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Abstract

Organic and inorganic fertilizers, commercial products containing organic and
amino acids, vitamins as well as plant growth regulators were tested for their ability
to induce nematode resistance in eggplant. Results indicated that organic fertilizers
are significantly better than inorganic ones in reducing all the root-knot nematode
counts with superiority to compost, Hyper K® and Union zinc® were the best
inorganic fertilizers, although, they all could not reach the effect of vydate 10% G.
All the tested commercial products containing organic and/or amino acids as well as
plant growth regulators reduced significantly M. incognita counts. Indole acetic acid
and indole butyric acid preceded all the tested materials in enhancing the resistance
of eggplant against the root-knot nematode followed by ascorbic acid, amino zinc
and citric acid. Results also proved that organic fertilizers (especially compost) were
the best in improving plant growth. Other organic and inorganic materials
significantly improved eggplant growth. Indole acetic acid, indole butyric acid,
ascorbic acid, citric acid and amino zinc performed the best results.

Oxidant lipid peroxidase (MDA) was at the lowest values in roots of healthy
plants and at the highest ones in the infected roots of untreated plants. Application
of all the tested materials could preclude the formation of MDA. Only indole acetic
acid, compost and indole butyric acid, in that order, brought the levels of MDA in
infected roots to be near to that of the healthy plants without significant differences.
The antioxidant enzymes SOD and APX increased in infected plants as a feed back
to the increase in MDA. Also indole acetic acid, indole butyric acid and compost
encouraged plants to produce levels of SOD and APX significantly higher than
those of other treatments including healthy plants. The other tested materials
heighten the levels of antioxidant enzymes to levels measured up the degree of
nematode control they accomplished.
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Introduction

Solanaceous plants are the most known susceptible plants to the root-knot
nematodes, Meloidogyne spp. of which eggplant is the most common damaged by
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such nematodes. The root-knot nematode depend upon their development in their
hosts on the formation of feeding sites e.g. giant cells. The success of nematode
reproduction on compatible hosts depend on the successful formation of such
feeding sites which rely on the availability of certain concentrations of some
chemicals and enzymes (Baldacci-crespet al., 2012) to be available in host
tissues. Consequently, any changes in such chemicals and/or enzymes due to
pathogens or different stresses on the cultivated plants may affect the formation of
such feeding sites.

In plants attacked by nematodes, selective changes occur in the metabolism
either as consequence of the establishment of a susceptible host-pathogen
interaction or as a result of resistance between host and parasite. Several models
for resistance/susceptibility have been developed based on biochemical changes
(Giebel, 1982 and Zacheoet al., 1987). There are many reports of enhanced
peroxidases, polyphenoloxidase, and ascorbic acid oxidase following the interaction
of nematodes with their hosts especially the resistant ones and this has led to the
hypothesis that these enzymes may be important in the defense mechanism of the
host (Saeed, 2005; Siahpoushet al., 2011, Aryalet al., 2011 and El-Belatagiet al.,
2012).

Generally, incompatibility to nematodes expressed after infection and active
mechanisms involved compounds produced post-infection rather than performed
constitutive plant products (Kaplan and Keen, 1980). Accordingly, plants develop
defense mechanisms right away after nematode invasion. Most of these defense
mechanisms are incompatible resistant interactions between plants and pathogens
of which the formation of reactive oxygen species (ROS) are common (Montes et
al., 2004 and Bakker et al., 2006). Such reactive oxygen species induced lipid
peroxidation accounting for cell death after pathogen invasion. Infected plants
exhibit both enzymatic and non enzymatic antioxidant defense systems to frustrate
ROS upon nematode infection. The accumulation of such materials in root tissues
enhanced resistance in plants against invasion with new nematode larvae (El-
Beltagiet al., 2012),of these antioxidants GSH, SOD, catalase and ascorbate
oxidase. Such processexpress the so called systemic acquired resistance (SAR).

Systemic acquired resistance is the ability of plants to become resistant after
prior infection by pathogens, exposure to stress, or application of chemical inducers
(Sticheret al., 1997). An initial recognition event leads to the production of signals
translocated endogenously to plant parts that are remote from the initial site of
infection. The mechanism may have been the result of biochemical substances that
were elicited in one side of the root system where incompatible reaction occurred
and then expressed systematically (Chinnasriet al., 2006).

Many reports in literature illustrating the role of different materials and
chemicals as systemic acquired resistance inducers in plants against nematode
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infection and reproduction. Of these, organic matter e.g. compost, organic manures
of animal or plant origin (Farahat, et al., 2010), organic acids, e.g. salicylic,
ascorbic, buteric, humic, folvic, citric (Saeed,2005 &Kesba and El-Beltagi, 2012),
amino acids (AmadulHoqueet al., 2013) and plant growth regulators (Farahat,
1989) are the most effective.

Materials and methods
1. Stock cultures

Pure stock culture of the root-knot nematode, Meloidogyne incognita
originally obtained from galled eggplant roots was established. Single egg-masses
from previously identified females (Taylor et al., 1955) were used to inoculate
healthy eggplants grown in 20 cm clay pots filled with sterilized loamy sand soil.
Two months after inoculation, plants were examined for nematode infection and
reproduction. The culture was maintained on eggplant using infected roots with
enough egg-masses for massive pure subcultures.

2. Test plants
Eggplant (Solanummelongena) hyb. Oneta F1 was used in the present study.
3. Materials and doses

Chicken manure, neem and eucalyptus leaves were collected from the Farm
of the Faculty of Agriculture, Cairo University. Materials were air dried, ground and
used at the rates of 5.0 or 10.0g /plant. Commercial forms of the following materials
were purchased from the Egyptian market and applied at the doses illustrated in
Table(1).

4.Green house experiment:

Seedlings of eggplant hyb. Oneta F1 were inoculated with 4000 J, of M.
incognita. One week after nematode inoculation, the infected plants were treated
with the organic, inorganic fertilizers, commercial formulations of amino and organic
acids, vitamins and plant growth regulators with doses as illustrated in table (2).
Each treatment was replicated 8 times and 8 inoculated plants were left without
treatment as well as another 8 un-inoculated healthy plants to serve as check
treatments. Pots were arranged in a complete randomized design on a clean bench
in a greenhouse of 30°C = 2 and horticulturally treated the same. Six weeks after
nematode inoculation, plants were taken off and nematode counts in soil and on
roots were enumerated. Plant growth criteria were recorded in four replicates. The
plants of the other four replicates and both check treatments were sent to the
laboratory for determination of the oxidant and antioxidant substances and enzyme
activities.
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Table (1) Materials, doses/ concentrations and methods of application.

Trade name Com pany Contents Dose Plant Method of application

Mega powsr Union of Agricuttural %, mlvic scid 2% .free amino & 1 Twice with 2 wesks

Dewelopment {LAD) 05%, chelaed Fe 0.02 erl-'ll_ inErval, as foliar spray
and potassium 2%

Mile compost mater, 1.5-2%  nitrogen, =k after inkction,
Egyptizn Company 24-28%  carbon, 040 rench
for Solid ‘Waste phosphorus, 100 ppm Fe, 2550 ppm Zn, 100-200 59, 10g fpot
Utilizzton {ECARUY ppm Mn, Z0-25% moisture, pH 7.5-8.5, Ec 34, &N

rafie 1-14:16.

