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Honeysuckle leaf blight reduces the growth of infected Amur
honeysuckle (Lonicera maackii, Caprifoliaceae) seedlings in a

greenhouse experiment1
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Abstract. Amur honeysuckle (Lonicera maackii) is an important invasive plant species in the Ohio River Valley.
Previous work has shown extensive dieback of honeysuckle in the region, coupled with the appearance of the native

fungal pathogen, honeysuckle leaf blight (Insolibasidium deformans). Our goal was to find if the blight causes growth
decline or mortality in Amur honeysuckle. Seedlings were grown under greenhouse conditions in 2017. Treated
seedlings were sprayed with a spore solution prepared from blighted leaves that were collected from the field. They

were placed into a growth chamber with conditions set for optimum spore growth and then returned to the greenhouse
after leaf blight began to develop. Growth (height, total stem length, leaf area, and leaf number) and dark-adapted
chlorophyll fluorescence (Fv/Fm) were measured periodically over the growing season. A repeated-measures analysis

of aboveground growth indicated that larger, faster-growing plants were more likely to be infected, but their growth
rates were subsequently reduced much more than uninfected treated plants and controls. There were positive
correlations between Fv/Fm and RGR (relative growth rate). Blighted leaves had lower values of Fv/Fm than

uninfected leaves. No infected plants died, but this experiment supports our hypothesis that leaf blight causes a
significant growth decline in Amur honeysuckle. Future work will determine if the patterns seen under greenhouse
conditions hold in the field.

Key words: chlorophyll fluorescence, Insolibasidium deformans, invasive plants, Lonicera maackii, relative growth
rate

Amur honeysuckle (Lonicera maackii (Rupr.)

Herder) was introduced in the 19th century as an

ornamental shrub (Luken and Thieret 1996) and

has since spread to at least 34 states (EDDMapS

2019, PLANTS 2019). Many studies have shown

that it is an important invasive plant species in the

Ohio River Valley. A review by McNeish and

McEwan (2016) describes many of the detrimental

effects caused by this species. Its extended-

deciduous leaf habit (McEwan et al. 2009) gives

it a competitive advantage over native plants (Chen

and Matter 2017). It has allelopathic effects on

herbaceous species (Dorning and Cipollini 2006;

Cipollini et al. 2008a; Cipollini et al. 2008b) and

shows resistance to herbivory (Cipollini et al.

2008b, Lieurance and Cipollini 2013). It has also

been shown to have negative effects on both

herbaceous and woody species (Hutchinson and

Vankat 1997; Luken et al. 1997a; Medley 1997;

Gould and Gorchov 2000; Collier et al. 2002;

Gorchov and Trisel 2003; Hartman and McCarthy

2004, 2007; Miller and Gorchov 2004; McKinney

and Goodell 2010; Loomis et al. 2015). Honey-

suckle presence is associated with other invasive

species, suggesting it is an invasive facilitator

(Cully et al. 2016). Amur honeysuckle also affects

animal (Christopher and Cameron 2012; Loomis

and Cameron 2014; Loomis et al. 2014) and

microbial (Arthur et al. 2012; Shannon et al. 2014;

Ali et al. 2015) communities. It changes both

water and nutrient dynamics in ecosystems (Arthur

et al. 2012; Boyce et al. 2012; McEwan et al.

2012; Poulette and Arthur 2012; Kolbe et al. 2015;

Pfeiffer and Gorchov 2015; Hopfensperger et al.

2017). Honeysuckle’s effects also extend to

aquatic communities (Watling et al. 2011; McNe-

ish et al. 2012, 2017; Borth et al. 2018).

Previous work (Boyce et al. 2014; Boyce 2018)

has shown extensive dieback of honeysuckle in the

region, coupled with the appearance of the native

fungal pathogen honeysuckle leaf blight (Insoli-

basidium deformans (C.J. Gould) Oberw. &
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Bandoni). Honeysuckle leaf blight is native to

North America and infects most species in the

genus Lonicera, including both native and intro-

duced species (Gould 1945, Riffle and Peterson

1986, Cordell et al. 1989). Widespread outbreaks

were observed in the Cincinnati, OH, region

beginning in 2012, and they have continued every

summer since then (R. Boyce, personal observa-

tion).

However, this co-occurrence in time cannot by

itself be used to show that the leaf blight was

responsible for the decline in Amur honeysuckle.

One way to show the effect of a plant disease is to

grow the plant under controlled conditions, where

infected plants can be compared against nonin-

fected controls. Here, we describe an experiment

involving the effect of leaf blight on honeysuckle

seedlings under growth chamber and greenhouse

conditions. Our goal was to find if the blight

causes growth decline or mortality in honeysuckle.

