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ABSTRACT

Methyl bromide (MBr) is a highly effective spectrum fumigant used extensively to control
different soil pests worldwide. Montreal protocol of 1991 defined MBr as a chemical that depletes
stratospheric layer. Cucumber is one of the most important crops worldwide. First experiment: six
chemical dternatives to methyl bromide (MBr or T1) were devoted i.e. metham sodium covered with
polyethylene sheets (T2); metham sodium (T3); dichloroprene + carbendazim (T4); metham sodium +
oxamyle (T5); metham sodium + cadusafs (T6); metham sodium + carbendazim (T7) and untreated
control (TO). Second experiment: ungrafted control (GO0), grafting into winter squash hybrid rootstock
Tetsukabuto (Cucurbita maxima x Cucurbite mostcha{&1) and grafting into winter squash hybrid
rootstock Aurelia cs-2 (Cucurbita maximpa(G2). cucumber, cv. Rocket was grown in a greenhouse of
sandy loamy soil in Autumn-winter seasons of 2011-2012 and 2012-2013 in Gaza Strip, Palestine.

Results reveaed that Fusarium oxysporunwas isolated from rotted roots where it caused pre
& post emergence seedling damping-off according to the pathogenicity test. All chemical alternatives
were significantly effective where T6 was significantly the highest to decrease F. oxysporunspores.
Chemical aternatives significantly decreased percentage of F. oxysporundisease index where T2 was
similar to MBr. Pre-transplanting nematodes number decreased by all treatments where T5, T6, T2 and
T4 were significantly as effective as MBr in 20 and 40 cm depths. Number of post-transplanting
nematodes in the two depths and disease index of nematodes were decreased by the different
aternatives where T2 and T4 were significantly similar to MBr. Plant fresh weight, stem diameter,
plant length, leaf area, number of leaves plant™ and root fresh weight were significantly increased by
the different alternatives and were significantly similar to MBr. All chemical alternatives were
significantly similar to MBr to flower earlier than control. Total yield as fruits number and fruits
weight plant™ were significantly increased by all treatments than control without significant differences
than MBr and the alternativesin first season and T2, T4 and T7 only in second season. Fruit length was
significantly increased by MBr and T7 only. Fruit acidity significantly increased where no significant
difference was noticed among MBr, T2 and T4. TSS was not significantly affected. Leaf N, P, k and
total chlorophyll significantly increased than control without significant difference among MBr and the
chemical alternatives.

Grafting significantly decreased percentage of Fusariumdisease index and nematodes. Plant
height and plant weight were increased by grafting where G2 produced a significant higher leaves
number plant™. Root fresh weight significantly increased where root dry weight% and flowering date
were not significantly affected. Early yield as fruits number and fruits weight plant™ insignificantly
increased by grafting where total yield as fruits number or weight plant™ significantly increased. Fruit
length and diameter were not affected where fruit fresh weight significantly increased in grafted plants.
Grafting did not affect TSS and fruit dry weight% significantly where acidity increased in G1. Leaf N
and K increased significantly in grafted plants while P and chlorophyll were not significantly affected.

Under similar conditions of this trial, metham sodium covered with polyethylene sheets or
dichloroprene + carbendazim may be recommended as chemical aternatives to MBr and /or grafting
onto winter squash hybrid rootstock Aureliacs-2 (Cucurbita maxima




DEDICATION,

This work is dedicated with love

and appreciation to my family

who encouraged and supported me during

all these years.



Acknowledgement

Firstly, my unlimited thanks to " ALLAH '

[ wish to express my deep thanks and Gratitude to Professor Dr.
Moustafa S. Mansour, Professeor of Plant Pathology, Faculty
,0f Agriculture, Cairo University for sincere help and advice
throughout the present investigation.

Also, I would like to express my sincere appreciation to my
advisor Dr. Ismail Al Abu-Zinada, Associate Professor of
Horticulture, Faculty of Agriculture and Environment, Al-Azhar
University-Gaza, for continuous guidance and encouragement
during this research.

Thanks are also extended to Eng. Jamal Al-dadah; Sumer AbdEl-
Hadi; Nahd Al-Sabh and Jamal Al-hdad for helping me during
the search, Mr. Jamil Ismail and Mr. Yousef Krayyem, for their
generous help and support, and Dr Mohammed EL-Hindi; Mrs
Muna El-Alami and Mr. Zaid Abu-Zayed, for helping in
laboratory.

Finally, special appreciation is also extended to the faculty staff

for encouragement and support during my study.



CONTENTS

APPROVAL SHEET
SUPERVISION SHEET
ABSTRACT
DEDICATION
ACKNOWLEDGEMENT

CONTENTS
LIST OF TABLES

INTRODUCTION
REVIEW OF LITERATURE
MATERIALS AND METHODS

1.

o

Isolation of the causal agent

2. Pathogenicity test
3.
4

Survival of Fusarium oxysporurm infested roots of cucumber plant

. Estimation of percentage of disease index on the rotted-roots of

cucumber plant
Estimation of nematode population in soil

Effect of soil treatment with chemical alternatives to methyl bromide
on growth parameters of cucumber plant

Effect of soil treatment with chemical aternatives to Methyl Bromide
on leaf NPK and chlorophyll contents of cucumber plant

Effect of soil treatment with chemical aternatives to Methyl Bromide
on fruit total soluble solid (TSS) and titratable acidity of cucumber

Effect of soil treatment with chemical aternatives to Methyl Bromide
on number of weeds developed in bed soil of cucumber plant infested
with Fusarium oxysporum

10. Effect of grafting rootstocks on the incidence of root-rot disease of

cucumber plant

11. Statistical analysis

\

Page

\
\
VI

VI

27
31
33

35

36

36

36

37

37



RESULTS

EXPERIMENT |

1.

2
3.
4

Isolation of the causal fungi

. Pathogencity test

Survival of F. oxysporumn infected roots of cucumber plant

. Estimation of percentage of disease index on the rotted-roots of

cucumber plant

Effect of soil treatment with chemical alternatives to methyl bromide
on survival of nematodes

Effect of soil treatment with chemical alternatives to methyl bromide
on growth parameters of cucumber plant

Effect of soil treatment with chemical alternativesto Methyl Bromide
on flowering date, early and total yield of cucumber plant

Effect of soil treatment with chemical alternativesto Methyl Bromide
on cucumber fruit physical and chemical parameters

Effect of soil treatment with chemical alternativesto Methyl Bromide
on leaf NPK and total chlorophyll contents of cucumber plant

10. Effect of soil treatment with chemical alternativesto Methyl Bromide

on weeds population density in bed soil of cucumber plant

EXPERIMENT Il

1.
2.

Effect of grafting rootstocks on root-rot disease of cucumber plant

Effect of grafting rootstocks on shoot and root system growth, leaf
chemical content, fruit property and yield of cucumber plant

DISCUSSION
SUMMARY
REFERENCES
ARABIC SUMMARY

VI

38
38
38
38
39
39

39

45

53

57

60

62

63
63

70
75
81



Table1
Table 2
Table3
Table4
Table5
Table 6

Table7

Table 8

Table9

Table 10

Table 11

Table 12

Table 13

Table 14

Table 15

Table 16

List of Tables

Soil chemical treatment alternatives to Methyl Bromide
Physical properties of greenhouse soil

Chemical analysis of the greenhouse soil

Chemical analysis of irrigation water

Weekly average of temperature during the two seasons

Pathogenicity test of Fusarium oxysporunon cucumbe plant cv.
Rocket

Effect of soil treatment with chemical aternatives to Methyl
Bromide on number of Fusarium oxysporunspores in 1 ml™
suspension of cucumber plant roots at 20 cm and 40 cm depths

Effect of soil treatment with chemical aternatives to Methyl
Bromide on percentages of F. oxysporundisease index in rotted-
roots of cucumber plant

Effect of soil treatment with chemical aternatives to Methyl
Bromide on the number of nematodes in bed soil of cucumber
plant

Effect of soil treatment with chemical aternatives to Methyl
Bromide on percentages of nematodes disease index on rotted-
roots of cucumber plant

Effect of soil treatment with chemical aternatives to Methyl
Bromide on height of shoot system of cucumber plant

Effect of soil treatment with chemical aternatives to Methyl
Bromide on stem width of cucumber plant

Effect of soil treatment with chemical aternatives to Methyl
Bromide on leaf area of cucumber plant

Effect of soil treatment with chemical aternatives to Methyl
Bromide on leaves number of cucumber plant

Effect of soil treatment with chemical aternatives to Methyl
Bromide on shoot-system fresh weight after 105 days of
cucumber plant transplanting

Effect of soil treatment with chemical aternatives to Methyl
Bromide on root system fresh weight after 105 days of cucumber
plant transplanting

VI

32
32
33
33
38

41

42

43

47

48

49

50

Y

52



Table 17

Table 18

Table 19

Table 20

Table 21

Table 22

Table 23

Table 24

Table 25
Table 26

Table 27

Table 28

Effect of soil treatment with chemical aternatives to Methyl
Bromide on flowering date and early yield of cucumber plant

Effect of soil treatment with chemical aternatives to Methyl
Bromide on total yield of cucumber plant

Effect of soil treatment with chemical aternatives to Methyl
Bromide on cucumber fruit length, diameter and fresh weight

Effect of soil treatment with chemical aternatives to Methyl
Bromide on cucumber fruit total soluble solid (TSS) and titratable
acidity content

Effect of soil treatment with chemical aternatives to Methyl
Bromide on leaf NPK and total chlorophyll contents of cucumber
plant

Effect of soil treatment with chemical aternatives to Methyl
Bromide on weeds population density in bed soil of cucumber
plant

Effect of grafting rootstocks on nematode and Fusarium
infestation level in roots of cucumber plant

Effect of grafting rootstocks on shoot system growth parameters
of cucumber plant

Effect of grafting rootstocks on the cucumber fruit parameters

Effect of grafting rootstocks on flowering date, early and total
yield of cucumber plant

Effect of grafting rootstocks on root system fresh, dry weight and
dry weight % after 90 days of cucumber plant transplanting

Effect of grafting rootstocks on leaf NPK and total chlorophyll
contents of cucumber plant

55

56

57

59

61

62

63

65

66
67

68

69



INTRODUCTION

Methyl Bromide has been used around the world since 988slas a pre
planting soil fumigant to control nematodes, insects, patsygam weeds. It is the
method of choice of many pesticide applicators for its ragmtion and broad
spectrum of activity. Under Montreal protocol in 1992 it watetisas an ozone-
depleting substance. By 2015, all countries are obligedtdp ssing Methyl
Bromide and alternatives must be used (Bell, 1996 and Hddeb2004).

The fumigant Methyl Bromide is an extremely efficient depldtezmne by
causing O3 to lose one oxygen atom and becomes O2aetitinep actions (Butler
and Rodriguez, 1996). Each bromine atom from Methyl Bderdestroys about 60

times more ozone molecules than each chlorine atom frons (&B«ll, 1996).

Cucumber Cuccumis sativuk.) is belonging to cucurbitaceae family, which
contains many major vegetable crops including summer sgpastpkin and gourd
bottle. The crop is considered as one of the most imgastaps in Palestine. It has
a valuable nutritional value, where it is accepted by theuwnass. Cucumber is an
exporting crop in Palestine where the production averagae greenhouse (2000
plants 1000 m?) reached about 8-10 tons according to Palestinian Minstry
Agriculture (P.M.O.A, 2010).

The area of the cucumber in Palestine reached 32,348ndo with a
productivity of about 208,182 tons where the area ofghleenhouses in Gaza
governorates reached about 4,979 donoms with a preiyof about 37,117 tons

according to Palestinian Central Burean of Statistics (PCBQX2)2

Cucumber is affected by fungal diseases such as daroffingpot-rot and
wilt. Fusarium wilt is a common threat to cucumber and other members of
cucurbitaceae plants. This disease tends to cause morgaléangoung seedlings
of cucumber and other species of cucurbit crops thanaitunen cucumber plants
Fusarium wilt causes damping off, reducing yield and thi duality (Kirbag and

Turan, 2005). Nematodes also affect the growth, productmd fruit quality
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Dervanet al, (2010). Nematodes caused large losses on the globbaWiesd was
estimated by100 milliard $ yehr(Sasser, 1987).

Cucumber is also infected with other diseases i.e. anthmacramsvny
mildew, gummy stem blight, scab, belly rot, target leatft,spacterial disease i.e.
angular leaf spot and bacterial wilt, viral disease i.e. CMWjW\and ZYMV; and

nematode disease i.e. root-knot (Haretral, 1978).

Nematocides sells reached 500 millions $ Veawhere 50% of these

chemicals were used to control melodogens (Nordmey@6)19

Vascular wilts are among the most destructive plant diseghae®ccur in
annual crops as well as in woody perennials. These dsaesgenerally caused by
soil-borne bacteria, fungi, and oomycetes that infect throlighoots and enter the
water-conducting xylem vessels where they proliferate andtruct the
transportation of water and minerals. As a consequeraeedewilt and die, which
may lead to impairment of the whole plant and eventually tot gplaath (Kosteet
al., 2013).

Fusarium causes several diseases in plants of the cucurbitacease S
species ofFusariumare responsible for vascular wilts, such as the crepHp
disease Fusariuwilt of melon which is caused bl.oxysporumf. sp. melonis
AnotherFusariumspeciesF. solanif. sp.cucurbitag causes a crown and foot rot
of summer squash and pumpkin, and a fruit rot of pumgkiil other Fusarium
species are responsible for preharvest and posthanvisbis of assorted cucurbits
(Egel and Martyn, 2007).

Fusarium oxysporuns responsible for Fusarium wilt in cucurbit crops due
to its chlamydospores that can contaminate the soil and mgecplants. The small
spores may also spread to other areas of the gardamtthwand and pests. The
striped cucumber beetle spreads the fungus from onetplanother, as it feeds on

the roots of the cucumber seedlings (Paul and Noel 2002).

Initial symptoms often include a dull, gray green appearahdeaves that

precedes a loss of turgor pressure and wilting. Yellowinthe leaves and finally

2



necrosis follow wilting. The wilting generally starts with the oldeaves and
progresses to the younger foliage. Initial symptoms ofteruroas the plant is
beginning to vine and wilting may occur in only one runnevileg the rest of the

plant apparently unaffected (Vatchev, 2007 ).

The present study was conducted to find an alternative tbyMBromide to
control soil-born diseases of cucumber plants where thewiag points were

included for this purpose.

1. Isolation of F. oxysporumwhich is the causal agent of dampig-off on

cucumber.

2. Effect of six chemical treatments i.e. metham sodium -e@/polyethylene
sheets; Metham sodium; dichloropropene (Kandor) + carzengdanetham
sodium + Oxamyl (Vydate); metham sodium + cadusafgrattiam sodium
+ carbendazim, on the percentage of nematodes diseds&, yield,
vegetative growth parameters of cucumber plants and wpepslation

density.

3. Grafting cucumber plants on two cucurbit hybrid rootstocka axt disease

biological control.



REVIEW OF LITERATURE

Experiment |

1. Disease symptoms

Owen (1959) reported that the wilt fungus is soil-borre @tacks cucumber
plant at all stages of development. Seedling damping-afbmsmon and often is
very severe on heavily infested soil. Cucumber seedgqulan soil infested with
the wilt fungus may be attacked as soon as they germindtdibed before the
young seedling reaches the surface. This type of infeidiohcommon occurrence
during periods of cool weather when the seeds take Idhgernormal to spurt and
emerge. Three to five days after emergence young idfesgtedling become dull
green and damp-off. The disease in this stage is simithatas produced by many
of the damping-off fungi. Infected roots become tan-cal@ed the young seedling
topple over and die. Infection of plant which have not yeelbgped runners usually
results in the wilting of the entire plant. On more mature plaittsrunner, a single
running branch occasionally wilts and the other runf@isw and the wilting of
the entire plant take place. Wilting occurs over a period 6f dgys with the
infected often partially middle of the day. Finely the runndrs entire plant

collapse and die.

Jarviset al, (1975) found that in tomatd.ycopersicon esculentumdill.)
infected plants with the crown and root rot fundusoxysporumf. sp. radicis-
lycopersiciJarvis and Shoemaker where the pathogen is limited toigbelaured
sites on the roots anstem. Whilein infected tomatoes with the Fusarium wilt
pathogenF. oxysporunt. sp. Lycopersici where the pathogen is solely systemic in

its host.