MAFK Union of Agricultural Mitrogen 15%, Phosphorus 153, Polssiom 15% + 125250 gl Twice with 2 wesks
Dewelopment (UAD)} Mg, sulpher, FeZn Mn, Cu and Bo T E inerval, as foliar spray

Unian Fer g;gb;r:r;:;_'&;al chelz=d iron by organic and amino acids. 2g. 49l One gakaﬁar inf.ction,

Union Manganeze  Union of Agricuttural 13 % chelaied manganese by organic and amino 20 dall Cne wesk after inEction,
Dewelopment (LIAD) 3 e 3z soil drench

Unian Zinc g;glogrrfr;t“ﬂg‘al % chelated Zinc by organic and amine acids g 4ol One ""f:"a[i‘?;_a' inction,

=] ent (LAD) =]

Calzio-X Union of Agricuttural %, nitrogen 123, magnesiom 34% + 1g Ball Twice with 2 wesks
De'elopmeant LAD active humic and amino scids S inrval, 3= foliar spray

Hyper K Union of Agricuttural -, . i - o P Twice with 2 wesks
Dewelopment (LIADY B0 % potassium aride Zgdgl erval, as foliar spray

MNPH Grow  Tech. L+ - =k after inkction,
;-:-Jl..sllii| produciion 1813 NFK g.2gL

Aming Power Union of Agriculturs] 3%, potsssium — ?_rabﬁa_rk_:ii: infection,
Development (UAD) ER- as Spra

Amina gresn Diishinr ©&r Chemicals 1 i, 2miL One week after infection,

- comimerce — Egypt

T3 mangansss

a5 Dlisrspray
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Trade name Company Contents Dose Plant Method of application

Amino Anc Dishnr or Chemica e 20 % organic and amino acids 10% zinc 1 mi, 2 miL Oine wesk afEr ingcton,
commerce — Egypt ' 3= bliarspray

Amino manganese  Dishnr or Chemics s 20 % arganic and aminoacids, 10% manganese i, 2 il Oine wesk afiEr ingcton,
commerce — Egypt ' as bliarspray

Aming Iron Dishnr or Chemicse 20% onganic and aminoacids, 8% iron 1 mi, 2 miL One wesk afier inection,
commerce — Egypt ' = Dlisrspray

Gluremic acd ROTH Beskllen Sis aminoglutamic scid 39% [CaHzNod] 053 1 al One wesk 3fEr ingcton,
Zum Null Erif Germany e 3= Dliarspray

Riboflawin ROTH Beskllen Sie lactofavin, Vimin B2, Vitamin C [Cir Hoohs O] e Cine wesk afier inection,
Zurn Null rif Germany e sz Bliarspray

Citric acd ROTH Beskllen Sie Wimmin C 55% [CaHa0k] 0Fa fail One wesk afiEr inicion,
Zum Null wrif Germany E e 3= bliarspray

UniBor Union of Agricultura boron 6%, gibbersllins O witsmin B1 [thizmins, One wesk afier inkecton,
Dewelopment (UADY ribofiswin, nicotinic acid, pyndoxine, pynidoscsl, 0.75g, 1.5gl 3= Dlisrspray

pyrodiosa mine, biotin]

Gibberellic aod 20 % ROTH Besellen Sie CiaHaz0 50 100 pom One week afier inecion,
Zum Null rif Germany o PR a= Dliarspray

Indole-3- acetic RCTH Beskllen Sie CagHaND: 0,100 One week afier inction,

Soid 98 % Zum Null Erif Germany " PEM - ae wlizrspray

Indole-3-burtyric: ROTH Besellen Sie CiaHaNO: 50,100 pom One week afier inection,

aod 8% Zum Null wrif Germany - PP 3= bliarspray
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Table (2): Treatments and doses / concentrations.

Treatment Dose/conc. Treatment Dose/conc.
Mega power (Humic&falvic) ;nq;x_l‘l;t;r Amino power ?gm:;t:tz:
5.0 g/pot . 1.0ml/Liter
Compost 10.0 g/pot Amino green 2.0ml/Liter
Poultry manure ?boo%%ﬁt Amino Zinc ;8?%::2;
Eucalyptus dry leaves 5.0/pot Amino manganese 1.0ml/Liter
yplus dry 10.0 g/pot 9 2.0ml/Liter
5.0g/pot L 1.0ml/Liter
Neem dry leaves 10.0 g/pot Amino iron 2 Oml/Liter
. 2.0 g/Liter . . 0.5ml/Liter
Union Fer 4.0 g/Liter Glutamic acid 1.0mi/Liter
Union manganese 2.0glLiter Citric acid 0.5mlfLiter
4.0 g/Liter 1.0ml/Liter
. . 2.0 g/Liter . . 0.5ml/Liter
Union Zinc 4.0 glLiter Riboflavin 1.0mlLiter
. 1ml/Liter . . 0.5ml/Liter
Calsio-X 2mlLiter Ascorbic acid 1.0mi/Liter
3.0 g/Liter . 0.75ml/Liter
Hyper-K 6.0 glLiter UniBor 1.5milLiter
2.0 g/Liter . . . 50 ppm
NPK 4.0 glLiter Gibberellic acid 100 ppm
. . 1.0 g /Liter . . 50 ppm
Ammonium nitrate 2.0 glLiter Indoleacetic acid 100 ppm
Vydate 10%G 0.2 g/p?t Indole butyric acid ?80pppprpn

5. Nematode assay
a. Soil population

Upon harvest, each pot was soaked in plastic bucket filled with water until the
root system could be easily separated. Each root system was gently dried using soft
clean tissue paper, weighed and stored in 5% formaldehyde in plastic jars. The soil
suspension was quite stirred, then poured through a series of 60, 200 and 325
mesh screens followed by Baermann set and collected after 48h. Hawksley
counting slide was used to calculate the number of juveniles in one milliliter of
suspension and then referred to the whole volume.

b. Root population

Roots were stained using acid fuchsine method (Goody, 1957). Five grams
of the stain were added to one liter of distilled water, stirred and heated to boiling for
about one minute. The root was then immersed in the stain for one minute, then
removed and soaked in tap water to get rid of the excess stain. Developmental
stages, mature females and egg-masses were counted under a stereo-microscope
using two fine dissecting needles.
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c. Eggs per egg-mass

Ten egg-masses of uniform size were separated from the root, placed into a
vial containing 20 ml of sodium hypochlorite (NaOCL, 0.5%) and strongly shacked
for 3 minutes. The suspension was then poured through a 500 mesh sieve, and the
released eggs were gently washed with slow water stream of tap water to rinse off
the residual NaOCL. Eggs were then collected into 250 ml beaker. An amount of 1
ml was withdrawn after the suspension was stirred well and dispensed onto a
Hawksley counting slide, and examined under a compound microscope. The
counted number was then referred to eggs per single egg-mass.

