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Abstract Bactrocera minax is a major citrus pest in

China, Bhutan, and India. It is univoltine and exhibits

pupal diapause during winter. To better understand pupal

diapause in this pest, we investigated pupal survival and

pupal developmental duration under field and laboratory

conditions. Specifically, we tested if pupal chilling was

required for diapause development and termination. Nearly

all mature larvae collected at the end of the citrus season

entered pupal diapause. For pupae exposed in the field,

natural chilling for less than 3 months resulted in more than

70 % mortality. However, exposure to winter conditions

for 3 months or more both decreased pupal mortality and

developmental duration when pupae were returned to the

laboratory and held under constant temperature (25 �C).

When pupae were gathered from the field in November and

exposed to different chilling regimes in the laboratory, the

chilling duration (30 vs 60 days) had significantly more

impact on pupal survival than the specific chilling tem-

perature (6, 8, 10, or 12 �C constant). However, both

chilling duration and chilling temperature impacted on the

pupal developmental duration, with longer chilling dura-

tion and higher temperatures decreasing pupal develop-

mental duration. In conclusion, we demonstrated that pupal

diapause development and termination in B. minax is

strongly influenced by chilling conditions. Increasing cold

exposure led to significantly and consistently faster adult

eclosion and improved synchronization of adult emer-

gence. This knowledge will help with the laboratory rear-

ing of B. minax, an essential step in the long-term

management of this pest.

Keywords Chinese citrus fruit fly � Cold exposure �
Diptera � Tephritidae � Tetradacus � Pupal survival

Introduction

The Chinese citrus fruit fly, B. minax (Enderlein) (Diptera:

Tephritidae), is one of the most economically important

citrus pests in China, Bhutan, and north-west India (Dorji

et al. 2006; Wang and Luo 1995). Like nearly all Bactro-

cera species (Daane and Johnson 2010; Goncalves and

Torres 2011; Han et al. 2011; Canale and Benelli 2012), the

fly lays its eggs into the fruit of host plants, where the

subsequent larvae emerge and feed, before leaving the fruit

to pupate in the soil (Wang and Luo 1995). Throughout its

geographic range, B. minax is univoltine and oligophagous

on species and varieties of the genus Citrus (White and

Wang 1992), which has a centre of diversity in this region

(Shan 2008; Han et al. 2011). Within the genus Bactrocera,

B. minax is highly unusual in having a winter pupal
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diapause, presumably an evolved response to surviving the

very cold winters which occur in its native range (Fan et al.

1994). The overwintering pupae last for 160–170 days,

with emergence synchronized to the fruiting season of

citrus (Wang and Luo 1995).

It is generally considered that diapause in insects is a

widespread adaptation to avoiding seasonal environmental

stress (Kostal 2006; Denlinger 2002; Danks 2007), with

environmental temperature playing a key role in diapause

development (Moribe et al. 2001; Stross 1966; Terao et al.

2012; Turnock et al. 1983). In many univoltine, temperate

tephritid species, pupal diapause occurs commonly as an

adaptive strategy to avoid the seasonal stresses of very cold

winters (Moraiti et al. 2012; Teixeira and Polavarapu 2001;

Yasuda et al. 1994). The initiation and duration of pupal

winter diapause in tephritids is associated with tempera-

tures experienced during the larval and pupal stages

(Yasuda et al. 1994; Vankirk and Aliniazee 1982; Teixeira

and Polavarapu 2005a, b). Across insects, chilling is con-

sidered one of the most common mechanisms by which

winter diapause is terminated in the field (Hodek 1996,

2002; Tauber et al. 1986), and this also occurs in tephritids

(Teixeira and Polavarapu 2002, 2005a; Vankirk and Ali-

niazee 1982). For example, chilling at 4–15 �C served as a

terminating factor to complete the refractory phase of pupal

diapause in blueberry maggot, Rhagoletis mendax Curran

(Teixeira and Polavarapu 2005a). Chilling at 3–9 �C was

adequate for completion of pupal diapause of the western

cherry fruit fly, Rhagoletis indifferens Curran (Vankirk and

Aliniazee 1982).

