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ABSTRACT

The effect of K;HPO., salicylic acid, H20-,, cobalt sulfate, Ethepane, ascorbic
acid, and gibberelic acid on the growth of Bradyrhizobium faponicum 3407 strain
was In vitro evaluated B. japonicum showed no sensitivity to any chemical inducers
on liquid cuiture.

Theses materiais were evaluated individually with B. japonicum as inducers
for resistance agents for reducing damping-off disease caused by R.solanii, or S.
rolfsii or M.phaseoiina in soybean plants under greenhouse conditions.

In non-inocufated plants with 8. japonicum infestation of soil with R sofan,
or S. rolfsif or M.phaseofina drastically increased damping-off disease and reduced
plant growth parameters compared to non-infested ones

In plants inoculated with the B japonicum and infested with R scolani, or 5.
rolfsii or M. phaseolina, the detrimental effect cause by pathogenic fungi infestation
was less detected in salicylic acid followed by K;HPO,, cobalt sulfate and ascorbic
acid in reducing damping-off. Concerning the effect of these inducer agents on
nodulation and growth of soybean plants in infested soil with aforementioned
pathogens, the results indicate that the cobalt suifate or salicylic acid or K:HPQ,
and co-inoculation of 8. japonicum gave the best result in terms of number and dry
weight of nodules, dry weight of shoot and its N-content compared to control
(pathogen + B. japonicum) at 75 days from sowing.

Results in field experiments indicated that seed treatments with some of
these inducers which are the most effective in greenhouse, significantly reduced
pre-and post-emergence damping-off in presence of 8. japonicum as seed
inoculated treatment compared to control (8. japonicum only) under field
conditions. Salicylic acid foilowed by cobalt sutfate, KoHPO. and ascorbic acid they
recorded the lowest percentage of damping-off and the highest percentage of
survived plants in two successive seasens. Also use of chemical inducers as seed
soaking resulted in an increase in crop parameters on soybean compared to control
{B. japonicum only). Seed treatment with SA followed by cobalt sulfate, KoHPO,
and ascorbic acid recorded the highest biological vield. Seed weight of treated plot -
with KzHPO4, SA or cobalt suffate and ascorbic acid were the highest values. Seed
and straw protein percentage significantly increased by SA, ascorbic acid and
cobalt sulphate as compared with untreated treatment,

Application of inducers as seed treatment had a positive effect on the total
number of rhizospher microflora especially with ascorbic acid and SA at 75 day old
soybean plant.

INTRODUCTION

, Soybean (Glycin max L.} is an important leguminous crop in Egypt
and other countries. Piants may be severely attacked by many soil borne
pathogenic fungi causing serious damages (Sinclair and Backmazan, 19889),
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Damping off is considered as one of the most important diseases which
cause limited vield. Several attempts to control damping-off disease were
done. However, fungicides are considered one of several factors involving in
environmental pollution inspite of their satisfactory resuits in the controt of
plant diseases.

All fungicidal treatments are likely to be toxic to rhizobia to some degree
(Abou -Neama, 1983). On the other hand, the application of biological
control using antagonistic microorganisms proved to be some successful for
controlling various plants diseases, but it is still not easy in field applications.
It can serve, however, as a better control measure under greenhouse
conditions (Sivan and Chet, 1986). Recently, the induced resistance has
been emerge as a new sfrategy for disease control in many crops (Kuc,
1987). Resistance against plant pathogens can be induced by several
chemical as salicylic acid or acetylsalicylic acid (Floryszek and Wieczorek,
1993). Ethephon compound {(2-chloroethyl phosphonic acid} as well as
phosphate is commonly used for induction of resistance against foliar
diseases in various plants (Abd-El-Kareem et ai., 2001 and 2002).

Aly et al (1988) tested ethyphone as seed soaking or spray
treatments against powdery mildew caused by Erysiphe graminis f.sp.hordei
and found that the most effective treatment was seed soaking in 1000 ppm.
Aly (1989) reported that ethyphone seed treatment could induce resistance in
broad bean plants against chocolate spot fungus (Botrytis fabae) and
stemphylium blight fungus. Treatment with 800 and 1000 ppm were effective
against chocolate spot fungus. Treatment with 1000 and 1200 ppm was more
effective against Stemphylium blight. Sallem et al. (1992) found that soaking
of faba bean seed in 800 ppm ethephone resulted in a significant reduction in
the severity of chocolate spot and rust and a noticeable increase in
seed/plant. Harfoush and Salama (1992) reported that soaking cucumber
seeds for 24hrs in 0.5 ppm of CoS0O, was highly effective against powdery
mitdew. Abd-El-Kareem (1998) used three concentrations of cobalt ie.,
{0.25, 0.5 and 1.0ppm)against powdery mildew of cucumber as seed or foliar
treatment and found that seed treatment with all concentrations caused a
highest reduction in disease incidence. Mazen (2004) found that faba bean
seed treatment with salicylic acid (SA 7mM) followed by Ethephone (800
ppm), Co™™ (1 ppm) was the most effective as a biotic inducers against R.
Sofanf. El-Mougy (2004} found that Acetylsalicylic acid as seed dressing or
soil drench showed superior effect on lupine root rot incidence followed by
SA and rhizolex.

Solutions of KH,PQ4, K;HPO,, NasPO, and Na,PQ, sprayed on the
undersides of the first and second true leaves of cucumber plants induced
systemic resistance in leaves 3 and 4 to anthracnose caused by C.
lagenarium.( Gottstein and Kug, 1989).

