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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 alternatives 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 (T0). Second experiment: ungrafted control (G0), grafting into winter squash hybrid rootstock
Tetsukabuto (Cucurbita maxima × Cucurbite mostchate) (G1) and grafting into winter squash hybrid
rootstock Aurelia cs-2 (Cucurbita maxima) (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 revealed that Fusarium oxysporum was 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. oxysporum spores.
Chemical alternatives significantly decreased percentage of F. oxysporum disease 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
alternatives where T2 and T4 were significantly similar to MBr. Plant fresh weight, stem diameter,
plant length, leaf area, number of leaves plant-1 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-1 were significantly increased by all treatments than control without significant differences
than MBr and the alternatives in 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 Fusarium disease index and nematodes. Plant
height and plant weight were increased by grafting where G2 produced a significant higher leaves
number plant-1. 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-1 insignificantly
increased by grafting where total yield as fruits number or weight plant-1 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 alternatives to MBr and /or grafting
onto winter squash hybrid rootstock Aurelia cs-2 (Cucurbita maxima).
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INTRODUCTION

Methyl Bromide has been used around the world since the 1930s as a pre
planting soil fumigant to control nematodes, insects, pathogens, and weeds. It is the
method of choice of many pesticide applicators for its rapid action and broad
spectrum of activity. Under Montreal protocol in 1992 it was listed as an ozonedepleting substance. By 2015, all countries are obliged to stop using Methyl
Bromide and alternatives must be used (Bell, 1996 and Hildebrand, 2004).
The fumigant Methyl Bromide is an extremely efficient deplete of ozone by
causing O3 to lose one oxygen atom and becomes O2 in repetitive actions (Butler
and Rodriguez, 1996). Each bromine atom from Methyl Bromide destroys about 60
times more ozone molecules than each chlorine atom from CFCs (Bell, 1996).
Cucumber (Cuccumis sativus L.) is belonging to cucurbitaceae family, which
contains many major vegetable crops including summer squash, pumpkin and gourd
bottle. The crop is considered as one of the most important crops in Palestine. It has
a valuable nutritional value, where it is accepted by the consumers. Cucumber is an
exporting crop in Palestine where the production average of one greenhouse (2000
plants 1000-1 m2 ) reached about 8-10 tons according to Palestinian Ministry of
Agriculture (P.M.O.A, 2010).
The area of the cucumber in Palestine reached 32,348 donoms with a
productivity of about 208,182 tons where the area of the greenhouses in Gaza
governorates reached about 4,979 donoms with a productivity of about 37,117 tons
according to Palestinian Central Burean of Statistics (PCBOS, 2009).
Cucumber is affected by fungal diseases such as damping-off, root-rot and
wilt. Fusarium wilt is a common threat to cucumber and other members of
cucurbitaceae plants. This disease tends to cause more damage to young seedlings
of cucumber and other species of cucurbit crops than in mature cucumber plants.
Fusarium wilt causes damping off, reducing yield and the fruit quality (Kirbag and
Turan, 2005). Nematodes also affect the growth, production, and fruit quality
1

Dervan et al., (2010). Nematodes caused large losses on the global level which was
estimated by100 milliard $ year-1. (Sasser, 1987).
Cucumber is also infected with other diseases i.e. anthracnose, downy
mildew, gummy stem blight, scab, belly rot, target leaf spot, bacterial disease i.e.
angular leaf spot and bacterial wilt, viral disease i.e. CMV; WMV and ZYMV; and
nematode disease i.e. root-knot (Hanam et al., 1978).
Nematocides sells reached 500 millions $ year-1, where 50% of these
chemicals were used to control melodogens (Nordmeyer, 1990).
Vascular wilts are among the most destructive plant diseases that occur in
annual crops as well as in woody perennials. These diseases are generally caused by
soil-borne bacteria, fungi, and oomycetes that infect through the roots and enter the
water-conducting xylem vessels where they proliferate and obstruct the
transportation of water and minerals. As a consequence, leaves wilt and die, which
may lead to impairment of the whole plant and eventually to plant death (Koste et
al., 2013).
Fusarium causes several diseases in plants of the cucurbitaceae. Some
species of Fusarium are responsible for vascular wilts, such as the crop-specific
disease Fusarium wilt of melon which is caused by F.oxysporum f. sp. melonis.
Another Fusarium species, F. solani f. sp. cucurbitae, causes a crown and foot rot
of summer squash and pumpkin, and a fruit rot of pumpkin. Still other Fusarium
species are responsible for preharvest and postharvest fruit rots of assorted cucurbits
(Egel and Martyn, 2007).
Fusarium oxysporum is responsible for Fusarium wilt in cucurbit crops due
to its chlamydospores that can contaminate the soil and infect new plants. The small
spores may also spread to other areas of the garden through wind and pests. The
striped cucumber beetle spreads the fungus from one plant to another, as it feeds on
the roots of the cucumber seedlings (Paul and Noel 2002).
Initial symptoms often include a dull, gray green appearance of leaves that
precedes a loss of turgor pressure and wilting. Yellowing of the leaves and finally
2

necrosis follow wilting. The wilting generally starts with the older leaves and
progresses to the younger foliage. Initial symptoms often occur as the plant is
beginning to vine and wilting may occur in only one runner leaving the rest of the
plant apparently unaffected (Vatchev, 2007 ).
The present study was conducted to find an alternative to Methyl Bromide to
control soil-born diseases of cucumber plants where the following points were
included for this purpose.
1. Isolation of F. oxysporum which is the causal agent of dampig-off on
cucumber.
2. Effect of six chemical treatments i.e. metham sodium + covered polyethylene
sheets; Metham sodium; dichloropropene (Kandor) + carbendazim; metham
sodium + Oxamyl (Vydate); metham sodium + cadusafs and metham sodium
+ carbendazim, on the percentage of nematodes disease index, yield,
vegetative growth parameters of cucumber plants and weeds population
density.
3. Grafting cucumber plants on two cucurbit hybrid rootstocks as a root disease
biological control.

3

REVIEW OF LITERATURE
Experiment I

1. Disease symptoms
Owen (1959) reported that the wilt fungus is soil-borne and attacks cucumber
plant at all stages of development. Seedling damping-off is common and often is
very severe on heavily infested soil. Cucumber seeds planted in soil infested with
the wilt fungus may be attacked as soon as they germinate and killed before the
young seedling reaches the surface. This type of infection is of common occurrence
during periods of cool weather when the seeds take longer than normal to spurt and
emerge. Three to five days after emergence young infected seedling become dull
green and damp-off. The disease in this stage is similar to that is produced by many
of the damping-off fungi. Infected roots become tan-colored and the young seedling
topple over and die. Infection of plant which have not yet developed runners usually
results in the wilting of the entire plant. On more mature plants with runner, a single
running branch occasionally wilts and the other runners follow and the wilting of
the entire plant take place. Wilting occurs over a period of 3-5 days with the
infected often partially middle of the day. Finely the runners the entire plant
collapse and die.
Jarvis et al., (1975) found that in tomato (Lycopersicon esculentum Mill.)
infected plants with the crown and root rot fungus F. oxysporum f. sp. radicislycopersici Jarvis and Shoemaker where the pathogen is limited to the discoloured
sites on the roots and stem. While in infected tomatoes with the Fusarium wilt
pathogen, F. oxysporum f. sp. Lycopersici, where the pathogen is solely systemic in
its host.
MacHardy and Beckman (1981) reported that, its only that the pathogen F.
oxysporum f. sp. lycopersici emerges from the vascular tissues.

4

Gerlagh and Blok (1988) reported that F. oxysporum. f. sp. cucumerinum is
generalty host specific to cucumber with musk melon (Cucumis melo L.) and
watermelon (Citrullus vulgaris). They are being slightly sensitive to F. oxyspourm.
sp. radicis cucumerinum (FORC) which infects several cucurbit species. It with
cantaloupe (Cucumis melo L.) cv. king is especially sensitive.
Parry (1990) found that when cucumber is infected with F. oxysporum. f. sp.
cucumerinum, the fungus enters through the roots and restricts the vascular tissues
until plant death. On the other hand cucumber is infected with FORC where the
pathogen develops on the exterior of the plants as well as within cortical and
vascular tissues of alive plant. He found that, the general symptom of root and stem
rot begins with the tap roots of young plants showing a slightly reddish
discoloration which later becomes dark red to brown, and can cover the tap root and
stem below the soi1 line. Longitudinal lesions appear along the main root, while the
smaller lateral most are killed. The lesions can extend above the soi1 line on the
stem, and often they have pink, orange or red discolorations. Occasionally, infected
plants develop secondary roots and a large number of rootlets just beneath the soi1
line where these roots are under favorable moisture conditions. This may be
sufficient to support the plant to maturity and to produce an acceptable crop yield.
However, infected plants usually die with or without wilt symptoms. Fusarium root
and stem rots become more severe under conditions of low temperature, periodic
drought or excessive soi1 moisture, herbicide, and soi1 compaction .
Vakalounakis (1996) reported that, Fusarium wilt of cucumber is the most
severe at high soi1 temperatures (29°C), while Fusarium root and stem rot of
cucumber has been reported to be favored at lower soi1 temperatures (17°C). He
reported that Fusarium root and stem rot disease on greenhouse cucumber (Cucumis
sativus L.) has only been reported in Greece, during the 1989-90, where the disease
was limited to a few greenhouses on the island of Crete. Since then, the pathogen
has spread to most of the other growing regions of Crete island, with severe losses
occurring only 3 years after first being reported.

5

Agrios (2004) reported that when cucumber is infected with the Fusarium
wilt fungus, the leaves of infected plants or parts of infected plants lose turgidity,
become lighter green to greenish yellow, turn yellow, then brown, and die. Young
tender shoots also wilt and die. The distinctive and essential feature of all wilt
diseases is the colonization and browning of the vascular tissues. Wilting is caused
by a number of different factors. The xylem vessels become clogged with
mycelium, spores and polysaccharides which is produced by the fungus, block the
flow of water from the roots to the leaves. In addition, toxins secreted by the fungus
may be carried to the leaves, where they cause reduce in chlorophyll synthesis
photosynthesis, and dissipate leaf cell membranes. He reported that several
Fusarium species, primarily Fusarium solani and also some form specials of F.
oxyspourm, cause rotting of roots, lower stems and crowns and rotting of seeds and
seedlings (damping-off).
Vakalounakis & Fragkiadakis (1999) found that root and stem rot of
cucurnber is believed to be caused by a new form of F. oxyspowm, presently
designated F. oxysporium f. sp. Radicis cucumerinum (FORC). He reported that F.
oxysporium f. sp. Radicis cucumerium, which causes Fusariurm wilt is wide-spread.
However, this pathogen is not believed to be the causal agent of Fusarium rot and
stem rot as indicated by host range studies. syrnptomology, vegetative compatibility
studies, and random amplified polymorphic DNA (RAPD) analysis.
Raymond (2001) reported that Fusariurm spp symptoms include wilting of
plants at the fruit-bearing stage and during hot weather. There is yellowish or buff
discoloration of the outer tissues of the crown of plants, however the white cottonygrowth known as fungus mycelium is not evident at this time. The fungus colonizes
the cucumber stem beyond the visible disease symptoms where the advanced stages
of the disease involve progressive upward colonization of the stem.
Edward (2004) reported that Fusarium wilt symptoms develop in one or
more lateral vines and starting at the tip. In wet weather, a white to pink fungal
growth may be visible on the surface of the dead stems. On a section of the main
stem، cut back the epidermis and cortical tissue (bark) are slightly above the soil
6

line. If Fusarium wilt is present, you will see a light brown discoloration of the
vascular tissues (the food- and water-conducting vessels).
Vatchev (2007) reported that a pale yellow lesion on the stem base was often
the first disease symptom most likely to occur 6-8 weeks after sowing. Later in the
season, necrosis progressively expanded until the entire crown area and basal part of
the stem partly disintegrated into light orange-brown rot. Under moist conditions,
the rotten tissues were over-grown with white mycelium which later became
pinkish-orange due to external spore formation of Fusarium oxysporum.
Symptomatic plants suddenly wilted during the first sunny weather to come,
collapsed and died. Examination of the roots revealed yellowish-brown
discoloration and rot in the cortex and xylem. Vascular yellowish to light brown
discoloration extended up the stem and was especially noticeable in the leaf nodes
on the lower.
Moharam and Negim (2012) reported that, bio-control of Fusarium wilt
disease in cucumber could be achieved by improvement of growth and mineral
uptake using some antagonistic formulations.

