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Abstract

Herbicide resistant is associated with morphological, physiological and metabolic alterations in weeds. These
alterations may reflect changes in the nutritional status of resistant plants and their growth it can be inferred in
greater adaptability and competitive ability of the resistant biotypes. Thus, the objective of this research was to
determine the dry matter and macronutrient accumulation and distribution by glyphosate-resistant and
susceptible plants of Digitaria insularis (sourgrass), growing under mineral nutrition standard conditions. The
experimental design was completely randomized, with eleven treatments and four replicates. The treatments
consisted of evaluation periods at 15, 30, 45, 60, 75, 90, 105, 120, 135, 150 and 165 days after emergence (DAE).
The average time for maximum theoretical accumulation (PtMax) and for inflection points of dry mass and
macronutrient were lower for susceptible (133 DAE; 99 DAE) than for resistant biotype (141 DAE; 105 DAE).
However, considering the average time obtained by susceptible, dry mass (g) and macronutrients (mg)
accumulation was always higher for resistant biotype. The decreasing sequence of nutrient accumulation was
similar for both sourgrass biotypes: K, N, Ca, Mg, P and S.
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1. Introduction

One of the factors that presents high relevance for agricultural production is herbicide resistant biotypes in crop
areas, which may be influenced by the interaction of ecological and biological characteristics of the species,
genetic base and agronomical factors. The factor that contributes most for a resistant weed selection is the
selective pressure exerted by the repetitive herbicide usage or different herbicide (with same site of action) and
production systems that do not practice crop rotation (monoculture areas) and herbicide rotation frequently
(Vencill et al., 2012; Renton et al., 2014).

Glyphosate is an intensely used herbicide in many production systems and is acts upon the enzyme EPSPs
(5-enolpyruvylshikimate-3-phosphate), in aromatic amino acids synthesis route and shikimic acid. Nowadays,
there are forty-three weed species confirmed to be resistant to glyphosate in World. In Brazil there are eight:
Amaranthus palmeri; Chloris elata; Conyza bonariensis, C. canadensis and C. sumatrensis, D. insularis;
Eleusine indica; Lolium perenne ssp. multiflorum (Heap, 2018).

The D. insularis species is a perennial plant that is highlighted by the formation of rhizome and clumps, with
slow initial growth and posterior exponential dry matter accumulation (Machado et al., 2008; Carvalho et al.,
2013; Marques et al., 2014). Such factors is related to its aggressiveness as a weed species and may provide high
competitiveness to the species for natural resources, among them, nutrients present in the soil. Competition for
nutrients is one of the main ecological factors that may affect crop production.

The mechanisms that are related to this species resistance occur through the reduced absorption and translocation
of herbicide, glyphosate metabolizing alterations (rapid degradation to AMPA, glyoxylate and sarcosin) and
genic mutation (two alterations of amino acids in positions 182 and 310 on EPSPs, consisting of a prolin
substitution for treonin and a tirosin for cistein, respectively) (Carvalho et al., 2012).
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Resistance to herbicides may or not establish a competitive disadvantage on resistant populations (Travlos, 2013),
and to assure its evolutive success based on survival, competitive ability and reproductive ability, in which the
most apt individual supply the higher number of descendants and contributes, in so, with a higher proportion of
its genes in the gene pool of the population (Warwick & Black, 1994). Basic studies as the nutrient absorption
march and nutrient usage by weed species, regarding Bianco et al. (2015), are fundamental to understand the
behavior of individuals and give subsidy for predictions of its success as weed regarding new agricultural
practices.

In this way, to analyze differences between resistant and susceptible biotypes through basic studies about their
biology, especially those factors related to mineral nutrition, aim to comprehend the behavior and adaptation of
these individuals in the environment, once this may reflect higher nutritional requirement and plant growth.
Facing this, the aim of this work is to determine the accumulation and distribution of dry matter and
macronutrients in resistant and susceptible biotypes of D. insularis.

