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Abstract: Alfalfa (Medicago sativa L.) is one of the most important crops used in Egypt for livestock 
feeding. Rust considered the most dangerous diseases affecting alfalfa, which cause significant 
economic losses. In this study evaluating three chemical compounds safe for human health and animal, 
i.e. hydrogen peroxide (H2O2 at 0.25, 0.50 and 1.0 mM); DL-β-amino-n-butyric acid (BABA at 2, 4 
and 8 mM) and methyl jasmonate (MeJA at 0.5, 1 and 2 mM) were applied as a foliar spray to induce 
resistance against alfalfa rust disease caused by Uromyces striatus J. Schröt. as well as its effect on 
alfalfa growth parameters and yield components during 2009-2010 and 2010-2011 growing seasons in 
New Valley  governorate, Egypt. The obtained data show that all tested chemicals at different 
concentrations significantly reduced rust severity, number of pustules/leaf and pustule size under 
greenhouse artificial infection compared with check treatment. Hydrogen peroxide was the most 
effective treatments while BABA was the least effective one especially in case of rust severity and 
pustule numbers/leaf. The efficacy of tested inducers increased by increasing concentrations. Also, 
under laboratory condition, all tested chemical inducers were significantly reduced germination of 
uredospores at all incubation period compared with control while H2O2 at 1 mM recorded the highest 
effect. These results were confirmed under field conditions in two growth seasons. H2 O2 at 1 mM and 
0.5 mM recorded the highest reaction rust severity and number of pustule / leaf followed by MeJA at 2 
mM while BABA at 2 mM was recoded the lowest one. The treatments were accompanied with 
significant increase in alfalfa growth parameters, yield components and physiological aspects. 
Application of H2O2 at 1 mM followed by 0.5 mM was the most potent in this respect as compared to 
check treatment. It could be suggested that applicating H2O2 and MeJA as foliar spray could be used 
for controlling rust disease and increased production since they are safe, low cost and effective against 
the disease. 
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INTRODUCTION 

 
 Alfalfa (Medicago sativa L.) the oldest and the most important forage crop in the world grown worldwide, 
is currently cultivated as a nitrogen source and soil-conserving perennial crop in low-input agricultural systems 
(Hanson et al., 1988 and Stuteville and Erwin 1990). In Egypt, there is a gap between the demand and the 
consumption of green forages, especially in the summer seasons where the available forages are limited due to 
the competition of the New Valley environment and distinguished fresh and dry yields could be obtained 
compared to the commend to the commercial varieties, (Abdel-Galil, 2007 and Abdel-Galil and Hamed, 2008). 
Also, this crop is subjected to many abiotic and biotic stresses that seriously compromise the final yields 
(Summers, 1998). 
 However, various pathogens threaten alfalfa production worldwide. Fungal diseases, such as rust 
(Uromyces striatus J. Schröt), spring black stem and leaf spot (Phoma medicaginis Malbr. & Roum. in Roum. 
var. medicaginis Boerema), summer black stem and leaf spot (Cercospora medicaginis Ellis and Everh.), 
common leaf spot (Pseudopeziza medicaginis (Lib.) Sacc.), Leptosphaerulina leaf spot (Leptosphaerulina 
briosiana (Pollacci) J. H. Graham and Luttrell) and  Stemphylium leaf spot (Stemphylium spp.) can cause severe 
alfalfa yield losses (Wilcoxson et al., 1973 and Nutter et al., 2002). The alfalfa rust is widely distributed in four 
of the five continents (Guyot, 1957 and Gäumann, 1959). The worldwide dispersal of this fungus could be the 
result of the broad host range which comprises at least 141 species and subspecies from the tribes Trifolieae, 
Cicereae, and Vicieae, including alfalfa (M. sativa) and barrel medic (M. truncatula) as mentiond by Skinner 
and Stuteville (1995). Uromyces striatus cause the most severe foliar disease on alfalfa in Egypt (Seif El-Naser 
and Leath, 1983 and Emeran, et al., 2008; Morsy, et al., 2011).  
 Although application of fungicides and pesticides help in control plant diseases, chemical control is 
economically costly as well as environmentally undesirable. Therefore, the development of new strategies based 
on a plant's that own defense mechanisms for disease control is critical for sustaining agricultural production 
and improving environment and health (Yang et al., 1997). One of the potential methods is the use of a number 
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of compounds that have not direct antimicrobial activity but increase resistance or at least decrease symptoms as 
well known, in some host-pathogen interactions. These compounds cause induction of systemic resistance in 
plant against a broad spectrum of microorganisms by various plant defense activators and role of pathogenesis 
related proteins (PR-proteins) described by Kessmann et al. (1994). Some chemical compounds i.e. hydrogen 
peroxide (H2O2); DL-β-aminobutyric acid (BABA) and methyl jasmonate (MeJA) have been shown to induce 
resistance in plants (Rao et al., 1997; Quiroga et al., 2000 and Cohen, 2002). 
 The present investigation aimed to evaluate the effectiveness of some chemical compounds to induce 
resistance against rust disease of alfalfa. Also, its effects on the plant parameters and yield, photosynthetic 
pigments and protein contain. 