2. Isolation of the causal organism
Owen (1959) isolated that F. oxysporum f. cucumerinum from cucumber
plants that were cultivated in Florida State, USA.
Saponaro et at.(1985) isolated F. oxysporum f. sp. lycoprersici and
Verticillium dahliae from wilted tomato plants in south central of Italy. They found
that all the tested isolation by inoculating differential hosts were belonging to race.
Paternotte (1987) isolated F. oxysporum f.sp. cucurbitae from Courgette.
El-Shami (1990) isolated three isolates F. oxysporum f.sp. lycoprersici from
diseased tomato plants which were collected from Sharkia, Kalubia and Ismailia
Governorates, Egypt.
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Khalil (1992) found that the isolation trials from tomato plants suffering
from vascular wilt disease, where F. oxysporum f.sp. lycoprersici was the most
frequent fungus.
Peikun (1995) and Sultan (1995) isolated F. oxysporum from watermelon in
Jordan.
Awad (1996) isolated some fungi belonging to six genera from diseased
tomato plants. The F. oxysporum was the most frequent fungus which was followed
by Verticillium spp.
Raymond (2001) isolated Fusarium oxysporum f. sp. radicis-cucumerinum,
was first observed in Greece and the Netherlands.
Martínez et al., (2002) isolated F. oxysporium from cucumber in several
commercial greenhouse in south- eastern, Spain.
Zakaria et al., (2010) isolated nineteen isolates of F. solani where two
isolates of F. oxysporum and one isolate of F. verticilioides were identified. Using
the soil dilution technique, only two isolates of F. solani were obtained from two
soil samples. Nine isolates of F. solani were recovered via direct isolation, while the
soil sample yielded no Fusarium isolates.
Moharam and Negim (2012) isolated 15 strains of Fusarium oxysporum
which were pathogenic on cucumber in Sohag Governorate, Egypt.
Siti et al., (2012) isolated Fusarium spp from soil which cultivated with
cucurbits in East Coast, peninsular Malysia.

3. Pathogenicity test
Ruci (1986) revealed that among ten tomato cultivars inoculated with a spore
suspension of an isolate of the causal organism (F.oxysporum f. sp. lycoprersici )
where two of them have a considerable level of resistance against the tested isolate.
This type of resistance is due to the presence of gene I-1. Also it was noted that a
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period of 33 days after inoculation was sufficient for distinguishing the resistant
plant from the susceptible one.
Paulitz et al., (1987) reported that, three isolates of F. oxysporum were
screened for pathogenicity and biological control activity against Fusarium wilt of
cucumber in raw soil infested with Fusarium oxysporum f. sp. cucumerinum
(F.o.c.). The influence of the three isolates was effective in inducing
suppressiveness and three ineffective isolates on disease incidence over time was
tested.
Ramsey et al., (1992) tested twenty two isolates of Fusarium oxysporum for
their pathogenic capability under the greenhouse condition. Isolates of F.
oxysporum f. sp. lycoprersici were identified to the race level using the
pathogenicity test on four different cultivars of tomato, i.e. Gorsse Lisse, Scorpio,
Floradad and Delta Tristar. They also added that, the greenhouse conditions affected
the disease severity even when low concentration of the inoculum (106 conidia ml-1)
was used.
Sultan (1995) reported that eight isolates of Fusarium oxysporum proven
pathogenic, were chosen to represent the various clonal types and various
gerographical locations of watermelon growing areas in Jordan.
Valenzuela-Ureta et al. (1996) indicated that most of the tested isolates of F.
oxysporum f. sp. lycoprersici were capable to infect tomato cvs Ep7 and pakmor.
There was no commercial tomato hybrids having resistance gene against the
aggressive (race-3) of the causal organism.
Raymond (2001) reported that cucumber and muskmelon are very
susceptible for Fusarium. Watermelon is also susceptible while pumpkin and
squash show only mild symptoms. Pepper and tomato did not show the aforesaid
disease symptoms.
Martínez et al., (2002) reported that in greenhouse of the tested isolates,
87.5% were pathogenic, causing wilt symptoms or death in 60 to 100% of dip9

inoculated plants, from which F. oxysporum was consistently reisolated. Symptoms
observed in inoculated plants were similar to that observed in cucumber plants in
commercial greenhouses. This is the first report of F. oxysporum causing Fusarium
wilt of cucumber in Spain.
Fernandez (2005) reported that F. culmorum and F. graminearum were the
most pathogenic species where the former was more pathogenic than the latter.
Each of F. equiseti and F. poae were the least pathogenic species, whereas F.
avenaceum had intermediate pathogenicity in the head and seed tests, but had low
pathogenicity in the seedling test. There was a similar pathogenicity among isolates
of each Fusarium species from different sources to heads and ground/underground
plant parts, indicating a lack of adaptation of these isolates.
Vatchev (2007) reported that root-dip inoculation tests conducted on 15-day
old cucumber plants confirmed the pathogenicity of all available isolates of F.
oxysporum designated as f. sp. radicis-cucumerinum of totally 57 isolates tested
where 44 caused both wilt and root and stem rot in at least one of the three
cucumber cultivars used in the tests.

4. Effect of soil treatment with chemical alternatives on survival of F.
oxysporum in infected cucumber plant
Owen (1959) reported that the fungus causing Fusarium wilt is a soil-borne
disease. When the fungus is present in the soil, it remains there for several years
growing as a saprophyte on dead organic matter. It is capable to infecting cucumber
planted in this soil after 5 years later. If cucumber is being grown year after year in
infested soil, the pathogen increases and after three or more consecutive seasons it
is no longer profitable to raise cucumbers on that soil.
Costache et al. (1980) found that, Benlate (benomyl 50% WP), Bavistin
(carbendazim) 50% WP and Derosal (carbendazim 60% WP) at the rate of 0.05 0.1% were the most effective fungicides against the pathogen.
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Dwivedi and pathak (1981) stated that, Bavistin (carbendazim), Dipolatan
(captafol) and Captan caused an inhibition of the fungal population, 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, it
significantly reduced the "corky-root like" banded lesions on roots in midseason,
promoted early plant growth and increased yield in fields infected with this disease.
Etebarian (1992) reported that, Iprodione + Carbendazim, Benomyl and
Carbemdazim at 100 p.p.m. inhibited the fungal growth in vitro after 10 days. On
the other hand, data of soil drenching with these chemicals indicated that Benomyl
at 10 ppm, was the best followed by Iprodione + Carbendazim and Carbendazim.
Abugnima and Alnusiri (1993) reported that, soil is infected with several
soil-born diseases such as Fusarium oxysporum that causes wilt in the family
cucurbitaceae. In this issue, it can attack the seedling causing the death before or
after germination. In mature plants, it resulted in wilting which accompanied with
yellowish leaves, stunting and recite wood vessiles with orange-red, and plants
yield small fruits. Both carbendazim and benomyl are used to control the disease.
Noling and Becker (1994) Reported that, metam sodium reduces soil diseases
such as Rhizoctonia, Fusarium, Pythium, Phytopthora, Verticillium, Sclerotinia.
Metam sodium is also useful in Integrated Pest Management systems, on tomatoes,
strawberries, and peppers.
De Cal et al., (2004) noticed that, all the fumigants reduced the soil fungal
population quantities.
Fernandez (2005) reported that, the observations cleared that Fusarium
inoculum in infected seed or plant debris might infect plants at or below soil level.
This then could become a source of inoculum for infection of heads in the following
season(s). Survival of fungal inoculum in underground parts of plant might be
important during dry conditions.
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Ingham et al., ( 2007) found that, metham sodium could reduce propagules
of soil-born pathogenic fungi, particularly Verticillium dahlia.
Zakaria et al., (2010) reported that, debris plating produced the most isolates
of Fusarium. They added that, the nineteen isolates of F. solani, two isolates of F.
oxysporum and one isolate of F. verticilioides were identified. Using the soil
dilution technique, only two isolates of F. solani were obtained from two soil
samples. Nine isolates of F. solani were recovered via direct isolation, while the soil
sample yielded no Fusarium isolates.
Weiland et. al., (2011) reported that Methyl Bromide and four fumigated
treatments reduced soil populations of Fusarium and Pythium for 7 months after
fumigation and resulted in seedlings with significantly less pathogen colonization
than those from the non fumigated.
Siti et al., (2012) collected cucumbers plant debris which was suspended in
the running water for 24 hours with sieve as a separator to remove the soil particles
that might be attached to debris. Then, the debris was air-dried on sterile paper and
placed on the surface of PPA medium. Both direct plating and debris plating
techniques were used for the qualitative data.
5. Effect of soil treatment with chemical alternatives to methyl on nematodes
population
Kheir et al., (1983) reported that, when using Vydate (Oxamyl) to control
root knot nematode Meliodgyne javanica in green house, nematodes population
density could be decreased.
Osman and Farahat (1983a) reported that applying the Vydate (Oxamyl) on
the tomato to control nematode Pratylenchus penetrans, resulted in a decrease of
nematode which led to increase shoot system.
Osman and Farahat (1983b) found that, the decrease of root knot is an
evaluation for the impact of using the Vydate (Oxamyl) spray on tomato and okra.
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Osman and Yassin (1983) reported that, when testing the Temik (Aldicarb),
Furadan (Carbofuran) and the Vydate (Oxamyl) on watermelon and cucumber in the
field, occurred a considerable decrease in the percentage of root knot (Meliodgyne
spp).
Stephans et al., (1988) concluded that, testing Methyl Bromide alternative
such as Vydate (Oxamyl) at a concentration of 7 liter ha-1 and Methyl Bromide at
40kg ha-1 in a very polluted soil with nematode root knot Meliodgyne javanica,
resulted in a control of the root-knot in cucumber and eggplant.
Korayem and El-Sisi (1989) clarified that, using the organic pesticide
phosphor and carbamte such as Vydate (Oxamyl) on tomato resulted in an efficient
increase in root knot control by 11.3% and 4.1% with iron and zink addation
comparison with untreated in green house.
Elshami (1990) indicated that, soil solarization was more efficient than
fumigation with Methyl Bromide in reducing wilt disease severity on tomato plants
under the Egyptian condition. They also found that, mulching with transparent
polyethylene of 40µm for 2, 4 and 7 weeks in three successive season led to an
increase in plant growth and fruit yield in the artificial infested soil with the
pathogen. Each of root and shoot length, fresh and dry weight were also increased
than that was recorded in the unmulched infested soil.
Stephens et al., (1999) reported that, metham sodium reduced the incidence
with nematode (Meloidgyne spp) and pythium.
Amin et al., (2002) studied the joint impact of pesticide with the organic
materials to control nematode root knot Meliodgyne incoganita in banana. Results
revealed that, mixed Vydate (Oxamyl) and Cadusafs (Ragby super) led to decrease
the efficiency of these pesticides when mixed with the organic materials in the field.
Emmanuel (2003) found that, the Methyl Bromide treatment significantly
reduced root galling and eggplant production compared to other treatments such as
application of the fungus Pochonia chlamydosporia, oxamyl and fenamiphos.
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Nematicides reduced nematode densities compared with untreated controls and the
fungus treatment, but they were less effective than Methyl Bromide.
Giannakou and Karpouzas (2003) reported that, Metham sodium and 1,3dichloropropene (1,3-D) proved to be good control of nematode populations when
their application is followed by the application of a non-fumigant nematicide such
as Cadusafos or Oxamyl.
Gilreath et al., (2004) reported that, 1,3-D+Pic have shown that soil-borne
pest control with volatile fumigants was improved when highly retentive
polyethylene is mulch used to cover planting beds. Thus, increasing pest exposure
to leathal doses of fumigation.
James et al., (2004) found that, Methyl Bromide alternatives were effective
in controlling of root diseases. The results produced by the alternatives 1,3dichloropropene as a soil fumigant for crop option are of great success as compared
to Methyl Bromide.
Karpouzas et al., (2004) found that, metham sodium and Cadusafos could
stop nematode activities.
Giannakou and Anastasiadis (2005) obtained a significant reduction of
nematode juveniles and root-galling index which was observed in plots treated with
either metham sodium and Cadusafos or 1,3-dichloropropene and Cadusafos.
Estiphan et al., (2006) observed that, using Vydate (Oxamyl) and Cadusafs
(Ragby super) to control nematode root knot on cucumber, eggplant and beans with
the recommended concentrations led to a significant decrease in the population of
nematodes.
Desaeger and Csinos (2006) noticed that, fumigants combinations of 1,3-D,
chloropicrin and metham-sodium were as effective as Methyl Bromide in
controlling Meloidogyne incognita, M. chitwood, Pythium irregulare Buis.,
Rhizoctonia solani Kuhn and Cyperus esculentus L.
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6. Effect of soil treatment with chemical alternatives to Methyl Bromide on
vegetative growth and yield of cucumber plant
Oteifea and Osaman (1974) concluded that, two sprays of Vydate (Oxamyl)
on tomato at 7.5 liter ha-1 to control nematode Pratylenchus reniformis, led to
increase in the total yield .
Osman and Yassin (1983) found that, using the Temik (Aldicarb), Furadan
(Carbofuran) and the Vydate (Oxamyl), could increase the percentage of yield by
254% and 422% in comparison with control in watermelon and cucumber.
Kheir et al., (1983) reported that, when using Vydate (Oxamyl) to control
root knot nematode Meliodgyne javanica in green house, nematodes population
density could be decreased. It was also observed that plant hight and yield
increased.
Stephan et al., (1988) indicated that, Vydate (Oxamyl) with a concentration
of 7 liter ha-1 and Methyl Bromide with a concentration of 40kg ha-1 in a very
polluted soil with nematode root knot Meliodgyne javanica enhanced production
and growth of cucumber and eggplant in comparison with non-treated control.
Elshami (1990) indicated that, soil solarization was more efficient than
fumigation with Methyl Bromide in reducing wilt disease severity on tomato plants
under the Egyptian condition. They also found that, mulching with transparent
polyethylene of 40µm for 2, 4 and 7 weeks in three successive season led to an
increase of plant growth and fruit yield in the artificial infested soil with the
pathogen. Fresh and dry root of weight and shoot length, were also increased than
that those recorded in the un mulched infested soil.
Giannakou et al., (2002) founded that, the alternatives to Methyl Bromide
such as metham sodium could reduce the density of nematode population and lead
to increase production of cucumber.
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Emmanuel (2003) found that, Methyl Bromide led to the increase in total
crop production compared to other treatments and MBr was as well as oxamyl
treatment.
Desaeger et al., (2006) reported that, fumigants combinations using 1,3-D,
chloropicrin and metham-sodium on squash achieved high yield increase as
compared with untreated control.
Estiphan et al., (2006) concluded that, using Vydate (Oxamyl) and Cadusafs
(Ragby super) to control nematode root knot on cucumber, eggplant and beans. The
recommended concentration led to increase the quantity and quality of yield.
Bielinski et al., ( 2007) studied of alternatives to Methyl Bromide, such as
1,3-dichloropropane on early production in strawberries showed significant
differences between the treatment and untreated control.
Ingham et al., ( 2007) concluded that, the use of metham sodium improved
potatoes yield. Metham sodium could reduce propagules of soil-born pathogenic
fungi, particularly Verticillium dahliae, to prevent yield loss caused by potatoes
early dying disease.
López-Aranda et al., (2009) reported that 1,3-D plus chloropicrin (CP) at the
300 kg ha-1 could provide effective control of several pests. The CP fumigation
resulted in a high strawberry yield similar to that provided by MBr.
Qiao et al. ( 2010) reported that, the effect of 1,3-D at 180L ha-1 increased
and gave high quality of tomato yield. They observed that, 1,3-D at 180L ha-1 was
as effective as MB in increasing plant tomato height, vigor, and yield. In addition,
it reduced the incidence of soil-born disease, especially in maintaining excellent
nematode control efficiently, but it provided relatively poor control for weeds.
Porter et al., (2000) noticed in a pot study that, there was a positive
correlation (r=0.815) between the concentration of ammonium in soil and the total
fresh weight of Calendula plant at 48 days after fumigation. The result suggests that
the observed IGR in Calendula may be partly attributable to the altered N levels
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following fumigation and the effect of the altered microbial population on
conversion of nitrogen in soil.
7. Effect of soil treatment with chemical alternatives to Methyl 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 showed an improvement
in the availability of nutrients, particularly potash. Species used in the trial were
Pinus radiata, P. nigra, Pseudotsuga taxifolia, Larix decidua and Picea sitchensis.
Singhal and Singh (1977) that, nemagon at 0.2 ml kg-1 of soil produced
optimum significant availability in ammonium nitrogen with all fertilizer treatments
from 30 to 45 days. All doses of the fumigant resulted in an initial positive response
to phosphorus availability, where the influence then declined. The results have been
explained on the basis of solubilisation caused by microbial activity. Both were in
amended and unamended soil where potassium availability generally increased with
of time elapse. Fluctuating responses due to changes in the biological activity were
produced with increase in the dose of the fumigant.
Gupre et al., (1982) reported that, a greenhouse study was conducted to
determine the effects of fumigation of soil with Methyl Bromide on the nutrient
concentration of alfalfa (Medicago sativa L.) and timothy (Phleum pratense L.). Soil
fumigation significant increased the yield of timothy, but not of alfalfa. The plant
tissue concentrations of P, S, Mo, Mn and Zn in both crops were increased
significantly when compared to non-fumigation.
Buttery et al., (1988) found that, fumigation lowered P concentration in leaf
tissue of snap bean (Phaseolus vulgaris L.) and Soybean (Glycine max) in −PK
plots but not in +PK plots. Fumigation increased seed yield in +PK plots, but
lowered yield in −PK plots. The effect of fumigation on yield could be explained by
destruction of the vesicular arbuscular mycorrhiza (VAM) which were beneficial in
−PK plots (by aiding uptake of P), but, fumigation was not beneficial in +PK plots.
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Cook and Veseth (1991) found that, the phenomenon of plant growth
increase (IGR) came by three explanations for: 1) it is a response to the nitrogen,
phosphorus, and other nutrients that is released from the microbial 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 heading is due to the greater
uptake of phosphorus where the taller plants and greater tillering that translates into
more heads. Hence higher grain yield is likely due to greater uptake of nitrogen, not
is because the fumigant releases more nitrogen. It is because of the crop with
healthy roots which are better able to use and make a greater demand on the
available nitrogen.
Chris et al., (1996) reported that, after 22 days of sampling, the non
fumigated soil samples contained more NO3-N than those fumigated with either
Methyl Bromide or metham sodium. This indicates that soil fumigation, regardless
of the type of fumigant used, did not slow nitrification and less NH4-N was being
converted to NO3-N. The decrease in nitrification suggests that producers using
fumigants may need to adjust their starter fertilizer applications on vegetable crops
which are sensitive to N form.
Duan et al., (2010) that, content of available P and K in rhizosphere of
infected cucumber plants decreased by 16.3% and 16.8% respectively compared
with the healthy cucumber. There was no significant difference between healthy and
infected cucumber on the value of available N, organic matter, soluble salt and pH.
It indicated that the content of available P and K had relationship with incidence of
cucumber fusarium wilt. The number of bacteria decreased by 16.9%, while fungi
increased by 56.1%, compared with healthy cucumber plants. In this concern,
Fusarium solani and Cladosporium oxysporum increased by 366.15% and
2201.85% in infected cucumber plants.
Porter et al., (2000) that, the increasing in growth rate of Calendula may be
partly attributable to the altered N levels following fumigation and may be also due
to the effect of the altered microbial population on conversion of nitrogen in soil.
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Edson et al., (2012) reported that, nutrient accumulation in eight species of
weeds (Ageratum conyzoides L., Bidens pilosa L., Cenchrus echinatus L., Conyza
bonariensis L.,

