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ABSTRACT

The purpose of this study was to assess the effect of different herbicide treatments on moisture removal and calorific
power of biomass sorghum for co-generation of electric energy through burning. The experiment was conducted in
randomized complete block design with four replicates per treatment and a 6x4 factorial scheme (six herbicide treatments
x four intervals between spraying and harvesting). The herbicide treatments were: two different doses of glyphosate
(1.92 kg a.i. hdand 3.84 Kg a.i. h§, paraquat (0.4 Kg a.i. Bp a commercial mixture of paraquat + diuron (0.6 + 0.3 Kg
a.i. ha), glufosinate-ammonium (0.8 Kg a.i.Hand control (unsprayed). The intervals between spraying and harvesting
assessed were 7, 14, 21 and 28 days after desiccation (Da@3. assessed: the number of leaves per plant, moisture
content of leaves, panicles, culm and whole ground plants and Superior Calorific Power (SCP). The herbicides paraquat
and paraquat + diuron promotes defoliation, after 14 DAD. Glyphosate, paraquat, paraquat + diuron and glufosinate-
ammonium reduce leaf and panicle moisture, despite only glyphosate reduces moisture in the culm. The herbicides do
not affect the SCP of biomass sorghum. Therefore, the herbicides, especially glyphosate, have high potential for pre-
harvest desiccation in biomass sorghum.
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INTRODUCTION Moisture is one of the factors that most influences

The demand for renewable fuels has increased tH €nergy vield of the crop. Materials harvested with
interest in crops designated for biodiesel and secof'sture above 70% reduce |ndu§tr|al ylgld due to the
generation ethanol production (Alviet al, 2014). This energy expended for water evaporation during raw burning

also contributes to the expansion of the energ Colauzziet al, 2018). Thus, growers expect natural drying

. . . . f plants in the field to values close to 608tthough,
cogeneration market, resulting from the burning of biomass P 9

. . . . according to Mourat al. (2015) the moisture content of
for electricity productioriTo meet this worldwide demand, . .
thge raw material at harvest for burning should be close to
0,

blgma§s prodL_Jctlon must be (?on3|stent, continuous aBHos. Howeverdepending on the climatic conditions and
with h'gh quality Of_ ravy material (AIonspt al, 2017). the cultivar the decrease in moisture content may take
Thus, lignocellulosic biomass from various sources hagq e than 40 days after full flowering (Mayal, 2015).
been used, such as crop residues, sugarcane bagassergdyajting time reduce calorific power and increase the
maize strawas well as trees and grasses (Guersead, (isks of losses caused by lodging, plant breakdown and
2016). In this context, biomass sorghum is capable gfseases @ixeira, 2017)Thus, pre-harvest desiccation
expanding the cogeneration of electricity by the sugarca@fth herbicides enables anticipation of the harvest (Par-
industry (Liuet al, 2017) as it has a high fiber contentyejraet al,, 2015), facilitate the work of harvesters, reduce
short production cycle (six months), adaptation to varioygsses resulting from exposure of plants to biotic and
climate and soil conditions and lower water requirementgbiotic factors and contribute to higher quality of
than sugarcane and maize (Gaknal, 2018). harvested material.
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Several herbicides have potential for pre-harvest The herbicide application for sorghum chemical
desiccation. Paraquat is a contact herbicide which actssiccation was carried out on May/11/2017, at 85 days
capturing electrons from photosynthesis and form fregfter sowing, when the plants were at the phenological
radicals, which promotes severe damage tstage of pasty grains (Figure 2). The spraying was made
photosynthetically active tissues. Gramocil®, awith a tractor coupled bar (four tips TT 110015 flat jet)
commercial product with the mixture of paraquat anddapted to reach the height of 5 m. Spraying speed was 3
diuron, has a higher translocation capacity with greatem h?; tip flow: 0.69 L mint; pressure: 4 bar and syrup
depth efect (Sherwaniet al, 2015).Another contact volume: 172.5 L hé& (Figure 2). There was a corridor
product used is glufosinate-ammonium (Finale®), whichetween the plots, so the tractor with the sprayer could
inhibits glutamine synthetase synthesis, causingass and thus avoiding drift that could reach the
ammonium accumulation, cell destruction andheighboring plots (Figure 2).
photosynthesis inhibition. Glyphosate, which is the most The herbicide treatments were: 4 Lt glyphosate
consolidated systemic herbicide on the market, inhibi{4.92 kg a.i. hd), 8 L ha' of glyphosate (3.84 Kg a.i. fip
the action of the enzyme 5-enolpyruvylshikimate-32 L ha® of paraquat (0.4 Kg a.i. g 3 L ha! of a commercial
phosphate synthase (EPSPs) in the synthesis routenukture of paraquat + diuron (0.6 + 0.3 Kg a.i:*ha
the aromatic amino acids phenylalanine, tyrosine arglufosinate-ammonium (0.8 Kg a.i.‘§eand control (no
tryptophan, which are precursors of products such application). The intervals between spraying and
lignin, flavonoids and benzoic acids (Sherwetral, 2015). harvesting assessed were 7, 14, 21 and 28 days after

