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Abstract. Giant ragweed (Ambrosia trifida L.) and Common ragweed (Ambrosia artemisifolia L.) are well 

known species native to North America and can now be found in China. These weeds are ecologically important 

and have the ability to spread into agricultural areas and can create future risks. This study is an attempt to 

investigate the control potential of the root, a pathogen and a gall forming stem insect herbivore for Ambrosia 

species at different locations of Liaoning Province in Northeast China. Significantly (P<0.05) high pathogen 

herbivore (Puccinia xanthii) abundance was investigated in sites IV and II (16.76%; 14.04%) with 58-66% 

humidity at site temperature ranges between minimum-maximum (20-30°C). Significant abundance (P<0.05) in 

stem gall insect herbivore (Epiblema strenuana) were recorded in site IV (12.49%) and site I (12.34%). This 

herbivore displayed a steep asymptotic curve decrease significantly from upper to lower position gave positive 

relationship. The value of co-efficient of determination (R² = 0.52) as depicted gave the indication of model 

fitness. Pathogen herbivore displayed also a steep asymptotic curve investigated moderate positive relationship 

with R² = 0.45 followed by site I (R² = 0.36) form parabola curve. Stem galling insect and pathogen herbivores 

were diversified significantly with Simpson’s index of diversity (SID). Similarly, root herbivore (fire ant) 

demonstrated its biological control potential on invasive Ambrosia artemisifolia at site I recorded significant 

(P<0.05) reduction in plant height (30.62%); diameter (43.21%) and number of leave (73.60%) compared to gall 

forming stem herbivore. 
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Introduction 

Invasive alien species (IAS) create hazard and develop a key pressure on biodiversity 

of the world that alter ecosystem, reduce native species abundance and cause economic 

loss (Butchart et al., 2010; Vilà et al., 2011; Hejda et al., 2009; Buttenschøn et al., 

2010). However, there is a dire need to react and develop strategies against this hazard 

should be a basic goal (Lambertini et al., 2011). 

Common ragweed (Ambrosia artemisifolia L.) is an annual invasive weed belongs to 

family asteraceae native to North America and Mexico present all over the world (Fig. 

1) and also in China (Zhou et al., 2017). This weed unintentionally introduced in south 

east coastal areas in China in 1930’s (Chen et al., 2007; Wan et al., 1995). Invasive 

weeds can affect ecosystem processes, alter community structure and resulting in loss of 

native weeds populations (Hejda et al., 2009; Powell et al., 2011). Ambrosia species 

introduced as noxious invasive weed in southern area of European Russia, Europe that 

extends into Georgia and westwards into Ukraine (Moskalenko, 2002; Reznik, 2009; 

Bullock et al., 2012; Essl et al., 2015; Protopopova et al., 2006; Ustinova and 

Sizovenko, 2006). This weed infested on agricultural crops (oilseed, rapeseed crop, 
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sunflower and soybean) as well as on fallow land resulted significant yield losses 

(Kazinczi et al., 2008; Buttenschøn et al., 2010; Tóth et al., 2004; Kőmíves et al., 2006; 

Chollet, 1999; Moskalenko, 2002). 

 

Figure 1. Distributional map and invasion status of Common ragweed (Ambrosia artemisifolia) 

around the globe (EPPO, 2008) 

 

 

Giant ragweed (Ambrosia trifida L.) is an annual herb with branched, erect stems 

with 30 - 150 cm in height which prolong up to 400 cm. Their leaves were mostly 

opposite, slightly scabrous, elliptical, 3-5 lobes, margins usually dentate, petioles with 

10-30 mm in size (Strother, 2006). This is the most competitive weed in row crops 

which evolved resistance against multiple herbicides (Goplen et al., 2016). Ambrosia 

species dispersed in 21 provinces in eastern part of China including Jiangxi, Hunan, 

Hubei, Anhui, Fujian, Zhejiang, Nanjing, Jiangsu (Zhou et al., 2014; Zhou et al., 2010; 

Meng and Li, 2005) and this weed is polymorphism in nature (Bassett and Crompton, 

1975). There is extensive history of biological control against Ambrosia species in 

Eastern Europe, Australia, China and Kazakhstan (Fig. 2). 

