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ABSTRACT: Five treatments (Bacillus subtilis, Trichoderma harzianum,
chitocar product, soft guard and orange peels extract) with different
concentrations were used to control root-knot nematode, Meloidogyne hapla
under laboratory as well as greenhouse and field conditions on strawberry.
Also, application number of the treatments were studied under both
greenhouse and field conditions.

The most effective treatment in controlfing root-knot nematode was soft
guard, while Bacillus subtilis, Trichoderma harzianum, chitocar product
occupied an intermediate position in the effectiveness whereas, the least
effective one was orange peels extract under both laboratory and
greenhouse conditions. So the treatment of orange peels extract was
neglected under field conditions. The most effective treatment under field
conditions in controlling Meloidogyne hapla was soft guard, whereas the
least effective was Trichoderma harzianum.

Under laboratory conditions the five treatments were used to study their
effect on percentage of juveniles mortality. All treatments led to high
percentage of juvenile mortality especially at the highest concentration and
after 72 hours exposture.

Under greenhouse conditions using soft guard and Bacillus subtilis were
more effective in reducing numbers of developmental stages, fomales, galls,
egg-masses and egqgs/ egg-mass as well as number of 2 ™ stage larvae in
soil, whereas, the least effective was orange peels extract.

Adding the treatments as soil drench led to increase the fresh weights of
both the root and shoot system of strawberry seedlings at all used
concentrations especially at the highest concentration. Using three times of
addition from each treatment achieved high decrease in nematodes in both
roots and soil.

Also, all the treatments individually as soil drench decreased the number of
nematodes in both roots and soil. In addition the fruit yield of strawberry
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increased after adding the treatments at all three times and at high
concentration under field conditions.
Key Words: Non chemical control, root-knot nematodes, Mefoidogyne
hapla, Bacillus subtilis, Trichoderma harzianum, chitocar product, soft guard,
orange peels extract and strawbetrry.

INTRODUCTION

Strawberry (Fragaria x ananassa L.}, is one of the most economic crops in
Egypt. Several species of root- knot nematodes, Meloidogyne spp., have
been recognized as a potentially serious problem to the crop productivity.
{Annonymus, 1986) indicated that nematodes are a particular problem in
strawberry crop in some countries, severe nematode infestations force grape
growers to destroy strawberry plants and let the land lie fallow for many
years hefore replanting.

In recent years, the awareness of the nematicides hazards to human and
environment has directed the attention towards soil-borne antagonists as an
alternative method to chemical control.

Biological control is gaining increasing role throughout the world for
nematode suppression.

Bacillus subtilis is reported as a bio-control agent against root-knot
nematodes. Nematode mortality was observed from 8 hours incubation. A
concentration of at least 10 ° cfu / ml were necessary to cause nematode
mortality higher than 20%. Bacillus subtilis act through production of number
of antibiotic as bacterocin (Ferreiro et al.,, 1991; Asaka and Shoda, 1996;
Farahat, 1998, Khan et al., 2002 and Shawky & Abd El- Moneim, 20605).

Trichoderma harzianum act through different mechanisms inciuding
mycoparasitism, also through production of antibictic substances (Abd El
Moity & shatla, 1981and Banhamoud & Chet, 1993). Trichoderma harzianum
also act through production of destructive enzymes i.e, chitenase { Padares
et al, 1992 ; Bolar et al,, 2000 ; Sharon et. al. ,2001 ; Faruk et aj. , 2002;
Siddiqui and Shaukat, 2004 ; Shawky & Abd El- Moneim, 2005 and
Sahebani & Hadavi,2008). Abd El-Moity ef a/. (1998) said that application of
Bacilius subtilis and Trichoderma harzianum to nematoue infested soil twice
was always more effective compared with single treatment.

Loumedijiinon ef al. (2007) used dried skin peels of orange to control root-
knot nematode (RKN), Meloidogyne spp. in solanum macroatpon! under field
condition. They found significantly reduction in root galling and nematode
soil population density and increasing in plant biomass as compared to
control. Tsai (2008} stated that the extract of fresh orange peels showed
significantly nematostatic effect against M. incognita second stage juveniles
after 48 h of treatment. The nematicidal activity was very low in the extracts
of fresh peels but was greatly enhanced in the extracts of stored extract
peels with 93.5% mortality of nematodes. He explained that by the possibility
that essential oils from the citrus peels might have released in the extract
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during storage of the orange peels. He also mentioned that infection of M.
incognita second stage juveniles on mungbean root was significantly
inhibited by the extracts of the refrigerator-stored peels of orange.

(Mulawarman et al. 2001) said that chitosan compound is a natural
product stimulate microbial activity in the soil and promote plant growth.
They found positive effects of natura! products in stimulating soil microbial
activity and thereby the antagonistic potential in soils leading to a reduction
in nematode infestation and improved plant growth.

{(Vasyukova et al. 2001) stated that chitosan play an elicitor activity by
inducing the local and systemic of resistance inside plant tissues against
different pathogens and nematodes. They added that chitosan induced the
accumulation of phytoalexins in tissues of host plants; decreased the total
content; cthanged the composition of free sterols producing adverse effects
on infesters; activated chitinases, -glucanases, and lipoxygenases; and
stimulated the generation of reactive oxygen species.

(Hallmann et al 1999) said that the addition of chitin to soil at 1% (wiw)
eliminated plant-parasitic nematodes in a first planting of cotton cv. ‘Rowden’
and significantly reduced Meloidogyrie incognita infestation in a second
planting, confirming long-term nematode suppressiveness induced by this
organic amendment. They found that chitin amendment was associated with
an increase in fungal and bacterial populations, especially those with
chitinolytic activity.

The present work was carried out to study the efficacy of some bioagents,
chitosan compound and extract of orange peels in controlling Meloidogyne
hapla under laboratory, greenhouse and field conditions

MATERIALS AND METHODS

In this study five different treatments were used. These treatments included:-
1- Bacillus subtilis + Nematode (N).

2- Trichoderma harzianum + N,

3- Soft guard compound as a commercial product + N.

4- Chitocare compound as a commercial product + N.

§- Orange peels extract + N.

6- Check treatment with hematode only

Al} treatments were prepared in Central Laboratory of Organic Agriculture,
Agricultural Research, Center, Giza.
1- Preparation of the treatments:-
A- Bacteria:-

Bacillus subtilis was grown on nutrant glucose broth (NG) for 48 hours.
The bacterial suspension was adjusted to be containing (30 x 10°) cells /ml
(Dowson, 1957y
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B- Fungi:-

Trichoderma harzianum was grown in gliotoxin fermentation media (GFM)
under complete darkness just {o stimulate toxin production (Abd El- Moity
and Shatla, 1981) for 9 days. The suspension of T. harzianum was prepared
by adjusti ng the number of T. harzianum propagules, in the suspension to
be (30 x 10°) cfu /ml using sterilized distilled water.

