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VI- EXPERIMENTAL RESULTS

Isolated fungi and their frequency:

Different fungi were isolated from snap bean and snow pea pods
showing rot symptoms collected from Giza, Behaira, Ismailia,
Menoufiya, Noubariya and Beni Suef during season 2004, Cultural
characteristics and microscopic examination revealed that, the
obtained isolates belonged to five different genera of fungi namely;
Alternaria spp., Botrytis cinerea, Fusarium spp.. Penicillium spp. and
Sclerotinia sclerotiorum (Table, 1).

Also, data in Table (1) indicated that, Sclerotinia sclerotiorum
and Botrytis cinerea were most dominant followed by Alfernaria spp.,
Fusarium spp. and Penicillium sp. Out of the total number of fungal
iolated ie. 38 from different localities 14 were Sclerotinia
sclerotiorum (36.84%), 11 Botrytis cinereq (28.95%), 5 each of
Alrernaria sp. (13.16%) or Fusarium sp. (13.16%) and 3 Penicillium
sp. (7.89%). Sclerotinia sclerotiorum and Botrytis cinerea Wwere
isolated from all 5 locations, except B. cinerea on Paulista cv. at
Menouf only. While, Alternaria spp- and Fusarium spp. were isolated
from only three locations. Fungus Penicillium sp. was isolated from
two locations. According to the variety of bean and the locations that
showed pods rotting, data revealed that, Ismailia, El-Tahrir and Beni
Suef locations were suitable for the infection of S. sclerotiorunt on
Paulista and Bronco cvs. While, Ismailia and Ei-Tahrir were suitable
for Botrytis cinerea on Paulista cv.. meanwhile, Giza was suitable for
the same fungus on Bronco cv. Paulista cultivar was the most
susceptible to Penicillium sp. at Ismailia and Menoufia locations. On
the other hand, Ogzyra and Emy cultivars were morc resistant to
Alternaria spp., Fusarium spp.. and Penicillium sp. at Noubariya and
Giza, respectively.
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Accordingly, data in Table (1) indicated that snow pea pods were
infected by three isolates which have been isolated from the two
different locations, 2 were Botrytis cinerea (66.67% from El-Tahrir
and Noubaria locations), one isolate was Sclerotinia sclerotiorym
(33.3% from El-Tahrir location). On thé other hand, at El-Tahrir and
Noubariya no infection was recorded with Alternarig SPp.. Fusarium

Spp. and Penicillium sp., on snow pea pods.

Pathogenicity:

Data in Table (2) indicate that, all the tested fungi were able to
infect pods of snap bean Paulista cv., while, only Botrytis cinereq and
Sclerotinia sclerotiorum were able to infect snow pea pods (Snow
Wind cv.), with insignificant differences between them. The infection
of snap bean pods by different isolates ranged between 4.66 - 93.00%.
The highest pod rot infection ;. e., 93.00 and 75.00 were recorded by
Botrytis cinerea and Selerotinia sclerotiorum, (Pheto, 3) respectively.
However, the lowest infection on snap bean pods was recorded by
Penicillium spp. ( 15.00%), Alternaria spp. (8.33%) and Fusarium Spp.
(4.66%), respectively. No significant differences were recorded
between Penicillium Spp., Alternaria spp. and Fusarium spp. in %
disease severity on snap bean pod.

Concerning snow pea (Snow Wind cv.) was only infected by
Botrytis cinerea and Sclerotinia sclerotiorum and showed the highest
severity diseases on pods of snow pea by 96.66 % and 94.00%,
respectively. No significant differences between gray and white molds
diseases. Meanwhile, no infection were caused by Alternaria spp.,

Fusarium spp., Mucor Sp., and Penicillium spp. on snow pea.
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Table (2): Severity of different isolated fungi infection on snap bean
(Paulista cv.) and snow pea (snow wind cv.) pods after
‘ncubation at 20+£2°C for ten days. (Pathogenicity test).

%Severity of infection of pods

Tested isolated Fungi
Snap bean (Paulista cv.) | Snow pea (Snow wind cv.)
Affemaria spp. 8.33 0.60
Botrytis cinerea 93.00 96.66
Fusarium spp. 4.66 0.00
Peniciffium spp. 15.00 0.00
Sclerotinia sclerotiorum 75.00 94.00

L.S.D atd% 18.54 5.05
B e

Pheto (3): Snap bean pods artificially inoculated with B. cinere (left)
and S. sclerotiorum (right) show severity infection.
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1- Varietal reaction ,
Data in Table (3) and Photo (4) when the B. cinerea and S
sclerotiorum were tested against four snap bean cultivars i.e., Bronco,
Paulista, Ogzyra and Emy. Data showed that, the two pathogens were
able to infect the four bean cultivars. In this respect, B. cinerea
(68.74) was more aggressive than S. sclerotiorum (37.16) on all
cultivars. On the other hand, Emy cultivar was most tolerant to
infection with B. cinerea and S. sclerotiorum in artificial inoculation
and resulted 43.33% and 6.66%, respectively. Meanwhile, Paulista
and Bronco cvs. were susceptible to B. cinerea and recorded 90.0%
and 78.33%, respectively. The same trend was shown on these
cultivars against S. sclerotiorum. Ogzyra cultivar was moderately
susceptible as it recorded 63.33% for B. cinerea and 11.66% of S.
sclerotiorum. Data also indicated that, Emy cv. was hi ghly tolerant to
infection with the two pathogens when compared with other cultivars.
Also, results showed that Paulista cv. was highly tolerant under
natural infection conditions when compared with other bean cultivars.

Table (3): Comparative reaction of the two pathogens fungi (B. cinerea and
§. sclerotiorum) against four snap bean cvs. after incubation at

2522°C for ten days.
Cultivars %Severity of infection
Botrytis cinerea S. sclerotiorum Natural infection

Bronco 78.33 80.33 5.00
Paulista 90.60 50.00 0.00
Ogzyra 63.33 11.66 10.00

Emy 43.33 6.66 6.66

Mean 68.74 37.16

L.SDat5% NS 19.79 271

M
Expevimental Results 50




£

o

A = Bronco B = Paulista C=Emy D =0Ogzyra

Photo (4): Snap bean pods (four tested cultivars) artificially
inoculated with B. cinerea (upper) and S. scleratiorum
(lower) show different degree of severity infection.

2- In vitro Studies:
a- Enzymological studies of the two pathogenic fungi.
1-In culture filtrates.

Data in Table (4) show, the enzymatic activity (as loss of
viscosity%) of polygalacturonase (PG), cellulase (Cx) and pectin
methyl esterase (PME) in culture filtrates of B. cinerea and S
sclerotiorum.

Data indicated that the two tested pathogens varied in the
production of PG. Cx and PME in their culture filtrates. B cinered
was more active in producing PG than S sclerofiorum. Also. a
positive correlation between enzyme production and the culture age of
the fungi. It was clear that the enzyme activities were inereased by

increasing the reaction time from 15 to 30 minutes at 30°C and by the

e ]
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longer age of culture from 7 to 15 days. B. cinerea gave the highest
activity (82.14% loss of viscosity) when compared with (51.61% of
loss of viscosity) of S. sclerotiorum after 30 minutes of incubation
period in 15-days-old cultures.

Data also revealed that, the two tested fungi produced Cx enzyme
in carboxy methyl cellulase (CMC) medium and the same trend was
noticed for increasing of the enzyme activity with incubation period of
B. cinerea and S. sclerotiorum. On the other hand, B. cinerea was less
active for production of Cx (51.61%) than S. sclerotiorum (73.33%)
after 30 minutes from incubation period and 15 days old of the culture
filtrate age.

Table (4): Determination of cell wall degrading enzymes pectin methyl
esterase (PME), polygalacturonase (PG) and cellulase (Cx)
produced in synthetic medium.

Incubation | Time of | %Loss of viscosity (enzyme activity) PME 0.01 N {(NaOH)

period | reaction ; Bofrytis cinerea | S. sclerotiorum B S.
(days) | (min) | PG Cx PG Cx_ | cinerea | sclerotiorum
15 38.70 | 31.57 | 32.00 ; 2352
7 7.70 6.20

30 6451 | 4736 | 5200 ; 2941

15 | 4642 | 3103 | 3225 | 36:66
15 9.50 8.60
30 | 8244 | 5161 | 5161 | 7333
e ————————————————————————————————————

Also data revealed that, B. cinerea and S. sclerotiorum varied in
production of (PME) enzyme in culture filtrates. which increased by
increasing of the culture filtrate age from 7 to 15 days old. The highest
PME enzyme activity in culture filtrate was obtained from B cinerea
(9.50) compared with (8.60) from S sclerotiorum in 15-day-old
cultures.
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2- In infected tissues of snap bean pods:

Data in Table (§) show, the activity of PG, Cx and PME were
estimated in healthy and inoculated snap bean pods after 7 and 15 days
from inoculation with B. cinerea and S. sclerotiorum after storage period
at 2542°C. Results show that the enzyme activities were varied according
to pathogen, incubation period from 7 to 15 days and the time of
viscosity reaction during the incubation period from 15 to 30 min at
30°C. It found a positive correlation between the enzyme activities from
infected bean pods and the storage periods as well as the time of reaction.
The highest PG activity was noticed in pods inoculated with B. cinerea
after 7 and 15 days from the storage and after 30 min of reaction time
(56.26 and 68% loss of viscosity) compared with S. sclerotiorum
inoculation which resulted 37.5 and 58.33%, respectively while, the PG
activity was 28.20 and 62.85% in healthy pods.