MacHardy and Beckman (1981) reported that, its only tthetpathogerk.

oxysporunt. sp lycopersiciemerges from the vascular tissues.



Gerlagh and Blok (1988) reported thatoxysporumf. sp.cucumerinunis
generalty host specific to cucumber with musk mel@ucimismelo L.) and
watermelon Citrullus vulgarig. They are being slightly sensitive o oxyspourm.
sp. radicis cucumerinunFORC) which infects several cucurbit species. It with

cantaloupeQucumis meld..) cv. king is especially sensitive.

Parry (1990) found that when cucumber is infected Witbxysporumf. sp.
cucumerinumthe fungus enters through the roots and restricts themblaagissues
until plant death. On the other hand cucumber is infected WIIRC where the
pathogen develops on the exterior of the plants as ageWvithin cortical and
vascular tissues of alive plant. He found that, the gengnmgbtom of root and stem
rot begins with the taproots of young plants showing a slightly reddish
discoloration which latebecomes dark red to brown, and can cover the tapnubt
stem below the soillne. Longitudinal lesions appear along the main root, whie t
smaller lateraimost are killed. The lesions can extend above the soil lirtbeon
stem, andften they have pink, orange or red discolorations. Qaealy, infected
plants develop secondary roots and a lamgmber of rootlets just beneath the soil
line where these roots are under favorabieisture conditions. This may be
sufficient to support the plant to maturity and to producaameptable crogield.
However, infected plants usually die withwithout wilt symptoms. Fusarium root
and stem rots become more severe umdaditions of low temperature, periodic

drought or excessive soil moistuherbicide, and soil compaction .

Vakalounakis (1996) reported thd@usarium wilt of cucumber is the most
severe at high soil temperatures °@P while Fusarium root andtem rot of
cucumber has been reported to be favored at lowertsoifieratures (17°CHe
reported that Fusarium root and stem rot disease on gnesmlcucumbequcumis
sativusL.) has only been reported in Greece, during the BEBhere the disease
was limited to a few greenhouses on the island of C&iee then, the pathogen
has spread to most of the other growing regionGrete island, with severe losses

occurring only 3 years after first being reported



Agrios (2004 reported that when cucumber is infected with the Fusarium
wilt fungus, the leaves ahfected plants or parts of infected plants lose turgidity,
become lighter green tgreenish yellow, turn yellow, then brown, and die. Young
tender shoots also wilt and die. The distinctive and esseeaalire of all wilt
diseases is the colonization and browning of the vasculaesis¥Vilting iscaused
by a number of different factors. The xylem vesselsobvex cloggedwith
mycelium, spores and polysaccharides which is prodbgetie fungus, blockhe
flow of water from the roots to the leaves. In addition, texdacreted by thieingus
may be carried to the leaves, where they cause reducklarophyll synthesis
photosynthesis, and dissipate leaf cell membranes. He tedpdhat several
Fusarium species, primarilyFusarium solaniand also some forrapecialsof F.
oxyspourmgause rotting ofoots, lower stems and crowns and rotting of seeds an

seedlings (damping-off).

Vakalounakis & Fragkiadakis (1999) found that root and sten of
cucurnber is believed to be caused by a new fornf.obxyspowm,presently
designated-. oxysporiun¥. sp. Radiciscucumerinum(FORC). He reported th&t
oxysporiumf. sp. Radiciscucumeriumwhich causes Fusariurm wilt is wide-spread.
However, this pathogen is not believed to be the causait ag Fusarium rot and
stem rot as indicated by host range studies. syrnptomoleggiative compatibility

studies, and random amplified polymorphic DNA (RAPD) gsial

Raymond (2001) reported thBusariurm sppsymptoms include wilting of
plants at the fruit-bearing stage and during hot weathareTis yellowish or buff
discoloration of the outer tissues of the crown of plantaieler the white cottony-
growth known as fungus mycelium is not evident at this tiflee. fungus colonizes
the cucumber stem beyond the visible disease symptome Wieeadvanced stages

of the disease involve progressive upward colonizationeo$tiam.

Edward (2004) reported that Fusarium wilt symptoms dev@boone or
more lateral vines and starting at the tip. In wet weatherhite to pink fungal
growth may be visible on the surface of the dead stemsa €gttion of the main

stem cut back the epidermis and cortical tissue (bark) are sligiitbve the soil
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line. If Fusarium wilt is present, you will see a light browncdlsration of the

vascular tissues (the food- and water-conducting vessels)

Vatchev (2007) reported that a pale yellow lesion on thra bese was often
the first disease symptom most likely to occur 6-8 weeles abwing. Later in the
season, necrosis progressively expanded until the erdinn@rea and basal part of
the stem partly disintegrated into light orange-brown rotdés moist conditions,
the rotten tissues were over-grown with white mycelium whider ldbecame
pinkish-orange due to external spore formation [Bfisarium oxysporum
Symptomatic plants suddenly wilted during the first sunny vezatb come,
collapsed and died. Examination of the roots revealed yslelrown
discoloration and rot in the cortex and xylem. Vascular yedlb to light brown
discoloration extended up the stem and was especially nogcigathe leaf nodes

on the lower.

Moharam and Negin§2012) reported thatbio-control of Fusarium wilt
disease in cucumber could be achieved by improvemegravith and mineral

uptake using some antagonistic formulations.
2. Isolation of the causal organism

Owen (1959) isolated th&t oxysporuni. cucumerinunirom cucumber

plants that were cultivated in Florida State, USA.

Saponaroet at(1985) isolatedF. oxysporumf. sp. lycoprersici and
Verticillium dahliaefrom wilted tomato plants in south central of Italy. Theyrfd

that all the tested isolation by inoculating differential hosts Wwetenging to race.
Paternotte (1987) isolatéd oxysporuni.sp.cucurbitaefrom Courgette.

El-Shami (1990) isolated three isolatesoxysporunt.sp.lycoprersicifrom
diseased tomato plants which were collected from Sharkibleaand Ismailia

Governorates, Egypt.



Khalil (1992) found that the isolation trials from tomato plastgfering
from vascular wilt disease, whefe oxysporumf.sp. lycoprersici was the most

frequent fungus.

Peikun (1995) and Sultan (1998platedF. oxysporunfrom watermelon in

Jordan.

Awad (1996) isolated some fungi belongingxaysinera from diseased
tomato plants. ThE. oxysporunwas the most frequent fungus which was followed

by Verticillium spp.

Raymond (2001) isolateBusarium oxysporuni. sp.radicis-cucumerinum

was first observed in Greece and the Netherlands.

Martinezet al, (2002) isolated~. oxysporiumfrom cucumber in several

commercial greenhouse in south- eastern, Spain.

Zakariaet al, (2010) isolated nineteen isolates f solani where two
isolates off. oxysporumand one isolate df. verticilioideswere identified Using
the soil dilution technique, only two isolates Faf solaniwere obtained from two
soil samples. Nine isolates Bf solaniwere recovered via direct isolation, while the

soil sample yielded nBusariumisolates.

Moharam and Negim (2012) isolated 15 straing~agarium oxysporum

which were pathogenic on cucumber in Sohag Governdfgigt.

Sitiet al, (2012) isolatedrusarium spp from soil which cultivated with

cucurbits in East Coast, peninsular Malysia.
3. Pathogenicity test

Ruci (1986) revealed that among ten tomato cultivars intedilaith a spore
suspension of an isolate of the causal organimoxysporumf. sp. lycoprersici)
where two of them have a considerable level of resistagaiast the tested isolate.

This type of resistance is due to the presence of géndlso it was noted that a



period of 33 days after inoculation was sufficient for distisiging the resistant

plant from the susceptible one.

Paulitz et al, (1987) reported that, three isolates Fof oxysporumwere
screened for pathogenicity and biological control activitgiagf Fusarium wilt of
cucumber in raw soil infested witkRusarium oxysporunf. sp. cucumerinum
(F.o.c.). The influence of the three isolates was effective in imduc
suppressiveness and three ineffective isolates on diseadenice over time was

tested.

Ramseyet al, (1992) tested twenty two isolatesFaisarium oxysporunfor
their pathogenic capability under the greenhouse conditisolates of F.
oxysporum f. sp. lycoprersici were identified to the race level using the
pathogenicity test on four different cultivars of tomato, Gersse Lisse, Scorpio,
Floradad and Delta Tristar. They also added that, thenpoeise conditions affected
the disease severity even when low concentration of thlimm (16 conidia mt")

was used.

Sultan (1995)reported that eight isolates &lusarium oxysporunproven
pathogenic, were chosen to represent the various clonals tgmd various

gerographical locations of watermelon growing areas inajord

Valenzuela-Uret&t al (1996) indicated that most of the tested isolatds. of
oxysporumf. sp. lycoprersiciwere capable to infect tomato cvs Ep7 and pakmor.
There was no commercial tomato hybrids having resistance gg@ainst the

aggressive (race-3) of the causal organism.

Raymond (2001) reported that cucumber and muskmela \ary
susceptible forFusarium Watermelon is also susceptible while pumpkin and
squash show only mild symptoms. Pepper and tomato didhwav the aforesaid

disease symptoms.

Martinez et al, (2002) reported that in greenhouse of the tested isolates,

87.5% were pathogenic, causing wilt symptoms or deathDino6100% of dip-



inoculated plants, from which. oxysporunwas consistently reisolated. Symptoms
observed in inoculated plants were similar to that observedidamber plants in
commercial greenhouses. This is the first repoit.adxysporuncausing Fusarium

wilt of cucumber in Spain.

Fernandez (2005) reported thatculmorumandF. graminearumwere the
most pathogenic species where the former was more paticothan the latter.
Each of F. equisetiand F. poaewere the least pathogenic species, whefeas
avenaceunhad intermediate pathogenicity in the head and seed tastsad low
pathogenicity in the seedling test. There was a similar gathoty among isolates
of eachFusariumspecies from different sources to heads and groundfynoded

plant parts, indicating a lack of adaptation of these isolates.

Vatchev (2007) reported that root-dip inoculation testedocted on 15-day
old cucumber plants confirmed the pathogenicity of all avalabblates off.
oxysporumdesignated as f. spadicis-cucumerinunof totally 57 isolates tested
where 44 caused both wilt and root and stem rot in at leastob the three

cucumber cultivars used in the tests.

4. Effect of soil treatment with chemical alternatives on stvival of F.

oxysporumin infected cucumber plant

Owen (1959) reported that the fungus cauBimgarium wilt is a soil-borne
disease. When the fungus is present in the soil, it rentlagme for several years
growing as a saprophyte on dead organic matter. lfpabda to infecting cucumber
planted in this soil after 5 years later. If cucumber is bghogvn year after year in
infested soil, the pathogen increases and after three & ¢cnasecutive seasons it

is no longer profitable to raise cucumbers on that soil.

Costacheet al. (1980) found that, Benlate (benomyl 50% WP), Bavistin
(carbendazim) 50% WP and Derosal (carbendazim 60% avkhe rate of 0.05 -

0.1% were the most effective fungicides against the pathog
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Dwivedi and pathak (1981) stated that, Bavistin (carbendaZinpolatan
(captafol) and Captan caused an inhibition of the fungallptpn, whereas PCNB

(quinyozens) stimulated the growth.

Becker et. al (1990) found that, metam sodium reduced pythium and
Fusarium levels in soil and root infection in processing tomatoes. Also,
significantly reduced the "corky-root like" banded lesionsroots in midseason,

promoted early plant growth and increased yield in figlticted with this disease.

Etebarian (1992) reported that, Iprodione + CarbendaBenomyl and
Carbemdazim at 100 p.p.m. inhibited the fungal growthitmo after 10 days. On
the other hand, data of soil drenching with these chemicatsated that Benomyl

at 10 ppm, was the best followed by Iprodione + Caraeind and Carbendazim.

Abugnima and Alnusiri (1993) reported that, soil is infectath vgeveral
soil-born diseases such &sisarium oxysporunthat causes wilt in the family
cucurbitaceae. In this issue, it can attack the seedling catlrgindeath before or
after germination. In mature plants, it resulted in wilting whiotoagpanied with
yellowish leaves, stunting and recite wood vessiles with oreedjeand plants

yield small fruits. Both carbendazim and benomyl are usedrtrol the disease.

Noling and Becker (1994) Reported that, metadiuso reduces soil diseases
such as Rhizoctonia, Fusarium, Pythium, Phytopthora, VerticilliBoterotinia.
Metam sodium is also useful in Integrated Pest Managemstieinsy, on tomatoes,

strawberries, and peppers.

De Calet al, (2004) noticed that, all the fumigants reduced the soildiung

population quantities.

Fernandez(2005) reported that, the observations cleared Fhegarium
inoculumin infected seed or plant debris might infect plants at ombstml level.
This then could become a source of inoculum for infectidmeads in the following
season(s). Survival of fungal inoculum in undergroundspaf plant might be

important during dry conditions.
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Inghanet al, ( 2007) found that, metham sodium could reduce ggoles

of soil-born pathogenic fungi, particulaMferticillium dahlia

Zakariaet al, (2010) reported that, debris plating produced the mokttes
of Fusarium They added that, the nineteen isolate&.ofolani,two isolates of-.
oxysporumand one isolate of. verticilioides were identified Using the soil
dilution technique, only two isolates &f. solani were obtained from two soil
samples. Nine isolates Bf solaniwere recovered via direct isolation, while the soil

sample yielded n&usariumisolates.

Weiland et. al, (2011) reported that Methyl Bromide and four fuatey
treatments reduced soil populationsFafsariumand Pythium for 7 months after
fumigation and resulted in seedlings with significantly leshggen colonization

than those from the non fumigated.

Sitiet al, (2012) collected cucumbers plant debris which was sdggkin
the running water for 24 hours with sieve as a separatentove the soil particles
that might be attached to debris. Then, the debris was ait-oiniesterile paper and
placed on the surface of PPA medium. Both direct plating debris plating

techniques were used for the qualitative data.

5. Effect of soil treatment with chemical alternatives to mdtyl on nematodes

population

Kheir et al, (1983) reported that, when using Vydate (Oxamyloiatrol
root knot nematoddleliodgyne javanican green house, nematodes population

density could be decreased.

Osman and Farahat (1983a) reported that applying that¥y@®xamyl) on
the tomato to control nematodratylenchus penetran resulted in a decrease of

nematode which led to increase shoot system.

Osman and Farahat (1983b) found that, the decreaseobfknot is an

evaluation for the impact of using the Vydate (Oxamyl) garatomato and okra.
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Osman and Yassin (1983) reported that, when testingeéhekT(Aldicarb),
Furadan (Carbofuran) and the Vydate (Oxamyl) on wagkmmand cucumber in the

field, occurred a considerable decrease in the perceontag®t knot(Meliodgyne
spp.

Stephanset al, (1988) concluded that, testing Methyl Bromide alternative
such as Vydate (Oxamyl) at a concentration of 7 litér &sad Methyl Bromide at
40kg ha' in a very polluted soil with nematode root krdeliodgyne javanica

resulted in a control of the root-knot in cucumber angkEgg.

Korayem and EI-Sisi (1989) clarified that, using the oigapesticide
phosphor and carbamte such as Vydate (Oxamyl) on ¢oraatilited in an efficient
increase in root knot control by 11.3% and 4.1% with iroxd &ink addation

comparison with untreated in green house.

Elshami (1990) indicated that, soil solarization was morgiefit than
fumigation with Methyl Bromide in reducing wilt disease seyeoih tomato plants
under the Egyptian condition. They also found that, mulchumdy transparent
polyethylene of 40um for 2, 4 and 7 weeks in three esgigze season led to an
increase in plant growth and fruit yield in the artificial infelstsoil with the
pathogen. Each of root and shoot length, fresh andvdight were also increased

than that was recorded in the unmulched infested soil.

Stephenst al, (1999) reported that, metham sodium reduced the inmden
with nematodeNleloidgynespp) and pythium.

Amin et al, (2002) studied the joint impact of pesticide with the oigan
materials to control nematode root kiéliodgyne incoganitain banana. Results
revealed that, mixed Vydate (Oxamyl) and Cadusafs (fRagper) led to decrease

the efficiency of these pesticides when mixed with the orgaaterials in the field.

Emmanuel (2003) found that, the Methyl Bromide treatmentifsigntly
reduced root galling and eggplant production compared &r athatments such as

application of the fungud?ochonia chlamydosporjaoxamyl and fenamiphos.
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Nematicides reduced nematode densities compared with unteeatedls and the

fungus treatment, but they were less effective than M&toghide.