Material and Methods. SEEDLING GROWTH. We

collected honeysuckle seeds from local northern

Kentucky populations in 2016, and we cold-

stratified them over the winter at 4 8C. Seedlings

were then grown under greenhouse conditions in a

standard potting mix with slow-release fertilizer in

spring 2017. Blighted leaves were collected from

the field at NKU-REFS (Research and Education

Field Station) in Melbourne, KY, on May 16,

2017, and a spore inoculant was prepared by

placing leaves in distilled water, then gently

rubbing the leaves to dislodge spores into the

water. The 35 treated seedlings were sprayed with

the spore inoculant until all leaf surfaces were

dripping, and they were placed into a growth

chamber at 168 C and close to 100% relative

humidity for six days, conditions that promote

infection (Gould 1945). The 35 control seedlings

were sprayed with distilled water in a similar

manner and placed into another growth chamber

under similar conditions. Spraying of inoculum

and distilled water, as applicable, was repeated

once per day while seedlings were in the growth

chambers. Treated and control plants were then

returned to the greenhouse and monitored for the

development of blight symptoms. To prevent

contamination of control seedlings, control and

treated seedlings were kept in different parts of the

greenhouse. Roughly half (17 of 35) of the treated

seedlings developed blight symptoms and were

designated ‘‘blighted’’; treated seedlings that did

not develop symptoms were designated as ‘‘clear.’’

MEASUREMENTS. We measured plant size on May

19, 2017, June 22, 2017, and July 27, 2017

(hereafter referred to as May, June, and July). On

each plant, we measured stem height (leader

length), total stem length (leaderþ side branches),

number of leaves, and leaf area. Area of each leaf

was estimated by assuming they were ellipses (i.e.,

area ¼ p(length/2*width/2)2. This species has

opposite leaves, so we measured length and width

of one member of the pair and assumed the other

had the same dimensions. Relative growth rates

(RGR) were calculated for the May–June and

June–July periods as RGR¼ [ln(G2) – ln(G1)]/(t2 –

t1), where G1 and G2 are growth measurements at

time 1 and time 2 (t1 and t2). Plants were harvested

on September 8, 2017 and separated into leaves,

shoots, and roots. Roots were washed in tap water

to separate them from soil. After oven drying at

708 C for three days, parts were weighed.

Dark-adapted chlorophyll fluorescence (Fv/Fm)

was measured on all plants on May 25, 2017, June

9, 2017, June 20, 2017, and July 27, 2017 with an

Opti-Science OS5-FL chlorophyll fluorometer

(Opti-Sciences, Hudson, NH). On June 20, 2017,

we also compared Fv/Fm of blighted and clear

leaves on the same blighted plants.

DATA ANALYSIS. Because data did not meet the

assumptions required for parametric data analysis

(i.e., normality, equal variances, etc.), we used

nonparametric techniques in our data analysis.

Permutation repeated-measures analysis of vari-

ance (PRMANOVA), using the package permuco

in R (R Core Team 2019), was performed on all

growth measurements taken for all plants from

May, June, and July for the comparison of their

growth patterns. The treatment had three levels:

control, blighted, and clear. Permutation tests are a

type of randomization test where the data are

permuted and the procedure is run to generate the

test statistic, usually a large number (hundreds to

thousands) of times. The statistic generated by the

original data is then compared against the

distribution of statistics from the permuted data

to generate the probability levels (P values) that

are used to test the null hypothesis, as in all

statistical procedures (Manly 2006). Relative

growth rates, which were based on growth over

specific time periods, were analyzed with a

nonparametric Kruskal-Wallis test, followed by a

2 JOURNAL OF THE TORREY BOTANICAL SOCIETY [VOL. 147

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jtbs/article-pdf/doi/10.3159/TO

R
R

EY-D
-19-00025.2/2402576/torrey-d-19-00025.2.pdf by R

yan  M
cEw

an on 15 M
arch 2020



post hoc Tukey-like test (Zar 2010). For a

comparison of growth over the entire season, final

harvested root, shoot, and leaf weights were also

analyzed with a post hoc Tukey-like test performed

after a nonparametric Kruskal-Wallis test. Spear-

man rank correlations between RGRs and Fv/Fm

taken at the end of each RGR period were run to

examine the relationship between chlorophyll

fluorescence and growth. A nonparametric Wil-

coxon paired-sample test was used to compare

blighted and clear leaves on blighted plants on

June 20, 2017. The bootstrapped 95% confidence

intervals for the mean values shown in our results

were generated by sampling with replacement

10,000 times to generate a distribution of means,

and limits that included 95% of the means were set

using the accelerated bias-corrected technique

outlined in Manly (2006).