Meanwhile, cellulase Cx enzyme activity was high in healthy pods
or those inoculated with S. sclerotiorum compared with those inoculated
with B cinerea which recorded 62.96, 56.00 and 36.36% loss of
viscosity, respectively, after 15 days old from pods storage and 30 min.
of reactton of incubation period fime.

Table (5): Determination (PME), (PG) and (Cx) activities in healthy and
inoculated snap bean pods after 7 and 15 days from storage

eriod at 25+2°C.
Incubation | Time of %Loss of viscosity (Enzyme activity) PME 0.01 N (NaOH)
period | reaction B. s‘. Heafthy B. S.
days min ¢inerea sclerotiorum . . Healthy
{days) {min) 55 T cx T PG | ox 1 Be T ox ] cineres sclerotiorum
7 15 2162 | 2500 | 17.50 | 22.22 { 2564 | 16.16 0.00 0.00 8.50

0 56.26 | 35.00 |{ 37.50 ; 33.33 | 28.20 | 27.77
15 15 50.00 | 22.27 | 4166 : 40.00 | 40.00 | 2982 $0.10 §.30 720

30 68.42 | 36.36 | 56.33 | 56.00 | 62.85 | 62.96

Also data revealed that, B. cinerea and S. sclerotiorum were not
able to produce PME enzyme in bean pods after 7 days from storage
period. Meanwhile, only healthy pods exhibited activity of PME after
7 days from storage period. The PME enzyme was starting, either in
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healthy or both inoculated bean pods after 15 days from storage
period. However infected snap bean pods with B. cinerea exhibited
higher activity of PME after 15 days from storage followed by snap
bean pods infected with S. sclerotiorum and healthy one, respectively.

3- In infected tissues of Snow pea pods:

Data in Table (6) show PG, Cx and PME enzyme activities were
estimated in snow pea pods tissues after 7 and 15 days from storage at
25£2°C and inoculated with B. cinerea and S. sclerotiorum or healthy
pods. Data show that enzyme activities varied according to the pathogen,
the incubation period and the time of reaction. Also, positive correlation
was found between the enzyme activities in the snow pea pods and the
storage period and time of reaction. The highest enzyme activity was
recorded in pods inoculated with S. sclerotiorum after 7 and 15 days from
storage and after 30 min of reaction time (41.17 and 57.17%) compared
with 21.05 and 42.85% in pods inoculated with B. cinerea and 33.33 and
37.50% in healthy pods. On the other hand, activity of cellulose by Cx
enzyme was high in pea pods after inoculation with S sclerotiorm
(63.15%) compared with (41.17%) inoculated with B. cinerea and in
healthy pods (40.0%) after 15 days from pea pods storage and in 30 min
reaction time.

Table (6): Determination PME, PG and Cx activities in healthy and
inoculated snow pea pods after 7 and 15 days from storage at

25+2°C.
%Loss of viscosity (Enzyme activity) PME 0.01 N (NaCH)
Incubation | Time of B
period | reaction | B S Healthy B, s.
(days) (min) cinerea sclerotiorum cineres | sclerotiorum Healthy

PG | CX | PG | CX | PG ! CX

15 2106 | 15.38 | 2352 | 2000 | 1656 | 18.18
7 0o 0o 00
30 2105 | 2307 | 4117 | 4000 | 33.33 | 36.36

15 3333 | 2352 | 3609 | 4210 | 2500 | 2666
15 00 00 0o
30 4285 | 41.17 | 57.14 | 63.15 | 37.50 | 40.00
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Also, Table (6) revealed that PME enzyme was not detected in
healthy snow pea pods or those inoculated with B. cinerea and S

sclerotiorum after 7 and 15 days from storage.

b- Effect of some salts on linear growth and sclerotial yield of
the causal organisms inr vifro.
1 - linear growth:

Effect of several saits used at different concentrations on the
reduction of growth of B. cinerea and S. sclerotiorum were studied.
Data in Table (7) indicate that Max Guard and sodium bicarbonate
were the best effective on the growth reduction of B. cinerea and S.
sclerotiorum (88.5 - 100%). Also, Sanosil and Bafry as dis-infestants
were also effective in reducing the growth of B. cinerea (32.15 and
24.28%) and 82.74 and 83.37% for efficacy on S. sclerotiorum,
respectively. As well as, calcium sulphate, calcium chloride and
calcium carbonate were effective in reducing growth of S
sclerotiorum recording 33.74, 32.11 and 25.92%, respectively.

On the other hand, no effect on the linear growth of B. cinerea
was noticed in media containing calcium chloride, calcium sulphate,
calcium carbonate and potassium chloride. Meanwhile, potassium
chloride and potassium sulphate were un-effective on the growth of §.
sclerotiorum. Data also show that, no trend relation was noticed on the
growth of B. cinerea and S. sclerotiorum and with the different
concentrations of salts at 1000, 2000 and 3000 ppm when used under
this study.
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Table (7): Effect of different concentrations of some salts on the linear

growth (mm) of B. cinerea and S. sclerotiorum in vitro after 5
days at 25+2°C.

M
Botrytis

Treatments Conc. Cinerea Sclerofinia sclerotiorum
{ppm) Growth | o %) Growih Efficacy
(mm) L (m) (%)
1000 9000 [ 0000 | 9000 | 0000
Calcium chioride 2000 90.00 00,00 5500 | 3889
3000 90.00 06.00 3830 57.44
Mean 80.00 00.00 61.10 32.1%
1000 2200 177555 | 0000 | 10000
Sodium bicarbonate 2000 1000 | 888 | 00 10000
3000 00.00 100.00 00.00 100.00
Mean 10.67 88.15 00.00 100.00
0 TTwor | 0000 | 6330 | 267
Calcium sulphate 2000 9000 | 0000 | 4660 | 4822
3000 90.00 00.00 69.00 2333
Mean 90.00 00.00 59.63 3374
1000 9000 0000 | 9000 | 0000
Calcium carbonate 2000 o000 [TTooo0 | 7ooe | 2220
3000 90.00 £0.00 40,00 5555
Mean 90.00 00.00 66.67 25.92
o000 17900 | 1222 1 3160 | 6489
Bafry L2000 g 7000 | 2222 | 1330 85.22
3000 55.00 38.39 00.00 100.00
Mean 68.00 24.28 14.97 83.37
1000 000 220 | W00 | 6667
Sanosil 00 ITUste0 a6 1 iee0 | siss
3000 6160 31.55 £0.00 10000
Mean 64.07 32.15 15.53 82.74
1000 0000 | 10000 1T 0000 | 100.00
Max Guard 2000 0000 [ Tioooo | 0000 | ioooo
3000 (00.00 100.00 00.00 100.00
Mean 00.00 100.00 00.00 100.00
1000 900 | 0000 | 9500 | 0060
Potassium chloride 2000 9000 | 0000 | 9000 | o000
3000 90.00 00.00 90.00 00.00
Mean 90.00 00.00 90.00 00.00
J006 79000 | 0000 19000 | 0000
Potassium sulphate 2006 %000 | 0000 | 000 | o000
3000 90.00 00.00 90.00 00.00
Mean 90.00 00.00 90.00 00.00
Control 90.00 90 00
LSD at 5% for
Treatment (T) 516 17.76
Canc. {C) 283 930
Combination TXC 893 NS

Expervimental Results

56



2- Sclerotial yield:

The same nine different salts and compounds were used at
different concentrations to study their effect on yield of sclerotia
(number and weight/g) of B. cinerea and S. sclerotiorum (Table, 8).

Data in Table (8) revealed that, sodium bicarbonate and Max Guard
were the best effective on the sclerotial formation of B. cinerea and S.
sclerotiorum and caused complete reduction of sclerotia with all
concentrations. While, Sanosil caused complete reduction of sclerotia
formation only with S. sclerotiorum at all concentrations. Also, the
lowest number of sclerotia was harvested from B. cinerea when grown
on medium containing calcium chloride (2.66 as mean number of
sclerotia) and potassium sulphate (6.89-as mean of the sclerotia number).
Meanwhile, the highest numbet of sclerotia of B. cinerea was obtained in
media containing calcium carbonate (27.22) and calcium sulphate
(18.11), respectively. Concerning the sclerotial weight of B. cinerea, the
lowest weight in sclerotia resulted from used potassium sulphate (0.01),
calcium chloride (0.03) and potassium chloride (0.08), while, the highest
weight of sclerotia was obtained from using Sanosil (0.30 g) and calcium
carbonate (0.26 g) and calcium sulphate (0.21 g), respectively.

According to S sclerotiorum, data in Table (8) show that, the
highest number of sclerotia from S. sclerotiorum was obtained by using
calcium sulphate (19.44), followed by calcium carbonate (18.66),
calcium chloride (15.77) and potassium sulphate (12.89), respectively.
Meanwhile, the lowest number was resulted from using Bafry (3.3) and
potassium chloride (5.5), respectively. Concerning the sclerotial weight
of S sclerotiorum, the lowest weight in sclerotia was resulted from used
potassium chloride (0.11 g) and Bafry (0.12 g), while, the highest weight
of sclerotia was obtained from using calcium sulphate (0.92 g), calcium
carbonate (0.86 g) and calcium chloride (0.39 g), respectively.

57 Experimental Resubts



Table (8): Effect of different concentrations of some salts on sclerotial yield
(number and weight) of B. cinerea and S. sclerotiorum in vitro.

