Coznanue ciost Boabl 8.VI -12. VI

2070 120 300 890 580 1770
IMonnepsxanue ciost Bonsl 13.VI-30.VI

4485 50 - 2315 1670 3985
Co3znanue ciost Boubl 1.VII-3.VII

1374 100 - 234 140 374
IMonnepsxanue ciost Bonbl 4.VII-10.VII

8781 100 - 4910 2860 7770
[Ipekpamenue Bomomomaun B (aze
BOCKOBOM cnestoctu puca 11.VIII - 100 - - 860 980
Bcero 24827 970 4260 10317 8039 23736

[Tpumeuanue — Hepsizka Oananca 4,4%

Hessizka Mexy Bojomnojaucii u BomonorpedieHueM paBHa 4,4%, 4TO CBHJETEIILCTBYET O XOPOIIEH
CXOZIMMOCTH pPe3yJIbTaTOB MOJEBBIX HCCIIEIOBAHUH.

k% ok
Kypimn aTe3papblHIaFbl CYIbIH TY3ABUIBIFBIH Cyapy peXHMAEp] MEH aThI3[arbl Cy JKOHE TY3IBUIBIK
Terne-TeHITH ecKepMel, jKeke KapacTelpyra Oonmaiabl. JKymbIcTa CyIbIH MUHEPAJIBUIBIFBI CYy KOHE
TY3IBUIBIK TEMe-TeHIIT TeHaeylepi OOWBbIHIIA aHBIKTAIBIHBL. Kypilll aThI3bIHAAFEI Cyapy PEKUMI CYIbIH
MHUHEPAJIBUTBIFBI €CKEPiJie OTHIPHIN AaHBIKTAIBIHA/IbI.

Mineralization of water in the rice receipt can not be considered without allowance — that the irrigation
regime and dynamics of water and salt balance of water in it. In this paper, water salinity is determined by
the equations of water and salt balance. Selection of the mode of irrigation rice check is made in view of
water salinity.
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ABSTRACT

In this study, tomato (Carolina Gold cv.) transplants were treated before planting in pots with garlic (G),
black pepper (BP) extracts (at 0.5 & 4.0% conc.), salicylic acid (SA) or riboflavin (R) at 0.1 & 10.0mM
conc. using different application methods (immersing roots “IR”, spraying shoots “SS” and IR+SS) then
inoculated with the tomato wilt fungus Fusarium oxysporum f. sp. lycopercici (FOL). The activities of
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polyphenoloxidase (PPO) and peroxidase (POD) enzymes were determined in leaves of treated and untreated
(control) tomato plants after two months from inoculation. The increase in POD activity was higher and
more pronounced than activity of PPO. Comparing to the control treatment, the increase in PPO activity,
in most treatments, was ranged between 4.4% (IR/SS/BP at 4%) to 94.2% (SS/R at 0.1mM) although few
treatments slightly decreased it. However, all tested treatments increased activity of POD enzyme. The rate
of increase was ranged between 60.7 to 1000.0%.

