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Abstract

BACKGROUND: Soybean (Glycine max) is an important oleaginous legume that has been cultivated in new areas in Brazil,
including pastures. Problems of reduced production yields have been reported by soybean growers when the crop is sown
immediately after desiccation of pastures of Urochloa spp. using glyphosate. The objective of this work was to extract, isolate
and identify the major chemicals from U. ruziziensis that have phytotoxic activity and to evaluate the possible relation between
this effect and reduced soybean yield.

RESULTS: U. ruziziensis plants at the flowering stage were desiccated using glyphosate at 1.44 kg ha−1. The plants were collected
between five and ten days after treatment. Extracts of dried and ground shoots were obtained by sequential extraction with
hexane, dichloromethane and methanol. The results of wheat coleoptile bioassays indicated that the methanol extract was more
inhibitory than the dichloromethane extract regardless of glyphosate application.

CONCLUSION: Protodioscin, a steroidal saponin, was isolated from the extract as the major component and the activities of this
compound were in good agreement with those found for the extract. The release of this compound into the soil is a plausible
explanation for the decrease in production observed in transgenic soybean crop after desiccation of U. ruziziensis.
© 2017 Society of Chemical Industry
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1 INTRODUCTION
Soybean (Glycine max (L.) Merrill) is an important oleaginous
legume that is planted widely in Brazil and has been cultivated
in new areas, including pastures. The cultivation of this plant has
been one of the main alternatives for the recovery and restoration
of degraded pastures. Problems of reduced production yields
have been reported by soybean growers when the crop is sown
immediately after desiccation of pastures of Urochloa spp. using
glyphosate.1

In Brazil, as in others countries, the adoption of planting systems
is aimed at increasing soil conservation, which in turn is associated
with good yields.2 The residues produced by commercial crops
are generally insufficient for good ground cover.3 Therefore, it is
necessary to introduce plants that are capable of producing a large
amount of biomass, with an initial rapid development and a short
cycle. In addition, their residues should not decompose quickly so
that the soil remains covered for as long as possible.

The species of the genus Urochloa (syn. Brachiaria, Poaceae) are
important herbages of tropical regions like Africa, Asia, Australia
and South America. It is estimated that Brazil has around 100 mil-
lion hectares of cultivated grass. In the Cerrado alone these occupy
an area of 54.1 million hectares, or 26.4% of the biome,4 and these
mostly contain plants of the genus Urochloa. In general, this genus
is considered to be the preferred choice for the formation of plant
cover for farming due to the good production of dry material (over
15 t ha−1). Additionally, this genus has higher concentrations of

lignin in the plant constitution, which give it a high C/N ratio. This
feature is related to the decomposition time of the plant material,5

which may persist for more than six months on the soil surface.6

In particular, the species Urochloa ruziziensis Germ. & Evrard (syn.
Brachiaria ruziziensis) is a plant that can grow in various soils, from
sandy to clayey, and it develops best in well-drained soils with
good fertility. The biomass production of these plants results in
high levels of P and K present in soil.7,8 U. ruziziensis has faster
decomposition and lower half-life values than other plants and this
in turn leads to nutrient recycling and higher maize yields.9

Nunes et al. pointed out that the use of straw from Urochloa for
ground cover requires information about the ideal drying period
between planting and harvest, so that a negative impact does not
occur on successive crops.5 There are several reports of symptoms
of yellowing and a reduction in the growth and productivity of
conventional soybean plants10 – 12 when they are used in areas
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that have undergone pasture tillage with Urochloa.13,14 This effect
is more obvious and pronounced immediately after desiccation
of plant cover.14 One of the most widely used herbicides for the
desiccation of cover crops is glyphosate.

The objective of the study reported here was to explain the
adverse effects observed on soybean crops in areas where
U. ruziziensis had been used as a cover crop. With this aim in
mind, plant extracts of U. ruziziensis collected at different times
after the application of glyphosate were evaluated for phytotoxic
effects on transgenic soybean cv. M-SOY 7908 RR. In addition,
a bioassay-guided isolation of active compounds present in the
extracts was carried out, with the first stage involving an evalua-
tion of the activity of the extracts obtained from the aerial part of
U. ruziziensis both with and without the application of glyphosate.
In the second stage, the main compounds in the aerial part of U.
ruziziensis were isolated and identified.