Several studies have already demonstrated thlesiccation (DAD)The experimental plots consisted of
efficiency of pre-harvest desiccation in soybean (Retto four rows of 6 m, spaced 0.70 m from each otfbe
al., 2016), beans (Silet al, 2017), rice, canola (Zhang & plants of the two outer rows of the plots were considered
VanVekdhuizen, 2016) and wheat (Krenchieskl, 2017). as border and were not used for analysis.

However there are few research records that have evaluated For the phytotechnical evaluations, all the plants from
the application of pre-harvest herbicides to reduce moistutdinear m of the central row of each plot were harvest to
in biomass crops and there are no published studies thatmpose one sample. The samples were collected one
have evaluated the effect of herbicides in desiccation day before spraying to determine the initial moisture, and
biomass sorghum (Costaal, 2018; Mayet al, 2016). In in 7 day intervals, totaling 5 harvests. Therefore, the last
this sense, the objective was to evaluate the use ludrvest was performed on June/08/2017, at 28 days after
herbicides in pre-harvest of biomass sorghum for moistudesiccation. Plants harvested in 1 linear m from each ex-
removal and their &ct calorific power perimental unit were divided into two subsamples. The
plants of one subsample were used for individual
MATERIAL AND METHODS evaluations of number of leaves per plant and weight of

The experiment was carried out from January to Jurfieesh culm, leaves and panickdter weighing the fresh
2017 in the Experimental Field “Dioddves de Melo,” of matter the samples were maintained in drying oven at
the Federal University dficosa, located iWicosa-MG  65°C until they reach a constant weight. Then, the plant
(20°46'S, 45°52'W 650 m altitude)The environmental parts were weighted again to determine the dry matter
conditions during the experimental period are shown ifihen, the weights of fresh and dry matters were used to
Figure 1. The experiment was conducted in a completedglculate the moisture content of the plant parts by using
randomized design with four replicates per treatments irtlee formula: MC = [(mrm,) / m,)] x 100, where mis the
6 x 4 factorial scheme (six herbicide treatments x 4 interveissh weight and gis dry weight.
between spraying and harvesting). The whole plants of the other subsample were

The preparation of the experimental area consistedwkighed and ground in a crushing machine. Then, 200 g
one plowing followed by two harrows. Mechanical sowingf fresh matter were placed to dry in a drying oven, to
was performed on January/16/2017, using 12 seed/ linelatermine the moisture content of the samplieer
meterin a total area of 924 m? (42 x 22 iM)e cultivar BRS determining the moisture content of the samples, they
716, available from EMBRA® Corn and Sahum, was were milled to reduce the particle size and standardize the
used. The fertilization was performed by applying 300 Kgpecific surfacelThe mill used was the “iye” type with
ha? of the N-P-K (08:28:16) during the sowing andl mm sieves. Subsequenttite samples were placed in
application of 200 Kg h&of urea (44% N) after 30 days. kraft paper packaging, properly identified and stored.
Dicotyledonous weeds were controlled with application The analyzes to determine the superior calorific power
of 1.5 L ha'of herbicide atrazine at 15 days after sowing(SCP) of the samples were performed in the Panels and
The control of monocotyledonous weeds was performéfood Enegy Laboratory of the Forest Engineering
through manual weeding. Department of the Federal University \éicosa. The
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properly dried and ground samples were classified intesing the t-test in the coefficient of determinaticr=R

sieves with 40 and 60 mesh meshes. The fraction betwee® Regression / SQ Treatment) and the biological