Results. For seedlings that were treated with the

spore solution, roughly half (17 of 35) developed

blight symptoms (blighted). Blighted seedlings had

FIG. 1. Mean growth of seedlings in May, June, and July 2017, showing (A) height (leader length), (B)
total stem length (including side branches), (C) leaf number, and (D) leaf area. Error bars are bootstrapped 95%
confidence intervals, and means where error bars do not overlap are considered to be significantly different.
Statistics from the permutation RMANOVA time 3 treatment interaction terms are as follows: height, F4,124¼
14.934, P¼ 0.0001; total stem length, F4,124¼ 8.518, P¼ 0.0001; leaf number, F4,124¼ 3.292, P¼ 0.0127; and
leaf area, F4,124 ¼ 12.830, P ¼ 0.0001.
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~ 7% of their leaves showing blight symptoms in

June (data not shown). At the start of the

experiment in May, treated seedlings that later

developed blight symptoms (blighted) were sig-

nificantly larger than those that did not (clear), as

shown in Fig. 1; this was true for height, total stem

length, leaf number, and leaf area. Control

seedlings fell in between, although their boot-

strapped 95% confidence intervals overlapped

those for clear seedlings and did not overlap those

for the blighted seedlings. Growth measurements

of control and clear seedlings caught up with

blighted ones by July, and there were no significant

differences on the last sampling date. All time 3

treatment interaction terms in the PRMANOVAs

had P values , 0.05, indicating that growth rates

differed. The final weights, when seedlings were

harvested in September, reflected the aboveground

plant dimensions that were seen in May. Blighted

seedlings had significantly mean higher root, stem,

and leaf weights than clear seedlings, while control

seedlings generally had mean weights that, while

not differing significantly from blighted seedlings,

fell between clear and blighted (Fig. 2).

Measurements of relative growth rate (RGR)

over the May–June 2017 and the June–July 2017

periods showed that although the clear seedlings

were initially the smallest (Fig. 1), they had the

highest RGRs in the May–June 2017 period (Fig.

3). Although RGRs both decreased and converged

during the June–July 2017 period, those for the

blighted seedlings remained significantly lower

than for the clear seedlings.

Dark-adapted chlorophyll fluorescence (Fv/Fm)

declined from May 25, 2017 to June 20, 2017, then

increased on July 27, 2017 (Fig. 4). On most dates,

there were no significant differences; on July 27,

2017, however, there was some indication that the

clear values exceeded those of the blighted and

controls. On June 20, 2017, a Wilcoxon paired-

sample test showed that, on blighted plants,

blighted leaves had lower values than clear leaves

(Fig. 5). There were positive correlations between

RGRs and the Fv/Fm measurements taken at the

end of each RGR (Table 1). Most of those values

were significant at the P � 0.05 level.

Discussion. In June, we found about 7% of

leaves on blighted plants of L. maackii seedlings

exhibited blight symptoms (it was difficult to

determine in July because some blighted leaves

had fallen off), which is similar to the 11% that

Gould (1945) found to develop infections. About

50% (17 out of 35) of treated plants developed leaf

blight at some point during the experiment. It is

clear that faster-growing plants were more likely to

be infected by blight (Fig.1). Gould (1945) found

that only leaves , 20 days old were infected by I.

deformans in his experiments, and infection was

more likely to occur in the younger leaves. Fast-

growing plants will have both a greater number

and proportion of younger leaves, which may

explain our findings of more infection in them.

The relationship between chlorophyll fluores-

cence (Fv/Fm) and growth is not completely clear.

Leaf blight clearly stresses infected leaves, as

shown by reduced Fv/Fm in blighted vs. clear

leaves in the blighted group of seedlings (Fig. 5).

There are also correlations between Fv/Fm and

RGR (Table 1), but relationships between Fv/Fm

and actual amount of growth are less clear.

Chlorophyll fluorescence (Fv/Fm) declined slightly

from May to the end of June in clear leaves for all

seedlings (Fig. 4), perhaps reflecting the increase

in temperature experienced by the seedlings as the

summer progressed; stress of any kind generally

causes a decline in this parameter, although the

values measured in this experiment are typical of

healthy plants (Bohlàr-Nordenkampf and Öquist

1993). During the May–June period, there did not

appear to be any significant differences among

FIG. 2. Final dry weights for roots, stems, and
leaves of plants harvested in September. Error bars
are bootstrapped 95% confidence intervals. Letters
denote differences in means as determined by a post
hoc Tukey-like test performed after a nonparametric
Kruskal-Wallis test (Zar 2010).