2 EXPERIMENTAL METHODS
2.1 General procedures
Infrared spectra (KBr) were recorded with an FT-IR Spectrum 1000
spectrophotometer (PerkinElmer, Waltham, MA, USA). Nuclear
magnetic resonance (NMR) spectra were recorded using a Varian
INOVA-600 spectrometer equipped with a 5 mm 1H {15N– 31P}15

PFG high-field inverse detection z-gradient probe (Agilent, Palo
Alto, CA, USA). 1H NMR (599.78 MHz) and 13C NMR (150.83 MHz)
spectra were recorded in MeOH-d4 at 25 ∘C. Chemical shifts are
given in ppm with respect to the residual solvent signal (3.30 ppm)
and 13C signals are referenced to the solvent signal (49.00 ppm).
High-resolution mass spectra were obtained with a Synapt G2
UPLC-QTOF ESI mass spectrometer (Waters, Milford, MA, USA).

MPLC separation was carried out using a Büchi 861 apparatus
with a 40–63 μm LiChrospher RP-18 column using acetone–H2O
(1:1) as the mobile phase. HPLC was carried out using an HPLC
system (Merck-Hitachi, Tokyo, Japan) with refractive index detec-
tion. Silica gel (0.060–0.200, 60A) from Acros Organics (Geel, Bel-
gium) and Lichroprep RP 18 (40–63 μm) from Merck (Darmstadt,
Germany) were used for column chromatography. HPLC columns
used were semipreparative 250 mm× 10 mm i.d., 10 μm Lichro-
spher 100 RP-18 columns (Merck, Darmstadt, Germany) fitted with
a guard column (LiChrospher RP-18, Merck, Darmstadt, Germany)
and an analytical 250 mm× 4.5 mm i.d., 5 μm Gemini 110A RP-18
column (Phenomenex, Torrance, CA, USA) with a guard column
(SecurityGuard Cartridges Gemini RP-18, Phenomenex, Torrance,
CA, USA). Thin layer chromatography (TLC) was performed on TLC
silica gel 60 F254 aluminium sheets and TLC silica gel 60 RP-18 F254S

aluminium sheets from Merck (Darmstadt, Germany).
Ultrasound extractions were performed using an ultrasonic bath

(360 W, JP Selecta, Barcelona, Spain) for 15 min.

2.2 Chemicals
n-Hexane, methanol (MeOH), dichloromethane (DCM) and ace-
tone (Hipersolv Chromanorm for HPLC) were obtained from VWR
International (Radnor, PA, USA). MagniSolv MeOH-d4 (minimum
deuteration degree of 99.8%) for NMR spectroscopy was from
Merck (Darmstadt, Germany).

2.3 Plant material
U. ruziziensis plants were grown in the Faculty of Agricultural Sci-
ences of UNESP (Jaboticabal), in an experimental area belonging
to the Department of Applied Biology and Agriculture, in brick

cold frames built on the ground, with an area of 1.33 m2, which
made up the plots. The plots were filled with a substrate that was
clay-texture typical eutrophic Red Latosoil (Andrioli; Centurion,
1999) with the following chemical properties: pH (CaCl2) of 6.0; MO
of 39.00 mg dm−3, 40.0 mg dm−3 of P (resin); 5.5, 49.0, 31.0, 22, 85.5
and 107.0 mmol dm−3 of K, Ca, Mg, H+Al, SB and T, respectively,
and 80% V. In July 2008, approximately 200 U. ruziziensis seeds
were broadcast sown and superficially incorporated into the soil
on six of the plots. Fertilizer was also applied using broadcast appli-
cation based on soil testing and on the crop’s nutrient require-
ments, with the equivalent of 500 kg ha−1 of formula 04-14-08
applied per plot. Topdressing with the equivalent of 150 kg ha−1 of
nitrogen was applied around 45 days after emergence. When the
Urochloa plants began to flower, at around 120 days after emer-
gence and when they had reached an approximate height of 0.7 m,
the crops from four plots were desiccated using glyphosate herbi-
cide and two plots were left untreated to harvest plant material
that had not been treated with herbicide (controls). For desicca-
tion, 1.44 kg ha−1 of glyphosate was applied using a backpack pre-
cision sprayer equipped with sprinkle bars and two flat jet spray
nozzles (TT 110.02), 0.5 m apart, with a spray solution consumption
rate of 200 L ha−1 at a constant pressure of 2.24 kgf cm−2. Around 5
to 10 days after desiccation, the aerial parts of the plants were col-
lected from each plot by hand using pruning shears, and the mate-
rial collected was dried in the shade at room temperature in order
to obtain consistent dry matter (similar conditions to the field). The
same method was used for the control, which had not been treated
with herbicide, where the plants, which were still green, were cut
by hand and then dried in the shade.

