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Abstract. Prostrate knotweed (Polygonum aviculare L.) is a persistent native weed of China. This 

weed is characterized by high genetic and biological plasticity having a capacity to spread on a 

landscape scale. The present study planned to investigate the infection of a plant parasitic powdery 

mildew on P. aviculare on a landscape scale in three different locations of Shenyang during 2018. 

These locations were selected with a control treatment for proper comparison. Different growth 

parameters were observed and calculated by coefficient of determination (R²). Maximum 

temperature (Maxt) ranged 25-30 °C and Minimum temperature (Mint) between 17-20 °C with 

relative humidity 64-78% played a vital role for the emergence and flourishing of pathogen 

pressure on the plant. The elevated value of R² = 0.97 for Mint with RMSE (Root Mean Square 

Error) < 5 recorded excellent prediction followed by R² = 0.82 with RMSE < 5-10 for Maxt 

recorded very good model prediction. Highly significant (P < 0.001) height of Polygonum 

aviculare was recorded (23.125 ± 0.59) in parasite free plants compared to (20.99 ± 0.96) 

location-I having Mean ± SD. Both temperature ranges has a significant effect (P < 0.0001) with 

(F = 5.917; P < 0.0001; F = 25.721; P < 0.0001) three locations; however, the effect of the 

locations on plants height (P. aviculare) did not differ statistically (F = 2.102; P > 0.05) between 

two temperature ranges from 25-30 °C and 17-20 °C. According to our findings, plant parasitic 

powdery mildew (pathogen strain HMLAC226) affected significantly with  growth characteristics 

of prostrate knotweed.  
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Introduction 

Prostrate knotweed (Polygonum aviculare L.) is an annual native weed to Europe, 

introduced in China during 2004 (Coquillat, 1951; Flora, 2004; Ma et al., 2013), initially 

collected in Canada in 1821 and widespread in the globe (Costea and François, 2005). Its 

extensive distribution is credited to elevated genetic polymorphism and phenotypic agility 

(Meerts, 1995) and spread in soyabean, rice, maize, sweet potato, cotton, sugarcane, 

orchards and other agricultural crops (Tottman and Wilson, 1990). This weed grows in 

poorly aerated heavy compacted soil with 3.5 pH (You et al., 2005). P. aviculare L. 

belongs to Polygonaceae family grow up to 30.50-91 cm long with tiny elliptic lanceolate 
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foliage. Its foliage is opposite, lance form to rectangle and 12.50-63.50 mm elongated, 

silver, papery casing at every nodule, flowers are present in the groups in clusters 

(Severoglu et al., 2012). Due to its taproot system, the roots of full-grown plants reached 

up to 70 cm in alluvial soils. However, thick parallel inferior roots were dispersed in the 

upper segment (15-25 cm) of soil (Costea and François, 2005). 

Prostrate knotweed seeds require moist-cold stratification for germination (Batlla et al., 

2009). The seeds of this weed lose dormancy in March and April and germinate in a single 

flush between March and May. Its flowers are hermaphroditic and self pollinated (Meerts 

et al., 1990). In California, more than 36 insect taxa were documented to feed on the nectar 

of this weed; however, both above ground and terrestrial insects were attracted on the 

flowers (Bugg et al., 1987). 

Recently many studies that endeavour to work out the fiscal worth of the ecosystem 

services provided by plant life have paid their attention on both native and deliberately 

cultured landscapes floral communities (Bolund et al., 1999; Chen et al., 2008; Tyrväinen 

et al., 2005). Now the ecologists approach to understand that an assessable level of 

ecological functionality can be accomplished by a sophisticated collection of species 

(Hobbs et al., 2009; Pickett et al., 2008). At the functional level, natural urban flora can be 

measured and prolonged in the logic that it is performing an extensive assortment of 

experimental ecosystem services on subsidiary terra firma with a negligible contribution of 

continuation possessions (Rink, 2009; Del and Peter, 2010). 

Powdery mildews (Erysiphe polygoni; Erysiphales family Erysiphaceae) are significant 

cluster of fungi, capable for causing diseases in natural flora. This pathogen has 873 

species with 17 genera (Braun, 2012) attack on 10,000 species of angiosperms in the world 

(Braun, 2012). The most imperative, key pervasive and easily predictable invasive 

pathogen of prostrate knotweed (P. Aviculare) is powdery mildew (Erysiphe polygoni), 

strain HMLAC226, gene JN621872 through DQ490766 ITS sequence present in Mengyin, 

Shandong, China (Pintye et al., 2012). The attack symptoms are grayish-white, powdery 

mat visible on the upper surface of leaves (Abkhoo, 2009). The pathogen reduce 

photosynthesis, increase respiration, transpiration, and or caused the growth retarded 

(Severoglu et al., 2012). 