M
Botrytis cinerea Sclerotinia sclerofiorum
Conc. After 15 days old After 10 days old
Treatments Av. . Av. .
(ppm) Sclerot Sclerotial . Sclerotial
clerctia . Sclerotia .
number weight(g) number weight(g)
1000 533 0.07 L1366 | 044
Calcium chloride 2000 1.66 001 | 1600 0.38
3000 1.00 0.01 17.66 0.36
Mean 2.66 0.03 15.77 0.39
000 | 000 000 | 000 [ 000
Sodium bicarbonate | 2000 0.00 0.00 000 0.00
3000 0.00 0.00 0.00 .00
Mean| 0000 00.00 00.00 00.00
1000 20.33 0.23 2266 0.98
Calcium sulphate 2000 16.66 0.22 1533 | 104
3000 17.33 0.18 20.33 0.74
Mean! 18.11 .24 19.44 0.92
1000 | 2666 | 030 | 2635 | 084
Calcium carbonate | 2000 | 2733 | 022 | 1800 | 08
3000 2766 0.26 12,66 0.77
Mean| 27.22 0.26 18.66 0.86
1000|1266 oig [ w000 | 0%
Bafry a0 T3 | a0 ) 000 f 000
3000 8.33 0.10 0.00
Mean| 13.77 0.16 0.12
1000 | 2200 | 030 | 000 | 000
Sanosil 2000 | 2200 [ 024 000 | 000
3000 4.00 0.36 0.00 0.00
Mean| 16.00 0.30 0.00 0.00
1000 | 0.0 000 | 000 | 000
Max Guard 2000 | 000 000 | o0 | 000
3000 0.00 0.00 0.00 0.00
Mean 0.00 0.00 0.00 0.00
Potassium chioride | 2000 20.00 003 | 3% | oo
3000 1.00 0.0 3.66 0.05
Mean] 11.5% 0.08 5.55 0.11
1000 | 2066 004 ;1700 | 036
Potassium sulphate | 2000 000 | 000 1 1200 | 028
3000 0.00 0.00 9.66 0.28
Mean 6.89 0.01 12.39 0.3
Control 18.33 0.36 30.66 .31
LSD at 5% for
Treatment (T) 3.80 0.045 245 0.076
Conc. (C) 2.08 0029 1.34 0.042
Combination TXC 6.59 0076 425 0132

M
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c- Effect of some organic acids on the growth and sclerotial
yield of the causal organisms i vitro.
1- linear growth:

Five organic acids ie., ascorbic, boric, citric, palmitic and
salicylic acids were used at different concentrations to study their
effect on the growth of B. cinerea and S, sclerotiorum which caused
the gray and white moulds on snap bean and snow pea pods in vitro.
Data in Table (9) indicated that, from the all organic acids used,
salicylic acid only caused complete inhibition in the growth of B.
cinerea and S. sclerotiorum at all concentrations. While, boric acid
was the least effective on the growth of S. sclerotiorum as it recorded
19.00, 17.00 and 15.00 mm when used at 1000, 2000 and 3000 ppm,
respectively, although it don’t effect on the growth of B. cinerea. On
the other hand, ascorbic, citric and palmitic acids were not effective
on the growth of the two pathogenic fungi at all different
concentrations,

2- Sclerotial yield:

The same five organic acids were also used for study their
effective on the sclerotial yield (number and weight/g) of B. cinerea
and S. sclerotiorum. Data in Table (10) indicated that salicylic acid
was the most effective on sclerotial that formed from the two
pathogenic fungi B. cinerea and S, sclerotiorum and caused complete
inhibition at all concentration followed by boric acid on S
sclerotiorum. The highest number of sclerotia were formed when used
palmitic and ascorbic acids (18.8 and 12.8 as mean of sclerotia
number) with B. cinerea and (11.55 and 12.55 as mean of sclerotia
number) with S. sclerotiorum, respectively. No trend relation was
noticed between the number of sclerotia which formed by the two
pathogenic fungi and the three concentration of the organic acids.
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Table (9): Effect of different concentrations of some organic acids on the
linear growth (mm) of Botrytis cinerea and Sclerotinia
sclerotiorum in vitro after 5 days at 25+2°C.

T ]
Bo

Cone. trytis cinerea Sclerotinia sclerotiorum
Treatments (ppm) G(r;‘:’nt)h Efﬁcapy (%) G(r;\;t;] Efficacy (%)
1000 90.00 0.00 90.00 0.00
Ascorbicacid | 2000 90.00 0.00 000 | 000
3000 90.00 0.00 %000 | 000
1000 90.00 0.00 19.00 78.89
Boric acid 2000 9000 | 000 1700 | 8111
3000 90.00 000 | 1500 | 8333
1000 90.00 0.00 90.00 0.00
Citric acid 2000 | 90.00 000 | %00 | 000
3000 90.00 000 | s00 | 000
1000 90.00 0.00 90.00 0.00
Palmitic acid 2000 190.00 000 | 9000 | 000
3000 90.00 | 000 9000 | 000
1000 0.00 100.00 0.00 100.00
Salicylicacid | 2000 | 000 10000 | 000 | 10000
3000 000 | to000 | 000 | 10000

——-—A—_—*—l_i——-*-_
Coo | [ %00 [ | 9000 |

LSD at 5% for

Treatment (T) 0.00 0.48
Conc. (C) 0.00 NS
Combination TXC 0.00 NS

According to the weight of sclerotia that collected after used
organic acids, data in Table (10) revealed that, the highest weight of
sclerotia (g) of B. cinerea was obtained from the medium containing
boric (0.26 g) and palmitic (0.19 g) acids. respectively when
compared with other organic acids. Meanwhile. ascorbic and citric
acids were favorable for producing the highest weight of sclerotia of
S. sclerotiorum.

M
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Table (10): Effect of different concentrations of some organic acids on
sclerotial yield (number and weight) of Botrvtis cinerea and
Sclerotinia sclerotiorum in vitro.

Botrytis cinerea Sclerotinia sclerotiorum
Treatments | O After 15 days ofd ‘ After 10 days old
(PPm) | Av. Sclerofial | Sclerotial | Av. Sclerotial | Sclerotial
number weight (g) number weight {g)
1000 6.66 0.13 15.33 0.30
Ascorbic acid | 2000 9.00 0.16 12,00 0.19
3000 22.66 0.03 10.33 0.16
Mean 12.8 0.1 12.55 0.22
1000 9.33 0.30 0.00 0.00
Boric acid 2000 12.00 0.25 0.00 0.00
3000 14.00 0,24 0.00 0.00
Mean 11.8 0.26 0.00 0.00
1000 10.33 0.20 10.00 0.24
Citric acid 2000 6.33 0.12 10.00 017
3000 10.66 0.17 966 0.15
Mean 9.1 0.16 9.88 0.19
1000 25.33 0.23 11.00 0.17
Palmitic acid 2000 13.66 0.20 10.66 0.16
3000 17.33 0.16 13.00 0.15
Mean 18.8 0.19 11.55 0.16
1000 0.00 0.00 0.00 0.00
Salicylic acid 2000 0.00 0.00 0.00 0.00
3000 0.00 0.00 0.00 0.00
Mean 00.0 0.00 0.00 0.00
Control 1.31
LSD at 5% for
Treatment (T) 323 0.053 397 0.083
Conc. (C) NS NS NS NS
Combination TXC 559 NS NS NS

d- Effect of modified atmospheric gases conditions on the linear
growth of the casual pathogens /i vitro.

Three levels of atmosphere condition consisting of oxygen O,
carbon dioxide CO, and nitrogen N gases were used to study their
effect on the growth of B. cinerea and S. sclerotiorum. Data in Table
(11) indicate that all treatments were significantly effective on
decreased the growth of B. cinerea and S. sclerotiorum. Level of 3%

61 Experimental Resulls



0,3, 15% CO; and 82%N was more effective on the reduction of B.
cinerea and S. Sclerotiorum growth than other levels therefore
recorded the best efficacy, and followed by the level 3%0, 10%CO;,
87%N. The least effective on the growth of B. cinerea and S.
sclerotiorum was obtained when used the:level of 2%0, 5%CO,, 93
%N which recoded 72.20 mm and 74.20 mm for the two pathogen
fungi, respectively in vitro studies.

Table (11): Effect of modified atmospheres on the growth of B. cinerea and
S. sclerotiorum, which caused gray and white moulds on snap

bean Eods, in vitro after 5 daxs at 25+2°C.

Treatments Botrytis cinerea Sclerotinia sclerotiorum
02 CO: N Growth {mm) | Efficacy (%) | Growth {(mm) | Efficacy (%)
2: 5: 93 72.20 19.77 74.20 17.55
3: 10: 87 59.20 34.22 73.50 18.33
3: 15: 82 57.20 36.44 69.20 23.11
A 0.3: 78* 90.00 0.00 90.00 0.00
LSD at 5% 1.01 0.78

* Control = natural fresh air

3- Storage Experiments:
a- Effect of using some salts on disease severity% of snap bean
pod rots under cold storage.

Six of different salts ie., Bafry, Sanosil, Max Guard, sodium
bicarbonate, calcium carbonate and calcium sulphate were used for
study their effect on the disease incidence on snap bean pods after
inoculation with B. cinerea and S. sclerotiorum fungi. and storage at
8+1°C and 90 - 95%RH for two weeks.

Data in Table (12) indicated that, all salts treatments were
effective for reducing the moulds on snap bean pods when compared
with the control treatments. Also, positive correlation was found
between the concentration of these salls and the diseases reduction.
Max Guard compound at 3000 ppm was more effective for reduction
the disease severity of B. cinerea and S. sclerotiorm on snap bean

pods than other salts by results 9.11% and 2.24%. respectively. Also.
W
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it showed good effect on the other microorganisms that infected snap
bean pods under natural infections., While, calcium sulphate was the
least effective in these respect.