Echinochloa

crus-galli L., Eleusine

indica L. Ipomoea

grandifolia L. and Lolium multiflorum L.) and in bean and corn crops grown for 50
days in a substrate fumigated with Methyl Bromide. Assessments of nutrients were
carried out after 50 days seedling emergence. A positive effect of soil fumigation
was observed on the accumulation of nutrients in monocot weeds in relation to
dicots. Conyza bonariensis was the most affected by soil fumigation, with levels
accumulation of nutrients approximately 50% lower than plants grown in normal
soil. We also observed a 20 and 30% lowering in phosphorus accumulation
in Bidens pilosa and Conyza bonariensis, respectively, when grown in the sterilized
soil.
8. Effect of soil treatment with chemical alternatives to Methyl Bromide on
weeds population density in bed of cucumber plant
Noling and Becker (1994) reported that, metam sodium was registered for
controlling a wide array of soil-borne pests, and can be used to control weeds (e.g.,
annual bluegrass, bermuda grass, chickweed, dandelion, ragweed, henbit, nutsedge,
and wild morningglory.) in tomatoes, strawberries, and peppers beds.
Ajwa et. al. (2003) found that, 1,3-D, chloropicrin, and metam sodium
application as afumigants through the drip irrigation system on strawberry could
decrease weed population density. Production were significantly greater in all
fumigation treatments compared with the non fumigated ones.
De Cal et al., (2004) tested various alternatives to Methyl Bromide in
Spanish strawberry nurseries. They found that Chloropicrin (Pc) and 1,3-D were
comparable to Methyl Bromide for soil borne disease control. However, 1,3-D+Pc
were active against troublesome weeds, such as nutsedge (Cyperus spp.) which
has been somewhat inconsistent.
Gilreath et al., (2004) reported that, when examining weed control by dose of
C-17 in combination with pebulate, the data revealed that there were no differences
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between 240 and 392 kg/ha of C-17 in the mixtures, with average weed densities of
3, 11, 39, and 45 plants/m-2 at 33, 55, 77, and 99 DAT, respectively. They added
that pebulate to MNa improved weed control throughout the season in relation to
MNa alone. With regard to the comparison between MITC-generators, dazomet
presented better weed control than MNa alone, with densities average of 403 and
555 plants m-2 at 99 DAT, respectively.
Desaeger and Csinos (2006) reported that, fumigants combinations using 1,3D, chloropicrin and metam-sodium on squash reduced the growth of weed such as
Cypreus esculentus.
Experiment II
1. Effect of grafting rootstocks on the soil born diseases of cucumber plants
Harrison and Burgess (1962) noticed that, the most common soil disease as
Fusarium oxysporum was controlled by grafting. Rootstocks for cucurbit crops
include Lagenaria siceraria (Molina) and Cucurbita moshata (Duchesne ex. Poir) ×
C. maxima (Duchense ex. Lam.) hybrids. Both of which are highly resistant to F.
oxysporum affecting these crops positively. In addition, fusarium wilt can also be
controlled in tomato by resistant rootstocks .
Bradley (1968) noticed that, grafted tomatoes in New Zealand were able to
reduce levels of corky root-rot, caused by Pyrenochaeta lycopersici, leading to a
highly developed root system and ultimately increased nutrient uptake.
Ferris (1985) showed that the susceptible melon cv. Durango grafted onto C.
metuliferus, performed well under high nematode population densities.
Lee (1994), McMahon et al., (2005) and Oda et al., (1997) reported that,
inter-specific grafting have been widely used in fruit production for managing soilborne diseases.
Lee (1994) reported that, grafting was used to avoid or reduce the soil-borne
disease caused by F. oxysporum, where the reasons for grafting of vegetables have
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increased dramatically. Watermelons, other melons (Cucumis spp.), Oriental
melons, cucumbers, tomatoes and eggplants are commonly grafted onto various
rootstocks, especially for those cultivated in greenhouses.
Grimault and Prior (1994) illustrated that, grafting has proven to be highly
efficient in controlling bacterial wilt in tomato.
Ioannou (2001) found that, grafting with resistant rootstock was effective
against Verticillium dahliae and root-knot nematodes in tomato. He reported that,
grafting onto cucurbits and members of the Salanaceae family is used to control
root-knot nematodes, bacterial wilt, and other soil-borne pathogens, as an
alternative to fumigation by Methyl Bromide soil.
Bletsos et al., (2002) found that, grafting for eggplant could be used as an
alternative method to MBr in controlling Fusariam wilt or Vertcillium wilt.
Rahman et al., ( 2002) found that grafting of eggplant onto rootstocks may
provide resistance to root-knot nematodes for eggplant production.
Giannakou and Karpouzas (2003) concluded that, grafting onto resistant
rootstock is successful for cucumber against root-knot nematodes (Meloidogyne
spp.) in Greece. They found that, grafted cucumbers grown in Greece showed
resistance against root-knot nematodes.
Sakata et al., ( 2003) used grafting rootstock for watermelon to resist F.
oxysporum f. sp.
Yetisir and Sari (2003) stated that, grafting of watermelon enhanced yield
which often increased without the presence of these identified stressors.
Abdelhaq (2004) reported that, grafting in Morocco is commercially used to
control root-knot nematodes and other soil borne diseases in over 2000 ha of
greenhouse grown with tomato, melon and watermelon.
Bletsos (2005) reported that, grafting can be used as an excellent
management technique for soil nematodes diseases and fungal pathogens. It is also
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utilized to eliminate Verticillium and Fusarium wilt in melon and cucumber
production fields in Japan, Korea, and Greece.
Paola et al., (2007) reported that, grafting onto Cucurbita rootstocks (RS
841, P 360, ES 99-13 and Elsi) were highly resistant against both the race 1,2 of
FOM (100% survival) and to D. bryoniae (almost absent crown lesions and low leaf
disease index); This reaction clearly differed from that of both the C. melo
rootstocks (Belimo, Energia, Griffin and ES liscio) and the control Incas. The
highest yield was recorded in the graft combination Incas/‘RS 841’ with 5.6 and 8.1
kg m−2. The Cucurbita rootstock ‘RS 841’ produced yields higher than C. melo
rootstocks (Belimo, Energia, Griffin and ES liscio) and the control Incas. Fruit dry
matter, titratable acidity, TSS, fruit firmness, and Hunter color (brightness redness
and yellowness parameters) of grafted melons were similar to those of the plants
grown on their own roots.
Gu (2009) mentioned that, the effect of grafting of watermelon on Bottle
gourd’ (Lagenaria siceraria), Shintoza (Cucurbita maxima × C. moschata) and
Pumpkin (C. maxima) proved to be resistant to knot-root nematodes.
Li et al., (2010) stated that, grafting has been used widely and effectively in
cucumber (Cucumis sativus) for approximately 30 years in China to avoid Fusarium
wilt caused by Fusarium oxysporum Schl. f. sp. cucumerinum Owen. In
greenhouses, 90% of cucumber plantations are grafted onto pumpkin (Cucurbita
moschata) rootstock. However, in March 2009, a severe crown rot causing
yellowing and wilting of the leaves was observed in grafted cucumber in a large
number of greenhouses in Lingyuan, western Liaoning Province in China.
Yilmaz et al., ( 2011) reported that, combining of solarization with grafting
significantly reduced nematode and Fusarium wilt damages on cucumber.
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2. Effect of grafting rootstocks on growth, leaf chemical content fruit property
property and yield of cucumber plants
Bradley (1968) clarified that, grafted tomatoes in New Zealand were able to
reduce levels of corky root rot, caused by Pyrenochaeta lycopersici. It was leading
to a highly developed root system and ultimately increased nutrient uptake.
Maroto and Miguel (1996) found that, grafting of watermelon onto
rootstocks led to increase in growth due to resistance against root-knot nematodes in
Spain.
Pulgar et al., (2000) found that, grafting watermelon onto rootstocks led to
increase of mineral elements, more absorption ability and transportation of nitrogen
which increased nitrogen metabolism in grafted plants compared to control.
Ibrahim et al., (2001) reported that, grafting eggplant onto wild Solanum
rootstock also showed yield increase as compared to self-grafted controls.
Bletsos et al., (2002) found that, the eggplant grafting and MB were
significantly different compared to the control for most of the measured
characteristics, while mulching was significantly different only in early and total
yield and fruit number. In melon, mulching was significantly better than the other
three treatments only in the early yield and total yield, fruit number and fruit
external diameter. In conclusion, grafting for eggplant and mulching 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 oxysporum f. sp., enhanced yield of cucumber in
greenhouse. They indicated that, yields were improved in cucumber as a result of
grafting without the presence of known soil borne pathogens.
Salam et al., (2002) mentioned that, grafting watermelon onto rootstock led
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 TSS higher content than
the untreated control.
Abdelmageed et al., (2004) noticed that, tomatoes grafted onto heat-tolerant
rootstocks increased vegetative growth and reduced chlorophyll fluorescence,
indicating an increase in tolerance to environmental heat stress.
Miguel et al., (2004) observed that, no significant difference in fruit TSS
content of watermelon grafted onto the bottle gourd rootstock, derived pumpkin and
winter squash compared to control. They found that, rootstocks for watermelon
must be used from plant of cucurbitaceae family which are resistant to desirable
diseases, are compatible to scion, have good growth vigor without reverse effect on
fruit quality.
Wang et al., (2004) found a significant increase in yield of cucumber that
was grafted onto L. siceraria, C. moschata, and Benincasa hispida (Thunb.) Cogn.
When inoculated with Phytophthora capsici Leonian and F. oxysporum, it was
apparent that the grafted plants were able to tolerate the fungus better than the un
grafted plants.
Besri (2005) reported that, the use of grafting has been considered as a main
component of an integrated management strategy for managing soil-borne disease
and increasing crop productivity. Grafted tomato has increased in Spain from less
than one million plants in 1999-2000 to over 45 million plants in 2003-2004.
Bletsos (2005) stated that, grafted plants produced earlier yield larger yield
and root resistant for disease than non-grafted plants.
Bekhradi et al., (2006) evaluated the effects of different gourd rootstocks on
growth and yield of watermelon cv. Charleston gray. It was found that, vegetative
characters were affected by grafting and using of different rootstocks, but had no
significant influence on fruit quality.
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Colla et al., (2006) found that, the effect of grafting on total soluble solids
was manifest in the increase of fruit quality.
Lam et al., (2006) compared grafted plants of two seedless watermelon
cultivars on ‘Shintoza’ rootstock. They found that, fruit number in grafted plants
was significantly higher than that of non-grafted plants.
Davis et al., (2008) noted that, using of rootstock for watermelon as plants of
cucurbitaceae family must be resistant to desirable diseases, compatible to scion and
of good growth vigor and as well as not to make any loss in fruit quality.
Howell et al., (2008) indicated that, using of resistant gourd rootstocks
against soil-born diseases led to increase production of watermelon in southeastern
of United State of America.
Hussein and Sallam (2009) found that, single or double grafting of cucumber
increased each of vegetative growth, root growth, yield, fruit TSS, fruit dry matter
%, leaf NPK % and leaf chlorophyll content. Grafting also produced early flowering
and longest fruits.
Turkmen et al., (2010) reported that, greenhouse tomato hybrids were grafted
onto the rootstocks, Rezistar, He-man and Spirit. Tomato Beril F1 had the highest yield
as 162 280 kg ha-1, while it was followed by Heman and Spirit with the values of 161
640 kg ha-1and 158 190 kg ha-1, respectively. In terms of interaction, the highest yield
was obtained from Heman x Beril F1 (190 490 kg ha-1) fallowed by Spirit x Beril F1
(181 050 kg ha-1). Beril F1 was the best rootstock cultivar based on the investigated
parameters where Heman and Heman x Beril gave the best results for rootstock and
rootstock x cultivar interaction.
Yilmaz et al., ( 2011) reported that, combining of solarization with grafting
significantly promoted cucumber early flowering time, plant vigor, early yield and
total yield. Solarization+grafting reduced nematode and Fusarium wilt damages in this
study.
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Ali (2012) indicated that, disease incidence at the end of the season reached
75% in the non-grafted plots in 2005 and 79% in 2006. The self-grafted plants had an
intermediate level of wilt incidence in 2005 of 49% and a high incidence of 83% in
2006 and showed significantly variation between grafting and non-grafting with regard
to the plant height.
Colla et al., (2012) found that, grafted cucumber exposed to Na2SO4 were
capable of maintaining higher net assimilation rates, higher chlorophyll content and
high nutritional status (higher K, Ca and Mg and lower Na) in the shoot tissues.
Hamed et al., (2012) noticed that, number of fruits in grafted plants was more
than non-grafted ones. The number of fruit in grafted watermelons by splice grafting
(2.2 fruits) was more than that of tongue-approach technique (1.8 fruits). The greatest
fruit yield was observed in grafted watermelons on bottle gourd rootstock using splice
grafting (13.60 kg/plant) and the least yield was observed in watermelons (4.37
kg/plant).
Karaca et al., (2012) reported that, total soluble solids content of watermelon
and total yield were increased due to grafting on different rootstocks while early yield
was not affected. Total soluble solids were not significantly affected by the different
rootstocks types while other rootstocks could increase TSS.
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MATERIALS AND METHODS

