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Abstract: Background: Weeds reduce water use efficiency in crops due
to water used by the weed and to the reduction in crop yield. In addition
to the usual presence of weeds in the interrow of different crops, the
management of these plants has moved away from the idea of total control.
Thus, the amount of water lost through the evapotranspiration of weeds
(ETW) must be understood.

Objective: Determine the water use and crop coefficient (Kc) of the weed
species Commelina diffusa, Cyperus rotundus, and Cynodon dactylon using drainage
lysimeters associate with the Normalized Difference Vegetation Index (NDVI).
Methods: The experiment was carried out at the Lysimetric Station of the
Federal University of Vigosa, in Vicosa-MG, in a randomized block design,

with four treatments and four replicates. Reference evapotranspiration

(ETo), necessary to calculate Kc, was obtained in situ through lysimeters
cultivated with Paspalum notatum.

Results: The highest Kc values were found in the final third of the
experimental cycle, equal to 1.32, 0.93, and 0.90 for C. diffusa, C. rotundus,
and C. dactylon, respectively. The NDVI showed a good correlation with Kc
and biomass, with R? ranging from 30.9 to 54.6% and from 46.1 to 63.1%,
respectively. Accumulated ET, values ranged from 336 to 473 mm, with
C. diffusa showing the highest water consumption, followed by C. rotundus
and C. dactylon.

Conclusions: C. diffusa has higher Kc and water consumption than C.
rotundus and C. dactylon. NDVI can be used in the estimation of the Kc and

biomass of weeds.
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1. Introduction

Weeds compete with agronomic crops for water, light, and nutrients, significantly
affecting agricultural yields (Fialho et al., 2012; Swanton et al., 2015). According to
Cirujeda et al. (2012), the infestation of Cyperus rotundus in tomato plantation was
responsible for a 64% reduction in yield compared to the area without interference
from this weed. Besides the competition for resources, weeds can cause other types
of damage, such as the damage to mechanized harvesting, allelopathic effects, pest
and disease hosting, changes in the secondary metabolism of crops, among others
(Rockenbach et al., 2018). Given this scenario, it is evident that a greater understanding
of the interactions between crops and weeds is of fundamental importance for
developing more efficient and sustainable agriculture.

Among the various existing species of weeds, Cyperus rotundus, Commelina diffusa,
and Cynodon dactylon stand out because they are difficult to control and have an
intense competition and dissemination capacity. According to Das (2008), Cyperus
rotundus is present in the world’s tropical and subtropical regions, interfering in 52
crops in 92 countries. Commelina diffusa, on the other hand, for being tolerant to the
herbicide glyphosate, has become a major problem with the advent of the transgenic
technology Roundup Ready (RR) in different crops (Opefia et al., 2014). Cynodon
dactylon, according to Johnson and Davis (2012), causes significant economic damage
in organic plantations due to its high capacity to reproduce by rhizomes, stolons,
and seeds, combined with the absence of efficient control compatible with organic
production standards.

Several studies demonstrate that weeds have greater development than
agronomic crops in environments with limited resources (Berger et al., 2010; Operia
et al., 2014; Swanton et al.,, 2015). This occurs because, along with the genetic
improvement of cultivated plants, the yield and quality of fruits were valued to
the detriment of rusticity and edaphoclimatic adaptation (Bai et al., 2018). On the
other hand, most spontaneous plants evolved through natural selection, developing
several resistance mechanisms to adverse conditions in the environment, especially
to water deficit in soil.

Water is vital for several physiological processes in plants, such as respiration,
photosynthesis, cell division, absorption, and transport of nutrients, among others
(Berger et al., 2010). However, the dispute with other sectors for this resource has
increased every day due to climate changes combined with poor management of its
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use. According to data from the United Nations (ONU,
2015), if there are no improvements in water resource
management by 2030, the planet could face a water deficit
of 40%, limiting agricultural production in a large portion
of the world.