C- Soft guard:-

It contains chitosan oligo Saccharin {molecular weight 5 3000) .Importer:
Technogreen Group for agricultural production .Exporter: Leili; Agro
Chemistry CO. LTD; China.Registration No. 4585. Application rates: for
watering dilute 1000 times.

D- Chitocar product:-
It contains chitosan oligomers, and cheleated elements: Fe, Zn, Mn, Cu, B
and NPK. Sentic Company. Application rates: for watering dilute 1000 times.

E- Orange peels:-
Extract of orange peels was prepared by mixing 10 g of dry powder
orange peels with 100 mi of water using electric blender for 5 minutes.

|- Laboratory experiment:-

Efficacy of some bioagents, chitosan compounds and orange peels
extract treatments against active nematode juveniles under laboratory
conditions:-

To test the efficacy of the five different treatments were used in inhibiting
the activity of M. hapla juveniles in vitro, 1 ml of each (Bacillus subtms
containing (30 x 10°) cells /ml., Trichoderma harzianum containing {30 x 10%)
cfu /ml were added at three concentrations of(1:50, 1:100, 1:150) and | ml. of
each (chitocar product , soft guard and orange peels extract) were added at
three concentrations of (1:500, 1:800, 1:1000} to 1 ml of nematode
suspension containing (200 active juveniles of M. hapla) in glass vials and
compared with check treatment of 1 mi distilled water containing {200 active
juveniles of M. hapia). The glass vials we: » examined after 24, 48 and 72
hours from exposure. The numbers of active and non active juveniles were
counted microscopically. New blue R {0.05% aqueous solution), potassium
permanganate {0.062-0.50% KMnO4 in aqueous solution) and chrysoidin
have been used to stain dead nematodes (Barker et. al. 1985).

li- Greenhouse experiments:-
1- Evaluation the different concentrations of some bioagents,
chitosan compounds and orange peels extract treatments to control

M. hapia under greenhouse conditions:-
In all greenhouse experiments nematodes inoculation procedure were
prepared as
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Nematodes inoculation procedure:-

After strawberry seedlings (Fragaria x ananassa L) Camarosa variety,
were transplanted individually in 20 cm diameter clay pots each containing
2.5 Kg steam —sterilized scil. (1:2) loam and sand respectively, each pot was
inoculated with 3000 newly hatched juveniles from pure culture of M. hapfa
by making 3 holes at different depths (2-3 cm) around the roots and
immediately after inoculation the roots were covered with soil.

One week after inoculation different treatment which include Bacilius
subtilis, Trichoderma harzianum, chitocar product, soft guard and orange
peels extract were added. The five different treatments were prepared by
diluting (1:50, 1:100, 1:150) for Baciflus subtilis, Trichoderma harzianum and
orange peels extract and by diluted suspensions of (1:500, 1:800, 1:1000) for
both chitocar product and soft guard. Pots were treated with nematode active
larvae without the treatments served as control treatment,

All treatments received the same agricultural treatment such as amount of
water, number of seedling /pot and amount of fertilizers. All pots were
arranged in completely randomized design, and kept under greenhouse
conditions.
2-Effect of soil drench application number of different treatments to
control M. hapla under greenhouse conditions:-

This experiment was conducted to determine the effect of application
numbers of the previous five treatments in controlling M. hapfa under
greenhouse conditions.

All inoculated strawberry seedlings were divided into four

groups.

1- The first group received one time of 100 ml/kg. soil from the highest
concentrations of the different treatments.

2- The second group received two times of 100 mifkg. soil from the highest
concentrations of the different treatments.

3- The third group received three times of 100 ml/kg. soil from the highest
concentrations of the different treatments.

4- The fourth group received nematode only as control.

In all greenhouse experiments, after 60 days, all plants were carefully
uprooted. Root and shoot systems were weighted. Nematode populations in
soil and roots were recorded according to {(Franklin & Goodey, 1957}). Eggs of
M. hapla were extracted from galls of strawberry roots using sodium
hypochoride (NaOCl) method as described by Husssey and Baker (1973).

Ili- Field experiments:-
Evaluation the different treatments in controlling M. hapla under field
conditions:-

This experiment was conducted in sandy loamy naturally infested soil
with M. hapla to determine the effect of numbers of application of four
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treatments {B. subtilis, T. harzianum, chitocar product and soft guard) to
control M. hapla under field conditions at the high concentration of {1:50) for
B. subtilis and T. harzianum, and the concentration of (1:500) for both
chitocar product and soft guard. At the end of the experiment nematodes in
both soil and root were determined. Also, the totally fruit yield were
determined. Each treatment include 10 replicates and every replicate
contains 100 plants

Statistical Analysis:-
All obtained data were subjected to statistical analysis proposed by
Gomez and Gomez (1984)

RESULTS AND DISCUSSION

|- Laboratory experiment:-

Efficacy of some treatments against active nematode juveniles under
laboratory conditions:-

Data in Table (1} illustrated that the five tested treatments (B. subtilis, T.
harzianum, chitocar product, soft guard and orange peels extract) had
various degrees of effectiveness toward the nematode juveniles, Moreover,
the percentage of mortality increased with increase of the treatments
concentration and exposure period.

The highest concentration of (1:50) for B. subtilis, T. harzianum and
orange peels extract and the concentration of (1:500) for both chitocar
product and soft guard in all the tested treatments achieved the highest
percentage of juvenile mortality during all exposure periods.

After 24 hours, the mortality caused by all used treatments (B. subtilis, T.
harzianum, chitocar product, soft guard and orange peels extract ranged
between 23.5 to 87.3% compared with control of mortality % (0.4 %). Also,
after 72 hours at the concentration {1:50) the highest percentage of mortality
% caused by soft guard was (95.4%) while the lowest percentage of mortality
caused by crange peels extract was {5§7.2 %) compared with control of (1.5%).
B. subtilis was occupied the second rank of effectiveness on mortality % by
{92.5%). Chitocar product was occupied the third rank of effectiveness on
mortality % by (87.2%) followed by 7. harzianum treatment which achieved a
percentage of mortality of {70.1%}.

Bacillus subtifis acts through production of number of antibiotics
(Ferreiro, 1991; Asaka and Shoda, 1996; Abd El Moity ef. al, 1998 and
Farahat., 1998). Baciflus subtilis can grow and multiplicate very fast under
this circumstance.

Trichoderm harzianum act through different mechanisms including
mycoparasitism, also through production of antibiotic substances (Abd El
Moity & shatla, 1981 and Banhamoud & Chet, 1993). Trichoderma harzianum
also act through production of destructive enzymes i.e., chitenase (Padares
et al.,, 1992 ; Bolar et al., 2000}.
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Table (1): Effect of exposure period to some treatments on mortality
percentage of M. hapla juveniles under laboratory conditions.