This trial was carried out on cucumber plants (Cucumis sativus L.) cv. Rocket,
during two seasons 2011-2012 and 2012-2013, at a farm of the privet sector at
Jabalia Village, North Governorate, Gaza Strip, Palestine .
Experiment I :
The first experiment was carried out in October 15, 2011 in the first season
and was repeated again in the second season in the same aforementioned date.
Cucumber plants were transplanted in multi-span greenhouse of 30 m length ,
22.5m (675 m2) width and 3m hight where the used total area for this experiment
was 350 m2. The experiment was arrange in a complete randomized block design
with 4 replicates where each plot contained 16 plants. The plants were spaced at
120×0.40 m using drip irrigation system where the horticultural practices were
carried out as recommended by the Ministry of Agriculture (PMoA). The
experiment included 8 treatments as reported in table (1).
Table 1. Soil chemical treatment alternatives to Methyl Bromide
Treatment T0:

Control.

"

T1:

Methyl Bromide at 50gm-2.

"

T2:

"

T3:

Covered Metham sodium (Metmor) with polyethylene sheets at
40cm3 m-2.
Uncovered Metham sodium at 40c m3 m-2

"

T4:

"

T5:

"

T6:

"

T7:

Dichloropropene (Kandor) 20c m3 m-2 + Carbendazim (Bavistin)
at 0.3gm-2
Metham sodium at 40 cm3 m-2 + Oxamyl (Vydate) at 15 c m3 m-2.
Metham sodium at 40c m3 m-2 + Cadusafs (Ragby super) at 15 cm
m-2.
Metham sodium at 40c m3 m-2 + Carbendazim (Bavistin) at 0.3g
m-2.

The physical properties, chemical scientific name and chemical structure of
the pesticide treatments are as follows:
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1. Cadusafas (Rugby) (S,S-di-sec-butyl O-ethyl phosphorodithioate)
It is an organophosphorous-nematicide, Colorless to yellow liquid, water
solubility is 248 mg-l, a specific nematicide, able to play an important role in control
of nematodes and soil insects, available in the market in liquid form, mode of action
is by contact and stomach action, acute oral LD50 (Rat) is 37.1 mg kg-1, safety
period is 7 days, applied at 1.5L dounm-1 (Lamberti et al., 1998; Giannakou et al., 2005
and Tomlin, 2005) and chemical structure is:

2. Carbendazim (Bavistin) Methyl benzimidazol-2-yl-carbamate
It is a systemic benzimidazolylcarbamate fungicide, water solubility is 8 mg L-1,
effective on soil-born diseases such as Fusarium, Scab, Gray mold, leaf spot,
Rizictonia, Monillia fruit rot and Sclerotinia rot, acts by inhibiting development of
the germ tubes; formation of appressoria and the growth of mycelia, acute oral LD50
(Rat) is 15000 mg kg-1, the safety period is 7 days, it is used at 300 gram dounm-1
(Tomlin, 2005) and chemical structure is:

3. Dichloropropene (Kandor) (1,3-dichloropropene)
It is an organochlorine compound, a colorless liquid, water solubility is 2 mg
l-1, mainly used as pre-planting nematicide, acute oral LD50 (Rat) is 15mg kg-1 ,
has a short half-life of 7 to 12 hours in air, as efficacious as MBr in controlling
nematodes, but it does not control fungi, is used at 25l dounm-1(Tomlin, 2005 and
Dungan et al., 2003) and chemical structure is:
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4. Metam Sodium (Sodium N-methyldithiocarbamate)
It is the sodium salt of methyldithiocarbamate (Vapam), water solubility is 722
mg l-1, a soil fumigant acts quickly prior to crop seeding by decomposing in the
soil to a gas, has a nematocidal; fungicida; herbicidal and insecticidal activity such
as Agrobacterium tumeraciens, Anthracnose, Damping-off, Fusarium spp,
Verticillium, Rhizoctonia, Sclerotinia and is used at 40 L dounm-1 with acute oral
LD50 (Rat) is 1700 mg kg-1. The MITC (methyl isothiocyanate) is a gas moving
upwards through the soil, is efficiently obtained when is positioned in the depth of
the soil and evenly distributed and allowed to remain there for a sufficiently long
time. Metam-sodium is formulated as a water-soluble solution, (Tomlin, 2005)
and chemical structure is:

5. Methyl Bromide CH3Br
Bromomethane is commonly known as Methyl Bromide. It is an
organobromine compound, colorless, odorless, nonflammable fumigant gas, water
solubility is 13.4 mg l-1, acute oral LD50 (Rat) is 4.5 mg kg-1 is recognized as
ozone-depleting chemical, was used extensively as a pesticide until being phased
out by most countries in the early 2000s (Gehring et al., 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, water solubility is 280 mg l-1,
used as liquid formulation, effective on nematodes; acaros and insects, absorbed
by the plant foliage and roots, is a pre-plant applied, is applied at 1.5Ldounm-1,
acute oral LD50 (Rat) is 5.4 mg kg-1, the safety period is 7days (Tomlin, 2005) and
chemical structure is:

Experiment II :
It was carried out during the second season only 2012-2013 where plants were
transplanted in October 25, 2012. It was also arranged in the complete randomized
block design where this experiment area was 36 m2. Three replicates were used and
the area of each plot was 3.84m2 (3.2 m × 1.2 m) containing 7 plants . Transplants
were also spaced at 120 × 0.40 m where the treatments were as follows:
1.

Without grafting (G0).

2.

Grafting on Winter squash,Tetsukabuto (Cucurbita maxima
×Cucurbite mostchate) root stock (G1).

3.

Grafting on Squash hybrid c.v Aurelia cs-2 (Cucurbita maxima) root
stock (G2).

Soils of the two seasons were taken at transplanting time from 25cm depth
where the chemical and the physical properties were reported in table (2) and table
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(3) respectively. In addition, the chemical analysis of irrigation water samples was
mentioned in Table (4).
1. Isolation of the causal agent
Samples of cucumber plants cv. Rocket showing root- rot and wilt symptoms
were collected from fields at North Gaza.
Roots of the infected plants were washed by running tap water for several
times, then cut into small pieces and surface sterilized with 1% sodium hypochlorite
for 2 minutes under aseptic condition. The plant pieces of leaves were rinsed in
sterilized water for several times and were dried between sterilized Whitman 1 filter
papers .
The pieces were plated on potato dextrose agar (PDA) medium and incubated
for 7 days at 25°C, the development of the fungal colonies were purified and
identified aiding cultural microscope according to Barnet and Hunter (1996).
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Table 2. Physical properties of the greenhouse soil
Season
2011-2012
2012 -2013

Depth(cm)

Sand %

Silt%

Clay %

Texture

Moisture
Factor %

Water
content%

Saturation
percent %

0-25

80

7.5

12.5

Sandy loam

1.08

7.33

26

84.4

5.5

10.1

Sandy loam

-

-

23.7

Ca+2

Mg+2 + Ca+2 CO-3

0-25

Table 3. Chemical analysis of the greenhouse soil
Season pH

EC ms M.O
cm-1
%

Total

Total

P2O5

K

Na+

CaCO3
%

N%

ppm

ppm

meq l-1 meq l-1

meq l-1

meq

HCO3
meq
100-1 g

Cl-

NO3-N

meq l-1 ppm

100-1 g
20112012

7.33

4.07

1.4

51.5

0.056

86.3

35.4

6.3

5.3

11.23

0.67

0.13

3.32

88.87

2012 2013

7.8

4.83

1.14

19

-

105.2

260

21

41

26.5

-

-

17.6

370
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Table 4. Chemical analysis of irrigation water
Seasons

EC
ds m-1

PH

T.D.S

CL
mg l-1

NO-3

Na+

K+

Ca+2

Mg+2

HCO-3

20112012

1.57

6.7

1005

225

269

185

4.5

350

139

39

20122013

1.370

6.8

877

190.4

-

-

-

-

-

-

Table 5. Weekly average of temperature during the two seasons
Week
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Date