The pest status of B. minax justifies intensive research into

its sustainable management (Zhou et al. 2012). However, a

current inability to break pupal diapause means that research

is severely hampered, while the long-term mass rearing of

flies for use in the Sterile Insect Technique (SIT) (Krafsur

1998) is not possible. Given the extensive literature indi-

cating that cold temperatures play a role in insect diapause

termination, we evaluated the effects of temperature on B.

minax pupal diapause. More explicitly, we carried out the

following studies: (i) assessment of B. minax pupal diapause

duration and adult eclosion success following differential

exposure of pupae to cold conditions in the field; and (ii) the

effects of different chilling regimes (varying both tempera-

ture and exposure periods) on B. minax pupal diapause

duration and eclosion in the laboratory.

Materials and methods

Collection, maintenance, and assessment of pupae

Oranges infested with B. minax maggots were gathered

from an abandoned orchard in Sandouping (30�810N,

111�050E), Hubei Province, China, and placed over sand in

an outdoor field cage to allow larvae to complete devel-

opment and pupate. These pupae were subsequently col-

lected for use in two sets of experiments (see below).

Before used in trials, collected pupae were surface-steril-

ized by emersion in 1 % bleach, rinsed in distilled water

and then air dried on filter paper. During all trials, pupae

were held by being buried in sterile sand (*3 cm) in

plastic dishes to which distilled water was periodically

added to maintain moderate moisture. Where pupae were

held in constant temperature incubators (see below), a

photo-regime of 16:8 (L:D) and 70 ± 5 % RH were

maintained. Pupae were checked daily during trials to

assess adult emergence (=pupal developmental duration)

and pupal condition (dead pupae turned black and were

easily told apart from healthy pupae). Following the defi-

nitions of Hodek and Hodková (1988), the pupal devel-

opmental duration was calculated as time from when

chilling ceased [either following removal of pupae from the

field (Trial 1) or following chilling treatments (Trial 2)]

until the adult emerged.

Trial 1: field sampling survey

The objective of Trial 1 was to determine the effects of

winter temperatures on pupal diapause duration and ter-

mination in B. minax. Pupae were collected approximately

monthly from the field cage (20 November and 21

December 2009, and 27 January, 25 February, 27 March

2010) and then brought to the laboratory where they were

maintained at 25 ± 2 �C in an incubator. In Hubei Prov-

ince, mature larvae pupate from early to late November

(YC Dong and CY Niu, pers. obs.), so a collection in

November equates to the start of the pupal diapause period.

In addition to the pupae recovered from the field cage, B.

minax infested oranges were collected on 20 October 2009

and returned directly to the laboratory, where the fruit and

subsequent pupae were held at a constant 25 ± 2 �C.

These pupae, which never experienced natural field chill-

ing, were used as a control. Morphogenesis was assessed

through changes in the external appearance of the pupae

during the period of non-diapausing individuals develop-

ment (an obvious mark resulting from the mouthpart flak-

ing off the puparium, and eye and wing formation seen

under strong light).

The sample sizes of pupae collected from the field were

as follows: 1,050 (n = 3 separate field collections, con-

trol), 1,013 (n = 3, November 2009), 1,135 (n = 4,

December 2009), 443 (n = 3, January 2010), 331 (n = 3,

February 2010), and 449 (n = 3, March 2010). Field air

temperatures (daily maximum, minimum, and mean) for

the period of pupal sampling were obtained from the Yi-

chang Meteorological Station (30�700N, 111�300E),
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approximately 27 km from the field cages. Direct com-

parisons of air temperatures at the field site with those from

the meteorological station showed them to be very similar

(YC Dong and CY Niu, pers. obs.), but because of the

altitudinal differences we would expect the field site to be

marginally cooler than the weather station.

Trial 2: laboratory cold chilling treatment

The objective of this trial was to assess the effects of

various cold temperatures and exposure periods on B.

minax pupal diapause development. Batches of 25 pupae,

collected from the field cage in late November 2011, were

incubated in moist sand at either 6, 8, 10 or 12 �C, for

durations 30 or 60 days, before being transferred into a

22 ± 1 �C incubator. A control group was held at a con-

stant 22 ± 1 �C. Each combination of treatments (i.e.,

temperature 9 duration combination) was replicated five

times.