On the other hand, sodium bicarbonate salt were more effective
on the reduction of snap bean pod rots disease severity caused by B.
cinerea and S. sclerotiorum in artificial infection when used at 3000
ppm with efficacy 87.19 and 86.62 as % to control disease severity,
respectively. Sanosil and calcium carbonate salts at 3000 ppm were
highly effect in the artificial infection of B. cinerea (89.51 and 87.91%
efficacy) and the natural infection (84.61 and 79.22% efficacy) when
compared with S. sclerotiorum in artificial infection (74.60 and
50.40% efficacy), respectively.

Table (12): Effect of some salts on snap bean pod-rots caused by the tested
pathogens under cold storage at 8+1°C and 90 - 95%RH. for

15 days.
Conc. Disease severity (%) (D.S
Treatmenis (Ppm) Bofrytis cinerea S. sclerofiorum Natural infection
D.S Efficacy D.S Efficacy D.S Efficacy
Bafry 2000 2107 70.92 2362 89.11 18.55 §0.18
3000 18.99 73.79 13.80 80.48 6.26 B6.56
) 2000 26,67 63.19 34.10 51.75 9.80 78.97
Sanosil .
3000 7.60 89.51 1795 7460 717 84.61
2000 18.87 73.96 3.31 95.32 315 93.24
Max Guard
3000 9.1 87.43 2.24 96.83 162 96.52
Sodium 2000 1212 83.27 38.31 45,79 20.69 5659
bicarbonate | 3000 9.28 87.19 9.46 86.62 10.72 76.99

Calclum | 2000 | 279 61.41 5419 23.33 11.71 7487
Carbonate | 3000 { 876 87 91 35.06 50.40 9.68 79.22
Calcium | 2000 | 49.93 31.09 60.05 15.04 4115 11.68
sulphate | 3000 44.00 39.28 59.00 16.53 2218 5293

Control* 7246 70.68 46.59
LSD at 5% for
Treatment (T) 968 8.63 5.56
Conc. {C) 3.7 4.60 298
Combination TXC 985 12.23 7.88
* Control was infected with B. cinerea or S. sclerotiorum or without infection.
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b- Fffect of using some acids on the disease severity of snap bean
pod rots, under cold storage.

Five of acids ie., ascorbic, boric, citric, palmitic and salicylic
acids for two concentration at 2000 and 3000 ppm were used to study
their effect on the disease severity of snap bean pod rots after artificial
inoculation with B. cinerea, S. sclerotiorum and natural infection, and
storage at 8+1°C and 90 - 95%RH. for two weeks .

Data in Table (13) indicated that, all organic acids showed
significant reduction for disease incidence on bean pods compared
with the control treatment. Also, positive correlation was found with
the concentration of these acids and the reduction of disease severity.
Data also revealed that, boric and palmitic acids were highly effective
in reducing on disease severity when used at 3000 ppm under artificial
inoculation with the two pathogenic fungi also on naturally infected
pods.

Data in Table (13) revealed that, the highest disease reduction in
pods infected by B. cinerea (6.1 and 9.0%) and S. sclerotiorum (6.7
and 1.4%) was obtained when using palmitic and boric acids at 3000
ppm, respectively. Meanwhile, citric acid showed moderate effect as
well as under natural infection when used at 3000 ppm against 5.
cinerea, S. sclerotiorum and natural infection by resulted 28.6. 17.29
and 18.5%, respectively. On the other hand, salicylic acid gave the
least cffect for the reduction of disease when used at 2000 ppm and
resulted 54.4 and 61.9% of discase severity on bean pods after
inoculation with B. cinerea and S. sclerotiorum, respectively. followed
by ascorbic acid on S. sclerotiorum by 8.18% efficacy only.

St
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Table (13): Effect of some acids on the reduction of B. cinerea and S,
sclerotiorum disease incidence on spap bean pod under
cold storage for 15 days.

Conc. Disease severity (%) (D.S)

Treatments (ppm) Botrytis cinerea S. sclerotiorum Natural infection

D.S | Efficacy D.S Efficacy D.S Efficacy

Ascorbic | 2000 | 27.20 62.46 64.91 8.16 7.90 8340
acid 3000 | 19.60 72.95 42.29 40.17 0.00 100.00
Boric 2000 | 20.40 71.85 21.40 69.72 570 87.77
acid 3000 9.00 87.58 1.40 98.02 4.00 91.41
Citric 2000 | 30.40 58.05 45.90 35.06 17.90 61.58
acid 3000 | 28.60 60.53 17.29 75.54 18.50 60.29

Palmitic | 2000 | 18.20 74.88 32.20 54.44 230 95.06
acid 3000 6.10 91.89 6.70 90.52 0.00 100.00

Salicylic | 2000 | 54.40 2492 61.90 12.42 19.30 58.57
acld 3000 | 4370 39.69 41.70 41.00 11.00 76.39

Control* 72.48 7068 46.59
LSD at 5% for
Treatment (T) 14.36 10.23 6.16
Cone. (C) NS 5.97 NS
Combination TXC NS NS NS

* Control was infected with B. cinerea or S. sclerotiorum or without infection.

¢- EHfect of using some salts on the disease severity% of snow pea
pods rots, under cold storage for two weeks.

Data in Table (14) show the effect of five different salts used against
of the disease incidence caused by B. cinerea and S. sclerotiorum on
snow pea pods. All salts treatments were effective in disease reduction
when compared with the control treatment. Also, negative correlation
was found between the disease severity and the salts concentration. Data
revealed that, sodium bicarbonate, Sanosil and Max Guard were more
effective in reducing snow pea pod rots severity caused by B. cinerea
when used at 3000ppm with reading 21.30, 24.95 and 29.09% disease
severity, respectively, compared with the control treatment (82.2%).
Meanwhile, Max Guard and sodium bicarbonate were the best salts for
control S. sclerotiorum on pea (22.5 and 24.5% disease), respectively
compared with 77.4% disease in the control check. On the other hand,
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calcium carbonate and calcium sulphate were the least effective in
reducing disease severity caused by both pathogens.

Concerning the effect of these salts on the reduction of disease
severity% that caused by natural infection. Data indicated that, all salts
were effective in reducing disease severity which (arranged from 4.7% to
15.9%) compared with the control treatment which equal (33.45%). In
this respect, highly significant differences were noticed between these
salts and their concentrations for disease reduction. Organic salts efficacy
diseases mould were arranged as follows, Max Guard, Sanosil, calcium
sulphate, sodium bicarbonate and calcium carbonate causing 4.7, 5.5,
6.14, 7.10 and 14.8% disease severity on pea pods, respectively.

Table (14): Effect of some salts on the reduction of incidence on snow pea
pods rot under cold storage for 15 days.

Disease severity (%) (D.5)

Treatments :;:::) Botrytis cinerea | S. sclerotiorum | Natural infection
D.S | Efficacy | D.S8 | Efficacy | DS | Efficacy
2000 | 2089 | 6364 | 43.00 | 4444 | 1250 & 6263
Sanosil
3000 | 24.95 69.65 41.50 46.38 5.50 83.56
2000 | 3304 | 5981 | 4230 | 4535 9.40 71.80
Max Guard

3000 | 2009 | 6461 | 2250 | 7093 | 470 | 8595
Sodium | 2000 | 2250 | 7263 | 3820 | 5065 | 1530 | 5426
bicarbonate | 3000 { 2130 | 7409 | 2450 | 6835 | 710 | 7877
Calcium | 2000 | 5790 | 2056 | 4840 | 3747 | 1580 | 5247
Carbonate | 3000 | 5060 | 3844 | 4720 | 39.02 | 1480 | 5575
Calciom | 2000 | 5028 | 3883 | 5090 | 3423 | 885 | 7354
sulphate | 3000 | 4340 | 4720 | 4096 | 47.08 | 614 | Bi.64

Control* 82.20 77.40 3345
LSD at 5% for
Treatment (T) 11.08 13.12 4 94
Cone. {C) NS NS 285
Combination TXC NS NS NS

* Control was infected with B. cinerea or S. sclerotiorum or without inlection.
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d- Effect of using some organic acids on the disease severity% of
snow pea pod rots, under cold storage for two weeks.

The same five organic acids, (i.e., ascorbic, boric, citric, palmitic
and salicylic) in two concentrations at 2000 and 3000 ppm were used
to control disease severity of smow pea pod rots after artificial
inoculation with B. cinerea, S. sclerotiorum and natural infection.
Data in Table (15) indicated that, all organic acids showed significant
reduction for the disease incidence % of pea pod rots when compared
with the control treatment (natural). Also, it found positive correlation
with high concentration of acids treatment and disease reduction.

Data also revealed that, ascorbic and citric acids resulted highly
effect on disease reduction of the two pathogenic fungi as well as on
the natural infection when used at 3000 ppm on pea pods, where
recorded in Table (15) 17.10 - 32.79% disease severity with B.
cinerea inoculation, 27.08 - 33.75% with S. sclerotiorum inoculation
and 245 - 6.27% with natural infection, for the two acids,
respectively. Meanwhile, boric acid showed moderate effect on the
disease control which caused by B. cinerea, S. sclerotiorum and
natural infection of the snow pea pod rots.

Palmitic acid was more efficacy on S. sclerofiorum than B.
cinerea mould infection and natural infection on pea pods when used
at 3000ppm by resulted 75.74, 54.7 and 68.31% efficacy, respectively.
On the other hand, salicylic acid was the least effective on the disease
incidence of B. cinerea and S. sclerotiorum by results 50.16 and
49.77% disease on pea pods although it was more effect on natural
inoculation (2.52% discase only) when compared with the control

treatment (Table, 15).
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Table (15): Effect of some acids on the reduction of B. cinerea and S.
sclerotiorum disease incidence on snow pea pods under cold
storage at 8+£1°C and 90 - 95%RH. for 15 days.