First season
2011-2012
30.1
29
23.4
23.9
21.8
21.4
18.1
18.7
17.4
18.2
15.4
15.1
15
15.6
14.3

15-21th Oct.
22-28 th Oct.
29 th Oct.- 4 th Nov.
5 -11 th Nov.
12- 18 th Nov.
19 -25 th Nov.
26 th Nov. – 2nd Dec.
3- 9 th Dec.
10- 16 th Dec.
17- 23 th Dec.
24-30 th Dec.
31-6 th Jan.
7- 13 th Jan.
14-20 th Jan.
21- 27 th Jan

Second season
2012 -2013
31.4
30.2
29.1
26.1
25.2
22.9
20.4
18.6
18.9
12.8
11.8
12.5
9.7
14.8
16.8

2. Pathogenicity test
Sterilized soil in pots (25 cm in diameter) were inoculated with Fusarium.
oxysporum (4g 1kg-1 soil ) isolated from rotted- roots of cucumber plants. The
inoculum was grown in bottles contained barley- sand- water medium which was
sterilized in autoclave at 120 °C at 1.5 air pressure for 15 minutes, then was
inoulated with F. oxysporum which was isolated from rotted-roots of cucumber
plants. Soil–free pots were served as a control . All pots were sown with cucumber
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seeds (5 seed pot-1). Four replicate were used for each treatment where pre- and
post – emergence damping-off were recorded after 2 and 6 weeks respectively.
3. Survival of F. oxysporum in infested roots of cucumber plant
Samples of rotted-roots of cucumber plants infested with F. oxysporum were
buried in soil at two depths i.e. 20 cm and 40 cm of soil surface. Soil was treated
before transplanting with six treatments of different concentration (Table 1) of
chemical alternative to Methyl Bromide where Methyl Bromide and chemical-free
treatment were used as controls. After 30 m days of soil treatments, samples of soil
were restored and F. oxysporum spores were counted in 1ml of spore suspensions in
all the aforementioned treatments, using haemocytometer slide.
4. Estimation of percentage of disease index on the rotted-roots of cucumber
plant
At the end of each season, the percentage of disease index was calculated at
the season end for the lesion developed on the roots of cucumber plants infested
with F. oxysporum. Disease index percentage of the rotted-root disease on
cucumber plants was calculated using scale of Deng et al., 2004as follows:

Thirty days after inoculation, root rotting and plant leaf losses were visually
rated for each plant on a scale of 1 to 5. For the root rot rating: 1 = 100%, 1.5 = 9599%, 2 = 85-94%, 2.5 = 84-55%, 3 = 35-54%, 3.5 = 15-34%, 4 = 5-14%, 4.5 = 14% of root tissue on the root ball surface rotted, and 5=all root tissue appeared
healthy without any rotting compared to the control plants (Deng et al., 2004) .
5. Estimation of nematode population in soil

Cobb’s sieving and decanting technique was used for which 250 g of the soil
samples each was taken in a container and was mixed thoroughly with water. Hard
particles and stones, if any were removed by stirring the suspension and was then
passed through a set of sieves of 250, 45 and 37 µm pore size.
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The sievates were collected on a tissue paper spread over a coarse mesh,
which was then placed in a petridish containing enough water to keep the tissue
paper (placed on coarse mesh) always moist. This assembly was kept still for three
days, care was taken to prevent drying of the tissue paper. The collected nematode
suspension concentration in the Petri dish was examined by means of research
stereobinocular microscope.
Nematodes were counted at 2 depths i.e. 20 and 40 cm of soil surface during
two seasons 2011/2012 and 2012/2013 season. Samples of soil were sent to the
nematode laboratory to identify species of nematodes. Disease severity of nematode
Meoidogyne spp. infection on the roots was estimated using scale of Zeck (1971) as
fallows:
0= no galls.
1= very few small galls.
2= numerous small galls.
3= numerous small galls, some of which are grown together.
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 to Methyl Bromide on
growth parameters of cucumber plant
Some parameters i. e. hight of shoot system, diameter of stem and leaf area of
cucumber plants were measured in both seasons at 3 intervals i.e. 25, 50, and 75
days of transplanting.
Fresh weight of shoot system of cucumber plants was weighed after 105 days
of sowing. On the other hand, fresh and dry weight of root systems were weighted at
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the two seasons ends. Moreover, flowering date and the yield of cucumber plants
were recorded in all the aforementioned treatments.
In addition, growth parameters of cucumber fruits i.e. lengths, diameters,
fresh and dry weight of fruits were recorded in all the aforementioned treatments.
7. Effect of soil treatment with chemical alternatives to 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 4th leaf from the plant top using acetone and
spectrophotometer (Holder, 1965).
Nitrogen content was determined after 25 days of transplanting in leaves by
wet-digestion using kjeldahl apparatus (John, 1970).
Phosphorus content was measured after 25 days of transplanting in the
aforesaid leaves by dry-ashing using spectrophotometer at wave length 410µn
(A. O. A. C., 2004).
Potassium content was determined in the aforementioned dry-ashing using
flame photometer (A. O. A. C., 2004).
8. Effect of soil treatment with chemical alternatives to Methyl Bromide on
fruit total soluble solid (TSS) and titratable acidity of cucumber
Total soluble solids (TSS%) was measured by hand refractometer
(A.O.A.C., 1975).
Fruit titratable acidity was determined using NaoH 0.05N. (A.O.A.C.,
1975).
9 . Effect of soil treatment with chemical alternatives to Methyl Bromide on
number of weeds developed in bed soil of cucumber plant infested with
Fusarium oxysporum
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The Cyperus rotundus L. was the prevailing weed which developed in bed
of cucumber. Counting was carried out after 14 days of fumigation in each season.
10. Effect of grafting rootstocks on the incidence of root-rot disease of
cucumber plant
Approach-tongue grafting method was used according to Oda, (1999) after 14
days of seed sowing onto two root stocks as follows:
1. Without grafting (G0).
2. Grafting onto the rootstock Winter squash hybrid ,Tetsukabuto
(Cucurbita maxima ×Cucurbite mostchate) (G1).
3. Grafting onto the rootstock Aurelia cs-2 hybrid (Cucurbita maxima)
(G2).
After soil infestation with F. oxysporium and nematodes at the season end,
nematodes and F.oxysorium infestation levels were carried out as follows:
a) Disease index percentage of the rotted-root disease on cucumber
plants was calculated using the aforementioned scale of Reis and
Boiteux (2007).
b) Disease

index

percentage

of

nematodes

according

to

the

aforementioned scale of Zeck (1971) which was used to estimate the
infection with Meloidogyne spp.
Vegetative growth, yield, fruit physical and chemical properties, leaf NPK
and total chlorophyll were determined as discussed in the first experiment.
11. Statistical analysis
Data of the two experiments of each season were statistically analyzed using
Duncan's Multiple Range Test to compare between treatments where means
followed by the same letters within each column are not significantly different at P
= 0.05 (Steel and Torrie, 1980).
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Results
Experiment I
1. Isolation of the causal fungi
Symptoms on cucumber roots

Symptoms include wilting of plants at the fruit-bearing stage and during hot
weather. Yellowish or buff discoloration of the outer tissues of the crown of plants,
however the white and cottony-growth known as fungus mycelium is not evident at
this time. The fungus colonizes the cucumber stem beyond the visible disease
symptoms. The advanced stages of the disease involve progressive upward
colonization of the stem. A longitudinal cut of the crown shows the breakdown of
cortical tissues and secondary infection by bacteria follows.
The Fusarium oxysporum was identified due to it production of typical macroconidia with foot-shaped basal cells, micro-conidia borne in false heads only on
monophialides, and chlamedospores.

2. Pathogencity test
Table 6. Pathogenicity test of Fusarium oxysporum on cucumber plant cv. Rocket

Treatments
Pots infested with F.
oxysporum
.
Control without F.
oxysporum

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

%Survival

*35±10

58.33±9.6

6.67

0.0±0.0

5±2.0

95.00

* Each figure represents 4 replicates.
Data in Table (6) show that the percentage of pre-emergence damping–off of
cucumber plants grown in soil infested with F. oxysporum reached 35% while the
percentage of post emergence damping-off was 58.33% compared with percentages
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of pre and post–emergence damping-off in non infested soil (0 and 5% respectively)
of cucumber plants. The percentage of survival plants in soil infested with F.
oxysporum was lower (6.67%) than that in control treatment (95%).
3. Survival of Fusarium oxysporum in infested roots of cucumber plant
Data in Table (7) show that all treatments significantly decreased the
numbers of F. oxysporum spores in the two depths and the two season compared
with that in control. The spores of F.oxysporum were decreased before transplanting
compared with that after transplanting. On the other hand, the spores were
decreased at depth 20 cm more than that at 40 cm. No significant differences were
noticed between metham sodium + cadusafs and Methyl Bromide in reduction the
number of F. oxysporum spores in the two depths and two seasons.
4. Estimation percentage of disease index on the rotted-roots of Cucumber
plant
Data in Table (8) showed that in both seasons, all treatments produced
significant lower percentage of disease index than the untreated control where T1
had the significant lowest decrease (30.9 and 32.6). In comparison between Methyl
Bromide alternatives, no significant differences were noticed between T2 and T1 in
the second season where T2 had the least percentage in the two seasons (37.3 and
35.3). In addition, no significant changes were observed between T7 and T2 in the
second season.
5. Effect of soil treatment with chemical alternatives to Methyl Bromide on
survival of nematodes
Data in Table (9) show that the pre transplanting number of nematodes was
reduced in all treatments than control during the two seasons and depths. No
significant changes were observed in both seasons and depths between Methyl
Bromide and each of metham sodium + oxamyl, metham sodium + cadusafs,
metham sodium with polyethylene cover and dichoropropen + carbandyzum
respectively. In general post transplanting nematodes number significantly was
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decreased by all treatments. In depth 20cm of the first season no significant
differences were observed among each of metham sodium with polyethylene cover,
dichloropropene + carbendazim, metham sodium + carbendazim and Methyl
Bromide while in this depth 20cm no significant changes were observed among all
chemical alternative treatments and Methyl Bromide in the second season. In depth
40cm except of T3, all alternative treatments showed no significant differences than
T1 where in the second season, only T6 and T7 were significantly less effective
than Methyl Bromide (T1).
Also, percentage of nematodes, index (Table 10) showed that the different
treatments produced significant lower percentage than control in the both seasons.
Methyl Bromide (T1) produced the significant lowest percentage than the untreated
control and other chemical alternatives in the second season while T2 and T4
respectively showed the lowest index in the first season without significant
differences between them and Methyl Bromide. Hence T2 and T4 are considered
the best alternatives to Methyl Bromide.
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Table 7. Effect of soil treatment with chemical alternatives to Methyl Bromide on number
of Fusarium oxysporum spores in 1 ml-1 suspension of cucumber plant roots at
20 cm and 40 cm depths
F. oxysporium spores in 1 ml-1
Depths
(cm)

Treatments

20
Control
(chemical free)

T0

40
20

Methyl Bromide
Metham sodium
with Covered
polyethylene

T1

40
20

T2

40
20

Uncovered
Metham sodium

T3

40
20

Dichloropropene
+ Carbendazim

T4

40
20

Metham sodium+
Oxamyl

T5

40
20

Metham sodium +
Cadusafs

T6

40
20

Metham sodium +
Carbendazim

T7

40

First season
2011-2012
Pre- trans
Post trans
planting
planting
*6248±3366
a
4553±1264
a
262±2666
b
335±211
c
1184±973
b
1278±558
bc
817±289
b
1441±517
bc
1190±789
b
685±402
bc
1108±714
b
1815±837
b
688±591
b
797±933
bc
1024±692
b
973±651
bc

678±388
a
604±72
a
30±10
f
128±25
f
296±33
d
358±40
d
357±34
c
397±40
cd
69±68
a
462±146
bc
494±34
b
506±18
b
158±28
e
258±29
e
151±40
e
161±48
ef

Second season
2012-2013
Pre- trans
Post trans
planting
planting
6880±26899
a
4800±653
a
187±182
b
312±207
d
811±255
b
992±427
bcd
899±274
b
1163±306
bc
1168±272
b
962±344
bcd
1275±201
b
1648±561
b
738±304
b
847±497
cd
1010±557
b
954±538
bcd

6105±1367
a
5043±289
a
223±118
c
428±240
c
810±81
bc
1000±507
bc
928±139
bc
1403±168
b
1275±201
b
1235±241
b
1322±169
b
1395±477
b
863±328
bc
1065±528
b
1108±399
b
1143±532
b

Means ± stander deviation followed by the same letters 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 alternatives to Methyl Bromide on percentages of F. oxysporum disease
index in rotted-roots of cucumber plant
Percentage of disease index during
Treatments

Control
Methyl Bromide at 50gm-2 .
Metham sodium ( Metmor) Covered with polyethylene
sheets at 40cm m-2 .
Metham sodium at 40cm m-2 .

First season
2011-2012

Second season
2012-2013

T0

*77.5±4.4
a

T1

30.9±3.5
d

82.0±6.3
a
32.6±3.4
d

T2

37.3±3.8
c

35.3±1.0
cd

36.3

T3

48.1±1.3
b

46.5±6.6
b

47.3

45.5±3.8
b

49.7±5.0
b

47.6

T5

50.1±2.8
b

48.5±10.0
b

49.3

T6

49.1±2.8
b

51.0±1.2
b

50.1.