The main objective of this research is to study the efficacy of
different inducers in soil inoculated with Bradyrhizobium japonicum on the
incidence of damping-off in soybean under greenhouse and field conditions,
also to study their effect on nodulation, vegetative characters and yield.
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MATERIALS AND METHODS

Pathogenic isolates of Rhizoctoni solani Kuhn, Scefortium rolfsii
Sacc., and Macrophomina phaseolina (Maubl.) Ashby were isolated from
infected soybean seedlings. The preliminary studies proved that these
isoiates were pathogenic to soybean and caused damping-off disease to the
variety Giza35 (Glycine max L.).

Rhizobium strain of soybean (Bradyrhizobium Japonicum 3407) was
supplied by the Unit of Biofertilizers, Department of Microbiology, SWERI,
ARC, Giza, used as symbiotic organism. The strain was grown and
maintained on yeast extract manitol agar medium (Vincent, 1870).

Soybean seeds {Glycin max L. Merr}) cv. Giza 35 were Kkindly
provided by Legume Crops Research Section, Field Crops Research Institute
(FCRI), ARC, Giza, Egypt. Soil was collected from the Agric. Station of Itay
El-Baroud, Behira Governorate. The sail is as clay icam in texture (36.0 clay,
476 sit, 16.4 sand, pH 7.6 and EC 3.2 dSm™). Soit sample was air dried,
crushed and sieved through a 2 mm screen and thoroughly mixed.
Mechanical and chemical properties were determined according to Piper
(1950); Richard {1954) and Page et al. (1982). Chemical inducers used in
the present investigation are shown in Table (1).

Table {1): Compounds proposed as resistance inducers along with their
composition and concentration used in the present study

[ Compound Chemical composition | Concentration ]
1. Potassium phosphate K.HPO, 510and15mM |
2. Salicylic acid Hydroxy benzoic acid 2, 5and 7.5 mM

3. Hydrogen peroxide H,O5 1,2.5 and 5 ppm

4. Cobalt sulphate Co"" ions as (CaS0,.7H,0) | 0.5, 1.0 and 1.5 ppm
5. Ethephone 2-choloroethyt phosphonic acid | 100, 200 and 300 ppm

| 6.Ascorbic acid(vitamin C)| L. Ascorbic acid 100, 150 and 200 ppm
7. Gibberellic acid GA; 100, 150 and 200 ppm

Effect of inducers on growth of B. Japonicum in vitro:

The three different concentrations of each inducer mentioned before
were prepared in sterilized distilled water. Discs of sterilized fiiter paper 5 mm
in diameter were immersed in different solutions of inducers and arranged on
yeast extract manitol agar medium (YEMA) which were previously atomized
with a suspension of Bradyrhizobium Japonicum 3407 strain at 8 x 10° cell/
ml. Four Petri dishes were used for each conceniration and incubated at 28 °
C for 5 days.

Greenhouse experiments
Efficacy evaluation of different resistance inducers on controlling
damping-off disease:

A pot experiment was carried out under greenhouse at the unit of
Biofertilizers, Agric. Microbiol. (SWERI), Giza, Egypt. Plottery pots (30 ¢m)
were filled with sterilized clay soil at the rate of 10kg/pot. Scil in pots was
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supplemented with NPK fertilizer regimes of ammonium sulfate (20.6% N) at
a rate of 20kg N/fed, super phosphate (15.5% P,0Os) at a rate of 100kg/fed
and potassium sulphate (48% K;O) at a rate of 50kg K.O/fed. The soil was
infested, 15 days before sowing, with each of the three tested pathogens
alone (R. sclani, S. rolfsii and M. phaseolina) using sorghum grain sand
medium of 15 days old at respective inoculum rate of 4 g per 100 g soil. The
fungi inocula were prepared by growing on autociaved sorghum grain sand
medium (3:1 w/w} in 500 ml bottles and incubated at 25 “C for two weeks.

Soybean seeds (cv. Giza-35) were soaked, before sowing, in
solution of seven chemical inducers i.e., K;HPO, at concentrations (5, 10 and
15 mM.}, salicylic acid (SA) at (2, 5 and 7.5 mM), H,O; {1, 2.5 and 5 ppm),
cobalt sulphate (0.5, 1.0 and 1.5 ppm), Ascerbic acid (100, 150 and 200
ppm), Gibberelic acid {GA;z) (100, 150 and 200 ppm), and ethephone (100,
200 and 300 ppm) for half hour. Seed were soaked in tap water were used
as control. {Table1). After being wetted, the seeds were spread out in a thin
layer and sown in infested soil with pathogenic fungi that mentloned above at
a rate of eight seeds/pot, then 15 mi of cell suspen5|on(6x10 cel/ml) of B.
Japonicum(3407) were pippeted on soil 7 days after sowing. The
experiment comprises 62 treatments arranged as three for pre and post
emergence stage and other three for nodules, all the treatments were
arranged in complete randomized design.

Pre, post-emergence damping-off and survived plants were
recorded 15, 30 and 75 days after sowing. At 75 days after sowing (DAS)
plants were gently uprooted without tearing of root system as possible,
washed and nodules were separated, counted and plant weight were
determined as dry weight after drying at 70 "C. Total nitrogen was estimated
using micro-Kjeldahl method (Piper, 1950).