2.4 Sample extraction and isolation
2.4.1 Extracts
A mixture of dried material (10 g) and 30 mL of n-hexane at room
temperature was placed in an ultrasonic bath during 15 min at
room temperature in order to de-fat the material. The plant residue
was re-extracted using two different solvents. DCM and MeOH
were used to extract de-fatted material (3× 30 mL of solvent)
using an ultrasonic bath during 15 min at room temperature.
The supernatant was filtered under vacuum and the solvent was
removed under reduced pressure (IKA model RV8 basic). In total
six extracts were obtained: three in MeOH and three in DCM
for material without treatment with glyphosate (M-NT, D-NT),
material collected five days after treatment (M-5AT, D-5AT) and
ten days after treatment (M-10AT, D-10AT). All of the extracts were
bioassayed with etiolated wheat coleoptiles. The MeOH extracts
were the most active.

In a second step, bearing in mind the data obtained in the
bioassays, a second extraction was carried out on 0.3 kg of plant
material using the procedure described above, but in this case
only under two of the sets of conditions tested: i.e. not treated
with glyphosate (M-NT) and ten days after treatment (M-10AT). The
samples corresponding to five days after treatment (M-5AT) were
not used because of the similarity between the results of bioassays
with the material obtained five and ten days after treatment.

2.4.2 Isolation and purification
The best activity results were obtained with extracts in MeOH
and, as a consequence, only those extracts were selected for
fractionation. The solvent was removed and 12 g of MeOH extracts
M-NT and M-10AT were purified by VLC on LiChrospher RP-18
and eluted with mixtures of MeOH–H2O (4:0, 3:1, 2:2, 1:3 and 0:4,

wileyonlinelibrary.com/journal/ps © 2017 Society of Chemical Industry Pest Manag Sci 2017; 73: 2071–2078
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each 2.0 L) to give five fractions (M-NT-1 to M-NT-5 and M-10AT-1
to M-10AT-5). All of the fractions were bioassayed with etiolated
wheat coleoptiles. The most active fractions were M-10AT-3 (2:2,
3 g) and M-10AT-4 (3:1, 390 mg).

The fraction M-10AT-3 was subjected to MPLC in portions of
300 mg using a Büchi 861 apparatus with a column filled with
40–63 μm LiChrospher RP-18, using 40% acetone–H2O as the
mobile phase at a flow rate of 2 mL min−1. A total of 12 millilitre
fractions were collected and assessed using TLC on RP-18 F254S,
developed with acetone–H2O (4:6), then sprayed with oleum
reagent and heated at 150 ∘C. This separation gave five frac-
tions (M-10AT-3a to M-10AT-3e). Fraction M-10AT-3c was purified
by HPLC using a semipreparative column (Lichrospher R 100-RP
18–10 μm) using acetone–H2O to 50% as eluent at a flow rate of
3 mL min−1. Protodioscin (1; 1.4 g) was isolated (Fig. 1).

The M-10AT-4 fraction was subjected to a similar isolation
process. Firstly, the fraction was subjected to MPLC using 60%
acetone–H2O as mobile phase at a flow rate of 1 mL min−1 to
give five fractions (M-10AT-4a to M-10AT-4e). The M-10AT-4e frac-
tion was purified by HPLC using the same conditions as described
above. Once again 1 was isolated but in this case a mixture of
dioscin (2) and its epimer at C-25 (3) (17.9 mg) was also present.

2.5 Bioassay testing
2.5.1 Coleoptile bioassay
Wheat seeds (Triticum aestivum L. cv. Cortex) were sown in 15 cm
diameter Petri dishes moistened with water and grown in the dark
at 25± 1 ∘C for 4 days.16 The roots and caryopses were removed
from the shoots. The latter were placed in a Van der Weij guillotine
and the apical 2 mm was cut off and discarded. The next 4 mm of
the coleoptiles was removed and used for bioassays. All manipu-
lations were performed under a green safelight.17 Crude extracts,
fractions or pure compounds were predissolved in dimethyl sul-
foxide (0.1%) and diluted in phosphate–citrate buffer containing
2% sucrose17 at pH= 5.6 to the final bioassay concentrations (0.8,
0.4 and 0.2 mg mL−1 for extracts and fractions, and 10−3, 3× 10−4,
10−4, 3× 10−5 and 10−5 M for compounds).