The fungal spores shifted through air to the newly introduced host plant and its growth 

started on epidermal cells of the leaf by means of haustoria (Carlile et al., 2001) and put 

the haustoria into mesophyll cells of prostrate knotweed (Takamatsu et al., 1998). 

However, moderate temperature and humidity (%) played a significant role for flourishing 

and spreading pathogen infection (Koike et al., 2007) that becomes the base of significant 

loss to the landscape of China. 

The article aimed to determine parasitic powdery mildew (pathogen strain 

HMLAC226) on certain physiological characteristics of prostrate knotweed. These 

characteristics studied at different temperatures ranges and in various locations of 

Shenyang using determination coefficient (R2) and Root Mean Square Error (RMSE) under 

Liaoning Key Laboratory for Biological Invasions and Global Changes, College of 

Bioscience and Biotechnology, Shenyang Agricultural University, Shenyang China. 

Materials and methods 

Experimental site 

The studied areas northern part in China having the hilly area that edges into South 

Korea. During survey we selected three locations randomly (location I having latitude 
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41°49.490 N and longitude = 123° 35.397 E; location II having latitude 41°48.851N and 

longitude = 123° 33.464 E; location III having latitude 41°49.760 N and longitude = 123° 

34.141 E) respectively (Fig. 1B). Maximum annual temperature (Maxt) ranges between 

(8.30 to 36.10 °C) and minimum (Mint) -32.90 to 12.40 °C but the annual rainfall was 

698.5 mm with relative humidity 62-78% (Fig. 1A). 

 

 

 

Figure 1. (A) Monthly climatic data of Shenyang for the year 2018 (data sourced from Chinese 

meteorological data base). (B) Three studied locations and control was the average of these 

three locations using mapping software ESRI (ArcGis, 2013) and 1 m2= one square meter 
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Experimental design 

Ecological survey was conducted in three locations of Shenyang by line transect 

ecological method of sampling in field conditions during 2018. During ecological 

survey in July, prostrate knotweed leaves infected with powdery mildew (Erysiphe 

polygoni) and its pathogen strain HMLAC226 was selected. The transect line was sixty 

meter long parallel to the roadside and collected three points twenty meters in one side 

of the transect (Fig. 1B) and data were recorded using quadratic methods (100 × 100 

cm). Control point was also selected in these three locations having three replications at 

each location in same environmental cues. The selected surveyed points were observed 

during peak season for three weeks and temperature data were recorded on the spot and 

calculated. However, after collection of the temperature data from three locations, 

maximum and minimum temperature was calculated. Three whole knotweed plants in 

each quadratic ring were selected randomly and uprooted keeping in view no any part of 

the plant was damaged by external or physical injury. A sum total of nine plants 

collected from three quadratic rings from each sampling point, uprooted along with 

control plants or pathogen free plants (selected from close observations), taken in the 

laboratory for measuring its growth parameters and other characteristics. Control plants 

were the average of disease free plants collected within three locations. The initial 

pathogen symptoms were present on the leaves just like dusted flour. Powdery mildew 

usually starts off as circular, powdery white spots, which can appear on leaves, stems of 

the plant. However, control plants or pathogen free plants were selected from the same 

environmental conditions near to the infected community of knotweed populations. 

 

Pathogen identification 

Powdery mildew-infected leaves of P. aviculare from these three locations and 

examined under microscope under microscope (Olympus DP 80 model) with the 

magnification of 20 µm and 200 µm. The spore slides were prepared using cedar wood 

oil (artificial, Shanghai specimen model factory, China) which was pale-yellow to 

yellow in color. The drops solution of this oil was xylene based with acid value < 60 mg 

KOH g-1 was used and identified the pathogen with the help of available literature 

(Braun, 1987; Braun and Takamatsu, 2000; Braun et al., 2003) on morphometric 

characteristics of the pathogen (Fig. 2).  

