in the shading
(S) and non-shading (NS) conditions at three plant ages

Specific leaf area (cm%g) at plant ages
28 days after planting 42 days after planting 56 days after planting
Genotypes - - -
P slll:ll(()ililng Shading I'S:ﬁ?os* slll\::lli]ng Shading f:laljii sli?ililng Shading fzflljii
(mg/m2/day) (%) (mg/m2/day) (%) (mg/m2/day) (%)
Argopuro 180 ef 262 bed 146 137 fg 179b 131 346 de 427 abc 123
Dena 1 205 e 250d 122 162 cd 196 a 121 425 be 446 ab 105
Dena 2 193 ef 298 a 154 150 de 194 a 129 409 ¢ 440 ab 107
Dena 3 170 f 199 ef 129 128 g 172 be 134 336 ef 435 ab 129
Grobogan 179 £ 259 cd 145 133 g 169 be 127 319 f 436 ab 137
Karat 13 175 f 281 abc 160 134 fg 175b 130 33] ef 362d 109
Panderman 172 f 286 ab 166 146 ef 193 a 132 363d 451 a 124
Mean 182.0 261.6 146 141.5 182.5 129 361.5 428.1 119
SD#* 12.41 26.25 16.02 11.97 11.32 4.36 40.66 30.23 12.21

*S/NS ratio = shading/non-shading ratio. **SD = standard deviation

70
60 ~
@ s \ N Argopuro
E \ Dena 1
£ 40 < \ —#—Dena 2
w >
4 ™ _-‘h—-h__"""'* — —&—Dena 3
& 30 — - —
2 \ Grobogan
20 :
- \ Karat 13
10 < Panderman
0 . . . Mean
28 DAP 42 DAP 56 DAP

Plant Age (Days after planting = DAP)

Figure 2. Shading/Non-shading ratio on specific leaf area (SLA) of seven soybean genotypes at
three different plant ages

Leaf area ratio

The leaf area ratio (LAR) is the ratio between the photosynthetic organs (leaf area)
and the photosynthetic product (total dry weight). The higher the LAR value, the greater
the photosynthetic product used for the growth of the photosynthetic organ. LAR of
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soybean genotypes tested were different in each shading environment. Shading resulted
in an increase in LAR of each genotype and the means of 7 genotypes. The highest
increase in LAR value occurred at age 28 DAP, followed by age 42 and age 56 DAP i.e.
44.01%, 27.25%, and 13.77%, respectively. In the vegetative phase (aged 28 DAP),

there was a sharp increase in LAR values (Table 3).

The highest changes in LAR value occurred at age 28 DAP, followed by age 42 and
age 56 DAP 44.01%, 27.25%, and 13.77%, respectively (Table 3). In the vegetative
phase (aged 14 and 28 DAP), there was a sharp increase in LAR values. The pattern of
LAR stress intensity of 7 soybean genotypes at various ages of observation is presented
in Figure 3. All genotypes showed a decreased in LAS stress intensity values as plants

grew up until 56 DAP (Fig. 3).

Table 3. Leaf area ratio (LAR) and S/NS ratio of seven soybean genotypes in the shading (S)

and non-shading (NS) conditions at three plant ages

Leaf area ratio (%) at plant ages
28 days after planting 42 days after planting 56 days after planting
Genotypes Non- . S/NS Non- . S/NS Non- . S/NS
shading Shading ratio* shading Shading ratio shading Shading ratio
(%) (%) (%) (%) (%) (%)
Argopuro 115 fg 167 cd 146 82 fg 102 be 124 62 bed 66 fg 106
Dena 1 129 ef 162d 125 93 de 114 a 123 61 cde 65b 106
Dena 2 124 efg 193 ab 155 83 fg 106 b 127 56 fg 60 de 107
Dena 3 111g 135¢ 121 80 gh 106 b 132 54¢ 70 a 129
Grobogan 129 ef 173 cd 134 73 h 96 cd 132 51h 64 be 127
Karat 13 119 efg 198 a 167 88 ef 116 a 132 56 fg 64 be 116
Panderman 111g 180 be 163 85 efg 105b 123 58 ef 62 bed 107
Mean 119.8 172.5 144 83.5 106.3 127 554 63.0 114
SD#* 8.07 21.20 18.12 6.21 6.77 4.36 3.98 3.19 10.12
*S/NS ratio = shading/non-shading ratio. **SD = standard deviation
80
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Figure 3. Shading/non-shading ratio on leaf area ratio (LAR) of seven soybean genotypes at

three different plant ages
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Net assimilation rate

Net assimilation rate (NAR) is the result of net assimilation of the unity of leaf area
of time. The NAR value shows a decrease with the increase of plant age. Shading
resulted in a decrease in NAR of each genotype and the means of 7 genotypes (Table 4).
At 28 days after planting (DAP), the NAR means were 16.53 and 10.65 mg/m?/day in
non-shading and shading conditions, respectively. The NAR values decreased as plant
grew older (42 and 56 DAP). At 56 DAP the NAR means were 7.50 and
5.94 mg/m?*/day in non-shading and shading conditions, respectively or the decreased
were 55% and 46% in non-shading and shading conditions, respectively compared to
NAR values at 28 DAP.

Shading caused changes in the NAR or NAR stress intensity of each soybean
genotype. The highest mean stress intensity of net assimilation rate (NAR) of seven
soybean genotypes due to shading condition at various plant ages occurred at age
28 DAP (35.59%), followed by 24.03% and 20.80% at ages of 42 and age 56 DAP,
respectively (Table 4). Dena 1, Dena 2 and Dena 3 genotypes which are considered
tolerant to shading, in this study showed NAR stress intensity at 28 DAP of 34.57%,
39.32%, and 36.35% which are above the average (31.69%). Grobogan 13 genotype
showed the lowest NAR stress intensity of 21.88% followed Karat 13 genotype
(31.69%). However, at age 56 DAP, Dena 1, Grobogan and Panderman genotypes
showed NAR stress intensity of 16.80%, 12.01%, and 14.93% which are below the
average at 56 DAP (19.95%). These 3 genotypes indicated tolerant to shading based on
NAR stress intensity at 56 DAP.

Table 4. Net assimilation rate (NAR) and stress intensity of seven soybean genotypes in the
shading (S) and non-shading (NS) conditions at different plant ages

Net assimilation rate
28 days after planting 42 days after planting 56 days after planting
(mg/m?day) (%) (mg/m?day) (%) (mg/m?day) (%)
Argopuro 19.27 a 13.11a 68 8.93 be 6.29¢ 70 10.14 a 7.25a 71
Dena 1 17.81 a 11.65b 65 9.37 be 7.34 be 78 6.24 519b 83
Dena 2 1722 a 1045b 61 8.61 bc 6.81c 79 9.13 a 730a 80
Dena 3 15.79 ab 10.05b 64 13.88 a 9.40b 68 548¢ 4.26 78
Grobogan 12.35¢ 9.65 be 78 16.85 a 12.61 a 75 7.56 ab 6.65 a 88
Karat 13 16.32 ab 12.62b 77 13.34 ab 10.40 ab 78 9.54a 7.15a 75
Panderman 16.97 ab 11.02b 65 12.50 b 9.60b 77 441c 3.75 be 85
Mean 16.53 11.22 68 11.93 8.92 75 7.50 5.94 79
SD** 2.15 1.30 6.80 3.08 225 4.36 2.20 1.51 5.82

*S/NS ratio = shading/non-shading ratio. **SD = standard deviation

The pattern of changes of NAR stress intensity of each genotype at three ages of
observation is presented in Figure 4. Almost all of 7 genotypes showed a decreased in
LAS stress intensity values as plants grew up, except Denal that showed an increase
value at 56 DAP. This pattern indicated that as plants grew up, the leaves were less
sensitive to shading effect.
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Figure 4. Shading/non-shading ratio on net assimilation rate (NAR) of seven soybean genotypes
at three different plant ages

Plant growth rate

The plant growth rate (PGR) of each genotype showed differences in each shading
environment. Shading resulted in a decrease in PGR of each genotype and the means of
7 genotypes (Table 5). At 28 DAP, the PGR means were 0.71 and 0.41 g/cm?*day in
non-shading and shading conditions, respectively. The highest PGR values occurred at
42 DAP then decreased as plant grew older (56 DAP). At 42 DAP the PGR means were
1.31 and 0.99 g/cm?/day in non-shading and shading conditions, respectively. At
56 DAP the PGR means were 1.08 and 0.80 g/cm?/day in non-shading and shading
conditions, respectively or the decreased were 22% and 14% in non-shading and
shading conditions, respectively, compared to PGR values at 42 DAP.

Table 5. Plant growth rate and stress intensity of seven soybean genotypes in the shading (S)
and non-shading (NS) conditions at various plant ages

Plant growth rate
28 days after planting 42 days after planting 56 days after planting
Genotypes - - -
P sll:l(()lrilng Shading rsalgos* sll:\(()ililng Shading rsa/tl?(i sl‘l:l(()lrilng Shading rsa/gg‘
(g/cm?/day) (%) (g/cm?/day) (%) (g/cm?/day) (%)
Argopuro 0.62b 0.30b 48 073 ¢ 0.68 be 93 1.19a 0.72b 61
Dena 1 092a 046 a 50 1.36b 0.96 b 71 1.09b 1.02a 94
Dena 2 092a 0.55a 60 1.05 be 1.10b 105 1.36a 095a 70
Dena 3 0.64b 0.25 be 39 147b 0.71 be 48 077 ¢ 048d 62
Grobogan 0.70b 0.52a 74 195a 1.39a 71 1.00b 0.69 be 69
Karat 13 0.63b 0.33b 52 1.53b 1.18 a 77 1.15 ab 091 a 79
Panderman 0.52b 047 a 90 1.10 be 091b 83 0.99b 0.83b 84
Mean 0.71 0.41 59 1.31 0.99 78 1.08 0.80 74
SD** 0.15 0.12 17.58 0.39 0.25 18.03 0.19 0.18 12.02

*S/NS ratio = shading/non-shading ratio. SD = standard deviation

Plant growth rate (PGR) is the rate of plant weight gain per unit land area per unit
time (Gardner et al., 1985). Shading caused changes in the PGR or PGR S/NS ratio of
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each soybean genotype. The highest mean stress intensity of PGR of seven soybean
genotypes due to shading condition at various plant ages occurred at age 28 DAP
(33.37%), followed by 32.23% and 24.33% at ages of 42 and age 56 DAP, respectively
(Table 5). Dena 1, Dena 2 and Dena 3 genotypes which are considered tolerant to
shading, in this study at 28 DAP showed PGR stress intensity of 28.26%, 18.48%, and
29.69% which are below the average (33.37%). Dena 2 genotype showed the lowest
PGR stress intensity of 18.48% followed Dena 1 genotype (28.26%). However at age
56 DAP, Dena 1 genotype showed the lowest PGR stress intensity of 6%, followed by
Panderman of 16% which are below the average at 56 DAP (24%). These two genotype
indicated tolerant to shading based on PGR stress intensity at 56 DAP.

Seed yield

Shading resulted in decreasing of seed yield/ha average of 7 genotypes by 36.3%.
The stress intensity on seed yield due to shading varied for each genotype, by which the
higest (60%) showed by Dena 2 variety, while the lowest (26%) showed by Dena 1
variety. The stress intensity on 100 seed weight due to shading showed that the highest
(50.6%) was Grobogan 3 variety, while the lowest (7.3%) showed by Dena 2 variety
(Table 6). In the vegetative phase, plant growth is characterized by the formation of
vegetative organs such as leaves, stems and roots (Purcell et al., 2014). Su et al. (2014)
reported that in maize-soybean intercropping compared to monocultured soybean crops,
the shading effect of maize on soybean caused the seed yield decreased by 32.8%.
(Khalid et al., 2019) reported that in maize-soybean intercropping, the seed-yield of
25% shading (T75) was 88% of and non-shading (TO) yield. They suggested that in
intercropping planting pattern, the maximum shade density ranges from 20 to 30% to
obtain higher seed yield of soybean crop under intercropping-system. The effect of
shading on soybean yields were 54.69% lower than those in monoculture respectively,
suggested that soybean plants can regulate its morphological characteristics and leaf
anatomical structures under different light environments (Fan et al., 2018).

Table 6. Seed traits and their stress intensity due to shading condition

Seed yield per ha
Genotypes Non-Shading | Shading S/NS ratio*
(ton) (%)
Argopuro 3.55b 234e 66
Dena 1 2.06 f 1.52d 74
Dena 2 221 ef 1.32e 40
Dena 3 2.14c 1421 45
Grobogan 2.59d 1.78 gh 69
Karat 13 2.69h 1.68d 62
Panderman 221a 1.08 g 51
Mean 249 1.59 63.7
SD##* 0.52 0.40 7.92

*S/NS ratio = shading/non-shading ratio. **SD = standard deviation

Correlation of stress intensity parameters

Correlation analysis (Table 7) showed that the plant growth rate (PGR) was
significantly negatively correlated with specific leaf area (SLA) (r=-0.554*) but
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positively correlated with seed yield (r=0.978**). Leaf area ratio (LAR) showed
significantly negative correlation with leaf area index (LAI) (r=-0.643**) but
significantly postive correlation with SLA (r = 0.656**). The increase in LAI is related
to the plant’s efforts to increase light acceptance through increasing leaf area. Verdelli
et al. (2012) showed that an increase in light interception was followed by an increase in
plant growth rate.

Table 7. Correlations values among stress intensity parameters

Characters LAI SLA LAR NAR PGR
LAS 0.016
LAR -0.643%* 0.656%**
NAR 0.089 0.279 0214
PGR 0.122 -0.554* -0.45 0.435
Seed yield 0.076 -0.658** -0.514* 0.240 0.978%*

*and ** are significantly different at 5% and 1% levels, respectively

The reduction in SLA is associated with an increase in leaf thickness, and is
determined by the thickness of the constituent cell tissues, such as upper and lower
epidermal cells, and palisade tissue. At low light intensity the plants were only able to
develop one layer of palisade tissue while at high light intensity the plants were able to
develop two layers of palisade tissue (Sundari et al., 2008). Palisade tissue contains a lot
of chloroplasts which are very important in increasing the efficiency of photosynthesis.
Shading causes changes in the quantity of light received by soybean plants to decrease,
so that it affects the parameters of the analysis of plant growth genotypes. The response
of soybean genotypes to shading was different, which was indicated by differences in
the growth analysis parameters of each genotype in their respective environments.
Lakshmanakumar and Guru (2014) argued that plant growth rate, relative growth rate,
net assimilation rate, leaf area index, and leaf specific weight were affected by shading.

Specific leaf area (SLA) is the ratio of leaf area to leaf dry weight, which shows the
level of leaf thickness and the efficiency of the leaf area formation process and the
greater the SLA value, the thinner the leaf in question. Shading causes an increase in the
SLA value which means a decrease in the level of leaf thickness. The results of research
by Aragdo et al. (2014) showed that the thickness of the leaf tissue was influenced by
light intensity, which at high light intensity, the leaf tissue was thicker than at low light
intensity. Costa et al. (2010) also reported that leaf thickness increased in plants grown
in full sunlight, greater expansion of the abaxial epidermis and spongy parenchyma than
in shading grown plants.

The pattern of changes in the SLA due to shading was different (Fig. 3). In general,
shading increased the SLA of soybean genotypes at different rates of increase between
observation times. The increase in SLA indicated that the increase in leaf area was
greater than the increase in leaf dry weight. Srikrishnah et al. (2012) stated that plants
grown under 50% and 70% shading levels produced higher leaf area and biomass than
plants grown under 80% shading. Leaf area is a determining factor in the interception
mechanism of light radiation and water, and energy exchange (Peksen, 2007). Thus, it
can be stated that increasing SLA is a plant strategy to increase the ability to compete in
the shading for light. Devkota and Jha (2010), Gobbi et al. (2011) and Matsoukis et al.
(2015) reported that plants grown under shading produced higher SLA than plants
grown under full light intensity. Under the shading, the plants have thinner leaves,
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reduced distribution of photosynthate to each cell, so that the cells making up the leaf
blade experience a reduction in leaf thickness (Maghfiroh, 2006).

Dena 1 was a soybean genotype that showed relatively stable increase in the LAS
value among observation times, except for the age of 56 DAP. The increase in LAS
values at age 14, 28, 42 and 56 DAP were 23.43%, 22.30%, 20.75%, and 4.84%,
respectively, which means that the leaf thickness level of Dena 1 variety has not
changed much in the presence of shading treatment suggesting that Dena 1 variety was
adaptive to shading.

The 50% shading increased the leaf area ratio (LAR) value of the soybean genotype
(Table 3), indicated that the photosynthate yield in the shading was mostly allocated for
the formation of photosynthetic organs (leaves). Corre (1983), reported that shading
caused an increase in leaf area ratio (LAR) through a reduction in leaf specific weight
(LSW) which was associated with a reduction in leaf thickness. The higher the LAR
value, the higher the proportion of leaf area which reflects the large area of
photosynthesis. According to Costa et al. (2010), increased LAR under shading
indicates that plants require a larger leaf area to produce one gram of dry matter than
plants that are without shading. Increasing the LAR value of soybean varieties Dena 1 at
several times of observation showed stability, with an increase in LAR values of
23.98% (at 14 DAP), 25.27% (at 28 DAP), and 22.65% (at 42 DAP), while increased in
LAR values only reached 5.93% at the age of 56 DAP. The increase in LAR in the other
six genotypes showed instability which showed that Dena 1 was a soybean genotype
that was able to adapt to a shading environment.

The net assimilation rate (NAR) values in the initial period of growth was low, both
in the treatment without shading or with 50% shading, then increased in the following
period. Oztiirk et al. (2014), suggested that plants grown under shading produced low
NAR in the initial period of growth and high in the final period of their growth. The
reduction in LAB was due to the reduced light received by the leaves because the
shading caused the disruption of the photosynthesis process with light as the main
energy source in the photosynthesis or assimilation process. The disruption of the
photosynthesis process resulted in reduced photosynthate per unit leaf area per unit
time. The results of other studies showed that the soybean intercropped with Populus
deltoides x nigra varieties DN-177, Acer saccharinum Marsh., and Juglans nigra L.
experienced a reduction in net assimilation by 53.1%, 67.5%, and 46.5% respectively,
compared to monoculture soybeans (Peng et al., 2015).

The plant growth rate (PGR) of soybean genotype showed differences in each
shading environment (Fig. 5). In an environment without shading, Grobogan variety
which was classified as early maturity had high PGR at the age of 42 DAP, while Karat
13 which was in the late maturity showed high PGR at 56 DAP. The shaded of
Grobogan variety still showed high PGR at the age of 42 DAP, however the PGR
decreased with increased plant age. Shaded of Dena 1 and Dena 2 varieties were still
able to show high PGR values at the age of 56 DAP. The difference in PGR among
genotypes may be due to differences in age among genotypes and also the level of
sensitivity of each genotype to different shading stresses. The difference in plant age,
caused different growth phases. The growth phase determined the PGR by which
maximum PGR occurred in the pod filling phase because the leaf area was maximally
developed (Mondal et al., 2012).

Grobogan is classified as an early maturity genotype and susceptible to shading, so it
is not able to maintain the PGR in the longer shading stress conditions. Dena 1 and
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Dena 2 varieties were classified as medium maturity and adaptive to shading, so they
were able to maintain and even increase PGR in longer shading conditions. Dena 1 and
Dena 2 varieties were more efficient in utilizing limited light intensity, compared to the
other five genotypes. During its life cycle the plant experiences shading, although only
for a short period of time (Valladares and Niinemets, 2008). Active photosynthetic
radiation stimulates the light reaction in the photosynthetic process, and is considered to
be the main energy source for photosynthesis in shading-tolerant plants (Valladares and
Niinemets, 2008; Gommers et al., 2013), and the R:FR ratio is considered to be the most
important light factor.

120
~ 100 A, = ATgopuro
X //\\/I
= 30 =i—Dena 1
= - ~#—Dena 2
E 60 - =e==Dena 3
“ 40 - ==Grobogan
% =0-Karat 13
Ry
20 Panderman
0 . . . Mean
28 DAP 42 DAP 56 DAP
Plant Age (Days after planting = DAP)

Figure 5. Shading/non-shading ratio on plant growth rates (PGR) of seven soybean genotypes
at three different plant ages

Plants face shading by implementing two suitable strategies, namely: tolerance and
avoidance of shading (Gommers et al., 2013). A tolerant response to shading is
achieved through optimization of light capture and utilization, including increased
chlorophyll content, specific leaf area, photosystem II:I ratio, and decreased chlorophyll
a:b ratio, all of which lead to increased leaf carbon content (Valladares and Niinemets,
2008; Niinemets, 2010; Valladares et al. 2007). Under shading conditions, plants
developed relatively larger leaves at the expense of leaf weight per unit area and
increased accumulated chlorophyll content per unit leaf weight. This provides a greater
opportunity for plants to capture light (Valladares and Niinemets, 2008; Evans et al.,
2009; Niinemets, 2010; Casal, 2013; Gommers et al., 2013).

The genotypes used in the study are still grown by farmers until recently. Seed
production is conducted by ILETRI to support the accelerated program of increasing
soybean production. In 2020, a total of 10,500 kg of Foundation Seeds (FS) class
soybeans were produced, respectively, from 9 popular varieties and several other
varieties. The figure below shows a total of 16,724 kg of seeds FS were distributed to
the seed growers around the country (Balitkabi, 2020).

Conclusion

Soybean genotypes responses to shading were different. Shading reduced leaf area
index (LAI), net assimilation rate (NAR), and plant growth rate (PGR), however it
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increased specific leaf area (SLA) and leaf area ratio (LAR). At age 56 DAP, Dena 1
genotype showed the lowest PGR stress intensity at 6%, followed by Panderman at 16%
which are below the average of PGR genotypes stress intensity at24%. The PGR had
significantly positive correlation with seed yield. Shading resulted in decreasing of seed
yield/ha and 100 seed weight as compared to the average of 7 genotypes by 32% and
24.7%, respectively. Dena 1 showed the most tolerant to shading. In the future, it is
necessary to investigate the economic feasibility of soybean farming under shading,
both with maize and young plantation intercrops.
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Abstract. To investigate the effects of maize/legume intercropping on soil N>O emissions, six treatments
were tested in the North China Plain: maize, M120 (N application rate 120 kg ha™); maize, M240 (N
application rate 240 kg ha''); soybean (Glycine max), SS (120 kg ha™'); maize/soybean intercropping, MS
(120 kg ha'); peanut (Arachis hypogaea), PP (120 kg ha'); and maize/peanut intercropping, MP
(120 kg ha!). The amounts of inorganic nitrogen for the 0-20 cm soil in MS were 24.0%, 5.3%, and
29.3% lower than in SS, M 120, and M240, respectively (P < 0.05). The total N,O emissions ranged from
0.41 +£0.09 to 0.98 +0.14 kg ha'l. MP and MS were statistically different at the 95% confidence level,
whereas MP produced the least NO emissions at 0.41 kg ha™!. The seasonal cumulative N,O emissions
and global warming potential in MS and MP were also significantly lower than those in the other three
monoculture treatments (P < 0.001). The results demonstrated that maize/legume intercropping can
increase the N uptake of crops and reduce the amount of soil inorganic nitrogen and N,O emissions,
thereby, ensuring the sustainability of the agricultural environment.

Keywords: soybean, peanut, global warming potential, nitrogen rate, cumulative N>O emissions

Introduction

Nitrous oxide (N2O) emissions are essentially derived from the microbial processes
of nitrification and denitrification (Kweku et al., 2018). These processes can be
influenced by agricultural management practices, such as fertigation, tillage, crop
rotation, and cropping systems (Hénault et al., 2012; Nath et al., 2017; Perdomo et al.,
2009). Various cropping patterns are being trialed in the North China Plain to reduce
N20 emissions with maize/legume intercropping proving to be promising (Huang et al.,
2014). Intercropping prairie cordgrass with Kura clover was shown to effectively reduce
fertilizer-derived N>O emissions and the net global warming potential (Abagandura et
al.,, 2020). A similar suggestion was reported by Senbayram et al. (2016) from
intercropping wheat with legumes in Gottingen, Germany. However, global information
on the effect of intercropping on N>O emissions is quite limited.

The presence of nitrogen in the soil through applied fertilizer is the main reason for
the increase of N>O emissions from farmlands (Liu et al., 2019). Therefore, improving
the nitrogen use efficiency is an effective method of reducing greenhouse gas emissions.
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A large number of studies have shown that intercropping can effectively improve the
nitrogen use efficiency of the intercropped populations (Yong et al., 2018), increase the
nitrogen uptake of crops (Li et al., 2011), and reduce the N2O emissions (Yu et al.,
2019). Studies have shown that the yield of maize/soybean intercropping systems is
higher than that of monocultures (Gao et al., 2010; Seran and Brintha, 2010).

Currently, the majority of the intercropping studies focus on interspecific
complementarity and competition for nutrients (Gao et al., 2010; Seran and Brintha,
2010), the nitrogen among crop species within intercropping patterns (Qiu et al., 2019),
and how to improve the system yield and land equivalent ratio (Dariush et al., 2006).
Many studies focused on achieving high yield and high efficiency of crops with only
limited information regarding the importance of intercropping techniques for the
mitigation of greenhouse gas emissions being reported (Dyer et al., 2012). Although
there have been research results on greenhouse gas emissions from intercropping
systems, the results are not consistent due to different intercropping patterns and
sampling methods.

Few works have reported a relationship between soil N2O emissions and different
intercropping systems. A unique study by Dyer et al. (2012) indicated that, with regard
to greenhouse gas (GHG) emissions, both CO; and N2O showed a general trend of
greater emission rates in the maize sole crop followed by the soybean sole crop and
were the lowest in the intercrops. Thus, intercropping in Pampa, Argentina could be a
more sustainable agroecosystem and land management practice. This was the first study
to evaluate soil N2O emissions from a temperate maize/soybean intercropping system.

Intercropping treatments of different varieties of barley and pea also showed the
ability to significantly reduce N>O emissions (Pappa et al., 2011). These studies, and
that of Huang et al. (2014), which was conducted in the North China Plain, indicated
that intercropping treatments (involving maize and different legumes) could be useful in
controlling the N>O emissions from soils in different agricultural ecosystems. However,
some studies showed that maize/legume intercropping had no significant effect on soil
N20 emissions. Vachon (2008) showed that there was no significant difference in the
soil N2O cumulative emissions between corn/soybean intercropping at 1:2 and 2:3 and
their single cropping system.

The research on the effect of maize/legume intercropping on N>O emissions is not
sufficient, and the influence mechanism is not clear, and little attention has been paid to
the difference of N>O emissions on the intercropping of maize with different legumes.
The objective of this work was to evaluate the effects of maize/legume intercropping on
N20 emissions. The results will aid the development of maize/legume intercropping
systems for the mitigation of greenhouse gas emissions and the sustainability of
agriculture.

Materials and methods
Study area

The experiment was conducted at the Xinxiang Comprehensive Experimental Station
(N35° 14/, E113° 76', altitude 74 m) of the Chinese Academy of Agricultural Sciences
from June to September 2018. The site is located in Qiliying Town, Xinxiang County,
Xinxiang City, Henan Province. The station is at the Yellow River Irrigation Diversion
Area of Renminshengli Canal in the west of the central part of the Huang-Huai-Hai
Plain. This location belongs to the warm temperate continental monsoon climate. The

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3393-3407.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1905_33933407
© 2021, ALOKI Kft., Budapest, Hungary



Chen et al.: Effects of maize (Zea mays L.) intercropping with legumes on nitrous oxide (N,O) emissions
- 3395 -

sunshine duration was 2399 h, the annual average temperature was 14 °C, the annual
average rainfall was 582 mm, the rainfall from June to September in 2018 was
357.4 mm, the maximum temperature was 39.6 °C, the minimum temperature was
8.8 °C, and the average temperature was 28.4 °C.

The temperature and rainfall during the study period are shown in Figure I. The
class of the soil was sandy loam (4.52% clay, 40.27% silt, 55.21% sand) according to
world soil resources reference base, the parent material of soil was the sediment after
the Yellow River alluvial, and the groundwater depth was more than 5 m (Si et al.,
2020). The physical and chemical properties of the soil layer (0-20 cm) of the
experimental field are shown in Table 1. Before sowing, the total nitrogen of the 0—
100 cm soil was 0.9 g kg'!, and the inorganic nitrogen reserves of the 0-100 cm soil
were 244.58 kg ha'l.
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Figure 1. Air temperature and rainfall during the trial period in 2018

Table 1. Soil parameters of the soil at the experimental site

Organic Bulk density A{kaln-hydrolyzed Available K Available P Total nitrogen Mlneral
pH matter (g-em™) nitrogen content content content (g-kg™) nitrogen
(g'kgh (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
8.7 14.4 1.51 90.7 125.9 25.7 0.9 30.2
Experimental design

The experiment consisted of six treatments laid in a Randomized Complete Block
Design (RCBD) with three replications. The maize monoculture (M240) treatment with
nitrogen (urea) application had a standard rate of 240 kg ha™!'. Other treatments included
a soybean monoculture (SS), peanut monoculture (PP), maize/peanut intercropping
(MP), and maize/soybean intercropping (MS), which received nitrogen (urea) at the rate
of 120 kg ha™! considering the potential of legumes for complementing nitrogen supply
through fixation (Huang et al., 2014).

To compare and analyze the difference in the N2O emissions between a monoculture
of maize and intercropped population under the same nitrogen application rate, a single
cropping of maize with 120 kg ha™! nitrogen fertilizer (M120) was also set up (Table 2).
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The maize variety used was “Denghai-605", the peanut variety was “Haihua-1”, and the
soybean variety was “Jidou-17”. Each plot was 7 m wide and 10 m long, planted in a
north to south orientation. The row spacings applied for maize and legumes
monocultures were 60 and 30 cm, respectively. Each hole received two grains at
planting. The detailed configuration (showing both row and plant spacings) of the
intercropping pattern is as shown in Figure 2.

Table 2. Description of the treatments applied

Treatment Code Description Nitrogen application rate (kg ha'!)
M120 Maize monoculture 120
M240 Maize monoculture 240
SS Soybean monoculture 120
PP Peanut monoculture 120
MP Maize/peanut intercropping 120
MS Maize/soybean intercropping 120
Plant spacing

Maize: 25¢cm
Legumes: 20cm
Maize/Legumes intercropping: 20¢m

Maize Legumes

/

Y

\/

%4 H%ﬁ TARRTLY

o B T

35cm v(h.m 40cm

200¢cm

Figure 2. Sketch of the planting patterns

The sowing date of maize, soybean, and peanuts was June 10, 2018, while the
harvest was on September 15. Before sowing, the application rates of phosphorus and
potassium in all the treatments were the same; 105 kg ha™! of K»SO4 and 120 kg ha™! of
P>0Os. The nitrogen fertilizer was applied twice with the ratio of base to topdressing of
50:50. The topdressing time was July 12. Irrigation was conducted twice in the whole
growth period. The first irrigation date was June 11, and the irrigation method was
sprinkler with a quota of 45 mm. The second irrigation date was August 29 when the
surface method was used to apply 45 mm.

