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ABSTRACT

In pot trails, during two successive seasons (2001/2002) and (2002/2003)
foliar application of glyphosate (10 - 25 ppm), fosamine ammonium (50 — 200 ppm)
and their mixture (5 ppm glyphosate + 25 ppm fosamine ammonium - 12.5 ppm
glyphosate + 100 ppm fosamine ammonium) was evaluated for controlling Orobanche
crenata in peas (Pfsum sativum L.). Both phosphorus herbicides and their mixture
substantiaily controlled O. crenata parasitism in peas, by reducing the number, fresh
and dry weights of O. crenala tubercles as compared with infected control. Applying
glyphosate at (25 ppm) and its mixture with fusainine (12.5 ppm glyphosate + 100
ppm fosamine ammonium) showed potential effect for eliminating O. crenata
infestation in peas as compared with other their concentrations. Fosamine
ammonium showed some phytotoxicity on the host particularty at higher
concentrations either as compared with glyphosate or mixture.

. Both herbicides and their mixture significantly increased the root and shoot
biomass of pea plant as well as pea yield, as compared with infected control.

It has been suggested that glyphosate has potential effect for controlling
Orobanche crenata parasitism in pea plant, rather than fosamine ammonium or their
mixture.

INTRODUCTION

Broomrape is considered one of the most serious agricultural
problems in food legumes in Egypt, Mediterranean countries as well as
different parls of the world, causing severe damage to legume crops such as
broad bean, peas, lentils, vetch, grass peas and chickpea {(Mauromicale et
al, 2000 and Amesilem, et al,, 2001).

Although special attention has been given to control Orobanche
crenata in faba bean fields, yet very few attempts has been made to control
Orobanche infecting pea plants. In this connection, Garcia-Torres ef al., 1997
and 1998 reported that Orobanche crenala infestation is a permanent threat
of winter legumes in Southern and Eastern Spain and completely destroyed
about 80 % of peas.

In recent years, peas (Pisum sat:vum L.) is considered one of the
most important leguminous vegetable crop in Egypt either as green or dry
pad yield for containing a great amount of protein, phosphorus and potassium
(El-Metwally and Saad EI-Din, 2003).

Obviously, the phosphorus herbicide glyphosate has shown
satisfactory results for controlling Orobanche spp. infestation in faba bean.
Petzoiodt (1981), showed that the post-emergence application of the low
rates of glyphosate in broad beans (Vicia faba) resulted in satisfying control
of Orobanche crenata and increased yield. Mesa-Garcia and Garcia-Torres
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(1982) also showed that, glyphospahte applied at 0.12 kg/ha to Vicia faba
infested with Orobanche crenata delayed weed emergence and increased the
crop yield. But 2 applications of glyphosate were required where the beans
had been sown early and O. crenata levels were high. Also, El-Masry et al.
{1991) found that in a pot ftrail over 2 successive years, glyphosate
successfully prevented infection of faba beans by O. crenata when applied
twice at 0.35 and 0.5 mi/litre with an interval of 3 weeks between treatments
but not when applied once at 0.35 ml. Yehia and Mekky (2002) reported
recently that, the highest number of branches, number of pods, pod weight,
seed weight and seed yield of faba bean were obtained with glyphosate
applied three times at three-week intervals. Also, glyphosate has shown
satisfactory results for controliing Orobanche spp. In sunflower (Petzoldt and
Sneyd (1986) and Garcia-Torres of al, 1991), tobacco (Langston et al,
(1985), Musselman, (1993) and Covarelli (2002), pea and lentil (Arjona-Berral
et al., 1988 and Garcia-Torres et al,, 1997 and 1998).

Since glyphosate is becoming too expensive in Egypt, great attention
has been focused for examining other novel phosphorus herbicide such as
fosamine ammonium for controlling O. crenata parasitism in faba bean and
tomato (Khalaf, 1998). This chemical has been introduced by Du Font Ltd.
for controlling woody plant, certain perennial weeds such as Convolvuius
arvensis and Pteridium aquilinium. It is rapidly and ready translocated to the
root system, however, little is known about its mechanism of action.

The objective of the present study is to evaluate the herbicidal activity
of glyphosate, fosamine ammonium and their mixture for controlling
Orobanche crenata parasitism in the pea plants. The effect of both herbicides
on pea plants was investigated.

MATERIALS AND METHODS

Pot experiments were carried out in the green house of Bot. Dept.,
National Research Centre, Dokki, Cairo, to investigate the effect of
glyphosate and Fosamine omnoium on controlling Orobanche parasitism in
pea plants.