Data analysis

Statistical analyses were performed using SPSS 16.0 (SPSS

Inc., Chicago, Illinois, USA). Following tests for normal-

ity, pupal survival rates and developmental durations after

transfer to the laboratory for different field collections in

Trial 1 were compared using one-way analysis of variance

(ANOVA), with Duncan’s test for multiple comparisons

(post hoc test). Differences in treatment means for pupal

survival and developmental duration after transfer to 22 �C

in Trial 2 were analyzed using a general linear model

(GLM) with ‘‘Temperature’’ and ‘‘Chilling duration’’ as the

independent factors; the interaction between these factors

was also assessed.

For both Trials 1 and 2 the adult emergence patterns

over the time (i.e., days after transfer to the warmer

environment) for each replicate for each treatment were

fitted to sigmoid curves following the approach of Kostal

and Havelka (2001). Two emergence parameters (slope

and Et50) were then calculated from the equations for the

curves. The slope (of the central, rapidly elevating part of

the sigmoid curve) is an indicator of the level of syn-

chrony of adult emergence, while the Et50 is the estimated

time in days needed for emergence of 50 % of adults.

Differences between treatments, within a trial, for values

of Et50 and slope were tested to evaluate if different

chilling treatments led to synchronization of adult emer-

gence. Comparisons of the mean slope and Et50 between

treatments was done using one-way analysis of variance

(ANOVA) followed by Bonferroni’s post hoc tests of

difference between all pairs of test variants (Prism 5.0,

GraphPad Software, Inc.).

Across all trials, males consistently emerged from

pupation a few days earlier than females (for example

control in Trial 2: males 117.2 ± 28.6 days, n = 42;

females 119.2 ± 20.2 days, n = 64). However, we did not

separate male from female data for analyses because the

general emergence pattern of both sexes in response to

treatments was the same (YC Dong and CY Niu, unpub-

lished data). Therefore, males and females were combined

for all analyses.

Results

Trial 1: field sampling survey

The dates of field sampling and recorded temperatures are

shown in Fig. 1. The temperature decreased through

October and fluctuated between 0 and 10 �C from mid-

November to mid-February (then the temperature began to

rise). By the end of March, when the last pupal samples

were collected, mean temperatures were around 15 �C.

Of the 1,050 ‘‘control’’ pupae, i.e., those returned to the

laboratory as mature maggots in infested fruits with no

chilling experience, 39 (3.71 %) directly initiated mor-

phogenesis and emerged as adults within 130 days (med-

ian = 78 days, range 65–130 days).The remaining pupae

entered diapause and died under constant temperature of

25 �C. The fact that 96 % of larvae in fruit, brought into

warm conditions with a long-photoperiod regime, still

entered pupal diapause implies that diapause entry is driven

by factors impacting on the larvae at an earlier stage of

their development.

The data of pupal survival and developmental duration

in Trials 1 and 2 followed normal distribution (P [ 0.05).

Significant differences were recorded in pupal survival

(F5,13 = 81.53, P \ 0.01) and pupal developmental

Fig. 1 Average (Ave), maximum (Max), and minimum (Min) daily

temperatures recorded at local meteorological station in Yichang from

October 2009 to March 2010. Dates when Bactrocera minax pupae

were recovered from a field cage are indicated by arrows
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duration (F5,13 = 90.92, P \ 0.001) among the different

sampling dates. Pupal survival increased significantly when

the pupae were exposed to natural chilling before being

brought into the laboratory (warmer environment). Indeed,

pupal survival of the first three samples (Nov., Dec. and

Jan. i.e. where pupae experienced mean temperatures

inferior to 10 �C for B2 months) was not higher than 30 %

(Fig. 2a). The pupal developmental duration for individuals

collected from November onwards was significantly

shorter than the control treatment, where pupae had expe-

rienced no chilling, but pupal developmental duration for

samples collected in November and December were not

significantly different from each other (Fig. 2b).

Trial 2: laboratory cold chilling treatment

Chilling duration, but not chilling temperature, signifi-

cantly influenced B. minax pupal survival, although there

was also a significant interaction between temperature and

duration (Table 1). Pupal survival combined across all

temperature treatments was highest for 30 days of chilling,

and significantly less for 60 days of chilling or no chilling

(Fig. 3a). Mean pupal survival did not differ between the

four chilling temperatures and varied between 60 and 80 %

(Fig. 3b).