Giannakou and Karpouzas (2003) reported that, Methatiursoand 1,3-
dichloropropene (1,3-D) proved to be good control of aiexte populations when
their application is followed by the application of a non-fusmignematicide such

as Cadusafos or Oxamyl.

Gilreathet al, (2004) reported that, 1,3-D+Pic have shown thatlswoihe
pest control with volatile fumigants was improved when highly niete
polyethylene is mulch used to cover planting beds. Thussasorg pest exposure

to leathal doses of fumigation.

Jameset al, (2004) found that, Methyl Bromide alternatives were diffec
in controlling of root diseases. The results produced by alkernatives 1,3-
dichloropropene as a soil fumigant for crop option arereigsuccess as compared

to Methyl Bromide.

Karpouzaset al, (2004) found that, metham sodium and Cadusafos could

stop nematode activities.

Giannakou and Anastasiadis (2005) obtained a significantctiedu of
nematode juveniles and root-galling index which was obsearvptbts treated with

either metham sodium and Cadusafos or 1,3-dichloropropash€adusafos.

Estiphanet al, (2006) observed that, using Vydate (Oxamyl) and Gadus
(Ragby super) to control nematode root knot on cucungiggiplant and beans with
the recommended concentrations led to a significant deciredse population of

nematodes.

Desaeger and Csinos (2006) noticed that, fumigants ioatitins of 1,3-D,
chloropicrin and metham-sodium were as effective as Me®rdmide in
controlling Meloidogyne incognita M. chitwood Pythium irregulare Buis.,

Rhizoctonia solanKuhn andCyperus esculentus
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6. Effect of soil treatment with chemical alternatives toMethyl Bromide on

vegetative growth and yield of cucumber plant

Oteifea and Osaman (1974) concluded that, two sprayyadte (Oxamyl)
on tomato at 7.5 liter fato control nematodératylenchus reniformisled to

increase in the total yield .

Osman and Yassin (1983) found that, using the Temik (Atd)¢ Furadan
(Carbofuran) and the Vydate (Oxamyl), could increaseptreentage of yield by

254% and 422% in comparison with control in watermelon acdrober

Kheir et al, (1983) reported that, when using Vydate (Oxamyl) totrob
root knot nematodévieliodgyne javanican green house, nematodes population
density could be decreased. It was also observed that pight and yield

increased.

Stepharet al, (1988) indicated that, Vydate (Oxamyl) with a concentration
of 7 liter ha' and Methyl Bromide with a concentration of 40kg'hia a very
polluted soil with nematode root knteliodgyne javanicaenhanced production

and growth of cucumber and eggplant in comparison vathiitreated control.

Elshami (1990) indicated that, soil solarization was more efficthan
fumigation with Methyl Bromide in reducing wilt disease seyeoih tomato plants
under the Egyptian condition. They also found that, mugchaith transparent
polyethylene of 40um for 2, 4 and 7 weeks in three esgigze season led to an
increase of plant growth and fruit yield in the artificial infestal with the
pathogen. Fresh and dry root of weight and shoot lemgghe also increased than

that those recorded in the un mulched infested soil.

Giannakouet al, (2002) founded that, the alternatives to Methyl Bromide
such as metham sodium could reduce the density of nempatpddation and lead

to increase production of cucumber.
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Emmanuel (2003) found that, Methyl Bromide led to the aseein total
crop production compared to other treatments and MBr agasvell as oxamyl

treatment.

Desaegekt al.,(2006) reported that, fumigants combinations using 1,3-D
chloropicrin and metham-sodium on squash achieved highl yrerease as

compared with untreated control.

Estiphanet al, (2006) concluded that, using Vydate (Oxamyl) and Gaf$u
(Ragby super) to control nematode root knot on cucuneigggplant and beans. The

recommended concentration led to increase the quantityuatitycpf yield.

Bielinski et al, ( 2007) studied of alternatives to Methyl Bromide, such as
1,3-dichloropropane on early production in strawberrsgg®wed significant

differences between the treatment and untreated control.

Inghamet al, ( 2007) concluded that, the use of metham sodiumoweglr
potatoes yield. Metham sodium could reduce propagule®ibban pathogenic
fungi, particularlyVerticillium dahliae to prevent yield loss caused by potatoes

early dying disease.

Lépez-Arandeet al, (2009) reported that 1,3-D plus chloropicrin (CP) at the
300 kg h& could provide effective control of several pests. The QRidation

resulted in a high strawberry yield similar to that provided/y.

Qiaoet al ( 2010) reported that, the effect of 1,3-D at 180l mreased
and gave high quality of tomato yield. They observed thatPlat 180L h# was
as effective as MB in increasing plant tomato height, vigad,yaeld. In addition,
it reduced the incidence of soil-born disease, especiallgaimtaining excellent

nematode control efficiently, but it provided relatively poor calrfior weeds.

Porter et al, (2000) noticed in a pot study that, there was a positive
correlation (r=0.815) between the concentration of ammomiusoil and the total
fresh weight ofCalendulaplant at 48 days after fumigation. The result suggests that

the observed IGR iiCalendulamay be partly attributable to the altered N levels

16



following fumigation and the effect of the altered microbial papon on

conversion of nitrogen in soil.

7. Effect of soil treatment with chemical alternatives tdMethyl Bromide on leaf

NPK and total chlorophyll content of cucumber plant

Thulin et al, (1958) reported that, results of soil sterilization trial with
chloropicrin and fornzalin on a light texturcd pumice soil sbdwan improvement
in the availability of nutrients, particularly potash. Species usetthe trial were

Pinus radiata,P. nigra,Pseudotsuga taxifoljid_arix deciduaandPicea sitchensis

Singhal and Singh (1977) that, nemagon at 0.2 ril &f soil produced
optimum significant availability in ammonium nitrogen with all fertilizezatments
from 30 to 45 days. All doses of the fumigant resulted imgial positive response
to phosphorus availability, where the influence then declifikd.results have been
explained on the basis of solubilisation caused by microbialitgct®oth were in
amended and unamended soil where potassium availabilityadignecreased with
of time elapse. Fluctuating responses due to changes imotbgital activity were

produced with increase in the dose of the fumigant.

Gupre et al, (1982) reported that, a greenhouse study was ctediuo
determine the effects of fumigation of soil with Methyl Bromide the nutrient
concentration of alfalfaMedicago sativd..) and timothy Phleum pratense.). Soil
fumigation significant increased the yield of timothy, but not ltdlfa. The plant
tissue concentrations of P, S, Mo, Mn and Zn in both crepse increased

significantly when compared to non-fumigation.

Butteryet al, (1988) found that, fumigation lowered P concentratiolea
tissue of snap bearPljaseolus vulgari.) and SoybeanQGlycine max in —-PK
plots but not in +PK plots. Fumigation increased seed yield K pts, but
lowered yield in —PK plots. The effect of fumigation on yietdilcl be explained by
destruction of the vesicular arbuscular mycorrhiza (VAM)chlwere beneficial in

—PK plots (by aiding uptake of P), but, fumigation was restdficial in +PK plots
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Cook and Veseth (1991) found that, the phenomenon larit pyrowth
increase (IGR) came by three explanations for: 1) it issporese to the nitrogen,
phosphorus, and other nutrients that is released from itrebial biomass killed
by the fumigant; 2) it is due to plant growth promotion by microorganisms, as they
recolonize the fumigated soil; and 3) it is due to elimination of root pathogens
resulting in a healthy root system. Thus, wheat earlier hgaslidue to the greater
uptake of phosphorus where the taller plants and greateingliérat translates into
more heads. Hence higher grain yield is likely due to gregike of nitrogen, not
is because the fumigant releases more nitrogen. It is @eaduthe crop with
healthy roots which are better able to use and make a gmateand on the

available nitrogen.

Chris et al, (1996) reported that, after 22 days of sampling, the n
fumigated soil samples contained more NDthan those fumigated with either
Methyl Bromide or metham sodium. This indicates that soil fumigatiegardless
of the type of fumigant used, did not slow nitrification and Isi$4,-N was being
converted to N@N. The decrease in nitrification suggests that producerg usin
fumigants may need to adjust their starter fertilizer applicationgegetable crops

which are sensitive to N form.

Duan et al, (2010) that, content of available P and K in rhizospludre
infected cucumber plants decreased by 16.3% and 16e8peatively compared
with the healthy cucumber. There was no significant diffexdsetween healthy and
infected cucumber on the value of available N, organic matduble salt and pH.
It indicated that the content of available P and K had relationgitipincidence of
cucumber fusarium wilt. The number of bacteria decreaget.9%, while fungi
increased by 56.1%, compared with healthy cucumber plémtshis concern,
Fusarium solani and Cladosporium oxysporumincreased by 366.15% and

2201.85% in infected cucumber plants.

Porteret al, (2000) that, the increasing in growth rate of Calendwds be
partly attributable to the altered N levels following fumigation amy tve also due

to the effect of the altered microbial population on conversfantrogen in soil.
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Edsonet al, (2012) reported that, nutrient accumulation in eight spexies
weeds Ageratum conyzoidds, Bidens pilosd.., Cenchrus echinatus., Conyza
bonariensid.., Echinochloa crus-gallL., Eleusine indicd.. Ipomoea
grandifolia L. andLolium multiflorumL.) and in bean and corn crops grown for 50
days in a substrate fumigated with Methyl Bromide. Assessnoémistrients were
carried out after 50 days seedling emergence. A positieetedf soil fumigation
was observed on the accumulation of nutrients in monocotisvee relation to
dicots.Conyza bonariensiwas the most affected by soil fumigation, with levels
accumulation of nutrients approximately 50% lower than plardgvmgrin normal
soil. We also observed a 20 and 30% lowering in phosphaacumulation
in Bidens pilosaandConyza bonariensjgespectively, when grown in the sterilized

soil.

8. Effect of soil treatment with chemical alternatives toMethyl Bromide on

weeds population density in bed of cucumber plant

Noling and Becker (1994) reported that, metaaium was registered for
controlling a wide array of soil-borne pests, and candael o control weeds (e.g.,
annual bluegrass, bermuda grass, chickweed, dandelgpneed, henbit, nutsedge,

and wild morningglory.) in tomatoes, strawberries, angpepbeds.

Ajwa et. al (2003) found that, 1,3-D, chloropicrin, and metandism
application as afumigants through the drip irrigation systemtm@wierry could
decrease weed population density. Production were signific greater in all

fumigation treatments compared with the non fumigated ones.

De Calet al, (2004) tested various alternatives to Methyl Bromide in
Spanish strawberry nurseries. They found that Chlorop{@u) and 1,3-D were
comparable to Methyl Bromide for soil borne disease corttoivever, 1,3-D+Pc
were active against troublesome weeds, such as nuts€gigergsspp.) which

has been somewhat inconsistent

Gilreatlet al, (2004) reported that, when examining weed contraldse of

C-17 in combination with pebulate, the data revealed that iere no differences
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between 240 and 392 kg/ha of C-17 in the mixtures, wigae weed densities of
3, 11, 39, and 45 plantsfmat 33, 55, 77, and 99 DAT, respectively. They added
that pebulate to MNa improved weed control throughout theosem relation to
MNa alone. With regard to the comparison between MITQegaors, dazomet
presented better weed control than MNa alone, with densiterage of 403 and
555 plants rif at 99 DAT, respectively.

Desaeger and Csinos (2006) reported that, fumigantbinations using 1,3-
D, chloropicrin and metam-sodium on squash reduced thetlgrof weed such as

Cypreus esculentus
Experiment Il
1. Effect of grafting rootstocks on the soil born diseses of cucumber plants

Harrison and Burgess (1962) noticed that, the most aonsuil diseasas
Fusarium oxysporunwas controlled by grafting. Rootstocks for cucurbit crops
includeLagenaria sicerarigdMolina) andCucurbita moshat#dDuchesne ex. Poir) x
C. maxima(Duchense ex. Lam.) hybrids. Both of which are higigsistant td-.
oxysporumaffecting these crops positively. In addition, fusarium walh @lso be

controlled in tomato by resistant rootstocks .

Bradley (1968) noticed that, grafted tomatoes in New Zealear@ able to
reduce levels of corky root-rot, caused Byrenochaeta lycopersicleading to a

highly developed root system and ultimately increasedemiituptake.

Ferris (1985) showed that the susceptible melon cv. Qorgrafted ontdC.

metuliferus performed well under high nematode population densities.

Lee (1994), McMahoret al, (2005) and Oda&t al, (1997) reported that,
inter-specific grafting have been widely used in fruit pradumcfor managing soil-

borne diseases.

Lee (1994) reported that, grafting was used to avoi@awuae the soil-borne

disease caused By oxysporumwhere the reasons for grafting of vegetables have
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increased dramatically. Watermelons, other mel¢@sicumis spp.), Oriental
melons, cucumbers, tomatoes and eggplants are comrgoaiyed onto various

rootstocks, especially for those cultivated in greenheuse

Grimault and Prior (1994) illustrated that, grafting has proto be highly

efficient in controlling bacterial wilt in tomato.

loannou (2001) found that, grafting with resistant rootstaes effective
againstVerticillium dahliaeand root-knot nematodes in tomato. He reported that,
grafting onto cucurbits and members of the Salanaceaeyf@nised to control
root-knot nematodes, bacterial wilt, and other soil-borne og&tis, as an

alternative to fumigation by Methyl Bromide soil.

Bletsoset al, (2002) found that, grafting for eggplant could be uasdn

alternative method to MBr in controlling Fusariam wilt or Vertcilliuvrit.

Rahmanet al., ( 2002) found that grafting of eggplant onto rootstocks may

provide resistance to ro&tiot nematodes for eggplant production.

Giannakou and Karpouzas (2003) concluded, tpatfting onto resistant
rootstock is successful for cucumber against root-knotatedes Kleloidogyne
spp) in Greece. They found that, grafted cucumbers grawireece showed

resistance against root-knot nematodes.

Sakataet al, ( 2003) used grafting rootstock for watermelon to resist

oxysporunt. sp.

Yetisir and Sari (2003) stated that, grafting of watermeldmaeced yield

which often increased without the presence of these idensifiedsors.

Abdelhaq (2004) reported that, grafting in Morocco is e@rcially used to
control root-knot nematodes and other soil borne disessewer 2000 ha of

greenhouse grown with tomato, melon and watermelon.

Bletsos (2005) reported that, grafting can be used asexwellent

management technique for soil nematodes diseases aral patjogens. It is also
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utilized to eliminate Verticillium and Fusarium wilt in melon and cubem

production fields in Japan, Korea, and Greece.

Paolaet al, (2007) reported that, grafting ontucurbita rootstocks (RS
841, P 360, ES 99-13 and Elsi) were highly resistant agaith the race 1,2 of
FOM (100% survival) and tD. bryoniae(almost absent crown lesions and low leaf
disease index); This reaction clearly differed from that othbthe C. melo
rootstocks (Belimo, Energia, Griffin and ES liscio) and tlomtwl Incas. The
highest yield was recorded in the graft combination IncasB&RES with 5.6 and 8.1
kg m2 The Cucurbita rootstock ‘RS 841’ produced yields higher th@n melo
rootstocks (Belimo, Energia, Griffin and ES liscio) and ¢batrol Incas. Fruit dry
matter, titratable acidity, TSS, fruit firmness, and Huntdorc(orightness redness
and yellowness parameters) of grafted melons were sitoilrose of the plants

grown on their own roots.

Gu (2009) mentioned that, the effect of grafting of watésmen Bottle
gourd’ (Lagenaria sicerari, Shintoza Cucurbita maxima x C. moschgtand

Pumpkin C. maxima proved to be resistant to knot-root nematodes.

Li et al, (2010) stated that, grafting has been used widely Hadtigely in
cucumber Cucumis sativysfor approximately 30 years in China to avoid Fusarium
wilt caused by Fusarium oxysporumSchl. f. sp. cucumerinum Owen. In
greenhouses, 90% of cucumber plantations are graftedpomipkin Cucurbita
moschata rootstock. However, in March 2009, a severe crowh gausing
yellowing and wilting of the leaves was observed in grafteclmber in a large

number of greenhouses in Lingyuan, western Liaoningifee in China.

Yilmazet al, ( 2011) reported that, combining of solarization withHtgrg

significantly reduced nematode and Fusarium wilt damagesicuimber.
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2. Effect of grafting rootstocks on growth, leaf cheneal content fruit property

property and yield of cucumber plants

Bradley (1968) clarified that, grafted tomatoes in New Zehiaare able to
reduce levels of corky root rot, caused®yrenochaeta lycopersicit was leading

to a highly developed root system and ultimately increas#muent uptake.