 

Figure 2. Distributional map and invasion status of Giant ragweed (Ambrosia trifida) around 

the globe (GBIF, 2018; Committee, 2011) 

 

 

Epiblema strenuana (Walker) (Lepidoptera: Tortricidae) is an endemic and widely 

distributed in North America, Canada, Mexico and USA, Arkansas, California, 

Colorado, Connecticut, Columbia, Florida, Illinois, Maryland, New Jersey, New York, 

North Carolina, Ohio, Pennsylvania, Tennessee, Virginia (Heinrich, 1923), Iowa, 

Mississippi, Dakota (Brown, 1973) and Israel (Yaacoby and Seplyarsky, 2011). 
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Rust is a pathogen herbivore (Puccinia xanthii), the most promising candidate for 

biological control of Ambrosia species (Hennen et al., 2005). P. xanthii collected on 

A. trifida in North America recorded high level of specificity to its original host named 

P. xanthii f. sp. ambrosiae-trifidae (Batra, 1981), however, this pathogen did not show 

its infection on A. artemisiifolia (Kiss, 2007; Morin et al., 1993). The significant impact 

of P. xanthii having its host documented in China on Ambrosia trifida caused serious 

die-back of infected plants (Lu et al., 2004a). 

Fire ants (Formicidae: Hymenoptera) are social insects reside in colonies that 

habitually fabricate hills/mounds/tunnels within the soil like pastures and arable lands. 

Their nests are present within the soil, under stones, or in trees. 

The stem galling insect herbivore (Epiblema strenuana) was introduced from 

Australia to China and host specificity tests were conducted on sunflower crops (Zhao 

et al., 2014; Wan et al., 1995), however, insect herbivore was introduced in 1990 to 

control A. artemisifolia. The insect release in a small-scale in Hunan Province, and later 

the insect established its population and began to spread. Host specificity and feeding 

studies indicated that there are four host plants (A. artemisifolia, A. trifida, Xanthium 

sibiricum and Parthenium hysterophorus) were discovered in China (Ma et al., 2003). 

There is an intensive need to locate and develop eco-friendly solutions regarding 

biological control agents (BCA’s) for the proper management of invasive weeds 

(McFadyen, 1998). These weeds produced allergic pollens that cause pollution and 

considered significant possible hazard to human beings and the natural diversity 

(Qureshi et al., 2014). The most important key provoking strategies to control these 

invasive weeds are chemicals. The chemical industry of China has taken one of the most 

re-known positions in global village. Many broad, narrow and sedges type of invasive 

and non invasive weeds were controlled by herbicides. These chemical herbicides create 

negative impacts on the natural ecosystem may cause toxicity to human beings 

(Bastiaans et al., 2008; Wilson and Tisdell, 2001; Zhang et al., 2011b). 

To overcome the problem of excessive usage of chemicals; biological control agents 

are the best option without posing contamination to environment and naturally growing 

populations. The study hypothesis is that the damage level of pathogen herbivore 

(Puccinia xanthii) may vary with locations depend upon the prevailing environmental 

conditions and to find out insects having biological control efficiency against invasive 

weeds. The study comprised the relationship between root and stem galling insect 

herbivores against Ambrosia artemisifolia in relation to plant growth parameters. 

However, the survey was conducted to point out coefficient of determination (R²) of 

natural herbivores associated with Ambrosia trifida and to study diversity of natural 

herbivores with Ecological Indices on Ambrosia trifida at four locations. This survey 

was planned under Liaoning Key Laboratory for Biological Invasions and Global 

Changes, College of Bioscience and Biotechnology, Shenyang Agricultural University 

(SYAU), Shenyang, Liaoning Province, People Republic of China during 2018. 