 

Growth parameter measurement 

Plant height (cm), root length (cm), number of lateral and main branches was 

measured; however, all leaves were removed separately from randomly selected nine 

plants from each sampling point. The leaf area was measured by destructive method 

(Ahmad et al., 2015; Aldesuquy et al., 2014). 

 

Re-modification of the evolving model 

The regression-type relationship carried out for developing the model for treatments 

and comparison of RMSE with R². The regression model was set out to determine the 

effect of different growth parameters ultimately gave the information about model 

fitness of how far away the fitted line is from the reference line. The researchers 

previously exposed that how condensed or scattered the observed points are around the 

fitted line, which alternatively revealed about the validity and good-fit of the model 
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(Hossain et al., 2017). For the evaluation of different growth parameters in an 

experiment with n observations and agreement between predicted and actual values was 

purposed with root mean square error (RMSE) that was defined by Equation 1 

(Debaeke et al., 1997; Ahmed et al., 2019). 

 

  =
−=

n

j simmes YieldYieldnRMSE
1

2)((×/1  (Eq.1) 

 

Where n is the number of observations, yieldmes represents actual cumulative percent, 

yieldsim is predicted cumulative percentage (Mayer and Butler, 1993). RMSE gave a 

magnitude of the characteristic variation between predicted and actual values. The 

RMSE categorized to assess the precision of the model (Royo et al., 2010) reported that 

RMSE < 5 means awesome prediction; 5-10, very good prediction; 10-15, good 

prediction; > 15, inadequate prediction. The lowest RMSE designated the appearance of 

the model fitness had optimized. 

 

Statistical analyses 

The above ecological indices were focused on analysis of variance through invasion 

condition at different locations with analysis of variance (ANOVA) test. The mean 

differences between locations growth characters were calculated using Tukey’s HSD 

(Honest Significance Test), post hoc on Fishers’s LSD test, these tests were performed 

using SPSS statistical software (version 13.0; Inc., Chicago, IL, USA) and R (version 

3.3.1) package (Nigussie et al., 2017; Rcore, 2016). The geographic coordinates were 

recorded using GPS navigator and map of the studied locations was designed by 

ArcGIS version 10.2 software (ArcGis, 2013). 

Results 

The data recorded highly significant (P < 0.001) plant height of P. aviculare in 

uninfected powdery mildew control (23.125 + 0.59) compared to (20.99 ± 0.96) 

location-I, location-II (19.42 ± 0.53) having Mean ± SD. Statistically highly significant 

(P < 0.0001) root length (cm) was recorded in control treatment (21.08 ± 0.40) 

comparable with location-I (18.87 ± 0.80) recording significant result (P < 0.01). Leaf 

area (cm2), number of main branches and number of lateral branches differed 

significantly (P < 0.01) in control compared to other but illustrated non-significant 

(P > 0.05) result with rest of locations at Shenyang (Table 1). The experiment 

deliberated that the effectiveness of powdery mildew (Erysiphe polygoni) significantly 

reduced the plant height, root length, leaf area and lateral branches significantly; but do 

not differ statistically with main branches of the selected prostrate knotweed (P. 

aviculare). 

Different growth parameters calculated by co-efficient of determination (R²). The 

studied maximum temperature (Maxt) ranged 25-30 °C, minimum temperature (Mint) 

between 17-20 °C with relative humidity 64-78% was played a significant role for the 

emergence and flourishing of pathogen pressure on the plant; however, elevated value 

of R2 = 0.97 for Mint with RMSE < 5 recording awesome model prediction followed by 

R2 = 0.82 with RMSE < 5-10 for Maxt recording very good model prediction (Table 2). 
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Table 1. Effect of different growth parameters of Polygonum aviculare L. at different 

locations 

Weed  
Plant height 

(cm)  

Root length 

(cm) 

Leaf area 

(cm2) 
Main branches 

Lateral 

branches 

Control 23.125 ± 0.59a 21.08 ± 0.40a 2.71 ± 0.31a 7.63 ± 0.74a 3.38 ± 0.52a 

Location-I 20.99 ± 0.96b 18.87 ± 0.80b 2.42 ± 0.14b 7.00 ± 0.76a 2.50 ± 0.53b 

Location-II 19.42 ± 0.53c 16.18 ± 1.00c 2.32 ± 0.14b 6.88 ± 0.64a 2.50 ± 0.53b 

Location-III 19.84 ± 1.00c 16.26 ± 1.04c 2.30 ± 0.15b 7.38 ± 0.52a 2.63 ± 0.52b 

C. V. 0.57 2.24 0.003 0.016 -0.03 

S.E. 0.217 0.336 0.050 0.133 0.104 

LSD P < 0.001 P < 0.001 P < 0.01 P > 0.05 P < 0.05 

C.V. = component variance; the same letter do not differ statistically from each other at 5% significance 

level (P > 0.05); however, means having different letters indicated statistically significant result 

(P < 0.05) or (P < 0.01) or (P < 0.001), LSD = least significant Difference; (mean ± SD), S. 