To increase the efficiency in water use by crops, an
important measure adopted is the control of weeds because
they remove, through evapotranspiration, a considerable
volume of water from the soil (Farooq et al., 2019).
However, weed management has distanced itself from the
idea of total control. The reasons for this are the economic
management of the plantation (comparison between the
damage caused and the cost of control) and the attempt to
reduce the selection pressure of plants that are resistant to
several herbicide molecules (Beltran et al., 2012).

In Brazil, in plantations of fruit crops such as mango,
citrus, and coffee, weeds grow in the interrow and are
mainly controlled by the mechanical method (mechanical
mowing). However, the loss of water through the
evapotranspiration of weed species is not well understood,
especially in tropical regions. There is a predominantly high
soil temperature and moisture content in these regions,
favoring the development of weeds and competition with
crops.

In this context, it becomes necessary to understand
better the interaction between soil, water, and weeds,
which require data of various parameters, such as weed
evapotranspiration (ETW), crop coefficient (Kc), soil
volume that these plants can explore, and the biomass
produced over a given period. Concerning ET,, there are
several ways to estimate it, but the lysimeter method is the
most accurate and direct, provided that the instrument is
correctly installed (Bernardo et al., 2019).

A current option for Kc estimation is through a
vegetation index. As Kc values’ attribution is directly
related to vegetative vigor, studies suggest that vegetation
indices’ temporal profiles can be used (Alface et al., 2019).
Among the vegetation indices, the Normalized Difference
Vegetation Index (NDVI) is the most used due to its
sensitivity to the presence of pigments that participate
in photosynthetic processes (Alam et al., 2018; Xue et al.,
2017), as well as its easy application, enabling rapid and
efficient detection of variations in vegetation (Alface et
al., 2019). The objective of this study was to determine the
water use and technical indices of different weed species.

2. Material and Methods

21 Experimental area

The experiment was carried out in the Experimental
Area of Irrigation and Drainage of the Department of
Agricultural Engineering of the Federal University of Vigosa
(UFV), located in the municipality of Vicosa, MG, Brazil,
inserted in the geographic region of Zona da Mata Mineira.
The experimentwas carried out from December 2018 to April
2019. According to Képpen’s classification, the climate of
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the area is Cwa. The average annual temperature is 20.1 °C,
with yearly precipitation and reference evapotranspiration
(ETo) of 1,289 mm and 1,229 mm, respectively, according
to the climate normal between 1981 and 2010 (INMET,
2018). The plant species used in this study were Commelina
diffusa, Cyperus rotundus, Cynodon dactylon, and Paspalum
notatum.

2.2 Cultivation system

The experiment was installed in drainage lysimeters to
obtain the water consumption of the different weed species.
Lysimeters are structures that enable direct and accurate
determination of crop evapotranspiration (Bernardo et al.,
2019). In the experiment, sixteen lysimeters were filled
with Latossolo Vermelho Amarelo Distréfico (Oxisol) with the
following physical and chemical characteristics (Table 1).

Although the soil fertility, depending on the crop, can be
classified as low to medium, acidity correction and planting
fertilization were not performed. This procedure was
adopted due to the high capacity for nutrient absorption
compared to commercial crops, as Fialho et al. (2012)
pointed out.

The drainage lysimeters had the following dimensions:
width of 1.10 m, length of 1.53 m, and depth of 0.70 m,
with 1.68 m? of exposure area and soil volume equal to 1.01
m? (Figure 1). The lysimeters were filled with a 5-cm-thick
layer of crushed stone n° 0, a 10-cm-thick layer of sand,
and a 50-cm-thick layer of soil. The soil surface inside and
outside the lysimeters was left 5 cm below the lysimeter
wall’s edge to prevent water from entering and exiting by
surface runoff during intense precipitation events. The
design was in randomized blocks with four treatments
and four replicates, considering each lysimeter as a plot.
The arrangement of treatments in the experimental area is
presented in Figure 1.