Maroto and Miguel (1996) found that, grafting of watelone onto
rootstocks led to increase in growth due to resistandasigaot-knot nematodes in

Spain.

Pulgaret al, (2000) found that, grafting watermelon onto rootstockist¢e
increase of mineral elements, more absorption ability andgoatation of nitrogen

which increased nitrogen metabolism in grafted plants cordgareontrol.

Ibrahim et al., (2001) reported that, grafting eggplant onto wddlanum

rootstock also showed yield increase as compared tgredted controls.

Bletsos et al, (2002) found that, the eggplant grafting and MB were
significantly different compared to the control for most of theeasured
characteristics, while mulching was significantly different onlyearly and total
yield and fruit number. In melon, mulching was significantlytdrethan the other
three treatments only in the early yield and total yield, fruit remdnd fruit
external diameter. In conclusion, grafting for eggplant anttinmg for both crops

could be used as an alternative methods to MBr.

Pavlou et al, (2002) found that, grafting of cucumber onto resistant
rootstocks to Fusarium oxysporumf. sp., enhanced vyield of cucumber in
greenhouse. They indicated that, yields were improvedigurober as a result of

grafting without the presence of known soil borne pathogens.

Salamet al, (2002) mentioned that, grafting watermelon onto rootstedk

to increase the total soluble sold in fruits.
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Yetisir et al, (2003) evaluated the positive effect of grafting watermelon
onto rootstocks. Grafted watermelon showed significant Ti§Beh content than

the untreated control.

Abdelmageecet al, (2004) noticed that, tomatoes grafted onto heat-tolerant
rootstocks increased vegetative growth and reduced chldlrofihorescence,

indicating an increase in tolerance to environmental heasstres

Miguel et al, (2004) observed that, no significant difference in frUstST
content of watermelon grafted onto the bottle gourd rootstierkyed pumpkin and
winter squash compared to control. They found that, rakstdéor watermelon
must be used from plant of cucurbitaceae family whieh rasistant to desirable
diseases, are compatible to scion, have good growth witfoout reverse effect on

fruit quality.

Wanget al, (2004) found a significant increase in yield of cucumbeat
was grafted ontd. siceraria C. moschataandBenincasa hispid&Thunb.) Cogn.
When inoculated withPhytophthora capsicLeonian andF. oxysporum it was
apparent that the grafted plants were able to tolerate thesu@iter than the un
grafted plants.

Besri (2005) reported that, the use of grafting has lbeasidered as a main
component of an integrated management strategy for managihborne disease
and increasing crop productivity. Grafted tomato has isean Spain from less
than one million plants in 1999-2000 to over 45 million plan@0@3-2004.

Bletsos (2005) stated that, grafted plants produced egrdikel larger yield

and root resistant for disease than goafted plants.

Bekhradiet al, (2006) evaluated the effects of different gourd rookst@mn
growth and yield of watermelon cv. Charleston gray. I$ and that, vegetative
characters were affected by grafting and using of mifferootstocks, but had no

significant influence on fruit quality.
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Collaet al, (2006) found that, the effect of grafting on total solgulkds

was manifest in the increase of fruit quality.

Lam et al, (2006) compared grafted plants of two seedless wal@nme
cultivars on ‘Shintoza’ rootstock. They found that, fruit fuemin grafted plants

was significantly higher than that of non-grafted plants.

Daviset al, (2008) noted that, using of rootstock for watermeloplasts of
cucurbitaceae family must be resistant to desirable diseasapatible to scion and

of good growth vigor and as well as not to make any ilogruit quality.

Howell et al, (2008) indicated that, using of resistant gourd rootstocks
against soil-born diseases led to increase production tefnmalon in southeastern

of United State of America.

Hussein and Sallam (2009) found that, single or doulaliigg of cucumber
increased each of vegetative growth, root growth, yieldt 7SS, fruit dry matter
%, leaf NPK % and leaf chlorophyll content. Grafting alsadpiced early flowering

and longest fruits.

Turkmenet al, (2010) reported that, greenhouse tomato hylwete grafted
onto the rootstocks, Rezistar, He-man and Spidaimdto Beril F1 had the highest yield
as 162 280 kg Ia while it was followed by Heman and Spirit withetialues of 161
640 kg hdand 158 190 kg ha respectively. In terms of interaction, the highgsld
was obtained from Heman x Beril F1 (190 490 kg)Hallowed by Spirit x Beril F1
(181 050 kg had). Beril F1 was the best rootstock cultivar basedthe investigated
parameters where Heman and Heman x Beril gave éberbsults for rootstock and

rootstock x cultivar interaction.

Yilmaz et al, ( 2011) reported that, combining of solarizatwith grafting
significantly promoted cucumber early flowering émplant vigor, early yield and
total yield. Solarization+grafting reduced nematade Fusarium wilt damages in this

study.
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Ali (2012) indicated that, disease incidence at ¢hne of the season reached
75% in the non-grafted plots in 2005 and 79% in&0Khe self-grafted plants had an
intermediate level of wilt incidence in 2005 of 49%d a high incidence of 83% in
2006 and showed significantly variation betweerftgrgq and non-grafting with regard

to the plant height.

Colla et al, (2012) found that, grafted cucumber exposed tgSRa were
capable of maintaining higher net assimilation sat@gher chlorophyll content and

high nutritional status (higher K, Ca and Mg anddo Na) in the shoot tissues.

Hamedet al, (2012) noticed that, number of fruits in grafigdnts was more
than non-grafted ones. The number of fruit in g@ftvatermelons by splice grafting
(2.2 fruits) was more than that of tongue-appro@chnique (1.8 fruits). The greatest
fruit yield was observed in grafted watermelonsboitle gourd rootstock using splice
grafting (13.60 kg/plant) and the least yield wdssarved in watermelons (4.37
kg/plant).

Karacaet al, (2012) reported that, total soluble solids coht@nwatermelon
and total yield were increased due to grafting femrnt rootstocks while early yield
was not affected. Total soluble solids were nonisicantly affected by the different

rootstocks types while other rootstocks could iaseeTSS.
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MATERIALS AND METHODS

This trial was carried out on cucumber pla@iscmis sativug.) cv. Rocket,
during two seasons 2011-2012 and 2012-2013, at adbtine privet sector at

Jabalia Village, North Governorate, Gaza Strip, Palestine .

Experiment | :

The first experiment was carried out in Octddgr2011 in the first season
and was repeated again in the second season in the asaraementioned date.
Cucumber plants were transplanted in multi-span greenhou$® m length |,
22.5m (675 M) width and 3m hight where the used total area for thiegment
was 350 . The experiment was arrange in a complete randomized# Hiesign
with 4 replicates where each plot contained 16 plants. Thespleere spaced at
120x0.40 m using drip irrigation system where the horticalt practices were
carried out as recommended by the Ministry of AgricultuRM@A). The

experiment included 8 treatments as reported in table (1).

Table 1. Soil chemical treatment alternatives to Myl Bromide

Treatment TO: Control.
T1: Methyl Bromide at 50grf.

T2: Covered Metham sodium (Metmor) with polyethyleneesh at
40cnt m?
T3: Uncovered Metham sodium at 40¢ m*

T4: Dichloropropene (Kandor) 20c m* + Carbendazim (Bavistin)
at 0.3gnt
T5: Metham sodium at 40 chm® + Oxamyl (Vydate) at 15 ¢ fm’>,

T6: Meztham sodium at 40c tm® + Cadusafs (Ragby super) at 15 cm
m

T7: eztham sodium at 40c tm® + Carbendazim (Bavistin) at 0.3g
m’.

The physical properties, chemical scientific nam cghemical structure of

the pesticide treatments are as follows:
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1. Cadusafas (Rugby) (S,S-di-sec-butyD-ethyl phosphorodithioate)

It is an organophosphorous-nematicide, Colorlesgetiow liquid, water
solubility is 248 mg, a specific nematicide, able to play an important role in obntr
of nematodes and soil insects, available in the market i [fgum, mode of action
is by contact and stomach action, acute oral,L(Rat) is 37.1 mg K§ safety
period is 7 days, applied at 1.5L douhthambertiet al, 1998; Giannakou et al, 2005

and Tomlin, 2005) and chemical structure is:

L

H C/ --».,__/‘CHS

2. Carbendazim (Bavistin) Methyl benzimidazol-2-yl-carbamate

It is a systemibenzimidazolylcarbamate fungicidevater solubility is 8 mg T,
effective on soil-born diseases such as Fusarium, S8edy mold, leaf spot,
Rizictonia, Monillia fruit rot and Sclerotinia rot, acts by inhibitingvelopment of
the germ tubes; formation of appressoria and the grofuthycelia, acute oral L
(Rat) is 15000 mg kg the safety period is 7 days, it is used at 300 gramrddun

(Tomlin, 2005) and chemical structure is:

4 9
. N >—DCH3
NH
(Lo

3. Dichloropropene (Kandor) (1,3-dichloropropene)
It is an organochlorine compound, a colorless liquid, wadkrbility is 2 mg
I"t, mainly used as pre-planting nematicide, acute orap [(Rat) is 15mg kg,
has a short half-life of 7 to 12 hours in air, as efficagiaa MBr in controlling
nematodes, but it does not control fungi, is used at 25| dogFomlin, 2005 and

Dunganet al, 2003) and chemical structure is:

Cl/\")
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4. Metam Sodium (SodiumN-methyldithiocarbamate)

It is the sodium salt of methyldithiocarbamate (Vaparmajemwsolubility is 722
mg I, a soil fumigant acts quickly prior to crop seeding by decaimgoin the
soil to a gas, has a nematocidal; fungicida; herbicidal andticisiet activity such
as Agrobacterium tumeraciensAnthracnose, Damping-offFusarium spp
Verticillium, Rhizoctonia, Sclerotinia and is used at 40 L dotmwith acute oral
LDso (Rat) is 1700 mg k§ The MITC (methyl isothiocyanate) is a gas moving
upwards through the soll, is efficiently obtained when is pogtan the depth of
the soil and evenly distributed and allowed to remain thera gufficiently long
time. Metam-sodium is formulated as a water-soluble solutiooml(ifi, 2005)

and chemical structure is:

5. Methyl Bromide CH3Br
Bromomethane is commonly known as Methyl Bromide. It I8 a
organobromine compound, colorless, odorless, nonflamnfialigant gas, water
solubility is 13.4 mgf, acute oral L, (Rat) is4.5 mgkg' is recognized as
ozone-depleting chemical, was used extensively asteigesuntil being phased
out by most countries in the early 2000s (Gehretgal, 1991; Butler and

Rodriguez, 1996 and Tomlin, 2005) and chemical structure is
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6. Oxamyl (Vydate) (N,N-dimethyl-2-methylcarbamoyloxyimino
(methylthio)acetamide)

It is a contact and systemic carbamate pesticide, saltesility is 280 mg T,
used as liquid formulation, effective on nematodes; acardsrasects, absorbed
by the plant foliage and roots, is a pre-plant applied, is appliel.5Ldounm,
acute oral L, (Rat) is 5.4 mg kg, the safety period is 7days (Tomlin, 2005) and

chemical structure is:

Experiment 11 :

It was carried out during the second season only 2012-@here plants were
transplanted in October 25, 2012. It was also arrang#ukicomplete randomized
block design where this experiment area was 36Timee replicates were used and
the area of each plot was 3.84(8.2 m x 1.2 m) containing 7 plants . Transplants

were also spaced at 120 x 0.40 m where the treatnvenésas follows:

1. Without grafting (GO).

2. Grafting on Winter squash, Tetsukabu®u¢urbita maxima
xCucurbite mostchaderoot stock (G1).

3. Grafting on Squash hybrid c.v Aurelia cs€ucurbita maximaroot
stock (G2).

Soils of the two seasons were taken at transpiatime from 25cm depth

where the chemical and the physical properties were reporteable (2) and table
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(3) respectively. In addition, the chemical analysis of ati@mn water samples was

mentioned in Table (4).
1. Isolation of the causal agent

Samples of cucumber plants cv. Rocket showing rot and wilt symptoms

were collected from fields at North Gaza.

Roots of the infected plants were washed byingntap water for several
times, then cut into small pieces and surface sterilized witsdddum hypochlorite
for 2 minutes under aseptic condition. The plant pieces okseavere rinsed in
sterilized water for several times and were dried betwesiized Whitman 1 filter

papers .

The pieces were plated on potato dextrose agak)(Riedium and incubated
for 7 days at 25°C, the development of the fungal colomiese purified and

identified aiding cultural microscope according to Barnet anctétu(1996).
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Table 2. Physical properties of the greenhouse soil

. Moisture Water Saturation
0 0 )

Season Depth(cm) Sand % Silt% Clay % Texture Eactor % content% percent %
2011-2012 | 4 55 80 75 125 | Sandyloam|  1.08 7.33 26
2012 -2013 0-25 84.4 55 10.1 Sandy loam - - 23.7

Table 3. Chemical analysis of the greenhouse soill
Season pH | EC ms | M.O Total |Total |P,Os |K |Na' Ca™ |Mg™+cCa“|Cco; |HCO; |CI NO3-N
] 9 CaCo3 meq
cm % %a N% |ppm |ppm | meql* | meql* | meql* meq | 100'g | meqt | PPM
100" g

2011- | 7.33| 4.07 14 | 515 | 0.056| 86.3 | 35.4| 6.3 5.3 11.23 0.67 | 0.13 | 3.32 | 88.87
2012
2012- | 7.8 | 483 | 1.14 19 - 105.2| 260 | 21 41 26.5 - - 17.6 370
2013
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Table 4. Chemical analysis of irrigation water

Seasons | EC PH |[T.D.S|CL NO3 | Na+ |K+ |Ca” |Mg™ |HCO3
ds m' mg I
2011- 1.57 | 6.7 1005|225 |269 |185 |45 |350 |139 |39
2012

2012- 1.370/6.8 | 877 |1904 | - - - - - -
2013

Table 5. Weekly average of temperature during the twseasons

Week Date First season Second season
2011-2012 2012 -2013
1 15-21" Oct. 30.1 31.4
2 22-28" Oct. 29 30.2
3 29™ Oct.- 4" Nov. 23.4 29.1
4 5-11" Nov. 23.9 26.1
5 12- 18" Nowv. 21.8 25.2
6 19 -25™ Nowv. 21.4 22.9
7 26™ Nov. — 2° Dec. 18.1 20.4
8 3- 9" Dec. 18.7 18.6
9 10- 16™ Dec. 17.4 18.9
10 17- 23" Dec. 18.2 12.8
11 | 24-30" Dec. 15.4 11.8
12 | 31-6™Jan. 15.1 12.5
13 | 7- 13" Jan. 15 9.7
14 | 14-20" Jan. 15.6 14.8
15 | 21- 27" Jan 14.3 16.8

2. Pathogenicity test

Sterilized soil in pots (25 cm in diameter) werecutated withFusarium.
oxysporum(4g 1kg' soil ) isolated from rotted- roots of cucumber plants. The
inoculum was grown in bottles contained barley- sand- watedium which was
sterilized in autoclave at 120 °C at 1.5 air pressure fomirtutes, then was
inoulated withF. oxysporumwhich wasisolated from rotted-roots of cucumber

plants. Soil-free pots were served as a control . All wete sown with cucumber
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seeds (5 seed pYt Four replicate were used for each treatment where gore-

post — emergence damping-off were recorded after B anekeks respectively.
3. Survival of F. oxysporumin infested roots of cucumber plant

Samples of rotted-roots of cucumber plants infesidd F. oxysporumwere
buried in soil at two depths i.e. 20 cm and 40 cm of sofasar Soil was treated
before transplanting with six treatments of different conceatra(Table 1) of
chemical alternative to Methyl Bromide where Methyl Bromide ahemical-free
treatment were used as controls. After 30 m days of saitrtrents, samples of soil
were restored anid. oxysporunspores were counted in 1ml of spore suspensions in

all the aforementioned treatments, using haemocytometer slide.