Mortality %
Treatments Conc. Exposure period (in hours)
24 48 72
1:150 50.7 55.2 68.5
Bacillus subtilis + N $:100 71.9 75.6 81.4
1:50 835 88.3 92.5
1:150 35.2 38.5 46.8
Trichoderma harzianum + N 1:100 48.9 55.7 64.2
1:50 55.5 62.8 70.1
1:1000 57.2 64.9 79.3
Softguard + N 1:800 76.9 82.5 B5.8
1:500 87.3 91.7 95.4
1:1000 46.6 50.4 69.2
Chitocar product + N 1:800 61.3 68.2 751
1:500 74.4 81.6 87.2
Orange peeis extract + N 1:150 23.5 26.9 35.6
1:100 28.7 338 38.2
1:50 41.3 46.7 57.2
Nematedes in distilled water 0.4 1.1 1.5
L.8.D. {5 %) 211 2.23 3.56

Loumedjiinon et af (2007) used dried skin peels of orange to control root-
knot nematode (RKN), Meloidogyne spp. in solanum macroatpon! under field
conditions. Data obtained showed that significantly reduction in number of
galls and nematode population density in soil and increased plant biomass
as compared to control. Tsai (2008) stated that the extract of fresh peels of
orange showed significantly nematostatic effect against M. incognita second
stage Juveniles after 48 h treatment. The nematicidal activity was very low in
the extracts of fresh peels but was greatly enhanced in the extracts of stored
orange peeis with 93.5% mortality of nematodes. {Hallmann et al/ 1999) said
that addition of chitin to soil at 1% (w/w) eliminated plant-parasitic
nematodes in a first planting of cotton cv. ‘Rowden' and significantly reduced
M. incognita infestation in a second planting, confirming long-term nematode
supressiveness induced by this organic amendment. The chitin amendment
was associated with an increase in fungal and bacterial populations,
especially those with chitinolytic activity.

li- Greenhouse experiments:-
1- Evaluation the different concentrations of some bioagents,
chitosan compounds and orange peels extract treatments to control
M. hapla under greenhouse conditions:-
1- Effect on nematode population:-
a- Number of root galls:-

However all the treatments showed remarkable decrease of the number of
root galls Fig.(1). Soft guard performed the highest reduction of galls
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number compared with fhe other treatments. B. subtilis ranked on the
second piace, whereas orange peels extract resulted in the lowest reduction
of root galling. T. harzianum and chitocar product occupied an intermediate
position in decreasing the root galling, Increase the concentration of soft
guard from {1:1000) to (1:500) resulted in decrease the root galling from 46 to
29 galls/root system. Similar decrease was found in the case of all the other
treatments.

(BB, subtilis (1:156) ‘ _ - o N
D B. subilis (1:100) , \#1 20
B B. subtilis {1:30) i ;

gﬂ T. harzianum (F:130) : S ‘
‘BT, harzianum (1:100 T 100
& T. harzianum (1:530}

Soft guard {1:1000)

B Soft guard (1:300)

I 8oft guard (1:500)
Chitoear product {(1: 1040}
B3 Chitoear product (1:300) !
‘M Chitocar product (1:500) ;
iﬂ Orange peels (1:150)
2 Orange peels (1:100)
O Orange peels (1:50) 1
& Crtrol(nematode only) |

60

No. of galls/root system

40

-20

o :‘E'é'

Treatments

Fig. (1): Effect of some bioagents, chitosan compounds and orange peels
extract treatments on number of galls /root of strawberry plants infected by
M. hapla under greenhouse conditions.

b- Number of juveniles in soil, developmental stages, females, egg
masses ,eggs numbers and rate of build up of M. hapia :-

Data in Table (2) illustrated that all tested treatments were effective in
decrease the final nematode population and rate of build up of root knot
nematode in both soil and roots especially at the highest concentrations.
Soft guard was the most effective treatment whereas the least effective
treatment one was orange peels extract. B. subtilis, T. harzianum, and
chitocar product occupied an intermediate position. Also, data showed that
positive correlation between efficacy of the treatments and concentrations.

The same trend obtained with the effect on juveniles in soil, and
developmental stages, females, egg -masses and eggs numbers in roots.
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Table (2): Efficacy of some bioagents, chitosan compounds and orange peels
extract treatments on reproduction of M. hapla infecting strawberry
plants under greenhouse conditions.

r' T Nematode population in
| No.of | Root *Final Rate of
Treattherts Cone. ;juveniles | No. of No. of No.of | nematode | build- up
in 250g 9. 0 No.of | N2 | eqgsi |poputation| (PF/PT)
soil dev!elopment females | _°99° eqa- (PF}
al stages masses mass
1150 180 63 52 48 341 16663 5.55
Bacillus 1:100 120 57 47 a1 335 13959 4.85
subtilis  +N 1:50 100 50 40 37 317 11919 3.97
1:150 340 71 60 55 360 20271 6.75
Trichoderma 1:100 300 84 53 50 345 17667 588
harzianum +N | 1:5p 220 58 45 42 333 14312 4.77
[ 1:1000 140 58 45 40 320 | 13043 4.34
Soft 1:800 100 51 39 35 308 10970 3.65
Guard  +N 1:500 80 45 28 6 205 7823 2.60
1:1000 260 86 57 54 352 19391 6.46
Chitocar [ 1:800 200 60 s0 47 340 16290 5.43
Product +N 1:500 140 52 44 40 331 13476 4.49
Orange 1:150 400 73 62 60 380 23335 7.78 |
Peels +N 1:100 320 67 55 52 351 18684 6.23
extract 1:50 280 62 51 49 343 17200 573
Control 2400 112 124 119 430 53806 17.93
{rematodes only) {N}
L.5.D. (5 %) 18.36 1.23 1.54 1.12 11.87 485.61 023

Each value presented the mean of four replicates.
*Final nematode population(PF)={No. of egg-masses x No. of eggs/egg-mass)+ No. of females
+No. of developmental stages+ No. of juveniles in soilfpot.

Final nematode population (PF)
Rate of build-up =

Initial nematode population (P}

All data are in agreement with those obtained by Hanna et. al. (1999) who
mentioned that B. subtilis was effective against root-knot nematode M. -
incognita on tomato plants. Also agree with Abd El-Moity, et. al. (1998) who
mentioned that the most effective in controlling the root-knot nematode was
Bacillus spp., whereas the least effective was T. harzianum. Also, Khan et.
al{2002) said that treatment with B. subtilis or Beijerinckia indica reduced
gailing by 33-34 % and increased the dry weight of shoots by 22-24 % ,
respectively. Trichoderma spp. can produce various toxin metabolites and
different enzymes that improve photolytic activity of the antagonist and
control of nematodes. ((Sharon et. al., 2001; Faruk et. al., 2002; Siddiqui and
Shawkat,2004 and Shawky & Abd El- Moneim, 2005).