T7

45.0±6.1
b

44.1±13.3
bc

44.6

Dichloropropene (Kandor) at 20cm m-2 + Carbendazim
-2

(Bavistin) at 0.3g m .
Metham sodium at 40 cm m-2 + Oxamyl (Vydate) at 15
-2 .

cm m
Metham sodium at 40cm m-2 + Cadusafs (Ragby super) at
2.

15 cm mMetham sodium at 40cm m-2 + Carbendazim at 0.3g m-2 .

T4

Average
79.5
31.8

Means ± stander deviation followed by the same letters 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 9. Effect of soil treatment with chemical alternatives to Methyl Bromide
on the number of nematodes in bed soil of cucumber plant
Number of nematode /250 gm soil during.
Sampling
depth
(cm)

Treatments

20
Control

T0

40
20

Methyl Bromide

Metham sodium
with Covered
polyethylene

T1

40
20

T2

40
20

Uncovered
Metham sodium

T3

40
20

Dichloropropene
+ Carbendazim

T4

40
20

Metham sodium+
Oxamyl

T5

40
20

Metham sodium +
Cadusafs

T6

40
20

Metham sodium +
Carbendazim

T7

40

First season
2011-2012
Sampling time
Per trans
planting
*450±53
a
445±64
a
15±19
c
40±28
c
35±10
c
35±30
c
85±30
b
110±35
b
35±19
c
45±25
c
20±16
c
25±25
c
20±16
c
40±32
c
95±34
b
110±38.
b

Post trans
planting
165±19
a
145±19
a
40±36
e
45±10
b
55±10
de
60±28
b
95±10
b
115±10
a
45±25
e
35±30
b
75±41
bcd
60±23
b
85±19
bc
65±10
b
60±23
cde
45±30
b

Second season
2012-2013
Sampling time
Per trans
planting
510±38
a
445±30
a
10±12
c
30±20
c
30±12
c
30±26
c
80±16
b
100±16
b
30±12
c
40±16
c
15±19
c
20±16
c
20±16
c
35±25
c
95±19
b
105±19
b

Post trans
planting
730±105
a
610±26
a
50±23
b
45±10
d
65±19
b
55±10
cd
90±12
b
70±12
cd
55±19
b
60±28
cd
80±37
b
70±26
cd
85±20
b
80±16
bc
110±26
b
105±30
b

Means ± stander deviation followed by the same letters 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 Methyl

Bromide on percentages of nematodes disease index on rottedroots of cucumber plant
Percentages of disease index during
Treatments

First season
2011 - 2012

Second season
2012 - 2013

Control

T0

79.6±8.0
a

73.1±4.5
a

Methyl Bromide

T1

35.7±17.6
bc

23.4±2.7
f

Metham sodium with
Covered polyethylene

T2

32.9±16.3
bc

30.4±3.1
e

Uncovered Metham
sodium

T3

44.0±17.2
bc

51.2±5.6
bc

Dichloropropene +
Carbendazim

T4

23.7±9.7
c

39.6±3.9
d

Metham sodium+
Oxamyl

T5

48.5±18.2
b

47.6±2.1
c

Metham sodium +
Cadusafs

T6

49.4±12.4
b

50.4±2.3
bc

Metham sodium +
Carbendazim

T7

51.9±3.6
b

53.7±0.7
b

Means ± stander deviation followed by the same letters 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 to Methyl Bromide on
growth parameters of cucumber plant
Results in Table (11) show that in both seasons, all treatments produced
significant increase in shoot system than control at the three dates of sampling. The
same trend was also true for the height average at the 3 dates of sampling in both
seasons. No significant differences were observed in the two seasons among the
chemical alternative treatments and Methyl Bromide.
Data in Table (12) cleared that plant stem diameter average of the three
sampling dates for each season were in general significantly higher in the different
treatments than control. The chemical alternative treatments to Methyl Bromide
showed non significant thicker plant stem in T2 (6.4 and 6.3 cm) in both seasons
than that of Methyl Bromide followed by T4 (6.3) in the first season only. On the
other hand, only T3 (5.8 cm), T6 (5.8 cm) and T5 (5.9 cm) respectively had the
significant thinnest stem diameter than other chemical alternative treatments and
methyl bromide treatment in the second season only.
The different treatments resulted in significant higher average of leaf area
than that of control in the two seasons (Table, 13). In this concern, T4 (426 cm2) in
the first season and T2 (414 and 508 cm2) in both seasons produced non significant
higher average of leaf area than the alternative treatments without significant
differences between T2 and Methyl Bromide treatment (T1). Treatment T3 (398) in
the first season and T3 (479 cm2 ) and T5 (382 cm2 ) in both seasons had non
significant lower leaf area than other chemical alternatives and Methyl Bromide
treatments.

Results of leaves number plant -1 (Table 14) proved that, in general the
different treatments resulted in significant higher number of leaves than that
of the untreated control in both seasons. No significant differences were
observed among the chemical alternative treatments and Methyl Bromide
treatment in the first season only while all treatments were significantly lower
than T1 in second season. Treatments T4 was insignificantly higher than other
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chemical alternatives in the first season where T2, T7 and T4 respectively
were significantly of the highest leaves number plant-1 than other alternative
treatments to Methyl Bromide in the second season.
Fresh weight of shoot system (Table 15) showed that, after 105 days at
the two season ends, all treatments had higher weight than that of control in
both seasons where the increase was significant for T4 in the first season and
T1 in the second season. No significant differences were detected among the
chemical alternative treatments and Methyl Bromide (T1) in the two seasons
where T2 (832 g) in the second season and T4 (1207 and 829 g) in both
seasons produced the non significant heaviest plants than other chemical
alternatives to Methyl Bromide. On the other hand, T6 showed the non
significant lowest plant fresh weight than the other chemical alternatives and
Methyl Bromide (T1) treatment.
Root fresh weight (Table 16) was in general significantly higher in the
different treatments than control in the second season only where this increase was
significantly higher than control in T1 (478) only in the first season. No significant
changes were reported in the chemical alternative treatments than Methyl Bromide
(T1) in both seasons whereas T5 (312 and 178) produced non significant lowest
root fresh weight than other alternative treatments in the two seasons.
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Table 11. Effect of soil treatment with chemical alternatives to Methyl Bromide on height of shoot system of cucumber plant
Height of shoot system (gm)
First season
2011-2012
Sampling date (days)

Treatments

Control
Methyl Bromide
Covered Metham
sodium with
polyethylene
Uncovered
Metham sodium
Dichloropropene
+ Carbendazim

T0
T1
T2

Second season
2012-2013
Sampling date (days)

Average
of the two
season

25

50

75

Average

25

50

75

Average

*75±17
b

154±22
b

200±14
b

226
b

124±14
b

235±20
b

287±9
e

215
b

221

109±5
a

185±15
a

242±14
a

270
a

158±10
a

265±10
a

346±6
a

256
a

263

103±11
a

182±11
a

239±6
a

267a

147±12
a

262±22
ab

345±7
a

252
a
259

106 ±9
a

186±14
a

246±15
a

256
a

148±17
a

257±22
ab

319±2
d

241
a

T4

105±10
a

189±11
a

245±15
a

268
a

147±11
a

261±9
ab

340±7
ab

249
a

Metham sodium+
Oxamyl

T5

99±10
a

178±11
a

239±11
a

252
a

149±20
a

254±9
ab

331±8
bc

245
a

248

Metham sodium +
Cadusafs
Metham sodium +
Carbendazim

T6

104±8
a

185±14
a

245±20
a

253
a

146±13
a

255±20
ab

329±6
c

243
a

248

100±14
a

181±17
a

242±20
a

263
a

147±9
a

255±13
ab

332±7
bc

245
a

253.6

T3

249

259

T7

Means ± stander deviation followed by the same letters within each column are not significantly different 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 alternatives to methyl bromide on stem width of cucumber plant
Stem width (cm)
First season
2011-2012
Sampling date (days)

Treatments
25
Control
Methyl Bromide
Covered Metham
sodium with
polyethylene
Uncovered Metham
sodium

T0
T1
T2
T3

50

Second season
2012-2013
Sampling date (days)

75

Average
of the two
season

Average

25

50

75

Average

*3.9±0.2
b
4.1±0.1
ab

6.6±0.2
c
7.3±0.1
ab

6.7±0.4
b
7.2±0.2
ab

5.7
b
6.2
a

4.9±0.3
b
5.3±0.4
ab

5.2±0.3
d
5.9±0.1
b

5.9±0.4
d
7.4±0.3
a

5.4
d
6.2
a

4.2±0.2
ab

7.5±0.1
a

7.4±0.5
a

6.4
a

5.2±0.2
ab

6.3±0.2
a

7.3±0.1
a

6.3
a

4.2±0.1
ab
4.3±0.2
a

7.2±0.3
ab
7.3±0.1
ab

7.3±0.4
ab
7.2±0.3
ab

6.2
a
6.3
a

4.9±0.3
b
5.3±0.3
a

5.6±0.1
c
6±0.2
b

6.8±0.2
b
6.9±0.0
b

5.8
c
6.1
ab

5.6
6.2

6.3
6

Dichloropropene +
Carbendazim

T4

Metham sodium+
Oxamyl

T5

4.3±0.3
a

7.3±0.2
ab

7.1±0.3
ab

6.2
a

5.1±0.1
ab

5.8±0.0
bc

6.9±0.2
b

5.9
bc

6.1

Metham sodium +
Cadusafs

T6

4.1±0.5
ab

7.3±0.1
ab

7.3±0.4
ab

6.2
a

5.1±0.1
ab

5.8±0.0
bc

6.5±0.3
c

5.8
c

6.0

Metham sodium
+ Carbendazim

T7

4.0±0.5
ab

7.1±0.2
b

7.0±0.2
bc

6.1
a

5.4±0.2
a

5.6±0.0
c

7.4±0.1
a

6.1
ab

6.1

6.2

Means ± stander deviation followed by the same letters 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 13. Effect of soil treatment with chemical alternatives to Methyl Bromide on leaf area of cucumber plant
Leaf area (cm)
Treatments

First season 2011-2012

Second season 2012-2013

Sampling date (days)

Sampling date (days)
Average

25
*233±21

50
482±52

75
369±49

c

c

b

361
c

T1

276±21
a

553±22
ab

438±38
a

Covered Metham
sodium with
polyethylene

T2

260±31
a

548±16
ab

Uncovered Metham
sodium

T3

261±28
a

Dichloropropene +
Carbendazim

T4

Metham sodium+
Oxamyl
Metham sodium +
Cadusafs

Control
Methyl Bromide

Metham sodium +
Carbendazim

Average
Average

25
321±67

50
494±12

75
501±40

c

d

b

439
c

422
a

374±71
ab

572±17
a

585±22
a

510
a

466

435±21
a

414
ab

368±76
ab

570±23
ab

585±30
a

508
ab

461

527±13
abc

406±54
ab

398
ab

348.8±83
b

520±24
cd

568±30
ab

479
b

271±12
a

568±34
a

440±42
a

426
a

379±93
a

547±15
abc

591±70
a

505
ab

237±5
bc

506±39
bc

403±26
ab

382
bc

351±104
ab

529±49
bcd

566±50
ab

495
ab

438.3

T5
T6

267±14
a

538±42
ab

399±27
ab

401
ab

357±25
ab

547±27
abc

561±22
ab

488ab

445

538±38
abc

433±33
a

409
ab

351±34
b

553±23
abc

595±54
a

499
ab

454

T7

257±29
ab

T0

400

438

465.7

Means ± stander deviation followed by the same letters 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 14. Effect of soil treatment with chemical alternatives to Methyl Bromide

on leaves number of cucumber plant
leaves number plant-1 after 25 days of transplanting
Treatments

First season
2011-2012

Second season
2012-2013

Average

Control

T0

*11.6±1.0
b

14.5± 0.1
e

13.0

Methyl Bromide

T1

15.1±0.2
a

18.2±0.6
a

16.7

Covered Metham
sodium with
polyethylene

T2

14.2±1.2
ab

17.6±6.3
b

Uncovered
Metham sodium

T3

14.7±0.7
ab

16.8±0.3
c

15.8

Dichloropropene
+ Carbendazim

T4

17.1±4.7
a

17.0± 0.0
bc

15.1

Metham sodium+
Oxamyl

T5

14.1±1.2
ab

16.2±0.0
d

15.2

Metham sodium +
T6
Cadusafs

15.0± 0.9
a

16.2±0.0
d

15.6

Metham sodium +
T7
Carbendazim

14.2±1.2
ab

17.2±0.6
bc

15.7

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

50

15.9

Table 15. Effect of soil treatment with chemical alternatives to Methyl

Bromide on shoot-system fresh weight after 105 days of cucumber
plant transplanting
Shoot system fresh weight (gm) after 105 days of
transplanting.
First season
Second season
2011-2012
2012-2013

Treatments

Control

T0

*664±266
c

581±251
b

Methyl Bromide

T1

1006±149
abc

953±84
a

CoveredMetham
sodium with
polyethylene

T2

922±17
abc

832±157
ab

Uncovered Metham
sodium

T3

1065±203
ab

697±224
ab

Dichloropropene +
Carbendazim

T4

1207±25.2
a

829±179
ab

Metham sodium+
Oxamyl

T5

891±109
abc

769±178
ab

T6

814±316
bc

631±174
ab

T7

975±56
abc

783±211
ab

Metham sodium +
Cadusafs
Metham sodium +
Carbendazim

Means ± stander deviation followed by the same letters 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 Methyl