Parallel controls were also run. The commercial herbicide
Logran®, whose original formulation is a combination of N2-tert-
butyl-N4-ethyl-6-methylthio-1,3,5-triazine-2,4-diamine (terbutryn,
59.4%) and 1-[2-(2-chloroethoxy)phenylsulfonyl]-3-(4-methoxy-6-
methyl-1,3,5-triazin-2-yl)urea (triasulfuron, 0.6%), was used as
positive control according to a comparison study reported
previously.18 This reference was used at the same concentrations
and under the same conditions as reported previously. Control
samples (buffered aqueous solutions with dimethyl sulfoxide and
without any test compound) were used for all of the plant species
assayed.

Each assay was carried out in duplicate. Five coleoptiles and 2 mL
of solution were placed in each test tube (three tubes per dilution)
and the tubes were rotated at 0.25 rpm in a roller tube apparatus
for 24 h at 25 ∘C in the dark. The coleoptiles were measured
by digitalization of their images. Data were statistically analysed
using Welch’s test.19 Data are presented as percentage differences
from control. Thus, zero represents the control, positive values
represent stimulation of the studied parameter, and negative
values represent inhibition.

2.5.2 Phytotoxicity bioassays on soybean seedlings
Soybean seeds of the variety M-SOY 7908 RR were germinated
on gerbox plates of 100 cm2 (30 seeds per plate) in a growth

chamber (MEMMERT, model ICP 800) set at 25 ∘C, with a pho-
toperiod of 12 h/12 h light/dark and wet with 12 mL of distilled
water. After four days the seeds were transferred to glass con-
tainers (20 cm× 9 cm, 4 pre-germinated seeds per pot) contain-
ing 0.1 L of glass perlite. Germination and growth were con-
ducted in aqueous solutions at controlled pH using 10−2 M
2-[N-morpholino]ethanesulfonic acid and 1 M NaOH (pH= 6.0).
The extracts, fractions or compounds were assayed at given con-
centrations for each extract or fraction (0.8, 0.4 and 0.2 mg mL−1)
and compound (10−3, 5× 10−4, 10−4, 5× 10−5, 10−5, 5× 10−6 and
10−6 M). Parallel controls were also run. The herbicide glyphosate
was used as positive control and was tested at 10−3, 5× 10−4, 10−4,
5× 10−5, 10−5, 5× 10−6 and 10−6 M. Commercial products were
tested at concentrations of 10−3, 5× 10−4 and 10−4 M. In all tests,
20 mL of solution was added to each sample and four replicates
were used. Bioassays took seven days. After growth, the evaluated
parameters (root length RL, shoot length SL, dry weight root DWR
and dry weight shoot DWS) were recorded. Data were analysed sta-
tistically using Welch’s test, with significance fixed at 0.01 and 0.05.
Results are presented as percentage differences from the control.
Zero represents control, positive values represent stimulation, and
negative values represent inhibition.

2.5.3 Statistical analysis
Data were statistically analysed using Welch’s test, with signifi-
cance fixed at 0.01 and 0.05. Results are represented in bar charts
as percentages from the control, as described above.

2.5.4 Calculation of IC50

Data from wheat coleoptile and Petri dish seedling bioassays
were fitted to a sigmoidal dose–response model (constant slope),
whenever possible, using the GraphPad Prism v.4.00 software
package.20

3 RESULTS AND DISCUSSION
Problems of reduced production yields in soybean have been
reported when the crop is sown immediately after desiccation
of pastures of Urochloa spp. with glyphosate.1 It is postulated
that the detrimental effect may be due to an increase in the
applied dose of the herbicide or the number of applications, which
are post-emergence in soybean. This effect could therefore be
related to the time of application or to a possible negative inter-
ference with soil microorganisms.21 – 24 The hypothesis is that the
observed adverse effects on crops are due to glyphosate degrada-
tive processes within the plant resulting in the formation of
aminomethylphosphonic acid, which is a known phytotoxin.25 – 27

To test the hypothesis, the phytotoxic effect caused by the herbi-
cide glyphosate on commercial soybean seedling variety M-SOY
7908 RR was evaluated. The results show that glyphosate did not
produce significant inhibition of any of the parameters evaluated
(Fig. 2) but a slight stimulation thereof. The results of several stud-
ies may explain this observation.28 Morandi found that the colo-
nization of soybean by Glomus mosseae increases with the applica-
tion of glyphosate after emergence of the plants. The author sug-
gests that the positive effect of glyphosate may result in increased
production of isoflavones in the roots, which can in turn promote
mycorrhizal colonization.29