MATERIALS AND METHODS 
 
 Three chemical inducers at different concentrations i.e. hydrogen peroxide (H2O2) at 0.25, 0.50 and 1.0 
mM; β-aminobutyric acid (BABA) at 2, 4 and 8 mM and methyl jasmonate (MeJA) at 0.5, 1 and 2 mM were 
applied as foliar application to evaluate their capabilities to induce resistance against rust disease of alfalfa in 
greenhouse and field trials and its relationship with plant growth.  
 
Greenhouse Experiments: 
 Alfalfa seeds, cv. Wade 1, highly susceptible to rust disease (Morsy et al., 2011) were sown in pots (30 cm 
in-diam.) already containing autoclaved sandy soil. during the beginning of November and received normal 
irrigation and fertilization. Plants were thinned into 10 plants/pot 3-week-old after sowing. Alfalfa 6-week-old 
plants were sprayed with the tested three chemical inducers at different concentrations i.e. hydrogen peroxide 
(H2O2) at 0.25, 0.50 and 1.0 mM; DL-β-amino-n-butyric acid (BABA) at 2, 4 and 8 mM and methyl jasmonate 
(MeJA) at 0.5, 1 and 2 mM. Control plants were sprayed with water only. Treated plants were inoculated 24h 
with dispersing 100 mg uredospores to 100 ml of distilled water in a dilute solution of surfactant (two drops of 
Tween 20 per 100 ml of distilled water) stir the mixture for at least 20 minutes to disperse the spores, spraying it 
onto the plants until run-off. (Skinner and Stuteville, 1995). All trials were conducted in a complete randomized 
block design with five replicates. Inoculated plants were kept wet under a dark polyethylene bags at 20±2˚C and 
100% relative humidity for 24h in the greenhouse, then bags were removed and plants were daily examined for 
rust infection. Disease intensities [Rust disease severity, Number of pustules per leaf and Pustule size] were 
recorded 14 days after inoculation.  
 Alfalfa rust isolate (U. striatus) was obtained from naturally grown M. sativa on the experimental farm of 
new valley Agric. Res. Station, New Valley governorate (Egypt). The isolate was subcultured from a single, 
well-isolated pustule and was increased and maintained on the highly susceptible rust cv. Wade 1, alfalfa plants 
grown in the greenhouse. Uredospores were collected using a cyclone spore collector. Only uredospores were 
used for the experiments. Inoculation were made as described previously. 
 
Disease Assessment: 
A) Rust Disease Severity: 
 Rust disease severity estimated two weeks after inoculation, according to linear scale (0-5) devised by 
Russel and Hudson (1973) where: 0= no rust, 1= 1% of shoot area covered by rust pustules, 2= 5% of shoot area 
covered by rust pustules, 3= 10% of shoot area covered by rust pustules, 4 = 25% of shoot area covered by rust 
pustules, 5= 50% or more of shoot area covered by rust pustules. The percentage of disease severity was 
calculated according to the following formula: 
 

Rust disease severity = 
             Σ (nxv) x100 
                  5N 

 Where n= Number of shoots in each category, v = Numerical value of each category and N= Total number 
of shoots in sample. 
 
B) Number of Pustules Per Leaf: 
 Ten leaves were randomly chosen per each plant. Number of pustules on the upper and lower surfaces was 
counted and mean was registered. 
 