Sampling and measurement procedures
Sampling and analysis of N2O gas

Nitrous oxide (N2O) samples were taken with a static box and analyzed with gas
chromatography (Christiansen et al., 2015). Eleven sampling events were conducted
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during the whole growth period. The size of the static box was length x width x
height = 100 cm x 50 cm x 10 cm. The static box was made of an acrylic plate with a
thickness of 5 mm. The top of the box was open for plant growth and gas sample
collection. The static box was sealed and fixed on each sampling point by the soil
sealing method (the static box was designed and installed as shown in Figs. 3 and 4).
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Figure 4. Static box installed at the experimental site

In Figure 3, the left side is the structure diagram of three kinds of static boxes, and
the right side shows the orientation of the static box under the three planting styles of
single maize, intercrop of maize and legumes, and single legumes. The shaded circles in
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the figure represent Maize and “+” represents soybean or peanuts. Three static boxes
were set up in each cell, and the average value of three observations was used. Soil N>O
gas samples were taken every 7 days starting on June 29 (the seedling stage on the 19"
day after sowing) until September 27.

In the event of heavy rainfall, the samples were taken on the third day after rainfall to
avoid the peak of N>O emission flux caused by the increase of soil water filled porosity
(WFPS). The sampling was conducted from 8:00 to 10:00 a.m., and 30 mL of gas
samples (Scheer et al., 2008) were taken at 0, 10, and 20 min after all the covers on the
static box were tightened, and the time was recorded with a stopwatch. After sampling,
all covers were unscrewed for air circulation in the static box to ensure the normal
growth of the crops.

The gas samples collected were analyzed in the laboratory using gas chromatography
(model of gas chromatograph: Shimadzu 2010plus). The measuring conditions were as
follows: the temperature of the electron capture detector (ECD) detector was 250 °C, the
column temperature was 50 °C, the carrier gas was high-purity argon methane gas, and
the flow rate was 40 mL min™'. The gas emission flux was calculated using Equation 1.

M de 273
F=—xhx—x
v de | (273+t) (Eq.1)

where F is the emission flux of the gas (mg (m? - h)!); M is the molecular weight of the
gas (g); Vis the Volume of 1 mol gas in the standard state (L); h is the net height of the

sampling box (m); 5, m is the rate of change of gas concentration in the sampling box, 273
is the gas state path constant, and ¢ is the average temperature in the sampling box (°C).

Soil inorganic nitrogen

Soil samples were taken from 0-20 cm to determine the amount of nitrate and
ammonium nitrogen. For monocultures, the samples were taken between rows of crops,
while for intercropping, the samples were taken between adjacent rows of maize and
legume strips, and each sampling point was repeated three times. The fresh soil was
extracted with a KCI solution with a concentration of 2 mol L. The ratio of soil to
water was 1:5. The samples were agitated at 200 R min! at a constant temperature for
30 min on an oscillator and then filtered. The collected filtrate was determined using an
AA3 flow analyzer (SEAL Analytical) (Anning et al., 2021). The formula used to
calculate the soil inorganic nitrogen is as follows:

SIN=d xBD(N, + N,) (Eq.2)

where SIN is the soil inorganic nitrogen (kg ha™'); d is the soil depth, taking 20 cm; BD
is the soil bulk density (1.51 g cm™); and N and N are nitrate nitrogen and ammonium
nitrogen in the 0-20 cm soil layer, respectively.

Soil water filled porosity

The moisture content of the soil was measured using the gravimetric method, and the
water filled pore space (WFPS) was calculated using Equation 3:

VSWC
WFPS5 = (1-ED/PD) (Eq.3)
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where VSWC is the volumetric soil water content (VSWC = soil mass water content X
BD); BD was taken as an average value of 1.51 g cm?; and PD is the soil particle
density, taking the value of 2.65 g cm™.

Soil temperature

During gas sampling, the soil temperatures at 0 and 10 cm were also measured near
the static box using a Testo Mini Probe Thermometer, and the average of the two
readings was taken.

The cumulative N2O emissions and the global warming potential

The cumulative N2O emissions during the whole growth period were estimated using
the linear interpolation method as shown in Equation 4:

TN = S(Fisq + F)/2 X (tioq — ;) X 24 % 1075 (Eq.4)

where TN is the total N>O emissions in the whole growing season (kg ha™'); Fii1 is the
average N>O emission flux of the current experiment (i g (m? - h)'); F; is the average
N20 emission flux from the previous experiment (u g (m? - h)™!); and (fi1 — #) is the
interval between two successive experiments (Li et al., 2013).

Equation 5 was used to calculate the N2O based global warming potential (Mehmood
et al., 2019):

GWP (N,0) =TN x 265 (Eq.5)

where TN is the cumulative NoO emissions (kg ha'), and 265 is the global warming
potential coefficient for N>O (Stocker et al., 2013).

Statistical analysis of data

The data obtained from the experiments were statistically analyzed by Microsoft
Excel, and the significance test was conducted using one-way ANOVA in Spss-23.0
software. The graphs were plotted using Origin Lab software 2018.

Results
Dynamic change characteristics of the soil moisture and temperature

Figure 5 shows the variation trend of water filled pore spaces (WFPS) and the soil
temperature under different treatments. For the soil moisture, the soil WFPS of each
treatment will peak after rainfall or irrigation; however, the WFPS was generally higher
in the M120 treatment. The average WFPS in the M120 treatment was significantly
higher than that in other treatments, except for M240, which was similar at (P < 0.05)
(Table 3). In terms of the soil moisture, the average soil WFPS values of maize/legume
intercropping (MS) and (MP) were significantly lower than those of monocultures of
maize (M120 and M240). However, there was no significant difference in the WFPS
between MS and MP nor between PP and SS as shown in Table 3.

For the soil temperature, the trend was similar across treatments; however, the
general shape initially rose and then decreased with the crop’s growth period. At the end
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of the growth period, the temperature dropped to the lowest level (Fig. 5b). The average
soil temperature of the treatments are also shown in Table 3. Generally, there was no
significant difference in the soil temperature between intercropping and monocultures.
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Figure 5. Changes of the (a) water-filled pore space (WFPS) and (b) soil temperature in
different treatments. MP = Maize/peanut intercrop, MS = Maize/soybean intercrop,
PP = peanut monoculture, SS = Soybean monoculture, M120 = Maize monoculture (N = 120
kg/ha), M240 Maize monoculture (N = 240 kg/ha)

Table 3. The cumulative N>O emissions, global warming potential, seasonal means of
WEFPS, temperature N-NH4*, N-NO3, and inorganic-N of the soils in different treatments
during the trial period

Treatment WFPS Temperature | N-NH,* N-NO;y SIN TN (N:0) GWP (N,O)
(%) (‘°C) (mgkg") | (mgkg" (kg ha™) (kg ha™) (kg ha™)
MP 44.50+0.99¢ | 26.35+0.15a [3.25+0.19a|7.21 £ 0.76bc | 31.60 + 2.50bc | 0.41 + 0.09¢ 109.63 £ 23.70c
MS 43.89 & 1.33¢ |{26.23 £0.05ab |3.31 £0.09a| 6.07 £0.77c | 28.32+2.60c |0.50 +0.02b 132.41 £ 6.46b
PP 46.06 +=2.51bc | 26.03 £0.04b [3.20+0.07a|7.70 £ 1.57bc | 32.90 + 4.72bc [ 0.59 + 0.06b 155.61 £ 26.16b
SS 45.91+2.11b | 26.10£0.07b |3.36 +0.22a|8.98 + 1.48ab | 37.26 + 4.68ab | 0.98 + 0.14a 260.12 +36.81a
M120 51.00 £ 1.76a | 26.32+0.06a |3.34+0.07a| 6.57 £0.09¢c | 29.91 £0.29¢ [0.79+0.11a 209.29 + 28.96a
M240 48.80+2.19a | 26.24 £0.08a {2.95+0.03b|10.32+ 1.09a| 40.08 +3.30a |0.86+0.21a 226.64 + 55.85a

Different small letters in the same column indicate significant differences at the 0.05 level among treatments

Effects of the different planting patterns on the soil inorganic nitrogen

Table 3 shows the changes in the WPFES, temperature, ammonium, nitrate, inorganic
nitrogen, total emissions, and global warming potential (GWP) within the 0-20 cm soil
for each treatment. There was no significant difference in the amounts of ammonium in
the 0-20 cm soil among treatments with the same amount of nitrogen application. The
results of one-way ANOVA showed that the planting patterns had significant effects on
the soil nitrate over the whole crop season (P < 0.05). The average soil inorganic
nitrogen content of the MS treatment was 24.0% lower than SS, 5.3% lower than M 120,
and 29.3% lower than M240.

On the other hand, the average soil inorganic nitrogen content of the MP and PP
treatments were statically similar to M 120 but significantly (P < 0.05) lower than M240
by 21.1%. The average soil inorganic nitrogen content of the MS treatment was 10.4%
lower than MP, and the average soil nitrate nitrogen content in the MS treatment was
15.9% lower than MP, although there were not significant differences in both
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parameters. The average soil nitrate nitrogen content in the MS treatment was 32.5%
lower than SS and 41.2% lower than M240 at a significance level of 95%. The single
factor analysis of variance showed that the planting pattern comparing monocultures
and intercropping had a significant effect on the soil nitrate content of 0-20 cm in the
whole growth period (P < 0.05).

Effects of different treatments on the soil N>O emission flux and global warming
potential

Figure 6 shows the dynamics of the N>O emission fluxes. The peak value of N,O
was as a result of rainfall, which increased the soil WFPS. The graph indicates that the
N>O emission fluxes of each treatment had a peak value after rainfall. It can also be
seen from Table 3 that the average N2O emission fluxes of the MS and MP treatments
were lower than those of the other four treatments.
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Figure 6. Dynamics of the soil N-O emission flux with different treatments. MP = Maize/peanut
intercrop, MS = Maize/soybean intercrop, PP = peanut monoculture, SS = Soybean
monoculture, M120 = Maize monoculture (N = 120 kg/ha), M240 = Maize monoculture
(N = 240 kg/ha)

Compared with M120, M240, and SS, the average N>O emission flux of the MS
treatment was significantly lower by 32.0%, 39.2%, and 47.4%, respectively
(P <0.001). Similarly compared with M120, M240, and PP, the N>O flux from MP
treatments was lower by 43.4%, 49.4%, and 29.6%, respectively. These results indicate
that maize legume intercropping significantly reduced the N2O emission flux of the soil.
The difference in the N2O emission flux between SS and PP was also significant.

From Table 3, the MS and MP treatments significantly reduced the cumulative N,O
emissions and global warming potential. The results of one-way ANOV A showed that
there were significant differences in the N>O emissions and global warming potential
between MS, MP, and the other four treatments (P < 0.001); however, the differences

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3393-3407.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1905_33933407
© 2021, ALOKI Kft., Budapest, Hungary



Chen et al.: Effects of maize (Zea mays L.) intercropping with legumes on nitrous oxide (N,O) emissions
- 3402 -

among SS, M120, and M240 were not significant. Compared with M120, M240, and
SS, the average cumulative emissions of the MS treatment were lower by 36.7%,
41.6%, and 49.1%, respectively. Compared with M120, M240, and PP, the average
cumulative emissions of MS treatment were lower by 47.6%, 51.6%, and 29.5%,
respectively, and the average cumulative emissions of the MS treatment were 20.8%
higher than MP.

Therefore, the maize legume intercropping modes significantly reduced the
cumulative N>O emissions and global warming potential compared with the other
monocultures. Table 4 presents the Pearson correlation coefficients of soil moisture,
inorganic nitrogen, and temperature as they affect the average N>O emissions under
different treatments. The correlation coefficients of the soil moisture, inorganic
nitrogen, and average N>O emission flux were different among different treatments;
however, they were all positive correlations except for the inorganic nitrogen
coefficients in the SS treatment. Additionally, the WFPS showed a consistent significant
correlation with N>O across all treatments.

Table 4. Pearson correlation analysis between the N.O, WFPS, soil temperature, and
inorganic nitrogen

Treatment WEFPS (%) Inorganic N (ug m2h!) Temperature (°C)
MP 0.708* 0.740%* -0.17"
MS 0.860%** 0.579" 0.064 "¢
PP 0.737%* 0.233m™ 0.254
SS 0.860%** -0.027 ™ 0.135"™
M120 0.664* 0.165™ 0.262™
M240 0.772%%* 0.248™ 0.285"

*Significance (p < 0.05), **significance (p < 0.01), and ns = no significance

Discussion
Effects of intercropping on N,O emissions from farmland soil

Intercropping can improve the yield, land equivalent ratio, and resource utilization
efficiency of crop systems (Meng et al., 2016). The research results of Chen et al.
(2017) on a wheat/garlic intercropped population showed that intercropping increased
the wheat yield, and (Huang et al., 2015) concluded that it could also significantly
reduce the N2O emissions from farmland soil in the North China Plain, which is
consistent with the results of this study. The highest cumulative N>O emissions in this
study were from the soybean monoculture and maize treatments. The research results of
Huang et al. (2019) reported the highest cumulative N>O emissions from the
monoculture of maize treatment which partly agrees with the results of this work.

This inconsistency in conclusions may be due to differences in the planting density,
rate of nitrogen fertilizer applied, soil nutrient content, and crop variety in the soybean
monoculture treatments of the two studies. In this study, the planting density of
soybeans was higher, and the nitrogen application rate was lower; thus, the nitrogen
fixation and nitrogen utilization capacity of the monoculture soybeans were changed,
resulting in a difference in the soil N2O emissions between the studies.

The authors in Dyer et al. (2012) also concluded that maize/legume intercropping
could reduce greenhouse gas emissions from farmland soils. The average N>O emission
flux of maize/legume intercropping farmland was greater than in the monoculture of
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maize. After a comparative observation, we speculated that this phenomenon may be
due to different planting varieties, the planting density, nitrogen use, and the proportion
of Gramineae and leguminous crops in the intercropping. Therefore, it is necessary for
continuous investigation of different types of intercropping patterns on greenhouse gas
emissions to better understand the impacts on the soil carbon and nitrogen dynamics.

Intercropping may change the environmental factors related to soil N2O production.
In this study, the N2O emissions of monoculture systems was 2.39 times that of
intercropping, which may be caused by a higher soil moisture in the monocultures. Soil
moisture supports the activity of nitrification and denitrification bacteria in the soil,
promoting the formation of nitrate and ammonium, consequently, leading to a
significant increase in the N>O emission rate (Smith et al., 2003). There was a
significant and positive correlation between the concentrations of nitrate and
ammonium and the N>O emission rate (Simojoki and Jaakkola, 2000; Avrahami and
Bohannan, 2009). The WFPS of intercropping was significantly lower than that of the
maize and soybean monocultures, which may be related to the root distribution of the
crops in the intercropping system. The researchers in Gao et al. (2009), in a study of the
crop root distribution in a maize/soybean intercropping system, found that most of the
roots of maize and soybean were distributed in the 0-30 cm soil layer, and the maize
roots in the 1622 cm soil layer could extend laterally to the inter row of soybean strips.

As a result, the water consumption of monoculture system was much higher than that
of intercropping. Therefore, the soil moisture status in the intercropping system was
lower than that in the monoculture system, which affects the N>O emissions. There was
no significant difference in the soil temperature, nitrate nitrogen, ammonium nitrogen,
and inorganic nitrogen between maize monocultures and intercropping with 120 kg ha™!
N application, and inorganic nitrogen was significantly lower than for the maize
monoculture with 240 kg ha! N application. The maize monoculture produced higher
N20 emissions compared with the maize/legume intercropping even the N application
was reduced to 120 kg ha™.

Analysis on influencing factors of N20 emissions from farmland soil

It is generally understood that N2O is produced in the process of nitrification and
denitrification dominated by bacteria (Wunderlin et al., 2012; Zhao et al., 2017). The
factors affecting soil microbial activities can directly or indirectly influence the
production and emissions of N>O gas from agricultural soils. These factors include the
soil water filled pore spaces (WFPS), soil pH, electrical conductivity (EC) value,
temperature, fertilizer use, farming system, and crop planting type (Tang et al., 2016).
Soil moisture contents lower than 97% to 84% were found to have the highest
correlation with N>O emissions (Vejan et al., 2016).

However, the soil WFPS in this study were all lower than 84%—-86% indicating that
intercropping reduced the soil WFPS, which was a major factor in reducing the N2O
emission flux. At the end of the growth period, the amount of inorganic nitrogen in the
0-20 cm soil increased, but the N>O emission rate decreased. This may be due to the
decrease in soil temperature at about 20 °C. The decrease in temperature became the
dominant factor affecting NoO production, which was verified by Xie and Li (2005).
Among the six different treatments in this study, there was no significant difference in
the average temperature from the 0-20 cm soil of the intercropping treatments.

From the results, we deduced that the amount of nitrate nitrogen in the 0-20 cm soil
was greater than that of ammonium nitrogen, indicating that the soil environment within
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the growth period was suitable for nitrification. Inorganic nitrogen is the direct substrate
of nitrification-denitrification, and its concentration determines the production and
emission process of NoO (Bai et al., 2017; Liu et al., 2010). Thus, maize/legume
intercropping significantly reduced the production and emissions of soil N>O by
reducing the level of soil inorganic nitrogen. From this study, there were significant
differences found in the N>O emissions between maize/peanuts and maize/soybeans.

The average cumulative emissions of the MS treatment were 20.8% higher than MP.
However, there were no significant differences in the soil WFPS, inorganic nitrogen, or
temperature between MS and MP. Therefore, the difference in gas emissions may be
due to the variations in the rhizosphere microbial community caused by different crop
species, which will affect the activity of the nitrification and denitrification bacteria
(Vejan et al., 2016).

A study by Chen et al. (2018) found that maize/peanut intercropping increased the
number of microflora involved in the nitrogen cycle, sulfur cycle, and other beneficial
bacteria in the rhizosphere. These microflora promote more of the decomposition and
reuse of carbohydrates in the maize/peanut treatments. The researchers also observed a
significant reduction in the copies of various genes for denitrification. Similarly,
Subbarao et al. (2012) reported that peanut plants released phytochemicals from the
roots to inhibit the activities of soil nitrifying microorganisms. Therefore, the difference
in the N2O emissions between MS and MP in the current study is indicative of these
findings.

In this study, we focused on the differences in N2O emissions from cropland soils
caused by cropping patterns. The main reason is that intercropping can change the
micro-environment of a crop—soil system. Compared with a monoculture, intercropping
can significantly affect the composition of the crop-root soil bacterial community,
promote soil enzyme activity, and improve the soil nutrient utilization rate (Chen et al.,
2018).

We also demonstrated that the intercropping mode had a significant effect on the soil
water and heat status. The synergistic utilization of nitrogen in a crop system with the
intercropping of cereal and legumes is an important approach to realizing high-
efficiency in the utilization of nitrogen (Wang, 2015). Compared with monocultures,
maize/legume intercropping improved the nitrogen uptake (Du et al., 2018; Dwivedi et
al., 2015), thus, reducing the amount of inorganic nitrogen in the soil, forming a basis
for reducing the N>O emissions from farmland.

Conclusion

The results of this study revealed the contribution of legume intercropping with
maize in the reduction of the environmental risks associated with the emissions of N2O.
This understanding will be helpful in ensuring the sustainable production of maize in
the study area. Maize intercropping with a legume (peanut or soybean) significantly
reduced the cumulative emissions of N>O compared to the sole cropping of maize,
peanuts, or soybeans.

The lowest cumulative emissions of 0.41 kg ha! were observed in the maize/peanut
(MP) treatment, and this was significantly lower than the emissions of maize/soybean
(MS). This is despite the fact that the WPFS, inorganic minerals, and nitrate were
similar in both the MP and MS treatments. The difference could be attributed to the
biological effects of peanut roots on nitrifying bacteria. As our study did not measure

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3393-3407.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1905_33933407
© 2021, ALOKI Kft., Budapest, Hungary



Chen et al.: Effects of maize (Zea mays L.) intercropping with legumes on nitrous oxide (N,O) emissions
- 3405 -

the mechanisms of the microbial community in the production of N>O, this is suggested
for further investigations of the best intercropping combinations to achieve higher
sustainability in crop production.
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Abstract. The demand for cucumber has risen globally due to its nutraceutical properties and positive
health effects. Recently, cucumber has been grown as an associate crop to maximize land-use efficiency.
Therefore, this research aimed to find the maximum cucumber yield and economic feasibility under Albizia
lebbeck, Melia azedarach, and Leucaena leucocephala woodlots-based agroforestry with mulching. The
results revealed that the highest cucumber fruit yield (9.15 tons/ha) was attained by growing under Albizia
lebbeck with dry water hyacinth mulch. Similarly, the benefit-cost ratio (BCR) was the highest (2.89)
cucumber Albizia lebbeck woodlot agroforestry, twice as much as mono-cropping production. Thus, it
would be concluded that cucumber grown under Albizia lebbeck woodlot agroforestry with dry water
hyacinth mulch can be a cost-effective production practice for securing higher yields.

Keywords: mulching, multi-production approach, yield potentiality, benefit-cost ratio, trellis vegetable

Introduction

The Cucumber (Cucumis sativus L.) is an annual trailing vine vegetable belonging to
the Cucurbitaceae family. This vegetable is highly offered in the low-fat diet due to its
minimum cholesterol content, saturated fat and calories with a higher amount of vitamin-
A, vitamin-C, vitamin-K and potassium (Mukherjee et al., 2013). These green fruits
produce (0.6 g) protein, (2.6 g) fibre (12 calories) energy, (18 mg) Ca, (0.2 mg) Fe, (0.02
mg) thiamin, (0.02 mg) riboflavin, (0.01 mg) niacin, and (10 mg) vitamin C per 100 g
(Rashid, 1999). Additionally, this trellis vegetable frequently produces a higher amount
of phytochemicals such as alkaloids, flavonoids, steroids, and tannins commonly used in
the cosmetic and pharmaceutical industries (Rajasree et al., 2016). The daily intake of
plant-based foods has been well demonstrated to fulfil an essential part in reducing
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chronic and degenerative diseases (Hu, 2003; Trichopoulou et al., 2014). However, in
recent years, in Bangladesh, people have been intake vegetables 112 g/day/capita (23 g
green vegetables, 89 g non-leafy plants), less than the lowest demand of 400 g/day/capita
(WHO, 2003). The crop is grown in Bangladesh around 9,593 ha of land and the
production 65,499 metric tons, with an average yield of 6.83 tha! (Anonymous, 2018).
This production potential is very poor compare to other cucumber growing countries
(Hossain et al., 2018), and their average yield is more than 30 tha'l. Therefore, a
significant gap between vegetable demand and supply has been identified to be a critical
problem.

The conventional land-use schemes would become more fragile due to enhanced
ambient temperature, amounts of CO», and other greenhouse gases. The consequence
reduced the productive capacity of the system (FAO, 2013). Moreover, the depletion and
destruction of forests worsen food insecurity both explicitly and indirectly: directly, by
influencing the availability of fruits and timber- and tree-based food items, and indirectly
by changing ecological factors important for crop and livestock. (Van Noordwijk et al.,
2014). In the last three decades, agroforestry has been actively advocated in tropical and
sub-tropical countries as a natural resource conservation technique (Izac and Sanchez,
2001). These multi-production strategies are becoming very popular nowadays due to the
diversified production approach (Garrit, 2004). Significant advantages of adopting the
strategies are - increased soil fertility, water availability, minimized soil degradation and
improved bio-diversity (Chakraborty et al., 2015).

Agroforestry can be attributed to being a multi-functional system that can be
ecologically and economically sensitive and addresses socio-economic needs (Sharmin
and Rabbi, 2016). The benefits are manifold - compensated losses due to destructions on
agriculture and forestry property by natural calamities, enhanced daily-life benefits,
tackled rural socio-economic demands, mitigated the problem of climate change and so
on (Amin et al., 2017a; Reppin et al., 2020). The harvested products from agroforestry
practices (human food, cattle fodder, timber, gum, and construction materials) assist the
basic needs (Rahman et al., 2012). Poverty is further alleviated by increasing incomes
and involving women in development activities (Rahman et al., 2017).

Multipurpose tree plantations alone or paired with crops may be a successful land
rehabilitation method (Maikhuri et al., 2000). The fast-growing small crowns of
deciduous nitrogen-fixing trees are the critical factors for sustainable and effective
agroforestry practices. In agroforestry practice (Albizia Lebbeck L.), the woody perennial
contributes to economic aspects (Amin et al., 2017b). As an alternative, (Leucaena
leucocephala Lam.) is frequently grown in tropical and sub-tropical countries that offer
a vast timber, fodder, and healthy food source. The leaves, seeds and fruits extracts of
(Melia azedarach L.) have been shown a wide choice of therapeutic and pesticide actions
against different pathogenic and pest species. These also have anti-inflammatory activity,
analgesic, antimalarial activity (Vishnukanta and Rana, 2010), and anticancer (Ntalli et
al., 2010).

Teame et al. (2017) stated that organic mulching had a substantial influence on soil
moisture content that contributes to the sound development of crops compared to no
mulching. Farming with organic mulching eradicated the growth of weed vegetation,
lesser crop evaporation rate and created a channel for rainwater infiltration (Yang et al.,
2003). Sinkeviciené et al. (2009) reported that organic mulches have plentiful advantages
for crop farming by improving the soil chemical, physical, and biological conditions.
Sensteby et al. (2004) found significant potassium and phosphorus percentages in crop
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leaves due to the used sawdust. The organic straw mulch also served as a great source of
micronutrients in the soil (Sensteby et al., 2004). Organic grass mulch had the same
potentiality (Cadavid et al., 1998). The application of organic mulching on crop
production improved plant development, fruit settings and quality yield (Singh et al.,
2007; Sharma et al., 2008). Organic material mulching had given some advantages to the
root growth, fruit yield, and total soluble solids content (Olfati et al., 2008). Microbial
behaviour, which depends on organic material supply, performs a vital role in controlling
soil fertility and the transfer of organic matter (Marinari et al., 2007). Soil microorganisms
interact quickly to enable the soil to break dormancy and increase mass and spread if
conditions are suitable (Xu et al., 2006).

Moreover, in the world food scenario, the food protection concept has to be addressed
in technological advancement regarding agricultural research. Direct physical and
affordable access to sufficient balanced food satisfying the daily nutritional requirements
and food preferences complimenting the wellbeing for everybody at every time can be
termed as food protection (World Food Summit, 1996).

The authors have an intriguing interest in addressing the issues mentioned above in
this study. In the most petite case, finding out the cheapest environmental-friendly way
of enhanced cucumber production pertaining to social, economic, and ecological aspects.
The field research aims to select a suitable cucumber production technique considering
the growth, yield, and economic potency.

Materials and methods
Research site with soil and climate

The study area was situated in the northern part of Bangladesh under the Agroforestry
and Environment Department of Hajee Mohammad Danesh Science and Technology
University, Dinajpur. The height of the experimental site was 37.5 metre from the mean
sea level (MSL). The research field was followed the old Himalayan Piedmont Plain Area
(AEZ No. 01), indicating medium-high land with no water logging condition (Brammer
et al., 1988). The soil physical and chemical properties of the experimental field are
presented in Table 1. The average air temperature (°C), relative humidity (%), rainfall
(mm), and sunshine (hrs) of the experimental site are presented in Fig. I from April to
July 2020. The maximum air temperature (31.5 °C) was recorded in May, and the
minimum air temperature (19.90 °C) was noted in April. The relative humidity was found
a minimum fluctuation from 83.00% to 92.00%. Instead, the highest monthly
precipitation (92.0 mm) was found in July, and the lowest (31.0 mm) was observed in
April. In the sunshine, the monthly average variation range from 220.12 hrs to 280.4 hrs.

Plant materials

The woodlots of sixteen (16) years old Albizia lebbeck, Melia azedarach, and
Leucaena leucocephala were the experimental fields for the present research work. The
trees were arranged in east-west geometry with a 3 metres plant to plant and 3 metres for
arow to row difference. At the time of experimentation, the woodlots tree characteristics
were showed in Table 2. Among the 3 (three) tree species, the mean (n = 12) the plant
height, clean bole height, base girth, bole girth, and diameter at breast height (15.0 m,
7.5m, 118.0 cm, 97 cm, and 31 cm) was recorded from Albizia lebbeck woodlot. On the
other hand, the Melia azedarach woodlot had (17.5 m) plant height, (10.5 m) clean bole
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height, (125.0 cm) base girth, (95.0 cm) bole girth, and (30.3 cm) diameter at breast
height. Moreover, the average plant height, clean bole height, base girth, bole girth, and
diameter at breast height (21.5 m, 15.5 m, 88 cm, 82 cm, and 26.0 cm) were observed
Leucaena leucocephala woodlot, respectively. The modern Hybrid Green Bird cucumber
variety was the research testing crop (Table 2).

