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Abstract

The life cycle of the soybean cyst nematode lasts approximately 21-24 days at temperatures ranging from 23 °C
to 25 °C. Mean temperatures above 25 °C are often found in Goias State and in other Brazilian regions. Thus, the
aim of the present study is to assess the penetration and cycle duration of Heterodera glycines Type 0" (race 3) in
nematode-resistant and susceptible soybean cultivars grown in greenhouse under controlled conditions. The
study was conducted at soil temperatures ranging from 23.9 °C to 31.1 °C using two soybean cultivars that were
assessed in ten different periods; each assessment was conducted in six plants. The herein used soybean cultivars
were BRS Valiosa RR and BRSGO 8860RR, which were, respectively, susceptible and resistant to the nematode.
Root staining assessments were performed 2, 4, 6, 9, 12, 15, 18, 21, 24 and 30 days after inoculation (DAI).
Besides the root staining assessments, the females and eggs were also assessed through extraction using the
sieving and flotation method, at the 30™ DAI. Heterodera glycines J2 penetration was similar in both the
susceptible and the resistant cultivars throughout the assessment period. It indicates that the nematode
penetration was not affected by resistance. The Heterodera glycines cycle at soil temperature ranging from
23.9 °C to 31.1 °C and at room temperature ranging from 27.0 °C to 36.3 °C was complete in 15 days, in both
the susceptible and the resistant cultivars. A similar number of J2 has penetrated the roots of both cultivars and
greater penetration intensity was found from the 6 to the 15" DAL The peak J3, J4 and female formation period
in the resistant cultivar was later than that observed in the susceptible cultivar.
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1. Introduction

The nematode Heterodera glycines Ichinohe (1952), also known as soybean cyst nematode, is one of the main
pathogens affecting soybean crops in the main countries producing this oilseed. This nematode was first detected
in Brazil in the 1991/92 harvest (Lima et al., 1992; Lordello et al., 1992; Monteiro & Morais, 1992). It is found
in approximately 150 Brazilian counties, thus covering an area bigger than 3.0 million hectares (Dias et al.,
2010).

The symptoms of this nematode attack appear in spatially clumped plants and, in many cases, the plants
eventually die. The root system is reduced and gets infested with tiny Heterodera glycines females. When the
female dies, its body turns into a hard structure called cyst, which dislodges from the root and stays in the soil.
The dark brown cyst is filled with eggs and highly resistant to decay and desiccation. In the absence of a host
plant, the cyst is able to survive in the soil for more than eight years (Lordello, 1984; Dias et al., 2010; Embrapa,
2011).

The life cycle of Heterodera glycines at soil temperatures ranging from 23 °C to 25 °C lasts approximately 21-24
days (Lauritis et al., 1983; Young, 1992). Thus, it is possible obtaining 4 to 5 nematode generations in a single
growing cycle. The Brazilian climate conditions comprise temperature of approximately 28.7 °C and allow the
Heterodera glycines to complete its life cycle approximately 29 days after soil infestation. Thus, it is possible
obtaining three to four nematode generations during the crop cycle (Cunha et al., 2008).
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Heterodera glycines depends on the formation of its feeding site (syncytium) in order to complete its life cycle,
since syncytium is its only source of nutrients during parasitism (Van Der Eycken et al., 1996). However,
syncytium only forms in cultivars susceptible to the nematode. The juveniles of cultivars resistant to Heterodera
glycines are unable to set feeding sites due to syncytium deterioration, which takes place in few days and kills
the nematode within the root tissue (Kim et al., 1987; Kim & Riggs, 1992; Tylka, 2008).

The genetic basis of the resistance found in Brazilian soybean cultivars, which derive from North American
cultivars, is relatively narrow. Since pathogens have high variability, they can easily overcome these cultivars
resistance (Yue et al., 2000). Thus, the syncytium formation process is not always interrupted and adult females
can be found in the root system of resistant cultivars (Young, 1992; Li et al., 2004; Brucker et al., 2005).

The aim of the present study is to assess the penetration and cycle duration of Heterodera glycines Type 0 (race
3) in resistant and susceptible soybean cultivars grown in greenhouse under controlled conditions, as a way to
help better understanding the soybean cyst nematode behavior under Brazilian climate conditions.