6. Determination of oxidants and antioxidants:
a. Lipid peroxidation (MDA contents)

Thiobarbituric acid reaction (TBA) as descrided by Heath and Packer (1968).
The MDA equivalent was derived from the absorbance according to Hodges et al.
(1999).

b. Assay of SOD activity (SOD; EC 1.15.1.1)

The activity of SOD was assayed by measuring its ability to inhibit the
photochemical reduction of NBT using the method of Beauchamp and Fridovich
(1971).

c. Assay of ascorbate peroxidase (APX) activity (APOX; E.C. 1.11. 1. 11)

Ascorbate peroxidase activity was estimated according to the method of
Nakano and Asada (1981). Enzyme activity was determined by the decrease in
absorbance of ascorbate at 290 nm.

Results

Concerning the influence of organic and inorganic commercial fertilizers, data
in table (3) indicate that organic materials are better than inorganic fertilizers in
reducing all nematode counts in soil and on roots of eggplant (Hyb. Oneta F1) and
varied significantly with those of the check and all the tested inorganic fertilizers.
Compost achieved the best results in reducing the number of galls, developmental
stages, egg-masses, females fecundity and, in consequence, the soil population,
followed by neem dry leaves, poultry droppings and then eucalyptus dry leaves.
Mega power (humic and folvic acids) was the least organic materials in reducing
nematode counts. Hyper K followed by Union zinc were the best and varied
significantly with the other tested inorganic fertilizers. NAFK, Union Fer, Union
manganese, Calsio X, NPK and ammonium nitrate came statistically in the second
category. Non of the tested materials could stand with Vydate 10% G in reducing
nematode counts. Except some cases, no significant differences were observed
between the two doses tested in each treatment.
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Table {3): Reproduction of M. incognits on eggplant as influenced by some organic and inorganic ferfilizers.

MNematode counts

Treatment Dose Root Population Soil Final Eggs/
Galls O.ctages Eggmasses  Total population  population EOOmMass

- - T4 ah i bc 4% o= e 750 d= TIE T

Mega powerd [Humic & falic) 411 29 123 =h LEE 512 1850 daf 252 81 i
" 2T H 51§ 45 | 235 27E i 1585 n
Compost 150 | Tk 153 i o 820 i 143 o
. 36 hd 125 def 285 gh 12 1285 g 154 m

Poultry droppings 253 il EE | 244 hi 330 1135 gh 183 m
385 £k 137 bed 253 gh 430 1425 = 208 1

Eucalyptus dry leaves . 375 gl % g DEY i 245 1380 fg 155 Im
5 108 H 5 j 288 gh 82 1230 gh 185 m

Neem dry leaves 10g 286 jd 88 j 21T hi 05 1175 gh 184 m
128 EET be 132 od2  E22 b 754 2580 be 278 e

MAFK® 75y G253 bod 125 d=f 58S bo &5 2385 o 283 o
. 2zl SESbe 119 eh 520 bd BG40 2585 be 3205 287 =f
Union Fer ® sl Ei3cde 101 W 488 ocd=  EET 2817 244 i
. 23l S83be  1Z3eh 528 bed B 081 288 =f
Union Manganese © 4gl BB ode 112 gh 476 cde  EBB 2673 251 gh
- gl 491 54 j 487 ode B 2435 243 hi
Union Zine & gl 4 & 1w E 48 2201 220 k
. 3 135 bod 545 bod 545 3010 255 ¢
Calsio X ® ,55_“ 112 gh 517 bod B4E ZED M8 ef
231 & 473 d= 515 2380 23 i

Hyper K& agl 83 j ITE e 435 s 244 hi
tal 145 b 823 b 785 3533 28 b

NPK® 230 628 e 5ES be 711 3758 284 o
N tal M2 b 53 bed  BEZ 2837 253 d
Ammonium nitrate g4 123 eg 458 ode  BIE prs 231 de

Vydate® 10%G 0.2g 1k 21j T4 534 88 p
Check (infected) % 546 s 0343 156D 8320 424 3
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Regarding the organic, amino acids commercial products and plant growth
regulators, data in table (4) signified that all the tested materials significantly
reduced the nematode counts in soil and on eggplant roots. The plant growth
regulators, indole acetic and indole butyric acids preceded all the tested materials
in enhancing resistance in eggplant against the root-knot nematode performing the
lowest numbers of all nematode counts. Ascorbic acid, amino zinc and citric acid
were statistically ranked in the second category.

Respecting the growth response of eggplant to the tested materials, data in
table (5) disclose that compost at both doses was the best among organic and
inorganic materials in meliorating the growth of infected eggplant. Thus, it achieved
the highest significant values of growth criteria and the highest rates of increase in
plant length, plant fresh weight and shoot dry weight followed by poultry droppings
and neem dry leaves without significant differences with those of the untreated
healthy plants. Other organic and inorganic materials significantly improved the
growth of eggplant over the infected untreated plants but failed to improve the
growth of plants to stand with the untreated healthy ones. However, the plant
growth regulators, indole acetic acid and butyric acid (Table 6) surpassed all the
resistance inducing materials accomplishing the best results in improving plant
growth criteria followed by ascorbic acid, citric acid and amino zinc.

On the subject of the response of eggplant to nematode infection and
application of the tested materials, data in Figs (1 and 2) show that the activity of
oxidant lipid peroxidase (MDA) was at the lowest value in the healthy plants and at
the highest values in plants infected with the root-knot nematode and untreated with
any of the tested materials followed by those treated with the nematicide without
significant differences. All treatments, due to their action against the root-knot
nematode, could preclude the formation of MDA in roots depending on the degree
of nematode control. Only indole acetic acid, compost and indole butyric acid, in
that order, brought the levels of MDA in infected roots nearly similar to that of the
healthy plants without significant differences. The antioxidant enzymes, superoxide
dismutase (SOD) and ascorbate peroxidase (APX) were increased in infected
plants as a feed back to the increase in MDA (Figs.3-6). Materials that enhance
nematode resistance like indole acetic acid, indole butyric acid and compost
encouraged plants to produce levels of SOD and APX significantly higher than
those of other treatments including healthy and infected untreated plants. The other
tested materials heighten the levels of antioxidant enzymes to levels measured up
the degree of nematode control they accomplished. The nematicide, Vydate, in
spite it reduced nematode counts to the lowest significant levels, it was not of
course of these materials that arose the antioxidant enzymes to high levels.
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Table (4): Reproduction of M. incognits on eggplant as influenced by s ome resistance inducers and plant growth regulatars.