C) Pustule Size: 
 Pustule size was estimated according to Broers (1989). Leaf samples of all treatments were taken 15 days 
after the rust inoculation then boiled for three minutes in lactophenol ethanol (1:2 v/v) solution for fixation. The 
length (L) and width (W) of 60 randomly chosen pustules were measured for three leaves of each treatment. The 
pustule size (μm) was calculated according to the following formula: 
Pustule size= ¼ π LW 
Whereas: π= 22/7, L= Length and W= Width. 
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Effect of Chemical Inducers on Uredospores Germination:  
 Under aseptic conditions, the H2O2 at 0.25, 0.50 and 1.0 mM, BABA at 2, 4 and 8 mM and MeJA at 0.5, 1 
and 2 mM concentrations were prepared. The concentration of the spore suspension was adjusted to 105 
spores/ml, using haemocytometer slide. One drop of cotton blue stain (0.5%) was added to the spore suspension 
in order to clear germ tube during count of germination percentage of urediospores. One drop from the stained 
spore suspension was put on each glass slide and two slides were put in each a Petri-dish containing sterilized 
distilled water over U shaped glass rod. Five Petri-dishes were prepared for each treatment, and then incubated 
in dark at 22±2 °C. The averages percentages of germinated uredospores were assayed using light microscope 3, 
6, 12 and 24 h after incubation. 
 
Field Experiments: 
 The experiments were carried out under rust natural infection in a field located at the Experimental Farm of 
New Valley Agric. Res. Station, New Valley governorate, Egypt, during the two successive growing seasons 
2009/10 and 2010/11. The experimental layout was split plot design with three replicates. The main plots were 
assigned for the chemical inducers and sub plots were assigned to chemical concentrations. The sub plot area 
was 10.5 m2 (3.5 m long and 3 m width). Alfalfa seeds (cv, Wade 1) were sown at 1st October in both seasons 
and left grow for 60 days then cutting was carried out to get rid of weeds. The previously mentioned three 
chemical inducers at different concentrations were applied as foliar application. Plants were sprayed with 1.5 L 
/sub plot per concentration (600 L /fed.) of tested chemical inducers, after 10 and 20 days from cutting (1 and 
20th December in both seasons) and repeating in the following cut. In control treatments, plants sprayed with 
water. The first cut was obtained at 30th December in both seasons and the subsequent cuts were obtained at an 
interval of 30 days. Five cuts were obtained through the growing season. In each cut, rust severity, number of 
pustule per leaf, growth characters (fresh and dry forage yields with ton per feddan per cut, plant height and 
tillers number in square meter were recorded. Also, crude protein percentage in dry forage per cut was estimated 
according to A.O.A.C. (1990). The last cut was taken in 30th April then plants were left to produce seeds. 
Number of fruit branches, pods plant, weight of 1000 seeds and total seed yield (Kg /fed.-1) were recorded. 
 
Pigments Extraction and Determination:  
 Photosynthetic pigments (chlorophyll a, b and carotenoids) were determined for ten plants from each 
treatment per cut. For each determination, 0.3 g sliced leaves were homogenized in 25 ml of 800 ml/L acetone 
in water. The mixture was filtered through Whatman No.1 filter paper and the total volume was brought to 50 
ml with the same aqueous acetone and measured spectrophotometrically and their levels were calculated 
according to Al-Hamdani and Todd (1990). 
 
Statistical Analysis: 
 All experiments were performed twice. Analyses of variance were carried out using MSTAT-C program 
version 2.10 (1991). Least significant difference (LSD) was employed to calculate significant difference 
between treatments at P≤0.05 (Gomez and Gomez.  1984). 
 
Results: 
Effect of Chemical Inducers on Disease Severity Under Greenhouse Conditions: 
 The efficacy of different chemical inducers on disease severity (rust severity, number of pustules/leaf and 
pustule size) under greenhouse conditions is presented in Table 1. The data revealed that all tested chemical 
inducers significantly decreased rust severity, No. of pustules/leaf and Pustule Size compared with control at (P 
≤ 0.05). The efficacy of tested inducers increased by increasing concentrations. The highest reduction in disease 
severity was observed with H2O2 where reduced rust severity, number of pustule, pustule size with 75.00, 86.25 
and 44.33 % in average, respectively. The lowest reduction of rust severity and number of pustules per leaf 
(55.93 and 70.57% in average) were recoded in case of BABA while MeJA recoded the lowest value of reduced 
pustule size (23.90%).     
 