2. Method

The study was conducted under greenhouse condition at the Agronomy School/UFG (16°35'47.36" S,
49°16'48.01" W; altitude: 726 meters). The herein adopted experimental design was completely randomized and
it used two soybean cultivars assessed in ten different assessment periods, with six repetitions.

Four seeds of soybean cultivars resistant to Heterodera glycines BRSGO 8860RR and susceptible to Heterodera
glycines BRSGO Valiosa RR were seeded in previously autoclaved 0.3 liter-capacity ceramic pots containing a
mixture of soil and sand at the ratio 1:1. Thinning was performed seven days after sowing and a single seedling
remained in each pot. The inoculation was carried out after thinning, using a suspension containing 5,000 eggs
and second-stage juveniles (J2) of Heterodera glycines Type 0 (race 3).

The inoculum was obtained in a naturally infested area in Campo Alegre County, Goias State. The soil
containing Heterodera glycines cysts was seeded with the susceptible soybean cultivar BRS Valiosa RR in order
to multiply the inoculum in the greenhouse. The nematode was identified as race 3, according to Riggs and
Schmitt (1988), before the experiment was conducted. The HG type was determined according to Niblack et al.
(2002) and the population was classified as HG Type 0.

The assessments were performed 2, 4, 6, 9, 12, 15, 18, 21, 24 and 30 days after inoculation (DAI) by observing
the Heterodera glycines penetration and development in the root system. Besides these assessments, which were
performed using the root staining technique, the number of females and eggs was also assessed through root
extraction.

After the technique by Byrd et al. (1983) was adapted, the soybean plant roots were stained to assess the
nematode penetration and development. The root systems were fragmented into pieces of approximately two
centimeters, after previous sterilization. These fragments were soaked in 1.5% NaOCI solution for four minutes.
Next, they were drained and washed in order to remove all the sodium hypochlorite, and soaked in water for
fifteen minutes. Subsequently, 1 mL dye was added to 30 mL water and the material was boiled. The dye was
prepared by diluting 3.5 g acid fuchsin in 250 mL acetic acid and 750 mL distilled water. After boiling for
approximately thirty seconds, the root fragments were drained, allowed to cool in order to avoid the formation of
bubbles within the root tissue, and rinsed in running water to remove dye excess. Then, they were lightened in
acidified glycerol with three drops of hydrochloric acid and boiled again. After the lightening process, the
fragments were placed in glycerin and stored in the refrigerator, until they were mounted on slides.

At the time of the 10™ assessment—the 30™ DAI—six replications of each cultivar were used to assess the
females in the root systems, according to the method described by Tihohod (2000). A strong waterjet was
released over a set of 20- and 60-mesh sieves. The material retained in the 20-mesh sieve was discarded and that
retained in the 60-mesh sieve was collected and filtered through filter paper on a screened gutter (Andrade et al.,
1995) and then transferred to a stereomicroscope (15% magnification) in order to count the number of females.
After quantification, ten females were randomly separated and severed in a 100-mesh sieve placed over a
400-mesh one. The eggs retained in the 400-mesh sieve were placed in a 50 mL beaker. The suspension was
homogenized and the eggs were quantified under optical microscope (50x magnification) using Peters’ counting
slides.

The number of second (J2), third (J3) and fourth (J4) stage juveniles, as well as the number of females in the
roots, was counted in each assessment using the staining technique. In order to do so, all stained root fragments
were placed in Petri dishes, which were transferred to a stereomicroscope (M 205: 7.8% to 160x magnification)
for counting.
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Daily readings of maximum and minimum temperatures were performed during the experiment in the
greenhouse using a digital thermometer, which measures internal (soil) and external (environment) temperatures
with 0.1 °C resolution.

The data were subjected to analysis of variance in the SISVAR software (Ferreira, 2000) and the means were

compared through the Scott-Knott test at 5% probability. All the data were transformed into vx + 1 in order to
perform the analysis.