Mematode counts
Treatment Dose Root Population Soil Final Egos/
Galls D stages Eggmasses  Total Population  population Eggmass
- DEmil 352 =i TEH 5T of a7 1938 ok 410 713 hk
Amino power ® Tl 388 2 T3 H 72 o 451 1220 hk 2011 185 H
. imll 438 dg 100 hj 455 od £E5 2180 =h 2715 255 dg
Amino green ® Zmll 488 dh 52 pa 437 ode 434 1535 gk 2313 233 gh
o imid 3rEg 72 Im M3 & 358 1335 4 1721 134 H
Amino zinc & Zmll 312 g4 53 op 296 dH 355 1070 H 1625 188 H
. 1mlt 571 d 134 2 455 o 620 2850 def 2470 764 of
Amino mangane se © Imll 45T dg Tl 435 jj 533 2620 dg 3153 221 g
Amino iron @ imll 5% de 107 gh 483 o 520 2540 dg 2130 764 of
Zmll 472 dh o4 j 431 e 528 2325 dh 2BED 237 gk
Slutamic acid 054 558 4 17f B4l o BER  258E ok 821 253 o
1ad B33 4= 108 g 453 o 551 2875 44 1288 278 ode
Citric acid 054 375 =) E 180 of a7 1288 ok 2340 238 igh
1gd 312 gi  BAmno 385 o 431 1550 Rk 1981 220 4
Ribofiavi LR 783 & 152 4 828 b 250 2150 bod 4130 288 Bo
vin 1gd 487 dg TTH 457 o Ed4 2320 dh 2864 203 ijk
A 0510 2B/ gy BB 285 44 381 1125 fom 1558 188 jki
Ascorbic acid fgd  Migi 62ne  262ei 324 1080 Km 1384 182 W
Uni boron © 0T5ml 434 di 104 ghi 411 ode 515 1385 £ 250D 283 of
15mil 387 & 72 Im 385 of 487 1825 hk 2082 245 eh
! - Edppm 253 b 232 o 578 ab 1108 3750 bo 4855 322 b
Gibberellic acid Wopm i0i4b 245 b 583 3 1138 3385 b 5054 35 s
_ Edppm 203 jkI 4 g 190 ik 218 720 Im 1028 140 m
Indole. acetic acid 100pm 182 W % 158 jk 192 78S Im 257 107 n
N Edppm 276 hk B3 k n 294 275 Im 1189 172 Im
Indol & butyric acid 100 pem 242k 4B g 180 ik 238 55 Im 1083 155 Im
Vydate" 10%G 0Zg 47 1 53 pq Mk T4 40 m 54 5% n
Chech (infected) 1265a 548 a 1034 3 1580 4750 a £330 424 3

“valas flowed by fe same lefan(s) are nol significantly dfanant (p=0.5)
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Table (5): Growth of eggplant infected with M. incognifs as influenced by organic and inorganic ferfilizers.

Growth criteria
Treatment Dose Fresh weight [g) Length (cm) Shoot dry weight
Shoot Root Total % change Shoot Root total % change Weight % change
Mega powerE Tmild 500 25 T3 543 235 g4 180 z= IES 711 i
(Humic & fahvic) amll 62 fgh  3Zed 94 843 253 dh 185 s 423 8RO
" 52 112b 4530 157  I0TE 3B ap  1E5sb 513 1280 3
Compost i0g i24a 4Ba 172 2373 350a 190a E40 1400 15 a
i 52 504 35of 125 1451 285 af 185 ad 450 1044 14 a2
a4

Foultry droppings 103 95cd  33be 134 1827 MO ad 17D ad 480 1133 12 a4
Eucalyptus dry ] 6.3 fg 31 e 24 145 3= 410 22 0.5 of
leaves 102 TAe  iSof 108 170 a4 445 8T8 10 be
S2 93cd  IEbe 13 175 abc 475 fiL1 0 14 a=
Neem dry leaves 10g S8c 42 ac 41 182 abc 502 1234 1.3 abe
NAFK ™ 1253 23mno 28 hi 55 125 3= 323 438 D3
85 2zko  ZTgd 59 138 3= 343 524 D3
. N 7gl 4D K 29 53 122 be 351 804 04 hj
Linion Fer 490 53 hj A 84 . 152 34 327 T4 0B &
. w gl 4Bk 76 X 152 3 230 T3 0.5 g4
Union Manganese il 5B ghi 39 &3 4.5 16824 411 87 07 eh
. w gl ESghi 3zei  BE 25 524 387 T84 08 H
Union Zinc 431 B2 igh idcg S5 BE.2 Bad 424 0T 0T =h
- gl 3Edm  ZE B4 155 132z 352 4 034
Calsio X ggl 3BW Z3gq BT 314 145 3= 370 B44 04 hj
23l B4 fgh 15 of 38 BB2 5 ah 182 sd 3BT 720 0B da
HyperK® 4] BEef 35be 10T 088 267 cw 188 ad 435 3 0.8 of
— tgl  ZBo 25 gk Ed 00  1TEkm 12Zde 25T 320 03
20 3%3W  23gy BT 4 215 133a= 354 ET3 04 by
N 19l 5T ghi 31=j B8 725 24E=i 155 a4 403 731 0T =h
Ammonium nitrate 2l B4 fgh 33 4h 94 843 255 dh 185 34 420 85T OB dg
Vydate™ 10%G 3T m 23k EO 178 m 14D == 305  35F D3
Chech{infected) 27 mo 24k 5.1 1 m W0e 225 [

Checki(Healthy) 04c 41 sd 142 1784 305 3=  1B.2 abc 457 5.4 1.4 zb BT
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Table (8): Growth of eggplant infected with M. incognits as influenced by some resistance inducers and plant growth regulators.

Growth criteria
Treatment Dose Frezh weight () Leng'th Tem] Shoot dry weight
Shoot Root Total % change  Shoot Total % change Weight % change

i Dorwer™ D mll 85 h 35=f 100 .1 275 gh 155 i 422 G524 O0B=h 1887
poe imil B5gh 3Eode 10T 088  ZTBE 172 Bh 450 100D 10 ode 2333
. w imd 47 @mn 28gh 75 471 225 imn 135 mn 380 600 05 gn  BAT
Amino green Zmll 43 kn 23 g T8 523 242kl 143 Fm 385 TLA 06 B 1000
Amin zine tmll  75f% 38be 114 1235 233 4 170 gh 453  105F 1.0 cde 2333
Imll  BSe 41bed 130 1543 300 dg 17.5eh 475 1111 10 be 88T
. w imll  4B1lo  ZTgh T3 431 I35 Imn 140 kn 385  B22 05 ghi BAT
Aminomanganese il EiwWm 233 80 89 2420k 145 3|E 716 0B & 1000
A ming iron™ iml  EDkm 239 T8 545 Z34km 142 km 3T BT1 D5 ghi BAT
mll S8 gk  31fg 83  T45 IS5k 148 ik 404 TIE O &h 1333
S~ 051 4Zmp 2Tghi B3 353 20Emn 132ne 340 511 04h 0 333
Glutamic scid igl 45mp ZBgh T2 431 2R imn 135mn 381 E04 D4 h 333
Citric acid 0N 754 3Fae 113 1218 2BO0edi 174 gh 451 1004 10 ode 2333
tgd  B0F 3%be 115 1333 283 d4h 1T.Bdg 471 1083 0.9 def 2000
Riboflavin 0N 3Bop  z4h  ED 178 200n 1250 325 444 030 000
tad  4Dep iy T 332 215 mn 138 I 251 580 D4 W 333
A scorbic acid 051 9B 40bed  13F 1708 308d  1T.8dqg 488 1160 12 b 3000
1gd 103c 43 b 145 1883 3. cd 185 bod 488 1204 13 be 3333
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Fig.(1): Changes in MDA in roots of eggplant infected with M. incognita and treated
with organic and inorganic fertilizers.
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*In both Figs, similar letter(s) means insignificant differences.