D. = standard deviation, S.E. = standard error 

 

 
Table 2. Regression model for growth parameter of Polygonum aviculare L. showing 

comparison of co-efficient determination (R2) with RMSE during 2018 

Weed Regression model R2 RMSE 

Prostrate knotweed PH = -0.5769 x H + 21.24 0.50 20.17 

(P. aviculare L.) Rl = -1.5488 x R + 22.482 0.42 51.16 

 LA = 7.4975 x A + 0.5067 0.35 26.94 

 Mb = 0.1875 x M + 6.7083 0.52 1.75 

 Lb = 0.0625 x L + 2.4167 0.75 0.11 

 Maxt. (°C) = 0.93 x Ma + 26.069 0.82 8.55 

 Mint. (°C) = 1.4375 x Mi + 15.547  0.97 4.28 

PH = plant height; Rl = root length; LA = leaf area; Mb = number of main branches; Lb = number of 

lateral branches; Maxt = maximum temperature; Mint = minimum temperature; R2 = coefficient of 

determination; RMSE = root mean square error 

 

 

However, the value of R2 = 0.75 with RMSE = 0.11 described strong model fitting in 

the experiment. The polynomial relationship for number of main branches also 

displayed a linear arc pattern which strung with an initial linear stage followed by 

moderate asymptotic trend at the growth stage by R² (0.52) with RMSE (1.75) indicated 

the good model prediction. The values more than 15 indicated insufficient prediction of 

the model fitness. Maximum, minimum temperature was effecting significantly 

(F = 5.917; P < 0.0001; F = 25.721; P < 0.0001); however, the interaction between 

location with height of the P. aviculare did not differ statistically (F = 2.102; P > 0.05) 

between two temperature ranges from 25-30 °C and 17-20 °C (Table 3). The root length 

of the P. aviculare was affected highly significant (F = 54.41; P < 0.0001) with height 

and locations showed its plasticity but there interaction (PH x L) to total variance was 

strongly trait specific recording non-significant result (F = 3.796; P > 0.05). 

The plant height was recorded significant result (F = 3.796; P < 0.05) with leaf 

length; however, plant height showed high significant (F = 7.900; P < 0.001) result with 

location. The interaction between leaf length and location (Ll × L) with height 

(F = 0.579; P > 0.05) did not correlated statistically; however, it was also a trait specific. 
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Table 3. Analysis of variance of the interaction of maximum, minimum temperature, with 

location, plant height, leaf length of P. aviculare on four locations during 2018 

Parameter Source d.f. MS F 

Maxt 

Location (L) 2 10.778 5.917*** 

Plant height (PH) 1 3.828 2.102NS 

L x PH 2 1.514 0.831NS 

Mint 

L 2 18.111 25.721*** 

PH 1 0.193 0.274NS 

L x PH 2 0.399 0.567NS 

Rl 

PH 1 66.82 54.141*** 

L 2 20.18 16.353*** 

PH x L 2 1.13 0.912NS 

PH 

Ll 1 2.483 3.796* 

L 2 5.167 7.900** 

Ll x L 2 0.379 0.579NS 

The range of maximum temperature = Maxt. was 25-30 °C and minimum temperature = Mint. was 17-

20 °C; location = L; plant height = H; Leaf length = Ll in northeast regions. For each effect, we show 

the mean square (MS); degree of freedom (DF); F and P value. Significance level is P > 0.05 

 

 

The fresh leaves infected with powdery mildew scrapped off gently into small pieces. 

These infected leaves were examined under microscope. In our study, the first 

symptoms visible as powdery white scraps on the upper portion of foliage further 

developed to plentiful hyphal development on the upper and lower sides of the leaves 

(Fig. 2a). Infected leaves become chlorotic with warped periphery resulted in early 

defoliation. Hyphal appressoria were well developed, lobed (Fig. 2d) and present in 

opposed pairs (Fig. 2). 