Eighty one pots 30 cm diameter filled with Nile clay soil were infested
with Orobanche crenata seeds (0.2 gm/pot) at 5 ¢cm depth from the soil
surface. Pea seeds (Pisum sativum cv. Master B) were sown (6 seeds/pot) at
3 cm from the soil surface, The pea plants were thinned to 4 plants/pot at the
seediing stage. Glyphosate (N-phosphonomethyl glycine, 36 a.i. % Monsanto
Ltd.) was applied at the concentrations of 10, 15 and 25 ppm, while fosamine
ammonium {ammonium ethyl carbamoy! phosphonate, 48 a.i. % Du Pont
Ltd.) was applied at 50, 100 and 206G ppm. Mixture of the two herbicides was
applied at (5 ppm glyphosate + 25 ppm fosamine ammonium, 7.5 ppm
glyphosphate + 50 ppm fosamine ammonium and 12.5 ppm glyphosate + 100
ppm fosamine ammonium). The two herbicides and their mixture were
sprayed at the first flowering bud stage (45 days from sowing). An additional
of eighteen pots were also used, nine for infected and nine for healthy
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controls. The pots were maintained under greenhouse conditions and
watered as required.

Orobanche crenala samples and growth host characteristicses were
recorded for each treatment at the flowering, pod and harvest stages (60, 80
and 120 days, respectively) three pots were taken form each treatment. The
number, fresh and dry weight (gm, 50°C, 96 hrs) of Orobanche tubercles/12
pea plants were recorded. The time of emerging the Orobanche shoot from
the soil surface was observed. The effect of herbicides on the host growth
characteristics at (60, 90 and 120 days from sowing) were recorded as
follows ;

Root length {cm).

Plant height (cm).

Number of leaves.

Fresh and dry weight of root/plant {gm).

Fresh and dry weight of shoot biomass/plant (gm).

Yield and vyield components : Number of pods/plant, number of
seeds/pod, weight of pods/ptant (gm. Dr. wt), seed yield/plant (gm. Dr.
wt.} and weight of 100 seeds (gm. Dr. wt.).

Phytotoxicity of the two herbicides and their mixture were observed
on the parasitic weed and host development. The treatments were arranged
in completely randomized design and the data were subjected to standard
analysis of variance by means and L.8.D. 0.05 (Snedecor and Cochran,
1967).

Herbicidal activity on some chemical composition of pea plant ;

The effect of two herbicides and their mixture on the content of
chlorophyli, protein and carbohydrates, was determined at the pod stage (90
days from sowing). leaves'disk samples were collected and kept in mixture
of hydroquinone, acetone (85 %) and caicium carbonate for determining
chlorophyll content. The shoot (leaves and stem) and root samples were
taken and dried at 45°C for 96 hrs., followed by the samples were ground and
stored for determining the total nitrogen and carbohydrate contents.

A. Chlorophyll content :

The chlorophyll {a and b) were determined spectrophotometrically in
the pea's leaf according to the method of Saric ef al., (1967).

B. Total nitrogen content :

The total nitrogen content in pea samples (shoot and-root) was
estimated using microkjeldahl method {Allen, 1953).

C. Total carbohydrates content :

Determination of total carbohydrates in the shoot and root system of
treated and untreated plants was carried out according to Smith et al. (1964)
and estimated colourimetrically by the phenol-sulphuric acid method as
described by Montogomery (1961).
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RESULTS

Foliar application of glyphosate, fosamine ammonium or their mixture
showed a potential effect for controlling Orobanche crenata in peas (Pisum
sativum L). The data from observations indicated that both
organophasphorus herbicides or their mixture reduced Orobanche infestation
and depressed the number of Orobanche spikes emerging from soif surface
by (12.5 to 100 %) as compared with infected control at different stages of
growth. The data presented in Table {1) showed that high infestation of
Orobanche parasitism was observed with infected control, quait number and
considerable fresh and dry weight of Crobanche tubercles being obtained.
Crobanche shoots started to emerge from soil surface 85 days after sowing.

Applying glyphosate at the highest concentrations (15 and 25 ppm)
potentially controlled O. crenata in pea plants by reducing the number, fresh
and dry weight of Orobanche tubercles either as compared with infected
control at the pod and harvest stages {90 and 120 days from sowing, Table
1). However, applying glyphosate at the low concentration (10 ppm) failed to
give good control of Orobanche crenata.

It is obvious from Table (1) that fosamine ammonium herbicide also
gave promising results for controlling Q. crenata. At the highest rate (200
ppm), fosamine ammonium gave completely control of Orobanche parasitism
in pea plant at the pod and harvest stages. However, applying fosamine
ammonium at lower concentrations (50 and 100 ppm) controlled Orobanche
in pea plant by {12.5 to 55.6 %) at pod and harvest stages (Table 1).