2 - Effect on the vegetative growth of the treated seedlings:-

The effect of the treatments (B. subtilis, T. harzianum, chitocar product,
soft guard and orange peels extract) on fresh weights of the treated plants
were illustrated in Fig.(2).
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All the treatments enhanced increase in fresh weights of the whole plants
compared with control plants. The maximum increasing % at the highest
concentration was recorded in treatment with soft guard (223%} followed by
B. subtilis with (199%), chitocar product (171%) followed by T. harzianum
with {152%). The treatment of orange peels showed the lowest shoot weight
increasing %, which reached to (83 %) compared with the control.

GB. subtilis(1:150)

} B. sunbrifis(1: 180

- B B. sebtilis(1:56)

i @ T harzianum(1:130)
:‘ B T harzigaan( 1 100)
BT, harztanmm(l:50)

[ B Safl guard(1:1000)

. B Soft guard(1:800)

J i Soft guard(1:500)

i M Chitecar product(1:1000)
‘ & Chitecar product{1:800)

| EY Chitocar product( 1:500)

| 71 Orange peels(1:150)

: Orange peels(1:100)

o Orange pecls(1:50)

Yo Increasing of fresh weight of the whole plant (g)

freatments

Fig. (2} : Effect of some bioagents, chitosan compounds and orange peels
extract treatments on increasing % of fresh weight of the whole plant of
strawberry infected by M. hapla under greenhouse conditions.

2- Effect of application number of treatments at different
preparation to control M. hapla on strawberry ui der greenhouse
conditions:-

A -Evaluation the application number on the nematode infecting
strawberry plants under greenhouse conditions:-

1- Effect on nematode population:-

a- Number of root galls:-

However all the treatments showed remarkable decrease of the number of
root galls Fig. (3), soft guard performed the lowest galls numbers compared
with the other treatments especially after three times of applications at the
highest concentration (1:500). B. subtilis ranked on the second place,
whereas orange peels extract resulted in the lowest decrease in the number
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of root galls. Both Chitocar product and T. harzianum were occupied an
intermediate position in decrease number of root galling. The decrease in
root galls was affected greatly with the number of applications of different
treatments.

IS B subsitis(l timej |
JO B, subtilis(2 times)

VB3 B subtilis(3 fimes)

W T. karzianum(} tone)
[0 T harzianum(2 fimes)

| B T. hrargfanund3 times) ’ ;’
'@ Soft guard(1 time) E‘
|EiSoft guard(2 times) T T T g
;l Soft guard(3 times) : %
|88 Chitocar product{l time) 5 ul g0
iﬂ Chitocar product(2 times) | ] TR "E::\Jﬂﬂ z
‘M Chitoear praduct(3 times) ] EE% .’-f.':: o atais :i:;g z
;B Orange peels(1time) i = E"":"' e
B Orange peels(2times) , B iy b :-u"" ): . 0
‘P Orange peels(3 times) o b dtitin ot
& Nematode aloncicontrol) | b G|

AT i 0

T reatments

Fig. (3} : Effect of application number of some bioagents, chitosan
compounds and orange peels extract treatments on number of galls froot of
strawberry plants infected by M. hapla under greenhouse conditions.

b- Number of juveniles in soil, developmental stages, females, egg
masses ,eggs numbers/ root and rate of build up of M. hapla :-

Data in Table (3) showed that aii tested treatments were effective in
decrease the final nematode population and rate of bulld up of root knot
nematode in both soil and roots especially after three times of application.
Soft guard was the most effective treatment, whereas the least effective one
was orange peels extract. B. subtilis, T. harzianum and chitocar product
occupied an intermediate position. Also, data showed that positive
correlation between efficacy of the treatments and applications number of
the treatments.

The same trend obtained with the effect on juveniles in soil, and
developmental stages, females, egg -masses and eggs numbers in roots.
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Table (3): Effect of application number of some bioagents, chitosan
compounds and orange peels extract treatments on reproduction of
M. hapla infecting strawberry plants under greenhouse conditions.

Nematode poputation in
Treatments Number Root “Final Rate of
of No. of I No. of build-
$oati . ; No. of No. of nematode
application
pplicati p;:c;r;g;s developme f:rzégs ego- Z%%s_’ population (P:?PU
soil ntal stages masses mags (PF)

- Cne time 160 56 a5 41 360 15021 5.00
Bacillus Two times 120 51 38 35 340 12109 4.03
subtitis + N Three times 80 43 30 28 310 8833 2.94

One time 280 65 54 50 385 19649 8.55
Trichoderma Two times 240 59 47 45 kil 1724 5.72
harzianum + N{ Three times 180 50 37 34 354 12303 4.10

One time 120 52 40 38 337 13018 4.34
Soft Two times 100 48 35 32 315 10263 3.42
guard *+N Three times 60 40 25 22 280 6285 2.09

One time 200 62 439 46 378 17699 5.90
Chitocar Two times 180 57 43 41 366 15288 5.09
product +N Three times 140 45 34 30 337 10330 3.44
Crange Qne time 360 72 64 61 405 25201 8.40
peels +N | Two times 300 65 55 51 389 20259 6.75
extract Three times 240 54 50 47 373 17875 5.95
Control (nematodes only) (N) 2600 112 116 111 430 50558 16.85
L.8.D. (5 %) 15.86 1.23 0.89 0.81 10.12 415.16 0.06

Each value presented the mean of four replicates.
*Final nematode popuilation{PF)=(No. of egg-masses x No. of eggsfegg-mass)+ No. of females
+No. of developmental stages+ No, of juveniles in soil/pot.

Final nematode population {PF)
Rate of build-up =

Initial nematode pogpulation (P1)

2 - Effect on the vegetative growth of the treated seedlings:-

The effect of number of applications of soil drench of the treatments
{Bacillus subtilis, Trichoderma harzainum, chitocar product, soft guard and
orange peels extract} on fresh weight of the ‘reated plants were studied in
Fig.(4).

All the treatments enhanced the increase in fresh weight of the whole
plants compared with the control. The maximum increasing % after three
times of applications was recorded with the seedlings treated with soft guard
{255%) followed by B. subtilis with (232%), chitocar product (221%) followed
by T. harzianum with (198%). The treatment of orange peels showed the
lowest shoot weight increasing%, which reached {112 %) compared with
control.
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’753 B. subtiles{ I time) m_ T N”SOO

‘ B. subtilis(2 times)

B B subtilis(3 times}
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Fig. (4) : Effect of applications number of some bioagents, chitosan
compounds and orange peels extract treatments on increasing of fresh
weight of the whole plant of strawberry infected by M. hapla under
greenhouse conditions.

lli- Field experiments:-

Effect of some bioagents and chitosan compounds treatments to
controlling M. hapia in naturally infecting strawberry plants under field
conditions:-

1- Number of root galls:-

However aill the treatments showed remarkable reduction of the number of
root galls as shown in Table (4), the soft guard performed the lowest galls
numbers as reached to 24 galisiroot compared with the other treatments at
{1:500) with three times of application. B. subtilus ranked on the second
place resulting in reduce galls t028 galls/iroot, whereas T. harzianum resulted
in the lowest reduction in the number of root galls reached to35 galisiroot.
Chitocar product occupied an intermediate position in decrease number of
galis/ root reached to31 gallsfroot in compared with the control 113
galisfroot.

