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ABSTRACT 

 

Due to deleterious impacts of broomrapes 

against the host plants, its combating is essential 

for sustaining crop productivity. Thus, two–year 

field trail was conducted at El Nubaria experi-

mental farm, National Research Centre, Egypt, on 

two faba bean genotypes (Misr–3 and Sakha–1) to 

investigate the importance of butyl–iso–butyl 

phthalate as an activator for broomrape germina-

tion in comparison to glyphosate and unweeded. 

Findings revealed that glyphosate in 2015/16 and 

2016/17 seasons in addition to butyl–iso–butyl 

phthalate in 2016/17 season caused significant 

reductions in broomrape biomass and numbers of 

broomrape–infected faba bean plants plot
−1

 com-

pared to the unweeded. Plots of Misr–3 genotype 

treated with butyl–iso–butyl phthalate in both sea-

son as well as plots of Misr–3 or Sakha–1 sprayed 

by glyphosate in the first season achieved the 

maximum seed yield of faba bean. Since butyl–

iso–butyl phthalate exhibits suicidal germination of 

broomrape seeds, it can be exploited as an effec-

tive and helpful tool in integrated management 

programs of broomrape in faba bean fields.  
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Parasitic weeds; Suicidal germination  
 

INTRODUCTION 
 

Faba bean (Vicia faba, L.) is one of the earliest 

food legumes in the world. The food value of faba 

bean is high and it has been regarded as a meat 

extender or substitute due to its high protein content 

ranging from 20–41 % (Crepona et al 2010). How-

ever, broomrape (Orobanche crenata, Forsk) is 

known to be the highly damaging parasite plant af-

fecting faba bean production in Egypt and worldwide. 

In this respect, yield losses vary and ranged general-

ly from 5 to 100%, and averaged approximately 34% 

across all broomrape species (Stewart and Press, 

1990). Various control methods for broomrape have 

been proposed, however, no single method has pro-

vided satisfactory control (Parker, 1994; Rubiales, 

2014(. 

Root–parasitic plants, e.g. Orobanche spp., 

sense their host plant through the recognition of 

secondary metabolites released by its roots 

(Yoder, 1999). Moreover, root-parasite seeds 

germinate only when they receive definite chemical 

signals released from potential host roots (Joel et 

al 2007). Germination of Orobanche spp. seeds 

are usually stimulated by several compounds re-

lated to strigolactones (Bouwmeester et al 2003). 

However, spectroscopic techniques identified Oro-

banche crenata seed germination stimulators se-

creted by roots of faba bean plants as butyl–iso–

butyl phthalate compounds (Mohammed et al 

2013).  

Therefore, the present study aimed to test the 

efficacy of butyl–iso–butyl phthalate for enhancing 

broomrape seed germination as field application in 

the absence of the plant host.  
 

MATERIALS AND METHODS 
 

Study location  
 

At El Nubaria experimental farm, National Re-

search Centre, Egypt, a two–year field trail was 

undertaken in 2015/16 and 2016/17 winter sea-
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sons. The soil of the trail site was sandy with pH 

8.1 and EC 0.32 dS m
–1

. Maize was the preceding 

crop in the first and second seasons.  

 

Procedures, treatments and design 

 

The experiments included three practices for 

broomrape control (butyl–iso–butyl phthalate at 

250 ppm; glyphosate–isopropylammonium (a herb-

icide) and the unweeded) applied with two faba 

bean genotypes (Misr–3 and Sakha–1). Butyl–iso–

butyl phthalate as a stimulator for broomrape ger-

mination was synthesized according to the method 

suggested by Liu et al (2011).  

During seedbed preparation, super phosphate 

(15.5% P2O5) at 150 kg fad
–1

 was applied to the 

experimental soil. Isobutyl isophethalate sprayed, 

after soil preparation, followed by irrigating the soil 

and prior 10 days of sowing date.  