Table 1. The soil physical and chemical properties of the experimental field

Soil characters Physical and chemical properties
Sand (%) 63
Silt (%) 32
Clay (%) 5
Textural class Sandy loam
CEC (megq/ 100g) 8.2
pH 5.2
Organic matter (%) 1.28
Total nitrogen (%) 0.11
Potassium (meq/ 100g) 0.26
Phosphorus (ug/g) 25.0
Magnesium (meq/ 100g) 0.42
Sodium (megq/ 100g) 0.05
Calcium (meg/ 100g) 1.32
Sulphur (ng/g) 3.2
Boron (ug/g) 0.27
Iron (ng/g) 5.32
Zinc (ug/g) 0.92

Source: Soil Resources Development Institute, Dinajpur, Bangladesh (2020)
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Figure 1. The experimental site weather data during the period from April to July 2020.
Source: Meteorological Station, Wheat Research Center, Noshipur, Dinajpur, Bangladesh
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Table 2. The status (mean value) of the woodlot tree species in the research field during the
study period (n = 12)

. . Diameter at
Wood‘lots Plant height (m) leean bole Base girth Bole girth breast height
species height (m) (cm) (cm) (cm)
Albiza lebbeck 15.0 7.5 118 97 31.0
Melia azedarach 17.5 10.5 125 95 30.3
Leucaena 215 15.5 88 82 26.0
leucocephala

Design of research with treatments

The research was designed following two factors split plot and replicated (3) three
times of the treatments. Factor A, four production practice treatments, were arranged in
the main field, while factor B, three treatments of the organic mulches, were placed in the
sub-plot. So, there were twelve (12) treatment combinations. The total number of
experimental plots was 36, and all the plots were the same size, 6.25 m?. The treatments
were as follows- factor A: four production systems Ti= sole cropping of cucumber
(control), T>= cucumber Albizia lebbeck woodlot agroforestry, Tz= cucumber Melia
azedarach woodlot agroforestry, Ts= cucumber Leucaena leucocephala woodlot
agroforestry, while factor B: M= no mulch, M>= ash mulch, M3= dry water hyacinth
mulch. So, the twelve treatment combinations were (TiM;) sole cropping cucumber
without mulch, (T1M3z) sole cropping cucumber with ash mulch, (T1M3) sole cropping
cucumber with dry water hyacinth mulch, (ToMi) cucumber Albizia lebbeck woodlot
agroforestry without mulch, (T2M2) cucumber Albizia lebbeck woodlot agroforestry with
ash mulch, (ToM3s) cucumber Albizia lebbeck woodlot agroforestry with dry water
hyacinth mulch, (T3M1) cucumber Melia azedarach woodlot agroforestry without mulch,
(TsM2) cucumber Melia azedarach woodlot agroforestry with ash mulch, (T3:M3)
cucumber Melia azedarach woodlot agroforestry with dry water hyacinth mulch, (T4M1)
cucumber Leucaena leucocephala woodlot agroforestry without mulch, (T4sM2) cucumber
Leucaena leucocephala woodlot agroforestry with ash mulch, and (T4M3) cucumber
Leucaena leucocephala woodlot agroforestry with dry water hyacinth mulch.

Land preparation and crop establishment

The soil of the research field was ploughed by a tractor three times to ensure good
tillage. A spade was used to plough the edge of the experimental area. Visibly larger clods
were pounded into tiny fragments after ploughing the soil, cleaning the debris and other
rubbish for the soil to attain a good cropping condition. The experimental concept was
followed in the development of the layout, which was then ready for planting. Every sub-
plot had two pits; three (3) cucumber seeds were sown on 14™ April 2020 in each pit,
apart from 20 cm seed to seed distance. The distance between the pit to the pit was 1.8
metre, where the girth of the pit was 75 cm, and the depth was 10 cm. The seeds were
later coated in fine soil by hand. During the cropping season, necessary intercultural
operations were carried out to ensure proper growth and production. Just one stable
seedling was held to develop in each position five to six days after germination, and the
others were discarded. Seedlings that were dead, wounded, or frail were substituted with
fresh vigour seedlings from the stock stored. As cucumber is a climbing vegetable,
trellises were prepared with bamboo and rope fibre with a height of 150 cm all around in
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sub-plots. Weed was present in large quantities in the control treatment. In the plots where
weeding was needed, it was done three times. Light irrigation was applied just after
sowing the seeds. After 45 days of seed germination, organic mulching materials were
applied in the experimental sub-plots with 2.54 cm thickness. Green fruits were harvested
at 4-5 days intervals when they attained edible, started from 18" June and was continued
up to 16" July.

Data recording parameters

For the growth and production of cucumber, the data was collected in the following
heads plant height (cm), leaves plant™!, leaf length & breadth (cm), petiole length (cm), stem
girth (cm), main stem internode length (cm), lateral shoots plant™, fruits plant !, fruit height
(cm), fruit girth (cm), average fruit weight (g), and fruit yield (ton/ha). Additionally, the
cost of production, gross and net returns per hectare and the benefit-cost ratio was
calculated for economic analysis of cucumber under Albizia lebbeck, Melia azedarach, and
Leucaena leucocephala woodlots agroforestry and sole cropping cultivation.

Statistical analysis

Two-factors “Analysis of Variance” (ANOVA) was done using the computer-based
MSTAT-C statistical data analysis software. The mean data of treatments and combined
effects were separated by the (DMRT) Duncan’s Multiple Range Test (Gomez and
Gomez, 1984).

Results

The effect of cucumber production systems on growth, yield contributing characters
and yield

Cucumber is grown excellently in association with Albizia lebbeck, Melia azedarach,
and Leucaena leucocephala woodlots compared to sole cropping (control treatment)
(Table 3). At the very initial stage (15 DAS), the tallest plant (38.11 cm) was observed in
cucumber under Leucaena leucocephala (T4) which was identical to (T>= 35.67 cm) and
(T3=34.22 cm). The shortest plant (23.44 cm) was found in the sole cropping of cucumber
(T1). At 30 DAS, the tallest plant (171.60 cm) was recorded in (T4) cucumber under
Leucaena leucocephala, which was similar to (T3= 169.70 cm), and the shortest plant
(138.70 cm) was originated in (T1) sole cropping of cucumber. Finally, the tallest plant
(310.40 cm) was noted in T4, and the shortest plant (260.00 cm) was recorded in Ty at 45
DAS. The leaves plant! was perceived significantly maximum (7.33, 44.00, and 93.22 at
15, 30, and 45 DAS) in open field condition (T1) and the minimum number of leaf plant
1 (5.89, 23.67, and 61.44 at 15, 30, and 45 DAS) in cucumber under Leucaena
leucocephala (T4). For leaf length of cucumber, the highest leaf length (8.12, 12.96, and
17.87 cm at 15, 30, and 45 DAS) was taken from (T2) cucumber under Albizia lebbeck
based agroforestry practice, besides the lowest leaf length (6.53, 12.10, and 15.97 cm at
15,30 and 45 DAS) was measured from (T1) sole cropping of cucumber. The leaf breadth
was significantly varied due to different woodlots agroforestry practices along with
mono-cropping of cucumber. The leaf breadth was calculated the highest (8.83, 15.79,
and 22.58 cm at 15, 30, and 45 DAS) in (T3) cucumber under Melia azedarach. In
contrast, the lowest leaf breadth (6.63, 13.14, and 18.97 cm at 15, 30 and 45 DAS) in (T2)
cucumber under Albizia lebbeck.
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Table 3. The effect of cucumber production practices on plant height, number of leaf plant™,
leaf length, and breadth at different DAS

Plant height (cm) Leaf plant’! Leaf length (cm) |Leaf breadth (cm)
Treatments 15 30 45 15 30 45 | 15 30 45 | 15 | 30 45
DAS DAS DAS | DAS | DAS | DAS [DAS| DAS | DAS |DAS| DAS | DAS
T 23.44b | 138.7¢c | 260.0d |7.33a|44.00a [93.22a(6.53b| 12.10b 15.97¢|6.83b|14.12b|20.07b
T, 35.67a | 153.8b | 289.3b |6.22ab| 28.89b (71.44b|8.12a| 12.96a |17.87a|6.63b|13.14c|18.87¢
T; 34.22a | 169.7a | 270.7¢c |5.94b [25.00bc|65.11c|7.86a|12.62ab|17.06b|8.83a|15.79a|22.58a
T, 38.11a | 171.6a | 310.4a |5.89b|23.67c [61.44d|6.80b| 12.21b |16.00c|8.07a|14.40b|19.96b
CV% 14.65 9.72 2.5 19.63| 15.08 | 2.63 (14.27| 4.59 | 3.12 |10.91] 6.64 | 2.53

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level
by DMRT

The results of petiole length, stem girth, main stem internode length, and the number
of lateral shoots plant™ varied significantly because of different production practices
presented in Table 4. Notably, the highest petiole length (19.23 cm) was found in
cucumber under Leucaena leucocephala (Ts), and the lowest petiole length (14.74 cm)
was observed in (T) sole cropping of cucumber. The stem girth (2.66 cm) was the
maximum recorded in (Ts) cucumber under Leucaena leucocephala, followed by
(2.52 cm) in (Ti). In contrast, the lowest stem girth (2.23 cm) was recorded in (T2)
cucumber under Albizia lebbeck, similar to (2.27 cm) in (T3). The sole cropping cucumber
(T1) gave the highest (5.43 cm) internode length, which was identical to T> and T3, then
the lowest (4.31 cm) internode length was calculated in Ts. In the case of the number of
lateral shoots, the maximum (8.78) was counted in sole cropping of cucumber (T1), and
the lowest (4.67) was determined in (T3) cucumber under Melia azedarach.

Table 4. The effect of cucumber production practices on petiole length, stem girth, main stem
internode length, and the number of lateral shoots plant’

Treatments Petiole length Stem girth Main stem internode | Number of lateral
(cm) (cm) length (cm) shoots plant™!
T, 14.74d 2.52a 543 a 8.78 a
T, 18.83b 2.23b 4.84 ab 6.67b
T3 16.58 ¢ 2.27b 5.67 a 4.67c
T4 19.23 a 2.66 a 431b 478 ¢
CV% 2.01 8.97 13.67 14.38

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level
by DMRT

The number of fruits plant”! was statistically significant by the effect of different
cucumber production systems (Table 5). Significantly, the highest number of fruits plant!
(10.33) was recorded in the open field, i.e. sole cropping of cucumber (T1) and the lowest
number of fruits plant! (5.56) was discovered in (T3) cucumber under Melia azedarach
based agroforestry practice. Moreover, cucumber fruit length was noted statistically
highest (20.02 cm) in (T2) cucumber under Albizia lebbeck based agroforestry practice
followed by (T1) and (T4) treatments. In contrast, the lowest (17.89 cm) was found in (T3)
cucumber under Melia azedarach. The same trend was found for fruit girth as well. The
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maximum fruit weight (361.9 g) was calculated in cucumber under Albizia lebbeck (T2)
followed by (335.8 g) in T treatment; the minimum (217.8 g) fruit weight was taken in
cucumber under Melia azedarach (T3). Furthermore, Fruit yield was measured as the
highest (3.56 kg/plot) in (T2) cucumber under Albizia lebbeck followed by T
(3.17 kg/plot) and the lowest (1.67 kg/plot) in (T3) cucumber under Melia azedarach. The
fruit yield (5.70 tons/ha) was the maximum among the different cucumber production
practices in the (T>) treatment showed in Fig. 2.

Table 5. The effect of cucumber production practices on fruits per plant, fruit length, fruit
weight, and fruit yield

Treatments Fruits per Fruit length | Fruit girth Average fruit Fruit yield
plant (cm) (cm) weight (g) (kg/plot)
T, 10.33 a 19.11 ab 14.32 ab 335.8 ab 3.17 ab
T, 9.11b 20.02 a 15.57 a 3619a 3.56a
T; 5.56¢ 17.89 b 12.03b 217.8 ¢ 1.67 c
T, 6.11¢c 18.07 ab 14.50 ab 312.7b 2.96b
CV% 14.99 10.44 12.88 11.32 13.77

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level
by DMRT
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Cucumber production practices

Figure 2. The effect of cucumber production practices on the fruit yield (ton/ha). In the bar,
figures with similar letters or without letters do not differ significantly at the P < 5% level by
DMRT

The effect of organic mulch on the cucumber growth, yield contributing characters and
yield

The effect of organic mulch on cucumber plant height, leaf plant!, leaf length, and
breadth was statistically significant; results were shown in Table 6. Numerically, the tallest
plant (35.33 cm) was recorded in M (ash mulch), and the shortest plant height (31.58 cm)
was observed in M1 (no mulch) control treatment at 15 DAS. At 30 DAS, significantly, the
tallest plant (178.8 cm) was noted in M3 (dry water hyacinth mulch) treatment followed by
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M; (no mulch), while the shortest plant height (140.3 cm) was noticed in M> (ash mulch)
treatment. Finally, at 45 DAS, considerably the tallest plant (343.6 cm) was recorded in M3
(dry water hyacinth mulch) treatment followed by Mi (no mulch), whereas the shortest
plant (228.5 cm) was taken in M> (ash mulch) treatment. The leaves plant” was showed
insignificant at 15 and 30 DAS. The maximum leaves plant™ (79.83) was counted in M,
(ash mulch) treatment, and the minimum leaves plant™ (65.00) was taken in M; (no mulch)
treatment at 45 DAS respectively. Cucumber leaf length was maximum (7.79 cm, 12.85
cm, and 19.03 at 15, 30 and 45 DAS) recorded in M3 (dry water hyacinth mulch) followed
by M> (ash mulch) treatment. On the other hand, minimum leaf length (6.44 cm, 11.89 cm,
and 15.83 at 15, 30 and 45 DAS) was found in M; (no mulch) control treatment. The same
trend of results was observed for leaf breadth at 15, 30 and 45 DAS.

Table 6. The effect of organic mulch on cucumber plant height, leaf plant”, leaf length and
breadth at different DAS

Plant height (cm) Leaf plant™! Leaf length (cm) | Leaf breadth (cm)
Treatments 15 30 45 15 (30| 45 | 15| 30 45 | 15 | 30 45
DAS DAS DAS |DAS|DAS| DAS |DAS| DAS | DAS |DAS| DAS | DAS
M; 31.58 | 156.2b | 275.8b |6.75(30.92|65.00c|6.44b|11.89b|15.83b|6.13b|13.13b(19.01b
M, 35.33 | 140.3c | 228.5¢ |6.5032.00|79.83a|7.75a|12.852a(15.30c|8.03a(14.98a|18.15¢
M; 31.67 | 178.8a | 343.6a |5.75|28.25|73.58b|7.79a|12.68a|19.03a(8.61a|14.88a|23.94a
CV% 14.65 9.72 2.5 [19.63|15.08| 2.63 |14.27| 4.59 | 3.12 [10.91| 6.64 | 2.53

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level
by DMRT

The effect of organic mulch on cucumber petiole length, stem girth, main stem
internode length, and the number of lateral shoot plant™ was statistically meaningful, and
the results are provided in Table 7. The highest petiole length (19.38 cm) was noted in
M3 (dry water hyacinth mulch) followed by (16.48 cm) in M (no mulch) treatment, and
the lowest petiole length (16.18 cm) was detected in Mz (ash mulch) treatment. The result
of cucumber stem girth was analyzed statistically insignificant because of different
organic mulches. The main stem internode length was calculated (5.54 cm), the maximum
in M (ash mulch) treatment and the minimum (4.78 cm) in M3 (dry water hyacinth
mulch) treatment similar to M (4.87 cm), respectively. Organic mulch affected the lateral
shoot plant™* as such, the highest lateral shoot plant! (7.17) was recorded in M> (ash
mulch) treatment which was identical (6.75) in M; treatment. Then again, the lowest
number of lateral shoot plant! (4.75) was observed in M3 (dry water hyacinth mulch).

Table 7. The effect of organic mulch on cucumber petiole length, stem girth, main stem
internode length and number of lateral shoots plant”’

Treatments Petiole length Stem girth Main stem internode | Number of lateral
(cm) (cm) length (cm) shoots plant™!
M; 16.48 b 243 4.87b 6.75a
M; 16.18 ¢ 2.37 554 a 7.17 a
M3 19.38 a 247 478 b 4.75b
CV% 2.01 8.97 13.67 14.38

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level
by DMRT
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The cucumber fruits per plant were varied as influenced by organic mulch (Table 8).
Significantly the highest fruits per plant (11.75) was found in M3 (dry water hyacinth
mulch) treatment which was statistically identical to (11.17) M2 (ash mulch). Instead, the
lowest fruits per plant (4.17) was observed in M (no mulch) control treatment. The fruit
length of cucumber was also varied significantly as directly influenced by organic mulch.
Substantially, the most extended fruit (21.78 cm) was found in M3 (dry water hyacinth
mulch) treatment, and the shortest fruit length (17.09 cm) was observed in M (no mulch)
control treatment which was followed by M (ash mulch) treatment. Fruit girth of
cucumber was also varied significantly, the highest fruit girth (16.22 cm) was measured
in M3 (dry water hyacinth mulch) treatment, and the lowest (13.14 cm) fruit girth was
taken from M; (no mulch) control treatment similar to M2 (ash mulch). The highest
average fruit weight (377.1 g) was recorded in M3 (dry water hyacinth mulch) treatment,
and the lowest average fruit weight (303.6 g) was recorded in M; (no mulch) control
treatment which was followed by M: (ash mulch). The highest cucumber fruit yield
(4.38 kg/plot) was observed in M3 (dry water hyacinth mulch) treatment followed by
(3.53 kg/plot) in M (ash mulch) treatment whereas, the lowest fruit yield (2.65 kg/plot)
was detected in M (no mulch) control treatment. The fruit yield (7.01 tons/ha) was the
highest found in M3 (dry water hyacinth mulch) treatment compared to other treatments,
and the lowest (4.24 tons/ha) was observed in M (no mulch) control treatment (Fig. 3).

Table 8. The effect of organic mulch on the number of cucumber fruits per plant, fruit length,
Sfruit weight and fruit yield

Treatments Fruits per Fruit Fruit girth Average Fruit yield
plant length (cm) (cm) fruit weight (g) (kg/plot)
M; 4.17b 17.09 b 13.14b 303.6b 2.65b
M; 11.17 a 17.44 b 13.21b 322.7b 3.53 ab
M3 11.75a 21.78 a 1622 a 377.1a 4.38 a
CV% 14.99 10.44 12.88 11.32 13.77

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level
by DMRT
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Figure 3. The effect of organic mulch on the cucumber fruit yield (ton/ha). In the bar, figures
with similar letters or without letters do not differ significantly at the P < 5% level by DMRT
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The combined effect of cucumber production systems and organic mulch on the
growth, yield contributing characters and yield

The combined effect of cucumber production practices and organic mulch on the
plant height, leaves plant'l, leaf length, and breadth cucumber was significantly
different at 15, 30 and 45 DAS (Table 9). The tallest plant (42.33 cm) was observed in
T3M; treatment combination followed by T4M; treatment combination, and the shortest
plant (20.67 cm) was recorded in T>M3 treatment combination at 15 DAS. In the next,
at 30 and 45 DAS, the tallest plant (195.00 cm and 441.70 cm) was noted in T1M3
treatment combination, whereas the shortest plant (117.30 cm) at 30 DAS in ToM>
treatment combination and (204.3 cm) at 45 DAS in T4M; treatment combination. The
leaves plant™! at 15 DAS significantly the maximum (7.67) was documented in T1M;
and T1M; treatment combinations and the minimum (5.00) in TsM3 and T4M3 treatment
combinations. After that, at 30 DAS, the maximum leaves plant! (47.33) was calculated
in TiM3 treatment combination followed by TiM; and TiM:z and the minimum leaves
plant‘1 (16.00) T3M3 treatment combination. Finally, at 45 DAS, the maximum leaves
plamt'1 (93.70) was observed in T1M3 treatment combination, and the minimum leaves
plant! (55.33) was taken in T4M3 treatment combination. Leaf length (9.75 and 13.30
cm at 15 and 30 DAS) the highest was noted in T3M> treatment combination, and the
lowest leaf length (6.00 and 11.73 cm at 15 and 30 DAS) was found in TsM; and T1M>
treatment combination. Finally, at 45 DAS, the highest leaf length (22.60 cm) was
collected in TiM3 treatment combination, and the lowest leaf length (13.70 cm) was
detected in T1M; treatment combination. In the initial stage at 15 DAS, significantly,
the highest leaf breadth (10.00 cm) was recorded in T4M3 treatment combination, and
the lowest leaf breadth (5.37 cm) was measured in TsM; treatment combination.
Moreover, at 30 DAS, the highest leaf breadth (16.60 cm) was observed in T3M>
treatment combination, whereas the lowest leaf breadth (11.97 cm) was found in T1M;
treatment combination. At 45 DAS, the highest leaf breadth (26.47 cm) was calculated
in T1{M3 treatment combination, and the lowest leaf breadth (16.77 cm) was measured
in TiM; treatment combination.

The combined effect of cucumber production systems and organic mulch was
significantly varied for petiole length, stem girth, main stem internode length, and the
number of lateral shoots plant™'; the results epitomized in Table 10. The highest petiole
length (23.70 cm) was recorded in T2M3 treatment combination, and the lowest petiole
length (12.93 cm) was calculated in the T3M3 treatment combination. The stem girth
(2.80 cm) was the maximum collected from TsM3 treatment combination, and the
minimum (1.97 cm) stem girth was obtained from T>M> treatment combination. The
main stem internode length influenced the combined effect of cucumber production
systems and organic mulch. The most extended main stem internode length (7.00 cm)
was found in T3M: treatment combination followed by (6.03 cm) and observed in the
T1M3 treatment combination. The shortest main stem internode length (3.87 cm) was
recorded in T4M3 treatment combination, which was statistically identical to (4.27 cm)
found in T4M; treatment combination, respectively. The number of lateral shoots plant”
' was the maximum (10.33) was recorded in T;M; treatment combination whereas, the
lowest number of lateral shoots plant! (2.67) was noted in both T4M3 and T3M;
treatment combinations.
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Table 9. The combined effect of cucumber production practices and organic mulch on plant height, number of leaf plant”, leaf length, and breadth at

different DAS
Treatment ~ Plant h;ifht (cm) e ?sumber O;Jeaf plan‘l‘:'; ~ Leaf le;:)gth (cm) = Leaf br;gdth (cm)

combinations DAS DAS DAS DAS | DAS | DAS | DAS | DASs | pas |ISPAS| pag | 45DAS
TiMy 32.00 a-d 154.0cd 267.3de 7.67a | 40.67ab | 88.67b | 7.00b-d | 11.97b 13.70h | 6.53bc 11.97f 16.77f
TiM, 40.67ab 165.7bc 222.3h 7.67a 44.00a | 57.33f | 6.27d 11.73b 14.87g | 6.37bc 12.70ef 16.97f
T M3 34.33a-d 195.0a 441.7a 6.67ab | 47.33a 93.7a | 7.13b-d | 12.60ab | 22.60a 7.60b 14.77b-d | 26.47a
ToM; 25.33b-d 151.7c-e 279.0d 6.67ab | 35.00bc | 85.67b | 6.07d 11.93b 17.23cd | 5.77c 13.53c-f 21.43c
T-M, 24.33cd 117.3f 235.0g 5.67ab | 22.33e-g | 62.33e | 6.67cd | 12.83ab | 16.17ef | 6.57bc 15.60ab 20.13d
ToM3 20.67d 192.3ab 354.0b 6.33ab | 29.33c-e | 66.33d | 6.87b-d| 11.87b 20.20b 7.57b 13.23d-f | 26.17a
TsM; 28.00 a-d 126.7d-f 295.0c 6.33ab | 23.33d-g | 78.33c | 6.00d 11.83b 17.00de | 5.37c 14.20b-e 18.10e
T:M, 42.33a 154.0cd 252.3f 6.33ab | 31.67cd | 78.00c | 9.57a 13.30a 15.50fg | 9.57a 16.60a 17.97¢
TsM3 32.33a-d 135.3d-f 232.7gh 5.00b 16.00g | 39.00g | 8.80ab | 12.73ab | 15.40fg | 9.27a 16.57a 20.53d
TaM; 41.00ab 192.3ab 261.7ef 6.33ab | 24.67d-f | 66.67d | 6.70cd | 11.83b 15.40fg | 6.87bc 12.83ef 19.73d
TsM, 34.00a-d 124.0ef 204.3i 6.33ab | 30.00c-e | 62.33¢ | 8.50a-c | 13.53a 14.67g 9.63a 15.03abc | 17.53ef
TsM3 39.33a-c 192.7ab 346.0b 5.00b | 20.33fg | 55.33f | 8.37a-c| 13.50a 17.93¢c | 10.00a 15.33ab 22.60b
CV% 14.65 9.72 2.5 19.63 15.08 2.63 14.27 4.59 3.12 10.91 6.64 2.53

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level by DMRT
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Table 10. The combined effect of cucumber production practices and organic mulch on petiole
length, stem girth, main stem internode length and number of lateral shoots plant”

Treatment Petiole Stem Main stem internode Number of
combinations length (cm) girth (cm) length (cm) lateral shoots plant’!

TiM; 1587 e 2.50 a-c 4.97 ab 1033 a
TiM, 17.70 ¢ 2.57 a-c 5.30 ab 8.00b
T1M; 2293 b 2.50 a-c 6.03 ab 8.00b
TM; 1793 ¢ 2.40 a-c 4.83 ab 7.67Db
T.M, 16.07 e 1.97d 5.07 ab 6.67 ¢

T>M; 23.70 a 2.33 b-d 4.63b 5.67c

T3M; 1433 f 2.17 cd 5.40 ab 533¢
TsM, 16.97d 2.40 a-c 7.00 a 6.00 ¢
T5M; 1293 ¢ 2.23 b-d 4.60b 2.67d
TsMy 17.80 ¢ 2.63 ab 427b 3.67d
TsM, 14.00 f 2.53 a-c 4.80 ab 8.00b
TiM3 1793 ¢ 2.80 a 3.87b 2.67d
CV% 2.01 8.97 13.67 14.38

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level
by DMRT

The number of cucumber fruits per plant was significantly influenced by the combined
effect of production practices and organic mulch (Table 11). Significantly the highest
number of fruits per plant (12.33) was recorded in TiM3 treatment combination, which
was followed by (11.67) in ToM3 and (11.33) in T1M: treatment combination. In contrast,
the lowest number of fruits per plant (4.33) was documented in T3M; treatment
combination. The fruit length of cucumber was found significantly different, significantly
the most extended fruit length (23.33 cm) was found in ToM3 treatment combination,
which was identical to TiM3 treatment combination (22.17 cm), and the shortest fruit
length (15.80 cm) was recorded in T3M; treatment combination. Similarly, the longest
fruit girth (15.83 cm) was found in both T1Ms, and T2M3 treatment combinations, which
was identical to T1M; treatment combination (14.87 cm) and the shortest fruit girth
(10.30 cm) was recorded in T3M; treatment combination. Average fruit weight was
significantly varied, the highest fruit weight (395.30 g) was measured in ToM3 treatment
combination, which was statistically identical to (373.30 cm) in T;M; treatment
combination and (364.70 cm) in T1M3 treatment combination and the lowest fruit weight
(212.70 g) was recorded in T3M| treatment combination. The fruit yield of cucumber was
significantly different because of the combined effect of production systems and organic
mulch. Notably, the highest cucumber fruit yield (5.72 kg/plot) was found in ToMs
treatment combination, which was indistinguishable from (5.25 kg/plot) in TiMs
treatment combination, and the lowest cucumber fruit yield (1.86 kg/plot) was noted in
T3M; treatment combination. Furthermore, Figure 4 provided the cucumber fruit yield
(ton/ha). The result showed that the highest cucumber fruit yield (9.15 ton/ha) was
observed in ToMj3 followed by (8.40 tons/ha) in TiMj3 treatment combination, and the
lowest cucumber fruit yield (2.98 tons/ha) was received in TsM; treatment combination
(Fig. 4).
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Table 11. The combined effect of cucumber production practices and organic mulch on fruits
per plant, fruit length, fruit weight and fruit yield

Treatment Fruits per Fruit length | Fruit girth | Average fruit Fruit yield
combinations plant (cm) (cm) weight (g) (kg/plot)

TiM, 6.67 cd 19.30 be 13.60 b 294.1bc 2.93 cd
TiM; 11.33 ab 1743 ¢ 14.87 ab 328.7b 4.85 ab
TiM;3 1233 a 22.17 ab 1583 a 364.7 ab 525a
TaM, 5.12d 1717 ¢ 11.98 cd 256.7 ¢ 331c
T2M; 10.67 b 17.00 c 14.21ab 373.3 ab 431b
ToM;3 11.67 ab 2333 a 1583 a 3953 a 572a
TsM; 433e 15.80d 10.30d 212.7d 1.86d
TsM; 5.43d 16.97 ¢ 11.37cd 271.2 bc 2.18 cd
TsM;3 6.38 cd 19.73 be 1243 ¢ 285.4 bc 247 cd
TsM, 6.33 cd 17.50 cd 12.83 ¢ 2469 c 2.89 cd
TsM; 7.67c 16.97 ¢ 13.37b 3123 Db 3.77c¢

T:M; 9.33b 20.90 b 13.95b 343.6b 3.88¢

CV% 14.99 10.44 12.88 11.32 13.77

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level

by DMRT
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Figure 4. The combined effect of cucumber production practices and organic mulch on the fruit
vield (ton/ha). In the bar, figures with similar letters or without letters do not differ significantly
at the P < 5% level by DMRT

Cost and benefit analysis of cucumber production under Albizia lebbeck, Melia
azedarach, and Leucaena leucocephala woodlot-based agroforestry practices and sole

cropping

The cost of production, gross & net return, and benefit-cost ratio of cucumber grown
under Albizia lebbeck, Melia azedarach, Leucaena leucocephala woodlots agroforestry
practices and sole cropping cucumber were calculated according to market prices, and
results were displayed in Table 12 and Appendix I. The values in Appendix I indicated
that the total cost of production was the highest (US$ 2342.00 per ha) found in (T>2)
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cucumber under Albizia lebbeck based agroforestry practice followed by (T4) cucumber
under Leucaena leucocephala based agroforestry practice (US$ 2318.00 per ha). The
lowest cost of production was observed in (T1) cucumber sole cropping (US$ 1892.00 per
ha). The highest value of the gross return (US$ 6757.00 per ha) was obtained from (T>)
cucumber under Albizia lebbeck based agroforestry practice. In contrast, the lowest value
of the gross return (US$ 2095.00 per ha) was acquired from (T1) cucumber sole cropping.
The net return (US$ 4415.00 per ha) was comparatively the highest taken in (T2)
cucumber under Albizia lebbeck based agroforestry practice. Simultaneously, the lowest
net return (US$ 203.00 per ha) was received from (Ti) cucumber sole cropping. The
highest benefit-cost ratio (2.89) was recorded in (T2) cucumber under Albizia lebbeck
based agroforestry practice, followed by (2.43) in (T3) cucumber under Melia azedarach
based agroforestry practice, and the lowest benefit-cost ratio (1.11) was noted in (T)
cucumber sole cropping.