Effect of Some Chemical Inducers on Uredospores Germination of Uromyces Striatus: 
 All tested chemical inducers were significantly reduced germination of uredospores at all incubation period 
compared with control (Table 2). The effect of these compounds was enhanced by increasing inducer 
concentration. Hydrogen peroxide at 1 mM recorded the highest effective value caused more than 60% 
inhibition of urediospore germination after 24 h. On the other hand, MeJA gave the moderate effect while, 
BABA was lowest one especially at 2 mM.   
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Table 1: Effect of spraying alfalfa plants with various chemical inducers on rust disease severity, number of pustules per leaf and pustule 
size (μm) under greenhouse conditions. 

Treatments Concen. 
(mM) 

% Rust 
severity 

Reduction 
(%) 

No. of 
pustules/ leaf-1 

Reduction 
(%) 

Pustule 
Size (μm) 

Reduction 
(%) 

H2O2 0.25 27.44 63.41 68.30 76.87 523.50 35.80 
0.50 16.33 78.23 33.10 88.79 452.30 44.53 
1.00 12.47 83.37 20.40 93.09 385.90 52.67 

Mean 18.75 75.00 40.60 86.25 453.90 44.33 
BABA 2 42.42 43.44 115.90 60.75 589.30 27.73 

4 31.14 58.48 82.40 72.10 522.40 35.93 
8 25.6 65.87 62.40 78.87 510.50 37.39 

Mean 33.05 55.93 86.90 70.57 540.73 33.68 
MeJA 0.5 36.00 52.00 96.70 67.25 662.20 18.79 

1.0 21.55 71.27 47.00 84.08 602.50 26.11 
2.0 19.51 73.99 42.70 85.54 596.80 26.81 

Mean 25.69 65.75 62.13 78.96 620.50 23.90 
Control 75.00 - 63.41 - 815.40 - 

LSD at 0.05 for:    
Treatments (A) = 1.63 1.73 19.16 
Concentrations (B) = 1.89 2.69 27.44 
Interaction (AxB) = 3.27 4.66 47.52 

 
Table 2: Effect of chemical inducers at different concentrations on uredospores germination. 

Treatments Concen. (mM) % Germination of Uromyces striatus  uredospores after incubation at 22±2°C 
for; 

3 h 6 h 12 h 24 h 
 

H2O2 
0.25 24.2 39.6 68.3 70.3 
0.50 18.4 35.2 45.2 50.3 
1.00 12.3 22.1 32.4 35.7 

Mean 18.3 32.3 48.63 52.1 
 

BABA 
2 40.3 55.3 74.3 88.3 
4 33.3 46.3 64.3 71.5 
8 25.4 33.2 60.1 66.4 

Mean 33.0 44.9 66.2 75.4 
MeJA 0.5 36.2 46.5 68.2 72.4 

1.0 26.5 39.3 50.1 59.1 
2.0 22.5 41.3 54.3 66.9 

Mean 28.4 42.37 57.53 66.1 
Control 50.2 70.2 88.3 90.4 

LSD at 0.05 for: 
Treatments (A) = 

Concentrations (B) = 
Interaction (AxB) = 

 
2.13 
2.15 
3.73 

 
1.15 
2.14 
3.72 

 
2.92 
2.19 
3.79 

 
2.09 
2.64 
4.56 

 
Field Experiments: 
A) Effect of Chemical Inducers on Disease Severity: 
 Data in Table (3) indicate that inducers slightly affected the obtained data in both seasons. All chemical 
inducers at the tested concentrations obviously decreased both rust severity and number of pustules per leaf 
showing significant differences with the untreated infected control. The efficacy of these inducers to reduce both 
rust severity and pustule numbers per leaf increased by increasing concentration of the used chemical. Hydrogen 
peroxide followed by MeJA showed the highest effect against rust severity and pustule numbers per leaf in both 
seasons while BABA recorded the lowest one. The highest reduction of rust severity and pustule numbers per 
leaf was recorded when alfalfa plants sprayed with H2O2 at 1 mM, however reduced rust severity and pustule 
numbers per leaf with 83.30, 85.25% in season 2009-10 and 82.25, 84.63% in season 2010-11, respectively. 
 