INTRODUCTION

Infection of tomato with Fusarium oxysporum f. sp. lycopercici (FOL) wilt significantly reduced the crop
yield and quality (Aba AlKhail, 2005). The use of resistant varieties is the best strategy for disease control
(Silva and Bettiol, 2005) and (Sheu and Wang, 2006). Controlling of plant diseases mainly depend on
fungicides treatments (Rauf, 2000; EI-Mougy et al., 2004). However, fungicidal applications cause hazards
to human health and increase environmental pollution. Therefore, alternatives, eco-friendly approach
treatments for control of plant diseases are needed (Abd-El-Kareem, 2007; Rojo et al., 2007; Mandal
et al., 2009). Systemic acquired resistance (SAR) or induction of resistance to pathogen is a promising
approach for controlling plant diseases. Exogenous or endogenous factors could substantially affect
host physiology, leading to rapid and coordinated defense-gene activation in plants normally expressing
susceptibility to pathogen infection (Mandal et al., 2009). This phenomenon, that resistance of plant to
pathogens can be enhanced by the application of various biotic and a biotic agent, called induce systemic
resistance in plants (Yedidia et al., 2000; Brimner and Boland, 2003; Sarwar et al., 2005; Abd-El-Kareem,
2007). Use of chemical inducer, salicylic acid (SA) represents an interesting new opportunity in controlling
fungal and bacterial diseases within an environmental friendly integrated crop protection system through
enhancing the resistance of the plant to pathogen (Oostendorp et al., 2001; Ellis et al., 2002; Balciuniene
et al., 2005; El-Khallal, 2007a; El-Khallal, 2007b; Khaosaad et al., 2007; Ali et al., 2009; Mandal et. al.,
2009). The signal molecule SA is involved in some signal transduction system, which induce particular
enzymes catalyzing biosynthetic reactions to form defense compounds such as polyphenols, pathogenesis-
related (PR) proteins (Métraux, 2001; Shah, 2003; Vimala and Suriachandraselvan, 2009). In plants the
positive correlation between levels of polyphenol oxidase (PPO) and peroxidase (POD) and the resistance
to pathogens and herbivores is frequently observed. There are some evidences indicating that the activation
of peroxidase, polyphenol oxidase plays a crucial role in the biological control and resistance of plant to
pathogenic attack (Mohammadi and Karr, 2002; Thipyapong et al., 2004; Chérif et al., 2007; She-ze et al.,
2008). Enhancement of PPO and POD activity was reported in response to pathogen inoculation in plants
pretreated with SA (EI- Khallal, 2007b; Chandra et al., 2007). It was reported that POD may be some of the
elements of the defense systems that are stimulated in plants in response to pathogen infection especially
Fusarium oxysporum (Morkunas and Gemerek, 2007).

The present study was conducted mainly to investigate the changes in activities of the oxidative enzymes
(PPO and POD) in leaves of tomato plants pre-treated with different natural and chemical inducers under
stress of infection with the tomato wilt fungus (FOL).

MATERIALS AND METHODS

In this study, salicylic acid (SA) and riboflavin (R) each @ 0.1mM and 10.0mM, and garlic extract (G) and
black pepper extract (BP) each at 0.5% and 4.0% concentrations were used as resistance inducer treatments
for treating 4 weeks-old tomato (Solanum lycopersicum) seedlings (Carolina Gold cv.) immediately before
transplanting into plastic pots (30cm. in diameter) each containing 11 Kg of natural soil mixture consisted of
clay and sand at rate of 2:1 (by weight). Each inducer treatments was performed by immersing roots (IR) for 10
min., spraying shoots (SS) until dropping or combination between IR and SS application methods (IR+SS). The
plain water was used instead of inducer treatments for treating tomato seedling in the control treatment. Spore
suspension of an aggressive isolate of Fusarium oxysporum f.sp. lycopersici, which was isolated from wilted
tomato plants grown under glasshouse conditions in Kazakhstan, was prepared and adjusted according to Beshir,
1991 and Amini, 2009 and immediately used for inoculating 4-weeks old tomato seedlings by pouring 20 ml of
spore suspension (10° spores/ml) over stem base of each seedling one week after transplanting. All pots were
irrigated and maintained at 25-30°C and 70% relative humidity under glasshouse conditions. After two months
from inoculation, the fifth leaf of treated and non-treated plants was harvested by cutting them at the leaf base
level, weighed 1.0 g. then homogenized with 3.0 ml. of Na phosphate buffer pH 6.8 (0.1 M) and centrifuged at 2°C
for 15 min at 17.000g in a refrigerator centrifuge. The clear supernatant was taken as the enzymic source for the
assay of peroxidase (POD) and polyphenoloxidase (PPO) activities after proper dilution (Patra and Mishra, 1979).
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The supernatant was collected and stored at -20°C until use. Peroxidase, polyphenoloxidase enzymes were carried

out using a (SPECTRONIC 20-D) spectrophotometer at 27+2°C according to Chance and Maehly (1955), and