Materials and Methods 

The field survey was conducted to evaluate root herbivore fire ant (Solenopsis invicta); gall 

forming stem herbivore (Epiblema strenuana) and pathogen herbivore (Puccinia xanthii) 

studied as biological control agents (BCA’s) on invasive ragweed species (Ambrosia 

artemisifolia and A. trifida) at different sites. However, minimum and maximum temperature 

was recorded on the spot site having site I (22-31°C & 69% humidity); site II (21-30°C & 
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66% humidity); site III (21-34°C with 62% RH) and site IV (20-30°C with 58% RH) as 

shown (Fig. 3). The study was conducted in peak season keeping in view the pressure of the 

herbivores are maximum in July-August during 2018 (Fig. 4). 

 

Figure 3. Mapping location of biological control agents (Epiblema, Puccinia and Solenopsis) 

using ArcGIS software (Kumar et al., 2014) 

 

 

Figure 4. The climatic data showing mean monthly precipitation (A); Monthly mean Relative 

Humidity (B) of four sites (data sourced from Chinese meteorological data base) 

 

 

The studied area is a northeastern part in China having hilly area at the boarder of 

South Korea. The average annual rainfall of site I was recorded 786.8 mm with range of 

annual relative humidity 54-83%. However, the site II, III, IV having annual rainfall 

were recorded 698.5 mm with range of annual relative humidity 51-78% (Fig. 4A,B). 

The approach used was a simple random sampling technique designed through 

extensive field survey (Iqbal et al., 2019). The transect line was eighty meter long 

parallel to the roadside or riverside; however, we collected four different points twenty 

meters in one side of transect and data were recorded using quadratic ring (Murphy et 

al., 2015; Riaz and Javaid, 2011; Zereen et al., 2018; Iqbal et al., 2019) having (100 x 

100 cm) following standard protocol (Andersen et al., 2015). Our sampling focused on 

stem galling insect and pathogen herbivores consumed directly on the leave and stem on 

Ambroia trifida at four locations. The data of root with gall forming herbivore were 

recorded in site I on Ambrosia artemisifolia due to the availability of both herbivores at 

this site. The root herbivore of common ragweed plants present in each quadratic ring 



Iqbal et al.: Biological control of natural herbivores on Ambrosia species at Liaoning Province in Northeast China 

- 1423 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(1):1419-1436. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1801_14191436 

© 2020, ALÖKI Kft., Budapest, Hungary 

was collected and same procedure was adopted for control for proper comparison. The 

nine damaged leaves collected randomly from the upper, middle and lower portions of 

A. trifida, and repeat this procedure three times. The insect galled stems in A. 

artemisifolia were also collected in a quadratic ring counted the number of galls and 

repeated thrice. The A. trifida leave spread fully on the hardboard with white 

background and cover it by transparent flexible plastic cover for digital image analysis. 

We evaluated and quantify herbivore damage on A. trifida leaves by Adobe Photoshop 

and ImageJ at maximum entropy (MaxEnt) threshold (Moles and Westoby, 2000; 

Lowman, 1984; Goodwin and Hsiang, 2010; O’Neal et al., 2002). Then leaf area 

fed/consumed (%) by natural herbivores were assessed (Balami and Thapa, 2017).  

At the end, total number of healthy and damaged leave were counted for the 

calculation of damage percentage (Balami and Thapa, 2017). Simpson index of 

Diversity (SID), evenness and abundance values were calculated (Magurran, 1988; 

Qureshi et al., 2018; Mahajan and Fatima, 2017; Chao et al., 2005; Letourneau et al., 

2009; Kilewa and Rashid, 2014; El-Azazi et al., 2013).  