Table 1 - Chemical and physical attributes of the soil used in

the drainage lysimeters. Vigosa-MG, DEA-UFV, 2018.

pH P K S B Cu Mn Fe Zn

HZO o S mg dm 8 e

4.21 16 69 01 006 36 212 498 093

OM Ca* Mg* AP* H+Al SB t T V  P-rem
dag kg"‘ ............................................. Cmolc ()| R —— mg L
2.06 099 034 O 34 151 151 491 308 172

Coarse  riosand Silt Clay FC WP BD

sand
% ............ cm cm-3 ............ g cm-3

15.8 141 146 555 0.291 0236 0990

P, K, Cu, Mn, Fe, Zn extracted with Mehlich I. Ca*, Mg?", Al** extracted with

1 mol L' KCI. H + Al extracted with 0.5 mol L™ calcium acetate. SB - the sum
of exchangeable bases. t and T - effective cation exchange capacity and
cation exchange capacity at pH 7, respectively. V- base saturation. Field ca-
pacity (FC) and wilting point (WP) were obtained from the soil water tension
curve for tensions of 33 and 1,500 kPa, respectively.
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Figure 1- Sketch of the experimental area with the imposed treatments. Vicosa-MG, DEA-UFV, 2018-201S.
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The species Commelina diffusa and Cynodon dactylon
were planted by vegetative propagation of the branches,
whereas for Cyperus rotundus, it was decided to transplant
young plants. For this, three furrows were opened within
the lysimeters, 0.35 m apart and 0.20 m distant from the
lysimeter edges. Concerning Paspalum notatum, there were
already four lysimeters previously cultivated with this
species. During the experimental period, any species of
weeds other than those evaluated in the present study were
manually removed. Around each lysimeter, the same weed
species were planted to minimize the border effect.

2.3 Lysimeter monitoring

Initially, the lysimeters’ soils were saturated to reach
the moisture content corresponding to field capacity before
transplantation. Drainage readings and irrigations were
performed every 24 hours between 8:00 and 9:00 a.m.
Drained and irrigated water volumes were measured with
a graduated cylinder. Irrigations were performed to obtain
a drained water volume of approximately 1.0 L. The entire
drained volume was reapplied with the irrigation water,
using a watering can (manually) in that same lysimeter to
ensure the balance of salts and nutrients in the soil.

https://doi.org/10.51694/AdvWeedSci/2021;39:00004

The water consumption equivalent to the weeds’
evapotranspiration (ET,) was obtained through Equation
1 (Garcia-Tejero et al., 2018).
ETw=1+P-D-A0-R (eq. 1)
where ET, is water consumption, mm; I is the volume of
irrigation water, mm; P is the precipitation, mm; D is the
drainage, mm; A0 is the variation of moisture in the soil
between the beginning and end of the cycle; R is the runoff,
assumed to be zero.

To transform the units into millimeters (mm), the water
volumes of irrigation and drainage were divided by the
lysimeter area (1.68 m?). Regarding rainfall in the area, the
rain gauge Paris Ville (400 cm? area) was used to measure
the volume of rainwater with the aid of a 500-mL graduated
cylinder.

The crop coefficient (Kc) was obtained by the
ratio between weed evapotranspiration and reference
evapotranspiration (ET,/ETo) along the experimental
period. The adopted ETo was obtained through the mean
of the values of evapotranspiration of Paspalum notatum.
For that, this grass was cultivated in lysimeters, with no
limitations in terms of water and nutrients, and kept at the
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height of 12 c¢m, as recommended by Allen et al. (1998).
The obtained values of ETo were compared with the ETo
estimated by the Penman-Monteith FAO-56 model (PM-
FAO56), described by Allen et al. (1998), considered by the
Food and Agriculture Organization (FAO) as the standard
equation due to its precision and accuracy (Equation 2).

200
ETo — 0.408 A(Rp—G) + Y Fra73 Uz (85 —€a)
- A+y (14034 us)

(eq.2)

where ETo is the reference evapotranspiration estimated by the
PM-FAO56 equation, mm d?; Ais the slope of the saturation
vapor pressure curve, kPa °C*; R is net radiation on the surface,
MJ m? d% G is the soil heat flux, MJ m? d*%; T is the average
air temperature, °C; u, is the wind speed at 2 m height, m s;
e, is the saturation vapor pressure, kPa; e_ is the partial vapor
pressure, kPa; y is the psychrometric constant, kPa °C*.