B) Growth Parameters: 
 The tested inducers at all concentrations significantly increase growth of alfalfa plants under field 
conditions (Table 4). In both seasons, the maximum values of each plant height ( 64.7 and 65.9 cm), number of 
tillers (480.5 and 471.2 /m-2), shoot fresh weight (10.979 and 10.470 ton/fadden-1 cut-1) as well as shoot dry 
weight ( 2.684 and 2.601 ton/fadden-1 cut-1) were determined in the treatment where 1 mM H2O2 was applied. 
The lowest values of plant height (50.4 and 53.4 cm), No. of tillers (380.1, 421.2 m-2), shoot fresh weight 
(8.164, 8.600 ton/fadden-1 cut-1) as well as shoot dry weight (1.900, 1.920 ton/fadden-1 cut-1) were calculated at 2 
mM of BABA treatment. 
 On the other hand, H2O2 and BABA at higher concentration significantly increased protein content in 
alfalfa plants while BABA at all concentrations increased protein content but the effect was not significant. β-
amino butyric acid at 8 mM and H2O2 at 1 mM recoded the highest protein content (26.9, 25.7%) compared with 
21.3% in control in first season and 27.1 and 26.0% compared with 20.4% in the second season control. 
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Table 3: Effect of spraying alfalfa plants with various chemical inducers on rust severity and number of pustules under field conditions 
during 2009-2010 and 2010-2011 growing seasons.  

Treatments Concen. 
(mM) 

Season 2009-2010 Season 2010-2011 
Rust 

severity 
(%) 

Reduction 
(%) 

No. of 
pustules/leaf 

Reduction 
(%) 

Rust 
severity 

(%) 

Reduction 
(%) 

No. of 
pustules/leaf 

Reduction 
(%) 

 
H2O2 

0.25 23.30 60.71 73.30 67.14 25.10 60.22 80.40 65.96 
0.50 14.20 76.05 44.00 80.28 15.40 75.59 49.30 79.13 
1.00 9.90 83.30 32.90 85.25 11.20 82.25 36.30 84.63 

Mean 15.80 73.36 50.07 77.56 17.23 72.69 55.33 76.57 
 

BABA 
2 41.20 30.52 147.40 33.93 45.20 28.37 159.20 32.60 
4 25.10 57.67 83.90 62.39 26.80 57.53 90.60 61.64 
8 21.40 63.91 68.20 69.43 22.90 63.71 77.30 67.27 

Mean 29.23 50.71 99.83 55.25 31.64 49.86 109.04 53.84 
MeJA 0.5 25.30 57.34 84.40 62.17 29.10 53.88 96.30 59.23 

1.0 19.30 67.45 66.20 70.33 20.90 66.88 66.30 71.93 
2.0 15.50 73.86 50.20 77.50 18.20 71.16 57.00 75.87 

Mean 20.03 66.22 66.93 70.00 22.73 63.98 73.20 69.01 
Control 59.30 - 238.10 - 63.10 - 236.20 - 

LSD at 0.05 for:     
Treatments (A)        = 2.07 4.39 1.93 1.72 
Concentrations (B) = 2.27 6.91 2.38 6.35 
Interaction (AxB)    = 3.94 11.96 4.12 11.01 

 
Table 4: Effect of spraying alfalfa plants with various chemical inducers on growth parameters and protein content under field conditions 

during 2009-2010 and 2010-2011 growing seasons.  
Treatments Concen. 

(mM) 
Plant height (cm) Tillers (m2) Fresh weight 

(Ton/feddan-1 
cut-1) 

Dry weight 
(Ton/feddan-1 

cut-1) 

Protein 
% 
 

2009/
10 

2010/ 
11 

2009/ 
10 

2010/ 
11 

2009/ 
10 

2010/ 
11 

2009/ 
10 

2010/ 
11 

2009/ 
10 

2010/ 
11 

H2O2 0.25 55.90 58.70 442.20 439.20 9.465 9.384 2.127 2.043 22.90 23.10 
0.50 62.40 63.40 465.60 462.10 10.289 10.058 2.456 2.320 23.80 24.50 
1.00 64.70 65.90 480.50 471.20 10.979 10.470 2.684 2.601 25.70 26.00 

Mean 61.00 62.67 462.77 457.50 10.244 9.971 2.422 2.321 24.13 24.53 
BABA 2 50.40 53.40 380.10 421.20 8.164 8.600 1.900 1.920 23.10 23.50 

4 54.90 57.30 400.30 432.50 8.673 9.057 1.993 2.130 24.30 24.60 
8 56.40 60.70 410.10 441.20 9.377 9.407 2.097 2.100 26.90 27.10 