On 17th and 27th November of the first and se-

cond seasons, respectively, Rhizobium–inoculated 

faba bean seeds were sown (3–4 seeds per hill), 

with 0.25–m space on the two sides of the ridge, 

followed immediately by irrigation. At 35 days after 

sowing (DAS), hand hoeing was performed and 

then plants were thinned to secure two ones per 

hill. Glyphosate–isopropylammonium, Round up 

48% WSC (Isopropylammonium N–

(phosphonomethyl) glycinate) was applied thrice 

(each of 75 cm
3
 fad

–1
) during faba bean flowering 

stages (60, 75 and 90 DAS). Nitrogen fertilizer as 

ammonium nitrate (33.5% N), at 40 kg fad
–1

 was 

added into equal portions, 35 and 50 DAS. During 

growth stages, plants were irrigated through trickle 

irrigation system using emitters of 1.5 L h
–1

 capaci-

ty.  

The trail treatments were arranged through a 

strip– plot design using completely randomized 

blocks with six replicates. Genotypes occupied the 

vertical main plots, whereas broomrape control 

treatments were distributed in the horizontal ones. 

The plot size was 11.40 m
2
; comprising five ridges 

each of 3.5 m length and 0.65 m width. 
 

Measurements  

 

Broomrape  

 

The obtained broomrape shoots at harvest 

were air dried for 10 days and oven–dried for 24 

hours at 80°C to a constant weight for estimating 

the total biomass expressed in dry weight plot
−1

. 

Moreover, numbers of broomrape–infected faba 

bean plants plot
−1

 were recorded.   

 

Faba bean traits 
 

At 105 DAS, 6 faba bean plants were randomly 

chosen from each plot to estimate total dry weight 

plant
–1

. At harvest (on 24th and 27th April of the 1
st
 

and 2
nd

 seasons, respectively), whole plants of the 

experimental unit were harvested to determine 

seed yield fad
–1

. 
  

Statistical analysis 

 

Data of the two seasons were subjected to 

analysis of variance (ANOVA) according to Gomez 

and Gomez (1984), using Costat software pro-

gram, Version 6.303, 2004. The differences among 

means were compared using LSD test at 0.05 

probability level. 
 

RESULTS AND DISCUSSION 
 

ANOVA revealed that both broomrape biomass 

and numbers of broomrape–infected faba bean 

plants plot
−1

 markedly responded to broomrape 

control treatments and faba bean genotypes as 

well as their interaction in both seasons, except 

numbers of broomrape–infected plants of faba 

bean genotypes plot
−1

 in 2016/17 season (Table 

1). In this respect, each of glyphosate and butyl–

iso–butyl phthalate treatments in both seasons 

caused significant reductions in the forenamed 

traits (with the superiority of glyphosate), except 

the effect of butyl–iso–butyl phthalate on the latter 

trait (i.e. numbers of broomrape–infected faba 

bean plants plot
−1

) in the second season. Glypho-

sate inhibits the enzyme 5–enolpyruvyl shikimate–

3–phosphate (EPSP) synthase (Steinrücken and 

Amrhein, 1980), a key enzyme in the shikimate 

pathway, the biosynthesis pathway of the aromatic 

amino acids (phenylalanine, tryptophan, and tyro-

sine). So, the inhibition of EPSP synthase results 

in limited production of such aromatic amino acids. 

Furthermore, accumulation of shikimate has been 

recognized in broomrape as early as 10 h after 

application with glyphosate (Shilo et al 2016), re-

ferring to the existence of the herbicide in the root–

parasite cells. Besides its movement in the plant, 

several experiments proved that glyphosate is se-

creted from the roots of treated plants and also 

acts in the rhizosphere (Kremer et al 2005; 

Laitinen et al 2007). Accordingly, application of 

glyphosate showed effective control for broomrape 

as expressed in lowering broomrape biomass and 

infected faba bean plants plot
−1

 (Table 1). Moreo-

ver, application of butyl–iso–butyl phthalate 

showed marked control for broomrape through 
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enhancing its seed germination in the absence of 

faba bean plant and consequently exposure to 

suicidal germination.     