2- Number of juveniles in soil, developmental stages, females, egg
masses and eggs numbers in roots:-
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Table 3: Estimates of GCA effects for grain yield and other attributes, data of
the combined over the three locations.

Traits D:%:’oto Plant Ear Resistance Grain
Lines silking height height to late wilt yield
L1 0.729** 0.783 1.002 0.626 2237+

L2 0.479* 16.050** 6.414** 0.318 0.612

L3 1.284** 10.550** 3.391* 1.997* 0.178

L4 0.035 9.338* 7.252** 0.452 0.244
L5 0.437* 6.106** 1.386 0.152 1.836
L6 0.687* 21.004* 10.057** 3.520™ 1.598**

L7 0.687** 4,449** 4.692* 4.208 0.796

L8 0.395* 3.467* 4.469* 1.701 0.21¢

L9 1.396** 4.004** 0.331 3.375* 0.594

L10 0.576™ 0.865 0.613 1.726 0.346
L1 0.187 6.643** 2.752 3.051* 0.533
L2 1.743** 10.912* 7.775* 3.074* 2.060**

Tester (T)

GZ638 0.118 5.102* 6.516™ 0.160 0.954**
GZ650 0.076 5.594** 2.377 1471 0.896**
Gm1021 0.042 10.696** 3.893** 1.331* 1.850*
SEgil 0.189 1.460 1.698 0.691 0.427
SEgiT 0.094 0.730 0.849 0.345 0.213

*, ** Significant at 0.05 and 0.01 level of probability, respectively.
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Table 4: Estimates of SCA effects for grain yield and other attributes, data of
the combined over the three locations.

c D;gf to Plant E_ar Resistance S
rosses silki{:g height (cm) h{o.zlgt;t to late wilt Grain yield

L1 x GZ638 0.118 11.98%"" 5.594* 1.227 1.774*
L2x GZ638 0.118 17.685* 12.738* 1.722 3.174™
L3 x GZ638 0.479 4.815 5.206* 1.358 0.057
L4 x GZ638 0.479 7.426** 4.178* 0.436 0.052
L5 x GZ638 0.548 6.796" 7.099* 2.559* 2.240*
L6 x GZ638 0.382 2.342 0.456 6.585** 0.233
L7 x GZ638 0.298 5.231* 6.372 0.125 2.218~
L8 x GZ638 0.548 5.185* 0.349 0.854 0.273
L9 x GZ638 0.285 2324 1.571 0.427 0.637
L10 x GZ638 0.090 3.101 0.567 0.988 0.187
L11 x GZ638 0.034 10.954** 6.761* 2.037 1.400
L12 x GZ638 0.173 7.857 7.3 1.756 0.871
L1 x GZ650 0.493 1.678 1.067 1.576 1.672%
L2 x GZ650 0.340 3.571 2.817 0.8433 1.312
L3 x GZ650 0.368 3.511 2.155 0.116 3.316*
L4 x GZ650 0.049 4.317 2,182 2.450* 0.506
L5 x GZ650 0.243 7.627 2.956 1.359 1.601*
L6 x GZ650 0.090 0.984 2438 3.399% 1.105
L7 x GZ650 0.674* 5.155* 1.988 0.768 1.148
L8 x GZ650 0.076 5.322* 0.373 0.635 1.434
L9 x GZ650 0.659* 3.099 3.400 0.389 0.776
L10 x GZ650 0.021 .1.488 0.28%9 0.025 0.892
L11 x GZ650 0.076 18.206 8.432* 2.790* 2934
L12 x GZ650 0.145 2.432 6.344* 0.056 0.110
L1 x Gm1i021 0.375 10.303* 6.662* 0.349 0.102
i-2 x Gm1021 0.458 14.113~ 9.921* 2.565* 1.862*
L3 x Gm1021 0.8 47~ 1.303 3.050 1.474 3.373
L4 x Gm1021 0.430 3100 1.995 2.886* 0.559
L5 x Gm1021 0.791* 0.831 4.143 1.199 0.639
L6 x Gm1021 0.291 1.358 2.072 3.186™ 0.872
L7x Gm1021 0.375 10.386** 4.384* 0.894 1.069
L8 x Gm1021 0.625 0.136 0.023 1.490 1.708*
L9 x Gm1021 0.375 0.775 1.828 0.037 1.413
L10 x Gm1021 0.069 1.613 0.856 0.962 1.079
L12 x Gm1021 0.318 5.224* 1.032 1.812 0.982
L11 x Gm1021 0.041 7.252* 1.671 0.753 1.534*
SE (s} 0.328 2,530 2.080 1.198 0.739

*, ** Significant at 0.05 and 0.01 level of probability, respectively.
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Variance components

Estimates of the variance components of lines and testers (o 25ca) and of
crosses (o’sca) for grain yield and other agronomic traits across {ocations
are presented in Table (5). Results revealed that values of a’sca for lines (L)
were higher than those of 0% fOr testers {T) for number of days to 50%
silking and resistance to late wilt. These resuits indicate that most of the total
variance was due fo GCA of the lines. While, values of o’ aca Tor testers (T)
were higher than those of 0”sc, for lines (L) for plant and ear height and grain
yield. These results indicate that most of the total varlance was due to GCA
of the testers of these traits. The variance interaction of 0%, testers x Loc.
was |arger than o® sca lines x Loc. for ear height and grain yield, indicating
that o> cca for testers was more affected by environmental conditions than
that for lines. On the other hand the magmtude of variance interaction of
o’ cca lines x Loc. was larger than that of 0°cca testers x Loc for number of
days to 50% silking, plant height and resistance to late wilt. The o’sca
variances were larger than that of 0?5, for days to 50%silking, plant height
and late wilt resistance. These results indicate that the non-additive gene
effects were more unportant than additive gene effects in the mhentance of
these traits. While the o’;c, variances was larger than those of o?sca for ear
height and grain yleld Furthermare, the magnitude of 0°sc4 x Loc. interaction
was greater than o? cea X Loc interaction for all the traits studied except, for
number of days to 50% silking, indicating that the non-additive gene action
interacted more with the environmental conditions than the additive
component for these trait. These results are in agreement with the findings of
several investigators who reported that specific combining ability variance
was more sensitive to environmental changes than general combining ahility
variance (Gilbert, 1958). Also, Shehata and Dhawan (1975) and Sadek et a/
{2000 and 2002) also found that the non-additive genetic effects interacted
more with the environment than the additive component. On the other hand,
EHtriby et af (1990), and Soliman et al (2001) reported that the additive types
of gene action were more affected by the environment than non-additive
ones,
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Table 5. Estimates of general (0°sca) and specific (ozscn) combining ability
variances for grain yield and other plant traits combined over three

locations.
Traits
Parameters Dg‘éfkm Plant  Ear height Resistance o . .,
silking height {cm) {cm) to late wilt
% gea (lines) 0.737 76.183 16.993 4.413 0.245
0% gca (testers) 0.10 78.852 60.582 1.078 2.242
o'zgca X Loc (lines) 0.281 17.326 4.732 5.786 0.090
0%5ca x LoOC (testers) 0.002 10.013 2.514 0.316 1.214
azgca 0.125 77.062 53.258 2.011 7.312
0%gca X LoC 0.037 0.789 0.623 0.623 0.641
0%sca 0.150 77.883 31.921 4.642 3.375
0%sca X LOC 0.008 21.548 15.444 6.553 3.763
REFERENCES