40 and 60 Mesh was used for immediate analysis. Tpéenomenon.

determination of the SCP of each sample was given by the

combustion of 1g of material in calorimetric pump and thBESU LTSAND DISCUSSION

SCP was quantified in Kcal / Kg. In the initial evaluation, before desiccation, the biomass
The data were analyzed Ayo-way analysis of sorghum had, in averaged, 4 m in height, 15 leaves per

variance (herbicide treatments x intervals betweeplant, sample moisture content (composed of leaves, culm

spraying and harvest). The Tukey test was used to coand panicle) of 74.22% (Figure 3D) and calorific value

pare the means of the qualitative variables (herbicidégher than 4390 Kcal / Kgccording to Mayet al (2015),

treatments) R < 0.05). For the quantitative variablesthe moisture of the biomass sorghum plants at the panicle

DAD, regression analysis was used. The models weeenission development stage is nearly 75% and at this

chosen by the significance of the regression coefficientstage, the crop yield is already defined.
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Figure 1: Monthly rainfall and average temperaturéd/igosa, MG during the period of the experiment (2017).
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Figure2: A) Tractor with bar adapted for the application of herbicides in biomagisisarB) Central corridor for tractor transit and
herbicide application.
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Up to 14 days after desiccation (DAD) there was nikeaves per planéis leaves also compose the raw material
significant difference between treatments for the numbésr burning process in energy production, defoliation is
of leaves per plant (Figure 3A). Howeyat 21 and 28 considered undesirable.

DAD, the plants sprayed with paraquat and paraquat + In general, the leaf moisture content in all herbicide
diuron presented defoliation. In the last evaluation (28eatments was lower than control (without application),
DAD), the plants sprayed with glufosinate-ammonium haduring all period of the experiment. The lowest leaf moisture
13 leaves on average, while the plants sprayed witlontent at 7 DAD was observed for paraquat and paraquat
paraquat and paraquat + diuron had lost on average thtegiuron At 14 and 21 DAD, the both doses of glyphosate,
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Figure 3: (A) Number of leaves per plant, (B) Leaf moisture content (%), (C) Culm moisture content (%), (D) Panicle moisture
content (%), (E) Sample moisture content (%) and Superior Calorific Power (SCP) (Kcal / Kg) of biomass sorghum plants at 7, 14,
21 and 28 days after spraying with glyphosate (1.92 kg aarth3.84 Kg a.i. h&), paraquat, paraquat + diuron, glufosinate-
ammonium and control (without spraying).