Cone. Disease severity (%) (D.S
Treatments (ppm) Botrytis cinerea $. sclerotiorum Natural infection
D.§ Efficacy 0.8 Efficacy D.5 Efficacy

Ascorbic 2000 26.50 67.76 30.70 60.34 530 B4.16

acid 3000 17.10 78.20 27.08 64,89 245 9253

Mean | 21.80 73.48 29.39 §2.67 3.88 88.35
Boric 2000 49.00 40.39 48.78 36.95 14.58 5635
acid 3000 48.09 4148 33.75 56.33 10.79 67.71

Mean | 48.55 40.94 41.28 46.64 12.69 59.03
Citric 2000 38.67 52,95 41.19 45.78 10.89 57.44

acid 3000 32.79 601 3375 56.3% 6.27 81.25
Mean § 35.73 56.53 41 51.59 8.58 74.35

Palmitic 2000 41.09 50.01 58.76 24.03 16.36 4843
acid 3000 37.23 54.70 18.61 75.74 10.55 68.31

Mean 39.16 52.36 38.69 49.89 13.48 58.37
Salicylic 2000 58.24 20.14 54.84 214 7.72 76.92

acid 3000 50.18 38.97 49.77 35.69 2.52 92.46
Mean 54.20 34.06 5.3
Control* 82.20 77.40 3345
LSD at 5% for
Treatment (T) 1364 13.24 5.64
Cone. (C) NS 762 325
Combination TXC NS 1871 NS

* Control was infected with B. cinerea or S. scleretiorum or without infection.

e Effect of modified atmospheric gases conditions on disease
severity% of snap bean pod rots, under cold storage for
three weeks.

Data in Table (16) illustrated that; three levels of modified
atmosphere were applied to study their effect on the disease incidence of
B. cinerea and S. sclerotiorum on snap bean pods. Result, indicated that,
using atmosphere containing 3% Oo, 10% CO; and 87% N was
significantly better than the other two levels of modified atmosphere
condition. Also it was more effective in reducing disease severity on snap
bean pod rots after artificial inoculation with B. cinerea and S
sclerotiorum where, it gave 32.76 and 31.71% of disease severity.
respectively compared with 100% and 88.2% of disease severity in the
control check (natural air), followed by the fevel containing 2%0..
504C0O, and 93%N, ifs results were 37. 46 and 48 94% of discase severity
M
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compared with control (natural air). Meanwhile the level 3%0,, 15%C0,
and 82%N was the least effective on reducing disease severity of snap
bean pod rots caused by the two pathogenic fungi and resulted 100% and
80.57% of disease severity compared with control.

Table (16): Effect of modified atmospheres condition on the reduction of
B. cinerea and S. sclerotiorum disease incidence on snap
bean pods under cold storage For 21 days.

Disease severity (%) (D.S)
B. cinerea S. sclerotiorum

Treatments Control

{natural Infection)
D.§ | Efficacy | D.S | Efficacy | D.S Efficacy
2: 5:1 93 | 3746 | 6254 | 4894 | 4489 240 96.00
3: [ 10: &7 3276 | 6724 | 31.7 64.29 2.15 96.34
3: [15:) 82 | 10000 | 000 80.57 9.29 1.48 97.48

Natural air* 100.00 88.82 58.79

LSDats% 1 407 ] | 847 | | 154

* Control was infected with B. cinereq or S, sclerotiorum or without infection.

On the other hand, the same snap bean pods were storage under
the same conditions with natural infection. Results in Table (16)
revealed that, using of the all modified atmosphere was effective on
reduction of the disease severity of the two pathogen and others from
natural infection which only gave the following values 1.48- 2.40% of
disease severity compared with natural air condition treatment which
gave 58.79% of disease severity.

4-Field experiment;

Five of certain salts i.e., calcium chloride, calcium sulphate, calcium
carbonate, potassium chloride and potassium sulphate and acids ie.,
salicylic and boric acids were used as a pre-harvest treatments on snap
bean and pea plants, during seasons 2005 and 2006, to study their effect
on reducing disease severity of stored pods:

%
69 Experimental Results



4.a- Effectiveness of salts and acids as a pre-harvest treatments
on snap bean plant on the disease severity% after natural and
artificial inoculation with B. cinerea, S. sclerotiorum
treatments, under storage conditions.

The effect of some salts and acids in different concentrations were
sprayed on bean plants under field conditions (seasons 2005 and 2006)
as pre-harvesting treatment apainst diseases incidence of inoculation
with B. cinerea and S. sclerotiorum as well as natural infection during
the storage at 8+1°C and 90 - 95%RH. for two weeks. Data in Table
(17) indicated that, all treatment were effective for reducing the
disease severity under storage conditions. In general, acids were more
effective than salts under the inoculation with S. sclerotiorum and
natural infection, meanwhile, no trend was notice in case B. cinerea
moculation during the two seasons. On the other hand, negative
correlation was noticed between the level of concentrations and the
disease incidence on bean pods under storage conditions. Concerning
the salts, calcium sulphate and potassium sulphate were more effective
on decreasing the disease and showed highly significance on the
efficacy than other salts under inoculation with B. cinereq and S.
sclerotiorum especially of high concentrations. Meanwhile, the least
effects was obtained when bean plants sprayed with calcium carbonate
(28.78 and 25.84%) and potassium chloride (22.97 and 29.22%). to
control §. sclerotiorum under storage conditions during the two
seasons.

On the other hand, salicylic acid was more effective on the
reduction of disease severity that caused by B. cinerea than boric acid
and resulted 91.44 and 88.32% efficacy during the two seasons,
respectively. Under natural infection, all treatments, salts and acids
were effective on disease severity and recorded 86.08 and 86.13%
efficacy and 91.71 and 100% efficacy during the two seasons.
respectively. Also. no significant differences were noticed for bean
plants spraying with salicylic and boric acids to control bean pod rots
under natural infection in season 2006 (Table, 17).

L _______._ ..
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4.b- Fffectiveness of salts and acids as a pre-harvest freatments
on snow pea plant on the disease severity% after natural and
artificial inoculation with B. cinerea, S. sclerotiorum
treatments, under storage conditions.

Also, the same salts and acids at. different concentrations were
sprayed on pea plants under field conditions (seasons 2005 and 2006} as
pre-harvesting to study their effect on disease severity of pea pods under
the inoculation with B. cinerea and S. sclerotiorum as well natural
infection and storage at 8+1°C and 90 - 95% RH. for two weeks. Data in
Table (18) revealed that, all treatments were effective for reducing the
disease severity compared with control treatment. In this respect, organic
acids were more effective than salts on disease severity due to B. cinerea,
S sclerotiorum inoculation and natural infection, hence, the efficacy was
88.12, 87.89 and 99.28% during season 2005 and 90.36, 89.04 and
100.00% efficacy during season 20006, respectively. On the other hand,
calcium chloride and potassium sulphate were more effective than other
salts on the reduction of discase severity on pea pods with S. sclerotiourm
inoculation and natural infection during seasons 2005 and 2006.
Meanwhile, potassium and calcium sulphate were the best effective on
reduction of discase severity which gave 83.93 and 92.59% efficacy and
83.56 and 86.36% efficacy to control B. cinerea infection during the two
seasons, respectively. Potassium chloride was the less effective to control
B. cinerea infection by resulting 35.15% of disease severity on pea pods
under storage conditions. Also, data indicated that, positive correlation
was noticed between the increasing of concentrations and the efficacy of
their treatments to control mould disease on pea pods under storage
conditions.

Concerning the acids, data in Table (18) salicylic acid was effective
than boric acid on the reduction of disease severity on pea pods which
inoculated with B. cinerea and iis resulted 89.68 and 91.42% efficacy
during seasons 2005 and 2006, respectively. Under the natural infection,
all treatments, salts and acids were effective for controlling pea pods
moulds during the two seasons. Also, no significant differences was
noticed for salicylic and boric acids treatment on pea plants to control of
pea pod rots under the natural infection treatment during the two seasons.
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5. Biochemical changes associated with natural and fungal
inoculation to snap bean and snow pea pods under different
conditions:

A- Comparison between phenol and sugar contents of some snap
bean pods cultivars after ten days from natural infection.

Four of snap bean cultivars i.e, Bronco, Paulista, Ogzyra and
Emy were used for study the phenol and sugar contents under the
natural infection with mould fungi. Data in Table (19) revealed that,
Paulista cv. has the highest content of free and total phenols in
naturally infected pods compared with other bean cultivars. Also. Emy
and Paulista cvs. contain the highest amount of conjugated phenols
which recorded 4.30 and 3.08 mg/g of fresh weight (fw) of pods,
respectively. The least content of phenol was found in pods of Bronco
cv. (3.48, 2.92 and 0.56 mg/g — as total, free and conjugated phenols),
respectively. On the other hand, Ogzyra cv. was has a moderate
content for phenols as compared with other bean varieties i.e. 4.44
mg/g total phenols.

Table (19): Comparison between phenol and sugar contents (mg/g fresh
weight) of some snap bean pods cultivars after ten days of
natural mould fungi infection.