Fig. (2): Changes in MDA in roots of eggplant infected with M.incognita and treated
with some resistance inducers
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Fig. (3): Changes in the activity of SOD in roots of eggplant infected with
M.incognita and treated with organic and inorganic fertilizers.
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*In both Figs, similar letter(s) means insignificant differences.

Fig.(4): Changes in the activity of SOD in roots of eggplant infected with M.incognita
and treated with some resistance inducers.
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Fig. (5): Changes in the activity of APX in roots of eggplant infected with M.incognita
and treated with organic and inorganic fertilizers.
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*In both figs, similar letter(s) means insignificant differences.

Fig. (6): Changes in the activity of APX in roots of eggplant infected with M.incognita
and treated with some resistance inducers.
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Discussion

Data of the present study show that organic fertilizers are significantly better
than commercial inorganic fertilizers in reducing the root-knot nematode counts in
soil and on eggplant and improving the growth of treated plants which agreed with
the findings of Siddiquiet al. (2001). Compost achieved the best results followed by
neem dry leaves, poultry droppings and then eucalyptus dry leaves. Such efficiency
may partially due to direct toxic effect of the substances produced during the
degradation of the organic matter; and to the role of these substances in helping the
treated plants to acquire some resistance against invading nematodes. Compost
surpassed all the tested materials in improving growth of the treated plants infected
with the root-knot nematode. Substances produced during the degradation of
organic matter include volatile fatty acids and organic acids (Kesba and Al-
Shalaby, 2008 and Abd EI-Rahman et al., 2008). Nitrogenous compounds,
phenols, hydrogen sulfide are also, generated from organic materials with low C/N
ratio in soil (Riegal and Noe, 2000, and Oka et al., 2007). Furthermore, the indirect
effect is related to the role of organic matter in supplying and encouraging
microorganisms where many of which exhibits some antagonistic action against
nematodes either as direct parasites or by their metabolites produced during their
activities (Mankau, 1963).

The nematicidal action of neem formulations is not only due to the
compounds present within the neem product, namely, nimbidin and thionimone but
also due to other byproducts such as ammonia, formaldehyde, phenols and fatty
acids produced during decomposition of neem formulations (Khan et al., 1974).
Also, it have been stated that essential oils produced during the degradation of
different parts of eucalyptus are responsible for diminishing nematode populations
(Dawaret al., 2007 and Moreira, et al., 2009).

Many reports in literature agreed with the findings in the present study and
illustrate the role of compost (Rashadet al., 2010 and Zakariaet al., 2013), chicken
manure (Karmaniet al., 2011 and Abolusoro and Abolusoro, 2012),
neem(Javedet al., 2007 and Farahatet al., 2012) and eucalyptus (Moreira et al.,
2009) in reducing nematode populations in soil and on roots as well as improving
the growth of the infected plants.

Concerning the commercial inorganic fertilizers, data in the present study
show that, hyper K® followed by union zinc® were significantly the best in reducing
the number of galls, root and soil population of M. incognita on eggplant. NAFK®,
Union Fer®, Union manganese®, Calsio X®, NPK® and ammonium nitrate came
statistically in the second category. No significant differences were observed
between the two tested doses in the maijority of cases.Hyper K®is a commercial
product containing 66% potassium. Potassium sulphate (SO4KNO;) reduced the
population density of M. incognita in soil and on roots of cowpea (Ahmed et al.,
1991).
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Union zinc®is a commercial product containing 12% chelated zinc by organic
and amino acids. Absence of zinc increased nematode density in soil and reduced
plant growth (Haque and Mukhopadhyaya, 1975 and Siddiqueet al., 2002).The
involvement of minerals especially Fe, Mg, Zn and Ca in the formation of enzymes
(Graham et al., 1988 and Auld, 2001), may explain their role in the acquired
systemic resistance by increasing the antioxidant enzymes included in the defense
mechanisms which resulted in reducing nematode populations.

NPK® NAFK®, Union Fer®, Union manganese®, Calsio X®, ammonium nitrate
came after hyper K and union Zn in reducing the root-knot counts in soil and on
eggplant roots and improving the growth of treated plants. Many reports in literature
are in accordance with our findings concerning NPK (Coyne et al., 2004; Farahat,
et al., 2010 and Al-Hazmi and Dawaba,2014). The role of Mn, Fe, Ca in hindering
nematode reproduction had also been documented by Coyne et al. (2004) and
Kheiret al. (2009). Organic and amino acids presented in the tested inorganic
fertilizers may affect the reproduction of nematodes on treated host plants and
eliminate their biological activities (Al-Sayed and Thomason, 1988; Oka and
Cohen, 2001; Abd El-Rahmanet al., 2008 and AmdadulHoqueet al., 2013).

The biocidal mode of action of ammonia is not clear, but several mechanisms
are thought to be involved: cell membrane disruption (Rush and Lyda, 1982),
elimination of protein gradients across membranes (Docherty and Snider, 1991),
and exhaustion of the chemical energy of the cells removing cytosolic ammonia
against a concentration gradient (Brittoet al., 2001).

Concerning the organic, amino acid-containing commercial products and
plant growth regulators, data in the present study signified that all the tested
materials significantly reduced the root-knot nematode counts in soil and on roots of
eggplant. Indole acetic and indole butyric acids preceded all the tested materials
including organic amendments in enhancing the resistance of treated plants and
performing the lowest numbers of nematode counts. Ascorbic acid, amino zinc and
citric acid were statistically ranked in the second category.

Growth regulators play an important role in the mechanism of gall formation
in Meloidogyne infections. Changes caused by nematode species in cells of a
susceptible host are similar to those caused by exogenous indole acetic acid, that
is, hypertrophy, hyperplasia, adventitious roots, nuclear division without cell division
and break down of the cell wall. Two possible sources of indole compounds in the
root galls have been suggested. First, nematodes inject through their saliva the
enzymes glycosidase and protease into the host cells and release free auxins from
the complexes in the host. The proteases breaking down proteins to amino acids
including tryptophan, the IAA precursor, and also acids such as phenylalanine,
alanine, histidine and serine which promote auxinsynthysis. The second possibly is
that the nematode itself releases auxins during feeding. Perhaps indole compounds
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are formed in nematodes as end products of metabolism and are exerted by endo-
parasites into plant tissue or by ectoparasites into the root region. IAA have been
detected in larvae and egg masses of Meloidogyne species (Decker, 1981).

Successful host-parasite relationship relies on the formation of feeding sites
which depends mainly on the availability of some amino acids and plant auxins at
specific concentrations (Khanna and Yadav, 2004). Accordingly, any disturbance in
such concentrations may restrict the activities of nematode biology which shows
sings of resistance. From this point of view, such disturbance may result from the
exogenous application of indole IAA or IBA as well as amino acid-containing
formulations which ultimately aquire some resistance to the treated eggplant against
the root-knot nematode. These findings are in accordance with those of Yu and
Zhena (2007). They reported that IAA stimulated catalase, peroxidase and
polyphenol oxidase activities in pear fruits, indicating that IAA can induce fruit-
mediated resistance against pear fruit diseases although it had no direct antifungal
activity. Both indoles (IAA and IBA) are considered pesticide derivatives (Omar and
Muneer, 2005) and IBA is registered by EPA (1992) as a biocontrol pesticide with
the PC Code 046701. They reported that IBA has been classified as a biocontrol
pesticide because it is similar in structure and function to the naturally-occurring
plant growth indole-3-acetic acid.