4. Estimation of percentage of disease index on thetted-roots of cucumber
plant
At the end of each season, the percentagesedse index was calculated at
the season end for the lesion developed on the rootacoirber plants infested
with F. oxysporum Disease index percentage of the rotted-root disease on

cucumber plants was calculated using scale of [@¢@ad, 2004as follows:

Thirty days after inoculation, root rotting and plant leaf lessere visually
rated for each plant on a scale of 1 to 5. For the raoatimg: 1 = 100%, 1.5 = 95-
99%, 2 = 85-94%, 2.5 = 84-55%, 3 = 35-54%, 3.5 =34%, 4 = 5-14%, 4.5 = 1-
4% of root tissue on the root ball surface rotted, and Swoall tissue appeared

healthy without any rotting compared to the control planen(2t al, 2004) .
5. Estimation of nematode population in soil

Cobb’s sieving and decanting technique was used for v%iflg of the soil
samples each was taken in a container and was mixed ¢finbyomith water. Hard
particles and stones, if any were removed by stirring tepesision and was then

passed through a set of sieves of 250, 45 andrBfore size.
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The sievates were collected on a tissue paper spreadaosearse mesh,
which was then placed in a petridish containing enough wat&eep the tissue
paper (placed on coarse mesh) always moist. This asgevablkept still for three
days, care was taken to prevent drying of the tissuerpape collected nematode
suspension concentration in the Petri dish was examined daysnof research

stereobinocular microscope.

Nematodes were counted at 2 depths i.e. 20 and 40 soil glurface during
two seasons 2011/2012 and 2012/2013 season. Sampsesl @fere sent to the
nematode laboratory to identify species of nematddisgase severity of nematode
Meoidogynespp.infection on the roots was estimated using scale of ZecKLj1&s

fallows:

0= no galls.

1= very few small galls.

2= numerous small galls.

3= numerous small galls, some of which are grown haget
4= numerous small and some big galls.

5= severe galls on 25% of roots.

6 = severe galls on 50% of roots.

7= severe galls on 75% of roots.

8= no healthy roots but plant is still green.

9= roots rotting and plant dying.

10= plant and roots dead.

6. Effect of soil treatment with chemical alternatives toMethyl Bromide on

growth parameters of cucumber plant

Some parameters i. e. hight of shoot systemeder of stem and leaf area of
cucumber plants were measured in both seasons at 3 iateeva25, 50, and 75

days of transplanting.

Fresh weight of shoot system of cucumbenrtplevas weighed after 105 days

of sowing. On the other hand, fresh and dry weight of systems were weighted at
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the two seasons ends. Moreover, flowering date and &é gf cucumber plants

were recorded in all the aforementioned treatments.

In addition, growth parameters of cucumbeitd i.e. lengths, diameters,
fresh and dry weight of fruits were recorded in all theexfeentioned treatments.

7. Effect of soil treatment with chemical alternativesa@ Methyl Bromide on leaf
NPK and total chlorophyll contents of cucumber plant

Total leaf chlorophyll: Samples were collected after 25 days of
transplanting from the "4 leaf from the plant top using acetone and
spectrophotometer (Holder, 1965).

Nitrogen content was determined after 25 days of transptaitileaves by
wet-digestion using kjeldahl apparatus (John, 1970).

Phosphorus content was measured after 25 days of laatisg in the

aforesaid leaves by dry-ashing using spectrophotometea iength 410un
(A. O. A. C., 2004).

Potassium content was determined in the aforementionedstdnygausing
flame photometer (A. O. A. C., 2004).

8. Effect of soil treatment with chemical alternativesd@ Methyl Bromide on

fruit total soluble solid (TSS) and titratable acidity of cuicumber

Total soluble solids (TSS%) was measured by hand refmater
(A.O.A.C., 1975).

Fruit titratable acidity was determined usim¢poH 0.05N. (A.O.A.C.,
1975).

9 . Effect of soil treatment with chemical alternatives @ Methyl Bromide on

number of weeds developed in bed soil of cucumber plamfested with
Fusarium oxysporum
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The Cyperus rotundug. was the prevailing weed which developed in bed

of cucumber. Counting was carried out after 14 daysmidation in each season.

10. Effect of grafting rootstocks on the incidence ofroot-rot disease of

cucumber plant

Approach-tongue grafting method was used doogto Oda, (1999) after 14
days of seed sowing onto two root stocks as follows:
1. Without grafting (GO).
2. Grafting onto the rootstock Winter squash hybrid ,Tetsukabuto
(Cucurbita maxima xCucurbite mostchat(&1).
3. Grafting onto the rootstock Aurelia cs-2 hybri@uCurbita maxima
(G2).

After soil infestation withF. oxysporiumand nematodes at the season end,

nematodes anid.oxysoriuminfestation levels were carried out as follows:

a) Disease index percentage of the rotted-root disease ammbec
plants was calculated using the aforementioned scale of dRels
Boiteux (2007).

b) Disease index percentage of nematodes according to the
aforementioned scale of Zeck (1971) which was usedtimas the

infection withMeloidogynespp.

Vegetative growth, yield, fruit physical and chemical praipsrleaf NPK

and total chlorophyll were determined as discussed in tteefiperiment.
11. Statistical analysis

Data of the two experiments of each seasaa statistically analyzed using
Duncan's Multiple Range Test to compare between treatmehé&se means
followed by the same letters within each column are not signifi different aP
= 0.05 (Steel and Torrie, 1980).
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Results
Experiment |
1. Isolation of the causal fungi

Symptoms on cucumber roots

Symptoms include wilting of plants at the friagbng stage and during hot
weather. Yellowish or buff discoloration of the outer tissoiethe crown of plants,
however the white and cottony-growth known as fungus twyoes not evident at
this time. The fungus colonizes the cucumber stem beybadvisible disease
symptoms. The advanced stages of the disease involvaepsoge upward
colonization of the stem. A longitudinal cut of the crown shéwesbreakdown of

cortical tissues and secondary infection by bacteria follows.

The Fusarium oxysporunwas identified due to it production of typical macro-
conidia with foot-shaped basal cells, micro-conidia bornéaise heads only on

monophialides, and chlamedospores.

2. Pathogencity test

Table 6. Pathogenicity test ofFusarium oxysporumon cucumber plant cv. Rocket

Treatments % Damping off of cucumber plants %Survival
pre - emergence post - emergence

Pots infested witl.

oxysporum *35+10 58.33+9.6 6.67

Control withoutF.

oxysporum 0.0+0.0 51+2.0 95.00

* Each figure represents 4 replicates.

Data in Table (6) show that the percentage of pre-emeeggamping—off of
cucumber plants grown in soil infested with oxysporunreached 35% while the

percentage of post emergence damping-off was 58.38%pa@d with percentages
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of pre and post—emergence damping-off in non infesigddGand 5% respectively)
of cucumber plants. The percentage of survival plantsoih infested withF.

oxysporumwas lower (6.67%) than that in control treatment (95%).
3. Survival of Fusarium oxysporumin infested roots of cucumber plant

Data in Table (7) show that all treatments significantly des@athe
numbers ofF. oxysporunspores in the two depths and the two season compared
with that in control. The spores Bfoxysporunwere decreased before transplanting
compared with that after transplanting. On the other hand,spwees were
decreased at depth 20 cm more than that at 40 cm. Noicigmitlifferences were
noticed between metham sodium + cadusafs and Methyl Bramidegluction the

number ofF. oxysporunspores in the two depths and two seasons.

4. Estimation percentage of disease index on the rottegoots of Cucumber
plant

Data in Table (8) showed that in both seasons, all treatnpeatiiced
significant lower percentage of disease index than the urdreatgrol where T1
had the significant lowest decrease (30.9 and 32.6)rparison between Methyl
Bromide alternatives, no significant differences were notietdiden T2 and T1 in
the second season where T2 had the least percentaye tina seasons (37.3 and
35.3). In addition, no significant changes were obseratdden T7 and T2 in the

second season.

5. Effect of soil treatment with chemical alternatives toMethyl Bromide on

survival of nematodes

Data in Table (9) show that the pre transplanting numbeepfatodes was
reduced in all treatments than control during the two seaaodsdepths. No
significant changes were observed in both seasons arttisdeptween Methyl
Bromide and each of metham sodium + oxamyl, methanusod cadusafs,
metham sodium with polyethylene cover and dichoropropercarbandyzum

respectively. In general post transplanting nematodes mnusigsificantly was
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decreased by all treatments. In depth 20cm of the firstoseao significant
differences were observed among each of metham saalitmpolyethylene cover,
dichloropropene + carbendazim, metham sodium + carkeandand Methyl

Bromide while in this depth 20cm no significant changes wbserwed among all
chemical alternative treatments and Methyl Bromide in the seseasbn. In depth
40cm except of T3, all alternative treatments showed no gignifdifferences than
T1 where in the second season, only T6 and T7 werefisantly less effective
than Methyl Bromide (T1).

Also, percentage of nematodes, index (Table 10) shdksgdthe different
treatments produced significant lower percentage than t¢onttbe both seasons.
Methyl Bromide (T1) produced the significant lowest percenthga the untreated
control and other chemical alternatives in the second seabkide T2 and T4
respectively showed the lowest index in the first seas@hout significant
differences between them and Methyl Bromide. Henceaf@ T4 are considered

the best alternatives to Methyl Bromide.
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Table 7. Effect of soil treatment with chemical alternatives to MethylBromide on number
of Fusarium oxysporumspores in 1 mi* suspension of cucumber plant roots at
20 cm and 40 cm depths

F. oxysporiumspores in 1 mf
Depths First season Second season
Treatments (cm) 2011-2012 2012-2013
Pre- trans Post trans Pre- trans Post trans
planting planting planting planting
20 *6248+3366 678+388 6880+26899 6105+1367
Control T0 a a a a
(chemical free) 40 4553+1264 60472 4800653 5043+289
a a a a
20 262+2666 30+10 1871182 223118
Methyl Bromide 11 b f b c
40 335+211 128+25 312+207 428+240
C f d C
Metham sodium 20 1184+973 296+33 811+255 810+81
with Covered b d b bc
T2
polyethylene 40 1273:558 355(3;;40 992bw(:;1127 1008i507
20 817+289 35734 8991274 9281139
Uncovered T3 b c b bc
Metham sodium 40 144;1517 397(;;40 116§i306 1403;)1168
C C C
20 1190789 69+68 11681272 1275201
Dichloropropene 14 b a b b
+ Carbendazim 40 685bi402 462bi-146 96%1-344 1235;241
c C c
20 1108+714 494+34 12751201 13221169
Metham sodium+ g b b b b
Oxamyl 40 1815837 506+18 1648+561 1395+477
b b b b
20 688+591 158+28 7381304 8631328
Metham sodium + 1¢ b e b bc
Cadusafs 40 797b¢933 258+29 8471(;197 1065b¢528
c e c
20 1024+692 151+40 1010557 1108+399
Metham sodium + 5 b e b b
Carbendazim 40 971::651 161;;48 954;1(5138 1143;)1532
C e C

Means * stander deviation followed by the same ledts within each column are not significantly
different at P = 0.05 according to Duncan's multiple range test.

* Average of four replicates
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Table 8. Effect of soil treatment with chemical akrnatives to Methyl Bromide on percentages of. oxysporumdisease
index in rotted-roots of cucumber plant

Percentage of disease index during
Treatments .
First season Second season Average
2011-2012 2012-2013
*

Control TO 77'?4'4 82'?:6'3 79.5
Methyl Bromide at 50grfi 32.6:3.4
Metham sodium ( Metmor) Covered with polyethylene 37.3+3.8 353+10 36.3
sheets at 40cm ™M c cd :
Metham sodium at 40cmfn 48 .1+1.3 46.5t6.6 473

T3 b b
Dichloropropene (Kandor) at 20cmi“h Carbendazim 45.53.8 49 7#5.0 47.6
(Bavistin) at 0.3g . T4 b b
Metham sodium at 40 cmt+ Oxamyl (Vydate) at 15 T5 50.1+2.8 48.5-10.0 49.3
cmm? b b '
Metham sodium at 40cmf Cadusafs (Ragby super) at 6 49.142.8 51.0:1.2 50.1
15 cm n-% b b -
Metham sodium at 40cm™ Carbendazim at 0.3g'm 45.0:6.1 44.1413.3

T7 b be 44.6

Means * stander deviation followed by the same ledts within each column are not significantly diffeent at P = 0.05 according to Duncan's
multiple range test.

* Average of four replicates

42



Table 9. Effect of soil treatment with chemical alternaties toMethyl Bromide

on the number of nematodes in bed soil of cucumber plan

Number of nematode /250 gm soil during.

Sampling
depth First season Second season
Treatments (cm) 2011-2012 2012-2013
Sampling time Sampling time
Per trans Post trans | Per trans Post trans
planting planting planting planting
20 *450+53 16519 510+38 730Q+105
Control TO0 a a a a
40 445+64 145+19 445+:30 610+26
a a a a
20 15+19 40+36 10+12 50+23
Methyl Bromide T1 C e C b
40 40+28 45+10 30+20 45+10
c b c d
Metham sodium 20 35+10 55+10 30+12 65+19
with Covered T2 C de c b
polyethylene 40 35+30 60+28 30+26 55+10
c b c cd
20 85+30 95+10 80+16 90+12
Uncovered T3 b b b b
Metham sodium 40 11035 115+10 100:16 7012
b a b cd
20 35+19 45+25 3012 55+19
Dichloropropene T4 c e C b
+ Carbendazim 40 45+25 35+30 40+£16 60+28
c b c cd
20 20+16 75+41 15+19 80+37
Metham sodium+ Ts C bcd c b
Oxamyl 40 25+25 60+23 20+16 70+26
c b c cd
20 2016 85+19 20+16 85+20
Metham sodium + T6 c bc c b
Cadusafs 40 40+£32 65+10 35+25 80+16
c b c bc
20 95+34 60+23 95+19 110+26
Metham sodium + T7 b cde b b
Carbendazim 40 110+38. 45+30 10519 105+30
b b b b

Means =* stander deviation followed by the same ledts within each column are not

significantly different at P = 0.05 according to Duncan's multiple range test.

* Average of four replicates
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Table 10. Effect of soil treatment with chemical alternatives to Mehyl
Bromide on percentages of nematodes disease index outted-
roots of cucumber plant

Percentages of disease index during
Treatments .
First season Second season
2011 - 2012 2012 - 2013
a a
Methyl Bromide T1 35.7+17.6 23.4+2.7
bc f
Metham sodium with T2 32.9+16.3 30.4+3.1
Covered polyethylene bc e
Ungovered Metham g 44.0+17.2 51.245.6
sodium bo be
Dichloropropene + T4 23.7+9.7 39.6+3.9
Carbendazim 'C‘ ' 'd_ '
Metham sodium+ T5 48.5+18.2 47.62.1
Oxamyl b c
Metham sodium + L 49.4+12.4 50.4+2.3
Cadusafs b be
Metham sodium + ., 51.9+3.6 53.740.7
Carbendazim b b

Means + stander deviation followed by the same ledts within each column are not

significantly different at P = 0.05 according to Duncan's multiple range test.

* Average of four replicates
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6. Effect of soil treatment with chemical alternatives toMethyl Bromide on

growth parameters of cucumber plant

Results in Table (11) show that in both seasons, all treédnmoduced
significant increase in shoot system than control at the tatss of sampling. The
same trend was also true for the height average at tla¢e8 df sampling in both
seasons. No significant differences were observed in thesessons among the

chemical alternative treatments and Methyl Bromide.

Data in Table (12) cleared that plant stem diameter averbgeeahree
sampling dates for each season were in general signifidaigtier in the different
treatments than control. The chemical alternative treatmenkdetbyl Bromide
showed non significant thicker plant stem in T2 (6.4 andcé&} in both seasons
than that of Methyl Bromide followed by T4 (6.3) in the fisgtason only. On the
other hand, only T3 (5.8 cm), T6 (5.8 cm) and T® (&n) respectively had the
significant thinnest stem diameter than other chemical alternaga¢éments and

methyl bromide treatment in the second season only.

The different treatments resulted in significant higher ayeraf leaf area
than that of control in the two seasons (Table, 13). Inciigern, T4 (426 cfin
the first season and T2 (414 and 508)cim both seasons produced non significant
higher average of leaf area than the alternative treatmeithi®wv significant
differences between T2 and Methyl Bromide treatment (TrBatment T3 (398) in
the first season and T3 (479 Tiand T5 (382 ch) in both seasons had non
significant lower leaf area than other chemical alternativeshaethyl Bromide

treatments.