W

Cultivars Phenol contents Sugar conients
Free Conjugated [ Total | Non-reducing | Reducing Total
Bronco 292 0.56 3.48 0.02 3.46 348
Paulista 3.64 3.08 6.72 0.27 0.00 0.27
Ogzyra 268 1.76 4.44 0.04 2.28 2.32
Em 1.32 4.30 5.62 0.38 0.00 0.38

L R N s

Concerning of sugar contents, data in Table (19) also indicated
that, Paulista and Emy varieties resulted the lowest content for total
sugars after natural infection compared with Ogzyra and Bronco
varieties. Also, Emy and Paulista cvs. did not contain reducing sugars.
but contained 0.38 and 0.27 mg/g non-reducing sugars. Meanwhile,
the highest sugars content was obtained from Bronco and Ogzyra bean
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varieties by results 3.48 and 2.31 mg/g as total sugars, non-reducing
(0.02 and 0.04 mg/g) and reducing sugars (3.46 and 2.28 mg/g),
respectively.

B- Effect of some salts and acids used to control grey and white
moulds diseases under storage conditions on:
1- Chlorophyil contents in snap bean pods:

Different salts compounds (i.e. Bafry, Sanosil, Max Guard,
sodium bicarbonate and calcium carbonate) and acids (ascorbic,
salicylic, boric and palmitic) were used in two concentrations (2000
and 3000 ppm) to study their effect on chiorophyll A, B and A+B in
snap bean pods that stored at 8+1°C and 90 - 95% RH. for 15 days.

Table (20): Effect of some salts and acids treatments on snap bean pods
chlorophyll contents after harvest and cold storage for 15 days.

Treatments Cong, Chiorophylt contents mg/L
(ppm) Ch.A che | chasp
Salts
2000 302 379 6.61
Bary 3000 3.24 5.87 911
. 3000 4.04 538 9.42
Sanosil 3000 318 5.12 8.30
2000 49 5.30 11.24
Mex Guard 3000 581 10.70 1651
Sodium 3000 467 553 10.20
bicarbonate 3000 323 5.57 8.80
Calcium 2000 324 3.03 717
carbonate 3000 342 582 924
Acids
- 2000 368 555 9.23
Ascarbic acid 3000 412 541 953
— 2000 5.85 8.08 13.03
Salicylic acid 3000 453 8.89 13.42
— 2000 166 247 4.08
Boric acid 3000 380 587 067
—— 2000 561 6.64 12.25
Palmific acid 3000 182 3.60 542
Control 499 914 14.13

M
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Data in Table (20) reveated that, Max Guard at 3000 ppm keep
the green color of pods and gave highest amounts of chlorophyll A
(5.81 mg/L) and chlorophylt B (10.70 mg/L), compared with control
check treatment which gave the following results: chiorophyl! A (4.99
mg/L) and chlorophyll B (9.14 mg/L). While, salicylic and palmitic
acids were more effective on protection chlorophyll A when used at
2000 ppm (5.85 and 5.61 mg/L, respectively).

2- Sugar contents in snap bean pods:

All chemicals and acids were used of concentration at of 3000
ppm to study their effect on sugar contents of snap bean inoculated
with B. cinerea and S. sclerotiorum as well as under natural infection
after 15 days from storage at 8+1°C and 90 - 95% RH. Data in Table
(21) show that, ail chemicals were effective in reducing sugar content
in bean pods compared relative o control treatment. The total sugar
contents were 3.24 and 2.74 mg/g fw of pods that inoculated with B,
cinerea, while was 3.97 and 2.36 mg/g fw in pods inoculated with S.
sclerotiorum and 1.81 and 2.14 mg/g for natural infection after using
salts and acids, respectively compared with control treatment which
gave 4.65,3.71 and 4.80 mg/g fw, respectively.

On the other hand, salts were less effective than acids in reducing
sugar contents of bean pods inoculated with B. cinerea and S.
sclerotiorum by gave an increase in sugars content, meanwhile, it
showed reduction in sugar conient under natural infection. In this
regard, sodium bicarbonate gave the least content of sugars (1.36, 0.18
and 1.54 mg/g fw) under inoculation with B. cinerea compared with
max Guard (2.03, 1.73 and 3.76 mg/g fw) and Sanosi! (0.82, 3.61 and
443 mglg fw) as non-reducing, reducing and total sugars,
respectively. The highest sugars content 1.67. 6.57 and 8.24 mg/g fw
were recorded in pods treated with Max Guard and inoculated with S,
sclerotiorum. Similar trend was recorded in naturally infected pods.

/
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Table (21): Effect of some salts and acids on sugar contents of snap bean
pods under natura) infection and artificial inoculation with the

two pathogens fungj after harvest and storage conditions for 1§
days ggosthawest!.
Scierotinia sclerotiorum Natural infection
Treatment Non- Non-

reducing Reducing | Total reducing Reducing | Total ret'l‘:;;lg Reducing | Tota!
Salts
Sanosil 0.82 361 443 .55 1.50 205 0,30 167 197
Max guard 203 1.73 37 167 6.57 8.24 0.25 1.88 213
bi;‘ﬁg;”;;te M5 |08 15| 015 | 145 | 143 08 | 072 | 135
Mean| 140" | 18 | 358 | 475 L 38 137 [ om T 7% [~ 731
Acids
Boric acid
Palmitic acid
Saligxlic acid . .
Mean . . ) , X . ) . 2.14
Controf* . ! : . 3.08 3.71 1.58 3.22 4.80

3- Phenol contents in snap bean pods:

Three salts (7e., Sanosil, Max Guard and sodjum bicarbonate),
and acids (boric, palmitic and salicylic), were used (at 3000 ppm) as
treatments on snap bean pods to control different moulds and studies
their effect on the pheno! content after storage for 15 days at 8+]°C
and 90 -- 95% RH. Data in Table (22) revealed that, using of different



B cinerea and S. sclerotiorum which gave the following values of
total phenols, 11.42 and 13.97 mg/g fw for acids and 10.12 and 13.24
mg/g fw for salts, respectively. While, using different salts were
effective on total phenol which gave 11.36 mg/g fw under natural
infection compared with 7.71 rﬁg/g fw with acids treatment. In this
respect, Max Guard and boric acid were the most effective on
increasing phenol content under inoculation with B. cinerea compared
with other treatments. Mean while, Sanosil and boric acid were
effective in cases of inoculation with S. sclerotiorum (6.25, 8.01, 8.15.
827 and 14.4, 16.28 mg/g fw of pods) and under natural infection
(10.70, 3.00, 1.66, 5.73 and 12.36, 8.73 mg/g fw), for free, conjugated
and total phenols compared with other treatments and control (Table,
22).

Table (22): Effect of some salts and acids on phenol contents of snap bean
pods under natural infection and artificial inoculation with the
two pathogens after harvest and storage conditions. for 15 days

(postharvest).
Treatment Botrytis cinerea Scierotinia scierotforum Natural infection
Free | Conjugated | Total | Free [ Conugated | Total | Free [ Conjugated | Total
Salts
Sanosil 6.41 348 9.89 6.25 8.15 1440 | 1070 1.66 12.36

Max Gyard 5.24 567 1091 | 7.86 5.34 1320 | 787 263 10.50

Sodium
bicarbonate

6.23 3.3 9.56 9.49 265 1214 | 1.81 943 11.24

Mean| 596 416 1042 | 786 538 1324 | 679 457 11.36

Acids

Boric acid 6.45 6.97 1342 | 801 8.27 1628 { 300 5.73 8.73
Palmitic acid | 3.60 5.89 9.49 387 9.10 1307 | 457 2.25 5.82

Salicylicacid | 184 9.90 1174 | 502 7.56 1258 | 4.01 357 7.58
Mean| 3.34 7.58 1142 | 666 8.31 1397 | 386 385 1M

Control® 9.49 1.61 11.10 1.64 6.94 858 363 2.86 6.49

———————————————
* Contro! was infected with B. cinerea or S, sclerotiorum or without infection.

M
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4- Sugar contents in snow pea pods:

Sugar contents as non-reducing, reducing and total sugars were
estimated as a reflection to the effect of using different salts and acids
in concentration (at 3000 ppm) to control grey and white moulds as
well as under natural infection of pea pods. Data in Table (23)
revealed that, all salts and acids treatments were effective in reducing
of pea pods sugar contents under noculation with B. cinereq, S.
sclerotiorum and in naturally infected pods after storage when
compared with control treatment. On the other hand, organic acids
were more effective on reduction of total sugar contents under natural
infection (0.50 mg/g fw) and inoculation with S. sclerotiorum (2.83
mg/g fw) than salts 0.72 and 5.87 mg/g fw, respectively. Meanwhile,
less sugar content 2.28 mg/g fw in pea pods under inoculation with B
cinerea was obtained after using salts than 3.06 mg/g fw of total
sugars when using organic acids.

Table (23): Effect of some salts and acids on sugar contents of snow pea
pods under natural infection and artificial inoculation with the
two pathogens after harvest and storage conditions for 15
days (postharvest).