Pupal developmental duration after chilling was signif-

icantly affected by both chilling duration and chilling

temperature, but these two factors did not interact signifi-

cantly (Table 1). Pupal developmental duration declined

significantly with increasing chilling duration; from 126

days with no chilling to 63 days after 2 months (60 days) of

chilling (Fig. 3c). In a similar manner, when pupae were

exposed to increasing temperature, the pupal develop-

mental duration decreased (from 81 days at 6 �C to 64 days

at 12 �C) (Fig. 3d).

Cumulative emergence patterns

The adult emergence data from Trial 1 suggests that dif-

ferential cold exposure leads to some synchronization of

adult emergence. Increasing cold exposure in the field led

to significantly and consistently faster adult eclosion (i.e.,

decreased pupal developmental duration) when pupae were

returned to the laboratory (Fig. 4; Table 2). However, the

shortened pupal developmental duration did not fully

compensate for the extra chilling time. For example the

Et50 of pupae collected in March (32 days) was only 6 days

shorter than the Et50 of pupae collected in February

(38 days) (Table 2), despite the extra month of chilling.

Different laboratory chilling treatments (Trial 2) signifi-

cantly affected both the Et50 and slope of the adult emer-

gence curves (Table 3), but the slopes were not modified in

any consistent fashion that could be related to synchroni-

zation of adults in the field (Fig. 5; Table 3). Rather, pupal

developmental duration seemed to be related more directly

to day degree exposure, with pupae exposed to higher

temperatures for longer periods emerging more rapidly

Fig. 2 Mean (±SD) Bactrocera minax pupal survival (a) and pupal

developmental duration (b) after field collection and transfer to

laboratory conditions. Pupae of known age were collected in the field

at five dates, returned to the laboratory and kept under constant

temperature (25 �C). Control pupae were not exposed to any field

conditions but were returned as mature larvae to the laboratory on 20

October 2009, where they were also kept at constant temperature

(25 �C). Histograms bearing different letters are significantly differ-

ent at the P \ 0.05 level

Table 1 Generalized linear model analysis of sources of variation of

Bactrocera minax pupal survival and developmental duration at dif-

ferent chilling temperatures (6, 8, 10, or 12 �C) and durations (30 or

60 days)

Source of variation df v2 P value

Pupal survival

Chilling duration 1 11.413 0.002

Temperature 3 2.117 0.118

Chilling duration 9 temperature 3 4.442 0.010

Pupal developmental duration

Chilling duration 1 90.701 \0.001

Temperature 3 11.077 \0.001

Chilling duration 9 temperature 3 1.282 0.360
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than pupae exposed to cooler temperatures for shorter

periods (Fig. 5; Table 3).

Discussion

Cold chilling in both the laboratory and field shortened the

pupal developmental duration in B. minax. The results from

Trial 1 indicate that in the field B. minax’s pupal

developmental duration declined, while pupal survival

increased, as pupae underwent increasing cold exposure,

inferring that cold temperature is a crucial factor in pupal

diapause termination in this species. The inference from the

field results is supported by the laboratory results (Trial 2)

which confirm that cold chilling is a prerequisite for pupal

diapause termination in B. minax, leading to a combination

of a high percentage of successful adult eclosion. In

addition, synchronized eclosions occur over a relatively

short time. The post pupal developmental duration of

approximately 35 days for pupae field collected in March

Fig. 3 Mean (±SD) Bactrocera minax pupal survival at (a) two

chilling durations (30 or 60 days) and (b) four chilling temperatures

(6, 8, 10, or 12 �C) and pupal developmental duration at (c) two

chilling durations (30 or 60 days) and (d) four chilling temperatures

(6, 8, 10, or 12 �C). With the exception of the control treatment

(=0 days chilling), the trial was run as a replicated, fully factorial

design, thus the mean for each ‘‘chilling time’’ (except the control) is

the combined result for the four chilling temperatures and vice versa.