Table 12. The gross return, the net return, and benefit-cost ratio (BCR) of cucumber
production under Albizia lebbeck, Melia azedarach, Leucaena leucocephala woodlot-based
agroforestry systems and sole cropping

Return (US$/ha) Gross | Total cost of Net

Treatment Cucumber Albizia | Melia Leucaena | return | production | return | BCR
lebbeck |azedarach |leucocephala| ($/ha) ($/ha ($/ha

T, 2095.00 | .ovieiin | v | 2095.00 | 1892.00 203 1.11

T, 2345.00 |4412.00| ... | el 6757.00 | 2342.00 4415 2.89

T3 1100.00 |......... 4471.00 5571.00 | 2289.00 3282 2.43

T4 1950.00 | ..oooven | ceennnn. 3529.00 |5479.00| 2318.00 3161 2.36

Note: Market price of cucumber fruit (US$ 0.41/kg), Albizia lebbeck (US$ 4.71/Tree/Year), Melia
azedarach (US$ 5.29/Tree/Year), Leucaena leucocephala (US$ 4.11/Tree/Year)

Discussion

The research indicated that the commercial vegetable cucumber would perform
significantly as an intercrop under different woodlots-based agroforestry and sole
cropping influenced by organic mulch. The cucumber growth was found more prominent
under partially shaded conditions compared to open field conditions. The reason for the
outcome can be summarized as follows:

The Albizzia lebbeck tree provides adequate shade, which aids in retaining water in the
cucumber during harvesting. On the other hand, this tree acts as a soil binding agent,
which aids in preserving soil properties. Furthermore, the study shows that water hyacinth
has a synergistic interaction with Albizzia lebbeck. The water hyacinth combination was
apparent not only with Albizzia lebbeck but also with other trees. Such a result was not
observed with the control group. The reason for this is that in a scorching climate, the
water hyacinth dries up without shade and is thus unable to show its impact. Mainly the
vegetative growth was boosted in cucumber under Leucaena leucocephala based
agroforestry practice because the transpiration rate was lower. Chauhan et al. (2013)
found that regardless of the crop used in the experiment, the transpiration (E) intensity of
crops was lowest in the shade, resulting in higher water usage performance in the shade
than in the open condition. Furthermore, the dry water hyacinth mulch also enhanced the
growth of cucumber effectively. Vidya and Girish (2014) reported that water hyacinth
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application in crop fields acted as a facilitator for the crop’s growth and development and
improved soil fertility.

Moreover, Yaghi et al. (2013) deduced that cucumber production could be enhanced
by applying plastic mulch and drip irrigation techniques, although plastic mulching is
harmful to the environment. Hence, it would be more environmentally sound to use
organic mulch for cucumber production.

For the cucumber reproductive growth, i.e. fruit length, girth, weight, and yield, we
found the highest outcome in cucumber under Albizia lebbeck based agroforestry practice.
Pervin et al. (2015) mentioned that mustard oil was cropped successfully with increased
production under the Albizia lebbeck wood producing tree agroforestry system.
According to Oyebamiji et al. (2017), Albizia lebbeck deciduous timber tree had a high
potential to improve annual vegetable yield. Lenhard et al. (2013) reported that plants
below 70% of shading had higher total rates of chlorophyll, leaf area and weight ratios.
The findings showed that both the ash mulch and dry water hyacinth mulch had performed
a crucial, active substantial function for cucumber production. According to Ranjan et al.
(2017), organic materials would raise soil nutrients, preserves optimal soil temperature,
and enhances the physical, chemical, and biological properties of soil.

The cucumber under Albizia lebbeck agroforestry practice with dry water hyacinth
mulch combinedly create a valuable production opportunity in the present research. As
compared to the conventional cucumber production practice with an average (6.83 ton/ha)
fruit yield production (Annon, 2018), our study finds a 25% higher cucumber fruit yield
(9.15 ton/ha) (Fig. 5).

—
=1

9.15

25% yield increase

Cucumber fruit yield (ton/ha)
O = kW s L OV -] S0 N\D

Traditional cucumber production Cucumber production under Albizia
lebbeck agroforestry with water hyacinth
mulching
Cucumber production practice

Figure 5. Cucumber fruit yield (ton/ha) comparison between conventional practice and the
present research practice

From the economic point of view, in the research findings, we found the benefit-cost
ratio of cucumber production under Albizia lebbeck agroforestry practice (2.89), which
was higher than Melia azedarach and Leucaena leucocephala agroforestry practice along
with sole cropping of cucumber. Thus, commercial cucumber production under Albizia
lebbeck woodlots could bring a considerable return to the cucumber cultivators being the
cost-effective solution. Amin et al. (2021) mentioned that the highest benefit-cost ratio
(2.14) was found in potato grown under a mango-based agroforestry production system
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that was 20% more than the mono-cropping of crop cultivation. Compared to current
farming strategies, this research would come up with a better cost-effective and
environmental strategy.

Conclusions

The experimental results reveal that cucumber can be grown successfully under Albizia
lebbeck, Melia azedarach, and Leucaena leucocephala woodlots-based agroforestry
practice to compare with conventional mono cropping cultivation. Cucumber production
was the highest in Albizia lebbeck agroforestry practice by applying the dry water
hyacinth mulch. This production practice increases yield performance to a higher state
than traditional cucumber cultivation. It can be concluded that the cucumber under Albizia
lebbeck agroforestry practice would enhance the benefit-cost ratio significantly. This
production practice is highly beneficial to cucumber cultivating farmers. Furthermore, it
is recommended to test cucumber in the vacant space of fruit and forestry tree-based
agroforestry practice in future assessment with other kinds of organic mulch.

Acknowledgements. The authors would like to convey optimistic gratefulness to the Agroforestry and
Environment Department of HSTU, Dinajpur-5200, Bangladesh. The authors would like to take the
opportunity to express their heartiest respect, deepest gratitude, and profound appreciation to all the Faculty
of Environmental Management staff (PSU) Prince of Songkla University. They also appreciate the Research
and Development section (RDO) of Prince of Songkla University, HatYai, 90110, Songkhla, Thailand. The
authors would like to thank Arup Kumar Biswas, deputy director of the Ministry of Power, Energy, and
Mineral Resources of the People's Republic of Bangladesh, to assist with the English.

REFERENCES

[1] Amin, M. H. A., Bormon, S. C., Kajal, M. (2017a): Organic production of tomato under
multipurpose tree-based agroforestry as influenced by mulching. — Bangladesh Research
Publications Journal 12: 222-231.

[2] Amin, M. H. A., Roy, J. P., Rahman, M. S., Kajal, M. (2017b): Economic performance of
onion under Albizia lebbeck, Melia azedarach and Leucaena leucocephala based
agroforestry systems. — Journal of Innovation & Development Strategy 11(1): 1-8.

[3] Amin, M. H. A, Das, B. K., Akter, M. M., Thainiramit, P., Jutidamrongphan, W., Techato,
K. A., Sangkakool, T. (2021): Economic feasibility of potato production influenced by
intra-row plant spacing under mango-based agroforestry system. — Australian Journal of
Crop Science 15(01): 58-66. doi: 10.21475/ajcs.21.15.01.2602.

[4]  Anonymous (2018): Yearbook of Agricultural Statistics-2018, 30" Series. — Bangladesh
Bureau of Statistics (BBS), Statistics and Informatics Division(SID), Ministry of Planning
Government of the People’s Republic of Bangladesh.

[5] Arai, Y., Watanabe, S., Kimira, M., Shimoi, K., Mochizuki, R., Kinae, N. (2000): Dietary
Intakes of Flavonols, Flavones and Isoflavones by Japanese Women and the Inverse
Correlation between Quercetin Intake and Plasma LDL Cholesterol Concentration. — The
Journal of Nutrition 130: 2243-2250. https://doi.org/10.1093/jn/130.9.2243.

[6] Brammer, H., Antoine, J., Kassam, A. H., van Velthuizen, H. T. (1988): Land resource
appraisal of Bangladesh for agricultural development. Report 2: Agroecological regions of
Bangladesh. — Rome (Italy) FAO.

[71 Cadavid, L. F., El-Sharkawy, M. A., Acosta, A., Sanchez, T. (1998): Long-term effects of
mulch, fertilization and tillage on cassava grown in sandy soils in northern Colombia. —
Field Crops Research 57(1): 45-56. https://doi.org/10.1016/S0378-4290(97)00114-7.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3409-3429.
http://www.aloki.hu ® ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI http://dx.doi.org/10.15666/aeer/1905_34093429
© 2021, ALOKI Kft., Budapest, Hungary



[15]

[16]

[19]

[20]

Amin et al.: Bio-economic performance of organic cucumber under woodlots-based agroforestry systems
- 3426 -

Chakraborty, M., Haider, M. Z., Rahaman, M. M. (2015): Socio-Economic Impact of
Cropland Agroforestry: Evidence from Jessore District of Bangladesh. — International
Journal of Research in Agriculture and Forestry 2: 11-20.

Chauhan, S. K., Dhillon, W. S., Singh, N., Sharma, R. (2013): Physiological Behaviour and
Yield Evaluation of Agronomic crops under Agri-horti-silviculture system. — International
Journal of Plant Research 3(1): 1-8. doi:10.5923/j.plant.20130301.01.

FAO (Food and Agricultural Organization) (2013): Synthesis of Guiding Principles on
Agriculture Programming for Nutrition. — http://www.fao.org/3/aq194e/aql194e.pdf
(Accessed 2020 Dec 20).

Garrity, D. P. (2004): Agroforestry and the achievement of the Millennium Development
Goals. — Agroforestry Systems 61: 5-17.

Gomez, K. A., Gomez, A. A. (1984): Statistical Procedures for Agricultural Research, 2™
Edition. — John Wiley & Sons, New York.

Hossain, S. A. A. M., Wang, L., Liu, H. (2018): Improved greenhouse cucumber production
under deficit water and fertilization in Northern China. — Journal of Agricultural and
Biological Engineering 11(4): 58-64.

Hu, F. B. (2003): Plant-based foods and prevention of cardiovascular disease: an overview.
— The American journal of clinical nutrition 78: 544S5-5518S.
https://doi.org/10.1093/ajcn/78.3.544S.

Izac, A.-M. N., Sanchez, P. A. (2001): Towards a natural resource management paradigm
for international agriculture: the example of agroforestry research. — Agricultural Systems
69: 5-25. https://doi.org/10.1016/S0308-521X(01)00015-4.

Lenhard, N. R., de Paiva Neto, V. B., de Paula Quintao Scalon, S., de Alvarenga, A. A.
(2013): Growth of Caesalpinia ferrea seedlings under different shading levels. — Pesquisa
Agropecuaria Tropical 43(2): 178-186. https://doi.org/10.1590/S1983-
40632013000200012.

Maikhuri, R. K., Semwal, R. L., Rao, K. S., Singh, K., Saxena, K. G. (2000): Growth and
ecological impacts of traditional agroforestry tree species in Central Himalaya, India. —
Agroforestry Systems 48: 257-271. https://doi.org/10.1023/A:1006344812127.

Marinari, S., Masciandaro, G., Ceccanti, B., Grego, S. (2007): Evolution of soil organic
matter changes using pyrolysis and metabolic indices: A comparison between organic and
mineral fertilization. — Bioresource Technology 98: 2495-2502.
https://doi.org/10.1016/j.biortech.2006.09.001.

Mukherjee, P. K., Nema, N. K., Maity, N., Sarkar, B. K. (2013): Phytochemical and
therapeutic potential of cucumber. — Fitoterapia 84: 227-236.
http://dx.doi.org/10.1016/j.fitote.2012.10.003.

Ntalli, N. G., Cottiglia, F., Bueno, C. A., Alché, L. E., Leonti, M., Vargiu, S., Bifulco, E.,
Menkissoglu-Spiroudi, U., Caboni, P. (2010): Cytotoxic Tirucallane Triterpenoids from
Melia azedarach Fruits. — Molecules 15: 5866-5877.
https://doi.org/10.3390/molecules15095866.

Olfati, J. A., Peyvast, G., Nosrati-Rad, Z. (2008): Organic Mulching on Carrot Yield and
Quality. — International Journal of Vegetable Science 14(4): 362-368.
https://doi.org/10.1080/19315260802303404.

Oyebamiji, N. A., Babalola, O. A., Aduradola, A. M. (2017): Decomposition and nitrogen
release patterns of Parkia biglobosa and Albizia lebbeck leaves with nitrogen fertilizer for
maize production in Sudan Savanna Alfisol of Nigeria. — Journal of Tropical Forestry and
Environment 7(1): 54-64.

Pervin, R., Hossain, M. S., Rahman, M. M., Wadud, M. A., Rahman, G. M. M. (2015):
Growth and yield performance of mustard under kalokoroi (Albizia lebbeck) based
cropland agroforestry system. — Journal of Agroforestry and Environment 9(1&2): 1-6.
Rahman, S. A., Imam, M. H., Snelder, D. J., Sunderland, T. (2012): Agroforestry for
Livelihood Security in Agrarian Landscapes of the Padma Floodplain in Bangladesh. —
Small-scale Forestry 11: 529-538. https://doi.org/10.1007/s11842-012-9198-y.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3409-3429.
http://www.aloki.hu ® ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI http://dx.doi.org/10.15666/aeer/1905_34093429
© 2021, ALOKI Kft., Budapest, Hungary



Amin et al.: Bio-economic performance of organic cucumber under woodlots-based agroforestry systems
- 3427 -

Rahman, M. A., Tani, M., Asahiro, K., Ullah, S. A. (2017): Species Composition, Diversity
and Productivity of Homesteads in Southeastern Bangladesh. — Small-scale Forestry 16:
295-309. https://doi.org/10.1007/s11842-016-9356-8.

Rajasree, R. S., Sibi, P. 1., Francis, F., William, H. (2016): Phytochemicals of
Cucurbitaceae family - A review. — International Journal of Pharmacognosy and
Phytochemical Research 8: 113-123.

Ranjan, P., Patle, G. T., Prem, M., Solanke, K. R. (2017): Organic Mulching-A Water
Saving Technique to Increase the Production of Fruits and Vegetables. — Current
Agriculture Research Journal 5(3): 371-380. http://dx.doi.org/10.12944/CARJ.5.3.17.
Rashid, M. M. (1999): Sabgi Biggan (in Bangla). — Rashid Publishing House, Dhaka.
Reppin, S., Kuyah, S., de Neergaard, A., Oelofse, M., Rosenstock, T. S. (2020):
Contribution of agroforestry to climate change mitigation and livelihoods in Western
Kenya. — Agroforestry Systems 94: 203-220. https://doi.org/10.1007/s10457-019-00383-7.
Sharma, R. R., Singh, R., Singh, D., Gupta, R. K. (2008): Influence of row covers and
mulching interaction on leaf physiology, fruit yield and albinism incidence in ‘Sweet
Charlie’strawberry (Fragaria x ananassa Duch.). — Fruits 63: 103-110.
https://doi.org/10.1051/fruits:2007052.

Sharmin, A., Rabbi, S. A. (2016): Assessment of Farmers’ Perception of Agroforestry
Practices in Jhenaidah District of Bangladesh. — Journal of Agriculture and Ecology
Research International 6(4): 1-10. doi:10.9734/JAERI/2016/21760.

Singh, R., Sharma, R. R., Goyal, R. K. (2007): Interactive effects of planting time and
mulching on ‘Chandler’strawberry (Fragaria x ananassa Duch.). — Scientia Horticulturae
111: 344-351. https://doi.org/10.1016/j.scienta.2006.11.002.

Sinkeviciené, A., Jodaugiené, D., Pupaliené, R., Urboniené, M. (2009): The influence of
organic mulches on soil properties and crop yield. — Agronomy Research 7: 485-491.
Sensteby, A., Nes, A., Mage, F. (2004): Effects of bark mulch and NPK fertilizer on yield,
leaf nutrient status and soil mineral nitrogen during three years of strawberry production. —
Acta Agriculturae Scandinavica, Section B-Soil & Plant Science 54(3): 128-134.
https://doi.org/10.1080/09064710410030276.

Teame, G., Tsegay, A., Abrha, B. (2017): Effect of organic mulching on soil moisture,
yield, and yield contributing components of sesame (Sesamum indicum L.). — International
Journal of Agronomy 2017: 1-6. https://doi.org/10.1155/2017/4767509.

Trichopoulou, A., Martinez-Gonzalez, M. A., Tong, T. Y., Forouhi, N. G., Khandelwal, S.,
Prabhakaran, D., Mozaffarian, D., de Lorgeril, M. (2014): Definitions and potential health
benefits of the Mediterranean diet: views from experts around the world. — BMC medicine
12: 112. https://doi.org/10.1186/1741-7015-12-112.

van Noordwijk, M., Bizard, V., Wangpakapattanawong, P., Tata, H. L., Villamor, G. B.,
Leimona, B. (2014): Tree cover transitions and food security in Southeast Asia. — Global
Food Security 3: 200-208. https://doi.org/10.1016/].gfs.2014.10.005.

Vidya, S., Girish, L. (2014): Water hyacinth as a green manure for organic farming. —
International Journal of Research in Applied Natural and Social Sciences 2(6): 65-72.
Vishnukanta, Rana, A. C. (2010): Evaluation of hydroalcoholic extract of Melia azedarach
Linn roots for analgesic and anti-inflammatory activity. — International Journal of
Phytomedicine 2(3): 341-244.

WHO (World Health Organization) (2003): Diet, nutrition, and the prevention of chronic
diseases: report a joint WHO/FAO expert consultation. — WHO Technical Report Series,
No. 916.

World Food Summit (1996): Report of the World Food Summit. — Rome, Italy.

Xu, X., Inubushi, K., Sakamoto, K. (2006): Effect of vegetations and temperature on
microbial biomass carbon and metabolic quotients of temperate volcanic forest soils. —
Geoderma 136: 310-319. https://doi.org/10.1016/j.geoderma.2006.03.045.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3409-3429.
http://www.aloki.hu ® ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI http://dx.doi.org/10.15666/aeer/1905_34093429
© 2021, ALOKI Kft., Budapest, Hungary



Amin et al.: Bio-economic performance of organic cucumber under woodlots-based agroforestry systems
- 3428 -

[43] Yaghi, T., Arslan, A., Naoum, F. (2013): Cucumber (Cucumis sativus, L.) water use
efficiency (WUE) under plastic mulch and drip irrigation. — Agricultural water
management 128: 149-157. https://doi.org/10.1016/j.agwat.2013.06.002.

[44] Yang, Y.J., Dungan, R. S., Ibekwe, A. M., Valenzuela-Solano, C., Crohn, D. M., Crowley,
D. E. (2003): Effect of organic mulches on soil bacterial communities one year after
application. — Biology and Fertility of Soils 38: 273-281. doi: 10.1007/s00374-003-0639-
9.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3409-3429.
http://www.aloki.hu ® ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI http://dx.doi.org/10.15666/aeer/1905_34093429
© 2021, ALOKI Kft., Budapest, Hungary



Amin et al.: Bio-economic performance of organic cucumber under woodlots-based agroforestry systems
- 3429 -

APPENDIX

Appendix 1. The production cost of cucumber under Albizia lebbeck, Melia azedarach, and Leucaena leucocephala woodlot-based agroforestry
systems along with sole cropping (average of one year)

Input cost Overhead cost
Non-material cost Material cost (US$/ha) Interest of] Interest
(US$/ha) Total |, of the value | . Total cost
. input cost Miscellaneous
i input of land (US$ of
Treatment Total Initial @ 8% for cost @ 5% of .
. . Total cost 3529/halyear)|,, . production
Cucumber| non- Jute |Bamboo [Maintenance[plantation 1 (US$/h the crop the input cost US$ /h
Trees . . | Seed . material|( a) @ 8% for the ( a)
production/material rope | stick |cost of trees| cost of season (US$ /ha)
cost trees cost (US$/ha) | TP Season
(US$ /ha)
T | 945.00 | 954.00 |288.00|78.00| 105.00 | .cecoveer | aeninnns 471.00 | 1425.00 | 114.00 282.00 71.00 1892.00
T, 168.00 | 945.00 |1122.00|288.00|78.00| 105.00 59.00 171.00 | 701.00 | 1823.00 | 146.00 282.00 91.00 2342.00
T3 169.00 | 945.00 |1123.00|288.00|78.00| 105.00 59.00 123.00 | 653.00 | 1776.00 | 142.00 282.00 89.00 2289.00
Ts 171.00 | 945.00 |1125.00|288.00|78.00| 105.00 59.00 147.00 | 677.00 | 1802.00 | 144.00 282.00 90.00 2318.00
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Abstract. Germination tests and pot experiments were conducted to explore the allelopathic effect of
aqueous extracts of S. nigrum on germination, growth and yield of Vicia faba (L.) and Phaseolus vulgaris
(L.). Ten treatments including control were prepared by using extracts obtained from different parts of S.
nigrum, including roots, leaves, and seeds at 3 concentrations (10, 40, and 60%) to conduct the
germination test. The pot experiment was studied by incorporating powder of different plant parts into the
soil at 3 concentrations (0.5, 1, and 1.5%). The results of the germination test revealed that the aqueous
extracts of roots and leaves significantly reduced germination percentage, radicle, and plumule length of
both beans. There was a direct negative relationship between germination test and the plant parts used,
including their concentrations. However, seed extract showed a non-significant difference (p > 0.05). In
the pot experiment, different powders of black nightshade incorporated into the soil decrease plant height,
root length, fresh and dry weights. However, the number of leaves was not affected. Also, yield
components were decreased with the highest concentrations used. The reduction of germination, growth,
and yield of the broad and common beans increased with higher concentrations of root and leaf aqueous
extracts, while that of seeds had limited effect. The strongest allelopathic effect of broad and common
beans was caused by root extracts of the highest concentration.

Keywords: aqueous extract, germination test, pot experiment, plant height, yield components

Introduction

Allelopathy is a form of interaction between plants, exerted through a chemical
inhibitor produced by a plant helping to intervene in the growth and development of
another one (Zeng et al., 2010). These chemicals with allelopathic potential can be
released into the environment, under suitable conditions, in sufficient amounts to affect
neighboring plants (Tahir, 2011). Allelopathy has beneficial or harmful effects on plants
due to the release of allelochemicals which are secondary metabolites, which are present
in all plant tissues including leaves, stems, flowers, roots, and seeds (Mohsin et al.,
2016).

Solanaceae plants have the ability of allelopathy, and so that the species of plants
control the behavior, form, and amount of allelopathic compounds (Mushtaq and
Siddiqui, 2018). The genera of this family, Withania, Solanum, lochroma, Nicotiana,
and Datura are rich sources of sesquiterpenoid phytoalexins (Elakovich, 1987). The
toxic alkaloids present in certain species of the family have given it its vernacular name
of nightshade. The genus Solanum is massive, contains species distributed in many parts
of the world. The non-growth or growth depletion of neighboring plants is caused by
allelopathic constituents of this genus (Mushtaq and Siddiqui, 2018). The phenomena
have been found in the two biologically active glycoalkaloids, solasonine, and
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solamargine (Fukuhara and Kubo, 2004). Solanum nigrum (L.) is a common and
troublesome annual weed in many parts of the world, it is one of the most widespread
species in Solanaceae family. S. nigrum is a common plant due to its toxic content of
Solanine, a glycoalkaloid found in most parts of the plant, with the highest
concentrations in the unripened berries (Imad et al., 2017). Although it is considered a
rich source of one of the most popular plant poisons, it has also proven to be a
pharmacologically prospective reservoir of phytochemicals. Leaves and berries of S.
nigrum are commonly used in South India for the treatment of gastric ulcers, gastritis,
and other gastric problems (Hadi et al., 2017; Chen et al., 2009).

Considering the economic importance, and nutritional facts of leguminous crops, broad
and common beans in the world especially in developing countries. The article aimed to
determine the effect of aqueous extracts obtained from different parts of the black
nightshade, at various concentrations, on the germination, growth and yield of common
and broad beans cultivated in Egypt, to assess the plant’s allelopathic potential.

Materials and methods
Site of experiments

Two experiments were conducted to study the allelopathic effect of different parts of
S. nigrum, including germination test and pot experiment. The germination test was
carried out in the laboratory of Plant Ecology, Faculty of Science, Zagazig University,
Egypt. The pot experiment was carried out in the greenhouse of the faculty under field
conditions.

Plant collection

Matured black nightshade was collected at the fruiting stage from an agricultural
field west of Zagazig University. The plant was separated into roots, leaves, and seeds
then oven-dried and ground into a fine powder using mortar. Broad bean (V. faba) and
common bean (Ph. vulgaris) seeds were obtained from Agricultural Research Centre,

Egypt.

Chemical analysis

Quantitative estimation of the four major active principles in root, leaf, and seed
powders of black nightshade was carried out. Total alkaloid and saponin were determined
according to Obadoni and Ochuko (2001). Total flavonoid content was estimated by the
method of Srisawat et al. (2010) and tannin according to Edeoga et al. (2005).

Germination test

This experiment was conducted to explore seed germination, length of the radicle,
and plumule of beans under the effect of aqueous extract of roots, leaves, and seeds of
black nightshade. Aqueous extract of different plant parts was prepared by adding 20 g
of the dried part to 800 ml of distilled water, then put in a magnetic stirrer for 24 h. The
extracts were filtered (stock solutions) and stored at 4 °C until use later. From each
stock solution, three concentrations were prepared by dilution method (10, 40, and
60%), these concentrations were selected depending on a previous study (Stef et al.,
2013).
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Ten seeds of both beans were put sparsely in a filter paper covered glass petri dish
(10 seeds/petri dish). Each dish was applied by 5 ml aqueous extract of each plant part,
whereas 5 ml distilled water was applied to the control. The treatments were arranged
with three replicates in a fully randomized system. The petri dishes were kept in the
laboratory at room temperature for 10 days, the germinated seeds were counted to
calculate the germination percentage, and the length of radicle and plumule were
measured.

Pot experiment

The pots used were 30 cm in diameter, and 30 cm high filled with equal amounts of
sieved soil (2:1 v/v clay and sand). The soil was incorporated with 10, 20, and 30 g of
plant parts powder representing 0.5, 1, and 1.5% (residue/soil, w/w) respectively. Soil
without S. nigrum residue represented control. Each pot was planted with 5 seeds of
broad and common beans. After emergence, the seedlings were thinned to 3 seedlings
per pot. The pots were kept free from weeds and irrigated uniformly. Each treatment
was replicated 3 times and pots were distributed in a complete randomized design. At
30 days after sowing, growth parameters like plant height, root length, number of
leaves, fresh, and dry weights of plants were recorded. At harvest broad and common
beans were taken to determine the yield components like the number of pods/plant,
number of seeds/pod, and weight of 100 seeds (g).

Statistical analysis

Data were statistically analyzed using SPSS program version 23. The averages of
different groups and standard error were calculated. The two-way ANOVA test was
performed for comparison between the different studied factors (i.e., Aqueous extract
and treatments) and followed by post hoc test using Duncan multiple range (DMR) test
for comparisons between means of groups. The means followed by the same letter in
each column are not significantly different from each other at the 5% probability level
(p value at 0.05).

Results

Chemical analysis of black nightshade revealed the presence of many bioactive
secondary metabolites in all parts of this plant, particularly alkaloids which are
responsible for suppressing the growth of other plants (Table 1).

Table 1. Chemical constituents in different parts of black nightshade

Content (%)
Plant parts ; : . :
Alkaloid Flavonoid Tannin Saponin
Roots 1.68 0.73 0.14 0.30
Leaves 1.39 0.88 0.16 0.28
Seeds 0.962 0.49 0.13 0.27

There was no significant difference between the two leguminous plants in their
response to residue and extract of the allelopathic plant for all parameters recorded.
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Germination test

The results presented in Figures I and 2 showed clearly the effects of different
aqueous extracts of black nightshade, different treatments, and interaction effects on
germination percentage, and length of radicle and plumule of beans. These
parameters significantly (p <0.05) decreased after being treated with roots and
leaves aqueous extracts of black nightshade. However, the reduction in these
parameters increased with the concentration of aqueous extracts, and depend on the
part used in the extract. According to the displayed data, aqueous extract of seeds
was found to be non-significant (p > 0.05) for all parameters. The highest inhibitory
effects were exhibited by root extract particularly at 60% concentration, compared to
control. The lowest seed germination and length of radicle and plumule of broad
bean were 68.2%, 2.80 cm, and 3.65 cm respectively for aqueous root extract
(Fig. la, b, c¢). In common beans, seed germination and length of radicle and
plumule significantly lowered to 84.31%, 3.08 cm, and 4.36 cm respectively for
those treated with root extract (Fig. 2a, b, c).
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Figure 1. Effects of black nightshade aqueous extracts, different treatments and interaction
effect on broad bean, a: germination percent (%); b: radical length (cm); c: plumule length
(cm). Error bars indicating the standard error (SE) of three replicates, are
significantly*P < 0.05
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Figure 2. Effects of black nightshade aqueous extracts, different treatments and interaction
effect on common bean, a: germination percent (%), b: radical length (cm); c: plumule length
(cm). Error bars indicating the standard error (SE) of three replicates, are
significantly*P < 0.05

Pot experiment

The results presented in Table 2 and 3 showed the effect of root, leaf, and seed
powders incorporated into the soil on growth parameters of beans. All parameters
investigated in this study except the number of leaves significantly (p < 0.05) decreased
in both plants treated with different powders of black nightshade.

Relative to control, plant height of both beans significantly decreased, and this
reduction was increased as different powders increased in the soil. The greatest
reduction in plant height was observed when root powder was added to the soil at 1.5%.
The plant height of the broad bean lowered to 27.05 cm (Table 2) and the common bean
decreased to 26.1 cm (Table 3).