Abd El Moula, M.A., A.A.Barakat and A.A. Ahmed (2004). Combining ability
and type of gene action for grain yield and other attributes in maize (Zea
mays L.) Assiut J.of Agric_Sci. 35(3):129142

Abd El Moula, M.A. and M.E.M. Abd ElAzeem (2008). Selection among S,
yellow maize using combining ability. Assiut J.of Agric.Sci. 39(4):117

Ali, M.L. and N.M. Tepora (1986). Comparative performance of four types of
testers for evaluating corn inbred lines from two populations. Crop Sci. 11
(3): 175179.

Amer, E.A and A.A. ElShenawy (2007). Combining ability for new twenty one
yellow maize inbred lines. J. of Agric. Sci. Mansoura Univ,,
32(9):70537062.

Davis, R.L. (1927). Report of the plant breeding Ann. Rep. Pureto Rico Agric.
Exp., P:1415.

Elitriby, A., H.Y. ElSherbieny, M.M. Ragheb and M.A.K. Shalaby (1990).
Estimation of combining ability of maize inbred lines in top crosses and
its interaction with environments.k gypt.J.Appl.Sci.5(8):354370.

EiMorshidy, M.A. and E.A. Hassaballa {1982). Relative valtues of five testers in
evaluating combining ability of maize inbred lines. Assiut J. of Agric.
Sci.13 (1):95102.

EMorshidy, M.A., E.A. Hassaballa, Sh.F. AbouElsaad and M.A. Abd EiMoula
(2003). Combining ability and type of gene action in maize under favorable
and water stress environments, Proceed. Pl. Breed. Con. April 26, 2003:
5557.

ElZeir, F.A., E.A. Amer, A.A. Abdel Aziz and A.A. Mahmoud (2000). Combining
ability of new maize inbred lines and type of gene action using top
crosses of maize. Egypt. J. Appl. Sci. 15(2): 116128.

936



Estimates of combining ability for grain yield and other...............

Gado, H.E., M.S.M. Soliman and M.A.K. Shalaby (2000). Combining ability
analysis of white maize (Zea mays L.} inbred lines. J. Agric. Sci. Mansoura
Univ. 25:37193729

Gilbert, N.E.G. (1958). Diallel cross in plant breeding. Heredity.12:477492

Halauer, A.R. and J.E. Miranda (1981). Quantitative genetics in maize
breeding. 2™ Ed., lowa State Univ. press, Ames, USA.

Hassaballa, E.S., M.A. ElMorshidy, M. Khalifa and E.M. Shalaby {1980).
Combining ability analysis in maize. 1 Flowering. Res. Bull. Fac. of Agric.,
Ain Shams Univ., 1291,8pp.

Hede, A.R., G. Srinvasan, G. Stolen and $.K. Vasal (1999). Identification of
heterotic pattern in tropical inbred maize lines using broadbase synthetic
testers. Maydica 44{4):325331.

Kempthorne, O. (1957). An Introduction to Genetic Statistics .John Wiley and
Sons Inc., NY,USA.

Konak,G., A. Unay, E. Serter and H. Basal (1999). Estimation of combining
ability effects, heterosis and heterobeltiosis by line x tester method in
maize. Turkish J. of Field Crops. 4(1): 19 [C.F.PI.Br.Abst. 69(11):10711].

Lonnquist, J.H. and M.F. Lindsey (1964). Top cross versus S1 lines
performance in corn (Zea mays L). Crop.Sci, 4:580584.

Mahmoud, A.A. {1996). Evaluation of combining ability of newdeveloped
inbred lines of maize. Ph.D. Thesis, Fac. Agric., Cairo University Egypt.
Mathur, R. K., Chunilal, S.K. Bhatnagar and V. Singh (1998). Combining ability
for yield, phenological and ear characters in white seeded maize. Indian J.

of Genet. and Pl.Breed.58(2):177182.

Matzinger, D.F. (1953). Comparison of three types of testers for the
evaluation of inbreed lines of corn. Agron. J., 45:493495,

Nass, L.L., M. Lima, R.Vencovesky and P.B. Gallo (2000}. Combining ability of
maize inbred lines evaluated in three environments in Brazil. Scientia
Agtricola, 57(1}: 129134,

Russell, W.A, S.A. Eberhart and U.A. Vega (1973). Recurrent selection for
specific combining ability in two maize popuiations. Crop. Sci., 13:257-
261.

Sadek, E.S., H.E. Gado and M.S.M. Soliman (2000). Combining ability and
type of gene action for maize grain yield and other attributes. J. Agric. Sci.
Mansoura Univ. 25(5): 24912502.

Sadek, S.E., M.S.M. Soliman, A.A. Barakat and K.l. Khalifa (2002). Topcrosses
analysis for selecting maize lines in the early self generations. Minufiya J.
Agric. Res., 27:197213.

Shehata, A.M., F.A, ElZeir and E.A. Amer (1997). Influence of tester lines on
evaluating combining ability of some hew maize inbred lines. J. Agric. Sci.
Mansoura Univ. 25(5):2491 2502.

Shehata, A.H. and N.L. Dhawan (1975). Genetic analysis of grain yield in
maize as manifested in geneticaily diverse varietal populations and their
crosses. Egypt. J. Genet. Cytol. 4:90116.

937



M.E.M. Abd El Azeem, M.A. Abd El Moula and A.E.M.K. EI-Galfy

Singh, 1.5. and D.B. Chaudhary (1979). Biometrical Methods in Quantitative
Genetic Analysis. Kalyani Publishers. New Delhi, 3™ Ed., P.3968.

Soliman, F.H.S. (2000). Comparative combining ability of newly developed
inbred lines of yellow maize (Zea mays L.). Egypt. J. Appl. Sci. 15:87102.
Soliman, F.H.S. and S.E. Sadek (1999). Combining ability of new maize inbred
lines and its utilization in the Egyptian hybrids program. Bull. Fac. Agric.,

Cairo Univ. 50(1):120.

Soliman, M.S.M., A.A. Mahmoud, F.A. ElZeir, Afaf A.l. Gaber and F.H.Soliman
(2001). Utilization of narrow base tester for evaluating combining ability of
newly developed maize inbred lines (Zea mays L.}). Egypt. J. Plant Breed.
5:6176.

Soliman, M.S.M. and M.M.A. Osman (2006). Type of gene action for grain yield
using testcross analysis in new developed maize inbred lines. J. Agric.
Sci. Mansoura Univ., 31(5):2615-2630.