Results of leaves number plah{Table 14) proved that, in general the
different treatments resulted in significant highember of leaves than that
of the untreated control in both seasons. No gmant differences were
observed among the chemical alternative treatmants Methyl Bromide
treatment in the first season only while all treatts were significantly lower

than T1 in second season. Treatments T4 was ifisggmily higher than other
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chemical alternatives in the first season where T2,and T4 respectively
were significantly of the highest leaves numbenplahan other alternative

treatments to Methyl Bromide in the second season.

Fresh weight of shoot system (Table 15) showed #ftr 105 days at
the two season ends, all treatments had higherhivéign that of control in
both seasons where the increase was significarfi4on the first season and
T1 in the second season. No significant differerweese detected among the
chemical alternative treatments and Methyl Bron{itig) in the two seasons
where T2 (832 g) in the second season and T4 (B2@7829 g) in both
seasons produced the non significant heaviest ldran other chemical
alternatives to Methyl Bromide. On the other haii@é, showed the non
significant lowest plant fresh weight than the otbleemical alternatives and
Methyl Bromide (T1) treatment.

Root fresh weight (Table 16yas in general significantly higher in the
different treatments than control in the second seasgnvdmre this increase was
significantly higher than control in T1 (478) only in the tfiseasonNo significant
changes were reported in the chemical alternative treateamtdMethyl Bromide
(T1) in both seasons whereas T5 (312 and 178) prddooa significant lowest

root fresh weight than other alternative treatments in the ®easons.
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Table 11. Effect of soil treatment with chemical dernatives to Methyl Bromide on height of shoot sytem of cucumber plant

Height of shoot system (gm)
First season Second season
2011-2012 2012-2013 Average

Treatments Sampling date (days) Sampling date (days) of the two

25 50 75 Average 25 50 75 Average | ocoeon
Control TO *75+17 154+22 200+14 226 124+14 235120 28719 215

b b b b b b e b 221
Methyl Bromide T1 109+5 185+15 242+14 270 158+10 265+10 34616 256

a a a a a a a a 263
Covered Metham T2 103+11 182+11 23916 267a 147412 262122 345+7 252
sodium with a a a a ab a a
polyethylene 259
Uncovered T3 106 9 186+14 24615 256 148+17 257122 319+2 241
Metham sodium a a a a a ab d a 249
Dichloropropene T4 105+10 189+11 245+15 268 147+11 2619 3407 249
+ Carbendazim a a a a a ab ab a

25¢

Metham sodium+ T5 99+10 178+11 239111 252 149+20 25419 33148 245
Oxamyl a a a a a ab bc a 248
Metham sodium + T6 10448 185+14 245120 253 146+13 255120 32916 243
Cadusafs a a a a a ab c a 248
Metham sodium + T7 100+14 181+17 242120 263 14719 255+13 33217 245
Carbendam a a a a a ab bc a 253.6

Means = stander deviation followed by the same ledts within each column are not significantly diffeent at P = 0.05 according to Duncan's multiple

range test.

* Each figure represents 4 replicates.
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Table 12. Effect of soil treatment with chemical dernatives to methyl bromide on stem width of cucurber plant

Stem width (cm)

First season Second season Average
Treatments 2011-2012 2012-2013 of the two
Sampling date (days) Sampling date (days) season
25 50 75 Average 25 50 75 Average

TO *3.910.2 6.6+0.2 | 6.7+0.4 5.7 49+0.3 | 5.2+0.3 | 5.9+04 5.4

Control b . b b b r q J 5.6
T1 4.1+0.1 | 7.320.1 7.2+0.2 6.2 5.3t0.4 | 5.94+0.1 | 7.4+0.3 6.2 6.2
Methyl Bromide ab ab ab a ab b a a
Covered Metham 42102 | 75:01 | 7.4#05 | 64 | 5202 | 6.3:0.2 | 7.3t0.1 | 6.3
sodium with T2 6.3
ab a a a ab a a a

polyethylene
Uncovered Metham 4.2+0.1 7.2+0.3 7.3x0.4 6.2 49+0.3 | 5.6+0.1 | 6.840.2 5.8
sodium T3 ab ab ab a b c b C 6
Dichloropropene + 4.3+0.2 7.310.1 7.2+0.3 6.3 5.3+0.3 6+0.2 6.910.0 6.1
Carbendazim T4 a ab ab a a b b ab 6.2
Metham sodium+ TS 4.3+0.3 7.3+0.2 7.1+0.3 6.2 5.1+0.1 | 5.8#0.0 | 6.9+0.2 5.9 6.1
Oxamyl a ab ab a ab bc b bc '
Metham sodium + T6 4.1+0.5 7.3+0.1 7.310.4 6.2 5.1+0.1 | 5.8#0.0 | 6.5+0.3 5.8 6.0
Cadusafs ab ab ab a ab bc c c '
Metham sodium 4.0+0.5 7.1+0.2 7.0+0.2 6.1 54402 | °2.6£0.0 | 7.4%0.1 6.1
+ Carbendazim T7 ab b bc a 4 c a ab 6.1

Means + stander deviation followed by the same ledts within each column are not significantly diffeent at P = 0.05 according to Duncan's

multiple range test.

* Average of four replicates.
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Table 13. Effect of soil treatment with chemical dernatives to Methyl Bromide on leaf area of cucumbr plant

Leaf area (cm)
First season 2011-2012 Second season 2012-2013
Treatments : : Average
Sampling date (days) Sampling date (days) 9
25 50 75 Average 25 50 75 Average
*233+21 482+52 369t49 361 32167 494+12 501+40 439 400
Control T0 c c b c c d b c
Methyl Bromide 27621 553t22 438+38 422 37471 57217 585+22 510
T1 a ab a a ab a a a 466
Covered Metham 260+31 548t16 43521 414 368t76 570+23 585+30 508
sodium with T2 a ab a ab ab ab a ab 461
polyethylene
Uncovered Metham 261+28 52713 406t54 398 348.8:83 520t24 568t30 479 438
. T3 a abc ab ab b cd ab b
sodium
Dichloropropene + 27112 56834 440+42 426 37993 54715 591+70 505
. T4 a a a a a abc a ab 465.7
Carbendazim
Metham sodium+ 2375 506+39 40326 382 351+104 529+49 56650 495 438.3
Oxamyl T5 bc bc ab bc ab bed ab ab
Metham sodium + 26714 53842 39927 401 35725 54727 561+22 488ab 445
Cadusafs T6 a ab ab ab ab abc ab
Meth di + 25729 538+38 43333 409 351+34 553t23 595+54 499 454
etham sodium T7 ab abc a ab b abc a ab
Carbendazim

Means = stander deviation followed by the same ledts within each column are not significantly diffeent at P = 0.05 according to Duncan's multiple

range test.

* Average of four replicates.
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Table 14.Effect of soil treatment with chemical alternatives to Méhyl Bromide

on leaves number of cucumber plant

leaves number plant after 25 days of transplanting

Treatments First season Second season  Average
2011-2012 2012-2013

Control To *11.6+1.0 14.5+ 0.1 13.0

b e

Methyl Bromide T1 15'210'2 18'210'6 16.7

Covered Metham

sodium with T2 14.2;1.2 17.?)16.3 -

polyethylene a )

Uncovered 14.7+0.7 16.8+0.3

Metham sodium T3 ab c 15.8

Dichloropropene 17.1+4.7 17.0£ 0.0

+ Carbendazim T4 a bc 15.1

Metham sodium+ 14.1+1.2 16.2+0.0

Oxamyi T5 b d 15.2

Metham sodium + 15.0+ 0.9 16.2+0.0

Cadusafs 6 a d 15.6

Metham sodium + 14.2+1.2 17.2+0.6

Carbendazim L ab bc 15.7

Means + stander deviation followed by the same ledts within each column are not

significantly different at P = 0.05 according to Duncan's multiple range test.

* Average of four replicates.
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Table 15 Effect of soil treatment with chemical alternatives to Mehyl

Bromide on shoot-system fresh weight after 105 day$ oucumber
plant transplanting

Shoot system fresh weight (gm) after 105 days ¢

f

Treatments transplanting.
First season Second season
2011-2012 2012-2013
*
Control T0 664+266 581+251
C b
. 1006:149 95384
Methyl Bromide T1 abe a
CoveredMetham
sodium with T2 92217 832157
abc ab
polyethylene
Uncovered Metham T3 1065203 697224
sodium ab ab
Dichloropropene + T4 120A25.2 829:179
Carbendazim a ab
Metham sodium+ T5 891+109 769:178
Oxamyl abc ab
Metham sodium +
814316 631+174
Cadusafs T6 be ab
Metham sodium + T7 97556 783211
Carbendazim abc ab

Means = stander deviation followed by the same ledts within each column are not

significantly different at P = 0.05 according to Duncan's multiple range test.

* Average of four replicates.
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Table 16. Effect of soil treatments with chemical alternatives to Mthyl
Bromide on root system fresh weight after 105 days afucumber
plant transplanting

First season Second season
Treatments 2011-2012 2012-2013
Root fresh Weight (g) Root fresh Weight (g)
*

Control T0 181+61 135t60

b b

193t41

Methyl Bromide  T1 478;314 a
Covered Metham
sodium with T2 28%32 19724
polyethylene ab a
Uncovered T3 341+30 210; 11
Metham sodium ab
Dichloropropene + T4 346t8 201524
Carbendazim ab
Metham sodium+ T5 312+45 17821
Oxamyl ab ab
Metham sodium + T6 346£59 17932
Cadusafs ab ab
Metham sodium + T7 327452 211+17
Carbendazim ab a

Means * stander deviation followed by the same ledts within each column are not
significantly different at P = 0.05 according to Duncan's multiple range test.

* Average of four replicates.
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7. Effect of soil treatment with chemical alternatives toMethyl Bromide on

Flowering date, early and total yield of cucumber plant

Flowering date (Table 17) cleared that all treatments floweestier than
that of control in both seasons. This earliness was signilycen most treatments in
the first season and was significantly earlier for T1 (18cly in the second season.
Treatment T2 in the first seasons and T2, T4 and TtBarsecond season were of
the earliest flowering dates than control where the diffegneere non
significantly among the aforementioned treatments and Mettoyhile (T1).

Early yield (Table 17) as fruits number prérﬁhowed that, in both seasons
the different treatments produced higher fruits number trarira where the
increase was significantly higher in all treatments in ses@adon. In general, no
significant changes were noticed between most of the chemitainative
treatments and Methyl Bromide (T1). Treatment T4 (9.9) B8 (8.8) respectively
in the first seasons and T6 (8.4) in the second seasovedhthe highest number
among the chemical alternative treatments, while T7 (6.9)thedowest fruits
number in the second season only without significant diftmgnamong the
aforementioned treatments and other alternative treatments.

Early yield as grams plahtTable 17) was in general higher in all treatments
than that of control in both seasons. No significant diffexengere found among
the alternative treatments and Methyl Bromide (T1) wher€682) followed by T3
(558) in the first season and T6 (654) and T5 (617hénsecond season produced
higher early yield plaft than other alternative treatments without significant
differences among them.

Total yield as fruits number plaht(Table 18) showed higher numbers of
fruits in all treatments than control during the two seasohss ihcrease than
control was significantly for all treatments in the secoraksres where it was also
significantly higher for T4, T2 and T1 in the first seasdws.significant changes
were noticed between the alternative treatments and MetbghiBe treatment (T1)

in the first season while this was also true for only T2,amd T7 in the second
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season. On the other hand, T3 (36.4) and T5 (36d8)uped the lowest total fruits

number of yield than Methyl Bromide (43.6) treatment ingbeond season only.

Total yield as g plafit( Table 18) also increased by the different treatments
than control in both seasons. This increase was significtnathycontrol by T1, T2
and T4 in the first season where all treatments were signific higher than the
untreated control in the second season. No significant diffeseewere observed
among all the alternative treatments and Methyl Bromide tredtinethe first
season while non significant differences were observedeest Methyl Bromide

and each of T2 and T4 in the second season
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Table 17. Effect of soil treatment with chemical alternativesto Methyl Bromide on flowering date and early yietl of
cucumber plant

First season 2011 -2012 Second season 2012- 2013
Treatments Flowering date Early yiled Early yield Flowering date Early yiled Early yield
(days) (fruits number (g plant™) (days) (fruits number (g plant™)
plant™) plant™)
Control 0 *25.0+1.4 5.52.1 354+130 22.%1.3 5.0£0.6 378:52
a b b a C b
Methyl Bromide T 21.5:1.0 11+1.1 701+104 19.G:0.8 8.6:0.8 677+68
C a a b a a
Covered Metham sodium T2 21.8:1.3 7.4:2.4 509149 20.5:2.4 7.6+0.5 56890
with polyethylene C ab ab ab ab a
Uncovered Metham T3 22.5:1.3 8.8:2.8 558173 21.31.3 7.3:1.5 572110
sodium bc ab ab ab ab a
Dichloropropene + T4 22.%1.7 9.9+2.8 632:218 20.52.1 7.41.2 561+158
Carbendazim bc a a ak ak a
Metham sodium+ Oxamyl T5 23.8:0.5 7.31.4 47%103 20.5:1.0 7.8:1.2 617104
ak ak ak ak ak a
Metham sodium + 6 22.31.3 7.9+1.8 5074116 21.8:1.0 8.4+0.8 654+58
Cadusafs bc ab ab a ab a
Metham sodium + 7 22.51.9 8.0+3.5 530£252 21.8:1.3 6.94:1.3 545:111
Carbendazim bc ab ab a b a

Means =* stander deviation followed by the same ledts within each column are not significantly diffeent at P = 0.05 according to Duncan's
multiple range test.

* Average of four replicates.
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Table 18.Effect of soil treatment with chemical alternativesto Methyl Bromide on total yield of cucumber plart

First season 2011 -2012 Second season 2012- 2013

Treatments Total fruits number Total yield Total fruits number Total yield
plant * (g plant ™) plant * (g plant ™)

Control To 39.1+4.6 2998:449 27.142.3 2820250

b b C d
Methyl Bromide T 57.3:3.9 493 A311 43.6:4.7 4873679

a a a a
Covered Metham sodium ., 53.4:8.3 433%754 42.9%5.8 4724:484
with polyethylene a a a ab
Uncovered Metham T3 49.8t85 4063t546 36.4:0.5 391°A75
sodium ab ab b C
Dichloropropene + T4 56.7%#8.4 4944:478 40.9:3.3 4473468
Carbendazim a a ab abc
Metham sodium+ Oxamyl .- 47.4t5.3 4013660 36.5t4.5 4041455

ab ab b C
Metham sodium + 6 48.28.7 400 A753.03 37.1+1.1 413291
Cadusafs ab ab b bc
Metham sodium + T7 47.9%11.4 40151087 38.1+3.2 4075148
Carbendazim ab ab ab C

Means + stander deviation followed by the same letts within each column are not significantly diffeent at P = 0.05 according to Duncan's

multiple range test.
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8. Effect of soil treatment with chemical alternatives tdViethyl Bromide on

cucumber fruit physical and chemical parameters

Fruit length and fruit fresh weight (Table 19) showed naoifigant changes
among the different treatments and the untreated contratindeasons. The two
properties also showed the same aforementioned trend ahwddferent chemical

alternative treatments and Methyl Bromide in the two seasons

Fruit diameter (Table 19) increased in all treatments thanatantthe first
season where this increase than control was significdrglfighest in T1 (2.8 cm)
and T7 (2.8 cm) in this season while no significant chartbas control were
observed in the second season. No significant differemea¥e noticed among
Methyl Bromide (T1) and the alternative treatments except thdi2o(2.7 cm )
which was significantly lower than Methyl Bromide treatmentha first season

only.

Total soluble solids (Table 20) showed that, in both sease tere no
significant changes in TSS among the different treatmerdscantrol. The same
aforementioned trend was also noticed for the comparisoong the chemical

alternative treatments and Methyl Bromide treatment.