The data of root length showed the same trend of plant height, the greatest reduction
in root length was recorded when root powder was incorporated into the soil. The root
length of broad and common beans in control was 16.23 and 16.53 cm, respectively.
The root length decreased to 10.06 cm in the broad bean, and 13.07 cm in the common
bean (p <0.05).
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Table 2. Growth parameters of broad bean under the effect of different concentrations of
black nightshade residues

Treatments Plant height Root length Fresh wt. Dry wt. Leaves no.
(%) (cm) (cm) (8 ()
RO0.5 29.58+0.32ef | 12.03+£0.03fg | 744+0.22de | 2.19+£0.13 fg 10£0.33 a
R1 28.55+022¢g | 10.75£0.25h | 6.64+0.17f | 1.81+£0.12 ¢ 9.66 £0.57 a
R1S5 27.05+0.12h | 10.06£0.08h | 6.01+0.01g | 1.13£0.08 h 9.66+0.33a
Mean 30.09 £3.09 ¢ 1227+251c | 741+£145¢c | 2226+1.03¢c| 9.91+£0.67a
LO0.S5 31.33+£0.33d | 13.58+0.25d | 8.12+£0.11¢ | 3.02+0.03 cd 10+£0.57 a
L1 30.18+0.12¢ | 12.50+£0.28 ef | 7.98 £0.02 cd | 2.66 £ 0.07 de 10£0.33 a
L15 29.35+0.19f | 11.54+023g | 7.11£0.11ef | 2.28£0.08 ef | 9.66+0.33 a
Mean 3142+222b | 13.46+1.87b | 8.19+097b | 2933+0.6b | 10.00+0.74 a
S0.5 34.50+0.28 ab | 15.51+£0.28ab | 9.01 £ 0.09 ab | 3.32+0.16ab | 10.33+0.66 a
S1 33.94 £0.05ab | 14.50+0.28 ab | 8.80+0.1ab | 3.05+0.05bc | 10.33+0.33a
S1.5 32.31+£0.33¢ | 12.77+£0.39bc | 8.06+0.03cd | 2.80+0.11d 10.30+0.66 a
Mean 3390+ 1.08a | 1475+143a | 8.86+0.63a | 3.231+044a| 1033+0.78a
Control 3484+031a | 1623+0.17ab | 9.58+0.34a | 3.75+0.23ab | 1033+0.33a

Mean + standard error based on ANOVA analysis. Means in the same raw followed by the same letter
in each column are not significantly different from each other at the 5% probability level (p value at
0.05) according to Duncan Multiple Range Test (DMRT). R: root; L: leaf; S: seed

Table 3. Growth parameters of common bean under the effect of different concentrations of
black nightshade residues

Treatments Plant height Root length Fresh wt. Dry wt. Leaves no.
(%) (cm) (cm) () (g
R 0.5 27.55+022ef | 1446+0.15d |6.76+0.15def | 1.92+0.07d | 7.66+0.33°
R1 26.87+0.13 g 13.78 £0.14 ¢ 6.16£0.09fg | 1.34+£0.09f 8.00+1a
R1.5 26.10+ 0.1 h 13.07£0.07 £ 5.67+0.08g | 0.94+0.06¢ 7.00+x1a
Mean 27.64+1.57c 1446+ 1.37c 6.78+t1.17 ¢ 1.85+£089¢ | 758+ 1.16a
L0.5 28.81+0.1¢ 1526+ 0.13bc | 7.35+£0.18cd | 2.30+£0.14c | 8.00+0.57 a
L1 27.87+0.23de | 14.80£0.1bc | 6.91+0.08de | 2.01+0.01d | 7.66+0.33a
L1.5 27.18+0.17fg | 14.28+0.15de | 6.51+0.08ef | 1.64+0.11e | 7.66£0.882a
Mean 2848+ 1.16 b 1522+ 091D 7.32+0.84b | 2.28+0.62b | 7.75+0.87a
S0.5 2991+0.2 ab 16.15+0.14 a 8.25+0.21 ab | 3.03+0.03 ab 8.00+0a
S1 29.39+0.23ab | 1539+0.19ab | 7.77+0.13bc | 2.83£0.1b 7.66 +0.66 a
S1.5 2826+0.13d | 15.07+£0.07bc | 7.21£0.12cd | 246+0.02c | 8.00£0.57 a
Mean 29.40+0.79 a 15.78 £0.67 a 7.94+0.61 a 2.88+03a 7.83+0.72 a
Control 30.06+0.19 a 16.53+0.25a 853+034a 3.19+0.07a | 766+033a

Mean + standard error based on ANOVA analysis. Means in the same raw followed by the same letter
in each column are not significantly different from each other at the 5% probability level (p value at
0.05) according to Duncan Multiple Range Test (DMRT). R: root; L: leaf; S: seed

Fresh and dry weights of both plants follow the same approach as for the plant height
and root length. Relative to control, root powder at concentration 1.5% showed the
greatest reduction of fresh weight of both plants. The lowest fresh weight of broad bean
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was 6.01 g while the highest value was 9.58 g observed in control (7able 2). In common
beans, the lowest fresh weight was 5.67 g while the highest value was 8.53 g which was
found in control (Table 3). The highest dry weight of broad and common beans were
3.75 and 3.19 g observed in control while the lowest values 1.13, and 0.94 g
respectively were found in pots with 1.5% root powder.

The data recorded in beans revealed that the greatest reduction in the previous
parameters was observed when roots of black nightshade were applied then the leaves
while seeds had limited influence. It is suggested to indicate that the measured
properties were not significantly different from the control after treated with seed
residues this may be attributed to that this organ has the smallest amount of alkaloid.

For the number of leaves, there was no significant difference between different
powders treated with different rates in the soil of both plants (p > 0.05). The results
showed that the incorporated powders of S. nigrum into the soil at rates 0.5, 1, and 1.5%
did not affect the number of leaves of broad and common beans.

The results of yield components of beans were recorded in Table 4. All applied
powders of black nightshade incorporated into the soil (0.5, 1, and 1.5%) significantly
decreased all yield components except the seed powder. Root and leaf powders of black
nightshade produced lower yield components than control. Therefore, it could be
concluded that S. nigrum roots and leaves residues (at 0.5, 1, and 1.5%) incorporated
into soil caused a reduction in the yield of broad and common beans.

Table 4. Effect of different residues concentrations of black nightshade on the yield of broad
and common beans

Broad bean Common bean
Treatments
(%) No. of pods | No. of seeds WL of 1001 ) ¢ pods | No. of seeds WE. of 100
seeds (g) seeds (g)

R 0.5 5.71+0.19d | 3.42+0.16 cd | 79.63+£0.77 ¢ | 7.91+£0.13 b | 4.95£0.06 ¢ | 35.23+0.12 ¢
R1 4274021 e | 2.66+0.11 e | 75.86+£0.26 d | 6.86+£0.22d | 4.02+0.18 d | 32.56+0.31d
R 1.5 3.27+0.14f | 1.85+0.10f | 72.38+0.14 e | 6.10+0.05¢ | 3.28+0.17 ¢ | 30.66+0.17 ¢
Mean 5.15£1.64 ¢ | 3.06£0.98 ¢ | 77.79+4.31 c | 7.45t1.14 ¢ | 4.43+0.93 b | 37.62+0.4 a
LO0.5 6.30+0.25 ¢ | 3.80+0.10 bc | 81.46+0.4b | 8.17+0.09 b | 5.05+0.04 bc | 36.13+0.20 b
L1 5.69+0.21 d | 3.08+0.04 de | 79.67+0.66 ¢ | 7.38+0.19 ¢ | 4.28+0.22d | 34.73+£0.37 ¢
L1.5 4.30+0.15e | 2.18+0.10f | 74.98+0.19d | 6.65+0.18 d | 3.79+0.14 de | 32.63+0.18 d
Mean 591£1.2b | 3.34+0.86b | 79.85+3.29b | 7.78+0.92b | 4.65£0.74b | 37.62+0.4 a
S0.5 7.05+0.07 ab | 4.27+0.12 a | 82.33+0.25a | 8.01£0.06 a | 5.04+0.17 a | 37.90+0.09 a
S1 6.68+0.24 be | 3.98+0.01 ab | 83.08+0.11 a | 8.10+£0.13 a | 5.12+0.27 ab | 37.66+0.1 a
S1.5 6.9870.21 ab | 4.14*0.22 ab | 82.44+0.31 a | 8.03+0.13 a {4.394+0.27 abc| 36.3£0.17 a
Mean 7.02+0.38 a | 4.18+0.27 a | 83.33+0.39a | 8.96+£0.18a | 5.58+04a | 37.62+0.4 a
Control 7.36+0.2a | 4.32+0.19a | 83.29+0.21 a | 8.9340.11 a |5.49+0.25 abc| 37.62+0.39 a

Mean + standard error based on ANOVA analysis. Means in the same raw followed by the same letter
in each column are not significantly different from each other at the 5% probability level (p value at
0.05) according to Duncan Multiple Range Test (DMRT). R: root; L: leaf; S: seed

Discussion

The high nutritional value and protein content make broad and common beans,
belonging to the family Leguminosae, the most important crops in the world, especially
in developing countries. Weeds cause a substantial decline in agriculture production
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through direct and indirect effects. Therefore, it is important to determine the effect of
these weeds on the growth of crops. Also, S. nigrum is distributed in some field crops in
Egypt.

According to the displaying data, black nightshade affects germination, growth, and
yield of beans negatively. The probable reason for S. nigrum potent allelopathic activity
may be due to the presence of many bioactive secondary metabolites in this plant,
particularly alkaloids which are responsible for suppressing the growth of other plants
(Sabh and Ali, 2010). The inhibitory effect on yield and yield parameters is directly
proportional to the increase in the concentration used and this might be due to the
presence of toxic allelochemicals like alkaloids. According to Girija and Gowri (2008)
the leaf, and fruit extracts of S. nigrum contain alkaloids, that may suppress the
germination, radicle length, and total protein content of P. sativum, E. coracona, and T.
foenum.

Eltayeb et al. (1997) reported that solasodine occurs in roots, stems, leaves, and fruits
of S. nigrum. The lowest levels are registered in stems and the highest in leaves. In
vegetative organs, and particularly in roots, absolute amounts of solasodine rise steadily
with age but decrease in fruit. From the results obtained, we found that the root of S.
nigrum had the strongest allelopathic effect on germination, yield, and growth
parameters compared to leaves, and seeds. Likewise, Imad et al. (2017) found that the
alkaloidal content of plant parts changes during the development of S. nigrum, the
absolute amount of alkaloid per leaf increased during leaf development, whereas the
concentration declined. Both the concentration and the absolute amount of solasodine
per fruit decrease with fruit maturation. Generally, Debnath et al. (2016) found that
leaves aqueous extract exhibit more allelopathy for seedlings than those from the
flowers of S. sisymbrifolium (Lam.) on V. radiata, A. mangostanus, and B. campestris,
whereas it is less effective on O. sativa. However, the leachates extracted at the
flowering stage from N. plumbaginifolia provided the greatest growth inhibition and
biochemical parameters for seedlings of sunflower depending on concentration (Singh
et al., 2015). Also, Morais et al. (2013) displayed that ethanol extract and fractions
obtained from ripe fruits of S. lycocarpum showed allelopathic potential on the growth
of onion radicles; inhibitory effect on the growth of hypocotyls, and radicles of lettuce.
The results of germination and pot experiments showed a great reduction increased with
the concentration of allelopathic plant, this agrees with Bosch et al. (2004) who showed
that leaf leachates of S. mauritianum (Scop.) reduced germination in H. stricta in a
concentration-dependent manner. The growth of both beans was suppressed and radicle
and plumule length were decreased, these may be attributed to the allelochemicals
which disrupt the growth hormones. El-Shora et al. (2015) found that radicle and
plumule of fenugreek, a medicinal plant showed a sensitive response to allelochemicals
from aqueous extracts which might have interfered with hormones that encourage
growth, development, cell elongation, and cell division especially on younger active
root tips.

All growth parameters, plant height, root length, fresh and dry weights except
number of leaves reduced after applying root and leaf residues in soil. Allelochemicals
from leachates of S. nigrum might have interfered with photosynthesis leading to drastic
changes in the physiology of plants. El-Shora et al. (2018) found that the decline in
photosynthesis may have contributed to decreased growth of plants and decreased
accumulation of fresh biomass due to decreased water content in the species studied. In
this regard, Fikreyesus et al. (2011) reported that tomato root elongation was inhibited
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by extracts of Eucalyptus camandulensis, and Gulzar et al. (2014) observed that the root
length of C. album, M. alba, and N. plumbaginifolia decreased as the concentration of
C. sophere increased. The results of the study are consistent with Hamidi et al. (2008)
who observed the allelopathic ability of H. spontaneum residues incorporated into the
soil on the length of seedling, and the dry weight of 7. aestivum. Also, Ismail and
Siddiqui (2011) found that seedling length and weight of O. sativa were suppressed by
residues of C. iria. The greatest reduction in growth parameters was observed at 1.5%
concentration residue of S. nigrum, and this was consistent with the results of Zohaib et
al. (2014) who found that the inhibitory effects of five leguminous weeds against rice
caused by the highest concentration of water extracts and residues of these weeds.

Conclusion

Allelopathy can cause substantial decline in the growth and yield of crops. This study
was devoted to determining the allelopathic effects of different parts of black
nightshade on some leguminous crops, broad and common beans. According to the
results of germination and pot experiments, it was found that roots of black nightshade
had the highest inhibitory effect on beans. Germination, growth parameters except for
the number of leaves and yield exhibited a high level of inhibition by the highest
concentration of roots. While seeds showed a limited influence on these parameters.
The decline of growth and yield requires further studies on the germinated seeds related
to the biosynthesis of secondary metabolites at molecular level. The results confirmed
that S. nigrum has an allelopathic effect on broad and common beans which depends on
plant parts and concentration used in the extract preparation.
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Abstract. Wheat plays a particularly important role in the human diet. Environmental stresses negatively
affect wheat development and yield. This study was conducted to determine the effects of high
temperature-cadmium interactions on total chlorophyll content, chlorophyll a / chlorophyll b ratio as well
as cadmium and mineral nutrient contents (potassium, magnesium, zinc, calcium) in wheat seedlings.
Seedlings belong to two varieties of bread wheat (Triticum aestivum L.) named Dagdas and ES-14 were
treated with different concentrations of cadmium (Cd) (0, 15, 75 ppm), under different (24/16°C and
40/30°C daytime/night-time) temperature conditions. The total chlorophyll increased in the Dagdas and
decreased in the ES-14 in response to the high-temperature treatment (40/30°C). Cadmium caused a
decrease in the Chlorophyll a/b ratio in varieties at high-temperature conditions. The accumulation of
cadmium and uptake of other minerals in shoots differed depending on the wheat variety and
cadmium-temperature interaction. Cadmium accumulation in shoots increased in response to the
cadmium treatments. Cadmium accumulation decreased at the 40/30°C temperature compared to that at
24/16°C temperature. Calcium accumulation increased in shoots as a response to high temperature in both
varieties. In both varieties, the potassium content increased in response to cadmium (15 uM) and high
temperature.

Keywords: heavy metal, wheat, Dagdas, ES-14, heat stress

Introduction

Climate change and global warming researchers have estimated that a dry and warm
climate will affect many regions, including southern Europe recently (Kalefetoglu and
Ekmekgci, 2005). High temperatures can hamper grain production and quality (Gulli et
al., 2005). Heat shock can also lead to the development of heavy metal resistance in
wheat seedlings (Orzech and Burke, 1988). Soil contamination with heavy metals, such
as cadmium (Cd), lead and mercury affects plant growth and development (Qiao et al.,
2019). Microelement deficiency affects plant growth (Qiao et al., 2019). Cd can be
absorbed easily by different plant parts (Gianazza et al., 2007). Previous research
showed that both Cd and high temperatures caused stress in plants, leading to sizable
production losses. High concentrations of Cd inhibited plant growth and development,
as well as enzyme activity and photosynthetic organs, resulting in reduced
photosynthesis (Di Toppi and Gabrielli, 1999). Besides, stress factors affect some
transcription factor and genes. TaMYB73, TaERF1 and TaSRG genes’ expression
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levels increased in the seedlings of two wheat varieties (Triticum aestivum L. cv.
C-1252 and Giin-91) exposed to chromium (Cr) and temperature stress (Ergiin et al.,
2014). Dogru and Ergiin (2021) Dagdas and Konya 2002 examined Cd and salt
interactions in wheat varieties. The research result showed the highest increase in
Dagdas gene expression. High NaCl and Cd concentrations caused an increase in ERF1
expression in the Dagdas variety. Increased TaSRG expression with Cd application in
Konya 2002 variety, probably 1t may be associated with Cd resistance.

Wheat growth and development has declined worldwide because of agricultural areas
becoming infertile due to various stresses, including high temperatures, salinity and
heavy metal contamination (Oncel et al., 2000; Ergiin et al., 2014). The increase in
temperatures worldwide, in addition to heavy metal accumulation in the food chain,
poses a threat to all living organisms on Earth. Research on the relation between heavy
metal contamination and high temperature-induced stress is important for understanding
tolerance mechanisms developed by plants growing in regions exposed to stressors.
Such research on the mechanisms of heavy metal and high-temperature resistance in
plants can aid the selection of heat-resistant and heavy metal-resistant varieties.

The present study aimed to detect the effects of different concentrations of Cd,
temperature and temperature-heavy metal (Cd) interactions on the total chlorophyll
(Chlorophyll a+b) (Chl) content, Chl a/b ratio, Cd accumulation and mineral (potassium
[K], magnesium [Mg], zinc [Zn] and calcium [Ca]) contents in wheat plants.

Materials and methods
Materials

This study was conducted at Hatay Mustafa Kemal University in Turkey. Two
varieties of bread wheat (Triticum aestivum L. cv. Dagdas and ES-14) were supplied by
the Cukurova University Faculty of Agriculture in Turkey. The Dagdas - 94 wheat
variety has been reported to have higher salt tolerance than the ES-14 variety (Karanlik,
2001). The Dagdas - 94 wheat variety is known to be resistant to drought, incubation
and cold (Oztiirk and Aydin, 2017).

Methods
Plant growth conditions

Seeds of the two varieties were germinated between two layers of filter paper in a
plant growth cabinet at 24 + 2°C for 48 h. At the end of this period, seedlings were
transferred to pots containing sand and perlite and grown under 24/16°C
(daytime/night-time) with 50% humidity in a Percival model plant growth cabinet for
5 d. The seedlings were then transferred to pots containing nutrient solution composed
of half-strength Arnon and Hoagland (1940) nutrient solution (pH 5.8).

The experiments were designed according to a completely randomized design with 4
replications. Cultivars are a mean factor, temperature and cadmium doses are split plots
on cultivars. The study was conducted under two different temperatures. In the first set
of experiments, the plants were grown in nutrient solutions containing Cd at
temperatures of 24/16°C (daytime/night-time), which are the optimum temperatures for
wheat growth. Chlorine salt of Cd was used as a heavy metal stressor in this study, with
three different concentrations (0, 15 or 75 pM) added to the nutrient solution. In the
second set of experiments, the same Cd treatments were repeated, but the cabinet
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temperature was increased to 40/30°C (daytime/night-time). The seedlings were grown
in these solutions for 5 d. At the end of this period, the plants were harvested. Plant
samples were cut from the zone where the root and offshoot parted, and the shoots and
roots were harvested separately.

For analyses of chlorophyll content, the fresh samples were determined using a
Shimadzu UV-VIS Spectrophotometer.

For analyses of heavy metal and mineral elements (Cd, Ca, K, Mg and Zn), the shoot
samples were dried at 70°C for 48 h, and their dry weights were measured. The dry
plant samples were digested with sulphuric acid, perchloric acid, nitric acid using the
wet decomposition method. The Cd and mineral nutrient concentrations were
determined using a Varian Liberty Series II model Inductively Coupled Plasma-Atomic
Adsorption Spectrophotometer (Hatay Mustafa Kemal University Antakya Hatay
Turkey).

After harvesting the samples, the Chl content in fresh shoots was investigated. The
Chl a/b ratio and total Chl (a + b) contents (mg g™ fresh weight (F.W.)) in leaf tissues
were determined, according to the method of Arnon (1949), and the corrected values
were then calculated according to the method of Porra (2002).

Statistical analysis

The values obtained from the experiments were subjected to analysis of variance
(ANOVA) using the general linear models procedure in the SPSS (SPSS Inc. Chicago,
Illinois, USA) package program. Statistically significant results were subjected to a
Least Significant Difference multiple comparison test (p < 0.01).

Results
Total chlorophyll (Chl) content

In the experiments, the total Chl content increased in the Dagdas variety and
decreased in the ES-14 variety in response to the high-temperature treatment (Fig. 1).
Chl (a / b) ratio 15 uM Cd application, although both temperatures increased ES-14
varieties, did not increase in Dagdas cultivar at 24/16°C day/night temperature. Dagdas
variety has the lowest total chl at 24/16°C 15 uM, while ES-14 variety increases the
total Chl value at 15 uM Cd at both temperatures and decreases at 75 uM Cd.

The chlorophyll a/b ratio

However, the Chl a/b ratio in both varieties decreased in response to the 75 uM Cd
treatment at 40/30°C. It also decreased in the ES-14 variety but not in the Dagdas
variety at 24/16°C. The Chl a/b ratio was low in Dagdas seedlings grown under 24/16°C
conditions at Cd concentrations of 15 and 75 uM (Fig. 2).

Mineral content

In the present study, there was a close relationship between the Cd concentration and
its accumulation in shoots in both varieties (p < 0.01) (Table 1). More Cd accumulated
in the ES-14 variety as compared with that in the Dagdas variety under 24/16°C
conditions (p < 0.05). In a previous study on wheat seedlings treated with Cd, more Cd
accumulated in root parts than in shoots and seeds. The role of temperature in increasing
toxic responses to heavy metals is well known (Li et al., 2011). Roots are the first
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organs to be affected by the accumulation and retention of heavy metals. Heavy metal
accumulation together with increasing temperature, affects membrane lipids in the roots
and leads to significant inhibition of root growth (Fritioff et al., 2005). In this study, Cd
accumulation in shoots increased in the Cd treatments and decreased at high
temperature. These findings may be due to Cd accumulation in roots inhibiting root
growth, with a subsequent decrease in metal transport to shoots.

®Dagdas 24/16 MDagdas 40/30 WES-14 24/16 DOES-14 40/30

3.0

Chlorophyll a+b (mgg! FW)

Cd concentration (uM)

Figure 1. Effects of cadmium-temperature (24/16°C and 40/30°C) interactions on total
chlorophyll (Chl) content (mg g-1 FW) in Dagdas and ES-14 wheat seedlings
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Figure 2. Effects of cadmium-temperature (24/16°C and 40/30°C) interactions on the
chlorophyll a/b ratio in Dagdas and ES-14 wheat seedlings
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Table 1. The effects of genotype and temperature on the minerals (Ca, Cd, K, Mg and Zn)
content

Temperatures (°C)

Genotype Ca (%D.W) Cd (ppm) K (%D.W) Mg (%D.W) Zn (ppm)
24/16 40/30 Avr. |24/16 40/30 Avr. |24/16 40/30 Avr. | 24/16 40/30 Avr. |24/1640/30 Avr.
Dagdas [0.34 ¢ 0.51B0.43B(37.4b 153 D 26.3b(0.89b 0.90 b 0.90B|0.19 b 0.26 a 0.23 [26.2 27.0 26.6
ES-14 ]0.54 ab 0.55A0.55A41.7a22.1 C 319a|l.11a0.93 b 1.02A[0.22ab0.22ab0.22 [28.8 28.8 28.8

Averege [0.44 B 0.53 A 395A18.7 B 1.00A0.92 B 0.21 B 0.24 A 27.5 279
G * * o ns ns
T *kk *kk *% * s
GxT  |0.04 #** 1.2 * 0.06 ** 0.04 * ns
CV  16.07 5.03 5.87 11.9 6.82

##%: p<0.001; **: p< 0.01; *: p< 0.05 and ns: non-significant

In the present study, Ca accumulation in both varieties increased at high temperature.
However, the Cd treatment did not appear to influence the Ca content, irrespective of
the concentration. More Ca accumulated in the ES-14 variety under optimum
temperature conditions as compared with that in the Dagdas variety under the same
conditions (p < 0.05). The Ca content in the Dagdas variety seedlings increased in the
high Cd/high-temperature treatment (p < 0.01) (Table 1). In a previous study, Ca
accumulation in shoots of wheat seedlings treated with Cd increased as compared with
that in a control Lii 667 variety and decreased in Huabei 45-4 and E81513 varieties
(Zhang et al., 2002).

In the present study, the K content in wheat seedlings of the ES-14 variety in the
16/24°C treatment increased as compared with that in the Dagdas variety under the
same temperature conditions (p < 0.01) (Table 2 ). The K content in the ES-14
seedlings in the high-temperature/high Cd treatment decreased as compared with that in
the control treatment. In contrast, the K content in the Dagdas variety seedlings
increased in the high Cd/high temperature (p < 0.01) (Table 3). Similarly, Zhang et al.
(2002) reported that K accumulation in shoots of wheat seedlings treated with Cd
decreased as compared with that in a control Lii 667 variety, whereas it increased in
Huabei 45-4 and E81513 varieties.

Table 2. The effects of cadmium (Cd) and genotype on the minerals (Ca, Cd, K, Mg and Zn)
content

Cadmium doses (nM)
Genotype Ca (%D.W) Cd (ppm) K (%D.W) Mg (%D.W) Zn (ppm)

0I5 7510 15 75 o 15 75 |0 15 75 |0 15 75

Dagdas 1039 ¢ 0.45b0.44b/0.06¢22.9 d 56.1 b[0.87d0.92cd0.91 d[0.22 0.23 0.23 [27.3b 263 ¢ 26.2 be
ES-14 10,55 2 0.5320.5620.06 ¢ 27.0 ¢ 68.5 a|1.07a1.02ab0.98bc|0.24 0.22 0.21 |30.7 a 29.8 a 25.9 bc
Averege (047 0.49 0.50 0.06C25.0 B 62.3A[0.97 0.97 0.94 0.23 0.23 0.22 [29.0A 28.0 AB26.1 B

Cd ns .07 sk ns ns 1.61 **
GxCd  |0.0g 1.79 # 0.07 * ns 227 ®x
CV  6.07 5.03 5.87 11.9 6.82

##%: p<0.001; **: p< 0,01; *: p< 0,05 and ns: non-significant
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Table 3. The effects of cadmium (Cd) and temperature on the minerals (Ca, Cd, K, Mg and Zn) content in Dagdas and ES-14 seedlings

Ca (% D.W) Cd (ppm) K (% D.W) Mg (% D.W) Zn (ppm)
Genotype Te“(‘gzgj‘:i‘;t)(c’c) cd (uM) Cd (uM) Cd (uM) cd (uM) Cd (uM)
0 15 75 o 15 75 | o s 75 o 15 750 15 75
] 24/16 034 d 033 d 035 d |006 286 835 |090 de 084 ¢ 095 cd|0.17 020 022273 od 206 f 308 b
Dagdas 40/30 043 ¢ 057 ab 0.53 ab|0.07 173 286 |0.90 de 0.99 bc 0.86 de|027 027 024|273 od 320 be 216 ef
.y 24/16 052 b 053 ab 0.57 ab|0.05 309 940 |130 a 1.06 b 098 bc|024 022 021|272 od 353 a 239 e
40/30 058 a 053 ab 0.55 ab|0.06 230 431 |0.80 e 097 bc 0.98 bc|023 022 021|341 a 243 de 279 be
24/16 043 043 046 |0.05 ¢ 297 c 888 a|1.10 a 095 b 097 b|020 021 021|273 b 279 b 273 b
Average 40/30 051 055 054 007 e 202 d 358 b/0.80 ¢ 098 b 092 b|025 024 022307 a 281 bc 248 ¢
TxCd ns 179 007 ns 207
GxTxCd 006 ns 001 ns 320w
cv 6.07 5.03 5.87 11.9 6.82

*%: p< 0,01; *: p< 0,05 and ns: non-significant
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Discussion

It is known that heavy metal and heat stress decreased the chlorophyll content in
plants. According to Ergiin et al. (2014), total Chl in wheat decreased under combined
heat and heavy metal stress, whereas carotenoid levels slightly increased. Chl contents
decreased in T. aestivum L. seedlings treated with high Cd concentrations under low and
high-temperature conditions (Oncel et al., 2000). Hsu and Kao (2003) reported a
reduction in Chl in Oryza sativa L. TN 1, a Cd-sensitive variety, as compared with that
in O. sativa L. TNG 67 variety, a Cd-tolerant variety, pointing to Cd-induced toxicity.
Shukla et al. (2003) found that the amount of Chl decreased in 7. aestivum L. seedlings
treated with Cd.

Cd causes oxidative damage in plants and competes for cofactors of basic metal ions
involved in Chl synthesis (Di Toppi and Gabrielli, 1999). Stobart et al. (1985) reported
that Cd inhibited Chl biosynthesis due to its toxic effects. In their study, decreases in the
total Chl content were closely related to the type and concentration of heavy metals,
with dramatic reductions observed at higher heavy metal concentrations.

In our study, Cd concentrations in both wheat varieties caused a decrease in the
amount of Chl. Previous research reported that Cd caused chlorosis by inhibiting the
uptake of elements, such as Mg, K, Fe and Ca, which are basic cofactors of the enzymes
of photo-system (PS) I and PSII (Shukla et al., 2003). In the present study, Cd caused a
distinct decrease in the Chl a/b ratio in both varieties, especially at temperatures of
40/30°C (Fig. 2). In a previous study, although the Chl a/b ratio decreased significantly
after Cd treatment, the effect was greater on PSII than PSI (Weigel, 1985). In a study on
Phragmites australis plants treated with Cd, the total Chl content decreased, and Cd-
related damage of PSII was higher than that of PSI (Pietrini et al., 2003). In another
study, Cd had unfavourable effects on Chl, especially Chl b, causing an increase in the
Chl a/b ratio (Ekmekgi et al., 2008).

In this study, the increase in Ca content due to the 40/30, Cd increase in Dagdas
variety wheat seedlings is statistically significant (p <0.01). There is a significant
increase in Cd content in both wheat varieties depending on the temperature and the
increase in Cd content (p <0.01). While a decrease in K content was observed due to the
increasing Cd in the presence of ES-14 at 24/16°C, it is observed that the K content
remained the same in Cd (75 uM) content at both temperatures. In Dagdas variety, Cd
(15 uM) dependent increase (p <0.01) at 40/30°C is important, while increasing Cd
value at 24/16°C causes a decrease in K content and a significant increase in Cd
(75 uM) concentration has been (p <0.01). While the Zn content of the Dagdas variety
decreases at 24/16°C C due to the increase in Cd, it increases in the high Cd
concentration (p <0.01), but it was found to increase first and then decrease at 40/30°C
(p <0.01). It was stated that the highest Zn content was at Cd (15 uM) application at
ES-14 24/16°C, and Cd (15 uM) at 40/30°C in Dagdas variety (p <0.01). In the present
study, there was no significant variation in the Mg content of the wheat seedlings
treated with Cd and exposed to different temperatures. However, Zhang et al. (2002)
observed that Mg accumulation in shoots of wheat seedlings of E81513 and
Huabei 45-4 varieties treated with Cd increased as compared with that in a control and
that Mg content decreased only in Lii 667 variety.

In the present study, the highest Zn concentration was detected in ES-14 seedlings
treated with 15 uM of Cd at 24/16°C, whereas the lowest concentration (20.6 ppm) was
observed in the Dagdas variety under these conditions (p < 0.01) (Table 3). However,
there was no statistically significant difference in the Zn concentration under the
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different Cd and temperature treatments. Zhang et al. (2002) found that Zn
accumulation increased in offshoots of wheat seedlings treated with Cd in Lii 667 and
Huabei 45-4 varieties and that it decreased only in an E81513 variety.

Cd affects the permeability of plasma membranes, thereby affecting the nutrient
intake of the affected plant (Zhang et al., 2002). Similarly, in this study, the
accumulation of mineral nutrients altered, depending on the wheat variety, as well as the
Cd concentration and temperature. In previous research, high concentrations of applied
Cd reduced concentrations of essential macro- (Mg and S) and micronutrients (Zn, Fe,
Mn and Cu) in stems of Pfaffia glomerata (Gomes et al., 2013). Besides, interactions
between Cd and other nutrients resulted in reduced nutrient uptake and reduced fertility
(Zhang et al., 2002). High Cd concentrations caused a significant reduction in K, Mg,
Ca, Fe and Zn concentrations in roots and stems of Juncus effusus L. (Najeeb et al.,
2011).