Another hypothesis to explain the production losses in soybean
crops is that the decomposition of vegetation cover involves the
production and/or release of allelopathic compounds that affect

Pest Manag Sci 2017; 73: 2071–2078 © 2017 Society of Chemical Industry wileyonlinelibrary.com/journal/ps
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Figure 1. Steroidal saponins isolated from Urochloa ruziziensis.
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Figure 2. Effects of concentration of glyphosate on transgenic soybean
seedlings. The parameters evaluated were root length (RL), shoot length
(SL), dry weight root (DWR) and dry weight shoot (DWS).

the growth of weeds30 but can also damage crops.31 – 33 Studies
show that plants of the genus Urochloa have allelopathic inhibitory
activity on seed germination and the development of plants of
different species.31,34 Studies conducted with this genus have
shown allelopathic activity in both the seeds and the aerial part,
with the aerial part being the main source of chemicals with
potential allelopathic activity.35

Several studies have shown that during plant-residue decom-
position of some allelopathic plants, compounds released include
phenolic acids that affect weed germination and seedling
development.36 – 40 The allelopathic behaviour of U. ruziziensis
has been related to the presence of o-coumaric and aconitic
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Figure 3. Bioassay with etiolated wheat coleoptiles on the initial extracts.

acids.32,41 To confirm this hypothesis, the bioactivity was tested
on soybean seedling variety M-SOY 7908 RR. The compounds did
not show significant effect on any of the parameters evaluated.
Therefore, the release of these compounds to the soil is not the
cause of yield loss observed in soybean crops.

In view of these results, it was decided to carry out a
bioassay-guided isolation to identify potential products respon-
sible for the observed inhibitory activity for U. ruziziensis. Dried
leaves of U. ruziziensis were de-fatted with hexane and were then
extracted with DCM and MeOH. The extracts were tested in the
etiolated wheat coleoptile bioassay.18 This is a rapid test that is
sensitive to a wide range of bioactive substances42 including plant
growth regulators and herbicides. A total of six extracts were
assayed, three in MeOH (M-NT, M-5AT, M-10AT) and three in DCM
(D-NT, D-5AT, D-10AT), as described in Section 2. The results of the
assay are shown in Fig. 3.

wileyonlinelibrary.com/journal/ps © 2017 Society of Chemical Industry Pest Manag Sci 2017; 73: 2071–2078
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Figure 5. Phytotoxic bioassay on transgenic soybean seedlings on the
fractions from MeOH–H2O. The parameters evaluated were root length
(RL), shoot length (SL), dry weight root (DWR) and dry weight shoot (DWS).

The extracts that showed the highest inhibition levels in the
coleoptile bioassay were those obtained with MeOH, which
showed the highest inhibition values close to 90% at 800 ppm.
The DCM extracts showed lower inhibitory activity. The similarity
in the results obtained with extracts M-NT and M-10AT (with and
without the application of glyphosate) shows that the presence or
absence of herbicide is not a relevant factor in this bioassay and
U. ruziziensis probably has in its chemical composition substances
that are capable of inhibiting the growth of coleoptiles.

In view of the results outlined above, the MeOH extracts were
selected to carry out the bioassay-guided isolation. Two materi-
als from Urochloa were used in the fractionation, i.e. without the
application of glyphosate (M-NT) and 10 days after treatment with
glyphosate (M-10AT). Each material was fractionated with increas-
ing H2O-to-MeOH ratios to give five fractions for each sample.
All of these fractions were subjected to the coleoptile bioassay.
The results are shown in Fig. 4. It can be seen that the fractions
extracted with mixtures of 50% (M-NT-3 and M-10AT-3) and 75%
(M-NT-4 and M-10AT-4) MeOH–H2O were the most active, with
values comparable to those of the commercial herbicide Logran®
for the two types of material. The inhibition values obtained were
above 90% for the highest concentrations tested, with levels above
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Figure 6. Bioassay with etiolated wheat coleoptiles on protodioscin.
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80% maintained at the lowest concentrations. This similarity in the
results supports the hypothesis that the observed activity is related
to the chemical composition of the plant material and not to the
application of glyphosate.