3. Results and Discussion

The mean temperature in the soil during the experiment was 26.6 °C and it ranged from 23 °C to 31 °C. On the
other hand, the mean temperature in the environment was 32 °C and it ranged from 26.4 °C to 40.1 °C (Figure

).
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Figure 1. Maximum and minimum temperatures in the environment and in the soil during the experiment

The environmental temperature has not directly affected the nematode. However, as it increased, the soil
temperature tended to increase and, therefore, affect the nematode cycle. The optimum embryogenesis
temperature that leads to less nematode mortality is 24 °C and the egg hatching takes place at temperatures
ranging from 20 °C to 30 °C (Alston & Schmitt, 1988). Since the mean temperature during the experiment was
approximately 26.6 °C, it was within the range that does not affect nematode development and allows it to
complete its cycle. However, it might have influenced the results found in the current study.

The highest J2 concentration was found in the assessment performed at the 9" DAI (Table 1). However, higher
penetration rates were found between the 6™ and 15" DAL, thus indicating that the eggs and the J2 kept high

viability until the 15™ DAI There was a sharp decrease in the number of J2 found in the roots from the 15" to
the 30™ the DAI (Table 1 and Figure 2).
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Table 1. Mean number of Heterodera glycines (race 3) J2 and J3 per root system of the soybean cultivars BRS
Valiosa RR and BRSGO 8860RR, which were, respectively, susceptible and resistant to the nematode, in 10
different days after inoculation (DAI). Goiania, GO, 2012

13

DAl Valiosa 8860 Average* Valiosa 8860 Average*

2 2.0 0.2 0.9 a 0.0 0.0 00 a

4 17.0 373 270 b 0.0 0.0 00 a

6 179.0 225.0 202.1 d 43 9.2 68 b

9 249.0 370.4 309.6 e 24.0 17.8 209 ¢

12 162.0 223.9 192.8 d 35.0 45.1 40.1 ¢

15 223.0 266.0 2445 d 108.0 54.5 813 d

18 19.0 32.0 255 b 26.8 17.0 219 ¢

21 46.0 108.5 7713 ¢ 28.0 39.0 335 ¢

24 16.0 18.8 173 b 12.2 18.5 153 b

30 8.0 253 168 b 8.5 15.2 11.8 b
‘Average %20 1307 247 216
oV 3498 a0

Note. * Original data and statistics performed through data transformed into vx + 1. Means followed by the
same letters did not statistically differ from each other (Scott-Knott, P < 0.05).
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Figure 2. Average number of J2 and J3 of Heferodera glycines per root system of susceptible soybean cultivars,
BRS Valiosa RR (A), and resistant BRS 8860 RR (B), in ten evaluations performed after inoculation

Although there was aggressive penetration at the 21* DAI, this decrease suggests that these J2 derived from
females formed in the roots, i.e., they were second-generation nematodes. In fact, it may be confirmed by
observing the females in the roots of both cultivars at the 15" DAI (Table 2).
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Table 2. Mean number of Heterodera glycines (race 3) J4 and females per root system of the soybean cultivars
BRS Valiosa RR and BRSGO 8860RR, which were, respectively, susceptible and resistant to the nematode, in 10
different days after inoculation (DAI). Goidnia, GO, 2012

J4 Female

DAl Valiosa* 8860* Average Valiosa* 8860* Average

2 00 A a 00 A a 0.0 00 A a 00 A a 0.0

4 00 A a 00 A a 0.0 00 A a 00 A a 0.0

6 00 A a 00 A a 0.0 00 A a 00 A a 0.0

9 00 A a 00 A a 0.0 00 A a 00 A a 0.0

12 47 B b 1.0 A a 2.8 00 A a 00 A a 0.0

15 172 B ¢ 65 ADb 11.8 43 A b 02 A a 0.8

18 92 A b 143 A ¢ 11.8 60 B Db 05 A a 1.1

21 127 A ¢ 200 B ¢ 16.3 93 A b 25 A a 2.0

24 65 A b 77 A'b 7.1 258 B ¢ 137 A b 6.6

30 22 A a 130 B ¢ 7.6 913 B d 277 A ¢ 19.8
Average 52 62 11 45
oo 608 $s42

Note. * Original data and statistics performed through data transformed into vx + 1. Means followed by the
same lowercase letters in the column and capital letters in the line did not statistically differ from each other
(Scott-Knott, P < 0.05).