Mean 53.90 57.13 396.83 431.63 8.738 9.021 1.997 2.050 24.77 25.07 
MeJA 0.5 53.20 57.30 401.30 436.30 8.941 9.100 1.991 2.090 21.90 22.30 

1.0 60.40 60.10 426.90 452.10 9.757 9.471 2.215 2.173 22.30 23.40 
2.0 57.20 60.10 422.50 439.30 9.124 9.217 2.087 2.135 21.50 22.80 

Mean 56.93 59.17 420.23 442.57 9.274 9.263 2.098 2.133 21.90 22.83 
Control 46.80 52.70 322.00 312.00 5.913 5.913 1.309 1.309 21.30 20.40 

LSD at 0.05 for: 
Treatments (A) = 

Concentrations (B) = 
Interaction (AxB) = 

 
1.68 
2.43 
4.21 

 
1.89 
2.95 
ns 

 
16.63 
26.35 
35.99 

 
17.31 
24.97 
40.51 

 
0.325 
0.544 
0.769 

 
0.251 
0.270 
0.469 

 
0.154 
0.121 
0.268 

0.142 
0.119 
0.241 

1.15 
2.10 
3.14 

1.06 
1.27 
2.15 

 
C) Yield Components: 
 The effect of spraying plant with chemical inducers at different concentrations on yield components i.e. 
numbers of fruit branches, pods per plant, weight of 1000 seed and total seed yield per feddan was studied. Data 
present in Table (5) show that all concentrations of the tested compounds significantly increased number of 
branches, pods per plant, weight of 1000 seeds and total fruits yield/plant than the control in both seasons. All 
yield components were always significantly increased in most cases by increasing concentration of each 
compound in both years of investigation. Hydrogen peroxide at 1 and 0.5 mM followed by MeJA at 2 mM gave 
the highest number of branches, pods per plant, weight of 1000 seeds and total fruits yield/plant than the others 
in both seasons of the experiment. In contract, the least effective compounds that increased yield components 
were BABA at 2 mM followed by 4 mM and MeJA at 0.5 mM. 
 
Effect of Chemical Inducers on the Photosynthetic Pigments of Alfalfa Plants:  
 The changes induced by inducer treatments in photosynthetic pigments of alfalfa at different concentrations 
are represented in Table (6). It is obvious from the table that there was an obvious significant increase in the 
content of the photosynthetic pigments (chlorophyll a, b and carotenoids) compared with control and enhanced 
by increasing inducer concentration. Hydrogen peroxide recorded the highest chlorophyll a, b content in alfalfa 
plants while improved average content of chlorophyll a from 2.38 mg/g fresh weight in control to 4.01 mg/g 
fresh weight and increased chlorophyll b from 1.25 mg/g fresh weight in control to 2.11 mg/g fresh weight. 
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Also, this compound increased average of carotenoids from 0.88 mg/g fresh weight in control to 1.31 mg/g fresh 
weight. On the other hand, plants treated with BABA recorded the lowest increase of both chlorophyll contents. 
 
Table 5: Effect of spraying alfalfa plants with different concentrations of the chemical inducers on yield component under field conditions 

during 2009-2010 and 2010-2011 growing seasons.  
Treatments Concen. 

(mM) 
No. of fruit branches 

plant-1 
No. of pods plant-1 Weight of 1000 

seeds (g) 
Total seed yield (Kg 

feddan-1) 
2009/ 

10 
2010/ 

11 
2009/ 

10 
2010/ 

11 
2009/ 

10 
2010/ 

11 
2009/ 

10 
2010/ 

11 
H2O2 0.25 30.50 35.10 53.50 57.30 2.56 2.61 121.40 125.40 

0.50 35.40 38.70 64.30 68.90 2.63 2.67 142.10 147.00 
1.00 39.50 42.10 74.90 75.10 2.66 2.67 154.30 158.10 

Mean 35.13 38.63 64.23 67.10 2.62 2.65 139.27 143.50 
BABA 2 25.40 27.90 47.30 51.60 2.47 2.50 113.20 116.50 

4 27.30 30.40 54.30 57.90 2.47 2.50 119.30 122.40 
8 32.40 34.70 60.40 64.20 2.51 2.53 125.90 130.70 

Mean 28.37 31.00 54.00 57.90 2.48 2.51 119.47 123.20 
MeJA 0.5 27.30 31.40 52.40 55.40 2.49 2.51 118.40 120.40 