Rev CeresVicosa, v67, n.5, p. 337-344, sep/oct, 2026




Pre-harvest desiccation in biomass sorghum with herbicides 341

paraquat and paraquat + diuron had the lowest le&ramocil® (paraquat + diuron) and Gramoxone®, is due
moisture contents (approximately 35%). Howeatr28 to their action mode. Paraquat inhibit the electron flow of
DAD, the both doses of glyphosate had the lowest leBhotosystem I, and thus, the sunlight energy absorbed
moisture contents (Figure 3B). through Photosynthesis produces free radicals that
The culm moisture content at 7 DAD did not differrapidly damage organelle and cell membrane (plasmalema)
among treatments, except for the lowest dose ¢Bherwanetal, 2015)As a result, the symptoms of lesions
glyphosate, which had the lowest value. Howgefrem  appear very quicklylt also causes the leaves fdlhus,
14 to 28 DAD, the lowest culm moisture contents werafter application of contact herbicides, with rapid response
observed in plants treated with both doses of glyphosatdter desiccation, the most appropriate management would
Although, at 28 DAD, the lowest dose of glyphosate halge to harvest the plants up to 14 days after application.
the culm moisture content significantly lower than théoloni et al. (2011) found that the water content of the
highest dose of glyphosate (Figure 3C). castor bean plant canopy decreased from 79% to 61% at
In general, the panicle moisture content in all herbicideithin 30 days after application of 1.2 kg a.i.*hef
treatments was lower than in control (Figure 3&)7 paraquat. Despite glufosinate-ammonium increases the
DAD, the treatment with lowest value was glufosinatetranslocation of the product a little, it did not seem to
ammonium. Howeveat 14 DAD, paraquat had the lowestincrease desiccation of the culms. Howe\Rizolotto
panicle moisture content, around 508¢.21 DAD, (2017) studied ammonium globule in pre-harvest canola
paraquat and paraquat + diuron had the lowest panidesiccation and it was consideredi@ént. Although,
moisture content#t 28 DAD, paraquat had the lowestthese herbicides do not translocate within the plants, so
value while the lowest dose of glyphosate, paraquatthey are not expected to act on culms.
diuron and glufosinate-ammonium showed panicle Despite glyphosate has the effect on leaf moisture
moisture content close to 40%, with no statisticalemoval slower than paraquat, it causes higher culm
difference among them (Figure 3D). moisture removal. The absorption of glyphosate by plants
Up to 14 DAD the moisture content of the samplés slower and this product is translocated via phloem to
composed of leaf, culm and panicle was above 70%, withe meristematic regions, where occurs the inhibition of
no significant differences among treatments, includingyptophan synthesis, which is a precursor of indolacetic
control (without application) (Figure 3Elthough, at 21 acid hormone. Thus, cell expansion, apical dominance,
DAD there was a reduction in moisture content of thend many other regulatory processes are affected.
sample in plants sprayed with both doses of glyphosasymptoms include yellowing of the leaves and meristems,
and in the controlAt 28 DAD, the treatment with the which progresses to necrosis and death in days or weeks.
highest glyphosate dose showed greater moistuleeated plants die slowly to 14 days after application
removal, presenting around 60% in moisture content ¢8herwanet al, 2015).
the sample. Plants receiving paraquat, paraquat + diuron Our results corroborate those found by Mayal
and glufosinate-ammonium remained with moisturé2016) who evaluated the application of four doses of
content of the sample above 70%, with no statisticglyphosate (0, 720, 1,440, 2,160 and 2,880 g al). ina
difference between these herbicides. The treatment wigheenhouse biomass sorghum after 7, 14, 21 and 28 days
the lowest glyphosate dose did not differ from the contrelfter application. They verified that the herbicide was
and presented moisture content of the sample around 68%icient in reducing the leaf moisture independent of the
In general, the regression analysis shows that albse.Although, the authors considered that glyphosate
insecticide treatments had a stronger tendency in reducings not effective because in comparison with the control
leaf and panicle moisture contents than control (Figurése culm moisture reduction up to 28 days was. low
4Aand 4C). Howevepnly the treatments with glyphosateHowever in our experiment, both culm and leaf moisture
have stronger tendency in reducing culm moisture contettintents were different from control, it shows the
(Figure 4B). It was possible to visibly notice the herbicidatfficiency of glyphosate as desiccant.
action on plant leaves in all treatments when compared to Oliveira (2016) evaluated the natural drying of biomass
the control (Figure 5). In addition, treatments wittsorghum in the field (without herbicide application) and
glyphosate and paraquat + diuron mixture resulted meported that the moisture percentage was nearly 81% at
plants whose culms had a whitish appearance, indicatif§g days after sowing (DAS), 78% at 125 DAS and 62% at
moisture loss. 162 DAS. Considering that the desiccation in the present
The differences in the tendencies of moisturstudy was performed at 85 DAS, at the evaluation at 28
reduction of different plant parts can be explained by tHeAD and, therefore, at 113 DAS, the treatment with the
action mode of each herbicide. The rapid decrease of léafhest glyphosate dose (3.84 Kg a.ibhheesulted in
moisture content of paraquat-based herbicides such @ants with approximately 60% moisture, therefore,
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inferring that desiccation with glyphosate can anticipatmay have influenced moisture loss, making the drying
the harvest of sghum biomassAlthough the control in process difficult. Bedding of sorghum plants is a recurring
this work had around 68% moisture at 113 DAS, waitingroblem described by other authors (Siétaal., 2017;

in the field to reduce moisture up to 60% may compromigeliveira, 2016). Thus, early harvesting can prevent this
the quality of the raw material, especially in case of rairfirom occurring through less exposure to weather factors.
severe wind blowing and attack by pests and pathogens, At 7 DAD the highest dose of glyphosate had the
among other risks. lowest value of superior calorific power (SCP), despite