Titratable acidity (Table 20) showed higher differenaesiag all treatments
and control which were significantly in the first seasoreatments T1 and T4
showed significantly higher acidity in the second season tihainof control .In
comparison among the alternative treatments, no significaférelices were
noticed among T2, T4 and Methyl Bromide (T1). The ottlegmical alternatives
produced significant lesser acidity content than that of Méhgmide treatment

(T1) in the second season only.
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Table 19. Effect of soil treatment with chemical dernatives to Methyl Bromide on cucumber fruit lengh, diameter and

fresh weight

First season Second season
2011 -2012 2012 -2013
Treatment Fruit length Fruit Fruit fresh Fruit length Fruit Fruit fresh
(cm) diameter weight (g) (cm) diameter weight (g)
(cm) (cm)
Control T0 *14.0+£0.3 2.7+0.1 71.2:6.3 14.3:0.4 2.9:0.3 73.5:1.4
a c ak a a a
Methyl Bromide 1 14.1+0.6 2.8:0.1 78.0:11.1 14.70.2 3.1+0.3 76.1+3.4
a ab ab a a a
polyethylene T2 a o ab a a a
Uncovered Metham sodium T3 13.80.6 2.7+0.1 69.1+13.4 14.5:0.4 3.1x0.2 74.86.1
a bc ak a a a
Dichloropropene + Carbendazim T4 13.6:0.4 2.7+0.0 66.75.2 14.5%0.7 3.1x0.3 73.6t4.6
a bc b a a a
2.7+0.1
Metham sodium+ Oxamy T5 14.G:0.1 b+ 79.44.1 14.9:0.4 3.1x0.3 73.38.1
a c a a a a
Metham sodium + Cadusafs T6 13.8:0.1 2.7+0.0 71.23.2 14.40.1 3.0+0.3 73.6:3.3
a bc ab a a a
Metham sodium + Carbendazim T7 13.9:0.4 2.80.1 75.9:13.5 14.6:0.3 3.1+0.3 73.5:3.7
a a ab a a a

Meanst stander deviation followed by the same lette within each column are not significantly differant at P = 0.05 according to Duncan's
multiple range test.

* Average of four replicates.
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Table 20. Effect of soil treatment with chemical alternativesto Methyl Bromide on

cucumber fruit total soluble solid (TSS) and titratable acidity content

First season Second season
2011-2012 2012-2013

Treatments TSS** titratable acidity TSS titratable acidity

% (mg100* g fw) % (mg100* g fw)

*

Control T0 4.38+0.14 0.082+0.01 2.50+0.00 0.098+0.01

ab b a c
Methyl Bromide T1 4.38+0.14 0.090+0.00 2.69+0.13 0.115+0.01

ab a a a
Covered Metham 4.25+0.00 0.090+0.00 | 2.69+0.13  0.108%0.01
sodium with T2

b a a abc
polyethylene
Uncovered T3 4.25+0.00 0.092+0.00 2.5+0.00 0.098+0.01
Metham sodium b a a c
Dichloropropene + T4 4.50+0.00 0.092+0.01 2.63+0.14 0.110+0.00
Carbendazim a a a ab
Metham sodium+ 5 4.38+0.14 0.090+0.01 2.57+0.13 0.105+0.01
Oxamyl ab a a bc
Metham sodium + T6 4.25+0.20 0.091+0.01 2.57+0.13 0.100+0.01
Cadusafs b a a c
Metham sodium + T7 4.38+0.14 0.091+0.01 2.63+0.14 0.105+0.01
Carbendazim ab a a bc

Means =* stander deviation followed by the same ledts within each column are not
significantly different at P = 0.05 according to Duncan's multiple range test.

* Average of four replicates
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9. Effect of soil treatment with chemical alternativesa@ Methyl Bromide on leaf

NPK and total chlorophyll contents of cucumber plant

Total nitrogen (Table 21) significantly increased in all treatta than
control in the two seasons, where no significant differemees noticed among the
chemical alternatives and Methyl Bromide treatment in the §estson. In the
second season, each of T2 (5.12 %), T4 (5.08% )Tahd4.97% ) showed no
significant changes than Methyl Bromide (T1), whereas therochemical

alternative treatments were significantly lower than Methgngide treatment (T1).

Leaf phosphorus content (Table 21) in general had ggnif higher content
than the untreated control in both seasons. The differeamoesg the chemical
alternatives and Methyl Bromide were not significantly diffeianibe two seasons.
Both of T4 (0.698 %) and T7 (0.697 %) in the first seaand T4 (0.738 %), T2
(0.736) and T7 (0.697 %) in the second season prddhigher values than the

other chemical alternative treatments to Methyl Bromide.

Potassium content in cucumber leaf (Table 21) showed th&teatments
increased the element than control in both seasons. Nificgagh differences were
observed among the alternative treatments and Methyl iBeo(il) in the second
season. Only T2 and Methyl Bromide treatment (T1) in tie# $eason were not
significantly different while the other alternative treatmentsevgggnificantly lower

than that of Methyl Bromide treatment.

Leaf total chlorophyll (Table 21) in general significantly reesed by all
treatments than control in both seasons. The alternative @&etstmesulted in
significant decrease in the pigment content than that of MettoyhiBle (T1) in the
first season where T2 followed by T4 produced higher tchédrophyll pigment
content than the other chemical alternatives. In the seczasbs, the alternative
treatments were non significantly different than Methyl rBide treatment where
T4 (142.9) showed higher chlorophyll content than that ethivl Bromide (T1).
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Table 21. Effect of soil treatment with chemical dérnatives to Methyl Bromide on leaf NPK and totalchlorophyll contents

of cucumber plant

First season Second season
2011 -2012 2012-2013
Treatments N P K Total N P K Total
% % % Chlorophyll % % % Chlorophyll
mg100*g fw. mg100®g fw.
*4.36+0.64 0.544+0.08 2.54+0.26 75.61+4.4 4.33+0.35 0.574+0.09 3.46+0.26 111.7+6.8
Control TO
b b d d d b b c
Methyl Bromide T1 5.40+0.38 0.702+0.01 3.45+0.08 103.3+7.3 | 5.12+0.08 0.743+0.09 4.13+0.17 134.149.1
a a a a a a a ab
Covered Metham 5.3620.44 0.660+0.04 3.24+0.18 94.7+4 | 5.12+0.08 0.736+0.09 4.08+0.39  133.4+11.1
sodium with T2
a a ab b a a a ab
polyethylene
Uncovered 5.39+0.54 0.686+0.05 2.82+0.16 83.8+4.7 4.81+0.15 0.644+0.08 3.75%0.1 120.61+6.4
) T3
Metham sodium a a cd cd c ab ab bc
Dichloropropene T4 5.36+0.8 0.698+0.03 3.27+0.12 90.0+2.1 5.08+0.11 0.738+0.08 3.83+0.35 142.9+14.1
+ Carbendazim a a bc bc ab a ab a
Metham sodium+ 5 5.12+0.44  0.651+0.03 2.83+0.13 86.0+7.5 4.85+0.16 0.679+0.09 3.76%0.26 131.0+4.1
Oxamyl a a cd c bc ab ab ab
Metham sodium + T6 5.07+0.45 0.643+0.04 2.86+0.16 81.2+6.3 4.84+0.10 0.676+0.04 3.86+0.06 123.0+16.3
Cadusafs a a bcd cd bc ab a bc
Metham sodium + T7 5.2240.35 0.697+0.01 2.99+0.18 82.945.9 4.97+0.10 0.697+0.03 3.84+0.1 122.1+8.8
Carbendazim a a bc cd abc ab ab bc

Means = stander deviation followed by the same ledts within each column are not significantly diffeent at P = 0.05 according to Duncan's

multiple range test.

*Average of 4 replicates
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10. Effect of soil treatment with chemical alternatives taviethyl Bromide on

weeds population density in bed soil of cucumber plant

Weeds population density whi€yprus routandusvas the prevailing weed
is reported in Table (22). It was observed that, in bots@es the different
treatments significantly decreased weeds number pén sucumber bed than the
untreated control. In general, no significant differencesevamtected among the
chemical alternatives and Methyl Bromide treatment in bothosesa Treatment T2
(7.5 and 1.7) showed the lowest number of weeds petuning the two seasons in

the greenhouse.

Table 22.Effect of soil treatment with chemical alternatives to Méhyl Bromide

on weeds population density in bed soil of cucumber plant

Number of weed n¥
Treatments First season Second season
2011-2012 2012-2013
*
Conirol T0 85.3+£32.6 33.5:16.5
a a
Methyl Bromide T1 0.9+1.5 0.4+0.5
b C
Covered Metham sodium T2 7.57.9 1.741.3
with polyethylene b C
Uncovered Metham sodiumT3 10'4513'7 2'421'9
Dichloropropene + T4 20.819.9 18.9+10.8
Carbendazim b b
Metham sodium+ Oxamyl T5 11'3;11'4 5'%5'1
Metham sodium + Cadusafsr6 8.4+6.9 4.42.0
b C
Metham sodium + T7 7.6:2.8 2.6:0.7
Carbendazim b C

Means + stander deviation followed by the same ledts within each column are not

significantly different at P = 0.05 according to Duncan's multiple range test.

*Average of 4 replicates
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Experiment Il

1. Effect of grafting rootstocks on root-rot diseas®f cucumber plant

Data in Table (23) cleared that root infection witbkmatodes was
significantly lower in the grafted plants. Howeven significant difference
were noticed between to two rootstocks, G2 showad significant lower
infection than G1. The same trend was noticed fwot rinfection with

Fusariumwhere G2 had the lowest infection

Table 23. Effect of grafting rootstocks on nematoderal Fusarium infestation
level in roots of cucumber plant

Treatment Namatod infection Fusarium infection
(rootstock) *grade (0-10) after 90 days. *grade (1- 5) after 90 days.
69.7+4.3 66.7+16.2
GO a a
Gl 29.9+9.9 38.8+7.2
b b
G2 25.5+2.9 32.9+3.8
b b

Means + stander deviation followed by the same ladts within each column are not

significantly different at P= 0.05 according to Duncan's multiple range test.

GO= Without grafted cucumber plant.

G1 = Grafting on Winter squash,Tetsukabuto Cucurbita maxima x Cucurbite mostchate

root stock

G2 = Grafting on Squash hybride c.v Aurelia cs-2Qucurbita maximg root stock (G2).
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2. Effect of grafting rootstocks on shoot and rootystem growth, leaf chemical

content, fruit property and yield of cucumber plant

Shoot system parameters of cucumber plant is reporteable (24). It
was cleared that plant height and stem width shaveesignificant difference
among the average of grafted and un grafted plahtse G2 produced non
significant higher values in the two propertiess@&lno significant differences
were detected among the three treatments in thegeef leaf area where
G2 showed non significant higher area than G1 amuiral (G0). Shoot
system fresh weight was not significantly increabgdgrafting where G2
produced the heaviest plants. Leaves number pkighificantly increased by

the G2 treatment only.

Fruit physical and chemical parameters are repantd@ble (25). It is
clear that fruit length and fruit diameter were @dfected significantly by
grafting as compared to ungrafted control. On tkigeio hand, fruit fresh
weight was heavier in grafted plants than thataftiol where this increase
was significantly higher due to G2 treatment. Fdryg weight %, and TSS
showed non significant differences among treatmemitde acidity was

higher in fruits of grafted plants. This increasasvgignificantly higher in G1.
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Table 24.Effect of grafting rootstocks on shoot system growit parameters of cucumber plant
Shoot Leaves
numbe
system r plant
Shoot system height (cm) Stem diameter (cm) Leaf area (cm) Weight (9) 1410y
after days davs
Treatment Y
(rootstock) Sampling date (days)
25 50 75 Avera g 50 75~ Avera 25 50 75 Avera 90 25
ge ge ge
5614 10247 210423 123 4.9+02 47401 59405 55 2314 445+17 466+34 380 737494  10.5%0.1
GO a a a a a a a a a a a a a b
4746 105 +36 221442 124 52403 6.0:0.3 6.3x0.8 5.8 214440 466+75 486+45 386 7694231  10.640.2
Gl a a a a a a a a a a a a a b
5142 111+16 228+10.6  130.0 5.2480.6 5.9+0.1  6.840.3 6.0 192418 476+50 493+13 386 8414287  10.940.1
G2 a a a a a a a a a a a a a a

range test

GO= Without grafted cucumber plant.
G1 = Grafting on Winter squash, Tetsukabuto Cucurbita maximaX Cucurbite mostchateroot stock

G2 = Grafting on Squash hybride cv. Aurelia cs-2Qucurbita maximg root stock (G2).
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Table 25. Effect of grafting rootstocks on the cuamber fruit parameters

Treatment Fruit length Fruit diameter Fruit fresh Fruit dry TSS Acidity
rootstock (cm) (cm) weight (g) weight % % (mg/100 g fw)
GO 13.6t0.4 2.7+0.1 75+2.9 15.G:0.3 2.500.14 0.02t0.00
a a b a a b
Gl 13.#0.4 2.9+0.1 77.40.41 15.6t0.4 2.69%0.00 0.11+0.01
a a ab a a a
G2 13.9%+0.4 3.0+0.1 80+1.9 16.2:0.3 2.68:0.14 0.10:0.02
a a a a a ab

Means * stander deviation followed by the same ledts within each column are not significantly diffeent at P= 0.05 according to Duncan's multiple

range test.

GO0= Without grafted cucumber plant.

G1 = Grafting on Winter squash,Tetsukabuto Cucurbita maximaX Cucurbite mostchateroot stock .

G2 = Grafting on Squash hybride cv. Aurelia cs-2Qucurbita maximag root stock (G2)
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Flowering and yield components are reported in Téb&). It is clear
that flowering time showed no significant differesdetween the grafted and
ungrafted control plants. However, early yield @ast$ number plant weight (
g) plant' were not affected significantly, the two parametshowed higher
values than that of ungrafted control. Total yialsl fruits number Plant
andweight (g) plant significantly increased in grafted cucumber plahtn
that of ungrafted control where G1 showed insigatfitly increase in the
yield plant’. No significant difference was observed between @il G2
where G2 had insignificant higher values than G1 bath of the
aforementioned parameters.

Table 26. Effect of grafting rootstocks on flowering dte, early and total yield
of cucumber plant

Early yield Total yield
Flowering | (Friuts number Total Early (Friuts number Total yield
Rootstock (days) plant™) yield (g plant™) plant™) (g plant™)
GO 13.40.6 4.5+0.7 345t60 12.40.7 888t71
a a a b b
Gl 13.#0.6 5.9£2.0 453:64.9 18.9:3.8 1246t242
a a a a ab
G2 14+1.0 6+1.0 401+46 20.6t3.2 138Gt193
a a a a a

Means + stander deviation followed by the same lats within each column are not

significantly different at P = 0.05 according to Duncan's multiple range test.

GO= Without grafted cucumber plant.

G1 = Grafting on Winter squash,Tetsukabuto Cucurbita maximaX Cucurbite mostchate

root stock.

G2 = Grafting on Squash hybride cv. Aurelia cs-2Qucurbita maximg root stock (G2).
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Data in Table (27) cleared that, root fresh wegighificantly increased in G1
and G2 than control (GO) with no significant difface between the two
rootstocks. Root dry weight was significantly lowerG1 than GO and G2
where no significant changes were noticed betwkerntwo later treatments.
Dry weight % showed no significant differences begw the two rootstocks
and control (GO0).

Table 27. Effect of grafting rootstocks on root systa fresh,dry weight and dry
weight % after 90 days of cucumber plant transplanting

Root Fresh weight Root dry weight _
rootstock Dry weight %
(9 (@)

104+14 28.8+0.5 20.2+0.6

GO b a a
146+17 20.9+2.1 19.4+0.6

G1 a b a
145+8 28.3£2.6 19.9+0.9

G2 a a a

Means + stander deviation followed by the same ladts within each column are not

significantly different at P = 0.05 according to Duncan's multiple range test.

GO= Without grafted cucumber plant.
G1 = Grafting on Winter squash,Tetsukabuto Cucurbita maximaX Cucurbite mostchate

root stock.
G2 = Grafting on Squash hybride cv. Aurelia cs-2Qucurbita maximg root stock (G2).
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Leaf NPK and chlorophyll content are shown in Taf@8). Data
cleared that nitrogen and potassium were signifigancreased due to the
two rootstocks than control, while phosphorus dad change significantly
due to the two rootstocks. Chlorophyll also showedn significant
differences where G2 produced a slight higher ¢bédrophyll content.