Taneja and Sachar (1974), respectively. Readings of the spectrophotometer were recorded every 30 Sec, for 5 min

for the two enzymes. The reference cuvette for the spectrophotometer always contained the same concentrations

of components as the sample cuvette, except that the substrate solution was replaced by extraction buffer.
RESULTS

Activity of PPO enzyme:

The data in Table (1) indicated that, the activity of polyphenoloxidase (PPO) enzyme (O.D at 430nm/g
FW/Min) was affected differently by tested application methods, inducer treatments as well as by the
interaction in between. All tested inducer treatment increased PPO activity comparing to the untreated
control. Using G@0.5% recorded the highest increase in the PPO activity (27.6%) followed by BP@4.0%
(13.5%), BP@0.5% (11.1%) and G@4.0% (5.0%), respectively. Most interactions, however, increased PPO
activity but few decreased it. The SS method recorded the highest average of PPO activity (44.3) followed
by the IR+SS method (38.5) and the IR method (38.2), respectively. In this respect, SS/BP@0.5% recorded
the highest increase (46.7%) followed by IR+SS/BP@0.5% (31.5%), IR/G@0.5% (30.4%), respectively.
Using G@0.5% recorded the highest increase in the PPO activity (27.6%) followed by BP@4.0% (13.5%),
BP@0.5% (11.1%) and G@4.0% (5.0%), respectively. Most interactions, however, increased PPO activity
but few decreased it. In this respect, SS/BP@0.5% recorded the highest increase (46.7%) followed by
IR+SS/BP@0.5% (31.5%), IR/G@0.5% (30.4%), respectively. The activity of PPO enzyme (O.D at
430nm/g FW/Min) was affected differently by tested application methods, inducer treatments as well as by
the interaction in between. The SS method recorded the highest average of PPO activity (52.1) followed by
the IR method (51.2) and the IR+SS method (39.6), respectively. As for inducer treatments, the highest PPO
activity was recorded by R@10.0mM (55.5%) followed by SA@10.0mM (36.8%), R@0.1mM (35.2%)
and SA@0.1mM (29.9%), respectively. As for interactions, SS/R@0.1mM recorded the highest increase
(94.2%) followed by IR/SA@10.0mM (87.0%), SS/R@10.0mM (82.3%), IR/R@10.0mM (71.5%) and
IR+SS/SA@0.1mM (48.6%), respectively. However, only IR+SS/R@0.1mM, and IR+SS/SA@10.0mM
decreased PPO activity by 11.0 and 3.0%, respectively compared to the untreated control.

Table (1): Activity of polyphenoloxidase (PPO) enzyme (D430/min/g fresh weight) in tomato leaves as
affected by inducer treatments (garlic (G) and black pepper (BP) extracts at 0.5 & 4.0% conc. and salicylic
acid (SA) and riboflavin (R) at 0.1 and 10.0mM conc.) using application methods™* after two months from
inoculation with F. oxysporum lycopersici

Inducer Activity (D430/min/g fresh weight)  ~  Efficiency**
treatments IR SS IR+SS IR SS IR+SS
G@0.5% oo AT2 470 444 ...304 298 22T
G@4.0% . ......470 . ...47 ....203 . ..298 . ..124 . .-273
BP@0.5% 200 531 . 476 448 467 315
BP@4.0% 408 447 378 127 235 44
SA@O.lmM 453 420 538 251 160 486
SA@10.0mM 677 351 870 . 265 30
R@O.ImM 446 703 319 232 942 -119
R@10OmM 621 660 408 715 823 127
Control 36.2 36.2 36.2 0.0 0.0 0.0

(untreated) :

* JR=root immersion; SS= shoot spraying.