Extraction and assay of phenol-oxidizing enzymes:

Plant tissues abtained from the different treatments at 20 days after
sowing, were cut into small portiens, and rapidly ground with 0.1M sodium
phosphate buffer at pH 7.1 (2 ml buffer (g of fresh tissue) in a mortar. These
triturated tissues were strained through four layers of cheese-cloth and the
filtrates were centrifuged at 3000 r.p.m for 20 min. at 6 °C (Maxwell and
Bateman, 1867). The supernatant fluids were used for enzymes assays,

Peroxidase:

Peroxidase enzyme activity was determined colormetrically by
measuring the oxidation of pyrogallol to purprgatlin in the presence of H,0, at
425 nm. The reaction mixture contained .5 ml of 0.1 M sodium phosphate
buffer solution at pH=7.0, 0.3 ml sample exiract, 0.3 ml 0.05 M pyrogallol,
and 0.1 ml of 1.0% H:0,, then completed with distilled water up to 3 ml. The
activity was expressed as absorbance change per minute (Abs/min) (Allam
and Hollis, 1972)

Polyphenoloxidase:
The activity of pelyphenoloxidase was measured by the colorimetric
method of Maxwell and Bateman {(1967). The reaction mixture contained 1.0
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ml enzyme extract, 1.0 ml of 0.2 Sodium phosphate buffer at pH 7.0 and 1.0
mi of 10° N catechol brought to a finai volume of 6.0 ml with distilled water.

The activity of polyphenoloxidase was expressed as the change in
absorbance 1.0 ml of extract per min. at 495 nm.

Field experiment:

This study was carried out to investigate the efficiency of chemicals
{Table1} as seed soakiag on soybean damping-off disease as well as their
effect on the N.- fixation abiiity of B. Japonicum for soybeen plants. The most
effective concentrations treatment in pot experiment, against damping-off
disease were applied to study their efficiency either in the presence or the
absence of Brandyrhizobium Japonicum strain no (3704} against the
cccurrence of disease in addition to the determination of crep parameters.
Four chemical inducers, i.e., cobalt sulfate (Tppm), Salicyiic acid (7.5mM),
K:HPO, (10 mM). and Ascorbic acid (150 ppm) were used. The soybean (cv
G 35) was used. All treatments were distributed in complete randomized
block design and data were statistically analyzed. The fieid plot was (8.4 m 9,
and three plots were replicated for each treatment.

The experiment was conducted in 2 successive seasons, 2004 and
2005, at Agricultural Reasearch Station of ltay El-Baroud, Behira
Governorate Soil ploughed twice and supper phosphate {15.5% P,0Os5) was
basically incorporated mto soil at a rate of 100 kg/fed. The inoculum of
Bradyrhizobium Japonicum was applied as seed coating at the rate of 300 g/
50kg seeds. Seed coating was made by mixing seeds with the Gamma
irradiation steriized vermiculate — lrish peat mixture-based inoculum of B.
Japonicum and the Arabic gum solution (16%), as a sticking agent. After
germination, the plots were supplied with ammonium sulfate (20.6%N) at rate
of 20 Kg Nffed as a starter nitrogen dese and potassium sulphate (48% K.O)
fertilizer was applied at the rate of 50kg/fed.

At 75 days after sowing, plants were sampled and determined for
shoot length, dry weight and its nitrogen content. Roots were separated,
washed and free from adhering soil and examined for number and dry weight
of nodules. At harvest yield parameters, as well as the number of pods, seed
weight kg/plot and biological yield of pots, seed and straw yields and protein
content percentage were estimated. After 20 and 45 days of planting, the
percentages of pre and post- emergence damping-off were recorded.

Obtained data were subjected to analysis of variance (ANOVA)
according to the procedure of Snedecor and Cochran {1880).

Determination of microbial population in soil;

Total count of bacteria, fungi and actinomycetes were determined
according to Page (1882). The rhizosphere soyhean scil area was randomly
sampled at 75 days from sowing and at harvest 10 estimate the total of
microorganisms.
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RESULTS

In vitro test:
inducers effect on growth of Bradyrhizobium japonicum:

Data in Table (2) indicate the effect of inducers on growth of
B. japonicum strain 3407 on (YEMA) medium. Results revealed that good
growth of B. japonicum under different concentrations of inducers was
observed for all inducers.

Table (2): Effect of the inducer materials on the growth of
Bradyrhizobium japonicam strain 3407 under laboratory

conditions
induces Concentration

| ! Il il

KoHPO, + + +

; Salicylic acid + + +

l a0 + [ + +

Cobalt sulfate + ‘ + +

Ethephone + l + +

! Ascorbic acid + ! + +
¢ Gibberelic acid + + + !
+ + . ‘

B.japonicum (control)
+ normal growth of B.japonicum

Effect of soybean seed treatment with chemical inducers on the pre and
post-emergence damping-off caused by R. sofani, S. roffsii and M.
phaseolina

Data presented in Table (3) show that a variation was recorded
amoeng the chemical inducers and within their concentration on the pre and
post-emergence damping-off caused by R sclani, S. roffsii and M.
phaseolfina. In general, saiicylic acid, K-HPQ, and cobalt sulfate gave a
protection against the aforementioned pathogenic fungi, judged by the low
percentage of pre and post-emergence damping-off and high percentage of
survived plants compared with (Pathogen + B. jeponicum) treatment. Other
treatmenis can be ranked in the descending crder as follows ethephone,
GAa, H,O; and ascorbic acid.

Concerning the used concentrations, only salicylic acid showed a
positive correlation between the concentration and the effect on soil borne
pathogenic fungi. Also, data show that increasing inducers concentration until
the second concentration led to an increase of the effect on these pathogenic
fungi, this positive corretation was observed in K.HFQ,, CoS0O, and ascorbic
acld inducers dealing with pre-emergence damping-off. Concerning with
post-emergence damping-off, K;HPQ,, salicylic acid and H,0, showed a
positive correlation between the concentration and the effect on the
pathogenic fungi. Other chemical inducers exhibited unclear correlationship
between their concentration and the infection percentage.