Conclusion

As a result, it is concluded that high temperature caused a decrease in Cd
accumulation in the shoot when caused an increase in Ca and K accumulation. It is
concluded that this decrease in accumulation of Cd under the high-temperature stress
cause increase in Ca and K uptake. Dagdas variety used in the study is known that
resistant to drought, cold and salinity. In the study, total chlorophyll content was found
to be higher in Dagdas cultivar than ES-14 cultivar. In this case, it is concluded that
Dagdas variety is more resistant to high temperature than the ES-14 variety.

Since the Cd uptake varies considerably at different temperatures, it is necessary to
choose species and varieties resistant to Cd toxicity in agriculture, especially in regions
with Cd pollution. Crop production has decreased worldwide because agricultural areas
have become infertile due to various environmental factors, such as high temperatures,
salinity and heavy metal contamination. Understanding physiological and molecular
mechanisms is essential to tolerate stress conditions. In today's world where the world
population is increasing rapidly, it is necessary to increase new efficiency-enhancing
studies to prevent food shortage. Regarding this issue, we think that new studies are
needed to take measures against stress and to identify the relevant genes and increase
their usability in wheat breeding studies.

New physiological, biochemical and molecular studies on the relationship between
heavy metal and high temperatures are needed to improve crop productivity. The
present study revealed that interactions between heavy metals (Cd) and temperature
may result in the accumulation of Cd and other minerals in shoots, depending on the
wheat variety.
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Abstract. Cotton yield is affected by environmental conditions. This study was carried out to determine
the population means response in eleven hybrids and three check cotton cultivars to climate changes in
Antalya-Turkey, in 2017 and 2018. Temperature, relative humidity and precipitation in these years were
found to have varied in Antalya. In the May-October period of 2018, the totals of average and maximum
temperature were seen higher than in 2017 as opposed to the total of minimum temperature, but the
distribution of temperature, relative humidity and precipitation varied according to months. While the
genotypes affected by this situation had taller height and more fruiting branches in 2018, they created
fewer vegetative branches, had a lower ginning outturn and fewer bolls. On the other hand, while the in
Flash cultivar the number of bolls decreased in 2018, in Gloria the loss ratio of bolls minimized.
Furthermore, in Sure Grow 125 the seed cotton yield per boll increased and the yield reduced, lower
ginning outturn and boll losses were observed that affected fiber yield. As a result of the study, it has been
determined that Sure Grow 125 has a high tolerance to climate change and maintains its yield potential
and Gloria variety had higher yield at low temperatures, while the hybrids have the genetic potential to
increase seed cotton yield in Antalya.

Keywords: climate change, cotton, fiber yield

Introduction

Cotton is the most important fiber plant for Turkey as well as for other countries. The
rapidly increasing world population and use of natural fiber increase the importance of
cotton, while the need of cotton cultivars to special environmental conditions with the
global warming limited the production. Turkey ranked as the 7" country in terms of the
world cotton production (Kolay, 2019) and this production involves varieties of
Gossypium hirsutum L. However, climate change in recent years, as in other countries,
affects the temperature and precipitation of Turkey. Although a solution is sought for
this problem, the genetic potentials of the varieties is of great importance for the
solution of possible problems.

Cotton encounters with a lot of biotic and abiotic stress throughout its life and reacts
differently with its genetic heritage. These responses can be different depending on the
severity of the stress and the stage of plant development. For example, the temperature
stress caused by global warming, which is one of the biggest problems of today, affects
germination, growth, flowering and boll formation. Moreover, if no precautions are
taken, global warming will occur due to the CO: increase in the atmosphere by an
average of 2.5 °C (1.5 - 4.5 °C) until 2100 (Aksay et al., 2005). This problem will cause
melting of polar glaciers, changing day/night temperature difference and precipitation
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regime. While plants respond to this situation with field change, germination and lack of
development, yield and quality losses. Researchers found that the accumulation of dry
matter in cotton occurred at the peak flowering stage and day/night temperature were
30/20 °C (Reddy et al., 1991), and that air temperature, sunlight, soil and relative
humidity were also important (Hake and Silvertooth, 1990). Temperatures up to 30-
32 °C are effective in boll production but exceeding 32 °C are harmful because they
cause a decrease in yield due to square shedding (Unay and Basal, 2005). In addition,
Loka and Oosterhuis (2010) reported a decrease in the amount of carbohydrates with
respiratory acceleration due to high night temperature.

On the other hand, cotton farming has also been reported to be affected by low
temperatures. In particular, temperatures below 10-12 °C cause death by creating a
shock effect, while the severity and duration of temperatures of more than 12 °C and
less than 18 °C during the germination period, prolonging the growth, development and
harvest periods of the plant, delays to pass following stage (Basra, 1999). In contrast,
plants can respond to high temperature by controlling stomatal conductivity and stoma
number, changing leaf area and leaf number, low temperatures by increasing earliness.
Deltapine 41, Africa ES and Campu cultivars (Gonen, 2017) as well as Melez-1
(Salman et al., 2019) were tolerant to high temperature stresses. Anjum and Khatoon
(2003) had reported that Gossypium hirsutum L. species were more tolerant than
Gossypium arboreum L. regarding low temperatures. On the other hand, the period,
time, duration and intensity of precipitation affect the germination, growth and
development of cotton. While strong and long-term rains that occur after planting
reduce germination and seedling emergence, rains occurring during squaring, blooming
and boll opening decrease pollination and cause shedding in bolls and contamination in
fiber. On the other hand, the precipitation in May and June affects the yield positively
(Cetin and Basbag, 2010).

This study was carried out in Antalya to determine the reaction of some cotton
genotypes (homozygous and heterozygous, Fss) with different genetic structure to
different climatic conditions.

Materials and Methods

This study was carried out in Antalya-Turkey (36° 53' 48.8" N - 30° 42' 53.4" E,
altitude: 39 m) in 2017 and 2018. 11 heterozygote genotypes (Cross-1005, Cross-1006,
Cross-1008, Cross-1013, Cross-1019, Cross-1101, Cross-1102, Cross-1103, Cross-
1105, Cross-1109 and Cross-1115) were used as plant material with 3 homozygous
control cotton (Gossypium hirsutum L.) namely Sure Grow 125, Gloria and Flash.

The study was carried out with three replications in randomized complete blocks
design in 2017 and 2018. Genotypes were planted on May 8™, 2017 and May 10™, 2018,
in 10 meters long rows of 4 in parcels. Distance between rows was 0.70 m, while 0.15
m from plant to plants in one row.

With the planting, 60 kg ha'! of pure nitrogen (N) and 6 kg ha™' pure phosphorus
(P,0s) were given in the form of compound (20-20-0), and 100 kg ha™! of pure nitrogen
(N) was given as urea (46% N) before the second irrigation.

Harvesting was done by hand on October 23", 2017 and on October 17%, 2018.
While seed cotton yield and fiber yield per hectare were determined from the parcels,
the ginning outturn was determined with the following formula (Eq.1) below. Other
characteristics were determined over 20 plants in each plot, also. Variance analyses
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were done in JMP 13 software with data collected from experiment according to split
plots design in randomized complete blocks.

% Ginning outturn: (Fiber yield/Seed cotton yield)*100 (Eq.1)

The experiment area is sandy-clay, slightly alkaline, salt-free, and is poor in organic
matter (1.55%). Climate data of Antalya for 2017 and 2018 differed greatly (Table I).
While the first four months of 2018 were hotter, more humid, and rainier than 2017,
these values differed in the cotton season (May-October) compared to the months.
However, according to long term, while averages of minimum and maximum
temperatures were lower in both 2017 and 2018 in the first four months, precipitation
was higher. On the other hand, average temperature of 2017 was similar with long-term
value.

Moreover, it is understood from Table I that precipitation in the cotton season of
2018 were continued monthly, except August, and 25.2% (139 mm) of total annual
precipitation (549.8 mm) fell in the cotton season. According to long term value, 2017
was very dry compared to 2018, but 2018 showed similarity with long term value in
term of precipitation in the cotton growing season.

On the other hand, when the data for this period were analyzed, it was observed that
the average and maximum temperatures in June and July 2018 were less than in 2017
and but similar August and high in September and October. Furthermore, in total
minimum temperatures different were 13.3 °C the effects of May, July, August and
October.

As a result of this study, it was determined that 2017 was drier than both 2018 and
long-term averages, while the maximum temperatures for 2017 and 2018 were lower
than the long-term average, whereas the minimum temperatures were higher, and 2017
was similar to the long-term value in term of average temperature. The study was
analyzed according to the split plot method in a randomized block design, and
population means of eleven hybrid combinations were compared with standard-control
varieties. In the study, while comparison of genotypes was done with LSD (9.05) (Least
significant degree), the yields of genotypes for years were compared with the "t-test"
and the following equation (Eq.2) below.

% Difference: ((Value 201s-Value 2017) / Value 2017) * 100 (Eq.2)

Results and Discussion
Seed cotton yield (kg ha™')

Seed cotton yields of genotypes differed over the years (Table 2). In the cotton
season of 2018, the total average and maximum temperature was 3.1 °C and 14.2 °C
more than 2017, and the minimum temperature was 13.3 °C less in total. As reported by
Salman et al. (2019), heterozygous hybrids and homozygous Gloria responded
positively to climate change unlike Flash cultivar while Sure Grow 125 responded
negatively that was statistically non-significant. While the seed cotton yield of hybrids
increased from 284.8 kg ha™! (2017) to 322.9 kg ha (2018), the average of controls
decreased from 3179.2 kg ha! (2017) to 3045.6 kg ha™! (2018), and the average of the
region decreased from 3112.9 kg ha™!' (2017) to 3082.3 kg ha™! (2018).
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Table 1. Climate data of Antalya province in 2017 and 2018 with long term average

Average Minimum Maximum Average Relative TR
. Precipitation
MONTHS Temperature Temperature Temperature Humidity (mm)
O O () (%)

2017 2018 LT | Dif. | 2017 2018 LT | Dif. | 2017 2018 LT | Dif. | 2017 2018 Dif. | 2017 2018 LT  Dif.

January 8.5 10.8 10.0 | 2.3 0.3 1.7 43| 14 | 178 209 239 | 3.1 68.7 722 35 | 560 10.8 242.1 -452
February 104 128 106 | 24 | -1.0 34 46| 44 | 21.8 212 267 | -06 | 620 830 21.0| 50 91.0 1544 86.0
March 131 150 128 | 1.9 1.7 6.8 -16| 51 | 244 258 286 | 14 | 715 789 74 | 700 94.0 972 240
April 164 185 163 | 2.1 44 6.7 14 | 23 | 316 352 364 | 36 | 692 687 -05|270 20 504 -250
Total 484 57.1 49.7 | 8.7 54 186 9.1 | 132 ] 956 103.1 1156| 7.5 | 2714 3028 31.3|158.0 197.8 5441 39.8
Average 121 142 124 | 35 2.2 74 23| 53 | 382 412 289 | 3.0 | 1086 121.1 125| 632 79.1 136.0 159
May 205 232 205 | 27 | 121 119 6.7 | -02 | 335 356 387 | 2.1 73.0 662 -6.8| 350 19.0 32.1 -16.0
June 258 255 253 |-03] 155 163 11.1| 08 | 445 380 448 | 65 | 664 728 64 | 00 650 109 650
July 294 285 284 |-09 ] 183 182 148 | -0.1 | 448 433 450 | -15 | 620 658 38 | 00 18.0 45 180
August 279 280 283 | 0.1 | 190 172 13.6| -1.8 | 403 408 446 | 05 | 723 712 -1.1| 00 0.0 4.6 0.0
September 252 259 251 | 07 | 147 152 103 | 05 | 369 407 425 | 38 | 724 651 -73| 00 13.0 181 13.0
October 19.7 204 205 | 07 | 197 72 49 |-125| 19.7 355 387 | 158 | 649 673 23| 290 240 721 -50
Total 1484 1515 148.1| 3.0 | 99.3 86.0 61.4 |-133|219.7 2339 2543 | 142 | 411.0 4084 -2.6 | 64.0 139.0 1423 75.0
Average 247 252 246 | 05 | 166 143 102 | -22 | 366 390 424 | 24 | 685 681 -04| 107 232 237 125
November 144 157 154 | 13 3.1 72 00 | 41 | 322 315 330 | -07 | 740 725 -1.5| 480 57.0 133.6 9.0
December 120 115 116 | 05| 0.8 00 -19|-08]| 259 216 254 | 43 | 81.8 780 -38 | 740 1560 2653 82.0
Total (Year) |223.2 2357 2248|125 | 108.6 111.8 504 | 3.2 | 373.4 390.1 428.3| 16.7 | 838.2 861.5 234 |344.0 549.8 1085 205.8
Average (Year) | 17.2 18.1 18.73| 1.0 8.4 86 42 | 02 | 287 300 357 | 13 645 663 1.8 | 26,5 423 904 1538

LT: Long term average (1930-2019), Dif: Difference (2018-2017)
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Table 2. Analysis of variance of the parameters studied
g Degree | Seed cotton | Ginming | yo o ilg | plant height | UmPer of bolll g Geight fyun;nl?:glglf g::ﬁ;ﬁﬁfafl
ources of yield outturn 1 per plant
freedom (kg ha!) (%) (kg ha™') (cm) (count) (2 branches branches
(count) (count)
Replications 2 4752.83 0.18 935.92 382.93 10.45 1.62 0.44 1.62
Years (Y) 1 7101.67 6.70 1747.52 5809.48 36.51 0.19 28.17 0.06
Genotypes (G) 4 13498.83 10.04 1894.89 167.50 37.86 1.20 5.46 2.48
YxG 4 10929.05 4.27 1582.84 57.65 16.38 1.03 4.27 0.59
Error 18 41818.84 8.43 6567.25 2003.91 105.61 3.50 12.57 6.15
Total 29 62097.22 57.23 10081.55 32964.48 194.23 6.79 92,48 14.61
CV (%) 15.56 1.68 15.14 9.38 15.87 10.04 5.71 17.80
LSD (0.05) vears 82.68 * 1.17 * 32.77 18.10 * 4.16 * 1.43 *
LSD (0.05) Genotypes 82.68 1.17 *

CV (%): Coefficient of Variation, LSD (9.05): Least Significant Degree, *: p<0.05, **: p<0.01, ns: non-significant, p: Probability
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While Gloria cultivar had positive effect on averaged controls from 2742.2 kg ha!
(2017) to 3052.2 kg ha'! (2018), Flash had negative contribution from 3592.1 kg ha™!
(2017) to 2904.0 kg ha! (2018) as Sure Grow 125 from 3203.3 kg ha! (2017) to 3180.7
kg ha™! (2018). In other words, climate difference had an effect of 13.38% in hybrids, -
0.67% in Sure Grow 125, 11.3% in Gloria, -19.2% in Flash, -4.18% in the control mean,
and -1% in the region average. This situation may have been caused by genotype x
environment dissonance.

While the effect of climate difference on the seed cotton yield was more negative
(Chen et al., 2015), Sure Grow 125 was found to be important for both producers and
the continuation of the breeding work with the potential to reflect the climate difference
to the yield at a minimum rate, and Gloria and hybrids with potential to increase the
yield of the region (Figure I).
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Figure 1. Seed cotton yield (kg ha™'), average and difference values of the genotypes for years

Ginning outturn (%)

While genotypes respond to climate change between years by reducing ginning
outturn, genotype difference has been found significant (Table 2 and Figure 2). The
greatest reduction was observed in heterozygous hybrids. Ginning outturn reduced from
42.8% (2017) to 41.0% (2018) in hybrids, from 41.6% (2017) to 39.8% (2018) in the
average of controls, from 41.9% (2017) to 39.7% (2018) in the region average.

While Sure Grow 125 was the least affected variety from climate difference and
Gloria was the most affected (Figure 2), the ginning efficiency decline between years
was -8.18% in hybrids, -2.96% in Sure Grow 125, -539% in Gloria, and -5.01% in
Flash, -4.33% in the average of controls and -5.25% in the regional average. While
climate change reduces ginning outturn in both homozygous and heterozygous

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3453-3465.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN1785 0037 (Online)
DO http://dx.doi.org/10.15666/aeer/1905_34533465
© 2021, ALOKI Kft., Budapest, Hungary



Cetin - Giivercin: Response of cotton (Gossypium hirsutum L.) hybrid (Fs.¢) to climatic differences in term of yield and yield
components
- 3459 -

genotypes, Sure Grow 125 has been found to be important for producers and breeding
programs as the least affected variety (Figure 2).
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Figure 2. Ginning outturn (%) average and difference values of the genotypes for years

Lint yield (kg ha™)

Fiber yield was positively and significantly correlated with seed cotton yield and
ginning outturn. In the study where the difference in genotypes and years was
significant (Figure 3), the fiber yield increased from 122.4 kg ha'! (2017) to
126.9 kg ha'! in hybrids, the average of controls decreased from 132.1 kg ha™! (2017) to
121.1 kg ha! (2018), and region average decreased from 130.1 kg ha' (2017) to
122.2 kg ha! (2018).

Gloria had positive effect on average of controls (from 116.8 kg ha' (2017) to
122.8 kg ha! (2018)] while Flash [from 149.9 kg ha! (2017) to 115.7 kg ha! (2018)]
and Sure Grow 125 [from 129.6 kg ha! (2017) to 124.7 kg ha! (2018)] gave negative
contribution. The climate difference of the years had positive effect on fiber yield in
hybrids (3.68%) and Gloria (5.14%), while Sure Grow 125 (-3.78%), Flash (-22.82%),
average of controls (-8.33%) and region average (-6.07%) were negatively affected.
Sure Grow 125 was the least affected by climate difference and the control with the
highest fiber potential. On the other hand, hybrids had the genetic potential to increase
the yield of the region, while the most sensitive variety to climate difference was Flash
(Figure 3).
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Figure 3. Fiber yield (kg ha™) average and difference values of the genotypes for years

Plant height (cm)

The plant height, which positively correlates with the seed and fiber cotton yields,
evaluated climate differences in the direction of vegetative development (Table 2 and
Figure 4).
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Figure 4. Plant height (cm), average and difference values of the genotypes for years
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83 mm precipitation, which fell in July and August 2018, increased atmospheric
humidity and caused the temperatures to remain low. Vegetative branches production of
plant increased because of average/minimum temperature ratios in June, July and
August in 2018 that were incompatible with optimum temperature ratio (30/22 °C) of
Reddy et al. (1992). Therefore, the plant height increased from 78.3 cm (2017) to
140.2 cm (2018) in hybrids, from 81.6 cm (2017) to 145 cm (2018) in the control mean
and from 80.9 cm (2017) to 144 cm (2018) in the region means (Figure 4) but ginning
outturn of the region has decreased as well as the seed and fiber cotton yield. While the
highest contribution to the average of the controls was from Gloria with 68.1 cm, Sure
Grow 125 gave the lowest contribution.

Number of bolls per plant

The number of bolls in a plant is the most important feature that contributes
positively to the yield with its boll weight (Worley et al., 1974; Rauf et al., 2006;
Srinivas et al., 2014). Since the climatic conditions of 2018 (7able 1) encouraged
vegetative growth and delayed generative development, the number of bolls of hybrids
and varieties decreased.

The number of bolls decreased from 16.1 (2017) to 14.6 (2018) in hybrids, from 16.5
(2017) to 14.0 (2018) on the average of controls, from 16.4 to 14.1 (2017) in the region
average that was confirmed by Zhao et al. (2005). While Flash was the biggest
contributor to this decrease, Gloria was the most tolerant variety. In other words,
climate difference had an impact of -9.32% in hybrids, -11.76% in Sure Grow 125,
-3.40% in Gloria, -25.39% in Flash, -15.15% in control mean, and -14.02% in region
average. Gloria was found to be important for breeding programs and producers as the
most tolerant variety for climate difference (Figure 5).
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Figure 5. Number of bolls per plant, average and difference values of the genotypes for years

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3453-3465.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/acer/1905_34533465
© 2021, ALOKI Kft., Budapest, Hungary


http://researcherslinks.com/current-issues/Genetic-Study-of-Cotton-Gossypium-hirsutum-L-Genotypes-for-Different-Agronomic-Yield-and-Quality-Traits/24/1/888/html#Srinivas--B.--Bhadru-

Cetin - Giivercin: Response of cotton (Gossypium hirsutum L.) hybrid (Fs.¢) to climatic differences in term of yield and yield
components
- 3462 -

Boll weight (g)

Seed cotton yield per boll is an important feature with a positive correlation with
cotton yield (Khalid et al., 2018). The boll weights of hybrids and other controls
increased in 2018, except for Sure Grow 125. This was found to be important in terms
of reducing the negative impact of climate difference on number of bolls and yield. Boll
weight increased from 4.06 g (2017) to 4.28 g (2018) in hybrids, from 4.41 g (2017) to
4.47 g (2018) in control averages, from 4.34 g (2017) to 4.43 g (2018) in region
average. Gloria [from 4.07 g (2017) to 4.49 g (2018)] and Flash [4.32 g (2017) to 4.69 g
(2018)] had positive effect on average of controls, while Sure Grow 125 [from 4.23 g
(2017) to 4.84 g (2018)] had a negative contribution.

In other words, climate difference contributed to the boll weight by 5.42% in
hybrids, -12.60% in Sure Grow 125, 10.32% in Gloria, 8.56% in Flash, 1.36% in
controls average, and 2.07% in region average. While Sure Grow 125 is the most
affected variety of climate change in terms of boll weight, Gloria has been found to be
important for breeding programs and producers as the most tolerant variety (Figure 6).

Number of fruiting (sympodial) branches

Although the number of fruiting branches is one of the characteristics that positively
affect the cotton yield, the number of fruiting branches that sheds bolls is a problem as
vegetative growth.
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Figure 6. Boll weight (g), average and difference values of the genotypes for years

In the study, both homozygous (controls) and heterozygous (hybrids) genotypes
increased the number of fruiting branches in 2018 (Table 2 and Figure 7), while Flash
had the highest number of fruiting branches. Number of sympodial branches increased
from 12.9 (2017) to 15.9 (2018) in hybrids, from 13.2 (2017) to 16.2 (2018) in control
averages, and from 13.1 (2017) to 16.1 (2018) an average of region that is comparable
with Ekinci et al. (2017). In other words, the climate difference contributed the number
of fruiting branches as 23.25% in hybrids, 20.8% in Sure Grow 125, 13.98% in Gloria,
33.33% in Flash, 22.72% in the control average, and 22.90% in the region average.
While climate change affects Flash variety at most in terms of number of fruiting
branches, Gloria was found to be the most tolerant variety for breeding programs and
producers (Figure 7).
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Figure 7. Number of sympodial branches, average and difference values of the genotypes for
years

Number of vegetative (monopodial) branches

Vegetative branch having bolls affects yield positively, and the non-retainer affects
negatively since it is a vegetative shoot. In the study, the number of monopodial
branches of other controls and hybrids, except Gloria, decreased in 2018. The number of
monopodial branches reduced from 3.77 (2017) to 3.03 (2018) in hybrids, from
3.37 (2017) to 3.14 (2018) in control averages, and from 3.45 (2017) to 3.12 (2018) in
region average.

In other words, climate difference contributed to the number of vegetative branches
-19.63% in hybrids, -18.73% in Sure Grow 125, 1.84% in Gloria, -5.00% in Flash,
-6.83% in the control mean and -9.57% in the region average. While climate difference
affects hybrids and Sure Grow 125 the most, Gloria was found to be important for
breeding programs and producers as a tolerant variety (Figure 8).
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Figure 8. Number of monopodial branches, average and difference values of the genotypes for
years
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Conclusion

Genotypes differ in terms of ginning outturn compared to the averages of 2017 and
2018. In addition, the differences between years in terms of seed cotton yield, ginning
outturn, plant height, number of bolls and number of fruiting branches were also found
significant. Hybrids have increased the boll weight and decreased the number of
vegetative branches, reducing the potential negative impact of the number of bolls per
plant and ginning outturn that are negatively affected by the climate of 2018 on the seed
cotton yield and fiber yield. On the other hand, it was determined that the variation
continues in hybrids in terms of seed cotton yield, ginning outturn, plant height and
number of fruiting branches. Therefore, when suitable plants are selected, the yield of
the region may increase. Sure Grow 125, which is one of the controls, is found to be
tolerant for the year difference in terms of seed cotton yield, ginning outturn, fiber yield
and number of bolls per plant, and is sensitive in terms of boll weight. On the other
hand, Gloria was tolerant for fiber yield, number of bolls per plant, number of
vegetative branches and had also potential for seed cotton yield, fiber yield, boll weight
and number of fruiting branches. Flash was the most sensitive control type in terms of
seed cotton yield, ginning outturn, fiber yield, number of bolls per plant and number of
fruiting branches. At the end of the study, it has been determined that climate difference
will have the least impact on Sure Grow 125, while hybrids have the potential to
increase the yield of the region.
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Abstract. With the improvement of breeding level and mechanization, sorghum planting has achieved the
transformation from high-stalk and rare-planting to dwarf and high-density planting in China, but there
are few reports on dwarf sorghum under high-density planting condition. Therefore, the aim of this work
was to study the effect of different nitrogen doses (0, 100, 200 and 300 kg of nitrogen ha™!) on its
metabolic enzyme activity, the leaf area and Chlorophyll, so as to explore changes of yield and protein
content of dwarf sorghum under the high-density planting management in northern China. The results of
the two-year trials indicated that chlorophyll content, leaf area and the activity of nitrate reductase (NR)
and glutamine synthetase (GS) were positively correlated with yield and protein, 200 kg of nitrogen ha™!
as the best rate, promoted metabolism enzyme activity, raised leaf area and chlorophyll content, and
ensured the highest yield and protein content.

Keywords: sorghum, nitrogen fertilizer, yield, enzyme, high-density planting

Introduction

Sorghum bicolor (L.) Moench is the main food and economic crop in arid and semi-
arid areas and is widely used in feed, brewing, energy, food processing and other fields
(Wang et al., 2015). Nitrogen (N) is a vital component required for the synthesis of
chlorophyll and photosynthetic enzymes, which impact the photosynthesis of crops, its
application can determine the overall yields of crops (Kaur et al., 2015). In plants,
photosynthetic capability and nitrogen metabolism are closely related. Approximately
25% of the energy generated by photosynthesis can be used for nitrate reduction
(Khripach et al., 2000; Beevers and Hageman, 1969; Giagnoni et al., 2016). Nitrate is
mainly assimilated in plant leaves. The activity of NR is modulated by the
photosynthetic electron transport chain (Chow et al., 2015).

At the same time, nitrogen is one of the most important elements in the process of
carbon and nitrogen metabolism. NR, glutamate Synthase (GOGAT), GS and glutamate
dehydrogenase (GLDH) are the main enzymes that affect nitrogen metabolism, their
activity is closely related to soil fertility (Tischne, 2000; Singletary et al., 1990;
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Singaram and Kamalakumari, 2000). The utilization of nitrogen in crops involves the
assimilation, transport and reuse of the absorbed nitrogen, in which the assimilating
enzymes NR, GS and GOGAT play a key role. Inorganic nitrogen absorbed by sorghum
must be assimilated by the plant, and further synthetized into amino acids, proteins and
other substances necessary for the organism (Bingham et al., 2012). NR is the first
enzyme in the process of nitrogen reduction, the presence of nitrate will promote the
activity of NR (Nath and Tuteja, 2016; Lu et al., 2009). GS/GOGAT pathway is the
most important pathway for further assimilation of ammonia under normal conditions
(Zheng, 2009; Lea and Miflin, 2003).

The catalytic glutamine continues to generate glutamic acid by GOGAT, which
involves carbohydrate assimilation and is the key node of carbon nitrogen interaction
(Lea and Miflin, 2003). The seed weight increased after overexpression of GOGAT
gene in rice, and pointed out that GOGAT played an important role in grain filling
(Yamaya et al., 2002). Previous studies on corn (Presterl et al., 2010), wheat (Han et al.,
2007; Xiong et al., 2016), rice (Zeng et al., 2007) and other crops showed that NR and
GS activities of plants decreased under low nitrogen, but there were differences among
different crops. The application of N can be conducive towards the enhancement of the
drought resistance of crops by protecting photosynthetic apparatus, activating
antioxidant defense systems, and improving osmoregulation, affecting growth and N
metabolism (Gou et al., 2017). Most crops require N within an appropriate range that
optimally aligns with their physiological requirements, the excessive application of N
results in decreased crop yields (Jin et al., 2012). Methods to limit the negative impact
of agricultural practices and increasing crop production sustainability has been one of
the key agricultural challenges (Ronga et al., 2019; Tilman et al., 2011).

In recent years, sorghum has undergone a transformation from traditional tall-stalk
and rare-planting to dwarf and high-density planting (Wang et al., 2011), The height of
the main sorghum varieties in the north of Heilongjiang province are between 1.0 and
1.3 m, and the planting density is between 20 -35 x 10* plants/ha (Yang et al., 2015;
Shen et al., 2013), which is the area with the largest sorghum production density in
China. To the authors’ knowledge, the research on dwarf sorghum under high-density
planting management was still in a blank stage. In this paper, Kezal5, a density-tolerant
dwarf sorghum variety, was used as the experimental material. Through the study on the
relationships between nitrogen and nitrogen metabolism enzyme activity, the leaf area,
Chlorophyll, the regularity of yield and quality formation of high-density cultivation
was expounded. It has a great significance to improve the efficiency of nitrogen
utilization, to lay a foundation for the reasonable application of nitrogen fertilizer to
dwarf sorghum under high-density planting condition.

Materials and methods
Trial materials

Kezal5 was obtained from the Keshan branch of the Heilongjiang Academy of
Agricultural Sciences (Qiqihar City, Heilongjiang Province, China).