** Efficiency= (Treatment-Control)/Control x 100

Activity of POD enzyme:

The data in Tables (2) indicated that, the activity of peroxidase (POD) enzyme (D,, /min/g fresh weight)
was affected differently by tested application methods, inducer treatments as well as by the interaction
in between. The SS method recorded the highest average of POD activity (61.5) followed by the IR+SS
method (55.2) and the IR method (27.0), respectively. Using BP@0.5% recorded the highest POD activity
(339.0%) followed by BP@4.0% (325.9%), G@0.5% (311.1%) and G@4.0% (299.3%), respectively. All
tested interactions increase POD activity comparing to the untreated control which recorded 13.5 (D, /
min/g fresh weight). In this respect, SS/G@4.0% recorded the highest increase (640.7%) followed by
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IR+SS/BP@4.0% (595.6%), SS/G@0.5% (411.1%), IR+SS/BP@0.5% (401.5%), SS/BP@0.5% (397.8%),
IR+SS/G@0.5% (352.6%) and SS/BP@4.0% (328.9%) whereas the remained interactions increased it by
53.3-217.8% comparing to the untreated control. The activity of POD enzyme (D, /min/g fresh weight) was
affected differently by tested application methods, inducer treatments as well as by the interaction in between.
The SS method recorded the highest average of POD activity (79.5) followed by the IR+SS method (53.5)
and the IR method (50.4), respectively. Regardless application methods, SA@O0.1mM recorded the highest
increase (636.5%) followed by R@10.0mM (432.8%), R@0.1mM (363.2%) and SA@10.0mM (331.4%),
respectively comparing to the untreated control. The POD activity was increased by all tested interactions.
In this respect, SS/SA@0.1mM increased POD activity by 10 folds over than the untreated control followed
by IR+SS/SA@0.1mM (6.69 times), SS/R@0.1mM (5.71 folds) and SS/R@10.0mM (5.41 folds) while the
remained interactions increased the POD activity by 2.23 to 4.57 times over that recorded by the untreated
control.

Table (2): Activity of peroxidase (POD) enzyme (D420/min/g fresh weight) in tomato leaves as affected by
inducer treatments (garlic (G) and black pepper (BP) extracts at 0.5 & 4.0% conc. and salicylic acid (SA)
and riboflavin (R) at 0.1 and 10.0mM conc.) using application methods* after two months from inoculation
with F. oxysporum lycopersici

Activity (D420/min/g fresh weight) Efficiency*

Inducer treatments 4 /ity | ssg 1R+gss ssy T
Garlic@0.5% 364 690 611 1696 41l.1 3526
Garlic@4.0% 217 1000 400 607 6407 = 1963
BP@0.5% 429 672 677 2178 4015
BP@4.0% 207 939 833 5956
SA@0.ImM 459 1039 2400 6696
SA@10.0mM 639 ..526 3733 2896
R@O.ImM 534 906 436 2956 5711 2230
R@10.0mM 752 540 4570 5415 3000
Control (untreated) | 13.5 13.5 ' 0.0

* IR= root immersion; SS= shoot spraying.
** Efficiency= (Treatment-Control)/Control x 100