Peroxidase and polyphenol oxidase activity in soybean plant treated

with some chemical inducers as soaking seed

Data in Table (4) indicate that cobalt sulfate (1.0ppm), salicyiic acid
{7.5 mM), ascorbic acid (150 ppm) and K;HPO, {10 mM) caused the highest
activity in the peroxidase and polyphenoi oxidase.
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Takle (3): Effect of soaking soybean seeds in chemical inducers on soybean damping-off disease

inducers concentration | Pre% Post % Survival % )
R. . , . M. Mean! R S . Mean
solani | rolfsii |phaseolin ralfsii | phaseolina solani | rolfsii | phaseotina
Potassium 5mM 458 a7 ) 67 Y 167 417 41.7 417 T
phosphate 10mM 292 16.7 . 8.3 4.2 62.5 70.8 29 2
15mM 33 292 . 125 4.2 107 54.2 54.2 6.6 57.0
Salicylicacid  [2mm SR 3rh 125 [ 167 | 125 f 458 1‘37“.5 500
Smi 375 292 8.3 8.3 83 54.2 54.2 62.5
7.5mM 16.7 16.7 4.2 4.2 4.2 79.2 75.0 79.2 59.7
Hydrogen 1ppm 583 50.0 16.7 167 16.7 250 25.0 333
peroxide 2.5ppm 84.2 50.0 12.5 12.5 16.7 33.3 37.5 33.3
_ |5ppm 54.2 45.8 16.7 125 | 125 48| 29.2 29.2 41.7 32.0
Cobalt sulphate {0.5ppm 50.0 417 125 16.7 B.3 37.5 375 80.0
1.0ppm ) 292 20.8 8.3 8.3 4.2 62.5 66.7 75.0
1.5ppm 37.5 292 12.5 125 | 83 10.2 1 50.0 54.2 62.5 55.6
Ethephone 100ppm 625 500 16.7 16.7 12.5 20.8 29.2 375
200ppm 58.3 50.0 12.5 16.7 16.7 29.2 29.2 29.2
300ppm 58.3 50.0 16.7 12.5 2.5 153 [ 25.0 37.5 250 29.2
Ascorbic'acid ™ [100ppm 458 417 16.7 16.7 125 375 | 333 4538
150ppm 333 250 12.5 8.3 8.3 542 62.5 66.7
200ppm 37.5 33.3 16.7 16.7 16.7 9| 458 458 |  50.0 49.1
Gibberelhc acid | 180ppm 583 50.0 16.7 16.7 187 255 333 333
150ppm 54.2 . 45.8 28.8 22.8 15.5 250 55.0 41.7
200ppm 50.0 | 41.7 29.2 25.0 20.8 91 208 5.0 37.5 296
Fungus 62.5 3 50.5 208 16.7 125 1’56 | 167 gs,o 7.5
Fungus+ 8. faponicum 1 458 5 (375 ¥ 42 1 1 458 | 583 58.3 5411
B. faponicum 83 3 83 ] ,2__| 42 BY.5 | 875 87.5
Soil free 5 . 5 3 83 79.2 79.2 79.2
[ L.SDat 5% : ‘ {66 | 59 | 183 1T 83 | 102

2002 42queAoN ‘(LL) ZE “Aun einosuey 1og by
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On the other hand H;Q, and Ethephone exhibited lower activity in
peroxidase and polyphenol oxidase.

Table (4): Activity of peroxidase and polyphenol oxidase enzymes of
soybean G35 v. as affected by seven inducer chemicals as
seed soaking under greenhouse

Treatment Concentration Peroxidase Polyphencloxidase
R S. [ M. R. 5. M.

solani| rolfsii | phaseolina| solani| roifsii |phaseotina
Potassium 5.0 1.21 | 1.1 1.17 0.15 | 0.12 0.14
phosphate 10.0 1.50 | 149 1.22 029 | 0.31 Q.41
15.0mM 1.29 | 1.20 1.16 0.19 | 0.13 0.15
Salicylic acid 2.0 1.30 | 1.41% 1.21 0.23 | 0.30 0.28
: 5.0 1.83 | 1.69 1.56 0.70 | 0.67 0.58
: 7.5mM 1.80 | 1.80 1.75 0.78 | 0.75 0.76
Hydrogen 1.0 0.79 | 1.03 0.98 0.08 | 0.10 0.08
peroxide g 2.5 111 | 1.34 1.13 0.19 | 0.24 G.20
3 5 ppm 1.15 | 1.72 1.15 021 ] 027 0.18
Cobalt sulfate ‘= 0.5 0.99 | 1.07 1.20 0.31 | 0.27 0.37
2 1.0 192 | 1.77 1.81 0.67 § 050 0.71
5 1.5ppm 1.25 | 1.12 1.30 0.67 | 047 056
Ethephone i 100 0.79 | 1.01 096 0.10 | 012 0.10
o 200 1.05 | 1.30 1.21 0.11 ] 018 0.15
i 300ppm 1.38 | 1.45 1.25 0.18 | 022 0.14
Ascorbic acid : 100 101 | 0¢8 1.11 0.15 | 010 0.18
: 150 1.62 | 1.51 1.62 050 | 0.53 0,59
i 200ppm 1.38 | 1.3 1.20 0.25 | 0.23 0.20
Gibberelic acid | 100 117 | 1.20 1.12 0.15 | 017 0.13
i +50 1.31 | 1.4% 1.38 0.18 | 0.26 0.25
‘ Z200ppm 125 | 1.33 1.25 0.16 | 0.18 Q.17
Pathogen 0.76 | 0.65 Q.55 013 | 017 0.14
Path.+ 8. japonicum 064 | 0.72 0.58 017 | 0.21 0.5
B. japonicum 0.81 | 0.83 0.75 0.32 | 0.40 0.29
Untreated soil 0.55 | 0.61 0.45 0.10 | 0.15 0.12