2.4 Meteorological data

Meteorological data were obtained from the automatic
weather station (DAVIS, Vantage Pro model, USA) located
close to the lysimeters. Daily data were collected along the
experimental cycle and are presented in Figure 2.

Along the experimental cycle, the average values of air
temperature, relative humidity, solar radiation, and wind
speed were 23.1 °C, 79.4%, 20.1 MJ m? d?, and 0.66 m s,
respectively.

2.5 Evaluated characteristics of weeds

In the present study, the following characteristics of the
different weed species were evaluated: evapotranspiration
(mm), biomass (kg m?), shoot dry mass (kg m?), root
depth (cm), water productivity (kgm?), and Normalized
Difference Vegetation Index (NDVI).
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Figure 2 - Daily variation of (A) air temperature, relative air
humidity, (B) solar radiation, wind speed at 2 m height, and
rainfall along the experimental cycle. Vigosa-MG, DEA-UFV,
2018-2019.
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At the end of the experiment, biomass was evaluated
in two distinct ways, being estimated by non-destructive
analyses (NDVI) and measured by destructive analysis. For
the first analysis, the NDVI was measured by a portable,
terrestrial remote sensor (GreenSeeker, Trimble, USA). In
this device, NDVI values range from 0 to 1, and values close
to 1 are found in well-nourished and healthy plants. This is
because vigorous plants absorb radiation more in the red
range (650 nm) and reflect the near-infrared (770 nm), as
demonstrated by Alface et al. (2019) in Equation 3.
NDVI = prir-pr

pnir + pr

(eq. 3)

where NDVI is the normalized difference vegetation index;
pnir is the reflectance in the near-infrared (770 nm); pr is
the reflectance in red (650 nm).

NDVI readings were performed on average every
three days, with the device positioned at the center of the
lysimeters and 0.6 m height from the plants, according
to the recommendation of Zhitao et al. (2014). Thus, the
readings were taken along the lysimeters’ entire length, and
the average of two readings per lysimeter was collected. It
worth pointing out that RGB images were taken after the
readings with Greenseeker™ to compare them with the
respective values of NDVL

For biomass analysis by the destructive method, the
weeds were cut at soil level to remove the shoots at the end
of the study, and the material was weighed. The value found
was divided by the exposure area (1.68 m?) to obtain the
biomass in kg m?.

After weighing the biomass of each lysimeter, the
replicates of the treatments were grouped and homogenized.
Immediately after, two samples of 250 g were collected,
placed in paper bags, and dried in an oven at around 60 °C
for 72 hours. After the drying process, the samples were
weighed, and the dry mass value obtained as a percentage
was converted into kg m?2.

To evaluate root depth (cm), soil pits were opened in the
lysimeters’ central region, with the following dimensions:
0.3 m wide, 1.0 m long, 0.5 m deep. Then, the measurement
was performed from the soil level to the depth where 80%
of the root system was concentrated, using a metric ruler
(Bernardo et al., 2019).

Water productivity was determined by Equation 4.

WP = Bio*1000

ETw (eq 4)

where WP is the water productivity, kg m?; Bio is the
biomass of the weed, kg m?% ETw is the accumulated
evapotranspiration of the lysimeter, mm.

2.6 Statistical analysis

The results were subjected to analysis of variance by
F test at 0.05 probability level. Subsequently, the means
were compared by Tukey test at 0.05 probability level.
Paired t-test was used for the NDVI data. The statistical

https://doi.org/10.51694/AdvWeedSci/2021;39:00004
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analyses were performed using the statistical program R (R
Development Core Team, 2017).

3. Results and Discussion

3.1 Plant characteristics

The evaluated characteristics of weeds and the
accumulated evapotranspiration of P notatum are
presented in Table 2. C. diffusa showed higher accumulated
evapotranspiration, root depth, biomass, and water
productivity than the other species. This species was also
the one with the highest growth and water consumption.
Its water consumption (473.3 mm) is comparable to that of
an agronomic crop, such as corn (468 to 476 mm) (Niaghi
et al., 2019). On the other hand, C. rotundus, in general,
showed low growth of deep roots, biomass, and water
productivity.