1.0 32.00 35.40 62.40 65.70 2.53 2.55 124.80 129.10 
2.0 34.30 37.20 66.70 69.00 2.55 2.57 128.90 130.40 

Mean 31.20 34.67 60.50 63.37 2.52 2.54 124.03 126.63 
Control 22.30 25.40 35.80 36.50 2.31 2.35 85.98 89.92 

LSD  at 0.05 for: 
Treatments (A) = 

Concentrations (B) = 
Interaction (AxB) = 

 
1.23 
1.53 
2.65 

 
1.09 
1.53 
2.66 

 
2.05 
2.11 
4.09 

 
1.67 
1.88 
3.26 

 
0.051 
0.133 
0.229 

 
0.044 
0.199 
0.223 

 
3.21 
2.60 
3.34 

 
1.03 
3.34 
5.80 

 
Table 6: Effect of spraying alfalfa plants with various chemical inducers on pigment contents under artificial infection with uredospores of 

Uromyces striatus.  
Treatments Concen. 

(mM) 
Chlorophyll (a) 

(mg/g fresh weight) 
Chlorophyll (b) 

(mg/g fresh weight) 
Carotenoids 

(mg/g fresh weight) 
 

H2O2 
0.25 3.52 1.82 1.12 
0.50 3.89 1.99 1.25 
1.00 4.62 2.53 1.55 

Mean 4.01 2.11 1.31 
 

BABA 
2 2.99 1.62 1.07 
4 3.20 1.61 1.15 
8 3.61 1.89 1.36 

Mean 3.27 1.71 1.19 
 

MeJA 
0.5 3.19 1.59 1.15 
1.0 3.52 1.78 1.23 
2.0 3.68 1.65 1.29 

Mean 3.46 1.67 1.22 
Control 2.38 1.25 0.88 

LSD at 0.05 for:    
Treatments (A) = 0.452 0.133 0.086 

Concentrations (B) = 0.544 0.154 0.095 
Interaction (AxB)   = 0.942 0.267 0.163 

 
Discussion: 
 Three chemical compounds including hydrogen peroxide (H2O2), DL-β-aminobutyric acid (BABA) and 
methyl jasmonate (MeJA) were used as foliar applications to induce resistance in alfalfa plants against rust 
disease caused by Uromyces striatus. Obtained results clearly indicated that, under artificial inoculation in 
greenhouse and natural infection in field experiments, all tested chemicals have significantly reduced both rust 
severity, number of pustules/leaf and pustule size. Hydrogen peroxide was the most effective inducer, while 
BABA was the lowest effective one in case of rust severity and pustule numbers per leaf and MeJA in case of 
pustule size. The effectiveness of these compounds enhanced reductive of disease severity by increasing 
concentration. Similar results demonstrated the efficiency of these compounds against rust and other foliar 
diseases (Cohen, 2002; Smart et al., 2003 and Copes, 2009).  
 Plants respond to pathogen attack or elicitor treatments by activating a wide variety of protective 
mechanisms designed to prevent pathogen replication and spreading (Malolepsza and Rózalaska, 2005). The 
defense mechanisms include the fast production of reactive oxygen species (De Gara et al., 2003), alterations in 
the cell wall constitution; accumulation of antimicrobial secondary metabolite known as phytoalexins and 
activation or synthesis of defense peptides and proteins (Agrios, 2005 and Mazid et al., 2011). Induction of 
resistance due to spraying of H2O2, BABA and MeJA might be attributed to different factors affecting host-
pathogen interaction. Among these factors pathogenesis related proteins, peroxidase, β-1,4-gluconase, 
phytoalexin and chitinase which are actively accumulated in immunized plants and set of defense genes that are 
activated by pathogen infection (Quiroga et al., 2000; Kemen et al., 2005 and Beheshti et al., 2011).  
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 The obtained results indicated that spraying alfalfa plants with H2O2 significantly reduced both rust 
severity, number of pustules/leaf and pustule size. This is in agreement with several studies attempted to 
elucidate the role of H2O2 in host–pathogen systems. These research works reported that biotrophic pathogens 
are inhibited by H2O2 accumulation, whereas H2O2 has a direct antimicrobial effect and is involved in cell walls 
cross-linking, induction of gene expression, hypersensitive cell death, phytoalexin production and induced 
systemic resistance (Peng and Kuc, 1992; Wu et al., 1995; Vanacker et al., 2000 and Mellersh et al., 2002). 
Similar results also gave evidence to the role of H2O2 in activation of an array of host defense mechanisms 
including induced activity of enzymes as peroxidase and chitinase accompanied by a significant increase in the 
lignin and suberin content, cross linking of cell wall proteins with phenolic acids, leading to reinforcement of 
cell walls at the site of pathogen attack and positively influences the local and systemic accumulation of 