In the present study, ascorbic acid came after IAA, IBA in reducing the root-
knot nematode counts in soil and on roots of eggplant. Ascorbic acid, in the present
results is considered a very good resistance inducer against this nematode. Our
findings agreed with those of Arrigoniet al., 1979 when they found that artificial
increase in ascorbic acid concentration transforms susceptible plants into resistant
ones. These results also agreed with those of Hamada et al. (2000) and Moawad
(2005). They reported that ascorbic acid was effective in reducing stresses of the
root-knot nematodes on their hosts.

Our results proved that all the tested amino acids and organic acids-
containing commercial products significantly reduced the counts of M. incognitaon
eggplant with superiority of amino zinc, followed by amino power and amino green.
These results agreed with those in literature illustrating the role of amino acids in
diminishing nematode populations and inducing resistance in treated plants (Oka
and Cohen, 2001; Kesba, 2003, Saeed, 2005 and AmdabulHoqueet al., 2013).
The superiority of amino zinc (a commercial product containing organic and amino
acids and 10% zinc) may be due to the effect of both amino and organic acids as
well as zinc.

The formation of reactive oxygen species (ROS) is the most common
defense mechanism in which lipid peroxidation (accounting for cell death after
nematode invasion) is induced (Montes et al., 2004 and Bakker, et al., 2006).
Hence, increasing the rates of MDA and H,O, in different hosts in response to
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infection with M. incognita, in the present study as compared to healthy plants
accounted for the defense mechanism against nematode invasion. Our results
agreed with those of Davis et al. (2000) and Huang et al. (2004) who stated that
the initial reaction of the susceptible cultivars is similar to that of resistant hosts and
may be resulted from nematode secretions into plant tissues.

Increase in superoxide dismutase (SOD) and peroxidase activity results to be
an adaptive response which provides the plant with protection against biotic and
abiotic stress (Guidaet al., 1992). The protective activity of SOD, and catalase
(CAT) was enhanced in susceptible plants but decreased in resistant ones
(Zacheoet al., 1983). Superoxide dismutase prevents the deleterious effect of O,
radicals in root cells and transform it to H,O, which is then transformed by catalase
to harmless O,+H,O. Accordingly, in susceptible tomato roots infected with M.
incognita,SOD activity was considerably increased in comparison to uninfected
controls and decreased in resistant cultivars (Zacheoet al., 1987 and Sgherriet al.,
2013). These findings are in accordance with our results whereas superoxide
dismutase (SOD), ascorbate oxidase (APX) were significantly higher in treated
plants.

Systemic acquired resistance can be enhanced by applying materials of
different sources which, in many cases, suppress nematode populations and
improve the growth of treated plants either directly by their effects on nematodes or
by enhancing resistance of treated plants.

References

Abd EI-Rahman, Fawzia H.; Clark, S.andSaleh, M. A. (2008). Natural organic
compounds as alternative to methyl bromide for nematodes control. Journal
of Environmental Science and Health, Part B, 43: 680-685.

Abolusoro, S.A. and Abolusoro, P.F. (2012). Effects of organic manure types on
the growth, yield as well as root and soil populations of root-knot
nematodes (Meloidogyne incognita) of tomato. Scientific Journal of
Agriculture, 1(5): 138-144

Ahmed, S. S.; Kandil, M. M. and Al-Ansi, N. A. (1991).Effect of some fertilizers on
development of Meloidogyne incognita and growth of cowpea. Annals of
Agric. Sci. Moshtohor, 29 (3):1215-1220.

Al-Hazmi, A.S. and Dawaba, A.M.A. (2014). Effect of urea and Certain NPK
fertilizers on cereal cyst nematode (Heteroderaavenae) on wheat. Saudi
Journal of Biological Sciences, 21: 191-196.

Al-Sayed, A.A. and Thomason, D.J. (1988). Meloidogyne incognita and tomato
response to thiamine, ascorbic acid, L-arginine and L-glutamic acid. Journal
of Nematology, 20 (3): 451-456.

Egypt. J. Agronematol., Vol. 14, No. 1, (2015)



110 Ahmed A. Farahatetal, .........

AmdadulHoque, A.K.M.; Bhuiyan, Md. R.; Khan, M.A.l;; Mahmud, A. and
Ahmed, M.U. (2013).Effect of amino acids on root-knot nematode
(Meloidogynejavanica) infecting tomato plant. Archives of Phytopathology
and Plant Protection, 10: 1080.

Arrigoni, O.; Zacheo, G.; Arrigoni-Liso, R.; Bleve-Zacheo, T. and Lamberti, F.
(1979). Relationship between ascorbic acid and resistance in tomato plants
to Meloidogyne incognita. Phytopathology, 69: 570-581.

Aryal, S. K.; Davis, R.F.; Stevenson, K.L.; Timper, P. and Ji, P. (2011). Influence
of infection of cotton by Rotylenchulusreniformis and Meloidogyne incognita
on enzymes involved in systemic acquired resistance. Journal of
Nematology, 43(3-4): 152-159.

Auld, D.S. (2001). Zinc coordination share in biochemical zinc sites. Biometals, 14:
271-313.

Bakker, E., Dees, R., Bakker, J., Goverse, A. (2006). Mechanisms involved in
plant resistance to nematodes. In Tuzen, S, Bent, E(eds) Multigenic and
Induced Systemic Resistance in Plants. New York Springer Sci. pp. 314-
344.

Baldacci-Cresp, F.; Chang, C.; Maucourt, M.; Deborde, C.;Hopkins, J.;
Lecomte, P.; Bernillon, S.;Brouquisse, R.; Moing, A.; Abad, P.;
Herouart, D.; Puppo, A.; Favery, B and Frendo, P. (2012). (Homo)
glotathine deficiency impairs root-knot nematode development in
Medicagotruncatula.Plos Pathogen, 8(1): 1-12.

Beauchamp, C. and Fridovich, I. (1971). Superoxide dismutase: improved assays
and assay applicable to acrylamide gels. Anal.Biochem., 44:276-287.

Britto, D.T.; Siddiqi, M.Y.; Glass, A.D.M. and Kronzuker, H.J. (2001). Futile
transmembrane NH4+ cycling: a cellular hypothesis to explain ammonium
toxicity in plants. Proc. Natl. Acad. Sci. U.S.A. 98:4255-4258.

Chinnasri, B.; Sipes, B.S. and Schmitt, D.P. (2006). Effects of inducers of
systemic acquired resistance on reproduction of Meloidogynejavanica and
Rotylenculusreniformis in pineapple. Journal of Nematology, 38(3): 319-
325.

Coyne, D. L.; Sahrawat, K. L. and Plowright, R.A. (2004).The influence of mineral
fertilizer application and plant nutrition on plant-parasitic nematodes in
upland and lowland rice in cbted'ivoire and its implications in long term
agricultural research trials. Expl. Agric., 40: 245-256.