According to Fan et al. (2016), at least half of the root
biomass of 14 crops of great relevance in the world can be
found within the first 20 cm of soil. Therefore, it is clear that
the studied weeds compete for water and nutrients in the
same soil layer explored by most crops. Regarding biomass,
the yield of C. diffusa was three times higher than that of
C. dactylon, but there was no significant difference between
the two weeds in terms of dry shoot weight. This is due to
the high relative amount of water in C. diffusa (85.45%)
compared to C. dactylon (60.50%).

3.2 Water consumption

The accumulated water consumption, obtained through
the evapotranspiration, of the three weeds, of P. notatum,
and the reference evapotranspiration (ETo by PM-FAO56)
along the experimental period are presented in Figure
3. Total water consumption was equal to 473.3, 344.6,
and 335.8 mm for C. diffusa, C. rotundus, and C. dactylon,
respectively. For P. notatum, the total water consumption
was 412.6 mm, slightly lower than the ETo estimated by
PM-FAOS56. C. diffusa had the highest evapotranspiration
compared to the other weeds. C. dactylon, and C. rotundus

Table 2 - Mean values of evapotranspiration [ETW], effective
root depth (RD), biomass (Bio), shoot dry mass (DM), and

water productivity (WP) of different weed species. Vigosa-MG,
DEA-UFV, 2018-201189.

Treatment ETw RD Bio DM WP
(mm) [cm) (kgm?) (kgm?3) (kgm=3)
C. diffusa 4733 A* 380 a 3002 a 0437 a 635 a
C.rotundus 3446 c 210 c 0634 b 0162 b 184 ¢
C.dactylon 3358 c 318 b 0933 b 0369 a 279 b
P. notatum 4126 b
p (F test) 0.0002 <0.0001 <0.0001 00022 <0.0001
CV (%) 6.89 464 18.97 19.90 1168

*Means followed by the same letter in the column do not differ by Tukey
test (p<0.05).
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showed similar water consumption. The growth of C. diffusa
after planting was higher than those of the other weeds and,
from the beginning of February, it covered the entire soil
of the lysimeter. Probably, this biomass formed positively
influenced the increase in the transpiration component,
hence increasing evapotranspiration.

The estimate of ETo by the PM-FAO56 model was
very similar to the ETo measured by the lysimeter with P.
notatum. Correct management of the lysimeter guarantees
reliable values of ETo (Bernardo et al., 2019). Therefore,
this model can be used to quantify the ETo locally; however,
that model requires many meteorological variables that are
often not available under field conditions.

3.3 ET,/EToratio (crop coefficient)

The ratios between weed evapotranspiration and
reference evapotranspiration (ET, /ETo) for the three weeds
and P. notatum are presented in Figure 4. This ratio between
ET,/ETo can also be referred to as crop coefficient (Kc). The
fitted models werelogarithmic for the three weeds and linear
for P. notatum. In general, the variance explained by the
models was reasonable, with coefficients of determination
(R?) between 30.92% and 54.61%. Moreover, although the
cluster of points has a greater dispersion from the middle
of the experimental cycle, the models’ coefficients were
significant, demonstrating that the Kc found can determine
the volume of water lost in an agricultural system to the
consumption of the studied weeds.

Several factors influence Kc, such as type of crop,
development stage, soil characteristics, and local climatic
conditions (Allen et al., 1998; Bernardo et al., 2019; Segovia-
Cardoso et al, 2019). According to Allen et al. (1998),
Kc undergoes extreme variation according to the crop’s
phenological stage. Still, climatic factors that promote greater
transpiration of plants, such as strong winds and low relative
humidity, generate daily Kc variations, as shown in Figure 4.