2. Materials and Method
2.1 Plant Material and Herbicide Resistance Confirmation

Sourgrass seeds were collected from two accessions in Brazil (November 2014) in at least 40 plants: a natural
field (21°37'58"” S and 48°28'56" W) and a grain production area (21°1522" S and 48°18'58" W) from S&o Paulo
State (SP). The biotype from the natural field, designated as susceptible plant (hereafter referred to as biotype S),
were collected in isolated area, without herbicide application. While seeds of biotype under suspicion of being
resistant (hereafter referred to as biotype R) were collected in grain production area from plants surviving
applications of glyphosate (720 g a.e. ha") according to Burgos et al. (2013). Besides that, glyphosate-resistant
sourgrass populations from this grain production area were studied in previous research performed by Carvalho
et al. (2012).

To confirm biotypes resistance to glyphosate, a dose-response curve experiment was performed by regression
methods using a nonlinear regression through logistic equation. It was verified that the resistant biotype showed
a 3.5 resistance factor (data not shown). This factor indicates that the dosage needed to reduce in 50% the dry
matter production of the resistant biotype was 3.5 times higher than the same reduction in dry matter of the
susceptible biotype.

2.2 Experimental Area, Treatments and Experimental Design

The experiment was conducted in greenhouse environment during March to September of 2015. Monthly
meteorological data collected during the experiment are shown in Table 1.

Table 1. Climactic data obtained during the experiment conduction period

Month Tmax Tmin RH ND Insolation (h)
March 324 19.2 79.3 21 148.3
April 33.2 16.9 24 7.0 234.5
May 28.6 15.2 20.1 8.0 180.9
June 29.1 13.7 18.1 2.0 239.3
July 29.5 11.5 19.3 5.0 189.4
August 329 14.5 20.7 2.0 283.4
September 33.7 15.3 22.5 12.0 208.5

Note. Tmax: maximum temperature in the interior of greenhouse. Tmin: minimum temperature; RH: relative
humidity, collected inside the greenhouse. ND: number of days with rain.

Data collected by FCAV/UNESP Agroclimatological Station.

The seeds of both biotypes were sown in plastic vases with 8 L capacity, filled with washed river sand,
previously sifted. Vases were irrigated with complete Hoagland and Arnold (1950) solution, receiving 25% of
original concentration during the first 7 days and, posteriorly, 100% until the end of the experimental phase.

Experimental design was completely randomized, with four replications. Treatments consisted of destructive
evaluations by harvesting of the plants at 15, 30, 45, 60, 75, 90, 105, 120, 135, 150 and 165 days after emergence,
corresponding to 11 harvesting periods. In every harvest period, the plants were harvested and separated into
leaves, stems and roots. After that, all the harvested material was submitted to rapid immersion into neutral
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detergent solution, washed through immersion into distilled water and, finally, immersion into deionized water
(Sarruge & Haag, 1974).

Soon after, the aboveground parts and roots were put to dry in a air circulation oven at 70 °C, during 48 hours,
for then to determine the dry matter of each part. After weighting, the material was triturated in Willey mini mill
using 40 mesh sift for macronutrient determination.

Total nitrogen (Nyo,) and phosphorus (P) were determined through semimicro method Kjedahl and colorimetric
method of phosphovanado-molybdic acid, respectively (Sarruge & Haag, 1974). For potassium (K), calcium (Ca)
and magnesium (Mg) extraction, it was used the method described by Jorgensen (1977), through atomic
absorption spectrophotometry. Sulphur (S) was determined through the turbimetric method described by Vitti
(1989).

2.3 Assessed Variables and Statistical Analysis

Through the nutrient rates obtained along the plant cycle, it was determined the variation amplitude of each total
rate of nutrient by the highest and the lowest values observed. The nutrient accumulation for each of the parts of
the plant were attained multiplying the nutrient rate by correspondent dry matter. Total accumulation was
obtained by the sum of the accumulation of different plant parts, as for the total plant rate was obtained by the
relation of total accumulation of the plant and correspondent total dry matter.

The inflexion points (PtInf) and theoretical total accumulation (PtMax) of dry matter and macronutrients were
determined by the exponential equation y = exp(a + bx + ¢x?), in which y is the dry matter accumulation and
macronutrient, and x is the days after emergence (Carvalho et al., 2013). The regression analysis was calculated
using OriginPro 8.5.