DISCUSSION

The oxidative enzymes i.e. polyphenoloxidase (PPO) and peroxidase (POD) are important in the
defense mechanism against pathogens, through their role in the oxidation of phenolic compounds
to quinines, causing increasing in antimicrobial activity. Therefore, they may be directly involved
in stopping pathogen development (Quiroga et al., 2000; Shimzu et al., 2006; Melo et al., 2006).
The POD activity was increased by all tested interactions. In this respect, SS/SA@0.1mM increased
POD activity by 10 folds over than the untreated control followed by IR+SS/SA@0.1mM (6.69
times), SS/R@0.1mM (5.71 folds) and SS/R@10.0mM (5.41 folds) while the remained interactions
increased the POD activity by 2.23 to 4.57 times over that recorded by the untreated control. In
fact, the activity of POD was sharply increased in response to foliar spray of salicylic acid (El-
Khallal, 2007b; Mandal et. Al., 2009). The present results were in agreement with (Gail et al.,
2007; Jayalakshmi et al., 2009), since they reported that the activity of both polyphenoloxidase and
peroxidase increased after the treatment with Trichoderma harzianum, and also with (El-Khallal,
2007b; Mandal et al., 2009), since they showed that the activity of POD was sharply increased in
response to foliar spray of salicylic acid. Spraying of salicylic acid enhanced the activity of the
enzyme in trichoderma seedling root dipping treatment not in soil applied treatment. The last obtained
result was supported by (Godt and Roitsch, 1997). Houssien et al. (2010) reported that all of their resistance
inducer treatments increased the activity of PPO and POD relative to the infected control. T2 treatment was
more effective in increasing the activity of the enzymes. Combination of salicylic acid with trichoderma as
seedling root dipping (T2) and thiophanate methyl with its half recommended rate recorded a higher PPO
and POD activity since it reached to 305% for the first one and 315% for the second relative to the infected
control. Houssien et al. (2010) concluded that combinations of biocontrol agents and resistance inducer
could provide promising integrated alternatives in suppression of Fusarium wilt disease of tomato plants
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due to number of mechanisms involved. So, a new approach for the management of biological control
of Fusarium wilt disease of tomato plants depends on the activation of the defense of the plant against
pathogen (Systemic resistance) by salicylic acid as inducer and suppression of the fungal pathogenicity by
applying Trichoderma harzianum as bicontrol agent.
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Kpzanakrapasid, fusarium oxysporum f.sp. lycopersici — MeH IIaKbIpbUIFaH COMYJIapblH Ka3aKcTaHAa
3eprTey.2: Qpy3apuo3asl COMybIHA KapChl TYPAThIH HHIYKIMSIAY YLIIH TAaOUFU CHIFBIHABLIAPEI MEH
KayiIci3 XUMUSUIBIK 3aTTapibl KOJJIaHy THIMUTITT MEH TOTBIKTHIPAThIH epPMEHTTEPIIH OeJICeH LTI

* k%

Ocwl  3eprreyne Kaponuna AJTBIHBI KbI3aHAK CYPBINBIHBIH KeleTTepi capbiMcak (C) meH Kapa
oypeitr (KB) ceirbiaapuiapeiabie (0,5 Hemece 4,0% KOHIGHTPATTBHI allFaH[A), CATUIMIIABI  KBIIIKbLI
(CK) men pubodnasun (PB) ( 0,1 memece 10,0MM KOHIIGHTpaThl aJiFaH/ia) 9CEpiHE ETLTIIN, KOChIMIIA
opTYpai aaictep Konganasl (Tambipaapeiabie Oatysl (BT), eckingepinin To3anaarys! (T3) xone Fusarium
oxysporum f.sp. lycopersici erimyi (E+I")). Ilupokcupmaza (I1O/l) men nomupunonokcugaza (I1DO)
OenceHmuTiKTepi, erily Ke3iHeH OacTam eKi aifJlaH COH OHJICY JKacaJFaH JKOHE jKacaJMaraH OaKbLIaHFaH
OCIMJIIKTEP/IIH JKanbIpakTapbiHaa Oaiikanuel. [Tupoxumazaneiy OesiceHAUNIN  MOMU(EHOTOKCHIa3aHbIH
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Oejicenainmirinen >korapel Oonnel. bakputayna OosiFaH  e©CIMAIKTEpAiH OepilireH KepceTKilTepMeH
caibpICThIpFaHIa nonudeHonokcuIaza OeICeHIUIITIHIH KoFapiaysl kentereH eHueynepae 4,4% (BT+T3/
KB-4,0%) xone 94,2% (T3/P-0,1MM) TeH Oonbl, Oipakra ©HICYIIH COJI XKOFapbl OOJFaH KKe3Je, Oyl
KOPCETKIIITep TOMEHAE KeTTi. Anaiiia OapiblK TEKCEpuIreH eHAeylnep MUpOKcHaa3a OenceHaiirin
xorapaarTel. JKorapeutay Hopmacs! 60,7% nen 1000,0% teH Gomnsl.