Botrytis cinerea Sclerofinia sclerotiorum Natural infection

_Tmmem m:f;;‘g Reducing | Total m::;ng Reducing | Total re«mng Reducing | Total

Salts
Cgrab'g'r:’;‘:e 160 | 134 24| 394 | 207 (691 o7 | o007 | o7s
Maxguad | 020 | 077 o097 | 327 | 482 |see| 089 | 005 | o7
bigﬁg‘gm 124 017t 295 132 | 132 2660 010 | 051 | os
Moan) 101 | 127 | 228 284 | 303 |s587| 05 | 02 | o7

Acids
Borcadd | 045 | 582 [627 | o9t | osd | 15 | o | 031 | o3
Pamifeacid | 072 | 036 | 108 | 171 | 205 | a7 | oo | os7 | 1m
Salicylcacid | 121 | 065 | 185 | 084 | 251 | 348 | 042 | om0 | o1z
Mean)| 079 | 227 305 108 | 174 | 285 | 008 | 042 | o
Conrol | 285 | 654 (93| 412 | 745 | 1127 | 023 | 165 | 16

* Control was infected with A, cinerea or S. sclerotiorum or without infection.
%x
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Data in Table (23) indicated that, all salts and acids varied In
their effect on sugars content, hence, Max Guard and palmitic acid
were more effective in reducing sugar contents in pea pods inoculated
with B. cinerea (0.2, 0.77 and 0.97mg/g fw and 0.72, 0.36 and 1.08
mg/g fw) compared with 285, 6.54 and 9.39 mg/g fw of non-
reducing, reducing and total sugars of control treatment, respectively.
Meanwhile, sodium bicarbonate and boric acid were effective in
reducing sugar contents in pea pods inoculation with S. sclerotiorum
(1.32, 1.32 and 2.64 mg/g fw) and (0.91, 0.64 and 1.55 mg/g fw)
compared with 4.12, 7.15 and 11.27 mg/g fw of non-reducing,
reducing and total sugars of control treatment, respectively. On the
other hand, sodium bicarbonate and salicylic acid were more effective
in naturally infected pods (0.10, 0.51 and 0.61mg/g fw) and (0.12,
0.00 and 0.12 mg/g fw) compared with control treatment that resulted
023, 1.45 and 1.68 mg/g fw of non-reducing, reducing and total

sugars, respectively.

5- Phenol contents in snow pea pods:

Data in Table (24) illustrate that, free, conjugated and total phenols
were estimated in pea pods as reflection of using salts and acids treatment
in concentration (at 3000 ppm) to control B. cinerea, S. sclerotiorum as
well as under natural infection after storage at 8+1°C and 90 - 95% RH
for 15 days. Results showed that, all treatments varied in their effect in
increasing phenol content in pea pods compared with the control
treatment under storage conditions. In this respect, their increasing were
11.00, 11.68 and 13.89 mg/g and 12.14, 11.46 and 12.91 mg/g fwas a
total ph'enbls in pea pods treated with salts and acids. compared with
8.47, 5.03 and 9.17 mg/g fw of inoculated pods with B. cinerea, S.
sclerotiorum and natural infection, respectively.

%
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Table (24): Effect of some salts and acids on phenol contents of snow pea
pods under natural infection and artificial inoculation with the
two pathogens after harvest and storage conditions for 15 days
(postharvest).

Treatment Botrytis cineres | Sclerofinia sclerofiorum | Natural infection

Free | Conjugated] Total | Free [ Conjugated | Total | Free Conjugated | Total

Salts

cg;'g':::e 2 5% e | 7w | 1228 | w2 | ses | s 11.88

Max Guard | 10.14 0.30 1044 | 1.48 274 422 | 9@ 577 15.69

Sodium

bicarbonate 352 1041 1393 | 398 6.60 1058 | 414 9.99 14.13

Mean| 546 5.54 1100 | 448 7.2 1188 | 691 6.98 1389

Acids

Boric acig 444 185 6.29 1.08 89 899 | 680 6.20 13.10

Palmiticacid | .92 8.18 19.90 | 0.00 11.10 110 | 8.6 142 9.68

Salicylicacid | 3.54 7.53 nor § 320 10.12 1332 | 340 12.58 15.98
—

Mean| 596 6.18 1214 | 142 10.04 1146 | 6.18 6.73 1291

Controt 6.22 2.25 847 1.92 an 5.03 5.94 B 8.17
* Control was infected with B. cinerea or S, sclerotiorum or without infection,

On the other hand, sodium bicarbonate (3.52, 10.41 and 13.93
mg/g fw) and palmitic acid (9.92, 9.18 and 19.10 mg/g fw) were the
most effective for increasing phenol “free, conjugated and total
phenol” in pea pods after the inoculation with B. cinereq under
storage. While, calcium carbonate (7.99, 12.28 and 20.27 mg/g fw)
and salicylic acids (3.20, 10.12 and 13.32 mg/g fw) were the most
effective under inoculation with S. sclerotiorum compared with
control treatment (1.92, 3.11 and 5.03 mg/g fw) of free, conjugated
and total phenols, respectively. Under natural infection, Max Guard
(9.92, 5.77 and 15.69 mg/g fw) and salicylic acid (3.40, 12.58 and
15.98 mg/g fw) were effective fo increase phenols content in pea pods
compared with control treatment (5.94, 3.23 and 9.17 mg/g fw) of
free, conjugated and tota] phenol, respectively, (Table, 24).

Experimental Results

81




C- Effect of modified atmospheric gases used to control grey
and white moulds diseases under storage condition on:
1- Chiorophyli contents of snap bean pods:

The effect of different atmospheres condition on chiorophyll A, B
and A+B in non-inoculated of Paulista snap bean pods stored at 8+1°C
and 90-95% R.H. for 21 days were study. Data in Table (25)
demonstrate that, the levels of atmosphere condition i.e., 3% O, 15%
CO, and N 82% and 3% O, 10% CO, and N 87% gave the best
protection of green color of pods and gave highest amounts of
chiorophyll A (2.97 and 2.29 mg/L), chiorophyll B (4.22 and 3.02
mg/L) and A+B (7.19 and 5.31 mg/L), respectively compared with
control (Natural air). Meanwhile, gas mixture of 2% O3, 5% COz and
N 93% was the least effective on protection of green color pigments

when compared with other the two levels and contro} treatment.

Table (25): Effect of different levels of atmosphere condition on chlorophyil
contents of natural inoculation snap bean pods after harvest
and storage conditions for 21 days.

——________’_——————_——-_———_———.-_—-——-__—_—
Atmosphere (%) Chiorophyli contents mgiL.
0; CO: N Chiorophyll A | Chlorophyll B Chigrophyll A+B
2: 5: 93 1.79 2.88 4.67
3: 10 87 2.29 3.02 5.31
3: 15: 82 297 422 7.19
21: 0.3: 78* 2,97 3.80 £.99

* Control: natural fresh air

2- Sugar contents of snap bean pods:

The effect of different modified atmosphere on sugar contents in
snap bean pods artificially inoculated with B. cinerea and S
sclerotiorum as well as natural infection after 21 days from storage at
8+1°C and 90 - 95% RH. were used in this study. Data in Table (26)
indicated that, the first 2% Os: 5% CO,: 93% N and second 3% Ox:
10% CO5: 87% N levels of mixtures gases were the most effective in

M
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reducing sugars content, non-reducing, reducing and total sugars in
pods inoculated with B. cinerea and S. sclerotiorum, respectively.

Data also revealed that, the all three levels of modified
atmosphere for controlling other storage mould fungi under the natural
inoculation on bean pods caused highly reduction of non-reducing and
reducing sugars as well as total sugars when compared with control
treatment. The second and last levels of modified atmosphere were
more effective than the first level for decreasing of sugars contents in
bean pods with natural infection, In this respect, 0.07 mg/g fw, 0.0
mg/g fw and 0.07 mg/g fw of non-reducing, reducing and total sugars,
respectively, were resulted under using the second atmosphere level
3% 0y: 10% COy: 87% N compared with 1.67 mg/g fw, 2.15 mg/g fw
and 3.82 mg/g fw of control treatment, (Table, 26).

Table (26): Effect of different levels atmosphere on the sugar contents (as
mg/g fw) of snap bean pods under natural infection and
artificial inoculation with the two pathogens after harvest and
storage conditions. for 21 days.

Treatments B. cinerea S. stlerotiorum Natural infection

Non- . Non- . Non- .

02 (CO:z( N reducing Reducing | Total reducing | Reducing | Total reducing Reducing | Total
2: 5:)93( 007 022 | 029 | 059 000 | 059 064 0.76 | 1.40
3:110: (87| 004 001 005 | 007 064 | 070 | 007 0.00 | 007
3:(15:(82] 0.%6 277 1283 | 040 345 | 384 | 089 030 | 099

183 | 177

Control* 0.48 158 | 206

167 215 | 382

* Control was infected with cinerea or 8. sclerotiorum or without infection,

3- phenol contents of snap bean pods:

Free, conjugated and total phenols (as mg/g fresh weight of pods)
were estimated as a reflection to the effect of using different levels of
atmosphere condition on snap bean pods after artificial inoculation
with B. cinerea and S sclerotiorum as well natural infection and
storage at 8+1°C and 90 - 95% RH. for 2] days. Data in Table (27

M
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illustrated that, using the first level atmosphere that content 2% O;:
5% CO,: 93% N was the best effective to increase total phenol in snap
bean pods inoculated with B. cinerea and S. sclerotiorum which gave
11.5 mg/g fw and 12.14 mg/g fw compared with the control treatment
results 9.58 and 9.21 mg/g fw, respectively. Meanwhile, the second
level of atmosphere 3% Oy: 10% CO»: 87% N was more effective with
S sclerotiorum inoculation that gave 17.61 mg/g fw than B. cinerea
inoculation which gave 6.82 mg/g fw of total phenol. The least
content of phenols was obtained when using the level atmosphere 3%
0,: 15% CO,: 82% N which gave 4.03 mg/g fw and 4.00 mg/g fw as
total phenol in bean pods after artificial inoculation with B. cinerea
and S. sclerotiorum, respectively.

Table (27): Effect of different levels atmosphere on the phenol contents (as
mg/g fw) of snap bean pods under natural infection and
artificial inoculation with the two pathogens after harvest and
storage conditions. for 21 days.