4 JOURNAL OF THE TORREY BOTANICAL SOCIETY [VOL. 147

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jtbs/article-pdf/doi/10.3159/TO

R
R

EY-D
-19-00025.2/2402576/torrey-d-19-00025.2.pdf by R

yan  M
cEw

an on 15 M
arch 2020



blighted, clear, or control groups (Fig. 4). In July,

while all treatment groups showed a recovery, the

clear seedlings were significantly higher than

blighted and control seedlings. These differences

in Fv/Fm are not a reflection of greater overall

growth by clear seedlings, however (Fig. 1). Thus,

the relationship between growth and Fv/Fm is not

completely clear.

Relative growth rate (RGR) in our study was

higher in the blighted seedlings than either control

or clear seedlings during the May–June period.

However, over the June–July period, blighted

RGR fell so that it was significantly lower than

those of clear and (usually) control seedlings (Fig.

3), which allowed growth of these latter two to

catch up by the July measurement period (Fig. 1).

Nevertheless, the initial size advantage that

infected seedlings had over clear seedlings still

appeared in the harvest weights in September (Fig.

2), although blighted seedlings were not signifi-

cantly greater than control seedlings. Final root,

stem, and leaf weights for control seedlings did

exceed those for combined treated (blighted þ
clear) seedlings, although not significantly (data

not shown).

FIG. 3. Relative growth rates (RGR) of (A) height, (B) total stem length, (C) leaf number, and (D) leaf area.
Data shown are for two periods, May–June and June–July. Error bars are bootstrapped 95% confidence
intervals. Letters denote differences in means as determined by a post hoc Tukey-like test performed after a
nonparametric Kruskal-Wallis test (Zar 2010).
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Values of RGR for total stem length (Fig. 3B)

were similar to those measured by Luken et al.

(1995) for Amur honeysuckle seedlings that were

grown in outdoor shade houses with light levels

ranging from 25% to 100% of full sunlight; they

also showed a decline in RGR from May through

July. Another study by Luken et al. (1997b) found

that total stem length RGR of honeysuckle

seedlings was much greater than that of the native

spicebush (Lindera benzoin L.) at 25% and 100%

full sunlight—RGR of spicebush was roughly 20%

to 50% of that of honeysuckle—and they attributed

this trait to the success of honeysuckle in

outcompeting spicebush, especially when light is

less limiting. We found that RGR of blighted

seedlings was 60% and 83% of that of clear

seedlings in May–June and June–July, respective-

ly; because clear seedlings were grown next to the

blighted seedlings in the greenhouse, they are a

better group for comparison than the control

seedlings. Care must be taken when extrapolating

results from greenhouse-grown seedlings to mature

plants in the field; however, our results suggest that

these blight-induced reductions in RGR may make

honeysuckle a less robust competitor than it has

been in the past.

Our study shows that honeysuckle leaf blight

clearly reduces growth of those seedlings it infects,

especially fast-growing ones. We found no evi-

dence of mortality induced by the blight; however,

growing conditions for mature plants in the field

are quite different than for seedlings in a

greenhouse setting. Growth declines under field

conditions would certainly reduce the competitive

abilities of honeysuckle; it could also potentially

lead to the increased mortality observed by Boyce

et al. (2014) and Boyce (2018) in open-grown

stands coinciding with the widespread appearance

FIG. 4. Dark-adapted chlorophyll fluorescence
(Fv/Fm) of seedlings measured on four dates in
2017. Error bars are bootstrapped 95% confidence
intervals, and means where error bars do not overlap
are considered to be significantly different. There was
not a significant treatment3 time interaction, F6,180¼
1.995, P¼ 0.0686, or treatment effect, F2,60¼ 1.676,
P ¼ 0.1957, but there was a significant time effect,
F3,180 ¼ 14.698, P , 0.0001.

FIG. 5. Comparison of dark-adapted chlorophyll
fluorescence (Fv/Fm) of blighted and clear leaves from
the blighted group of seedlings, measured on June 20,
2017. Error bars are bootstrapped 95% confidence
intervals. A paired-sample Wilcoxon test found a
significant difference, T16 ¼ 3, P , 0.001.

Table 1. Spearman rank correlations (rs) between measurements of dark fluorescence (Fv/Fm) and
measurements of RGR. P values are given in parentheses. Numbers in bold are statistically significant at the P
� 0.05 level.

Fv/Fm

Measurement date Height Total stem length Number of leaves Leaf area

June 20, 2017 0.201 0.231 0.332 0.252
(0.120) (0.073) (0.009) (0.050)

July 27, 2017 0.391 0.359 0.314 0.406
(0.002) (0.005) (0.014) (0.001)
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of leaf blight, beginning in 2012. It remains to be

seen if the growth declines seen in this study also

occur under field conditions in infected mature

plants.
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