The control, with no chilling time, was run only at 22 �C. Pupal

developmental duration was assessed only after removing from the

chilling treatment. Each temperature/chilling time combination was

replicated five times, and each replicate treatment consisting of 25

pupae. Asterisk indicates significant difference between chilling

duration 30 and 60 days at P \ 0.05 (a, c), histograms bearing

different letters are statistically different at P \ 0.05 (d)
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Fig. 4 Bactrocera minax cumulative adult emergence curves fol-

lowing transfer of pupae from winter field conditions to a constant

temperature (25 �C). Pupae of known age were collected from the

field on five occasions and then returned to the laboratory and kept

under 25 �C temperature (i.e., Trial 1). Pupae were assessed for adult

emergence every day, but for ease of presentation data is presented as

cumulative 5-day counts

Table 2 Bactrocera minax adult emergence parameters following

transfer of pupae from winter field conditions to a constant temper-

ature (25 �C)

Sampling month Parameters of sigmoid curve

Et50 ± SE Slope ± SE

Nov 73.63 ± 0.76a 0.062 ± 0.006ab

Dec 61.36 ± 1.09b 0.040 ± 0.004a

Jan 50.66 ± 0.76c 0.085 ± 0.011b

Feb 38.20 ± 0.18d 0.248 ± 0.019c

Mar 32.04 ± 0.06e 0.317 ± 0.008d

Pupae of known age were collected from the field on five occasions

and then returned to the laboratory and kept under a constant 25 �C.

Pupae were assessed for adult emergence every day and sigmoid

curves fitted to the cumulative emergence curves for each replicate

(n = 3) of each treatment. Following the methodology of Kostal and

Havelka (2001), the Et50 (the duration for 50 % adult emergence) and

slope (of the linear component of the sigmoid curve) were then cal-

culated. Values within a column followed by the same letter are not

significantly different [One-way ANOVA analysis of variance

(F = 342.0, P \ 0.0001, for Et50; F = 106.3, P \ 0.0001, for slope)

was followed by Bonferroni’s post hoc tests of difference between all

pairs]
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matches well with the known spring adult emergence of

this species. It also helps synchronizing the presence of

newly sexually mature adults (approximately 1 month after

eclosion) with the susceptible fruiting season of Citrus

hosts (Dorji et al. 2006; Zhou et al. 2012). The different

effects of low temperature on emergence synchronization

between field and laboratory trials suggests that pupal

diapause termination might be related to fluctuating tem-

perature chilling rather than constant low temperature

chilling or warm temperature condition after chilling (i.e.,

22 vs 25 �C). Testing a wide range of chilling temperatures

and constant versus fluctuating temperatures should be

done in follow up trials to fully understand diapause ter-

mination in this species.

A finding that chilling is essential for diapause devel-

opment and termination in B. minax is in agreement with

findings for many other winter diapausing species (Smith

and Jones 1991; Kostal et al. 2000; Nomura and Ishikawa

2000; Bosch and Kemp 2003; Terao et al. 2012; Collier

et al. 1994), including other tephritids (Vankirk and

Aliniazee 1982; Teixeira and Polavarapu 2005a, b, c, d;

Dambroski and Feder 2007). That the pupal developmental

duration in B. minax shortened with extended chilling

duration suggests that flies exposed to longer chilling

duration require fewer heat units for adult emergence: this

result was also found for apple maggot fly, Rhagoletis

pomonella (Smith and Jones 1991).

The actual temperatures involved in chilling of B. minax

pupae played subtle effects on pupal survival and emer-

gence in the laboratory, for example pupal mortality was

significantly greater at 6 �C chilling than 10 �C chilling

(though intermediate values were recorded at 8 �C and

Table 3 Bactrocera minax adult emergence parameters following transfer of pupae from different laboratory chilling regimes to a constant

temperature (22 �C)

Treatment Parameters of sigmoid curve

Temperature (�C) Chilling duration (days) Et50 ± SE Slope ± SE

22 – 120.7 ± 0.57a 0.036 ± 0.002a

6 30 97.38 ± 0.27b 0.052 ± 0.001bcde

60 67.29 ± 0.23e 0.070 ± 0.002fgh

8 30 81.63 ± 0.25c 0.064 ± 0.002efgh

60 65.83 ± 0.19e 0.079 ± 0.002h

10 30 81.94 ± 0.67c 0.043 ± 0.003ab

60 57.63 ± 0.62f 0.063 ± 0.005defg

12 30 73.09 ± 0.30d 0.061 ± 0.002cdef

60 51.61 ± 0.63g 0.077 ± 0.008gh

The different chilling regimes were a control (no chilling), or combinations of four constant temperatures for two durations. Pupae were assessed

for adult emergence every day and sigmoid curves fitted to the cumulative emergence curves for each replicate (n = 5) of each treatment.