Itis also noteworthy that the efficiency of the productthis value was not significantly different from control,

may have been impaired because there was lodgingpzraquat and paraquat + diuron. Howesefl4 DAD, the
plants on the eighth day after desiccation due to rain ahtjhest dose of glyphosate, paraquat + diuron and
strong winds in the experimental area. Thus, plant overlgjufosinate-ammonium had the lowest valie21 DAD,
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Figure4: (A) Leaf moisture content (%), (B) Culm moisture content (%), (C) Panicle moisture content (%) and (D) Sample moisture
content (%) of biomass sorghum plants before application (day 0) and at 7, 14, 21 and 28 days after spraying with glyphosate (1.92
kg a.i. ha and 3.84 kg a.i. 3, paraquat, paraquat + diuron, glufosinate-ammonium and the control (without application).
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Culm ‘ Leaf Culm Leaf
I
control (without application) glufosinate-ammonium
I I
glyphosate (1.92 kg a.i. ha'!) o glyphosate (3.84 kg a.i. ha'!)
paraquat paraquat + diuron

Figure5: Visual efect of pre-harvest desiccation on biomasgisom at 28 days after application, with leaf and culm details.
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the control had the SCP significant higher than affalina NR, Luna CMRArce GL & Avila | (2018) Comparative

study on combustion and oxy-fuel combustion environments
treatmentsAt 28 DAD the control plants presented SCP using mixtures of coal with sugarcane bagasse and biomass

of 4486 kcal / kg, with no significant difference from gorghum bagasse by the thermogravimetric analysis. Journal of
glufosinate-ammonium. The lowest dose of glyphosatethe Energy Institute, 92:741-754.

and paraquat had the lowest SCP values, on average 4828riero GHausman JFRrauss J, Ertan H & Siddiqui KS (2016)
kcal / kg.Although, studies in the literature describe the Lignocellulosic biomass: biosynthesis, degradation, and indus-
. trial utilization. Engineering in Life Sciences, 16:01-16.
biomass sorghum SCP around 4.300 Kcal / kg. Therefore, 9 g , ,
it t be stated that desi ti d ducti Krenchinsk FH, Cesc¥JS, Rodrigues DM, PereidGC, Albrecht

it cannot be state ataesicca K_)n Ca_‘use a re_uc 10N M 3p & Albrecht LP (2017)Yield and physiological quality of
plant SCP (Parrekt al, 2014, Pereira Filho & Rodrigues, wheat seeds after desiccation with different herbicides. Journal
2015). The results found even surpass the SCP of elephamf Seed Science, 39:254-261.

grass, also considered a promising alternative enerby . Chen GYyan B, MaW, Cheng Z & Hou LA(2017) Exegy

: : : analysis of a new lignocellulosic biomass-based polygeneration
source, with 4.130 kcal / kg (Saraiva & Konig, 2013). system. Enegy, 140:1087-1095.
CONCLUSIONS May A, Parrela RDC, Parrela N, Schaft RE, Castro L& Assis

L. RD (2015) Sorgo Biomassa para a Cogeracédo de Energia. Sete
The herbicides glyphosate, paraquat, paraquat *+ agoas, Embrapa. 7p. (Circular Técnica, 211).
dluron and glufosinate-ammonium reduce leaf anq pamq.{fay A, SilvaViana R, Santos MDS & Silva EHFM (201Aplica-
moisture, however only glyphosate reduces moisture ingao de glyphosate na dessecacdo do sorgo biomassa. Revista
the culm. Thus, the systemic product has a better effecBrasileira de Herbicidas, 15:362-370.

on the moisture loss of the raw material as a whole aigura EG Aguiar CFA, PiedadeAR & Rousseau GX (2015)

therefore has greater potential for use in re_I_k,jlrveStContribution of legume tree residues and macrofauna to the
g P P improvement of abiotic soil properties in the eastémazon.

desiccation. It is also emphasized that herbicides do nolpplied Soil Ecology 86:91-99.

affect the calorific value of biomass gbum. However  gjiveira NAB (2016) O uso do sorgo biomassa para cogeragéo:
application of contact herbicides promotes defoliation andaspectos técnicos e econmicos. Dissertacdo de Mestrado. Fun-
therefore harvesting should be done within 14 days ofd2¢d0 Getllid/amas, Sdo Paulo. 94p.

application to avoid loss Parreira MC, Lemos LB, Portugal J & Coshdwes PL (2015)
Effects of desiccation with glyphosate on two common bean
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