It is worth highlighting that the penetration was similar in both cultivars, and it indicated that the resistance to
the soybean cyst nematode has manifested just after penetration (Table 1). It corroborates the results found by
Acedo et al. (1984), and Asmus et al. (2001), who have assessed the Heterodera glycines penetration in resistant
and susceptible soybean cultivars and concluded that juveniles equally penetrate both cultivars.

The third-stage juveniles (J3) were identified in the assessment carried out at the 6™ DAI; however, the highest
J3 concentration was found in the assessment carried out at the 15™ DAL in both the resistant and the susceptible
cultivars, although the resistant cultivar values were lower (Figure 2 and Table 1). The J3 formation in the
resistant cultivar (Figure 2B) indicates that the hypersensitive reaction did not occur immediately after the
inoculation and that it did not prevent the initial nematode establishment. Instead, the initial responses to the
soybean cyst nematode infection were similar to those of the susceptible cultivars. According to Kim et al.
(1987), and Kim and Riggs (1992), the syncytia are formed in the roots within approximately 42 hours after
inoculation. As the infection progresses, the hypersensitivity reaction takes place. Approximately five days after
the inoculation, the nucleus of the syncytium cells presents large masses of agglutinated chromatin and
disintegrates. After nucleus disintegration, the cytoplasm degenerates and it eliminates the nutrient source of the
nematode, which dies from starvation. Thus, the nematode keeps on developing as long as the hypersensitivity
reaction is not complete.

The fourth-stage juveniles (J4) were found from the 12" DAI on (Table 2). The highest J4 concentration was
found in the BRS Valiosa RR cultivar at the 15" DAI (Figure 3A) and in the BRSGO 8860RR cultivar at the 21*
DAI (Figure 3B). Heterodera glycines females were found in the soybean roots from the 15™ DAI on (Table 2).
From the 15" DAI on, the number of females found in the roots of both cultivars has increased until the 30™ DAL,
although the amount found in the roots of the susceptible cultivar—BRS Valuable RR—was much higher than
that found in the resistant cultivar—BRSGO 8860RR (Figure 3).
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Figure 3. Mean number of Heterodera glycines J4 and females in the roots of the susceptible soybean cultivar
BRS Valiosa RR (A), and of the resistant cultivar BRSGO 8860RR (B),
in ten assessments carried out after inoculation

The extraction of females using the traditional method (Tihohod, 2000) was held at the 30™ DAI. The highest
number of total females and of females per root gram was found in the susceptible soybean cultivar (Table 3).
However, the presence of females in the resistant cultivar roots, even at low numbers, shows that the resistance
of this cultivar is not complete. The number of eggs per female has shown no difference between cultivars (Table
3).

Table 3. Total number of females per root system, of females per root gram, and of eggs per female in the
soybean cultivars BRS Valiosa RR and BRSGO 8860RR, which were, respectively, susceptible and resistant to
Heterodera glycines (race 3). Goiania, GO, 2012

Cultivar Female* Female/g Root* Egg/Female*

Valiosa 171.333 b 1835 b 50 a

8860 9.167 a 12333 a 42 a
o 3464 3642 2543

Note. * Original data and statistics performed through data transformed into vx + 1. Means followed by the
same letters did not statistically differ from each other (Scott-Knott, P < 0.05).

The resistance source of the BRSGO 8860RR cultivar is the PI 88788, which provides a resistance less stable
than that provided by the PI 437654. The cultivar resistance to Heterodera glycines is strongly associated with
the presence of the rhgl/ gene. However, there are functional differences in the alleles linked to rhg/. The alleles
linked to the PI 437654 resistance gene provide resistance higher than that provided by the alleles linked to PI
88788 (Brucker et al., 2005). In addition, it is worth emphasizing that the nematode Heterodera glycines has
great genetic variability. Thus, the resistance sources are not often available to all individuals in the population
(Young, 1992).

By observing the nematode cycle (Figures 2 and 3), it was possible inferring that there was less J3 and J4
development in the resistant cultivar roots or even a development delay. However, by analyzing the data in
Tables 1 and 2, which have originated the aforementioned Figures, it was possible concluding that the total
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number of J3 and J4 was similar in both cultivars and that there was no Heterodera glycines development delay
in the roots of the BRSGO 8860RR cultivar. In fact, it was possible seeing a change in the period of highest J3
and J4 nematode formation. Thus, the number of J3 in the roots of the resistant cultivar was larger than that
found in the roots of the susceptible cultivar in the assessments conducted at the 21%, 24™ and 30" DAL On the
other hand, the number of J4 was larger than that found in the susceptible cultivar in the assessments conducted
at the 18‘h, 21, 24" and 30" DAL However, the formation of females was always lower in the resistant cultivar.