To test the above hypothesis, the two most abundant active frac-
tions (50% in MeOH), material both without glyphosate (M-NT-3)
and with glyphosate (M-10AT-3), were subjected to a soybean

Pest Manag Sci 2017; 73: 2071–2078 © 2017 Society of Chemical Industry wileyonlinelibrary.com/journal/ps
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Figure 8. Images of necrosis observed in soybean roots.

seedling bioassay. The results are shown in Fig. 5. It can be seen
that there is a significant effect on soybean seedlings in terms of
the lengths of both the aerial parts (SL) and the roots (RL), the
latter of which is the most sensitive parameter. Inhibition values
over 50% at a concentration of 600 ppm were observed for the two
types of plant material.

Due to the similarity in the results obtained for both plant mate-
rials, the sample treated with glyphosate was chosen to con-
tinue the isolation sequence. This selection was made in order to
mimic more accurately the problem under investigation, namely
the yield loss associated with U. ruziziensis waste once desic-
cated with glyphosate. Therefore, the fractions obtained with 50%
MeOH (M-10AT-3, 3.0 g) and 75% MeOH (M-10AT-4, 390 mg) were
selected.

Compound 1 was isolated from fraction M-10AT-3 and the spec-
troscopic data correspond to those described in the literature for
protodioscin, a steroidal saponin isolated for the first time from
U. ruziziencis.43 Fraction M-10AT-4 afforded, along with 1, a mixture
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Figure 9. Comparison of results obtained in bioassay on transgenic soybean seedlings. The parameters evaluated were root length (RL), shoot length (SL)
and dry weight root (DWR).

of 2 and 3, which were identified as steroid saponins derived
from microbial conversion of methylprotodioscin by Penicillium
melinii.44

The major compound 1 has been hypothesized to be responsi-
ble for the activity of sunflower crop using desiccated U. ruzizien-
sis as cover.45 In order to verify this hypothesis, this compound
was subjected to an activity study. Thus, 1 was tested in both
bioassays to assess the activity profile. The results obtained in the
coleoptile bioassay are shown in Fig. 6. It can be seen that the
inhibitory effect is adjusted to a sigmoidal curve, with an IC50 of
27.35 μM (R2 = 0.9688) calculated for protodioscin and 46.92 μM
(R2 = 0.9966) for the commercial herbicide. Regarding the soybean
seedling bioassay, the means of the effects observed in the two
tests were analysed together. Regression analysis on the data for
SL, RL and DWR, depending on the concentration of protodioscin
(Fig. 7), allowed the inhibitory dose for protodioscin to be cal-
culated as 827 μM (R2 = 0.9617), 680 μM (R2 = 0.9399) and 315 μM
(R2 = 0.9062), respectively.

In this assay a very pronounced necrosis was observed in the
main root with increasing concentrations of protodioscin (16, 32,
80, 120 and 240 μM; Fig. 8), with strong attenuation and length
reduction. In addition, malformations of secondary roots and a
reduction in the length of the seedlings were also observed.

4 CONCLUSIONS
Comparison of the results obtained in the bioassay of transgenic
soybean seedlings for all products tested (Fig. 9) clearly indicates
that protodioscin is the only compound that has a significant
phytotoxic effect on transgenic soybean seedlings. As previously
mentioned, the activities of phenolic compounds do not explain
the observed effects.

Triterpenoid saponins have a wide range of pharmacologi-
cal properties.46 – 48 These kinds of compounds have also been
reported to have detrimental effects on plant growth when
released into the soil.49 – 51 These compounds have recently been
investigated for their phytotoxic activity.52 As a result, a long gly-
cosidic chain linked at C-3 of the aglycone moiety was suggested
as a key factor for phytotoxicity. In contrast, the relationship
between aglycone structure and phytotoxicity remains unclear.53

Protodioscin is a bidesmosidic saponin formed by a hydrophobic
moiety of the furostanol type and two sugar fragments. The
structural characteristics of these compounds mean that they are
readily soluble in water and, therefore, easy leaching to the soil is
possible once the U. ruziziensis plants have been desiccated with

wileyonlinelibrary.com/journal/ps © 2017 Society of Chemical Industry Pest Manag Sci 2017; 73: 2071–2078
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glyphosate and exposed to rain.45 This release into the soil and the
phytotoxic effects shown here provide a plausible explanation for
the decrease in production yield observed in transgenic soybean
crops after desiccation of U. ruziziensis.
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