Treatments B. cinersa §. sclerotiorum Natural infection
0:]€02| N | Free |Conjugated| Total | Free |Conjugated Total | Free | Conjugated | Total

2:| 5:193] 1.18 1032 | 1150 | 2.87 9.27 1214} 898 1.63 10.61

3:(10:|87| 241 422 6.82 | 6.57 1104 [1761] 3.09 7.30 10.39

3:115:|82| 152 2.51 403 | 1.4 2.59 400 | 8.16 5.92 14.08

Control* | 3.85 5.73 222 6.99 921 | 148 419 5.67

* Control was infected with B. cinerea ot S. sclerotiorum ot without infection.

Data also indicated that, the highest conjugated phenols (10.32
mg/g fw) was obtained from using the first level of atmosphere
compared with control treatment (5.73 mg/g fw) in case B. cinered.
Also, the highly content of free and conjugated phenols after using the
fiest and the second atmosphere levels for controlling S. sclerofiorum
on bean pods resulted 2.87 and 6.57 mg/g fw as free phenol and 9.27
and 11.04 mg/g fw as conjugated phenol compared with control
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treatment that result of free and conjugated phenols were 2.22 and
6.99 mg/g fw, respectively.

On the other hand, the natural infection, data in Table 27)
revealed that, all levels of atmosphere showed highly effective to
increase free, conjugated and total phenols compared with the control
treatment. Although the last level of atmosphere 3% O,: 15% CO,:
82% N showed less effect to increase phenol content when snap bean
pods inoculation with B. cinereq and S sclerotiorum while gave more
cffective under natural infection treatment by resulting 8.16, 5.92 and
14.08 mg/g of free, conjugated and total phenols compared with the
control treatment which gave 1.48, 4.19 and 5.67 mglg fw,
respectively.

D-Effect of spraying of some salts and acids on snap bean plant
under field condition and its pods storage for 15 days at
8:£1°C and 90 - 95% RH on:

1- chlorophyll contents in snap bean pods:

Data in Table (28) showed estimated, chlorophyll a, b and (a+b)
in bean pods, after 15 days from storage at 8+1°C and 90 - 95% RH
as reflection of spraying some saits and acids in two concentrations
(2000 and 3000 ppm) on bean plants during season 2005.

Data indicated that 3000 ppm potassium sulphate treatment
caused maximum increase in chlorophyll a (4.83 mg/L) and b (6.77
mg/L). Also, no considerable variation was noticed between different
salts and acids as well as their concentrations in increasing bean pods
chlorophyll content. The less increase in chlorophyll content was
obtained in bean pods sprayed with calcium carbonate (2.04, 2.47 and
4.51 mg/L) and salicylic acid (2.21, 243 and 4.64 mg/l} at
concentration of 3000 ppm compared with control check (Table, 28).

?
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Table (28): Effect of spraying of some different salts and acids, under
field conditions on the chlorophyll contents of snap
bean pods and storage conditions for 15 days.

WW
{pprn) . ChA Ch.B Ch.A+B
| —
catoum supnae |—200— |7 05— b5
S

Potassium chloride gggg ggg ;ég ggg -
Potassium sulphate gggg igg ég 15{ .2650
e —"
e
Control 3.08 5.18 8.45

ey s

2- Sugar contents in snap bean pods:

Spraying of snap bean plants with different salts and acids in
concentration (3000 ppm) used to study their effect on the sugar
contents of pods under inoculation with B. cinerea, S. sclerotiorum
and natural infection after 15 days from storage at 8+1°C and 90 -
95% RH. Data in Table (29) indicated that, all treatments of salts
(calcium chioride and calcium sulphate) and acids (boric and salicylic)
were effective in reducing of sugar content in snap bean pods under all
treatments compared with control. In this regard, the less sugar
content was record in snap bean pods after spraying with salts (1.33.
2.91 and 1.55 mg/g fw) and organic acids (1.95, 2.48 and 2.56 mg/g
fw) under inoculation with S. sclerotiorum, B. cinerea and natural
infection when compared with the control treatment 4.68, 6.71 and
4.02 mg/g fw, respectively.

Spraying of bean plants with salts was more effective than acids on
reduction of sugar contents under inoculation with S. scleroriorum and
M
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natural infection, mean while, opposite effect was only obtained for using
organic acids in case of B. cinerea inoculation compared with the control
treatment. On the other hand, data revealed that, calcium chloride was
more effective on the reduction of sugar content than calcium sulphate in
cases of B. cinerea inoculation (0.07, 2.59 and 2.66 mg/g fw) and natural
infection (0.14, 1.35 and 1.49 mg/g fw) for non-reducing, reducing and
total sugars, respectively. Meanwhile, calcium sulphate was best
reduction effective with S. sclerotiorum inoculation which recorded 0.30,
0.61 and 0.91 mg/g fw of non-reducing, reducing and total sugars,
respectively. Concerning of spraying organic acids, data in Table (29
indicated that, salicylic acids was more effective on the reduction of
sugars content in bean pods after the inoculation with B. cinereq (0.01,
1.38 and 1.39 mg/g fw) and under natural infection (0.96, 1.08 and 2.04
mg/g fw) than boric acid (.13, 3.44 and 3.57mg/g fw under inoculation
with B. cinerea) and (0.65, 2.44 and 3.09 mg/g fw under natural
infection). While, boric acid was most effective under the inoculation
with S. sclerotiorum and resulted 0.07, 1.73 and 1.80 mg/g fw for non-
reducing, reducing and total sugars, respectively.

Table (29): Effect of spraying of some salts and acids under field condition
on sugar contents of snap bean pods under natural infection
and artificial inoculation with the two pathogens and storage
conditions for 15 days.

Botrytis cinerea Sclerotinia sclerofiorum Natural infection
Treatment | Non- Reducing | Total | N |Reducing| Totat | N Teeducing! Tota
reducing reducing reducin

Salts

Caicium
chioride 0.07 258 266 0.07 1.70 1.0 0.14 1.35 149

Calgium
sulphate (.66 252 318 0.30 0.81 0.91 0.15 147 152

Mean| 0.36 2.55 291 0.18 1.15 1.33 0.14 1.41 1.56

Acids
Boric acid 0.13 344 357 0.07 1.73 1.80 0.85 244 3.09

Salicylic acid | 001 1.38 1.39 0.29 181 210 096 1.08 2,04

Mean]| 0.07 241 248 0.18 1.77 1,95 .80 1.76 2.56
Controf* 2.22 449 6.71 040 | 428 468 1.24 278 4.02

* Control was infected with B. cinerea or S, sclerotiorum or without infection.

et ——S—————————————
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3- Phenol contents in snap bean pods:

Data in Table (30) illustrated that, free, conjugated and total phenol
were estimated in pods as a reflection to spray of different salts and acids
in concentration (at 3000 ppm) on snap bean plants and storage for 15
days at 8+1°C and 90 - 95% RH. Results revealed that all treatments
were effective for increasing phenols in bean pods compared with control
treatment. The highest increase in phenols content in bean pods (12.2
mg/g fw as mean) was obtained after spraying salts on bean plants and
pods inoculated with B. cinerea compared with other treatments. In
general, spraying organic acids on bean plants caused increasing in pods
phenols which were inoculated with S. sclerotiorum and matural
infection. Concerning for used salts, calcium chloride was more effective
in increasing phenols content and resulted 5.18, 8.84 and 14.02 mg/g fw
under inoculation with B. cinerea and 12.33, 3.66 and 15.99 mg/g fw
under inoculation with S. sclerotiorum as free, conjugated and total
phenols, respectively. Compared with calcium sulphate which gave 5.88,
450 and 10.38 mg/g fw under inoculation with B, cinerea and 1.33, 9.95
and 11.28 mg/g fw under inoculation with S sclerotiorum as {ree.
conjugated and total phenals, respectively. While, calcium sulphate was
more effective for increasing phenols content (1.41, 5.58 and 6.99 mg/g
fiv under natural infection) compared with calcium chloride (1.33, 5.51
and 6.84 mg/g fw under natural infection) as free, conjugated and total
phenols, respectively.

Meanwhile, boric acid was more effective under inoculation with B.
cinerea and matural infection and caused highest increasing of phenol
contents compared with salicylic acid the value given were 9.28. 3.64
and 12.92 and 2.03, 6.75 and 8.78 mg/g fw of free, conjugated and total
phenol, respectively. Meanwhile, salicylic acid was more effective on
increasing total phenols in bean pods after storage and inoculation with S.
sclerotiorum (14.65 mg/g fw) compared with boric acid and control
treatment (Table, 30).
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Table (30): Effect of spraying of some salts and acids under field conditions
on phenol contents of snap bean pods under natural infection
and artificial inoculation with the two pathogens fungi and

storage conditions for 15 days.

Botrytis cinerea Sclerotinia sclerotiorum Natural infection

Treatment

Free | Conjugated | Total | Free Conjugated | Total | Free Conjugated | Total

Salfs

Calcium chloride | 5.18 8.84 14.02 | 1233 3.66 1599| 1.33 5.51 6.84

Calgium sulphate | 5.88 450 10.38 | 1.33 995 128 14 5.58 6.99

Mean| 5.53 6.67 1220 | 6.83 6.81 13.64| 1.37 §.55 6.92

Acids

Boric acid 9.28 3.64 1292 | 207 5.57 764 1203 6.75 8.78

Salicylicacid | 4.6 264 729 | 170 12.95 1465] 512 244 7.56

Mean] 6.97 3.14 1041 | 1.89 9.26 1115 3.58 4,60 8.17

Control* 5.1 243 814 | 351 5.11 862 163 2.30 393

* Control was infected with B, cinerea or 8. sclerotiorum or without infection,
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