The mixture of the two herbicides was less effective than glyphosate
or fosamine ammonium on controlling Orobanche crenata parsitism in pea
plant. Foliar application of the mixture at highest rate (12.5 ppm glyphosate +
100 ppm fosamine ammonium) gave good results for controlling Orobanche
in pea by (37.5 to 100 %) as compared with other treatments or infected
control. However the lower rates of application reduced Orobanche
infestation by (25 to 55.6 %) as compared with infected contro! (Table 1).

The two organophosphorus herbicides used and their mixture did not
show phytotoxicity on the root and shoot biomass of the host particularly at
lower concentrations as compared with healthy control. However, the two
herbicides showed some phytotoxicity symptoms at the highest
concentrations which was characterized by abscission of the older leaves and
flowers of the host.

The effect of glyphosate, fosamine ammonium and their mixture on
some morphological characteristics of pea plant infected with Orobarnche is
summarized in Table (2). The data revealed that the infected control
significantly decreased the root and shoot biomass of the host as compared
with herbicidal treatments or healthy control, causing a significant reduction
in the root and stem length, number of leaves, fresh and dry weight of root
and stem per plant either at the flowering or pod stages.
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Table (1) : Influence of glyphosate, fosamine ammonium and their mixture on Orobanche crenata development in Peas (Pisum

sativum).
Date of Physiological stage
Concentrations spraying Pod stage 90 days from sowing” Harvest stag.e "120 days from sowing"
[Treatments ppm from | No, of Orab. |Reduction % |Fresh wt. of Orob JDry wi. of Orob] No. of Orab. |Reduction %Fresh wi. of Orob JDry wt. of Orob,
sowing |Tubercles/12] ofinfecled [Tubercles /12 peal Tubercles/ 12 | Tuberdles /12 | of infecled [Tubercles 112 peal Tubercles/ 12
"days" | pea plants control plants (gm)} [pea plants (gm)l pea plants control plants (gm) [pea piants (gm)
ealthy control Nil Nil Nil Nil Nil Nil Nil Mil
infected control a 100 11.2 2.0 g 100 12.3 2.2
lyphosate 10 7 125 33 08 5 44.4 75 0.8
15 45 1 875 0.6 0.1 2 77.8 1.5 0.3
25 1 87.5 03 0,06 0.0 100 0.0 0.0
osamine 50 7 125 6.9 1.0 6 333 43 06
mmonium 100 45 5 ar.5 4.0 0.7 4 55.6 28 0.5
200 0.0 100 0.0 0.0 1 86.9 0.9 0.3
Mixture Sgly. + 25 FosA. 6 250 7.2 1.3 4 556 33 04
7.5 gly. + 50 Fos.A 45 3] 250 a5 06 2 77.8 1.2 0.2
12.5 gly.+100 Fos.A) 5 37.5 a5 0.1 0.0 100 0.0 0.0
Table (2) : Effect of giyphosate, fesamine ammonium and their mixture on some growth characteristics of Peas (Pisum
sativum) (Combined analysis of two seasons).
Root biomass Shoot biomass
. Flowering stage “60 | Pod stage "90 days |Flowering stage "60 days from Pod stage “90 days from
reatments | Coneentrations | days from sowing" from sowigg" sowing" sowing"
ppm Root Freshwt. | Dry wt Root Fresh wi Drywt | No.of | Stem | Foliage [Follage] No.of | Stem Foliage [Foliage
length ml Iani milant length miplani gy | leaves | fength | freshwh. | dry wt. | leaves | length | freshwt. | drywt
femy [ 8T Pant @mipTatll "oy | @ plant { /otant | (emy | amvplant lamiptant fplant | (em) | amiplant FmiglanJ
Heaithy control 14.67| 0.80 0.40 | 19.00 1.20 0.53 | 12,67 | 34.33 37.00 740 | 16.33 51.33 96,10 19.80
pnfected control 12.67]  0.37 0.23 | 13.67 0.70 035 | 233 | 2533 | 14.70 2.63 ] 12.00 | 2833 37.43 8.87
Glyphosate 10 1467 060 0.35 [ 1533 0,90 047 [ 1067 | 2767 [ 1940 3.50 { 1400 [ 3267 53.90 960
15 13.67 0.50 0.30 | 14.67 0.83 042 | 10.00 | 27.33 156.90 293 | 1333 32.00 44.70 8.00
25 13.33] 047 0.28 | 14.33 0.40 0.40 9.67 | 27.00 14,67 2.67 | 12.33 32.00 38.40 7.43
osaming 50 13.67) 057 032 | 15.00 0.80 043 11.00 1 27.00 2267 3.97 14.00 32.00 54.00 9.80
mmonium 100 13.00] 050 0.30 { 14.87 0.75 040 | 1067 | 2567 | 21.50 343 | 1300 | 29.00 48.80 9.60
200 12.67] 047 0.28 ) 13.67 0.70 038 | 10.33 | 25.00 | 18.13 3.30 ) 1267 | 28.33 37.43 8.63
Mixture Sgly. + 25 Fos A. [1467{ 060 0.35 | 15687 097 0.50 11.00 | 27.67 25.43 4.30 14.00 33.00 62.53 12.37
7.5gly. + 50 Fos.A |13.33] 057 0.30 | 14.00 0.87 043 | 1000 | 24,33 | 1887 4.03 | 11.00 [ 29.67 49.37 953
12,5 gly.+100 Fos.A | 13.00]  0.53 028 | 1387 | 083 040 ) 933 | 2387 | 18.63 3.37 | 9.33 28.33 49.00 8.67
LSD. at5% 125] 012 011 | 1.50 0.19 009 | 138 | 182 3.35 0.55 | 167 3.82 6.30 0.78
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Applying the two herbicides and their mixture significantly increased
the root and shoot biomass of pea plants as compared with infected control.
However, such treatments reduced significantly the root and shoot biomass
of the host as compared with heaithy control particularly at the pod stage
rather than at the flowering stage.