Effect of seed soaking with chemical inducers on nodulation with
B.japonicum and plant growth parameters after 75 days from sowing in
soil infested with pathogenic fungi

Table {5) indicate that the infection with R.solani, S. rolfsii and M.
phaseolina had a drastic effect on the nodulation of the tested soybean
cultivar (Giza35), there were no nodules formed on roots from infested soll
with R.sclani,or &. rolfsii. However, the number of nodules per plant
decreased significantly in case of infection with M. phaseolina, which gave
the lower value in dry weight as nodules compared with the control
{Bradyrhizobium. japonicumy) treatment, which resulted in the highest number
of nodules after 75 days from sowing. Resulis also, indicate that the infection
with tested pathogens individually significantly decreased dry weight of
shoot. Rhizoctonia solani and R. roifsii was the most effective causing higher
reduction followed by M. phaseolina compared with dry shoot of contro! plant
(B. japonicum). Also these pathogenic fungi caused significant decrease in
N,-content of shoot/ptant.
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Table (5). Effect of seed soaking with chemical inducers on plant nodulation and some growth parameters after

75 days from sowing in soil infested with R. solani, 8. roifsii and M. phaseolina {

andM. ofina (in greenhouse)
No. of nodules/plant Dry weight of nodules Dry weight of shoot Nz-content of shoot
Treatments L N __{mg/ptant) . Amgfplanty |~ (mg/plant) |
T‘ Q@ [ o ]
& = g I F = -‘-..E. = g = % © B 'E % =
a ) ?."u'_ 3 8 2 ] 3 “2 3 8 a3 o . g : & [ s i : 8 «©
TP TE ] 2% |78 R £ |Ys "% FE | S8 "8y | 8
£ £= = £
Q Q Q, Q.
KHPO, 48 | 43 60 [50.3| 264 | 238 | 271 |257.7| 85 | 81 | 87 | 843 | 255 | 235 | 260 | 250.0
Salicylic acid 58 | _45 57 _|53.3] 300 | 269 | 306 ;281.7] ©9 | 67 | 102 | 993 | 250 | 291 | 300 2933
Hz0, 42 143 48 443! 220 | 200 | 214 121131 65 | 8.1 65 | 7.03 ] 245 1240 | 246 (2437
Cghalt sulphate 56 | 57 50 [543 319 | 269 | 306 [207.0] 103 1103 108 [ 105 | 300 | 250 [ 310 |286.7
Ascorbic acid 45 | 50 45 467 309 | 282 | 299 |296.7] 93 | 86 | 93 1907 | 290 | 292 | 298 [2937
GA3 20 125 35 1280 190 | 177 | 128 |185.0] 83 | 84 | 84 | 837 | 200 | 204 | 217 |207.0
Ethephone 40 [ 40 43 14101 223 | 205 | 200 12093( 80 501 | 82 737 | 228 [230 | 225 |227.7
Pathogen 0.0 | 0.0 00 (00 00 |00 [ 00 |00 |23 181 27 |227] 80 [ 66 | 89 | 783
"Path + B/ 00 oo 70 T23[ 00 |60 30 10.0”4 44 [ 38 ] 42 [413{ 3110 1 99 { 121 {110.0
B. japonicum 40 | 40 | 40 14000 197 } 197 | 197 [197.00 78 | 78 | 78 | 7.8 | 226 | 236} 226 |226.0
Untrealed 00 [ 20 00 100 00 |00 ] 00 06 {41 1411 41 41 | 123 | 123 | 123 11230
L.S.D at 5% 421 268 | 354 9.02 | 180 | 128 0.59 ],giai[ 100 |~ 8.58 | 8.03! 636
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Seed treatment with chemical inducers in presence of B. japonicum
improved nodulation. Cobalt sulphate followed by salicylic acid(SA) and
KHPO, increased nodules number from 40(8. japonicum) to 54.3, 533.3 and
50.3, respectively. On the other hand, GA; treatment showed lower effect.
The same trend of nodules dry weight was obtained with cobalt sulfate.
Ascorbic acid, SA and K,HPQO,. Concerning dry weight of shoot, all
treatments with chemicai inducers to seeds previously inoculated with B.
japonicum and sown in infested soil with pathogenic fungi resuited in dry
weight of shoot. Cobalt sulfate, SA, Ascorbic acid and K,HPQ, gave increase
in shoct dry weight compared with (pathogen + B. japonicum). Other
treatments, i.e., ethephone and H;0, gave the least amount of dry weight.
Simitar resuits were observed due o Ny-content of shoot per plant. While
ascorbic acid was the most effective and increased N.-content of
shoot followed by SA and cobalt sulphate.

Effect of chemical inducers used for the control of damping-off disease
on growth and nodulation in two successive seasons and their
combined analysis at 75 days after sowing (2004 and 2005)

Data in Table {6) show a significant increase in stem length of
soybean in response to the use of chemical inducers as seed soaking over
the control { B. faponicum only) except for the use of with ascorbic acid. The
most effective inducer was SA followed by cobalt sulphate and K;HPO, in
2004. In 2005 growing season the data showed a simitar trend to that
obtained in 2004. Minor differences, however, were observed; cobait sulfate
was the most effective inducer. Mean plant length for both seasons ranged
from 69.3 0o 81.9 cm.