3. Results
3.1 Dry Matter Parameters
3.1.1 Dry Matter Accumulation

At the initial phase of the experiment (from 15 to 60 DAE), the accumulation of dry matter content for both
biotypes was slow, with mean accumulation of 0.4 g per plant for biotype R and 0.2 g for biotype S (Figure 1).
From the 60 DAE, the plant growth for both biotypes increased, reaching the maximum dry matter allocation
(PtMax) at 140 DAE, with theoretical value of 4.5 g of dry matter per plant (R) and at 133 DAE with 3.3 g per
plant of dry matter (S). The inflexion point (PtInf) obtained for resistant plants was at 101 DAE with theoretical
mean accumulation of 3.5 g per plant, and for biotype S, was at 97 DAE with theoretical mean accumulation of
2.5 g per plant.

At the end of the experiment, the maximum accumulation was of 3.8 (biotype R) and 2.24 (biotype S) g per plant.
It is important to emphasize that the mean dry matter accumulation of biotype R was 40% higher than that of
susceptible one.

®  Resistant
O Susceptible u

DM (g per plant)

L L L L L L L L
0 15 30 45 60 75 90 105 120 135 150 165
Days after emergency (DAE)
B y=exp((-4.67302)+(0.08824x)+(-0.000314604x2)) - R2=0.98
O y=exp((-5.48893)+(0.10057x)+(-0.000378912x2)) - R?=0.97
Figure 1. Dry matter accumulation (DM) of resistant (R) and susceptible (S) D. insularis biotypes, grown in
standardized conditions of mineral nutrition. Means + Standard Error (n = 5)
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3.1.2 Dry Matter Allocation

Plants of both biotypes have shown dry matter distribution differentiated during all the evaluation periods
(Figure 2). The biomass increment during all the experiment was higher in the roots related to leaves and stems,
for both biotypes. However, the roots of biotype S accumulated more mass than those of biotype R during almost
every period. The mean accumulation on roots, during all the cycle, for both biotypes was of 53% and 60%,
respectively.

Regarding dry matter allocation on leaves, during all the experimental period, it is noted that biotype R shows
higher allocation than the susceptible one, except for the 60 DAE period. During the second half of the cycle, the
mean accumulation on leaves was diminished related to the first half for both biotypes.

The percentage of dry matter on the stems along the cycle was also higher for biotype R than that of biotype S,
except for the 60 and 75 DAE. Beside, observing the acquired data it is possible to see that at 30 DAE,
comparing the distribution among the aboveground parts, the dry matter allocation was higher on the leaves
(22%) than in the stems (18%). From the 30 DAE on occurred an inversion and the stems show a higher dry
matter accumulation.

100
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jé Root g
£ 40 \ 40 g
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20 LR >N \J Stems 20
0 %% Leaves ] Leaves 0
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15 30 45 60 75 90 105 120 135 150 165 15 30 45 60 75 90 105 120 135 150 165
Days after emergence Days after emergence

Figure 2. Percentage distribution of accumulated dry matter in different parts of resistant (R) and susceptible (S)
D. insularis biotypes

3.2 Macronutrients Evaluations
3.2.1 Amplitude of Nutrient Concentration

The valor amplitude of nutrient concentration were only different for K, Ca and Mg (Figure 3). The amplitude of
K rates was most elevated for biotype R, and for Ca and Mg, those were slightly superior for biotype S. In this
way, the efficiency for K requirement per biomass unity accumulated was higher for biotype R, and for Ca and
Mg requirement, slightly higher for biotype S.
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Figure 3. Amplitude of variation of total rates of nitrogen (N), phosphorus (P), potassium (K), calcium (Ca),
magnesium (Mg) and sulphur (S) of resistant (R) and susceptible (S) D. insularis biotypes

3.2.2 Macronutrient Accumulation

In general, after the 75 DAE, the accumulation was more intense for every nutrient. The sequence of higher
macronutrient accumulation on sourgrass biotypes was K, N, Ca, Mg, P and S (Figure 4).