Note: Kezal5 was a density-tolerant brewing sorghum hybrid variety, plant height
was approximately 100 cm, panicle length was 26.5 cm, the seeds produced reddish-
brown oval-shaped grains. Optimal planting density was 300 thousand plants/hectare
(Fig. I).
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a5

Figure 1. Morphological characteristics of Kezal5. (A) Seeds, (B) plant, (C) group

Trial conditions

Field experiments were conducted in an open field at Keshan Branch of Heilongjiang
Academy of Agricultural Sciences (48°03'47"N, 125°87'57"E) (Qiqihar City,
Heilongjiang Province, China), the experimental soil was a chernozem. The 0-20 cm
soil in the plow layer had the following characteristics: organic matter 3.2x10* mg-kg™!,
pH 6.12, alkali hydrolyzed nitrogen 173 mg-kg™!, available phosphorus 28.8 mg-kg™!
and available potassium 307.2 mg-kg!. The region has a mid-temperate continental
monsoon climate, The mean maximum and minimum air temperatures and total rainfall
during the cropping cycles (May to September) were 29 and 8.3 °C and 316.5 mm for
the year 2016 and 29.3 and 7.8 °C and 357.4 mm for the year 2017, respectively
(Fig. 2).
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Figure 2. The mean maximum and minimum air temperatures and total rainfall during the
cropping cycles (May to September) recorded in the two growing seasons (2016 and 2017)

Four nitrogen treatments were set up, and urea was used as the nitrogen source: 0 kg
(NO), 100 kg (N100), 200 kg (N200) and 300 kg (N300) of pure nitrogen per hectare in
both years.; nitrogen, P and K (P>Os 150 kg and K>O 100 kg per hectare) were applied
as seed fertilizer at one time. A randomized block design was used in the experiment
with three repetitions. Every experiment repetition was 10 m long, consisting of eight
rows with a 0.65 m ridge distance and 300,000 seedlings per hectare, and the
management was the same as that of the general production fields.
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Sample handling

Plants of growth uniformity were selected as markers, and the samples were taken at
Jointing stage, Flag leaf stage, Loose powder period, Grain filling stage, and at Max
mature period.

Determination of leaf area

The leaf area was measured with a CI-203 handheld laser leaf area meter (CID, Inc.,
Camas, Washington USA).

Determination of chlorophyll

The method of the determination of chlorophyll content was referred to the modified
method cited (Wang, 2006). The following formulas were used to calculate the content
of photosynthetic pigments, in which V and W indicated the volume of extracting liquid
(ml) and the weight of material (g).

Chlorophyla (Ca)/mg.g™' =(12.21A,,-2.81A,,) V/ (1000x W) (Eq.1)
Chlorophylb (Cb)/mg.g" =(20.13A,, -5.03A,;) V/ (1000x W) (Eq.2)
Chlorophy1 = Chlorophyl a + Chlorophyl b (Eq.3)

Determination of nitrogen metabolism related enzyme activity

The activity of NR, GS, GOGAT and GLDH was determined by enzyme-linked
immunosorbent assay. The kit was provided by Shanghai Enzyme-linked Biology Co.,
Ltd. (Shanghai, China), and the determination method was carried out according to the
instructions.

Yield measurement

Grain yield and its composition: 20 plants were selected for yield determination. The
indices included single ear weight, grain number per ear and thousand kernel weight.
The yield was converted by the weight at 14% water content.

Quality measurement

Protein content was measured with a Near infrared quality analyzer (perten DA7200,
Swedish).

Protein accumulation(mg.seed ') = Protein content(%)x 1000 - grains weight/1000(mg.seed ™) (Eq,4)

Analysis software and analysis method

The data were processed by Excel 2013 and were analyzed by SPSS 16.0. Analysis
of variance was performed with SPSS 16.0 software, and data from each sampling data
were analyzed separately. Means were tested by least significant difference at the
P <0.05 level.
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Results
Effects of nitrogen on leaf area per plant and chlorophyll of sorghum

The results in Table 1 show that the leaves area per plant was the largest in the loose
powder period and the smallest in maturity period. The leaf area per plant of the NO
treatment was significantly lower than that of other treatments. In 2016, the leaf area per
plant of N200 treatment were significantly higher than that of N100 treatment. From the
beginning of the grain filling stage, the leaf area per plant of the N200 treatment was
significantly higher than that of other treatments, and there was no significant difference
between the N100 and N300 treatments. In 2017, there was no significant difference of
the leaf area per plant of the nitrogen application treatment in the jointing stage and the
grain filling stage, the leaf area per plant of the N300 and N200 treatments in the loose
powder period were significantly higher than that of the N100 treatment.

Table 1. Effect of nitrogen on the leaf area per plant

Leaf area per plant (cm?)
Years | Treatments Jointing stage | Flag leaf stage Loose powder | Grain filling | Wax maturity
stage stage stage
NO 1830.11+37.65¢ | 2078.61+£16.50c | 2234.27+39.12¢ | 1994.95+43.67c | 1484.96+25.53¢
2016 N100 2273.24+46.41b| 2458.95+51.36b | 2506.60+50.36b |2414.66+50.09b | 1827.45+45.56b
N200 2433.48+60.62a | 2590.64+16.97a | 2674.68+42.52a |2631.50+41.53a | 1960.99+48.98a
N300 2475.86+29.89a | 2499.38+22.83ab | 2588.37+36.80ab | 2497.75+10.48b | 1815.59+22.22b
NO 1934.98+72.29b | 2110.66+46.06¢ | 2291.26+22.45¢ |2138.35+62.95b | 1645.66+22.43¢
2017 N100 2484.13+15.93a | 2541.70+21.55b | 2706.80+14.15b |2616.15+49.27a | 1937.314+28.43a
N200 2549.97+30.85a | 2607.04+4.35ab | 2809.66+13.52a |2714.87+28.16a|2012.43+23.06a
N300 2554.78+24.59a | 2643.73+£23.66a | 2812.57+26.50a |2689.15+25.80a | 1813.26+45.57b

Mean =+ standard deviation. Values sharing same letters differ non-significantly (P < 0.05)

The analysis of Table 2 shows the chlorophyll content of Keza 15 first increased and
then decreased with the development of the growth period, and the NO treatment was
significantly lower than the nitrogen treatment. There was no significant difference of
the chlorophyll content between N200 and N300 except for the grain filling stage in
2017. The chlorophyll content increased with the increase in the nitrogen application,
But the increase of chlorophyll content was not more significant than in N200

treatment.

Table 2. Effect of nitrogen on chlorophyll content

Chlorophyll content (mg/g)
Years | Treatments Jointing stage | Flag leaf stage Loose powder | Grain filling | Wax maturity
stage stage stage
NO 3.40+0.21b 3.98 +£0.05b 4.15+0.05b 3.94 +0.04c 1.66 £ 0.04b
2016 N100 4.93 +£0.04a 5.05+0.03a 5.22+0.05a 4.30 £0.02b 2.54 +0.02a
N200 5.10£0.07a 5.13+0.06a 5.31+0.03a 4.57 £0.06a 2.59+0.01a
N300 5.14 £0.06a 5.17 £0.04a 5.25+0.04a 4.52 £0.04a 2.61 £0.03a
NO 4.04+0.11b 4.16 £0.03c 4.28 £ 0.06b 3.26 +0.04d 1.64 £0.02¢
2017 N100 5.12+£0.05a 5.25+0.03b 5.69+£0.03a 4.36 £0.03c 2.63+0.01b
N200 5.15+£0.04a 5.44 +0.04a 5.63 £0.04a 4.70 £0.02a 2.72 +0.03a
N300 5.13+£0.06a 5.42+0.01a 5.63 £ 0.05a 4.57 £0.03b 2.72 +£0.02a

Mean =+ standard deviation. Values sharing same letters differ non-significantly (P < 0.05)
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Effects of nitrogen on the activity of NR, GOGAT, GS, GLDH in high density
sorghum

It can be seen from Figure 3 that NR activity increases with the increase of nitrogen
application, and the nitrogen application treatment in seedling stage is significantly
higher than that in non-nitrogen application treatment. From flag picking stage to the
end of grouting, there is a significant difference between the four nitrogen treatments. In
the early stage of grouting, the activity reaches the peak, the lowest in seedling stage,
and the N300 treatment in mature stage is significantly higher than that in NO and N100.
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Figure 3. Effect of nitrogen on NR activity of sorghum leaf (A) 2016, (B) 2017. Different letters
indicate different means, according to LSD test (p < 0.05)

It can be seen from Figure 4 that there was no significant difference in activity of
GOGAT among the nitrogen application treatments in the seedling stage, jointing stage
and wax mature stage in 2016; there was a significant difference among the treatments in
the flag leaf stage; there was no significant difference between the N200 and N300
treatments from the powder stage to the late filling stage, and there was a significant
increase in the N200 and N300 treatments compared with the other nitrogen treatments. In
2017, the activity of GOGAT between the N200 and N300 treatments have no significant
difference in the jointing stage, late grain filling stage and max maturity stage, but it was
significantly higher than in the NO and N100 treatments; the N300 treatment in the flag
leaf stage and loose powder stage was significantly higher than other treatments.
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Figure 4. Effect of nitrogen on GOGAT activity of sorghum leaf (A) 2016, (B) 2017. Different
letters indicate different means, according to LSD test (p < 0.05)
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It can be seen from Figure 5 that with the increase in the nitrogen level, GS activity
increased. In 2016, the N100, N200, and N300 treatments were significantly higher than
the NO treatment except for the seeding stage, and N200, and N300 had no significant
difference among the nitrogen treatments except the seedling stage, jointing stage, start of
grain filling stage. From the jointing stage, the GS activity of N300 was significantly
higher than that of N100. In 2017, the GS activity of the N200 and N300 treatments
showed no significant difference in the seedling stage, powder stage and wax maturity
stage, but it was significantly higher than in the NO and N100 treatments. The GS activity
of the N300 treatment was the highest and that of the NO treatment was the lowest.
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Figure 5. Effect of nitrogen on GS activity of sorghum leaf (A) 2016, (B) 2017. Different letters
indicate different means, according to LSD test (p < 0.05)

It can be seen from Figure 6 that the activity of GLDH N200 and N300 were
significantly higher than that of the NO treatment. In 2016, the activity of GLDH in the
N300 treatment was significantly higher than the other treatments in the jointing stage
and early filling stage. The activity of GLDH showed no significant difference between
the N200 treatment and the N100 and N300 treatments in the loose powder stage and
late filling stage, which were significantly higher than those in the NO treatment. In
2017, the activity of GLDH in the N300 treatment was significantly higher than in the
other treatments. The activity of GLDH showed no significant difference between the
NO and N100 treatments in the powder stage but decreased significantly compared with
other treatments. The activity of GLDH in the N200 and N300 were significantly higher
than in other treatments at the early filling and wax stages.

Effect of nitrogen on yield and quality

The analysis of Table 3 shows that in a certain range, the grain weight per ear of
sorghum increased with the increase in nitrogen application, but when the nitrogen level
exceeded that of the N200 treatment, the grain number per ear no longer continued to
increase and began to decline, the change trend is the same as the yield. The 1000-grain
weight of the NO treatment was significantly lower than that of the N100, N200 and
N300 treatments, but there was no significant difference between the N100, N200 and
N300 treatments.

The effect of nitrogen on sorghum protein increased with the increase in nitrogen
application, and there was no significant difference between N200 and N300. It can be seen
from the experiment that the effect of nitrogen on protein was the same in different years.
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Figure 6. Effect of nitrogen on GLDH activity of sorghum leaf (A) 2016, (B) 2017. Different
letters indicate different means, according to LSD test (p < 0.05)

Table 3. Effect of nitrogen level on yield and protein accumulation of sorghum

Protein. The grain Thousand grain .
Years | Treatments accumulation number per ear . Yield (kg/hm?)
(mg-grain) (Li) weight (g)

NO 1.20+0.01c 1009.00 £ 6.00c | 20.44+0.35b [6186.40 + 118.89¢
2016 N100 2.57+£0.05b 1066.00 £ 11.36b| 24.30+0.24a |7770.63 +27.76b
N200 2.95+0.05a 110470 £ 491a | 24.53+0.24a |8128.30+95.85a
N300 2.96 + 0.06a 1069.00 £ 11.68b| 24.15+0.36a |7742.43 +97.39b
NO 1.42 +£0.02¢ 1018.00 £ 10.21b| 20.34+0.45b |6210.82+75.92¢
2017 N100 1.82 £ 0.02b 1087.70 £ 16.41a| 25.37+0.58a |8278.23+61.97a
N200 2.11 £ 0.09a 1069.30+£6.39a | 25.76 £0.58a |8262.74 + 89.85a
N300 2.27 + 0.06a 1002.00+£4.51b | 2528 £0.41a |7600.17 + 64.28b

Mean + standard deviation. Values sharing same letters differ non-significantly (P < 0.05)

Correlation analysis of enzyme activity, leaf area per plant, chlorophyll content with
yield and quality

To find out the relationship between the effects of nitrogen on the physiological and
biochemical characters of leaves and the yield and protein of sorghum correlation
analysis was carried out. The analysis of Table 4 shows that the chlorophyll content and
leaf area of a single plant were significantly positively correlated with the yield and
protein content in different growth periods, and the correlation coefficient is above
0.900. The activity of NR, GOGAT, GS, GLDH NR was positively correlated with
protein content for two years.

There was no significant correlation between NR activity and yield at jointing stage
and loose powder stage in 2017, but there was a significant positive correlation between
NR activity and yield at other stages, and the correlation coefficient was the largest at
wax ripening stage. GOGAT activity showed a significant correlation with production
in 2016 but showed no significant correlation with production in 2017. GS activity was
positively correlated with yield in 2016, there was no significant correlation between the
jointing stage in 2017. GLDH content had a significant correlation with yield in 2016-
2017, with the largest correlation coefficient in the grouting period.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3467-3479.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1905_34673479
© 2021, ALOKI Kft., Budapest, Hungary



Yang et al.: Effect of nitrogen on the metabolisc enzyme activity of leaves, protein content and yield of sorghum (Sorghum bicolor
[L.] Moench) in northern China
- 3475 -

Table 4. Correlation of enzyme activity, leaf area per plant, chlorophyll content with yield
and quality

Jointing stage Flag leaf stage | Loose powder stage | Grain filling stage | Wax maturity stage

Yield | Protein | Yield | Protein Yield | Protein Yield | Protein Yield Protein
Chlorophyll | 0.938™ | 0.957™ | 0.950™ | 0.977" | 0.973™ | 0.981" | 0.902™ | 0.936™ | 0.960” | 0.975™
Leafarea | 0.926™ | 0.941™ | 0.963 | 0976 | 0.914™ | 0.919” | 0.956™ | 0.957™ | 0.908" | 0.939™
NR 0.760 | 0.812" | 0.848™ | 0.896™ | 0.787" | 0.838" | 0.810™ | 0.866™ | 0.943” | 0.961"
GOGAT | 0.750™ | 0.813™ | 0.861 | 0.890™ | 0.632" | 0.711" | 0.821" | 0.867" | 0.801™ | 0.811"
GS 0.733" | 0.787 | 0.843™ | 0.886™ | 0.792" | 0.854™ | 0.832" | 0.871" | 0.8117 | 0.862"
GLDH 0.747 | 0.804™ | 0.674" 0.688" 0.633" 0.702" | 0.805™ | 0.829™ | 0.778" | 0.846™
Chlorophyll | 0.932" | 0.811™ | 0.900™ | 0.883" | 0.929™ | 0.810™ | 0.902™ | 0.898™ | 0.920” | 0.866™

Leafarea | 0.880™ | 0.832" | 0.869 | 0.907" | 0.879™ | 0.903 | 0.871" | 0.841™ | 0.923™ | 0.609"

Years| Project

2016

2017 NR 0.539 | 0.948™ | 0.726™ | 0.938™ 0.566 0.926™ | 0.803™ | 0.930™ | 0.864™ | 0.899™
GOGAT 0442 | 0.871™ | 0.745" | 0.922™ 0.293 0.780* 0.426 0.721™ 0.562 0.914™
GS 0.487 | 0.926™ 0.51 0.897 | 0.684" | 0.942™ | 0.726™ | 0.984™ | 0.655" | 0.951™

GLDH 0.371 | 0.808" 0.482 0.883" 0.469 0.898™ | 0.730™ | 0.974™ | 0.653" | 0.952"

ns, no significance; *p < 0.05; **p <0.01

Discussion

Nitrogen utilization is an important physiological activity in plant growth and
development. Chlorophyll content, leaf area index, regulation of enzymes have a great
impact on nitrogen absorption and utilization (Worku et al., 2012). Leaf senescence and
its chlorophyll content, and photoassimilates distribution, affect crop yield and are
important parameters that should be evaluated in plant growth and crop yield
improvement studies (Ronga et al., 2015; Mosisa and Habtamu, 2007). If too much
nitrogen is transported to the grain too early, the nitrogen content in the leaves will be
reduced, and the photosynthesis of the plant will be affected, which will lead to a
reduction of crop yield (Mi et al., 2012).

It can be seen from the analysis of this experiment that under the condition of dense
planting, the leaf area and chlorophyll content of sorghum increased with the increase
of nitrogen fertilizer and reached the peak value under N200 treatment. The leaf area
and chlorophyll content of N200 and N300 treatments were significantly higher than
that of NO and N100 treatments from jointing stage to loose powder stage, which
indicated that the higher nitrogen treatment in this period was beneficial to leaf area
and chlorophyll content. The leaf area of N300 treatment was lower than that of N200
treatment (7able 1) from the filling grain stage to the wax mature stage. We analyzed
that the growth of N300 leaves, and plants was too vigorous, resulting in poor
ventilation, the lower leaves could not receive light radiation, resulting in yellowing
and wilting under the condition of high density. It may also be due to excessive
nitrogen nutrition, resulting in blocked physiological metabolism. From the filling
stage to the waxing stage, the chlorophyll content of N200 and N300 was significantly
higher than that of NO and N100 (7able 2), which indicated that the higher nitrogen
level after the filling grain stage was beneficial to the chlorophyll content of dwarf
sorghum. Table 4 analysis shows that leaf area and chlorophyll content were
significantly correlated with yield and protein, and the correlation coefficient was the
largest from loose powder stage to filling stage, indicating that leaf area and
chlorophyll content will play a positive role in yield and quality of dwarf sorghum in
this period.
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The increase in nitrogen application can promote the activities of NR and GS, the
ability of nitrogen absorption and assimilation after flowering, and the content of grain
protein (Wang et al., 2002). The activities of enzymes related to leaf nitrogen
metabolism are directly affected by the level of soil fertilizer supply (Tischner, 2000).
The appropriate amount of nitrogen fertilizer can improve the activities of NR, GS,
GOGAT and GLDH in the leaves of maize at the later stage of growth, but excessive
application of nitrogen fertilizer will reduce their activities (Zhang et al., 2002; Liu et
al., 2007; Geng et al., 2009; Li et al., 2018). In this study, the activities of NR, GS,
GLDH and GOGAT in sorghum leaves were significantly reduced by low nitrogen
treatment, ranked as N300 > N200 > N100 > NO, indicating that the activities increased
with the increase in nitrogen.

The highest value of NR activity in the early stage of grain filling was 103.97%,
137.02%, 135.79% and 157.95% higher than the lowest value of nitrogen treatments in
the seedling stage in 2016, and 106.82%, 151.92%, 144.93% and 147.02% higher in
2017. The results showed that lower nitrogen significantly reduced NR activity and the
extent of the increase range. The GS activity of Kezal5 reached the peak value in the
early stage of grain filling, and the difference between the N300 and NO treatments was
27.78%. Although the activities of GOGAT and GLDH were positively correlated with
nitrogen, there were significant differences between the years.

The activity of NR, NIR and GOGAT decreased from flag leaf stage to grain filling
stage, while the activity of GS remained stable or even increased, which may be related
to the important function of GS in the process of nitrogen reuse (Zheng, 2009; Lea et
al., 2003) It was found that the activities of NR, GOGAT, GS and GLDH were kept at a
high level from the flag leaf stage to the filling grain stage, and there was no trend of
decline, indicating that the application of enzyme activity to nitrogen of dwarf sorghum
lasted for a long time.

Increasing nitrogen fertilizer can improve the accumulation of photosynthetic
products, improve the use of light energy by sorghum (Wang et al., 2015; Zhou et al.,
2016). A suitable amount of nitrogen fertilizer is the key to obtain high yield, high
benefit and high nitrogen use efficiency (Liang et al., 2017). The results of the study
showed that the yield of sorghum increased first and then decreased with the increase in
nitrogen application. The yield of the NO treatment was significantly lower than that of
nitrogen application treatments. Although nitrogen improved the yield of sorghum, too
much nitrogen was harmful to the yield of sorghum. When nitrogen exceeded N200, the
number of grains per ear no longer continued to increase and began to decrease, change
trend and significance are the same as yield change. However, there was no significant
difference in 1000 grain weight among different nitrogen treatments. The results
showed that the correlation between the yield of sorghum and the number of grains per
ear was more significant than that of 1000 grains under the condition of dense planting.

Our research showed that not only leaf area and chlorophyll are important factors to
improve yield and quality of high-density planting dwarf sorghum, but also enzyme
activity related to nitrogen metabolism is one of the important reasons for high yield.
The higher the activity of nitrogen metabolism related enzymes, the stronger the ability
of nitrogen assimilation, the more chlorophyll and photosynthetic related enzymes can
be synthesized to improve the yield and quality. The higher enzyme activity, green leaf
area and chlorophyll content from the filling grain stage to the wax mature stage will
play an important role in the formation of yield, which can be used as a reference index
for high yield of dwarf sorghum.
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Conclusion

Leaf area, chlorophyll content, the activity of NR and GS were the most significant
correlation between yield and protein content of dwarf sorghum. The loose powder
stage to grain filling stage was an important period for yield and quality formation. The
yield of dwarf sorghum was mainly determined by the number of grains per ear, 200 kg
of nitrogen ha™! was the most beneficial to yield and protein of dwarf sorghum. It will
be our research goal to study the mechanism of nitrogen metabolism of dwarf sorghum
under high-density planting condition.
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Abstract. Glyphosate is a broad-spectrum, non-selective, contact herbicide, dominating the global
pesticide market and the most widely used agricultural chemicals worldwide, to manage pre- and post-
emergence weeds. Despite the fact that glyphosate and glyphosate-based herbicides are widely used, and
claimed as a “once in a century herbicide”, there remains extensive debate on the consequences of
glyphosate usage and its impacts on soil, plant, and environmental health, apart from non-targeted
vegetation. Though positive effects of glyphosate on agricultural food production, soil conservation and
environmental pollution have been put forth by several workers, glyphosate and its negative impacts on
the environment, especially its persistence in soils, the emergence of glyphosate-resistant weeds, and its
integration into the existing cropping systems in agroecosystems remains a challenge. In this review, we
provide updates on glyphosate and glyphosate-based herbicides, and their impacts on the environment,
which will be highly useful for researchers and decision-makers to establish policies for glyphosate and
glyphosate-based herbicide usage in agriculture.

Keywords: glyphosate, soil persistence, health impacts, soil functions, food chain, microbial and faunal
diversity

Introduction

Glyphosate (N-(phosphonomethyl) glycine) is a broad-spectrum, nonselective,
contact (foliar-applied) herbicide. Glyphosate was commercialized in 1974, and has
been widely used to control pre- and post-emergence weeds (grass and broadleaved
weeds) in agriculture (Nandula, 2010). Glyphosate inhibits the enzyme
5-1-enolpyruvylshikimate-3-phosphate synthase (EPSPS) involved in the shikimate
pathway, leading to build up of shikimate and reducing the synthesis of aromatic amino
acids, which are necessary for plant survival (Duke and Powles, 2008).
Herbicide-tolerant (HT) crops consistently occupy the largest area of genetically
modified (GM) crops, and the most frequently used HT crops are engineered to express
cp4-epsps, the product of which is not inhibited by the herbicide, “glyphosate” (Duke,
2005). Glyphosate based herbicides (GBHs) are at present the most heavily applied
herbicides in the world, and the use of GBHs is likely to rise on the event of approval of
Roundup Ready glyphosate-tolerant, worldwide (Benbrook, 2012). The countries that
have approved HT include Argentina, Australia, Brazil, Canada, China, Colombia,
Costa Rica, EU, Japan, Malaysia, Mexico, New Zealand, Paraguay, Philippines,
Singapore, South Africa, South Korea, Taiwan, USA (James, 2003). Depending on
weed species, plant type, and other biotic or abiotic factors, the recommended rates of
glyphosate vary largely. Consequently, enormous amounts of glyphosate enter the
environment every year, and concern has grown over its possible ecological impacts
(Myers et al., 2016). Glyphosate, GBHs, and HT crops are expected to affect soil,
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plants, environment, and human well-being directly or indirectly (Fig. 1). With this
background, in this review, we discuss the impacts of HT crops and GBHs on the
environment in detail.
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Figure 1. Possible impacts of herbicide tolerant crops and glyphosate-based herbicides

Glyphosate in food supply chain and its health impacts

Since the glyphosate is the most widely used herbicide in the environment (Kier and
Kirkland, 2013), its long-term use at global scale, not only affect the soil, water, and air,
but its entry into the food chain through ingestion are of great health concerns (Bai and
Ogbourne, 2016; Torretta et al., 2018) (Fig. 2). Glyphosate residues have been detected
in several environmental samples such as water, air, food, and feed through drifting,
leaching, and surface runoff (Mensah et al., 2012). Furthermore, the drift and dispersal
of glyphosate in the soil-water environment can damage-living organisms including
aquatic life (Williams et al., 2000; Bailey et al., 2017). Several studies have shown that
the absorption constant of the chemical varies between 8 and 377 dm? kg'!, depending
on the soil characteristics. In water, the half-life of glyphosate shown to vary from a few
days to 91 days (Vereecken, 2005; Borggaard and Gimsing, 2008). The time of
application also plays a primary role in residue levels in the final product. For example,
glyphosate application during harvest has been reported to increase the residue levels in
soybeans (Duke et al., 2003; Arregui et al., 2004).

The glyphosate residues were reported from animal feed, animal urine, animal flesh,
human food, human milk, and human urine (Acquavella et al., 2004; Borggaard and
Gimsing, 2008; Kriiger et al., 2013, 2014; Niemann et al., 2015), indicating greater
release of glyphosate-salts (isopropyl amine, glyphosate- ammonium, glyphosate-
sesquisodium, and glyphosate-trimesium) into the environment, and subsequent entry
into food supply chain of increased exposure to glyphosate (Cuhra et al., 2016). In a
human exposure study, involving occupationally and para-occupationally exposed
subjects, the average urinary levels of glyphosate varied from 0.26 to 73.5 pg/L in
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occupationally exposed subjects. While, the environmental exposure urinary levels
ranged from 0.16 to 7.6 pg/L (Gillezeau et al., 2019). Worst case exposure causing
acute poisoning (cardiorespiratory toxicity) in adult humans has been reported to be 125
and 5 pg kg!' day! for glyphosate and aminomethylphosphonic acid (AMPA),
respectively (Williams et al., 2000). Several studies have demonstrated the possible
entry route of glyphosate in the gastro-intestinal tract of humans and mammals, through
inhalation, ingestion, and dermal contact affecting growth, kidney and liver functions,
lymphoma, etc. (Peillex and Pelletier, 2020). Glyphosate and GBHs provoke oxidative
damage in rats (liver and kidneys) through the disruption of mitochondrial metabolism
at exposure levels, which is currently considered safe (Mesnage et al., 2015). Further,
studies detected higher levels of glyphosate and AMPA in the tissues of farm animals
compared to their usual levels in fat, and increased frequency of kidney disease among
the male agricultural workers, who were exposed to heavy GBHs uses (Jayasumana et
al., 2014). In vertebrates, glyphosate and GBHs interrupted endocrine-signaling systems
and steroid hormones (Thongprakaisang et al., 2013). GBHs are linked to increased risk
of developing non-Hodgkin’s Lymphoma (NHL) among humans (Schinasi and Leon,
2014). As a chelating agent, glyphosate and GBHs can affect micronutrient availability
to living beings, including crops and animals (Johal and Huber, 2009).
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Figure 2. Environmental fate of glyphosate and glyphosate-based herbicides

Similarly, in plants, glyphosate altered the functions such as photosynthesis,
respiration, and the synthesis of essential aromatic amino acids (Williams et al., 2000;
Samsel and Seneff, 2013; Kruger et al., 2014; Bailey et al., 2017). Traces of glyphosate
have been recorded in wheat flour, oats, bread (Székacs and Darvas, 2012), honey
(Rubio et al., 2014), and beers (reuters.com). In Italy, 100 food products based on flour
(corn flakes, rusks, pasta, spaghetti) and 26 samples of drinking water showed traces of
glyphosate (Corvino, 2015; Test-Salvagente, 2016). Human milk showed glyphosate
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presence in the range of 76 to 166 p/L. However, this level is considered acceptable by
the Environmental Protection Agency (EPA) (momsacrossamerica.com). Traces of
glyphosate were detected in 85% of tampons, medical gauze (cotton), panty liners
(ecowatch. com; reuters.com). In Germany, human urine samples contained traces of
glyphosate in the range of 0.17 to 3.5 p/L (slowfood.com). Similarly, the children and
young people who had worked in the agricultural sector found have higher traces of
glyphosate in their urine (foodnavigator.com).

The US Environmental Protection Agency (USEPA) classified glyphosate as a
suspected human carcinogen (Category C) in 1985. However, long-term administration
studies showed limited evidence of carcinogenicity in animals and inadequate data on
humans’ carcinogenicity (Rubio et al., 2014). Subsequently, in 1991, EPA included
glyphosate in the E category (substances that do not show carcinogenic potential) based
on animal and epidemiological studies (www.epa.gov). In 2015, the International
Agency for Research on Cancer (IARC) classified glyphosate as “probably carcinogenic
to humans”, with the insertion of the 2A category (substances with limited evidence of
carcinogenicity to humans and sufficient evidence for animals) (IARC, 2015). In 2015,
based on the technical assessment of glyphosate by an institution of a member state
(German Federal Institute for Risk Assessment-BfR), the European Food Safety
Authority (EFSA) concluded that it was “improbable” that the pesticide was genotoxic
or carcinogenic to humans (EFSA, 2015). However, subsequent analyses of the
toxicological data have concluded that glyphosate is unlikely to pose a genotoxicity or
carcinogenic risk to humans (EFSA, 2017; USEPA, 2019). Subsequently, the EFSA
proposed new toxicological safety thresholds to improve the control of glyphosate
residues in food i.e. (1) Increasing the ADI (Acceptable Daily Intake) or DGA, that is
the daily human consumption limit, from 0.03 mg/kg to 0.05 mg/kg, in line with the
acute reference dose (ARD), always fixed at 0.05 mg/kg body weight, (ii)) The
admissible exposure level of the operator (Laeo) was fixed at 0.01 mg/kg of body
weight per day (www.efsa.europa.eu). Later, in 2016, the joint expert committee of
FAO-WHO on pesticide residues in the environment and food, concluded that
“glyphosate is unlikely to lead to carcinogenic risk for humans as a consequence of
exposure through the diet” (FAO, 2016).