Mean of dry weight for both seasons ranged from 23.5 to 28.7
g/plant, respectively. Dry weight of shoot resulting from cobalt sulphate and
SA was greater than of cther chemical inducers. Also, number of nodules per
ptant in the induced plants increased significantly over the control plants (pre
treatment plants} with priority to SA treated plants while, recorded the highest
number of nodules plant in both seasons. The SA followed by cobalt sulphate
gave the best results followed by K;HPQ, and ascorbic acid over both tested
seasons. Concerning dry weight of nodules means of dry weight of nodules
higher in both tested seasons and ranged from 520 to 625 mg/plant.

Microbial density in the rhizospher;

Data in Table ( 7 ) showed that ascorbic acid and SA had the hrghest
effect an number of different microorganisms recorded being 7.5 x 107, 6.7 x
10° and 1.4 x 10° for bacteria, actinomycetes and fungi, respectively, 75 day
after sowing of ascorbic acid treated seeds. The corresponding numbers due
to salrcyhc acid treatments under the same conditions were 5.7 x 107, 4.0 x
10° and 1.8 x 10°. Simiar trend was noticed at harvest stage but with marked
decline in densities of various rhizosphere groups. In contrast the application
of K,HPO, was the lowest in numbers count of bacteria, actinomycetes and
fungi in both growth of 75 and harvest stages.
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Table (6): Effect of chemical inducers used for control of damping-off disease on growth and nodutation status
in two successive seasons and their combined analysis at 75 days after sowing (2004and 2005)

T '"mﬁt_ﬁ'gmgmip{lﬁ‘)'jﬁ " DW.ofshoot) |  No.of nodules  |Dry weight of nodules|  N-content of |
Treatments {shoot length cm) {shoot dry weight {g) {no/plant™ (mgiplant™ shaot (mg)/plant
) . ) {content/plant) |
2004 2005 T 2004 | 2005 2004 | 2005 | 2004 {2005) 2004 12005

Combined
analysis
Combined
analysis
Combined
analysis
Combined
analysis
Combined
analysis

KHPO, 702 1707 ] 706 | 2371 245 | 241 | &0 75 775 561 | 536 | 548 641 | 6407 640.5
Salicylic acid 833 |B0.2| 818 | 27.0 | 283 | 27.7 94 96 950 | 591 | 600 ! 59 704 700 | 702.0
Ascorbic acid 695 |69.3) 694 | 232 1 23.8 | 235 78 72 750 | 540 | 501 520 £50 | 595, 5725
Cobalt sulphate B0OO |819| 810 | 289 | 285 | 287 86 90 | 880 | 640 | 610 625 650 1890 | 670.0
B, japonicurm 621 |647| 694 [ 217 [ 233 | 225 | 76 | €9 725 | 500 | 480 | 490 480 [ 530! 505.3
Control 553 | 502| 528 | 14.8 1159 | 154 15 13 14 107 | 98 102 | 320 | 30t 3105

L SDat5% 284 [155| 151 [ 349 | 259 | 200 | 421 | 882 | 458 | 254 (1613 1405 | 40.4 |266] 225
s T 214 | ns I [ D oes | 1962 ] 318 |

1007 “19qUIBAON “(LL) ZE “Aluf BAnOSuBW 198 ouBY T
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Table (7): Effect of the inducers on the microbial densities in the
rhizosphere under field conditions in 2004 and 2005

seasons
Induces 2004 (51 2005 (S2)

Bacteria tinomycetes Fungi Bacteria |tinomycetes Fungi

X10’ 10 x 10° x10’ 10 x 10°

*75 f*Har | *75 {*Har | *75 p*Har | ‘75 fHar| *75 PF*Har 75 FHar
JHFO, 34 J 22 {25 [ 15 |11 |06 190 [18] 23 113 [11] 08
alicylicacid | 57 38 | 40 [ 24 |18 | 1.0 | 50 |31 36 |20 |16 08
obaltsulfate: 55 | 54 125 | 15 |11 |08 |22 {21 21 {12 [10 | 06
scorbicacid | 75 | 55 | 57 | 45 |14 |12 |70 |48 ] 682 |41 12| 10
. fjaponicum : ! L

36 116 [ 1.8 [ 20 (16 (1.0 |31 §15( 16 {18 [10] 1.0
*75 days after planting
**Harvest stage for planting
Number before planting (st) (S2)
Bacteria 1.5x10° 1x 10°
Actinomycetes 1.4 x10° 1x10°
Fungi 0.8 x 10* 28 x 10"

Effect of chemical inducers on pre-and post-emergence damping-off
disease in both successive seasons{2004 and 2005) and their combined
analysis _

Results of the field experiments are presented in Table (8). In 2004
growing season, seed soaking treatment by chemical inducers in prasence of
B. japonicum decreased pre and post-emergence damping-off compared
with untreated seed (B. japonicum only). Chemical inducers differed in their
effect. Salicylic acid followed by cobalt sulphate and K,HPQO, were the
highest effective as seedling emergence was increased, where the survived
ptant average were 82.5, 82.2 and 77.9%, respectively. On the other hand,
ascorbic acid was the least effective. Results obtained during 2005 growing
season were almost the same as in 2004. Minor differences, however, were
observed. Cobalt sulphate was more effective in controlling seedling disease
in 2005 than 2004. However, in case of ascorbic acid, the effect was reduced
in 2005 than 2004 seasons. '