Davis, E. L.; Hussey, R. S.; baum, T.J.; Bakker, J.; Schots, A.; Rosso, M.N. and
Abad, P. (2000). Nematode parasitism genes. Annual Review of
Phytopathology, 38:365-396.

Egypt. J. Agronematol., Vol. 14, No. 1, (2015)



Inducing resistance in eggplant against Meloidogyne incognita by organic and inorganic....... 111

Dawar, S; Sumaira, M.; Y. and Zaki, M.J. (2007). Use of Eucalyptus sp., in the
control of Meloidogynejavanica root-knot nematode. Pakistan J. Bot., 39(6):
2209 -2214.

Decker, H. (1981).Plant Nematodes and their Control: Phytonematology. Amerind
Publishing Co. Put. Ltd, New Delhi.543 pp.

Docherty, P.A. and Snider, M.D. (1991).Effect of hypertonic and sodium-free
medium on mammalian cells. Physiol. 146: 34-42.

El-Beltagi, H.S.; Farahat, A.A.; Al-Sayed, A.A. and Mahfoud, N.A.
(2012).Response of Antioxidant substances and enzyme activities as a
defense mechanism against root-knot nematode infection.Not. Sci. Horti.
Agrobo, 40(1): 132-142.

EPA, Environmental Protection Agency (1992).R.E.D. Facts, Indole-butyric
Acid.EPA-738-F-92-001, August 1992

Farahat, A.A. (1989). Concentration and method of application of some plant
growth substances in relation to tomato growth and infectivity with the root-
knot nematodes, Meloidogyne spp. Annals of Agric. Sci., Moshtohor, 27(3):
1853-1858.

Farahat, A.A.; Al-Sayed, A.A.; El-Beltagi, H.S. and Mahfoud.N.M.(2012). Impact
of organic and inorganic fertilizers on nematode reproduction and
biochemical alterations on tomato. Not. Sci. Biol., 4(1): 48-55.

Farahat, A.A.; Al-Sayed, A.A. and Mahfoud, N.A. (2010). Compost and other
organic fertilizers in the scope of root-knot nematode reproduction and
control. Egyptian Journal of Agronematology, 9(1): 18-19.

Graham, R.D.; Hannam, R.J. and Vern, N.C. (1988). Manganese in Soils and
Plants. Development in Plant and Soil Sciences Volume 33: 125-137.

Giebel, J. (1982). Mechanism of resistance to plant nematodes. Annu. Rev.
Phytopathology, 20: 257-279.

Goody, J.B. (1957). Laboratory methods for work with plant and soil nematodes.
Bulten No. 2. Ministry of Agriculture, London, pp. 47.

Guida, G.; Zacheo, G and Bleve-Zacheo, T. (1992). Activation of detoxifying
enzymes in tomato roots following paraquat treatment and nematode
infection. NematologicaMediterranea, (20): 203-209.

Hamada, A.M.; El-Zawahry, A.M. and Al-Hakimi, A.M. (2000). Soaking of
eggplant in ascorbic acid, pyridoxine or thiamine for control of
Meloidogynejavanica infection. Assiut Journal Agric. Sci., 31(3): 227-241.

Haque, M.S. and Mukhopadhyaya, M.C. (1975). Influence of some micronutrients
onRotylenchulusreniformis. Indian Journal of Nematology, 5: 77-78.

Egypt. J. Agronematol., Vol. 14, No. 1, (2015)



112 Ahmed A. Farahatetal, .........

Heath, R. L. and Packer, L. (1968). Photoperoxidation in isolated chloroplasts. I.
Kinetics and stoichiometry of fatty acid peroxidation. Arch. Biochem.
Biophys., 125:189-198.

Hodges, D. M.; DeLong, J. M.; Forney, C. F. and Prange, R. K. (1999).Improving
the thiobarbuturic acid-reactive-substances assay for estimating lipid
peroxidation in plant tissues containing anthocyanin and other interfering
compounds. Planta, (207) 604—611.

Huang, G.; Dong, R.; Maier, T.; Allen, R.; Davis, E. L.; Baum, T. J. and Hussey,
R.S. (2004).Use of solid-phase subttactive hybridization for the identification
of parasitism gene candidates from the root-knot nematode Meloidogyne
incognita. Molecular Plant Pathology, 5:217-222.

Javed, N.; Gowena, S.R.; Inam-ul-Haqa, M. and Anwarb, S.A. (2007). Protective
and curative effect of neem (Azadirachtaindica) formulations on the
development of root-knot nematode Meloidogynejavanica in roots of tomato
plants. Crop Protection 26: 530-534.

Kaplan, D. T. and Keen, N. T. (1980). Mechanisms conferring plant incompatibility
to nematodes. Revue de Nematologica, 3:123-134.

Karmani, B. K.; Jiskani1, M. M.; Khaskheli, M. I. and K. H.Wagan (2011).
Influence of organic amendments on population and reproduction of root
knot nematode, Meloidogyne incognita in eggplants. Pak. J. Agri., Agril.
Engg., Vet. Sci., 27 (2): 150-159.

Kesba, H. H. (2003). Integrated nematode management on grapes grown in
sandiness soil. Ph.D. Thesis. Fac. of Agric., Cairo Univ., pp.189.

Kesba, H. H. and El-Beltagy, H.E.S. (2012). Biochemical changes in grape
rootstocks resulted from humic acid treatments in relation to nematode
infection. Asian Pacific Journal of Tropical Biomedicine (2012): 287-293.

Kesba, H. H. and Al-Shalaby, Mona, E. (2008).Survival and reproduction of
Meloidogyne incognita on tomato as affected by humic acid. Nematology,
10(2): 243-249.

Khan, A.M., Alam, M.M., Ahmad, R., (1974). Mechanism of the control of plant
parasitic nematodes as a result of the application of oil cakes to the soil.
Indian Journal of Nematology, 4: 93-96.

Khanna, D.R. and Yadav, P.R. (2004). Biology of Helminthes.Discovery Publishing
Hose, 4831/24, Ansari Road, Darya Gani, New Delhi 110002 (India), pp
444,

Egypt. J. Agronematol., Vol. 14, No. 1, (2015)



Inducing resistance in eggplant against Meloidogyne incognita by organic and inorganic....... 113

Kheir, A. M.; Al-Sayed, A. A. and Saeed, M. R. (2009). Suppressive effects of
inorganic fertilizers on M. incognita infecting soybean. Egyptian Journal of
Agronematology, 7(1): 9-19.

Mankau, R. (1963). The effect of some organic additives upon soil nematode
populations and associated natural enemies. NematologicaMediterranea, 7:
65-73.

Moawad, M. M. (2005). Studies on nematode pests associated with some oil crops
and their control methods. Ph. D. Thesis. Fac. of Agric., Al-Azhar Univ.,
pp.82.

Montes, M. J.; Lopez-Brana, I. and Delibes, A. (2004). Root enzyme activities
associated with resistance to Heteroderaavenaecoferred by gene Cre7 in
wheat, Aegilopstriuncialisintrogression line. Journal of Plant Physiology,
161: 493-495.