Salicylic acid that is correlated with the enhancement of peroxidase activity (Quiroga et al., 2000 and Copes, 
2009). 
 Methyl jasmonate (MeJA) is a naturally occurring compound that plays important roles in plant growth and 
development, fruit ripening and responses to environmental stresses (Creelman and Mullet, 1997). MeJA also 
have been reported to induce local and systemic resistance in plants to several pathogens (Yang et al., 1997). In 
addition, there are several evidences that application of MeJA could enhance host resistance against pathogens 
by inducing secondary metabolites, resulting in increased expression of pathogenesis-related proteins (PRPs) 
genes and also increasing levels of antimicrobial phenolic compounds (Ding et al., 2002; Yao and Tian, 2005 
and Jin et al., 2009). 
 β-Aminobutyric acid (BABA) is a non-protein amino acid. In 1960, first induced resistance to tomato late 
blight following BABA treatment was noted (Oort and Van Andel, 1960). The broad spectrum of protective 
effectiveness of BABA against numerous plant disease-causing organisms including fungi, bacteria, viruses and 
nematodes has been well documented (Jakab et al., 2001) and (Cohen, 2002). They reported that BABA 
operates via a variety of defense mechanisms including physical barriers and biochemical changes. Activation of 
resistance has been reported depend on salicylic acid accumulation and lesion formation (Siegrist et al., 2000). 
Whereas, some reports indicated that BABA induced synthesis and accumulation of pathogenesis-related (PR) 
proteins in tomato plants including PR-1, chitinase, β-1,3-glucanase (Cohen et al., 1994) Studies also revealed 
that BABA treatments induced production of phenolics, peroxidases, callose, lignin and other defense reactions 
depending on the host-pathogen system (Hassan and Buchenauer, 2007). Moreover, BABA inhibited spore 
germination and germ-tube elongation (Tavallali et al., 2008). 
 An important finding of this study revealed that some chemical inducers used had adverse effects on the 
plant growth and yield of alfalfa under field conditions. The obtained data showed that foliar application of 
elicitors in both seasons significantly increase alfalfa growth parameters and yield components, especially H2O2 
at 1 mM followed by 0.5 mM and MeJA at 1 mM. These increases may be attributed to elicitors’ effect on 
physiological processes in plant such as ion uptake, cell elongation, cell division, enzymatic activation and 
protein synthesis (Amin et al., 2007). In this concern, MeJA is a final product of the enzymatic oxidation of 
unsaturated fatty acids and lipoxygenase is a pivotal enzyme in this pathway. This compound, defined as a 
natural plant growth regulator, was found to be active in many physiological systems (Rohwer and Erwin, 
2008). Hydrogen peroxide therefore enhances cell division either as primary or secondary effect to counter 
balance the inhibition process of cell elongation (Hameed et al., 2004). More vigorous root growth by 
exogenous hydrogen peroxide consequently will cause higher nitrogen uptake ensuing better growth and yield 
of wheat plant (Liao et al., 2004). Also, application of some elicitors increased leaf anatomical characters, i.e. 
thickness of leaf blade, thickness of palisade and spongy parenchyma as well as thickness of midrib region and 
dimension of vascular bundles (Farouk et al., 2008).  
 Application of elicitors increased total chlorophyll and protein content of alfalfa plants. This increment may 
be due to stimulating pigment formation and enhancing the efficacy of photosynthetic apparatus with a better 
potential for resistance and decrease in photophosphorylation rate usually occurring after infection (Amaresh 
and Bhatt, 1998). Some elicitors were found to increase potassium content, which may increase the number of 
chloroplasts per cell, number of cells per leaf and consequently leaf area (Farouk et al., 2008). This is in 
harmony with the work carried out by (Farouk, 2005) which indicated that application of either MeJA or SA 
increased significantly photosynthetic pigments content.  
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