Ajso, results demonstrated significant differences ameong tested
chemical inducers in the percentage increases of survival in 2004 growing
season. Cobalt sulphate followed by SA, K;HPGC, and ascorbic acid were
found to have the most effect in increasing survival percentage. In general,
similar results were obtained in the second season 2005. The average of
pre-damping-off in 2005 was slightly high than recorded in 2004. SA followed
by cobalt sulfate, K;HPO, gave the highest percentages of survival 80.9 79.8
and 72.9%, respectively. The effect of ascorbic acid was the least treatment.
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Tabile (8): Effect chemical inducers on pre-and post-emergence
damping-off disease in two successive seasons and their
combined analysis (2004and 2005)

Pre % Paost % Survival %
Treatments | 2004 | 2005 | Combined | 2004 | 2005 | Combined ! 2004 | 2005 | Combined
analysis analysis analysis
KHP O, 154 | 184 16.9 8.7 8.7 7.7 77.9 | 72.9 75.4
Salicylicacid | 12.8 | 14.2 13.6 4.9 4.9 4.9 82.2 | 80.9 81.6
Cobalt sulfate] 13.3 | 22.6 21.0 3.5 9.6 9.6 712 1 67.8 89.5
Ascorbic acid| 13.7 | 13.9 13.8 3.8 6.3 5.1 82.5 | 79.8 81.2
B. japecnicum ; 205 | 23.7 22.1 9.6 | 10.2 9.9 £9.9 | 5561 68.0
Control 28.2 | 33.7 31.0 12.7 | 147 13.7 i 581 | 516 55.4
L.S.Dat5% | 1.45 | 2.96 1.54 0.43 | 0.74 0.57 145 | 3.49 1,77
*T xS 2.18 0.40 2.50

*T: Treatment  **3: season

Effect of chemical inducers on biological yield and crop parameters
{2004 and 2005)

Results in Table (9) indicate that the chemical induced plants
recorded significantly higher values of biological yield and crop parameters
comparison with untreated plants (B. japonicum only).  Also, differences
were positively significant among chemical inducers treatments in their effect
on biological yield for plot (8.4m°). The highest biological in 2004 growing
season was obtained from plots treated with SA followed by those KoHPO,,
cobalt sulfate and ascorbic acid in comparison with control (8. japoricum
only). The season 2005 recorded a similar trend to that obtained in 2004.
Minor differences, however, were observed. Cobalt sulphate was more
effective in increasing biological yield in 2005 than in 2004. However, in case
of ascorbic acid, the effect was lower than 2004. Concerning pod number of
plant, some improvements were observed with chemical inducers as seed
soaking in all yield components. In 2004 SA, cobalt suiphate and K,HPQ,
with exception for ascorbic acid had significantly increased pcd number of
plant 9 (13.3%), 11.4 (15.4%) and 5(8.5%), respectively, over that in the
contral (B. japonicum only). In 2005 growing season, data showed a similar
trend to that obtained in 2004. On the other hand, chemica! inducers as seed
soaking with exception of ascorbic acid affected significantly seed weight
yield. The highest yield was due to K;HPQ, followed by SA or cobalt
sulphate. The increases of seed yield over the untreated plot (8. japonicum
only), due to the apgplication of K;HPQ,, SA or cobait were 29.9, 29.3% and
29.3, respectively, over those obtained by the control. ©n the other handg,
owing the differences among these inducers for seed protein percentage, the
mean seed protein percentage ranged over years hetween 32 and 36.5%.
Cobalt suiphate, ascorbic acid or SA significantly increased seed protein
percentage by 55, 5.1 and 4.1%, respectively. However, the lowest
treatment in increasing this value was K;HPO, (0.6%). Concerning straw
protein percentage, the mean straw protein ranged over years between 18.1
and 27.1%. SA and ascorbic acid were the most effective treatments.
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Tabie (9): Effect of the tested chemical inducers on biological yield and crop parameters under field condition in
both successive seasons (2004-2005)

"Biological yield Pod number/plant Seed weight (kg/plot) Seed protein % Straw protein %
Treatments {kg/plot)
2004 | 2005 2004 | 2005 2004 | 2005 2004 | 2005 2004 | 2005
o © o 8 -1
& 2 ) o @ & »
Ew L] Ew cao Ew
5 = 5= g% g > 55
EE ER ED ES ES
3" 3" 3s 3® 38
KoHPO, 6.88 | 7.04 6.96 83.7 68.1 85.9 2.39 2.38 2.3% 347 | 349 34.8 245 [ 257 ] 251
Salycilic acid 7.44 | 7.24 7.34 67.7 70.3 89.0 2.40 2.35 2.38 359 | 36.1 36.0 211 1210 271
Cobalt sulfate 6.65 | 7.36 7.00 60.5 63.1 61.8 2.39 2.36 2.38 36.7 | 36.3 36.5 253 [265] 259
Ascorbic acid 6.20 | 5.96 6.08 70.1 72.5 71.3 1.99 1.80 1.90 369 | 358 36.4 269 (272 271
B. japonicum 5.88 | 68.05 5.97 58.7 60.1 59.4 1.78 1.90 1.84 345 | 347 34.6 248 | 248B | 24.8
Control 4.70 | 5.20 4.95 48.3 53.7 51.0 1.20 1.24 1.22 31.9 | 32.1 32.0 18.3 1178 181
L.SDat5% 0.31 | 0.26 0.19 39 3.3 0.10 0.27 0.27 0.18 179 1085 0.95 1.2 0.86| ¢.70
TS 0.27 24 0.25 n.s 1.0