The consumed area by Puccinia xanthii recorded on A. trifida leaves collected from 

these locations and examined under microscope (Iqbal et al., 2019) with 40 µm and 100 

µm magnifications. The root, stem and pathogen herbivore were identified by 

morphometric characteristics (McClay, 1987; Bincheng, 1994; Yaacoby and 

Seplyarsky, 2011; Wahyuno, 2012; Batra, 1981). 

Re-modification of the evolving model 

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

between mean of natural herbivore fed sites with root mean square error (RMSE). The 

regression model was set out to determine the effect natural herbivores consumed 

plant/leave parts investigated different parameters, gave the information about how far 

away the predicted line is from the observed line. The researchers previously exposed 

how scattered the observed points around the predicted line, which alternatively 

revealed about the validity of the model fitness (Hossain et al., 2017; Debaeke et al., 

1997; Ahmed et al., 2019). RMSE gave magnitude of the characteristic variation 

between predicted and observed data (Mayer and Butler, 1993) resulted to assess the 

precision of the model (Royo-Esnal et al., 2010; Iqbal et al., 2019). 

Statistical analysis 

The growth parameter analyzed by one-way analysis of variance with Tukey’s HSD 

test keeping in view P>0.05; however, coefficients of determinations (R2) were 

calculated by means of respective sites. The geographic coordinates during survey site 

was recorded using GPS navigator (GPS-Hollox, Taiwan) and map was drawn on 

ArcGIS version 10.2 software (ESRI) (ArcGis, 2013). 

Results 

Response of natural herbivores on Giant Ragweed (Ambrosia trifida L.) 

Validation of the model fitness 

The gall forming stem herbivore (Epiblema strenuana) after emergence fed on A. 

trifida leave at four different sites gave indication that site II and IV displayed a steep 

asymptotic curve decrease significantly from upper to lower position. This curvature 
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went in upward direction investigated moderate strength of the variables that gave 

positive relationship. However, coefficient of determination was recorded in site II (R2 = 

0.52) followed by site I (R2 = 0.49) showed linear line. In site IV, coefficient of 

determination (R2 = 0.43) was recorded polynomial positive interactions of the model 

fitness as depicted (Fig. 5A,B) compared to site III (R2 = 0.02) having line parallel to x-

axis recorded no relationship of herbivore with its calculated consumed leave (%). 

 

Figure 5. Power relationship of gall forming stem herbivores feeding (%) on A. trifida leave 

with different sites; whereas Site I and II (A); III and IV (B); R2 = Co-efficient of 

determinations; Poly means Polynomial 

 

 

The affect of natural insect herbivore feeding (%) on A. trifida leaves were 

investigated non significant (P>0.05) relationship at all four sites, therefore the value of 

root mean square error (RMSE) <5 recorded in our experiment gave the indication of 

model fitness (Table 1). The pathogen herbivore recorded significant (P<0.05) effect in 

site II on A. trifida leave with the leave feeding rate (7.78%) with RMSE (3.15) 

compared to the rest of the studied sites. 

 
Table 1. Relationship of RMSE with affect of natural stem galling and pathogen herbivore 

(%) on A. trifida leave at different locations during 2018 

Locations GFSH+SE RMSE PH+SE RMSE 

Site I 1.22+0.27* 0.30 3.25+1.89 3.13 

Site II 0.52+0.29* 0.27 7.78+1.55* 3.15 

Site III 0.23+0.08* 0.25 1.17+0.20 3.12 

Site IV 0.80+0.40* 0.28 5.98+1.27 3.14 

Whereas level of significance was P<0.05, RMSE – root mean square error; GFSH – means gall 

forming stem insect herbivore (%); PH – means pathogen herbivore (%); SE – standard error 

 

 

The pathogen herbivore investigated on A. trifida leave described that site II and I 

displayed a steep asymptotic curve decrease significantly from upper to lower side. At 

the end of the streak curvature went in upward direction investigated moderate positive 

relationship with the value of coefficient of determination (R2 = 0.45) followed by site I 