Moreira, F.J.C.; Santos, C.D.G. and Innecco, R. (2009). Hatching and mortality of
second-stage juveniles of Meloidogyne incognita race 2 in essential plant
oils. RevistaCiénciaAgrondmica, 40(3): 441-448.

Nakano, Y. and Asada, K. (1981). Hydrogen peroxide is scavenged by ascorbate
specific peroxidase in spinach chloroplasts. Plant Cell Physiol., 22:867-880

Oka, Y.and Cohen, Y. (2001).Induced resistance to cyst and root-knot nematodes
in cereals by DI-beta-amino-n-butyric acid.Euro. J. Plant Pathology, 107 (2):
219-227.

Oka, Y.; Tkachi, N.; Shuker, S. and Yerumiyahu, U. (2007). Enhanced
nematicidal activity of organic and inorganic ammonia-releasing
amendments using neem extracts. Journal of Nematology, 39, 9-16.

Omar, M. and Muneer, M. (2005).Comparative photocatalytic study of two selected
pesticide derivatives, Inole-3-acetic acid and Indole-3-buteric acid in ageous
suspensions of titanium dioxide. Journal of Hazard Mater, 11(1-3): 219-227.

Rashad, Ferial, M.; Saleh, W.D. andMoselhy, M.M. (2010). Bioconversion of rice
straw and certain agro-industrialwastes to amendments for organic farming
systems.l-composting, quality, stability and maturity indcies. Bioresource
Technology, 101: 5951-5960.

Riegel, C. and Noe, J.P. (2000). Chicken litter soil amendment effects on soilborne
microbes and Meloidogyne incognita on cotton. Plant Disease, 84: 1275-
1281.

Rush, C.M. and Lyda, S.D. (1982).Effects of anhydrousammonia on mycelium and
sclerotia of Phymatotrichumomnivorum. Phytopathology, 72: 1085-1089.

Saeed, M.R.M. (2005). Utilization of some specific materials to stimulate resistance

Egypt. J. Agronematol., Vol. 14, No. 1, (2015)



114 Ahmed A. Farahatetal, .........

in some host plants against the root-knot nematodes. Ph. D. Thesis. Cairo
Univ. Fac. of Agric., pp.220.

Sgherri, C.; Ranieri, A. and Quartacci M. F. (2013). Antioxidative responses in
Vitisvinifera infected by grapevine fanleaf virus. Journal of Plant Physiology,
170: 121-128.

Siahpoush, S.; Sahebani, N. and Aminian, H. (2011). Change of some defense
compounds of cucumber treated with Bacillus cereus and salicylic acid
against Meloidogynejavanica. African J. of Plant Sci., 5(14): 829-834.

Siddiqui, Z. A.; Igbal, A.; Mahmood, l. (2001). Effects of Pseudomonas
fluorescensand fertilizers on the reproduction of Meloidogyne incognita and
growth of tomato. Applied Soil Ecology, 16: 179-185

Siddiqui, I.A.; Shaukat, S.S.And Hamid, M. (2002).Role of zinc in rhizobacteria-
mediated suppression of root-infecting fungi and root-knot nematode.
Journal of Phytopathology, 150: 569-575.

Sticher, L.; Mauch-Mani, B. and Metrarux, J.P. (1997). Systemic acquired
resistance. Annual Review of Phytopathology, 35: 235-270.

Taylor, A.A; Dropkin, V. H. and Martin, G. C. (1955).Perineal pattern of root- knot
nematodes. Phytopathology, (45):26-30.

Yu, T.andZhena, X.D. (2007).Indole-3-acetic acid enhances the biocontrol of
Penicilliumexpansumand Botrytis cinerea on pear fruit by Cryptococcus
laurenti. FEMS Yeast Research 7(3): 459-464.

Zacheo, G.; Arrigoni-Liso, R.; Bleve-Zacheo, T.; Lamberti, F. and Arrigoni, O.
(1983). Mitochondria peroxidase and superoxide dismutase activities during
the infection by Meloidogyne incognita of susceptible and resistant tomato
plants. NematologicaMediterranea, 11(2):107-114.

Zacheo, G.; Bleve-Zacheo, T.; Pricolo, G. and Zacheo, T.B. (1987).Metabolic
changes in enzyme levels in potato roots infested by potato-cyst nematode,
Globoderapallida (Pa3) and Globoderarostochiensis (RO1).
NematologicaMediterranea, 15(2):293-302.

Zakaria, Hanan M.; Kassab, A.S.; Shamseldean, M.M.; Oraby, Mona M. and EI-
Mourshedy, M.M.F. (2013). Controlling the root-knot nematode,
Meloidogyne incognita in cucumber plants using some soil bioagents and
some amendments under simulated field conditions. Annals of Agricultural
Science, 58: 77-82.

Egypt. J. Agronematol., Vol. 14, No. 1, (2015)



Inducing resistance in eggplant against Meloidogyne incognita by organic and inorganic....... 115

ygehond) diad 13 gl degldad) ddee OlmidlLll LS
Bgyoed) Olomniall jargg dyguanll b9 dygianll Shan) plisuanly
st Slelaeg ke plam Y1 o (g0 I
M s gy dozs eazall s Fuaudl blasdl gl st KOl el s e

TP sie el ey
8 a1 daslyr — a1 I BIS = Bygod) £lanSO) @B sl L lanlly Olgond! gud®

Sloiall o ddally ypaae pdlly gaand) Sl jam 8y Lot Coull lda B o3
G sodl Sloliing Dl yar ISH iy dygianl) Solom W o Byl yylondl
ddaw¥t OF el cadl jplandl Wi 3gled Legliddl dde Ol SUL GLS)
LA B jgdadl wim B3gles Susl jads B dodaedl el o Upas S35 Lyguanl)
Pl g O o il Jabl Comngon S sl o OLwidUIl UL ppder g
s A il Sl Sl ggadl g Ban ¥l Ly Og
Hos Bl B pledt suel b Ggms Lais gadl Slebaiag daYly dgoaall olaxY)
Sloall S e Shpigd! e JpllsS) Jae bl G5 Eomr DLyl
o by gl o8 Sy SO e LeaBlsg Lo OlsdU) daglia 8315 B 8 seall S1gally
UL g0 s B a3 LISy guandl Bbeoll OF Ll guited il g e
Ay Blad)) SULIL Byl Gpne gadl Coma Ui § ol Slowsioll B Lo (il
el bl et aamg eyl e Jglil Sl o Jpuil 3y dlalas

@ 3 s Lo Aedkodl SULI (B &) (S5 BT s SIS ) ot BSOS
o> J 9l e g SNSRI o Jguil (o S pllazal L 135l laaodl SGLA
Ogig daged! UL 3 Gyl ade O Lo JI i) bty B3t gt o s
505 ey 135l BodlSe B puiledt Jadl clasl Al Sdalaadl 3 29 dygime By
bl B3y e Jad 55 Blaall SUL B 5SS Bsladl Slapil bLis sl ol
N g sSNSS gl G Jgel Sl Jan il il 3y 84S 0]
SULI doglis LT (0 Wp Syl ods (ST OF o Slaypyl odn blad Jume
3 gledly AL

Egypt. J. Agronematol., Vol. 14, No. 1, (2015)