Until 45 days after transplantation, all treatments
except P notatum had a logarithmic increase in the
ET,/ETo ratio. The factor that explains such fast growth
is the increase in leaf area index (ratio between leaf area
and the terrain surface area) and, consequently, higher
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Figure 3 - Evolution of water consumption in drainage
lysimeters cultivated with Paspalum notatum and weeds;
and the reference evapotranspiration estimated by the
Penman-Monteith method (ETo) along the experimental
period. Vicosa-MG, DEA-UFV, 2018-2019.
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photosynthetic rate, which favors weed evapotranspiration
(Alam et al., 2018). After this initial development stage, the
weeds covered the lysimeters’ entire soil, initiating a stable
relationship between biomass production and senescence
of old leaves, stabilizing their Kc at a high value.

In the final third of the experimental cycle, Kc’s mean
values for C. diffusa, C. rotundus, and C. dactylon were 1.32,
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Figure 4 - Ratio between the evapotranspiration of (A)
C. diffusa, (B) C. rotundus, (C) C. dactylon and (D) P. notatum
and the reference evapotranspiration along the experimental
cycle. Vigcosa-MG, DEA-UFV, 2018-201S. ** p<0.0001
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0.93, and 0.90, respectively. It can be noted that the Kc
value for C. diffusa is higher than the Kc found in the phase
of highest water demand of many crops, such as corn
(1.20), soybean (1.27), coffee (1.10), and citrus (0.85); for
coffee and citrus, this Kc value is already for crops with the
presence of weeds (Allen et al., 1998; Segovia-Cardoso et
al., 2019; Silva et al., 2019). In the lysimeters cultivated
with P. notatum, as expected, the ratio between ET,
and the ETo estimated by the Penman-Monteith model
remained almost equal to the unit (0.9916) throughout
the experimental cycle.

The critical period for prevention of weed interference
(CPPI), that is, the time when the crop should be kept free
of invasive plants, for banana is 30 days after planting
(Carvalho and Vargas, 2008), and for recently planted
coffee is 22 to 38 days after planting the seedlings (Dias
et al., 2005). However, if the establishment of the weeds
coincides with that of the crop, before the start of the
CPPI, the water consumption of the weeds will already be
high (Figure 4). This can result in damage to the crop, as
well as an increase in the amount of water to be applied by
irrigation. Extra irrigation will be needed to compensate for
weeds’ water consumption.

These results show that weeds’ water consumption
cannotbe neglected, mainly when they occur simultaneously
to agronomic crops, mostly perennial crops with irrigation
in total area.

3.4 Estimation of ET,,/ETo ratio by NDVI

The Normalized Difference Vegetation Index (NDVI)
showed a linear and positive relationship with the Kc of
the three weeds and P. notatum (Figure 5). In general, the
variance explained by the models was reasonable, with R?
ranging from 32.6% to 60.1%, and the coefficients of all
treatments were significant, demonstrating the accuracy
of the method in defining the Kc based on the NDVI.
According to Alface et al. (2019), the quick and accurate
estimate of Kc can be performed through measurements
of NDVI.

It is verified that the R? values found in this study are
lower than those found for different crops (Alface et al.,
2019; Mahmoud and Gan, 2019; Oliveira et al., 2020).
In these studies, some crops, such as sugar cane, wheat,
potato, sorghum, zucchini, etc., were evaluated and, in all
of them, R?was above 70%. A possible explanation for these
low values of R*would be that the weeds were transplanted,
and from the beginning, there was already part of the soil
covered by them. Also, weeds were able to cover a large
percentage of the soil quickly, increasing NDVI. Therefore,
our minimum NDVI values, possibly, were higher than
those found in other studies, and we had a smaller amount
of these minimum values. After stabilizing the land cover,
the NDVI values also showed lower oscillations, unlike
the studies mentioned, where there was less vegetative
vigor in crops and the consequent reduction of NDVI in
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the fourth stage of development. These facts combined
make our NDVI values closer to the average value, where
the model is unable to capture these changes and the
correlation is reduced. Also, in our results, we noticed that
P. notatum had the lowest R? because, in this treatment,
there was less variation in NDVI as the crop was already
established at the beginning of the experimental period
and covered a large part of the soil because we needed it to
obtain the reference evapotranspiration (ETo).