(R2 = 0.36) and falls this polynomial curve on the ground like parabola. Same trend line 

was recorded in Site IV with R2 = 0.14 described polynomial positive weak interactions 

of the studied model soundness as illustrated (Fig. 6A,B) compared to site III 

(R2 = 0.03) have no significant relationship with herbivore feeding or consumed (%). 
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Figure 6. Power relationship of pathogen herbivore feeding (%) on A. trifida with different sites 

whereas site I and II (A); III and IV (B); R2 (Co-efficient of determinations); Poly (Polynomial) 

 

 

Ecological indices 

Maximum evenness of gall forming insect (Epiblema strenuana) herbivore was 

investigated on site I & IV (0.15 & 0.15) recorded more stable in the community 

followed by site II (0.13) and site III (0.08). Similarly this herbivore was also more 

diversified in site I and IV (0.86 and 0.85) compared to other sites.  

Maximum evenness of pathogen herbivore was investigated on site II & IV (0.15 & 

0.15) recorded maximum stability in the community followed by site I (0.13) and site 

III (0.12). Pathogen herbivore was more diversified in site II and IV produced 

simpson’s index of diversity 0.91 and 0.88 respectively (Fig. 7) . 

 

 

Figure 7. Ecological indices of gall forming insect and pathogen herbivores on A. trifida  

 

 

The maximum pathogen herbivore abundance (%) per plant recorded in site IV 

(16.76%) followed by site II (14.04%). Similarly, highly significant (P<0.05) abundance 

in leave consumed was determined by gall forming stem herbivore at site IV (12.49%) 

followed by site I (12.34%) which was comparable to the other sites (Fig. 8A). Further 

more high number of leaves (12.22 and 14.56) consumed by gall forming insect and 

Puccinia xanthii herbivores respectively at location IV which differed significantly 

(P<0.01) compared to all other sites (Fig. 8B). 
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Figure 8. Comparison of abundance (%) in leave consumed/plant by gall forming insect 

(Epiblema strenuana) and pathogen (Puccinia xanthii) herbivores (A), number of leave 

consumed by herbivores (B) at four locations during 2018.  Whereas level of significance was 

P<0.05 by Tukey’s HSD test for each response variable; the mean having different lettering 

differ statistically from each other 

 

 

Response of natural herbivores on common ragweed (Ambrosia artemisifolia L.) 

Plant growth parameters 

The result of this study recorded significant (P<0.05) increase in total number of 

leaves (74.70%) with F = 138.416; SS = 9202.722 in control treatment comparable to 

the root herbivore in quadratic rings. However, significant (P<0.05) increase in plant 

height (cm) with (F = 74.729 and SS = 4461.976); diameter (mm) were (34.16%) with 

(F = 55.106; SS = 26.451) and (33.90%) with in control compared to root herbivore 

(Fig. 9A,B,C). 

 

 

Figure 9. Comparative efficiency of root herbivore affected on growth parameters of Ambrosia 

artemisifolia L. during 2018 whereas (A) plant height (cm), (B) stem diameter (mm), (C) total 

number of leaves per plant. Whereas level of significance was P<0.05 by Tukey’s HSD test 

 

The analysis showed that root herbivore distributed at site I showed its biological 

control potential against common ragweed. These results suggested that the trend of 

plant height (30.62%), stem diameter (43.21%) and the number of leaves (73.60%) of A. 

artemisifolia decreased significantly due to biting behavior of root herbivores on the 

roots zone compared to control. 
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Comparative efficacy of herbivores 

The data regarding root herbivore showed non significant (P>0.05) result on replicated 

plots at three different sub locations in site I with each other but recorded significant (P<0.05) 

result with gall forming stem herbivore. The data described that root herbivore reduced the 

plant height significantly (P<0.05) of the invasive A. artemisifolia compared to stem feeding 

herbivore (Fig. 10A). Furthermore, the same significant (P<0.05) trend was investigated in 

case of stem diameter (mm) to control A. artemisifolia (Fig. 10B). Multivariate analysis 

suggested that biological control herbivores recorded significant (P<0.05) reduction in growth 

parameters of invasive weed compared to control. 
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Figure 10. Comparative efficacy of root and gall forming stem herbivore on plant height (A); 

stem diameter (B) of Ambrosia artemisifolia at α= 0.05 (Tukey’s HSD test), for each response 

variable at site I; the mean having different lettering differed statistically from each other 

 

 

Discussion 

Relationship of gall forming herbivore with Ambrosia trifida L.  