N accumulation was variable among the biotypes during the experimental period. Until 45 DAE, the nutrient
content was 50% higher in biotype R. However, between 60 and 105 DAE, the inverse occurs, and the biotype S
exhibits a larger accumulation of N (30%). After 120 DAE, the levels are similar for the two biotypes.

The analyses revealed that the highest accumulation of P, K, S, Mg and Ca were observed in biotype R. The
difference between biotypes was around 20% during the first part of the cycle (90 DAE) and almost 50% during
the second part (90 to 160 DAE).

PtMax found in biotype R for nutrients N, P, K, Ca, Mg and S were (per plant): at 140 DAE (101.9 mg), 143
DAE (23 mg), 139 DAE (580 mg), 135 DAE (146 mg), 145 DAE (118 mg) and 157 DAE (22 mg), respectively.
For biotype S, the PtMax of nutrients N, P, K, Ca, Mg and S were: at 139 DAE (69.3 mg), 131 DAE (14 mg),
124 DAE (297 mg), 135 DAE (114 mg), 131 DAE (77 mg) and 142 DAE (12 mg), respectively. After reaching
PtMax, the accumulation decreases in function of senescence of leaves due to lower nutrient requirement by the
plants.

Values of PtInf obtained for resistant plants were: 120 DAE (N), 106 DAE (P), 106 DAE (K), 118 DAE (S), 103
DAE (Ca) and 110 DAE (Mg); and for susceptible ones were: 106 DAE (N), 99 DAE (P), 86 DAE (K), 107
DAE (S), 105 DAE (Ca) and 102 DAE (Mg).

100 ] = Resistant - ] = Resistant
o Susceptible | © Susceptible u
~ 80 20 1
s = ]
% ] E 154
= 60 =
2 5
1 QL
on 10 4
E 40 g
z 1 =9 5
20+ p ]
] é ‘@//ﬁ 04
0'?'$1M|/‘—|'|'|'|'|'|'|'| LA L L N B LA B B BRI B R |
0 15 30 45 60 75 90 105 120 135 150 165 0 15 30 45 60 75 90 105120135150165
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Figure 4. Macronutrient accumulation (N, P, K, Ca, Mg and S) of of resistant (R) and susceptible (S) D. insularis
biotypes. Means + Standard Error (n=5)

Analyzing the mean between points of inflexion of macronutrients obtained by each biotype, the value was
obtained at 110 DAE (biotype R) and 101 DAE (biotype S). Regarding the value of 101 DAE of both biotype,
the mean theoretical accumulation for resistant and susceptible plants were, respectively, 1.3 and 1.4 mg (N), 0.4
and 0.3 mg (P), 10 and 4 mg (K), 3 and 2 (Ca), 1.9 and 1.6 mg (Mg) and 0.3 and 0.2 mg (S). Although PtInf of
biotype S being reached 9 days before the biotype R, the theoretical accumulation of macronutrients (except for
nitrogen) was lower when compared to the biotype R.

4. Discussion

The differences in sourgrass plants was also described by Martins et al. (2016), where resistant biotypes show
faster growth and assimilation rate (increment of dry matter in function of foliar area) higher than the susceptible
biotype. The assimilation rate found in resistant plant indicates that the biotype is most adapted to high levels of
irradiance during the initial development stage due to more efficient photosynthetic system. Barroso et al. (2015)
evidences lower distances of the vascular bundles for resistant biotypes. Leaves with near vascular bundles have
lesser hydraulic resistance and high photosynthetic rates, therefore, higher photosynthesis rates in resistant plants
may explain its faster development when compared to susceptible ones. In other experiments was also observed
higher photosynthetic rates in resistant biotypes (Carvalho et al., 2012).

By the data presented, roots of biotypes resistant and susceptible were the organs which present higher matter
accumulation in the plant, in the analyzed period. Biomass production data upon different parts in this work
differ from those analyzed by Pereira et al. (2017), where the susceptible plants accumulated more dry leaf mass,
while the resistant ones accumulated more roots dry mass, and by Machado et al. (2008), in which sourgrass
leaves (without distinction of herbicide-resistant plants) were the main dry matter allocation site. Carvalho et al.
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(2013), in which leaves are the main organs accumulating dry mass in the first half of sourgrass life cycle
(without distinction of herbicide-resistant plants), while stems become the most important ones in the second
half, from 77 DAE on.