Persistence, degradation and residual effects

The microbial action is the primary mode of glyphosate mineralization in the soils, and
the glyphosate rapidly degrades in the non-sterile than sterile soils, indicating the role of
microorganisms in the glyphosate degradation (Borggaard and Gimsing, 2008). In most of
the soils, the bulk of glyphosate and its primary metabolite (AMPA) is found on the
surface soil (Okada et al., 2016), and the glyphosate does not readily move from most
soils to either ground- or surface water (Borggaard and Gimsing, 2008), however, its
leaching be faster in the soils with higher macropores (higher content of sand and gravel).
On an average, >1% of the glyphosate applied was reported to be lost as runoff.
Compared to glyphosate, the AMPA presence in ground/surface water is much higher due
to its mobile nature in the soils (Kjaer et al., 2005). GBHs contaminated drinking water
via rainwater, surface runoff and leaching into groundwater (Battaglin et al., 2014).
Spraying of higher doses of glyphosate above the recommended levels is reported to
cause higher runoff. However, glyphosate in surface water was reported to ultimately
adsorb onto the soil sediments, where it undergoes biological degradation (Wang et al.,
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2016). Though a small body of literature discusses the bioremediation of soils with high
glyphosate content (Zhan et al., 2018), no studies have reported the persistence of
glyphosate and AMPA in soils with long-term use in glyphosate-resistant (GR) crops
(Duke et al., 2018). Further, the lack of crop yield reduction in soils with long-term usage
of glyphosate indicates that if glyphosate has accumulated in such soils, it is not
bioavailable as a herbicide (Duke et al., 2018; Reddy et al., 2018).

The glyphosate and its metabolites are readily water-soluble, which makes them
difficult to build up or bio-magnify in nature (Duke, 2020). Glyphosate is mineralized via
two enzymatic routes in soils; the major one is by glyphosate oxidoreductase, which
produces AMPA and glyoxylate (Fig. 3). Glyoxylate is a common metabolic compound,
whereas AMPA found in the environment comes from the glyphosate degradation and
degradation of phosphorus containing detergents (Botta et al., 2009). The second route of
degradation is through a carbon-phosphorus (C-P) lyase that produces sarcosine (N-
methyl glycine) and inorganic-PO4. Alternatively, the transformation of glyphosate to
AMPA and glyoxylate can also be performed by glycine oxidase (Pollegioni et al., 2011).
Both glyoxylate and methylamine was shown to support the growth of microorganisms
(Duke, 2011). The glyphosate degradation rate was reported to be faster in aerobic than
anaerobic soils, with a half-life value of 1.0 to 67.7 days, and more than 85% of soil-
applied glyphosate was reported to be mineralized within the first 44 days, and
micromyces were reported to be the main contributor of glyphosate degradation (Alexa et
al., 2010). In a broad-range of agricultural soils with different soil properties, 7%-70% of
glyphosate degradation occurred in the first 32 days (Nguyen et al., 2018). There was no
significant influence of tillage on the degradation of glyphosate, and around 40% of
glyphosate applied was reported to dissipate by 3 days in the silt loam soils (Okada et al.,
2019). The glyphosate mineralization rate was strongly correlated with soil exchangeable
acidity (H* and AI**), exchangeable Ca®" ions, and ammonium lactate-extractable
potassium (Mertens et al., 2018).
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Figure 3. Degradation pathways of glyphosate
Glyphosate taken up by plants is reported to exude from roots or leached from plant
residues (Laitinen et al., 2007). Glyphosate applied to GR and non-GR canola was
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reported to undergo a slow degradation process, thus increasing its persistence in the
sprayed fields (Mamy et al., 2016). Glyphosate and AMPA residues were detected in
Roundup Ready soybeans and with other associated crops such as wheat, barley, and
vegetable crops (Beohn et al., 2014). Based on their study on three soybean types
(organic, conventional, and genetically modified), Bohn et al. (2014) reported less total
saturated fat and total omega-6 fatty acids in organic-soybeans compared to
conventional and GM-Soybeans. Further, high levels of glyphosate (3.3 mg kg!) and
AMPA (5.7 mg kg') residues were observed in GM-Soybeans. Though, a
non-significant difference in residue decomposition rates of GR-soybean and a
counterpart-sensitive soybean, glyphosate application was shown to decrease the
decomposition rates at the top soils, but not in the sub-soil (Powell et al., 2009). Further,
there were no much differences in ratios of fungal biomass to bacterial biomass in the
degrading residues (Powell et al., 2009).

Soil functions, environmental quality and environmental impact quotient

The application of glyphosate to agricultural soil was shown to increase soil
respiration by 42%, while there was no clear effect on fluorescein diacetate hydrolysis
(an indicator of microbial activity in soils) (Zabaloy et al., 2008). Glyphosate
application also stimulate mineralization of native organic matter, carbon and nitrogen
mineralization (Eser et al., 2007). There were no significant differences in soil microbial
biomass (SMB), microbial respiration and nitrogen mineralization rate in soils with
long-term glyphosate exposure (Busse et al., 2001). The application of glyphosate alters
the organic carbon content in soils, thus influencing microbial population and their
community composition (Imparato et al., 2016). However, a meta-analysis study
concluded that the management and environmental factors play a significant role in soil
microbial response to glyphosate application (Nguyen et al., 2106).

GBH (Roundup WeatherMax) was reported to affect soil microbial reaction to
pesticides such as trifluralin, aldicarb, and mefenoxam+ pentachloronitrobenzene.
Where, the soils exposed to glyphosate only exhibited greater cumulative carbon
mineralization (Lancaster et al., 2008). Similarly, soil application of glyphosate +
diflufenican was shown to inhibit the soil microbial biomass-Carbon (SMBC) and soil
enzymes compared to the action of both the herbicides applied individually (Tejada,
2009). Growing GR-cotton, corn, and soybean did not affect the acid or alkaline
phosphatase activities (Savin et al., 2009). The application of glyphosate had
non-significant effects on soil dehydrogenase activity (DHA) (Zabaloy et al., 2008;
Shitha, 2014). Glyphosate applications had a transient effect, without affecting the
microbial community, metabolic activity, and soil exoenzyme’s activities of the bulk
and rhizosphere soil (Jenkins et al., 2017).

Though glyphosate applied to soils was reported to be absorbed by clay minerals,
soil organic matter competes for glyphosate adsorption sites, and inhibit its adsorption
in clay minerals (Gerritse et al., 1996). Glyphosate was also reported to compete with
phosphate, which results in phosphorus runoff after one day of amendment (Sasal et al.,
2015). Glyphosate application in soil was found not to effect on exchangeable
potassium (available to plant) and non-exchangeable potassium (Lane et al., 2012), and
no residual toxicity of K-salt of glyphosate was observed (Kaur and Walia, 2014).
Glyphosate as a strong chelating agent, form complexes with minerals and ions, such as
calcium, magnesium, manganese, iron, zinc present in soil and water, and subsequently
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make those micronutrients unavailable to plants through immobilization causing
nutrient deficiencies (Glass, 1984). Complexing of Mn + glyphosate inside the plant
was reported to reduce its bioavailability in soybean (Bott et al., 2008). Alternatively,
some complexed ions reach plants through absorption causing ill effects in long-term
exposure (Samsel and Seneff, 2013). Likewise, glyphosate application was shown to
affect the rhizospheric ratios of manganese-oxidizers to manganese-reducers in the GR-
soybeans, resulting in reduced solubility of manganese in soil, and subsequent reduction
in plant uptake (Johal and Huber, 2009).

The adoption of GR-crops was reported to reduce herbicide usage (LCso) per hectare
by 100 and 500 in soybeans and cotton, respectively (Gardner and Nelson, 2008).
Similarly, worldwide cultivation of GR-soybeans, corn, and cotton was found to reduce
the environmental impact quotient (EIQ) by 15%, 13%, and 9%, respectively (Barfoot
and Brookes, 2014). Consecutively, the EIQ values for GR-soybean, corn, cotton,
canola, and sugar beet were reduced to 13%, 13%, 11%, 30%, and 19%, respectively,
after two years of cultivation (Brookes and Barfoot, 2018). Though herbicide usage was
found to be on the rise in corn, cotton, and soybeans in the United States, the associated
herbicide acute hazard quotients declined after the adoption of GR-crops (Kniss, 2017).
Among the herbicides used, the glyphosate contributed to 0.1%, 0.3%, and 3.5% of the
herbicide chronic toxicity quotients in corn, soybean, and cotton, respectively,
suggesting its insignificant role in contributing to the toxicity hazard of its use in
agriculture (Kniss, 2017). Further, non-adoption of glyphosate as a herbicide option in
agriculture is estimated to increase the EIQ of herbicide use by 0.4% to 11.6%
(Brookes, 2018).

Soil conservation and carbon sequestration

At present, tillage is the primary onfarm practice followed to manage weeds in
several small and marginal farms. However, long-term tillage practices caused
substantial soil loss through erosion and subsequent environmental damage. In addition,
soil disturbance and its movement from crop fields to other water-bodies are expected to
disrupt ecosystems. Though, use of glyphosate to manage weeds is reported to avoid
soil tillage operations, whereby it conserves soil and ecosystems (Cerdeira and Duke,
2006). However, since glyphosate applications kill all weeds, use of GR-crops
(including intercrops, cover crops and other cropping system-based crops) became
inevitable. Lessing of tillage operations facilitated by the GR crops had led to the
minimization of soil loss, environmental pollution and conservation of ecosystems
(Duke and Powles, 2009). Though, the impact of reduced- and no-tillage (not ploughed)
operations in agriculture on environmental deterioration by adoption of GR-crops or
glyphosate application has not been well documented, the greater adoption of reduced-
and no-tillage operations due to GR-crops usage, and its effect on the development of
GR-weeds, was well studied (Givens et al., 2009). Among several agricultural field
operations, tillage was reported to contribute to higher CO> production in agricultural
systems. Further, the adoption of GR-crops was reported to reduce fossil fuel usage and
associated pollution in agriculture, worldwide (Brookes and Barfoot, 2018). Further,
recently, there is a stringent competition for agricultural lands to serve several crucial
services including food crops, fibre crops, oilseed crops, vegetables, etc. These essential
requirements have further worsened the need for lands for intensive agriculture due to
recent soil quality loss, land degradation and climatic changes (Balmford et al., 2018).
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Non-adoption of glyphosate in agriculture also increase the demand for additional
agricultural land to meet the global crop production (Brookes et al., 2017), which cost
both farmers and the public (Duke and Powles, 2008; Duke, 2018).

Development of glyphosate resistance in weeds

Herbicides are one the most important plant protection chemicals, which help
reducing labour cost (Travlos et al., 2017). However, increased shortage of work force
in agriculture for cultural control of weed species, herbicide usage is on increasing trend
in several crops including cotton, corn, and wheat due to the development of herbicide-
resistant weeds to commonly used herbicides in agriculture (Travlos et al., 2018).
Furthermore, climate change and new cropping systems pose numerous new challenges
in weed management in breaking down the development of resistance in weeds (Heap
and Duke, 2018; Heap, 2020). Glyphosate is one of the most widely used herbicides
globally for both agricultural and nonagricultural applications (Andert et al., 2019)
accounting for one-third of the total herbicide usage in agriculture (Székécs and Darvas,
2018). The over dependence on glyphosate usage in agriculture has caused the
development of weeds resistant to glyphosate (Gonzalez-Torralva et al., 2012; Singh et
al.,, 2020). Presently, around 48 glyphosate-resistant species have been reported
worldwide, resulting in low herbicidal efficacy on weeds and higher weed management
costs (Heap and Duke, 2018; Heap, 2020). The first case of glyphosate resistance in tall
windmill grass (Chloris elata) was reported in Cuba (Bracamonte et al., 2017).
Fernandez-Moreno et al. (2017a) reported the glyphosate resistance in perennial
ryegrass (Lolium perenne) and Italian ryegrass (L. multiflorum). Glyphosate-resistant
weed species were common in four weed families (Poaceae, Asteraceae,
Amaranthaceae, and Chenopodiaceae) compared to other primary weed species (Heap
and Duke, 2018). The genera Lolium (perennial ryegrass), Chloris (feathery Rhodes-
grass or windmill grass), and Bromus (brome grass) in the Poaceae family; Conyza
(horseweed) and Ambrosia (ragweed) genera in the Asteraceae family was shown to be
more susceptible to glyphosate resistance. Similarly, Amaranthus palmeri (Palmer
amaranth), A. tuberculatus (roughfruit amaranth), A. hybridus (smooth pigweed), and
A. spinosus (spiny pigweed) species were more prone to glyphosate resistance in the
Amaranthaceae family. In the Chenopodiaceae family, the glyphosate-resistant was
most prevalent in species Kochia scoparia (Mexican fireweed) and Salsola tragus
(prickly Russian thistle) (Heap and Duke, 2018).

The continued exposure to glyphosate has been shown to develop resistance to
glyphosate in several weed species including Buckhorn Plantain (Plantago lanceolate),
Common Ragweed (Ambrosia artemisiifolia), Common Waterhemp (Amaranthus
tuberculatus), Giant Ragweed (Ambrosia trifida), Goose-grass (Eleusine indica), Hairy
Fleabane (Conyza bonariensis), Horseweed (Erigeron canadensis), Italian Ryegrass
(Lolium multiflorum), Johnson-grass (Sorghum halepense), Jungle Rice (Echinochloa
colona), Mexican fireweed (Kochia scoparia), Liverseed Grass (Urochloa panicoides),
Palmer Amaranth (Amaranthus palmeri), Ragweed Parthenium (Parthenium
hysterophorus), Rigid Ryegrass (Lolium rigidum), Sour-grass (Digitaria insularis),
Sumatran Fleabane (Conyza sumatrensis), and Wild Poinsettia (Euphorbia heterophylla)
(Nandula et al., 2005).

The mechanism of resistance to glyphosate includes (i) Target site resistance (single
or multiple base pair alteration, gene amplification or duplication) and (ii) Non-Target

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3481-3504.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/acer/1905_34813504
© 2021, ALOKI Kft., Budapest, Hungary



Velmourougane et al.: Environmental impacts of herbicide tolerant crops and glyphosate-based herbicides — a review
- 3489 -

site resistance (enhanced metabolism, decreased absorption and translocation,
sequestration) (Nandula et al.,, 2017; Heap and Duke, 2018). Dose-dependent
development of glyphosate resistance in weeds was also reported. Where, the higher
dose was shown to eliminate susceptible populations, resulting in rapid evolution of
herbicide resistance in weeds (Heap and Duke, 2018), while, low herbicide dose permits
the possibility for outcrossing, cross pollution, and combining in weed populations,
which gains glyphosate resistance traits to endure higher glyphosate rates (creeping
resistance) (Gressel, 2009; Sammons and Gaines, 2014). The higher level of
3-deoxy-d-arbino-heptulosonate 7-phosphate synthase, involved in the shikimate
pathway, is also proposed to be responsible for enhanced carbon flow, which further
assisted is imparting the glyphosate resistance (Pline-Srnic, 2006). The over expression
of EPSPS gene was reported to be the primary mechanism involved in resistance
development to glyphosate herbicide in L. perenne (Tani et al., 2016; Yanniccari et al.,
2017). Target-site mutations related reduced translocation of glyphosate was reported in
beggarticks (Bidens Pilosa) (Alcantara-de la Cruz et al., 2016a). Similarly, reduced
uptake and translocation in rigid ryegrass (L. rigidum) (Fernandez-Moreno et al.,
2017b), reduced absorption and translocation in tropical sprangletop (Lepthochloa
virgate) (Alcéntara-de la Cruz et al., 2016b), target-site mutations in L. perenne
populations (Karn and Jaseniuk, 2017), and target-site and non-target-site resistance in
congress grass (Parthenium hysterophorus) (Bracamonte et al., 2016) was implicated in
resistance development.

Plant physiology and phytotoxicity

In plants, glyphosate usage blocks the synthesis of the aromatic amino acids such as
phenylalanine, tyrosine, and tryptophan by targeting the enzyme EPSPS of the shikimic
acid pathway. Application of Roundup® to cotton was reported to affect boll
distribution and cause abnormality of bolls, which reduces cotton yield, fiber quality,
ginning percentage (Viator et al., 2000). Glyphosate application in GR-cotton was
shown to reduce plant reproductive attributes such as modifications in floral
morphology, pollen viability, and pollination efficiency leading to poor seed setting and
greater boll loss (Pline et al., 2003). Glyphosate exposures to crop plants were also
reported to alter the characteristics of root exudates, quantitatively and qualitatively
affecting their functional roles. In GR-soybean, while the carbohydrates characteristics
were not affected by glyphosate application, the amino acids exudation was found to get
increased (Kremer et al., 2005).

Hormesis (a stimulatory effect of toxin/herbicide/chemicals on plant growth) is a
phenomenon stimulated by the lower concentrations of several herbicides on crop
plants. However, sub-toxic concentrations of glyphosate brought a significant change in
a plant population of the same species, affecting their growth and development (Brito et
al., 2018). Similarly, lower concentrations of glyphosate leaching and runoff from the
land to water bodies also stimulate the growth of some algae via hormesis causing
eutrophication, however, the glyphosate induced hormesis in algae is generally less
(Dabney and Patifio, 2018).

In weed management, application of the recommended rates of glyphosate was not
found to affect the mineral composition of GR crops (Duke et al., 2018; Reddy et al.,
2018). However, charged minerals such as aluminum and iron oxides act as a binding
site for glyphosate in most of the soils (Borggaard and Gimsing, 2008). Glyphosate also
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competes for adsorption sites in soil along with phosphate ions, indicating the
significant role of phosphate fertilizers in glyphosate remobilization in soils (Bott et al.,
2008). Soils without enough binding sites (example sandy soils) for glyphosate residues
cause phytotoxicity due to the presence of unbound glyphosate (Cornish, 1992). Since
the glyphosate is an anion at physiological pH, it binds well with most of the divalent
metal cations, thus reducing the possibility of phytotoxicity. However, chelating
characteristics of glyphosate were linked to phytotoxicity and negative effects on other
organisms (Mertens et al., 2018).

Plant defense mechanisms and disease tolerance

Glyphosate herbicide usage in crop plants is implicated in the susceptibility of plants
to several diseases through inhibition of EPSPS, which disrupts the shikimic acid
pathway, and shikimic acid pathway-derived compounds (phenolics, defense molecules,
lignin derivatives, salicylic acid, anthranilic acid, phytoalexins and lignans), that plant
syntheses to protect themselves from microbial plant pathogens (Hammerschmidt,
2018). In nutritional aspects, the application of glyphosate was reported to impact plant
uptake and transport of micronutrients (Mn, Fe, Cu, and Zn), whose shortage can reduce
plant growth and disease resistance (Johal and Huber, 2009). The root infection caused
by Fusarium spp. in GR-soybean cultivars were found to get aggravated by glyphosate
application under controlled and field conditions (Kremer and Means, 2009). Further,
glyphosate application also decreased Pseudomonas spp, IAA-producing bacteria, and
ratio of manganese-reducing to manganese-microbial populations (Kremer and Means,
2009). Glyphosate usage and GR were also linked to sudden death syndrome, in
soybean caused by Fusarium virguliforme (Njiti et al., 2003).

Though the quantum of glyphosate required to destroy the weeds is considerably low
in the presence of plant pathogens (Duke et al., 2018), glyphosate application can be
toxic to microbes, particularly rusts (Feng et al., 2005). The drift of glyphosate from
sprayed fields be phytotoxic and can decrease the defense mechanism of non-GR plants
to plant pathogens (Hammerschmidt, 2018). Glyphosate application to GR soybean was
reported not to increase its susceptibility to Sclerotinia sclerotiorum (Nelson et al.,
2002). Similarly, there were inadequate data to establish a relationship between
glyphosate usage and plant diseases caused by Fusarium spp (Powell and Swanton,
2008).

Non-target vegetation

Glyphosate is one of the most important herbicides used worldwide on non-GR
croplands. Leaching, runoff, and drifting of spray droplets from the treated area are the
primary source of glyphosate exposure to non-target vegetations (Duke, 2020). The
glyphosate required to cause phytotoxicity in plant species varies considerably
depending upon the plant type, glyphosate concentration and its drift levels (Duke,
2020). Glyphosate is documented to have a shorter half-life and low drift potential
compared to other herbicides, indicating its safeness on non-target vegetation (Heap and
Duke, 2018). Further, the low vapour pressure properties of the glyphosate acid and the
isopropylamine salt of glyphosate make them virtually nonvolatile (Duke, 2020).
Commonly, the glyphosate that drifts and settling on plant surfaces are either used by
the plants as a nutrient source or reaches the soil through rain (Duke, 2020). There
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found to be a minimal plant injury even with aerial spray of glyphosate at minimal
distances (Cederlund, 2017). Around 21% of glyphosate and 42% of AMPA was
recorded in European surface-soils, where the GR crops were not grown, indicating the
drift potential of glyphosate on non-targeted vegetations (Silva et al., 2018). The impact
of glyphosate application on non-target plant species has been studied in several crops
including peas (Pisum sativum) (Orcaray et al., 2012; Zabalza et al., 2017), rice (Oryza
sativa) (Ahsan et al., 2008), soybean (Glycine max) (Hernandez et al., 1999), etc. In
most occurrences, glyphosate application was reported to influence the photosynthetic
rate and chlorophyll biosynthesis (Zobiole et al., 2012; Serra et al.,, 2013),
photochemical reactions (Vivancos et al., 2011), carbon and nitrogen metabolism
(Zobiole et al., 2010; Ding et al., 2011), plant mineral uptake (Cakmak et al., 2009;
Zobiole et al., 2010, 2011, 2012), phytohormone synthesis (Sergiev et al., 2006; Miteva
et al., 2010), fatty acids and amino acids synthesis (Gomes et al., 2017), secondary
metabolite synthesis (Yanniccari et al., 2012). The GBH application also influences the
activity of enzymes such as ascorbate peroxidase, catalase, and polyamines
(Mkandawire et al., 2014).

Soil microorganisms and their diversity

Glyphosate affect soil microorganisms, their community composition (Kremer and
Means, 2009) and their ecological functions, however, most of those effects are found
to be minor and transient in nature (Nguyen et al., 2016). Soil microorganisms are
capable of using glyphosate as carbon and phosphorus sources (Eser et al., 2007). The
effects of glyphosate be transient and minimal on soil microbial population and their
functions, as there is no report on yield reductions in GR-crops (Duke and Reddy,
2018). Based on the FAME analysis, glyphosate application to GR-soybean under field
conditions had no effect on the rhizosphere and bulk soil community composition
(Weaver et al., 2007). Glyphosate usage in GR-corn was shown not to affect the
denitrifying bacteria and fungal populations compared with GR-corn and glyphosate
sensitive (GS) corn isoline treated with conventional herbicides (Hart et al., 2009).
Glyphosate application does not have a significant effect on cotton rhizosphere
microbial community composition and their function (Barriuso and Mellado, 2012).
There found to no negative effect on root colonization efficiency of Arbuscular
mycorrhizal fungi in GR-cotton, corn, and soybean (Savin et al., 2009). However,
nitrogen + glyphosate application was reported to negatively affect the growth of AMF
as well as the dehydrogenase activity in the silt loam soil (Nivelle et al., 2018).
Similarly, the fungal:bacterial ratios were unaffected by glyphosate applications to GR-
soybeans (Lane et al., 2012). Pyrosequencing of cloned 16S-rDNA from GR-corn
rhizosphere showed no variations in microbial community composition compared to the
glyphosate or GTZ (acetochlor + terbuthylazine) treatment (Barriuso et al., 2010).
Similarly, long-term studies identified three dominant microbial groups (Proteobacteria,
Actinobacteria, and Acidobacteria) in the GR-corn rhizosphere, which indicated a nil or
transient effect of glyphosate on these communities (Barriuso et al., 2011). Long-term
usage of glyphosate in glyphosate tolerant cropping, resulted in shifts in sub-
populations of soil rhizosphere-associated bacterial communities (Xanthamonadales,
Acidobacteria), and bacterial exposure to glyphosate was shown to affect their
community composition (increased proliferation of glyphosate tolerant bacteria) and
down-regulation of carbon metabolism (Newman et al., 2016).
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Glyphosate have direct toxicity on some bacteria, fungi, and protists as these
organisms also use the shikimic acid pathway (Feng et al., 2005). Even, mycorrhizal
fungi were reported to be sensitive to glyphosate exposure, which affects root
colonization efficiency and spore viability (Druille et al., 2013). Higher concentrations
of glyphosate inhibit nitrogen fixing potential of cyanobacteria (Bodkhe and Tarar,
2016). The reduction in nodulation efficiency, nitrogen fixation and biomass buildup
was reported in GR-soybeans subjected for glyphosate treatment (Zablotowicz and
Reddy, 2004). Glyphosate application to GR-soybeans reported to affect leaf
chlorophyll, root biomass, plant nitrogen content, nodule biomass and nitrogenase
activity compared to the untreated control. However, there are no significant differences
between treated and control plants on nifH gene abundance (Fan et al., 2017). The
combined application of nitrogenous fertilizers and glyphosate does not affect the
activities of either ammonia-oxidizing bacteria or archaea and their nitrification
activities (Zabaloy et al., 2017). Though the glyphosate application was found to be
harmful to microbial populations up to 30 days, the population recovered after 60 days
and reached the original level in acidic soil (Kumar et al., 2017) and lateritic soil
(Shitha, 2014). The application of higher doses of glyphosate in glyphosate sensitive
(GS) pea and triticale was reported to increase the ammonia concentrations in the
rhizosphere soil, thus affecting microbial community diversity and richness compared to
the control treatments (Mijangos et al., 2009).

Insects and aquatic life

Evidence suggests that GBHs can have an adverse effect on aquatic invertebrate
ecology, including amphibian larvae (Cuhra et al., 2013). Simultaneous exposure to
GBHs and other stressors has been shown to increase undesirable impacts on fish and
amphibians (Jones et al., 2011). Glyphosate concentrations of over 400 ug L' are
possibly toxic to some aquatic species including amphibians and fish (Annette et al.,
2014; Braz-Mota et al., 2015). The occurrence of glyphosate in marine ecosystems and
its persistence in sea water is also reported (Mercurio et al., 2015). GBHs have negative
(phytoplankton and nitrifying community) as well as positive (cyanobacteria) impact on
aquatic microorganisms (Vera et al., 2010). The impacts of glyphosate or GBHs can
also have differential effects on arthropods, predators and parasites (European
Commission, 2002). Honey bees exposure to glyphosate or GBHs at sub-lethal
concentrations can impair their behaviour and cognitive capacities (Balbuena et al.,
2015). Glyphosate usage in GR soybean and corn was reported to be responsible for the
decline in monarch butterflies (Danaus plexippus L.) and milkweed (Asclepias spp.)
population (Pleasants and Oberhauser, 2013). However, further studies established that
the use of synthetic herbicides for weed management in those crops was responsible for
the decline in the population of monarch butterflies, rather than the adoption of GR-
crops (Boyle et al., 2019).

Fauna and invertebrates

Exposure to glyphosate has significant effects on earthworm activity and ecological
functions, including a decrease in body weight, cocoons and juvenile’s population
(Gaupp-Berghausen et al., 2015; Garcia-Pérez et al., 2016, 2020). The hatching
percentage of Eisenia fetida (red wiggler) cocoons was also reported to get reduced
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significantly on exposure to soils treated with Roundup herbicide (Verrell and Van
Buskirk, 2004). Glyphosate application also affected the survival rate and cocoon
production in Lumbricus terrestris (night crawler), Octodrilus complanatusas (large
earthworm), and Aporrectodea caliginosa (grey worm) (Stellin et al., 2018). Though
earthworms showed glyphosate (1.2 and 2.4 a.i kg ha™!) avoidance, multiplication of
earthworms was not affected by glyphosate exposure (Shitha, 2014). Based on litter
decomposition studies on GR-soybean and near isoline-sensitive cultivars, protists and
nematode populations were not affected by GR-soybean (Powell et al., 2009).
Application of GBHs, Roundup, was reported to show a transient effect on the
population and functioning of soil fauna enchytraeids and nematodes (Hagner et al.,
2019).

Conclusions and future outlook

Since its introduction in 1974, the usage of glyphosate and GBHs has increased
approximately 100-fold. Though glyphosate and GBHs affect human and animal health
initially, subsequent clinical studies and critical analyses by regulatory bodies
concluded that glyphosate is unlikely to cause health risk in humans. However, several
world regulatory bodies still raise doubts on impact of glyphosate and GBHs to long-
term exposure on human, animals, plants and other non-targets groups, and recommend
having more data on its impact on the environment. Nevertheless, several studies have
reported the fate of glyphosate in natural ecosystems related to its persistence,
degradation and residual effects on crops, there is still a lack of knowledge on
glyphosate and GBHs effects on soil, plant (nutrient mobilization, nutrient availability,
plant nutrient uptake, phytotoxicity, plant defense, disease tolerance, microbial
diversity, faunal activities, enzyme activities, etc.) and environmental quality subjected
to its long-term exposure. Further the adoption of multi-cropping systems including
intercrops becomes a big question on the event of adoption of HT crops, as the crops
which are engineered to express cp4-epsps only can survive the glyphosate application.
Due to indiscriminate use of glyphosate and GBHs in agricultural lands, there is likely
chance to increase the emergence of glyphosate-resistant weeds (Super weeds).
However, the available literature infers the ecological effects of glyphosate and GBHs
are posing low risk to the environment and the effects are transient. While several
studies have reported the negative impact of glyphosate and GBHs on soil, plant, and
environmental health, a few also reported the positive effects of glyphosate and GBHs
on reduction of greenhouse gas emissions, a decline in the use of fossil fuel in
agriculture, enhancement in carbon sequestration, soil conservation, plant growth
stimulatory effects, increased yield, reduction in the cost of cultivation, and lesser
competition for agricultural lands.

To conclude, though there were extensive studies on the positive and negative impact
of glyphosate and GBHs on the environment, the following are the points for
consideration with regard to future environmental management with regard to
glyphosate usage:

a) Impact on natural enemies of crop plants in different agroecosystems.

b) Impact on natural plant innate defense system against biotic and abiotic stresses.

c) Soil-water-plant relationships, nutrient recycling, nutrient availability and plant

uptake under different agro-ecological conditions.
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d) Soil biology and alteration in food-webs including micro, meso, and macro-flora
and fauna diversity.

e) Long-term exposure on beneficial microorganisms and their ecological functions.

f) Soil and ground water contamination, biomagnification, entry to the food supply
chain in important staple and commercial crops.

g) Impact on fresh and marine ecosystems, biogeochemistry, and nutrient
sequestration.

h) Long-term exposure studies on mammals including humans and their risk
assessment.

1) Glyphosate residues in crop wastes, its persistence, and their impacts on recycling
and agricultural use.

j) Horizontal gene transfer in non-targeted vegetations with regard to use of
glyphosate resistant crops.
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