The infestation of gall forming insect herbivore used as biological control agent on 

A. trifida displayed a steep asymptotic curve decrease significantly gave polynomial 

positive and moderate relationship of coefficient of determination (R2) indicated model 

fitness as depicted. This insect herbivore fed on leaf tissues (%) was produced 

statistically non significant (P>0.05) relationship (Table 1) with root mean square error 

(RMSE = 0.30). These results were supported to the researchers who reported that the 

value of RMSE investigated less than 5 gave the indication of awesome model fitness 

(Royo-Esnal et al., 2010; Iqbal et al., 2019). 

Significant evenness was recorded by gall insect herbivore investigated on site I & 

IV (0.15 & 0.15). This herbivore was more diversified in site I and IV (0.86, 0.85) 

compareable to the other sites. These results are inaccordance to the researchers who 

reported that A. trifida L. occured in Northeast China, in heavily infested areas, 

ragweeds were often found in dense monospecific communities with an average 

diversity index of 0.19 (Wan et al., 1995). Ambrosia species an annual weed plant 

present almost everywhere in China and prefers open and sunny habitats where its 
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competition with other native weed is comparatively low. Ambrosia species reduced the 

natural species abundance in arable land and thus it investigated negative impacts on the 

agriculture and biodiversity (Pinke et al., 2011; Pál, 2004). The present investigation 

stated that stem insect herbivore larvae after hatching fed initially on Ambrosia trifida 

leave. After that the larvae enter on the terminal meristem, thickens the stem thus 

creating elongated galls in plants live there until it pupates. Highly significant (P<0.05) 

abundance in leave consumed by stem gall forming herbivore investigated 12.49% and 

12.34% in plant. Gall forming stem herbivore consumed high number of leaves 12.22 

per plant at site IV differed significantly (P<0.01) with all other rest of the sites. These 

results are agreed with the scientists who reported that gall herbivore is a nocturnal 

moth, with a life span of 7-11 days that feed on the invasive weed (Bincheng, 1994; 

McFadyen, 1992; Dhileepan and McFadyen, 2001; Dhileepan et al., 2018). 

Biological characteristics of gall forming stem herbivore 

The stem-galling herbivore (Epiblema strenuana Walker; Lepidoptera: Tortricidae) 

lay very small pale color eggs on the leaves (Dhileepan et al., 2018). After hatching 

eggs, the larvae emerged and fed directly on leave. The length of the larva is about 10 

mm straight, but the length of 3rd instar larva is 14 mm, yellow or creamy, with brown 

heads with light brown ganitalia. The larva of this herbivore make small hole on the top 

meristem and branches, enter into plant tissues. The developmental stages completed 

within the gall and pupate. The color of the pupa is brown, 8-9 mm long. Pupal stage 

converted into adult moth under favorable environmental conditions within 5-7 days, 

however this period prolonged upto 13 days under unfavorable environmental 

conditions. The open wing span of caterpiller was 15-18 mm in male and 12-15 mm 

wide in females. Adult moths have 10-8 mm (male-female) long grayish wings with 

pale glitery wingtips (Fig. 11). There are 3-4 generations of this herbivore that start 

from the end of April to early October in Southern China and each generation prolong 

upto 30–40 days (Feng-feng et al., 2002) and the survival time of the adult was 3-5 days 

under natural environmental conditions at Shenyang. 