The same trend was obtained with applying the chemical compounds
in relation to Orobanche parasitism on pea yield. The results in Table (3)
showed that the two herbicides and their mixture remarkably increased the
yield and its components as compared with infected control at the harvest
stage (120 days) and irrespective of rates of application. In contrast a
significant reduction in the number and dry weight of pods/plant, number of
seeds/pod, seed yield/plant and dry weight of 100 seeds, either with the two
herbicides and their mixture or infected control as compared with the healthy
control. However, most of chemical treatments showed a significant declined
in the pea yield as compared with healthy control at this stage of growth
{Table 3).

Determination of total carbohydrate, protein and chlorophyll contents
in pea either infected with Orobanche or treated with the two herbicides and
their mixture is illustrated in Figure (1). The data showed that the parasitic
weed inhibited the total carbohydrate and protein in shoots by (37.16 % and
228 %) and in roots by 20.83 % and 20.77 %) respectively, whereas,
reduced the chlorophyil content by (31.4 %) ininfected control. Similarly,
fosamine ammonium and their mixture eliminated the same chemical
composition in pea plant already infected with Orobanche crenata as
compared with infected control or glyphosate treatments. Such reduction
increased with increasing the herbicidal concentrations. In contrast, applying
glyphosate on pea plant showed a stimulatory effect on the chemical
composition particularly at the low and moderate concentrations (10 and 15
ppm), by increasing the total carbohydrate in shoot and root biomass and
chiorophyll content of pea plant (Fig. 1). However, applying glyphosate at
highest concentration {25 ppm) reduced the chemical composition, to some
extent, in pea plant as compared with infected control or other treatments.

Orobanche infestation on pea plant was more effective in reducing
the protein content as compared with glyphosate, fosamine ammonium or
their mixture, either in the shoot or root. Applying the two herbicides and their
mixture at the lower concentrations showed less inhibitory effect on the total
protein as compared with the higher concentrations.
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Table (3) : Influence of glyphosate, fosamine ammonium and their mixture on yield and its components of Peas

(Pisum sativum) {Combined analysis of two seasons).

#002 ‘Ainr '(L)6Z “Aun eanosuew 198 ouby T

Physioclogical stage
Treatments Concentrations Harvest stage "120 days from sowing“‘
ppm No. of pods/ plant Dry wt. of pods No. of Seed yield Dry wt. of 100
(gm} Iplant seeds/pod { plant (gm) seeds (gm}
Heaithy control 7.3 16.0 7.0 12.27 186
Infacted control 3.33 6.13 4.00 433 13.60
10 4.67 10.30 5.67 747 15.8
Glyphosate 15 4.33 9.53 5.33 7.10 15.23
25 3.67 9.23 5.00 6.97 15.10
. 50 467 9.27 5.67 7.23 15.67
Fosamine
. 100 3.67 8.80 5.33 6.10 14.87
mmonium

ra 200 i3 8.07 5.00 5.90 14,27
5 gly. + 25 Fos.A. 5.33 11.57 6.33 2.10 16,80
Mixture 7.5gly. + 50 Fos.A 4.00 8.27 5.00 6.37 14,53
12.5 gly.+100 Fos A 367 7.77 467 570 14,00
LSD. at5% 0.93 1.35 1.44 1.24 1.62
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DISCUSSION