On the other hand, lower values of broomrape 

biomass (in both seasons) and numbers of broom-

rape–infected faba bean plants plot
−1

 (in the first 

season only) were obtained with Misr–3 genotype 

than Sakha–1 one (Table 1). Since root–parasitic 

weeds need host signals to promote the starting of 

the parasitic accompanying, breeding for low– mo-

tivator cultivars of those modes are explicit pur-

pose for resistance (Yoder and Scholes, 2010). 

Sources of natural resistance based on low exuda-

tion of germination–inducing factors exist in leg-

umes and are highly effective in inhibiting broom-

rape weed parasitism (Sillero et al 2005; Fernán-

dez–Aparicio et al 2014) 

In plots of Misr–3 or Sakha–1 genotypes, foliar 

application of glyphosate was the potent practice 

for reducing broomrape biomass and numbers of 

broomrape–infected faba bean plants plot
−1

 in 

2015/16 and 2016/17 seasons, with no significant 

differences with butyl–iso–butyl phthalate applica-

tion in the second season (Table 1).  

 

 

Table 1. Broomrape biomass and numbers of broomrape–infected faba bean plants plot
−1

 as in-

fluenced by genotypes (C) and broomrape control treatments (M) in 2015/16 and 2016817 sea-

sons 
 

Treatment 
2015/16 2016/17 

Misr–3 Sakha–1 Mean Misr–3 Sakha–1 Mean 

Broomrape biomass (g) 

Butyl–iso–butyl phthalate 35.3 179.3 107.3 10.0 10.0 10.0 

Glyphosate 9.7 24.7 17.2 8.3 10.1 9.2 

Unweeded 66.7 195.7 131.2 20.0 31.7 25.8 

Mean 37.2 133.2  12.7 17.2  

LSD0.05 C 47.1   2.3   

 M 21.5   2.3   

 CxM 16.2   9.0   

Numbers of broomrape–infected faba bean plants 

Butyl–iso–butyl phthalate 9.3 41.7 25.5 7.7 9.7 8.7 

Glyphosate 1.7 7.0 4.3 4.0 5.3 4.7 

Unweeded 18.3 65.0 41.7 10.7 19.0 14.8 

Mean 9.8 37.9  7.4 11.3  

LSD0.05 C 18.9   ns   

 M 5.0   6.3   

 CxM 11.8   6.4   

 

There were no noticeable variations among 

weeded practices, genotypes, and their interaction 

on total dry weight of faba bean plants estimated at 

105 DAS, in both seasons, except with glyphosate 

x Misr–3 interaction in the first season only (Table 

2). Such combination showed higher value in this 

respect. Generally, disappearing differences in dry 

weight of faba bean plants among weeded practic-

es may refer to that broomrape weed may not 

cause distinctive negative effect against host 

plants early at 105 DAS yet. Furthermore, no sig-

nificant differences were detected between faba 

bean genotypes regarding total dry weight of faba 

bean plants (Table 2).    

Concerning the seed yield fad
–1

, butyl–iso–

butyl phthalate was as similar as glyphosate for 

recording higher values exceeding the unweeded 

in both seasons. Such increases in seed yield ob-

tained from the aforementioned treatments may be 

attributed to successful control of broomrape weed 

reducing its parasitic impact (Table 1) which re-

duced competition and consequently favored 

growth of faba bean plants, then improving seed 

yield. Similar trend was obtained by Ghalwash et 

al (2008) and Ghalwash et al (2012). In addition, 

differences between yields of faba bean genotypes 

were not significant, in both seasons (Table 2), 

although Misr–3 genotype, which appeared less 

susceptible to broomrape infection (Table 1), pro-

duced yield slightly more than that of Sakha–1. 

Plots of Misr–3 genotype treated by butyl–iso–

butyl phthalate in both season as well as plots of 

each planted genotype sprayed by glyphosate in 

the first season achieved the maximum seed yield 
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(Table 2). Such finding confirms the integrative 

effect between faba bean genotype and broom-

rape control practice. 

Eventually, it could be notice that butyl–iso–

butyl phthalate has well potentiality against broom-

rape weed through enhancing its seed germination 

in the absence of the host (causing suicidal germi-

nation) and consequently reducing soil seed bank 

of broomrape. Thus, butyl–iso–butyl phthalate 

could be used as an effective and useful tool in 

broomrape integrative management programs. 