 

Figure 11. Biological characteristics of gall forming stem herbivore on Ambrosia trifida plant 

 

Relationship of pathogen herbivore with Ambrosia trifida L. 

The pathogen herbivore described moderate positive co-efficient of determinations 

(R2) in site II (0.45) and site I (0.36), however, weak relationship was recorded in site 
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IV and no relationship was determined in site III having its almost line parralel to X-

axis. Maximum evenness of pathogen herbivore (Puccinia xanthii) was investigated on 

site II & IV (0.15 & 0.15) and more diversified in site II (0.91) and IV (0.88) compared 

to site I and III, respectively. These results are in line with the previously studied field 

investigations in Liaoning and Jilin provinces reported that pathogen herbivore caused 

considerable destruction to giant ragweed. The fungus of pathogen herbivore feed on 

the leaves cause plant death on a large scale and may serve as an effective biological 

control agent of A. trifida (Zhang et al., 2011a; Lu et al., 2004b). 

Significantly (P<0.05) high pathogen herbivore (Puccinia xanthii) abundance was 

investigated in sites IV and II (16.76%; 14.04%) with 58-66% humidity at site 

temperature ranges minimum 20°C and maximum 30°C. These results are in accordance 

to the researchers who reported that this pathogen herbivore (giant ragweed rust) 

significantly favored high humidity and high temperature for its development. This 

pathogen was flourished in June-September in Shenyang area (Liaoning Province), so 

due to its obligate parasitic behavior and strong pathogenicity, this herbivore expected 

as biocontrol agent for the control of Ambrosia trifida (Qu et al., 2009; Guozhong et al., 

2018). Puccinia xanthii herbivore consumed high number of leaves (14.56/plant) at 

location IV differed significantly (P<0.01) with all other sites. These results gave the 

indications that favorable humidity played a significant positive role for spread of 

pathogen herbivore pressure. These findings support our hypothesis that significant 

infection of rust herbivore (Puccinia xanthii) on invasive weed may vary with locations 

depending upon the favorable environmental conditions. The favorable temperature for 

the germination of teliospore was 20-30°C and optimum temperature for the production 

and germination of basidiospores was 20°C but the temperature required for high 

infection was 20-25°C (Morin et al., 1992). The researchers reported in their field 

experiment that pathogen herbivore (Puccinia xanthii Schwein. f. sp. Ambrosiae-

trifidae S.W.T. Batra) is an obligate parasitic rust fungus recorded an effective 

biocontrol agent against giant ragweed (Zhang et al., 2011a; Lu et al., 2004c; Seier et 

al., 2009; Batra, 1981) used as mycoherbicides against Ambrosia species (Wilson, 1969; 

Hasan, 1974; Barreto and Evans, 1995). 

Life stages of pathogen herbivore 

The pathogen herbivore (Puccinia xanthii) is an obligate parasite overwinters in the 

form of yellow powder of spores in dead plants at high humidity (Dhileepan, 2001; Qu 

et al., 2009). Its initial symptoms are clearly identified on leaves and its infection causes 

reduced plant growth rates and, dark brown telia appears clearly, easily identified on the 

whole leaves (Fig. 12). 

Response of root herbivore on common ragweed (Ambrosia artemisifolia L.) 

The present study suggested that root herbivore (Fire ants) is a biological control 

agent on common ragweed (A. artemisifolia) present in site I at 26oC (22-31oC) near 

Hanhe River. These results are in line with the researchers who reported that 

environmental conditions played a vital role for the development of root herbivore, 

however optimum temperature required for its foraging was between 25–35°C (Drees et 

al., 2007). Multivariate analysis suggested that biological control herbivores recorded 

significant (P<0.05) reduction in growth parameters of invasive weed compared to 

control treatment. This herbivore affected root portion resulted in significant (P<0.05) 

reduction of growth parameters of invasive weed compared to control. The experiment 



Iqbal et al.: Biological control of natural herbivores on Ambrosia species at Liaoning Province in Northeast China 