Although organophosphorus compounds have been developed
mainly as insecticides, a number of such compounds have shown herbicidal
activity. However, several attempts have been paid to control Orobanche
crenata in broad beans with organophosphorus herbicides, however, little
attention have been focused to control Orobanche crenata in peas. in this
connection, Garcia-Torres, et al. (1897 and 1998) reported that O. crenata
infestation is a permanent threat of winter legumes in Southern and Eastern
Spain and compietely destroyed about 80% of peas (40000 ha) in province of
Sevill.

The present investigation would seem to indicate that glyphosate and
fosamine ammonium phosphorus herbicides and their mixture gave
promising results for conirolling Orobanche spp. In pea plants, by reducing
the number, fresh and dry weight of O. crenata tubercies as well as
depressing the Orobanche spikes to emerge from the soil surface, particularly
at higher concentrations as compared with infected control. These results
have been supported by results obtained by Khalaf and Abo El-Suoud (1996}
and Khalaf (1998) revealed that the organophosphorus herbicides have
shown promising results for controlling broomrape (Q. crenata and O.
ramose) in fabe bean and tomato respectively and perennial weed (Cyperus
fongus) in cotton. Similar studies have indicated that foliar application of
glyphosate at different rate and number of applications, gave potential effect
for controlfing O. crenata in faba bean (Halila, 1998, El-Masry et al,, 1891,
Garcia-Torres, et al., 1997 and Yehia and Mekky, 2002).

Applying the two herbicides or their mixture, significantly increased
the root and shoot biomass of pea plant as well as pea yield at lower rates of
application as compared with infected control. Such results have been
agreed with results obtained by Yehia and Mekky (2002) who reported
recently that, the highest number of branches, number of pods, pod weight,
seed weight and seed yield were obtained with glyphosate applied three
times at three-week intervals (Petzoldt, 1981; Zahran, etal., 1981; Mesa-
Garcia and Garcia-Torres 1982 and Nandai and Arya, 1995).

The reduction of pea yield treated either with glyphosate or fosamine
ammonium and their mixture, particularly at higher concentrations might be
partially related to the herbicidal phytotoxicity rather than Crobanche crenata
infestation. These results have been confirmed by the resuits obtained by
Mesa-Garcia et af, (1982), who revealed that phytotoxicity at low rates (60
and 120 g/ha) caused slight chlorosis which disappeared after few weeks,
whereas, higher rates caused twisted leaves and stunted growth, however,
injury was higher with application during vegetative growth than during
flowering or pod production. Also, Hussein et al. (1998) showed that reducing
the level of glyphosate (50 % of recommended rate, combined with NPK
nutrients 75 days after planting) reduced the risk of toxic effects on V. faba.
Khalaf and Abo El-Suoud (1996) and Khalaf (1998) showed that yield
reduction of faba bean and tomato at higher concentrations (50 — 100 ppm
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glyphosate and 500 - 1000 ppm fosamine ammaonium} might be associated
with herbicidal phytotxoicity.

Cn other hand, applying the two crganophosphorus herbicides and
their mixture at higher concentraticns decreased carbohydrate, chlorophy!l
and protein contents, however, it was surprising that applying glyphosate at
the lower concentrations (10 — 15 ppm) slightly increased the carbohydrate
and chlorophyll contents in pea plant as compared with infected control,
These results have been agreed with results obtained by El-Mergawi and
Hussein (1987) who revealed that a sublethal dose of glyphosate to faba
beans (V. faba cv. Giza 2 and Giza 3) to control Orobanche crenata improved
the nutritive value of seeds by increasing the levels of protein and total
amino acids and decreasing contents of tannins and vicina, In contrast, Yehia
and Mekky (2002) showed that the chiorophyll content of faba bean
significantly decreased with glyphosate treatments. El-Masry, et al. (1991)
reported that glyphosate successfully prevented infection of faba beans cv.
Giza 4 by O. crenafa when applied twice at 0.35 mi and 0.5 ml/litre with an
interval of 3 weeks between treatments, both O. crenata infestation and
glyphosate treatments markedly decreased total amino acids content in the
leaves of the host plant.

Thus, these evidences might suggest that the present results are
reconcile with the views concerning the glyphosate is still considered the
most efiective herbicide among other phosphorus herbicides for controlling
QOrobanche spp. in legume plants under field condition.
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