Cleistothecium was emerged and conidiophores appeared cylindrical and 

appressorium was observed and identified on 200 µm (Fig. 2c, 2d). The cells of 

conidiophores formed in a round straightway in shape. The conidia produced in the 

single oval-shaped round to oblong. Germ tubes recorded in the perihilar portion of 

conidia and identified with 20 µm magnification under microscope (Fig. 2b). 

Discussion 

The study regarding parasitic activity of powdery mildew (Erysiphe polygoni L.) 

having its pathogen strain HMLAC226 recorded on native prostrate knotweed 

(Polygonum aviculare L.) investigated best prediction model of coefficient of 

determination (R2). These results correlated with previously explicated investigations 

that leaf area measured in grassland exposed good performance R² = 0.88 with 

RMSE = 0.96 (Francone et al., 2014). 

Our results were in accordance to the researchers who reported that stable 

temperature models were accustomed to predict the evolution under changing 

temperatures. However, the pathogen development pressure reduced quickly at elevated 

temperatures than at lower temperatures comparable to optimum temperature (Xu, 

1999). 
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The temperature effect in this experiment are in line with the researchers who 

reported in their experiments that the prevalence of powdery mildew propelled by 

moderate temperatures (21-30 °C). Elevated temperatures can delay or stop the growth 

and spore formation of Erysiphe. Vulnerability of times depleted increases with 

elevated temperature, maximum temperature ranged between 22-27 °C played a vital 

role for the germination of conidia (Peduto et al., 2013). 

 

  
a    b 

 
c 

  
 d     e    

Figure 2. Different stages of powdery mildew infection on Polygonum aviculare a. Infection; b. 

germ tube; c. Cleistothecium, Conidiophore; d. Appressorium; e. Healthy plant 

 

 

Exclusive growth models were fit to the expansion rate data with high significance 

value (Miller et al., 2003). As well as lower rate of development, supra-optimal 

temperatures resulted in higher spores mortality and faster rate at which leaves become 

resistant due to faster host growth than lower temperatures. This was the most likely 

explanation of the results obtained from inoculated plants exchanged between 20-30 °C 

(Xu, 1999). 
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Our morphological results were in accordance with the researchers who reported that 

the spores of fungi present on the inoculated plants were similar in morphology 

compared to examine by diseased plants, fulfilling the Koch’s postulates (Han et al., 

2016). Prostrate knotweed (E. polygoni) is well known fungi distributed in the United 

States, Europe (United Kingdom, Czech Republic, Romania, Finland, and the former 

the Soviet Union), and China, Taiwan, Nepal, India (Lebeda et al., 2007) and Korea 

(Han et al., 2016). This study is in accordance with the investigations that powdery 

mildew was cosmopolitan and showed plant parasitic properties for angiosperm plants. 

Some species of E. polygoni are harmful specifically in agriculture and caused 

economic damage (Severoglu and Ozyigit, 2012); however, some may use as biological 

control agents (BCA’s) on native and invasive weeds. 

The Chinese climates vary from region to region with different ecological conditions 

and temperature fluctuates haphazardly resulted pathogen pressure can be increased. 

Our study was focused on prostrate knotweed (Polygonum aviculare L.), a plant 

parasitic powdery mildew (E. polygoni) investigated at roadsides, gardens and 

landscape range. This is a preliminary systematic study was conducted to identify 

powdery mildew in its conidial morphological states on prostrate knotweed and study 

its growth parameters compared to control. During field survey the infection of E. 

polygoni was observed on Rumex acetosa, Plantago asiatica, Syringa oblata and 

Taraxacum mongolicum which may become promising candidate for biological control 

agent (BCA’s) in future. 

Conclusion 

Powdery mildew pathogen strain HMLAC226 is an important emerging parasitic 

agent of prostrate knotweed (P. aviculare) widespread as serious disease throughout the 

world. The symptom of this disease appeared with favorable environmental conditions 

demonstrated significant damage to the leave tissues. Maximum 25-30 °C and minimum 

temperature 17-20 °C along with 64-78% relative humidity are most conducive for 

pathogen establishment. According to the above analysis and findings, we encouraged 

researchers and ecologists to explore plant-pathogen interaction mechanism, resistance 

mechanism, host specificity test and genetic diversity in future. 
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