The patterns of biomass allocation in plants may be influenced by some factors like growth environment
(temperatures, irradiance levels, nutrients and drought), plant size and competition, among others. Environmental
conditions, like low temperatures and low nutrients, and drought show increased allocation to roots at the
expense of stem and, especially, of leaf biomass (Poorter et al., 2011). While high planting densities generally
invoke increased allocation to stems at the expense of rootsandor leaves. Wilt and yellow symptoms typically
under low nutrient or drought condition, were not observed in this work. So, identification of the potential
mechanisms responsibles for biomass allocation, mainly under different environments or stress conditions
(temperature, drought, competition, irradiance levels), will help us to understand the adaptations, evolution or
establishment of these plants on different environments.

As observed for nutrient parameters, nutrient K presented the largest difference between the biotypes. K nutrient
is the most frequently limiting to plant growth and crop yielding. It is an essential nutrient in many processes, as
in stomatal pore opening and closing (Hosy et al., 2003) acts in the activation or as cofactor in many enzymatic
systems (Jin et al., 2011), protein synthesis, carbohydrate metabolism, sugar transport, in transference and usage
of energy (Romheld & Kirkby, 2010).

The capacity of photosynthesis in plants changes drastically in answer to different K supplies. When it occurs its
deficiency, photosynthesis and ATP production rate diminish (Weng et al., 2007). During ATP production, the
electrical charge balance is maintained by K ions, which is important to maximize the ATP production during
photosynthesis (Alberts et al., 2002). As cited before, higher photosynthetic rates were found in resistant
biotypes (Carvalho et al., 2012, Barroso et al., 2015; Martins et al., 2016), which may be closely related to the
higher K requirement for biotype R.

Maximum theoretical accumulation (PtMax) and inflexion (PtInf) points of dry matter and macronutrients were
lower for susceptible biotype, being these at 133 DAE and 99 DAE, respectively, when compared to the resistant
biotype (141 DAE; 105 DAE), however, considering the lower time period (133 DAE and 99 DAE), dry matter
accumulation and nutrient accumulation was higher in the resistant plants.

The value of PtInf may be understood as the day in which the daily accumulation of macronutrients in the plant
reached the maximum value, being the daily absorption rate crescent until this moment (Carvalho et al., 2007).
The values of inflexion found in both biotypes may coincide with the period in which maize crops start its
maturation stage (around 100 DAE, variable regarding cultivar and sowing), period in which occurs elevated
absorption rates of macronutrients by the plants, which may cause prejudices to the crop yield due the
competition between crops and weeds. However, as the resistant weeds accumulate more biomass and
macronutrients (in the same period), this biotype may become more competitive for resources and cause more
damage to the mentioned crops. Generally, an increase in one kilogram of weed growth corresponds to a
reduction in one kilogram of crop growth (Rao, 2000). Therefore, it is essential to prevent further yield losses by
limiting seed movement and vegetative reproduction, and adopt strategies that decrease herbicide selection
pressure, such as herbicide rotation, herbicide mixture, cover crops and tillage.

The lack of a fitness penalty in the absence of glyphosate would complicate the long-term management of
glyphosate-resistant sourgrass because periods of alternate methods of management would not be expected to
reduce the resistant trait frequency (Preston et al., 2009), and it control becomes even more difficult and costly.
In this way, applying different herbicide modes of action and monitoring glyphosate-resistant sourgrass
populations is essential to provide efficiency of control. In addition, it is fundamental to apply the herbicide in
initial stages of growth, in order to prevent seeds and vegetative propagation of this population in the area, and
consequently crop yield reductions.

5. Conclusion

Results allow concluding that the resistant biotype presents greater accumulation of total biomass and
macronutrients, which may reflect a greater competitive advantage by the resources of the environment in
relation to the susceptible biotype.
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