Sprague, G.F. and L.A. Tatum {1942). General vs. specific combining ability in
single crosses of corn, J. Am., Agron, 34: 923-932.

Steel, R.G. and J.H. Torrie (1980). Principles and Procedures of Statistics. Mc
Grow Hill Book Inc., New York, USA.

Waljko, R.N and W.A. Russell (1977). Evaluation of recurrent selection for
specific combining ability in two open pollinated varieties. Crop Sci,,
13:647-651.

Zelleke, H. (2000). Combining ability for grain yield and other agronomic
characters in inbred lines of maize (Zea mays L.). Indian J. of Genet. And
Pl. Breed. 60(1): 6370.

938



Estimates of combining ability for grain yield and other...............

b s AN clikall Ganyy cigall Jguanal Gl Jo 5 Rl i
dalad 5,30

¢ Aol 18 das) cana ¢ sl A deaa gagall deaa
cehlal QA 3 geaa cpall oMe
L1 30 Gigaall 3 e — Agdiadl duataall &gan dpra — Lpaldl) 3,40 & gay aud
A paddall
Al 5,0 s (S)e Ul A eV Jaadl 8 ADLW VY laa
Mo Bimag TYAR e ¢ b Ailide (Alals A0 W) ClBLES ¥ aa 5] jiuall
B YooV pmnga o ety Aol 3 Gigmand Adaaay dlidg VoYY B paag
v v ¢ V00 L) A Rl e aa (b (R 1T Al AT Y oA e
Clivad dtiy udag ¢ 5 jemaally By Aol )3l Qigagh Adsaa o JS (A V1Y
Gl e S pLodiff ¢ pd Al 5 a % 00 jpgB Tn Aol 30 Ga oW 2
Adg il Qe eeal Jpaaa o ALGD Sl W a el dagliall 8
cilieat) Jo88 CABLE SN | M, Al agl Gp A gine SLBNEAY Caag
Al G % 00 jamgh ha Asd )30 s alaM) 31 Ao lae L Ay aall
X oy B gl il A ginay SNl e Sl LB ) Abs 5 il gl
bl gl e Agine CLBNA) Cia g IS L Al pds ga il JSI lilisy
OGS Al Gig Bl b A dilid a8 gal) ¢ Jo JU Lee Ay pdall Clikall aeal
it a—and Loy gine ChLESH 5 ) g Auail gl g gl gall G JoLEH ol
a0 G A s A g el ST L) Al 135 Le A g jaal
X N Yl g W gl S eSS o el Yo 0 gl
g ipmal) Jpaaayg je—Shy Sl gl ) clisal g ginae bl gall x LIS
Y gl ol Jpaaadl A (Al ) Ade 5,8 Gual 1Y g) R DL

939



M.E.M. Abd El Azeem, M.A. Abd El Moula and A.E.M.K, El-Galfy

L1x GZ650 , L2 x GZ638 , L3 x GM1021 , L5 x GZ638 . 4i_d 5
J prmaall Adead AL e Al 5l i il sl and L11 x GZ650)
Ol LS5 dgaaally b 5N clheat Lolle il Je dalall 3,4l ol oS
B bl ol bl (ha el B gl g T e Aualal) §,0E0 Jolddl aad M
U "G B VI RS TR VPRIV 2T WU SVES FL FVU DRI L g B L
Slicat QU Ciuaall e dadl Jadll ) e S Laa ol jall e %0 e gl

cdpzall Jadd oo ol gally )35 S

940



Minufiya J. Agric, Res. Vol.35 No. 3:941-955 (2010) "tp:/fagri.mencfia.edy.eq/megla html
e e e e —

FACTOR ANALYSIS AND ITS RELATIONSHIP WITH
GENETIC DIVERSITY IN COTTON.

M.E. Abdelsalam, M.A. AL.-Ameer and Y.M. EL-Mansy
Cotton Research Institute, Agricultural Research Center, Egypt.
(Received: Apr. 4, 2010}

ABSTRACT: The reiationship between the biometrical methods depended
on single trait and multivariate analysis of genotypes in breeding programs
are very important. Therefore, this study was carried out to access factor
analysis and diversity among 13 parents and 36 F, hybrids performance to
evajuate 12 variables into separate groups at the Agricultural Research
Station, Sakha, Kafr El-sheikh governorate, Egypt during 2008 and 2009
seasons. The analysis of variance revealed that highly significant genotypic
differences for the most traits among parents and hybrids. Muitivariate
analysis reported that, the first factors which accounted for 70 % of the total
variance are important. Factor 1, which accounted for about 25.3 % and it
was associated with micronaire reading (mic), fint index (L.L), lint percentage
{L.P. %) and degree of yellowness (+ b}. Factor 2, which accounted 17.3 %
and it was associated with lint quality traits i.e., fiber length (F.L.}, unifermity
ratio (U_R. %) and lint cofor (+ b).

The male parents Kar.2, Seuvin, G.75 and G.76 were grouped into 4 separate
groups, these parents varied in general combining ability for the most traits.
The female parents were aiso grouped into 4 different groups .Some of these
were grouped with male parents in the same cluster showing nearly related
and the other grouped in the same cluster.

Specific combining ability (S.C.A.) effect revealed that most of the
combinations having high of (5.C.A.) effect were found between genetically
diverse parents. The cross combination Kar.2 x (Pima S 6 x G.89) surpassed
all crosses for earliness index and the common parents were distantly
related .Also, not only the genetic divergence might be used choose
parents for crossing, but also their performance of parenfs and the
F..However (G.C.A.) and (S.C.A.) cffects are more informative than
performance values.

Generally, the breeder can use the parents according to divergence with
performance. Also, breeder might be evaluates characters to know the
relative importance of such characters in genetic variability and divergence.

Kay Words : Factor analysis, Combining ability, Genetic diversity, Cotton.
INTRODUCTION

Genetic relationships among various genotypes can be measured by
similarity of any number of quantitative characters, where characters are
agronomic parameters of plant. in determining the potential of geneticaily
different lines and cultivars, breeders have to observe among, many different
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characters that influence yield. Accurate evaluation of those characters is
made more difficult by genotypes x environment interaction. Thus
multivariate technique which using factor analysis have analogous efficacy
to determine the most suitable combination of characters Suinaga et a/
(2005). Few research workers were studied factor analysis such as Walton
(1972} who suggested factor analysis as a new technique to identify growth
and plant characters as related to yield in spring wheat. Seyam et al (1984)
used factor analysis in determining traits that could be selected for high yield
in cotton program. Tadess and Bekele (2001) indicated the selection of
variable in factor 1 could enable breeder to better realize the desired
increment in seed yield of grass pea.