Bromide on root system fresh weight after 105 days of cucumber
plant transplanting
First season
2011-2012

Second season
2012-2013

Root fresh Weight (g)

Root fresh Weight (g)

T0

*181±61
b

135±60
b

Methyl Bromide

T1

478±314
a

Covered Metham
sodium with
polyethylene

T2

289±32
ab

Uncovered
Metham sodium

T3

341±30
ab

Dichloropropene +
Carbendazim

T4

346±8
ab

Metham sodium+
Oxamyl

T5

312±45
ab

178±21
ab

Metham sodium +
Cadusafs

T6

346±59
ab

179±32
ab

Metham sodium +
Carbendazim

T7

327±52
ab

211±17
a

Treatments

Control

193±41
a

197±24
a
210± 11
a
201±24
a

Means ± stander deviation followed by the same letters 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 to Methyl Bromide on
Flowering date, early and total yield of cucumber plant
Flowering date (Table 17) cleared that all treatments flowered earlier than
that of control in both seasons. This earliness was significantly in most treatments in
the first season and was significantly earlier for T1 (19.0) only in the second season.
Treatment T2 in the first seasons and T2, T4 and T5 in the second season were of
the earliest flowering dates than control where the differences were non
significantly among the aforementioned treatments and Methyl Bromide (T1).
-1

Early yield (Table 17) as fruits number plant showed that, in both seasons
the different treatments produced higher fruits number than control where the
increase was significantly higher in all treatments in second season. In general, no
significant changes were noticed between most of the chemical alternative
treatments and Methyl Bromide (T1). Treatment T4 (9.9) and T3 (8.8) respectively
in the first seasons and T6 (8.4) in the second season showed the highest number
among the chemical alternative treatments, while T7 (6.9) had the lowest fruits
number in the second season only without significant differences among the
aforementioned treatments and other alternative treatments.
Early yield as grams plant-1 (Table 17) was in general higher in all treatments
than that of control in both seasons. No significant differences were found among
the alternative treatments and Methyl Bromide (T1) where T4 (632) followed by T3
(558) in the first season and T6 (654) and T5 (617) in the second season produced
higher early yield plant-1 than other alternative treatments without significant
differences among them.
Total yield as fruits number plant-1 (Table 18) showed higher numbers of
fruits in all treatments than control during the two seasons. This increase than
control was significantly for all treatments in the second seasons where it was also
significantly higher for T4, T2 and T1 in the first seasons. No significant changes
were noticed between the alternative treatments and Methyl Bromide treatment (T1)
in the first season while this was also true for only T2, T4 and T7 in the second

53

season. On the other hand, T3 (36.4) and T5 (36.5) produced the lowest total fruits
number of yield than Methyl Bromide (43.6) treatment in the second season only.
Total yield as g plant-1 ( Table 18) also increased by the different treatments
than control in both seasons. This increase was significantly than control by T1, T2
and T4 in the first season where all treatments were significantly higher than the
untreated control in the second season. No significant differences were observed
among all the alternative treatments and Methyl Bromide treatment in the first
season while non significant differences were observed between Methyl Bromide
and each of T2 and T4 in the second season.
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Table 17. Effect of soil treatment with chemical alternatives to Methyl Bromide on flowering date and early yield of
cucumber plant
First season 2011 -2012
Treatments

Control
Methyl Bromide

T0
T1

Covered Metham sodium
with polyethylene

T2

Uncovered Metham
sodium

T3

Dichloropropene +
Carbendazim
Metham sodium+ Oxamyl

T4
T5

Metham sodium +
Cadusafs

T6

Metham sodium +
Carbendazim

T7

Second season 2012- 2013

Flowering date
(days)

Early yiled
(fruits number
plant-1)

Early yield
(g plant-1)

Flowering date
(days)

Early yiled
(fruits number
plant-1)

Early yield
(g plant-1)

*25.0±1.4
a
21.5±1.0
c
21.8±1.3
c

5.5±2.1
b
11±1.1
a
7.4±2.4
ab

354±130
b
701±104
a
509±149
ab

22.3±1.3
a
19.0±0.8
b
20.5±2.4
ab

5.0±0.6
c
8.6±0.8
a
7.6±0.5
ab

378±52
b
677±68
a
568±90
a

22.5±1.3
bc
22.5±1.7
bc
23.8±0.5
ab
22.3±1.3
bc
22.5±1.9
bc

8.8±2.8
ab
9.9±2.8
a
7.3±1.4
ab
7.9±1.8
ab
8.0±3.5
ab

558±173
ab
632±218
a
479±103
ab
507±116
ab
530±252
ab

21.3±1.3
ab
20.5±2.1
ab
20.5±1.0
ab
21.8±1.0
a
21.8±1.3
a

7.3±1.5
ab
7.4±1.2
ab
7.8±1.2
ab
8.4±0.8
ab
6.94±1.3
b

572±110
a
561±158
a
617±104
a
654±58
a
545±111
a

Means ± stander deviation followed by the same letters 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 18. Effect of soil treatment with chemical alternatives to Methyl Bromide on total yield of cucumber plant
First season 2011 -2012
Treatments
Control
Methyl Bromide

T0
T1

Covered Metham sodium
with polyethylene

T2

Uncovered Metham
sodium

T3

Dichloropropene +
Carbendazim

T4

Metham sodium+ Oxamyl

T5

Metham sodium +
Cadusafs

T6

Metham sodium +
Carbendazim

T7

Second season 2012- 2013

Total fruits number
plant -1

Total yield
(g plant -1)

Total fruits number
plant -1

Total yield
(g plant -1)

39.1±4.6
b
57.3±3.9
a
53.4±8.3
a
49.8±85
ab
56.7±8.4
a
47.4±5.3
ab
48.2±8.7
ab
47.9±11.4
ab

2998±449
b
4937±311
a
4339±754
a
4063±546
ab
4944±478
a
4013±660
ab
4007±753.03
ab
4015±1087
ab

27.1±2.3
c
43.6±4.7
a
42.9±5.8
a
36.4±0.5
b
40.9±3.3
ab
36.5±4.5
b
37.1±1.1
b
38.1±3.2
ab

2820±250
d
4873±679
a
4724±484
ab
3917±75
c
4473±468
abc
4041±455
c
4132±91
bc
4075±148
c

Means ± stander deviation followed by the same letters within each column are not significantly different at P = 0.05 according to Duncan's
multiple range test.
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8. Effect of soil treatment with chemical alternatives to Methyl Bromide on
cucumber fruit physical and chemical parameters
Fruit length and fruit fresh weight (Table 19) showed no significant changes
among the different treatments and the untreated control in both seasons. The two
properties also showed the same aforementioned trend among the different chemical
alternative treatments and Methyl Bromide in the two seasons.
Fruit diameter (Table 19) increased in all treatments than control in the first
season where this increase than control was significantly the highest in T1 (2.8 cm )
and T7 (2.8 cm) in this season while no significant changes than control were
observed in the second season. No significant differences were noticed among
Methyl Bromide (T1) and the alternative treatments except that of T2 (2.7 cm )
which was significantly lower than Methyl Bromide treatment in the first season
only.
Total soluble solids (Table 20) showed that, in both season there were no
significant changes in TSS among the different treatments and control. The same
aforementioned trend was also noticed for the comparison among the chemical
alternative treatments and Methyl Bromide treatment.
Titratable acidity (Table 20) showed higher differences among all treatments
and control which were significantly in the first season. Treatments T1 and T4
showed significantly higher acidity in the second season than that of control .In
comparison among the alternative treatments, no significant differences were
noticed among T2, T4 and Methyl Bromide (T1). The other chemical alternatives
produced significant lesser acidity content than that of Methyl Bromide treatment
(T1) in the second season only.
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Table 19. Effect of soil treatment with chemical alternatives to Methyl Bromide on cucumber fruit length, diameter and
fresh weight
First season
2011 -2012
Treatment

Control
Methyl Bromide

T0
T1

Covered Metham sodium with
polyethylene

T2

Uncovered Metham sodium

T3

Dichloropropene + Carbendazim

T4

Metham sodium+ Oxamyl

T5

Metham sodium + Cadusafs

T6

Metham sodium + Carbendazim

T7

Second season
2012 -2013

Fruit length
(cm)

Fruit
diameter
(cm)

Fruit fresh
weight (g)

Fruit length
(cm)

Fruit
diameter
(cm)

Fruit fresh
weight (g)

*14.0±0.3
a
14.1±0.6
a
13.8±0.3
a

2.7±0.1
c
2.8±0.1
ab
2.7±0.1
c

71.2±6.3
ab
78.0±11.1
ab
71.2±4.8
ab

14.3±0.4
a
14.7±0.2
a
14.3±0.5
a

2.9±0.3
a
3.1±0.3
a
2.9±0.2
a

73.5±1.4
a
76.1±3.4
a
72.5±5.4
a

13.8±0.6
a
13.6±0.4
a
14.0±0.1
a
13.8±0.1
a
13.9±0.4
a

2.7±0.1
bc
2.7±0.0
bc
2.7±0.1
bc

69.1±13.4
ab
66.7±5.2
b
79.4±4.1
a
71.2±3.2
ab
75.9±13.5
ab

14.5±0.4
a
14.5±0.7
a
14.9±0.4
a
14.4±0.1
a
14.6±0.3
a

3.1±0.2
a
3.1±0.3
a
3.1±0.3
a
3.0±0.3
a
3.1±0.3
a

74.8±6.1
a
73.6±4.6
a
73.3±8.1
a
73.6±3.3
a
73.5±3.7
a

2.7±0.0
bc
2.8±0.1
a

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

58

Table 20. Effect of soil treatment with chemical alternatives to Methyl Bromide on
cucumber fruit total soluble solid (TSS) and titratable acidity content
First season
2011-2012
TSS**
titratable acidity
%
(mg100-1 g fw)

Treatments

Second season
2012-2013
TSS
titratable acidity
%
(mg100-1 g fw)

T0

*4.38±0.14
ab

0.082±0.01
b

2.50±0.00
a

0.098±0.01
c

T1

4.38±0.14
ab

0.090±0.00
a

2.69±0.13
a

0.115±0.01
a

Covered Metham
sodium with
polyethylene

T2

4.25±0.00
b

0.090±0.00
a

2.69±0.13
a

0.108±0.01
abc

Uncovered
Metham sodium

T3

4.25±0.00
b

0.092±0.00
a

2.5±0.00
a

0.098±0.01
c

Dichloropropene +
Carbendazim

T4

4.50±0.00
a

0.092±0.01
a

2.63±0.14
a

0.110±0.00
ab

Metham sodium+
Oxamyl

T5

4.38±0.14
ab

0.090±0.01
a

2.57±0.13
a

0.105±0.01
bc

Metham sodium +
Cadusafs

T6

4.25±0.20
b

0.091±0.01
a

2.57±0.13
a

0.100±0.01
c

Metham sodium +
Carbendazim

T7

4.38±0.14
ab

0.091±0.01
a

2.63±0.14
a

0.105± 0.01
bc

Control
Methyl Bromide

Means ± stander deviation followed by the same letters 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 alternatives to Methyl Bromide on leaf
NPK and total chlorophyll contents of cucumber plant
Total nitrogen (Table 21) significantly increased in all treatments than
control in the two seasons, where no significant differences were noticed among the
chemical alternatives and Methyl Bromide treatment in the first season. In the
second season, each of T2 (5.12 %), T4 (5.08% ) and T7 (4.97% ) showed no
significant changes than Methyl Bromide (T1), whereas the other chemical
alternative treatments were significantly lower than Methyl Bromide treatment (T1).
Leaf phosphorus content (Table 21) in general had significant higher content
than the untreated control in both seasons. The differences among the chemical
alternatives and Methyl Bromide were not significantly different in the two seasons.
Both of T4 (0.698 %) and T7 (0.697 %) in the first season and T4 (0.738 %), T2
(0.736) and T7 (0.697 %) in the second season produced higher values than the
other chemical alternative treatments to Methyl Bromide.
Potassium content in cucumber leaf (Table 21) showed that all treatments
increased the element than control in both seasons. No significant differences were
observed among the alternative treatments and Methyl Bromide (T1) in the second
season. Only T2 and Methyl Bromide treatment (T1) in the first season were not
significantly different while the other alternative treatments were significantly lower
than that of Methyl Bromide treatment.
Leaf total chlorophyll (Table 21) in general significantly increased by all
treatments than control in both seasons. The alternative treatments resulted in
significant decrease in the pigment content than that of Methyl Bromide (T1) in the
first season where T2 followed by T4 produced higher total chlorophyll pigment
content than the other chemical alternatives. In the second season, the alternative
treatments were non significantly different than Methyl Bromide treatment where
T4 (142.9) showed higher chlorophyll content than that of Methyl Bromide (T1).

60

Table 21. Effect of soil treatment with chemical alternatives to Methyl Bromide on leaf NPK and total chlorophyll contents
of cucumber plant
First season
2011 -2012

Treatments

Control
Methyl Bromide
Covered Metham
sodium with
polyethylene

N
%
T0
T1
T2

P
%

K
%

Second season
2012-2013
Total
Chlorophyll
mg100-1 g fw.