Following the methodology of Kostal and Havelka (2001), the Et50 (the duration for 50 % adult emergence) and slope (of the linear component

of the sigmoid curve) were then calculated. Values within a column followed by the same letter are not significantly different [One-way ANOVA

analysis of variance (F = 2,192.0, P \ 0.0001, for Et50; F = 24.29, P \ 0.0001, for Slope) was followed by Bonferroni’s post hoc tests of

difference between all pairs]
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Fig. 5 Bactrocera minax cumulative adult emergence curves fol-

lowing transfer of pupae from different laboratory chilling regimes to

a constant 22 �C. The different chilling regimes were a control (no

chilling), or combinations of four constant temperatures (6, 8, 10,

12 �C) for 30 days (a) and 60 days (b) (i.e. Trial 2). Pupae were

assessed for adult emergence every day, but for ease of presentation

data is presented as cumulative 5-day counts
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12 �C). How this might affect pupae in the field (where

temperatures fluctuate) is unclear, but there is evidence that

exposure to lower temperatures increase stress in B. minax.

In field studies, Tang et al. (2012) considered temperature

and soil moisture the most important factors influencing the

survival of diapausing B. minax individuals, with the rel-

atively limited distribution of the species in China

reflecting the impacts of winter low temperatures and high

soil moisture. Pupal survival in our field cage trial reached

a maximum of *65 % when pupae were undisturbed for

most of the winter, similar to but slightly higher than the

58 % B. minax pupal survival rate reported by Lv (2006)

following 9 years of field studies. As wild B. minax pupae

are subject to mortality agents other than cold (predators,

pathogens, etc.), the similarity of Lv’s data with our own

gives us confidence that the field cage exposure closely

mimicked natural conditions.

Diapause, slowed development, or both?

One interpretation which could be made from some of the

gathered data is that pupal development in B. minax is not a

true diapause, but simply slowed development owing to

cold winter temperatures. Pupal developmental duration

and cumulative adult emergence patterns in the laboratory

suggest that at constant 6, 8, 10, and 12 �C, pupal devel-

opmental duration decreased and survival increased as the

temperature increased, suggesting that pupal development

is occurring (albeit slowly) through simple day-degree

accumulation. However, field collected pupae stored under

25 �C constant, without any chilling, almost entirely failed

to emerge. It hints that pupal development is not simply

temperature driven (we have two additional field seasons of

data supporting this observation, YC Dong and CY Niu,

unpublished data). In contrast to results at 25 �C, a slightly

colder temperature (22 �C) enabled 50 % of pupae to

emerge. Thus there is likely a true pupal diapause in B.

minax because it failed to develop under ‘‘optimal’’ tem-

perature of 25 �C.

Implications for management of B. minax

In our experiments approximately 3.7 % of B. minax

pupae, without cold experience, were non-diapausing and

directly initiated morphogenesis and emerged successfully

under a warmer condition. A similar observation, involving

a similar percentage of individuals, has been recorded in

Rhagoletis (Vankirk and Aliniazee 1982). It is considered

that variability in diapause entry within some univoltine

flies is an evolutionary life-strategy which can promote

survival under unpredictable environmental conditions

(Ragland et al. 2009). Separating non-diapausing individ-

uals from the larger population, and adopting them to

laboratory conditions, has promise for the long-term

development of a non-diapausing strain, which would be of

great value for both basic research and SIT operations

(Krafsur 1998; Kuriwada et al. 2011; Lauzon and Potter

2012). Such selection has been achieved in R. pomonella

(Baerwald and Boush 1967).

Despite chilling being a commonly accepted method for

hastening diapause termination, the injection or topical

application of pharmacological agents, such as hormones

or their analogues, tricarboxylic acid intermediates and

upstream metabolites and hexane, also shows strong

promise for the diapause termination in insects (Xu et al.

2012; Zhang et al. 2011; Fujiwara and Denlinger 2007;

Kidokoro et al. 2006; Baird 1972; Zdarek and Denlinger

1975). In contrast to chilling treatments, pharmacological

manipulation may be a much quicker way to break pupal

diapause. The combined application of traditional chilling

approaches (presented in this paper), and novel diapause

termination procedures using chemical treatments (cur-

rently underway), may offer the possibility to rear B. minax

as needed for routine laboratory experiments (without the

constraints posed by the fly’s univoltine biology). Such

progress is an essential step for developing the SIT against

B. minax.
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