It is not possible saying that there was Heterodera glycines development delay in the resistant cultivar roots
because J3, J4 and females were found in the roots of both cultivars in the same assessment periods, i.e., at the
6", 12™ and 15™ DALI, respectively. However, the numbers were smaller in the resistant cultivar when they were
first found (Table 2).

By observing the results of the females in the assessment conducted at the 30™ DAI using the staining and the
traditional extraction methods, it was possible seeing that the extraction method allowed quantifying a larger
number of females. The traditional extraction method has led to a larger number of females in the susceptible
cultivar, as well as to a smaller number of them in the resistant cultivar, in comparison to the staining method.
This difference probably due to the non-extraction of females in the case of the resistant cultivar or to the loss of
females in the case of the susceptible one. According to the staining method by Byrd et al. (1983), the soybean
roots are washed with running water to remove substrate excess. Then, they are allowed to rest in a sodium
hypochlorite solution. Many females may be lost in this handling, since they easily detach from the roots. This
fact has probably occurred in the susceptible cultivar—BRS Valiosa RR—and it explains the counting of fewer
females in comparison to that of the traditional extraction method. On the other hand, although the extraction
technique involving the strong waterjet and the sieving has effectively extracted the females adhered to the roots,
it could not extract the females inside the root tissue. Thus, it is likely that due to the lower development of
females in the resistant cultivar, they may be retained within the root tissue and are not likely to be extracted
through the traditional assessment method. However, they are likely to be quantified through the staining
technique, which explains the larger number of females counted in the resistant cultivar—BRSGO 8860
RR—when this technique was applied.

By assessing the full nematode development according to its life cycle stage, it was possible seeing that
Heterodera glycines (race 3) was able to complete its life cycle in both cultivars at the 15™ DAI, although the
smallest number of females was found in the resistant cultivar. Interestingly, although the BRSO 8860RR
cultivar was resistant to the nematode, it allowed the nematode to complete its life cycle.

Cunha et al. (2008) have assessed the life cycle of Heterodera glycines (race 9) under Maranhio State climate
conditions and concluded that it was complete 29 days after nematode inoculation in the soil, at mean soil
temperature 28.7 °C. Since penetration was not assessed, it was not possible knowing for sure how long J2 took
to penetrate the roots. Consequently, it was not possible knowing the exact length of the nematode cycle; thus, it
was estimated.

It was possible seeing J2 in all assessments, which makes it clear that the Heterodera glycines penetration was
consistent in the roots of the two soybean cultivars and indicates that the penetrations occurred after the 15™ DAI
were done by J2 derived from the second-generation nematode. Another factor concerns the identification of all
Heterodera glycines cycle phases in the root system of the resistant soybean cultivar—BRSGO 8860RR. This
result proves that the nematode was able to complete its life cycle in the resistant cultivar, and it also
demonstrates the possible genetic variability of the pathogen. It corroborates the results found by Li et al. (2004),
Brucker et al. (2005), and Fagihi et al. (2008), who showed that the resistance provided by the rghl gene
originated from PI 88788 is not complete.

According to the conditions of the herein developed experiment, Heterodera glycines (race 3) was able to
complete its life cycle at the 15™ DAI, although the population peak occurred at the 30™ DAL It is quite
disturbing from the population management viewpoint, since the nematodes were already in the soil when the
soybean was seeded in the field. By considering the different maturity groups of planted soybean cultivars,
which range approximately from 115 to 150 days, it would be possible obtaining from 7 to 10 nematode
generations per crop cycle.

4. Conclusion

Heterodera glycines has completed its life cycle 15 days after the inoculation of the susceptible and resistant
soybean cultivars, at mean temperature 26.6 °C.
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The J2 penetration was similar in the susceptible cultivar and the highest intensity occurred between 6 and 15
days after inoculation.

The peak formation period of Heterodera glycines J3, J4 and females in the resistant cultivar roots occurred later
than that of the susceptible cultivar.
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