Multivariate analysis of quantitative characters has been used previously
to measure genetic relationships within cotton genotypes. Categorizing
genotypes accession into morphological similar groups is most useful for
analysis of cultivar variability (Cox et al, 1986), selection parents for hybrids
(El-Lawendey et al, 2008, Abo El-Yazeid et al, 2009 and El-Mansy et a/, 2010)
and for predication of variances for some characters in the F, and inbred
generations (Cowen and Frey 1987). However Hemada et al, 2006 and El-
Mansy et al, 2008 used canonical analysis and principal components analysis
respectively to create the genetic variability in some Egyptian cottons and
estimate the relative importance of each character on total variability.

This study was undertaken in order to determine the dependence
relationiship between morphological characters of thirteen cotton parents
and 36 hybrids using factors analysis. The study was extension to determine
genetic divergence among cotton genotypes as related to general and
specific combining ability to select the most suitable combinations and
parents.

MATERIALS AND METHODS

Nine female parents comprising a broad range of Egyptian cottons and
characters viz ( Giza 77, Giza 80, Giza 81, Giza 85, Giza 86, Giza 88, Giza 89,
promising cross (Giza 89 x Pima § 6) and (Giza 86 x Giza 89 } and four
genetically diverse male parents. These male parents have earliness, high
seed cotton yield and high lint quality characters i.e., Karshenky 2 as a
Russian genotype, Seuvin as Indian genotype, Giza 75 and Giza 76 as
Egyptian genotypes were crossed during 2008 growing season to generate a
total of 36 hybrids.

These 36 hybrids along with 13 parents were grown in randomized block
design with three replications at Agriculture Research Station, Sakha during
2009 season having 4.0 m plot length with spacing of 70 x 30 cm. Five
competitive random plants were chosen from each replicate of each
genotypes to record data on earliness index (E.), Lint yield per plant
(L.Y.p.), boll weight (B.W.), lint percentage (L.P. % ), lint index ( L.1.), seed
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index ( S.1. ), span length { F.L.), uniformity ratio (U.R.), fiber strength (Press.),
micronaire reading ( Mic. ), lint reflectness ( R.D. %) and yellowness ( + b}.

Data analysis followed three steps (i) fisher's analysis of variance,
combining ability effects were computed following Singh and Chaudhry
(1977). Heterozygous superiority was determined as the mean average of
heterosis of F, aver the mean average of their homozygous parents for each
characters (ii) factor analysis as a multivariate analysis methods which aims
to explain the correlation between a large set of variable in terms of a small
number of underlying independent factors. It is assumed that each of the
variables measures depends upon the underlying factors. The principal
factor analysis method explained by Harman (1976} was followed in the
extraction of the factor loading. The array of communality, the amount of the
variance of a variable accounted by the common factor together, was
estimated by the highest correlation coefficient in each array as suggested
by Seiller and Stafford (1985). The factor loadings of the rotated matrix, the
percentage variability explained by each factor and the communalities for
each variable were determined. The third step (iii} clustering genotypes 13
parents and 36 hybrids into similarity groups using principal compaonents
coefficient according to principal component axis. All these computation
were performed by using SPSS evaluation version 10.0 production mode
facility and Minitab computer programs.

RESULTS AND DISCUSSION

The analysis of variance for 12 characters studied was presented in Table
1. It's revealed highly significant genotypic differences for all characters.
Factorial analysis of population indicated significant differences among
parents for all characters except for boll weight, seed index and Presley
index. The female parents showed differences for majority of the characters..
The interaction between female and male parents was found to be significant
for the characters viz lint yield per plant (L.P./P.), (F. L.), (U.R.}, {mic.}, {press.)
and {+ b). Hybrids showed significant differences for most characters.

The previous results indicating that the experimental material possessed
considerable amount of variability, while general and specific combining
ability were involved in the genetic expression of these characters.

The magnitude of (S.C.A.) variances were greater than {G.C.A.) for the
traits i.e., L.Y.,B.W ,E.|,F.LLU.R and PRES , indicating that non additive type of
interactions were higher among hybrids which could be exploited by
heterosis breeding ( Tuteja and Kumer, 2003 and Abo Ei-Yazied et al, 2009).

Multivariate analysis which used factor analysis was performed on 12
agronomic and fiber characters to determine which factor more effect on
total variability than other, also to extract important component of variation
in agronomic attributes and to obtain the initial factor solution using eigen
value.
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Fig. (4) : Effect of applications number of some bioagents, chitosan
compounds and orange peels extract treatments on increasing of fresh
weight of the whole plant of strawberry infected by M, hapla under
greenhouse conditions.

lll- Field experiments:-

Effect of some bioagents and chitosan compounds treatments to
controlling M. hapia in naturally infecting strawberry plants under field
conditions:-

1- Number of root galis:-

However all the freatments showed remarkable reduction of the number of
root galls as shown in Table (4), the soft guard performed the lowest galls
numbers as reached to 24 galls/root compared with the other treatments at
(1:500} with three times of application. B. subtilus ranked on the second
place resulting in reduce galls to28 galls/iroot, whereas T. harzianum resulted
in the lowest reduction in the number of root galls reached to35 galls/root.
Chitocar product occupied an intermediate position in decrease number of
gaills/ root reached to31 galls/root in compared with the controf 113
galisiroot.

2- Number of juveniles in soil, developmental stages, females, egy
masses and eggs numbers in roots:-
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The same trend on number of root galis also was obtained with the effect
on juveniles in soil, developmental stages, females, egg -masses and eggs
numbers.

Table (4): Efficacy of some biocagents and chitosan compounds treatments on
reproduction M. hapia in naturally infecting strawberry plants under
field conditions.

"Treatments ’_' Nematode popuiation in
No. of Root
juveniles No. of
in250g | No.of No. of No. of No.of | . qgsl
soil galls dte:leltfpmen fernales e9g- egg-
stages masses mass |
Bacillus ‘ 100 28 45 3 29 330
subfilis +N
Trichoderma 200 35 53 38 36 372
| Harzianum _+N .‘ |
i Soft 80 24 42 26 24 310
Guard +N
Chitocar 160 kTl 48 I 35 30 356
. product +N
Control 2800 113 117 118 117 T 460 |
| {nematodes only) (N) B
L.S.D. (5 %) 1891 | 322 2.33 2.75 171 | 1832

Data in Fig.(5) illustrated the effect of the treatments on fruit yield weights
of strawberry after treatments under field conditions. All the treatments
showed remarkable increasing in yield weights. Using soft guard was the
highest effective treatment in the increasing in fruit yield weights as reached
to 8640 Kg/F. While, T. harzianum was the lowest effective one fo increase
fruit yield as reached to

7920 Kg/ F.
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Fig. (5): Effect of some bioagents and chitosan compounds on fruit yield
weight of strawberry infected naturally by M. hapia under field conditions.

Conclusion:-

From the above mentioned results, it can be concluded that soft guard
compound was the most effective treatment; whereas T. harzianum was the
lowest effective one three times soil drenching in comparing with control to
control M. hapla under both greenhouse and field conditions and improved
fruit yield of strawberry under field conditions.
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