Table 28 . Effect of grafting rootstocks on leaf NPK iad total chlorophyll
contents of cucumber plant

Total
Grafting N P K chlorophyll
rootstock | (g100 g dw) (9/100" g dw) (9100 g dw) (mg100" g fw)
GO 4.36t0.48 0.68t0.08 3.16+0.08 108.8:0.1
b a b a
Gl 5.4Gt0.31 0.73:0.02 3.78:0.07 108.8:0.1
a a a a
G2 5.36+0.11 0.71+0.02 3.78t0.10 122.9+0.2
a a a a

Means * stander deviation followed by the same ladts within each column are not
significantly different at P = 0.05 according to Duncan's multiple range test

GO= Without grafted cucumber plant.
G1 = Grafting on Winter squash,Tetsukabuto Cucurbita maxima x Cucurbite mostchate
root stock

G2 = Grafting on Squash hybride c.v Aurelia cs-2Qucurbita maxima root stock (G2).
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Discussion

Methyl Bromide is a highly effective spectrum fumigant whishused
extensively to control a wide species of soil borne pestsenmbrid. Under the
Montreal protocol of 1991, MBr was defined as a chentital contributes to the

depletion of a stratospheric ozone layer.

Cucumber cuucumis sativuk.) is an important vegetable crop in the world.
Root-rot disease is spread in cucumber plants cv. Rod¢kehwere sown at a farm

of the privet sector at Jabalia Village, North GovernoraszaGstrip, Palestine.

The present study aimed to find an alternative to MBr tdrobsoil-born
diseases of cucumbers where six chemicals and two rdaistoere used in the
present study. The fungdausarium oxysporunwas isolated as a soil-born disease

from rotted rots of cucumber cv. Rocket.

Experiment |

These results were in agreement with those of (Zakerial, 2010;
Moharam and Negim, 2012; and Siti et al, 2012). who isolateBusarium spdrom

many plants

Pathogenicity test proved th& oxysporiumwas the causal organism of
damping off on cucumber plants, indicating tRatoxysporunwas able to cause
root-rot of cucumber plants. This came to an agreement (®ithmond, 2001;
Martinez et al, 2002; and Vatchev, 2007), who observed tRatoxysporiumwas

the causal of damping off in cucumber.

Metham sodium + cadusafs was the best alternative treatimeiviethyl
Bromide treatment in reduction the numbeFobxysporiunspores compared with
that in Methyl Bromide and non treated treatments. Also, ¢éneeptage of disease

index of rotted root disease on cucumber plants infected Fvitbkysporiumwas
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decreased in all alternative treatments to Methyl Bromide gluhe two seasons
2011/2012 and 2012/2013.

The aforementioned results were in agreement with Beekat, (1990);
Abugnima and Alnusiri, (1993); Noling and Becker, (199%nd Inghamet al,
(2007) reported that metham sodium or carbendazim efégetive to control soil
born disease i.eF.oxysporium Rhizoctonia, Fusarium, Pythium, Phytopthora,

Verticillium and Sclerotinia.

Nematodes number in general during pre and post plantergased by all
treatments and the same tend was also noticed in percertigematode index
disease. These findings found support in the work of Jasteal, (2004);
Karpouzaset al, (2004); Giannakou and Anastasiadis, (2005); Estpttaal,
(2006); and Desaeger and Csinos (2006).

The different chemical treatments significantly increased gr@athmeters
than control i.e. plant length, stem diameter, leaf area, nuofbeaves, plant fresh
weight and root fresh weight. Portet al, (2000) ascribed the increase of plant
growth rate (IGR) to the altered nitrogen and microbial populatrbich convert

nitrogen in soil after fumigation.

The obtain results were in harmony with those reported herkdt al,
(1983) Vydate (Oxamyl) increased plant height in greerdfyo&ephanet al,
(1988) Vydate (Oxamyl) enhanced growth of cucumbet eggplant and Qiaet
al., (2010) 1, 3 Dicloropropene 180L havas as effective as Methyl Bromide to

increase plant height.

Yield as early yield or total yield in term of fruits number ceight plant
was significantly increased by the different treatments thatralo The obtained
data on yield parameters are in agreement with results sztdygd Emmanuel
(2003), Bielinskiet al, (2007), Inghanet al, (2007) and Qia@t al, (2010) on

tomato.
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On the other hand, the results of this trial disagreed with fysdai Osman
and Yassin (1983) who noticed an increase in yield by 245% 422% due to

Vydate (Oxamyl) on watermelon and cucumber.

Fruit length and diameter in general were not significantly tgtedoy
Methyl Bromide chemical alternatives. Estiphanal., (2006) on cucumberand
eggplant Qiacet al, (2010) on tomato observed that, Vydate (Oxamyl) or[1,3
gave fruits of high quality.

The three macro elements and total chlorophyll of cucumbeeseincreased
than the untreated control where the different chemical alteesatwnd Methyl
Bromide were insignificantly different. These results were acoedance with
Gupreet al, (1982); Cook and Veseth, (1991); Poreral, (2000) and Edsoat
al., (2012).

Contrary results were reported by Buttetyal, (1988) who notice that snap
bean and soybean contained lower phosphorus in leaeda® doil fumigations and
Edsonet al., (2012) who observed adcrease in element accumulatianahlants

due to soll sterilization.

Treatments alternative to Methyl Bromide led to redUggerus rotundus
weeds and that reduction was increased with the age inaéaseumber plants.
These results were similar to those obtained by Agwal, (2003), Gilreattet al,
(2004),De Calet al, (2009 and Desaeger and Csinos (2006

Experiment Il

The two rootstocks which were used in cucumber graftingdcsignificantly
decrease percentage of disease indeixustriumand nematode. The results were
in agreement with those found by loannou (2001), Giarunakod Karpouzas
(2003), Sakatat al.,(2003), Bletsos (2005), and Gu (2009).

On the other hand relatively contrary results were obsdayédl (2010) who
stated that, in March 2009, a sever crow rot causing yeltpand wilting of leaves

was observed in grafted greenhouse cucumber in diffdrgtnicts in China.
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Plant vegetative growth i.e. plant height, stem diameter and [daf area
non significantly increased by the two rootstocks while leanember was
significantly higher than that of the ungrafted control. Pukgaal, (2000) stated
that grafting of watermelon could increase the ability ohpta absorb elements
and transportation of nitrogen which increased nitrogen migabon grafted
plants. The result are in harmony with those reported lish&mi (1990), Maroto
and Miguel (1996), Bekhraeit al, (2006), Davist al, (2008), Hussein and Sallam
(2009) and Ali (2012).

The fresh weight of root was significantly increased bytihe rootstocks.
This result found support in the work of El-shami (1990)t@mato, Miguekt al.,
(2004), Hussein and Sallam (2009).

Flowering date of grafted cucumber plants was not sigmifizaaffected
where G2 showed insignificant longer time to flower. Thported results are
disagreed with Hussein and Sallam (2009) and Yileiaal, (2011), who found
that flowering date was earlier in grafted plants as comparitétdthe ungrafted

cucumber.

Cucumber yield as total weight pldnor total fruits number plaritincreased
significantly in grafted plants where the increase was natifgigntly in both of
early fruits number plaiit and early yield weight plaft The aforementioned
results were in agreement with results noticed by Besri §20&% et al, (2006),
Howeell et al, (2008), Hussein and Sallam (2009), Turkre¢ml, (2010), Hamed
et al, (2012) and Karacaet al, (2012) Contrary result was noticed by Yilnmetzl.,
(2011) who reported higher early yield due to graftingumber.

Fruit physical characters i.e. fruit length, fruit diameter fmaid fresh weight
were not significantly affected while fruit fresh weight sigrahtly increased in
grafted cucumber. The results were in agreement with fisdoigMiguel et al.,
(2004), Bekhradet al, (2006), Daviset al, (2008) who did not find any effect on
fruit quality due to grafting. Contrary results were repotigdHussein and Sallam

(2009) that, grafting increased fruit length.
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Fruit chemical property as (TSS) did not change significantigre acidity
was increased significantly by G1. Fruit dry weight % nonificantly increased in
grafted cucumber. Results are in agreement with resulsgefel et al, (2004) and

Hussein and Salam (2009) who noticed an increase in caezumnuit dry weight %.

On the other side, contrary results were found by Cetlaal, (2006),
Hussein and Salam (2009), who noticed higher (TSS) comlee to grafting
cucumber. In addition, Karaca (2012) noticed that watermgiafted onto different

rootstock types did not affect TSS while other rootstocksccincrease it.

Leaf nitrogen and Potassium content were significantly asae due to
grafting where no significant effect was observed in phosus content. The
aforesaid result is in harmony with that reported by Bar(l€$8) who mentioned
that grafting lead to a highly developed root system anchaitély nutrient uptake
increase.

Total chlorophyll content in leaf was increased non significabity G2
treatment. This result was in harmony with Calaal, (2012) who reported that
chlorophyll in cucumber leaf was increased due to graftdantrary results were
observed by Abdelmageed al, (2004) that leaf chlorophyll pigment decreased in
grafted tomato as compared with un grafted plants.
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Summary

Methyl Bromide is the most worldwide effective fumigant agaseveral
species of pests. According to Montreal Protocol in 1994 géis contributes to the

depletion of a stratospheric ozone layer.

This trial aimed to find an alternative to Methyl Bromide soiinigant to
control soil-born diseases of the locally and universallgtnmaportant crop. This
might be obtained by the two experiments which werdezhiout in a greenhouse
located in Jabalia Village, North Gaza Governorate, PalesGoueumber cv.
Rocket was used and grown on two autumn-winter seasdrese the two

experiments were carried out during two seasons asvillo

Experiment |

The first experiment was carried out in Octberd®]1-2012 and repeated
aging in the same aforementioned. It was laid out in a caetplendomized block
design with four replications where each replicate contairGeglants spaced at

1.25x0.40m under drip-irrigation system.

The chemical alternative treatments to Methyl Bromide wefel@®ws:
- Treatment. (TO): Control.

- " (T1): Methyl Bromide (MBr).

- " (T2): Covered Metham sodium ( Metjmaeith polyethylene.
- " (T3): Uncovered Metham sodium.

- " (T4): Dichloropropene (Kandor).+r@andazim (Bavistin).
- " (T5): Metham sodium+ Oxamyl (Vydate).

- (T6): Metham sodium + Cadusafs (Rasuper).

- (T7): Metham sodium + Carbendazim (Bavjstin

Results: -

1. The fungusFusarium oxysporunwere isolated from the roots of the

cucumber plants which was showing symptoms of wilt aot rat.
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. Pathogencity test was carried out on soil pollinated vtsarium

oxysporumthat was causing Damping-off for seedling during predst

emergence. The fungus proved the disease ability.

. The different treatments significantly decreaded oxysporumspores
number in both seasons and two depths (20 and 40cmxtmdrol where
treatment metham sodium + cadusafs was significantly sitalddethyl

Bromide.

. All treatments showed, significant lower percentageFofoxysporum
disease index than control where no significant differerneere existed
between T2 and MBr.

. Pre transplanting nematodes number in general was detrbgs¢he

different treatments than control in both seasons and thelépihs where
no significant differences were noticed among MBr and e&dib, T6, T2

and T4.

. Post-transplanting nematodes number was significantly asedeby all
treatments than control in both seasons where MBr wasigoificantly

different in depth 20cm than T2, T4 and T7 in both seaslbnslepth

40cm, treatments T2, T4 and T5 were not significantlyedaffit than MBr
in both seasons.

. Percentage of nematodes index was significantly decrebsedll

treatments than control in both seasons where T2 andefd eonsidered
the best alternatives to MBr.

. Plant length in the three sampling dates (25, 50 and 7¥8)daas
significantly increased than control by all treatments with igaifscant

differences among chemical alternatives and MBr.

. Stem diameter was significantly higher in all treatments thatra@lovhere
only T3, TS and T6 were significantly lower than MBr irceed season

only.

10. Leaf area was significantly increased by all treatmeiatis tontrol in both

seasons where all treatments were significantly similar to &fgct.
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11. Number of leaves plantin general significantly increased in treatments
than control in both seasons without significant prefereaddBr in the
first season only.

12.Plant fresh weight was higher in all treatments which was signify
higher only in T3 and T4 than control in first season withsignificant
preference to MBr in both seasons.

13.Root fresh weight was significantly higher in all treatments t@ntrol in
both seasons where the differences were insignificantly ngmihne
chemical alternatives and MBr.

14.All treatments produced earlier to flower date than conwghout
significant differences among the chemical alternatives and MB

15.Early yield as fruits number and weight plamias higher in all treatments
than control which was significantly higher in the seconds@eaNo
significant changes were noticed among MBr and other naliige
treatments.

16.Total yield as fruit number plahtshowed higher increase in all treatments
than control in both seasons. This increase was significemthe second
season in all treatments where this increase was signifidaigtier in T4,
T2 and MBr in the first season. No significant changesewsyserved
among the chemical alternatives and MBr in first seasorremie same
trend was also true for T2, T4 and T7 in the secoadmse

17.Total yield as fruits weight plantwas significantly increased by all
treatments than control in the second season where thisasecnas
significantly for MBr, T2 and T4 in the first season. Ngnsficant
differences were observed among MBr and the alternagagnents in the
first season while this was also true for T2 and T4 in ¢cersd season,

18.Fruit length and fruit weight were not significantly affected all
treatments than control.

19.Fruit diameters was increased in all treatments in the firsbsedsere the
increase was significantly higher in MBr and T7. No signiftcehanges

were noticed among chemical alternatives and Methyl Bromide.

77



20.Leaf total nitrogen content significantly increased in all treatsx¢han
control in both seasons with no significant changes amonghémical
alternatives and MBr in first season and T3, T4 and T7 énsiécond
season.

21.Phosphorus in leaves in general was significantly highaitl itreatments
than control in both seasons with no significant prefereacé/iBr than
the alternative treatments.

22.Potassium increased in the different treatments than contrdloth
seasons. No significant differences were noticed among Bt the
chemical alternatives in the second season and T2 in thedason.

23.Total chlorophyll was in general higher in all treatments ttantrol in the
two seasons. No significant differences were noticed arviBigand the
chemical alternatives in the second season.

24.Total Soluble solids (TSS) showed no significant changedl inpatments
than control and Methyl Bromide.

25.Fruit titratable acidity significantly increased in the first seasiosn
control in all treatments where only MBr and T4 showed digaificant
increase in the second season. No significant differeweee detected
among MBr, T2 and T4 in the second season while the aftenatives
showed significant lower acidity than MBr in this season.

26.Weeds population density was significantly lowered by altitneats than
control in both seasons where no significant difference® wbserved

among MBr and all chemical alternatives.

Experiment I

It was carried out in the second season only whereroher was transplanted

in October 25, 2011-2012 season. The experiment wadaadsout in a completely

randomized block design with three replications. Each répBcaontained 7 plants

which were spaced at 1.25x%0.40 m. The plants were taagueach grafted onto

two different rootstocks as an alternative to Methyl Bromid®kkswvs:

- Without grafting control (GO0).
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- Grafting onto the rootstocks winter squash hybrid, Tetsukabuto
(Cucurbita maxima«Cucurbite mostchajgG1).

- Grafting onto the rootstock Aurelia cs-2ucurbita maxima(G2).

Results:

1. Percentages of disease index Faisarium and nematodes significantly
decreased in grafted plants as compared with the ungrefiemol. No
significant differences were noticed between the two rodtsiovhere G2
was the best treatment.

2. Plant height and stem width insignificantly increased by the twtstocks
where leaf area was not affected. In addition, G2 pratitlee insignificant
heaviest plants where this treatment resuled in the significghést leaf
number plarit.

3. Root fresh weight was significantly increased by the twdstooks. Root
dry weight decreased in G1 than GO and G2 and dry wéfgkvas not
significantly affected.

4. No significant differences were noticed in flowering datee da the
rootstocks.

5. Early yield as fruits number plahind fruits weight plaftinsignificantly
increased in grafted plants while total yield as fruit numdoed fruits
weight plant was increased significantly due the two rootstocks without
significant difference between them.

6. The two rootstocks did not affect fruit length and diametewit Fresh
weight was significantly higher in grafted plants where Galpced the
heaviest fruit.

7. The two rootstocks did not significantly affect fruit TSS wehditrtable
acidity significantly was increased by G1. Fruit dry weight Was
insignificantly increased by grafting.

8. Nitrogen and potassium in leaves increased significantly aftegt plants

without significant differences between the two rootstocks sigaificant
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differences were also observed in leaves phosphonisrdoof grafted and
ungrafted plants.
9. Total chlorophyll content of leaves was not significantly gezhdue to

grafting, where G2 showed the highest chlorophyll content

Under Gaza Strip conditions, we can recommend to userembvaetham
sodium with polyethylene or Dichloropropene (Kandor) ¥b@adazim (Bavistin),
and/or grafting onto the rootstock Aurelia cs-€u¢urbita maximp as an

alternatives to Methyl Bromide to control soil-born diseases.
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