- 1430 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(1):1419-1436. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1801_14191436 

© 2020, ALÖKI Kft., Budapest, Hungary 

suggested that the trend of plant height (30.62%), stem diameter (43.21%) and number 

of leaves (73.60%) of the A. artemisifolia decreased significantly (P<0.05) due to biting 

behaviour of root herbivores compared to control. Scientists studied plant mortality up 

to 12.5-17.2% in grooves (Smittle et al., 1988), calyx feeding resulted in reduction of 

50% flowers (Adams, 1986) due to root herbivores. Root herbivores constructed 

furrows/holes in the stem, hypocotyls portion and reduced plants height. The results of 

this study are in line with the researchers who reported that root herbivore reduced plant 

height significantly (P<0.05) having potential to feed on carbohydrates and 

polysaccharides from the root tissues (Stewart and Vinson, 1991). 

 

Figure 12. Life stages of pathogen herbivore completed on Ambrosia trifida leaves identified 

with 40 µm and 100 µm magnification under microscope 

 

 

Our results are also in accordance with the researchers who reported that 

polyphagous ant (Hymenoptera: Formicidae) thinning the root collars that interrupt 

nutrient supply between shoots and roots (Niu et al., 2010; Vörös and Gallé, 2002) 

recorded significant damage to the plants. Root herbivores have high reproductive and 

distribution capabilities, toxic and non-toxic belongings of stings and forceful 

scavenging performance (Allen et al., 2004; Parris et al., 2002). Root herbivores store 

small portion of food material to the nest but also assist to crash bigger food item along 

its transportation (Tschinkel, 2006). These results are in accordance to the researchers 

who reported that growth and plant height reduced significantly by feeding of fire ant 

root herbivore (Adams, 1983). Oil contents and carbohydrates (polysaccharides, 

glucose, and fructose) are necessary ingredients in the diet of ants (root herbivores). 

Therefore, these herbivores scratch the sap from root portion may be associated with 

their necessary nutritional carbohydrates (Vander Meer et al., 1995) from plant tissues. 

The researchers investigated that root herbivore feed on the bark and cambium to obtain 

sap resulting the death of orange and grapefruit plants in Florida (Banks et al., 1991). 

Root herbivore (ants) attack on the stems of sunflower at ground level, removed phloem 

tissue leaving the woody cortex however, 40–50% of the crop was infested (Stewart and 

Vinson, 1991). In our experiment root herbivore significantly (P<0.05) reduced the 

plant growth characteristics of A. artemisifolia compared to gall forming stem 

herbivore. The hypothesis was proved that root herbivore having capability to injure the 

roots of invasive A. artemisifolia resulting in significant reduction in plant growth 

characteristics. 
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This study shows that gall forming stem insect and pathogen herbivores have 

potential biological control agent against Ambrosia trifida recorded significant 

abundance (%) regarding leave area consumption. During filed survey it had observed 

that plant hoppers suck the cell sap from the basal portions of stem tissues of A. 

Artemisifolia plant. In future, it may become a biological control agent (BCA’s) of this 

invasive weed. The study also described that root herbivore significantly reduced the 

growth characteristics of A. artemisifolia may become a promising candidate for BCA’s 

in future. 

Conclusion 

The present study concluded that pathogen herbivores deliberated and caused 

significant effect on giant ragweed (Ambrosia trifida L.). The root, stem galling insect 

and pathogen herbivores having biologically effective and helpful in reducing the 

growth characteristics of the Ambrosia species in natural ecosystems. In future, there is 

a dire need to find out more natural enemies having biologically control efficiency 

against invasive weeds. In the light of our study, we encouraged the entomologists, 

plant pathologists and ecologists to explore the mode of action of these herbivores along 

with phyto-chemical screening and their interactions mechanism on invasive weeds. 

However, reciprocal relationship of root herbivores with roots of the invasive weeds 

would be studied in future. 
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