HUccnenosanus yBsganus MoOMUAOPOB, BeI3BaHHEIE fusarium oxysporum f.sp. lycopersici, mpoBoaumbie
B KazaxcraHe. 2: 3(Q))eKT BHEIIHEr0 HaHECEHHs MPHPOAHBIX HKTPAKTOB U OC30MACHBIX XMMHKAIUU IS
WHAYIHPOBaHMS YCTOHYMBOCTHU K (Py3apHO3HOMY YBSIIaHHUIO U aKTUBHOCTH OKHCIIUTENBHBIX (DEPMEHTOB

% sk ok

B sToMm nccnenoBannu paccana Tomata copra 3010To KaponnHsl moasepraaock 1eiHCTBUSM S9KCTPAKTOB
yecHoka (H), uepnoro nepua (YI1) (mpu xoruentpauuu 0.5 wnu 4.0%), canummnoBoit kuciotsl (CK) u
pubogaBuna (PB) (pu konnenrparmu 0.1 wim 10.0MM) ¢ HCIIONTBE30BaHHEM PA3IMYHBIX TOTIOTHATEIIBHBIX
metonoB {morpyxenue (I1I') xopueit, pacnbuienune (PC) poctkoB mnu (I1+P)} n nmpuBuBku Fusarium
oxysporum f.sp. lycopersici. AkruBHoctu nepokcuaaszsl (I[IOJl) u nomudunonokcunaser (I1OO) ObuH
OTIpEJIeNICHbI B JIUCTBSIX, 00paOOTaHHBIX U HEOOpaOOTaHHBIX (KOHTPOJB) TOMATOB IOCIE ABYX MECSIICB
CO BpEMEHHM TNPHBHUBKH. YBEIMUYEHHE JICATEIbHOCTH MHPOXKAA3bl ObUIO BBIMIE, YeM JESTEIbHOCTD
nonudenonokcunaszpl. CpaBHUBas C JaHHBIMH OOpPaOOTKM KOHTPOJIHBIX pAacTEeHH, YBEIMYCHUE
JESITeNbHOCTH MOMU(EHOIOKCH1a3bl, OOJIBIIMHCTBA 00paboOTOK, ObUTO paBHO Mexay 4.4 % (III'+PC/Yll-
4.0%) 1 94.2 % (PC/P-0.1mM), x0T HE00IBII0OE KOTMYECTBO 00PaOOTOK YMEHBIININ IaHHBIH TOKa3aTeb.

OnHaxo, Bce MpOoBEepeHHbIe 00pabOTKN YBEINUMIH AEATEILHOCTh MUPOKCcHAa3bl. Hopma yBenmuenus Obia
paBHa mexay 60.7% u 1000.0 %.
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STUDIES ON TOMATO WILT CAUSED BY FUSARIUM OXYSPORUM F .SP.
LYCOPERSICI IN KAZACHESTAN. 1B: EFFECT OF EXOGENOUS APPLICATION OF
GARLIC AND BLACK PEPPER EXTRACTS AS RESISTANCE INDUCER TREATMENTS
ON THE WILT DISEASE INCIDENCE AND SOME PLANT GROWTH PARAMETERS
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INAKBIPBIUIFAH COJIVIIAPBIH KA3AKCTAHIA 3EPTTEYV. 1b: ®Y3APUO3/1bI
COJIYBIHA KAPCbI T¥PATbIH MHAYKIOUAJIAY YIHIH CAPBIMCAK IIEH KAPA
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ABSTRACT
In this study, seedlings of tomato cultivar Carolina Gold were treated by garlic (G) and black pepper (BP)
extracts using different application methods and inoculated with F. oxysporum f.sp. lycopersici. Immerging
roots (IR) in G@4.0%, spraying shoots (SS) with G@4.0% or BP@4.0% caused 100% reduction in the
incidence of tomato fusarium wilt. IR+SS/BP@4.0% induced the highest increase in plant height (40.8%)
followed by IR/G@0.5% (38.7%) and IR+SS/G@0.5% (33.2%) whereas IR/G@0.5% caused the highest
increase in the root length (64.5%) followed by IR/BP@0.5% (57.0%) comparing to the untreated control.
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