Corn intercropped with palisade grass

In the present study, the portable terrestrial remote
sensor (GreenSeeker, Trimble, USA) used to measure
NDVI proved to be a potential alternative to estimate Kc
along the cycles of the weeds and P. notatum. There are also
other ways to obtain this index, such as by orbital remote
sensing. Segovia-Cardozo et al. (2019), for instance,
estimated the Kc of corn through the NDVI obtained
with images from the Landsat 8 and Sentinel 2A and 2B
satellites, available free of charge. It should be pointed
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out that the above-mentioned authors found Kc values
very similar to the actual coefficients recommended by
the Irrigation Consulting Service for Castilla and Le6n
(ITACyL). In another study conducted by Alam et al.
(2018), pastures were sampled two and three weeks after
cutting, showing a positive linear relationship between Kc
and NDVI.

Along the study, for visual monitoring of the variation
in the vigor of weeds and P. notatum, against the value
of NDVI, RGB images were obtained for all treatments.
In Figure 6, it is possible to note a relationship between
NDVI and the soil cover by the canopy of the weeds,
represented by leaf area index (LAI), which is consistent
with several studies (Liu et al., 2018; Rahman and Lamb,
2016). However, some factors may affect LAI's estimation
through NDVI, such as incorrect classification of crops
and saturation of reflectance in the infrared range, for
cases of dense canopies (Rithimiki et al., 2017; Xue et
al., 2017). Regarding the low NDVI values of C. rotundus
and C. dactylon, the explanation is the morphology of
these species, which have low vegetative vigor compared
to the others.

NDVI = 0.57 (19 DAT) NDVI = 0.73 (33 DAT)

Commelina diffusa

NDVI = 0.33 (12 DAT) NDVI=0.51(41DAT) ~ NDVI = 0.67 (108 DAT)

Cyperus rotundus

NDVI = 0.3S (19 DAT) NDVI=0.57 (60 DAT) NDVI = 0.73 (112 DAT)

7

Cynodon dactylon

NDVI = 0.72 (14 DAT)

Paspalum notatum

Figure 6 - Vegetation vigor and the respective values of
NDVI on different days after transplanting (DAT) of the weed.
Vigosa-MG, DEA-UFV, 2018-20718S.

Rodrigues TF, Cunha FF, Silva GH, Condé SB, Silva FCS

3.5 Estimation of biomass by NDVI

The linear ratio of weed biomass as a function of
NDVI is presented in Figure 7. The biomass values
expressed in the graph come from the destructive
analysis performed in each replicate, while the NDVI
comes from the reading taken hours before harvest.
Regarding the variance explained by the models, the
results were satisfactory, with R? equal to 63.1%,
46.1%, and 59.7% for C. diffusa, C. rotundus, and C.
dactylon, respectively. Therefore, NDVI can also be an
adequate alternative to estimate biomass. According
to Xue et al. (2017), the NDVI has a strong linear
relationship with biomass, accounting for 66% of green
biomass variability above the soil in all sampling sites.
However, Rithimaki et al. (2017) found an exponential
relationship between biomass and NDVI when studying
the distribution of biomass in northwestern Finland’s
tundras.
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Figure 7 - Estimation of biomass for C. diffusa (A), C. rotundus
(B) and C. dactylon (C) as a function of NDVI. Vigosa-MG,
DEA-UFV, 2018-20189.
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4. Conclusions

Total water consumption was equal to 473.3, 344.6,
and 335.8 mm for C. diffusa, C. rotundus, and C. dactylon,
respectively.

The highest values of crop coefficient were recorded
during the final third of the experimental cycle, being equal
to 1.32 (C. diffusa), 0.93 (C. rotundus), and 0.90 (C. dactylon).

NDVI can be used in the estimation of the crop
coefficient and biomass of weeds.

The results found in the present study can serve
as the basis for future research and assist farmers and
technicians in weed management and in improving water
use efficiency.
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