*T: Treatment
**3: season
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DISCUSSION

Soybean (Glycine max (L.) merr) is one of the most impertant food
crops in Egypt and many other parts of the world. Soybean production in
Egypt has been reduced greatly due to the attack by damping-off disease
caused by a number of pathogenic fungi. Methods of planting and culturai
practices can provide considerable control, but these procedures are stii! not
sufficient to fully damage of root disease and to achieve high yields in this
cropping system. Nowadays, the potential of certain chemicais as inducers to
control soil-bore plant pathogens when introduced into the rhizosphere as
seed dressing or soit drench has been well documented (El-Mougy, 2004).
Greatest success with this strategy will likely depend on kind of abiotic
chemical selected for their rhizosphere compliance or: the host plant target
for production as weft as their ability to protect against the target soil-borne
pathogens. The present study investigated the possibility of minimizing
damping-off disease of soybean using seven chemical compounds as
resistance inducers in presence of Bradyrhizobium. Japonicum strain 3407,
Results obtained indicate that soybean treatment with these inducers
reduced pre and post emergence damping-off and increase survival plants
compared with untreated seed treatment (pathogen + B. Japonicumy}.
Salicylic acid followed by K,HPQ, , Cobalt sulfate and ascarbic acid were the
most effective treatments, they recorded the highest percentage of survived
plants under field conditions. Cobalt sulfate (1.0ppm)} followed by SA (7.5
mM), KHPO, (10 Mm) and ascorbic acid (150ppm) in presence of B.
Japonicum were the most effective in controlling damping-off during both
2004 and 2005 seasons. The role of chemical inducers in induced resistance
has been reported in different researches. Application of SA stimulated
biosynthesis of different families of P-Rproteins (Raskin, 1992) and
increasing the activities of chitinase, peroxidase and B-1.3-glucanase (Tiiak
et al., 2002). Reuveni et al. (1995) indicate that treatment with phosphate
associated with systemic resistance to different diseases, (El-Wakil and
Metwally (2000) found that seed treatment with ascorbic acid, salicylic acid,
decreased pre-and post-emergence damping-off of peanut under
greenhouse.

Seed treatment with ethephone, H;O, and GA3 showed no
significant effect compared with the control {Pathogen + B. Japcnicum).
Apptication of Co™" as suppressor of ethylene biosynthesis was found to be
effective in reducing dowing mildew as seed or foliar treatment. The
efficiency of Co™ as an inducer of SAR was reported by Aly et al. (1893) seed
treatment with ethephone is not agreement with resuits obtained by Ibrahim
(1993}, this may he attributed {0 the low concentration. Also, seed treatment
with H,O, is not in agreement with the results obtained by Saliem et al.
(1992) and Abodou et al. (1999).

Data of number and dry weight of nodule ptant grown in infested soil
with pathogenic fungi and inoculated with B. Japonicum gave the lowest
number of nodules with average reduction of 100, 100 and 82.6% after 75
days of sowing when compared with non-infested ones (B. Japonicum only),.
Such reduction in nodule numbers could be explained by the detrimental
effect on the pathogens with the survival of rhizobia in the rhizosphere and
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nodule formation. These results are confirmed by the observations recorded
by Ghobrial et al. (1996), Mousa (1969) and Eisa (1998) who noted that the
percentage of Fusarium spp and Selerotium spp., capable of rapidly killing
the root of alfalfa plants might be due to impaired of metabolism of the plant
than direct antagonism of the fungi to Rhizobium. When the pathogen was
controlled by soaking seeds in chemical inducers and inoculated with B.
Japonicum.

The negative effect caused by R.solani, S. roffsii and M. phaseolina
infestation on nodule formation was less detected particularly in SA or Cobalt
sulfate treatments, the average increasing was {45, 12.5 and 42.5%), (40.0,
42.5 and 25%) after 75 days respectively, compared with non-infested ones.
Aiso, it was found that higher dry weight of nodules were recorded dry ptants
grown under B. Japonicurn + Cobailt sulfate followed by ascorbic in infested
soil with each of pathogen, the average value of these treatments were
(319.296 and 306} for cobait, (309, 282 and 299) for Ascorbic acid, (300,
269 and 306) for SA and (264, 238 and 271 mg/plant) for K;HPO, after 75
days for sowing. Infestation of soil with pathogenic fungi of soybean plants
resuited in variable decrease in plant growth parameters. However, the
detrimental effect due to pathogen infestation was less detected in treatment
‘after 75 days of planting, in the control treatment, R. scfani, S. rolfsii and M.
phaseclina drasticaily reduced plant growth compared to non-infested ones.
The decreases in plant growth parameters caused by aforementioned
pnathogens were (43.9 and 35%), (56.1 and 46.3%) and (34.1 and 27.6%),
respectively, for shoot dry weight and N.-content. Increasing in shoot dry
weight due to {pathogen + B. Japonicum + cobalt, Pathogen + B. Japonicum
+ AS and Pathogen + B. Japonicum + Ascorbic acid were (134.1, 171.4 and
109.5%), (125, 1553 and 142.9%) and (1114, 126.3 and 121.4%),
respectively. Biological yield and growth parameters were hnghly significant
decrease in control treatment.

Further studies are needed to study the use of selected combination
of B. Japonicum and chemical inducers that might be one of the possible
approach to increase the degree and consistency of damping-off control.
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