However, more investigations are required for 

identifying the significance of butyl–iso–butyl 

phthalate using various application rates. 

 

 

 

Table 2. Total dry weight plant
–1

 (at 105 DAS) and seed yield fad
–1

 of faba bean as influenced 

by genotypes (C) and broomrape control treatments (M) in 2015/16 and 2016817 seasons  

 

Treatment 
2015/16 2016/17 

Misr–3 Sakha–1 Mean Misr–3 Sakha–1 Mean 

Total dry weight plant
–1

 (g) 

Butyl–iso–butyl phthalate 160.6 152.1 156.4 130.8    126.8 128.8 

Glyphosate 204.8 143.6 174.2 132.8 109.6    121.2 

Unweeded 117.7 92.4 105.0 105.2   74.8 90.0   

Mean 161.0 129.4  122.9 103.7  

LSD0.05 C ns   ns   

 M ns   ns   

 CxM 95.6   ns   

Seed yield (ton fad
–1

) 

Butyl–iso–butyl phthalate 0.86 0.63 0.75 1.39 1.10 1.24 

Glyphosate 0.74 0.78 0.76 1.16 1.09 1.12 

Unweeded 0.54 0.34 0.44 0.74 0.63 0.68 

Mean 0.71 0.58  1.09 0.94  

LSD0.05 C ns   ns   

 M 0.09   0.35   

 CxM 0.19   0.09   
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 زــــــــــــــــالموجـ
  

نتيجة التأثيرات الضارة لمهالوك ضد عوائمه النباتيـة  
ـــــــــة  ـــــــــب مكافحتـــــــــه  ســـــــــتدامة  نتاجي فـــــــــتن ا مـــــــــر يتةم
المحصـــــول. لــــــرلك فقــــــد ة جريـــــت تجربــــــة حقميــــــة  ــــــالل 

ز القـــومى المركـــ –موســمين بمزرعـــة النوباريـــة التجريبيـــة 
مصـــــر  عمـــــى صـــــنبين مـــــن البـــــول البمـــــد   –لمبحـــــوث 
ا يزوبيوتيـل  ( لدراسـة ةهميـة مركـب1–  سـ ا3–)مصر

فيثا ت كم نشة إلنبات بـرور الهـالوك ومقارنتـه مـي مبيـد 
الجميبوسيت وبـدون م عاممـة. ةرهـرت النتـائ  ةن كـل مـن 

 2015/16م عــــــــــــاممتى الجميبوســــــــــــيت فــــــــــــى موســــــــــــمى 
وا يزوبيوتيــــــــــــل فيثــــــــــــا ت فــــــــــــى موســــــــــــم  2016/17و

قد سببا نقصـا  معنويـا  م قارنـة بغيـر الم عاممـة  2016/17

 لحيوية لمهالوك وعدد نباتات البول الم صـابة.فى الكتمة ا
والتـى ع وممـت  3–حققت القةي التجريبية لمصنف مصـر

القةـي ا يزوبيوتيل فيثا ت فـى كـال الموسـمين  وكـرلك ب
والتـــى  1–ةوالصـــنف ســـ ا 3–التجريبيـــة لمصـــنف مصـــر

ــــت  بالجميبوســــيت فــــى الموســــم ا ول ةعمــــى كميــــة ع ومم
 يزوبيوتيـل فيثـا ت قـد لبـول البمـد . وحيـث ةن اابرور ل

ــــــرور الهــــــالوك فمــــــن الممكــــــن  ــــــا  لب ــــــا   نتحاري ســــــبب  نبات
ـــــة وم ســـــاعدة فـــــى بـــــرام  مكافحـــــة   ســـــتغالله كـــــأداة فعال

 الهالوك فى حقول البول البمد .
 

: البول البمد   ةصناف  الهالوك  الكممات الدالة
 الحشائش المتةبمة  اإلنبات ا نتحار 

 
 

 