N
%

P
%

*4.36±0.64
b
5.40±0.38
a

0.544±0.08
b
0.702±0.01
a

2.54±0.26
d
3.45± 0.08
a

75.6±4.4
d
103.3±7.3
a

4.33±0.35
d
5.12±0.08
a

0.574±0.09
b
0.743±0.09
a

5.36±0.44
a

0.660±0.04
a

3.24±0.18
ab

94.7±4
b

5.12±0.08
a

0.736±0.09
a

K
%
3.46±0.26
b
4.13±0.17
a
4.08±0.39
a

Total
Chlorophyll
mg100-1 g fw.
111.7±6.8
c
134.1±9.1
ab
133.4±11.1
ab

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
120.6±6.4
T3
Metham sodium
a
a
cd
cd
c
ab
ab
bc
Dichloropropene
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
T4
+ Carbendazim
a
a
bc
bc
ab
a
ab
a
Metham sodium+
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
T5
Oxamyl
a
a
cd
c
bc
ab
ab
ab
Metham sodium +
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
T6
Cadusafs
a
a
bcd
cd
bc
ab
a
bc
Metham sodium +
5.22±0.35
0.697±0.01
2.99±0.18
82.9±5.9
4.97±0.10
0.697±0.03
3.84±0.1
122.1±8.8
T7
Carbendazim
a
a
bc
cd
abc
ab
ab
bc
Means ± stander deviation followed by the same letters 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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10. Effect of soil treatment with chemical alternatives to Methyl Bromide on
weeds population density in bed soil of cucumber plant
Weeds population density which Cyprus routandus was the prevailing weed
is reported in Table (22). It was observed that, in both seasons the different
treatments significantly decreased weeds number per m2 in cucumber bed than the
untreated control. In general, no significant differences were detected among the
chemical alternatives and Methyl Bromide treatment in both seasons. Treatment T2
(7.5 and 1.7) showed the lowest number of weeds per m2 during the two seasons in
the greenhouse.
Table 22. Effect of soil treatment with chemical alternatives to Methyl Bromide
on weeds population density in bed soil of cucumber plant
Number of weed m-2
Treatments
Control
Methyl Bromide

T0
T1

Covered Metham sodium
with polyethylene

T2

Uncovered Metham sodium

T3

Dichloropropene +
Carbendazim

T4

Metham sodium+ Oxamyl

T5

Metham sodium + Cadusafs
Metham sodium +
Carbendazim

T6
T7

First season
2011-2012
*85.3±32.6
a
0.9±1.5
b
7.5±7.9
b
10.4±13.7
b
20.8±19.9
b
11.3±11.4
b
8.4±6.9
b
7.6±2.8
b

Second season
2012-2013
33.5±16.5
a
0.4±0.5
c
1.7±1.3
c
2.4±1.9
c
18.9±10.8
b
5.1±5.1
c
4.4±2.0
c
2.6±0.7
c

Means ± stander deviation followed by the same letters 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 II
1. Effect of grafting rootstocks on root-rot disease of cucumber plant

Data in Table (23) cleared that root infection with nematodes was
significantly lower in the grafted plants. However, no significant difference
were noticed between to two rootstocks, G2 showed non significant lower
infection than G1. The same trend was noticed for root infection with
Fusarium where G2 had the lowest infection.
Table 23. Effect of grafting rootstocks on nematode and 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.

G0

69.7±4.3
a

66.7±16.2
a

G1

29.9±9.9
b

38.8±7.2
b

G2

25.5±2.9
b

32.9±3.8
b

Means ± stander deviation followed by the same letters within each column are not
significantly different at P= 0.05 according to Duncan's multiple range test.
G0= Without grafted cucumber plant.
G1 = Grafting on Winter squash,Tetsukabuto (Cucurbita maxima × Cucurbite mostchate)
root stock
G2 = Grafting on Squash hybride c.v Aurelia cs-2 (Cucurbita maxima) root stock (G2).
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2. Effect of grafting rootstocks on shoot and root system growth, leaf chemical
content, fruit property and yield of cucumber plant

Shoot system parameters of cucumber plant is reported in table (24). It
was cleared that plant height and stem width showed no significant difference
among the average of grafted and un grafted plants where G2 produced non
significant higher values in the two properties. Also, no significant differences
were detected among the three treatments in the average of leaf area where
G2 showed non significant higher area than G1 and control (G0). Shoot
system fresh weight was not significantly increased by grafting where G2
produced the heaviest plants. Leaves number plant-1 significantly increased by
the G2 treatment only.
Fruit physical and chemical parameters are reported in Table (25 ). It is
clear that fruit length and fruit diameter were not affected significantly by
grafting as compared to ungrafted control. On the other hand, fruit fresh
weight was heavier in grafted plants than that of control where this increase
was significantly higher due to G2 treatment. Fruit dry weight %, and TSS
showed non significant differences among treatments while acidity was
higher in fruits of grafted plants. This increase was significantly higher in G1.
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Table 24. Effect of grafting rootstocks on shoot system growth parameters of cucumber plant

Shoot system height (cm )

Stem diameter (cm)

Treatment
(rootstock)

G0

G1

G2

Shoot
system
Weight (g)
after days

Leaves
numbe
r plant
-1
after
days

Avera
ge

90

25

Leaf area (cm)

Sampling date (days)
25

50

75

Avera
ge

25

50

75

Avera
ge

25

50

56±4

102±7

210±23

123

4.9±0.2

4.7±0.1

5.9±0.5

5.5

231±4

445±17

466±34

380

737±94

10.5±0.1

a

a

a

a

a

a

a

a

a

a

a

a

a

b

47±6

105 ±36

221±42

124

5.2±0.3

6.0±0.3

6.3±0.8

5.8

466±75

486±45

769±231

10.6±0.2

a

a

a

a

a

a

a

a

a

a

a

386
a

a

b

51±2

111±16

228±10.6

130.0

5.2±80. 6

5.9±0.1

6.8±0.3

6.0

192±18

476±50

493±13

386

841±287

10.9±0.1

a

a

a

a

a

a

a

a

a

a

a

a

a

a

214±40

75

Means ± stander deviation followed by the same letters within each column are not significantly different at P = 0.05 according to Duncan's multiple
range test.
G0= Without grafted cucumber plant.
G1 = Grafting on Winter squash,Tetsukabuto (Cucurbita maxima × Cucurbite mostchate) root stock
G2 = Grafting on Squash hybride cv. Aurelia cs-2 (Cucurbita maxima) root stock (G2).
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Table 25. Effect of grafting rootstocks on the cucumber fruit parameters
Treatment

Fruit length

Fruit diameter

Fruit fresh

Fruit dry

TSS

Acidity

rootstock

(cm)

(cm)

weight (g)

weight %

%

(mg/100 g fw)

G0

13.6±0.4

2.7±0.1

75±2.9

15.0±0.3

2.50±0.14

0.09±0.00

a
13.7±0.4
a
13.9±0.4
a

a
2.9±0.1
a
3.0±0.1
a

b
77.4±0.41
ab
80±1.9
a

a
15.6±0.4
a
16.2±0.3
a

a

b
0.11±0.01
a
0.10±0.02
ab

G1
G2

2.69±0.00
a
2.68±0.14
a

Means ± stander deviation followed by the same letters within each column are not significantly different at P= 0.05 according to Duncan's multiple
range test.
G0= Without grafted cucumber plant.
G1 = Grafting on Winter squash,Tetsukabuto (Cucurbita maxima × Cucurbite mostchate) root stock .
G2 = Grafting on Squash hybride cv. Aurelia cs-2 (Cucurbita maxima) root stock (G2)
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Flowering and yield components are reported in Table (26). It is clear
that flowering time showed no significant differences between the grafted and
ungrafted control plants. However, early yield as fruits number plant weight (
g) plant-1 were not affected significantly, the two parameters showed higher
values than that of ungrafted control. Total yield as fruits number Plant-1
andweight (g) plant-1 significantly increased in grafted cucumber plants than
that of ungrafted control where G1 showed insignificantly increase in the
yield plant-1. No significant difference was observed between G1 and G2
where G2 had insignificant higher values than G1 in both of the
aforementioned parameters.
Table 26. Effect of grafting rootstocks on flowering date, early and total yield
of cucumber plant

Rootstock

G0
G1
G2

Flowering
(days)

Early yield
(Friuts number
plant-1)

Total Early
yield (g plant-1)

Total yield
(Friuts number
plant-1)

Total yield
(g plant-1)

13.7±0.6
a
13.7±0.6
a
14±1.0
a

4.5±0.7
a
5.9±2.0
a
6±1.0
a

345±60
a
453±64.9
a
401±46
a

12.7±0.7
b
18.9±3.8
a
20.6±3.2
a

888±71
b
1246±242
ab
1380±193
a

Means ± stander deviation followed by the same letters within each column are not
significantly different at P = 0.05 according to Duncan's multiple range test.
G0= Without grafted cucumber plant.
G1 = Grafting on Winter squash,Tetsukabuto (Cucurbita maxima × Cucurbite mostchate)
root stock.
G2 = Grafting on Squash hybride cv. Aurelia cs-2 (Cucurbita maxima) root stock (G2).
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Data in Table (27) cleared that, root fresh weight significantly increased in G1
and G2 than control (G0) with no significant difference between the two
rootstocks. Root dry weight was significantly lower in G1 than G0 and G2
where no significant changes were noticed between the two later treatments.
Dry weight % showed no significant differences between the two rootstocks
and control (G0).
Table 27. Effect of grafting rootstocks on root system fresh,dry weight and dry
weight % after 90 days of cucumber plant transplanting
rootstock

G0
G1
G2

Root Fresh weight

Root dry weight

(g)

(g)

104±14

28.8±0.5

20.2±0.6

b

a

a

146±17

20.9±2.1

19.4±0.6

a

b

a

145±8

28.3±2.6

19.9±0.9

a

a

a

Dry weight %

Means ± stander deviation followed by the same letters within each column are not
significantly different at P = 0.05 according to Duncan's multiple range test.
G0= Without grafted cucumber plant.
G1 = Grafting on Winter squash,Tetsukabuto (Cucurbita maxima × Cucurbite mostchate)
root stock.
G2 = Grafting on Squash hybride cv. Aurelia cs-2 (Cucurbita maxima) root stock (G2).
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Leaf NPK and chlorophyll content are shown in Table (28). Data
cleared that nitrogen and potassium were significantly increased due to the
two rootstocks than control, while phosphorus did not change significantly
due to the two rootstocks. Chlorophyll also showed non significant
differences where G2 produced a slight higher leaf chlorophyll content.

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

Grafting
rootstock

N
(g100 g-1 dw)

P
(g/100-1 g dw)

K
(g100-1 g dw)

Total
chlorophyll
(mg100-1 g fw)

G0

4.36±0.48
b

0.68±0.08
a

3.16±0.08
b

108.8±0.1
a

G1

5.40±0.31
a

0.73±0.02
a

3.78±0.07
a

108.8±0.1
a

G2

5.36±0.11
a

0.71±0.02
a

3.78±0.10
a

122.9±0.2
a

Means ± stander deviation followed by the same letters within each column are not
significantly different at P = 0.05 according to Duncan's multiple range test.
G0= Without grafted cucumber plant.
G1 = Grafting on Winter squash,Tetsukabuto (Cucurbita maxima × Cucurbite mostchate)
root stock
G2 = Grafting on Squash hybride c.v Aurelia cs-2 (Cucurbita maxima) root stock (G2).
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Discussion

Methyl Bromide is a highly effective spectrum fumigant which is used
extensively to control a wide species of soil borne pests in the world. Under the
Montreal protocol of 1991, MBr was defined as a chemical that contributes to the
depletion of a stratospheric ozone layer.
Cucumber ( cuucumis sativus L.) is an important vegetable crop in the world.
Root-rot disease is spread in cucumber plants cv. Rocket which were sown at a farm
of the privet sector at Jabalia Village, North Governorate, Gaza Strip, Palestine.
The present study aimed to find an alternative to MBr to control soil-born
diseases of cucumbers where six chemicals and two rootstocks were used in the
present study. The fungus Fusarium oxysporum was isolated as a soil-born disease
from rotted rots of cucumber cv. Rocket.

Experiment I
These results were in agreement with those of (Zakaria et al., 2010;
Moharam and Negim, 2012; and Siti et al., 2012). who isolated Fusarium spp from
many plants.
Pathogenicity test proved that F. oxysporium was the causal organism of
damping off on cucumber plants, indicating that F. oxysporum was able to cause
root-rot of cucumber plants. This came to an agreement with (Raymond, 2001;
Martinez et al., 2002; and Vatchev, 2007), who observed that F. oxysporium was
the causal of damping off in cucumber.
Metham sodium + cadusafs was the best alternative treatment to Methyl
Bromide treatment in reduction the number of F. oxysporium spores compared with
that in Methyl Bromide and non treated treatments. Also, the percentage of disease
index of rotted root disease on cucumber plants infected with F. oxysporium was
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decreased in all alternative treatments to Methyl Bromide during the two seasons
2011/2012 and 2012/2013.
The aforementioned results were in agreement with Becker et al., (1990);
Abugnima and Alnusiri, (1993); Noling and Becker, (1994); and Ingham et al.,
(2007) reported that metham sodium or carbendazim were effective to control soil
born disease i.e. F.oxysporium, Rhizoctonia, Fusarium, Pythium, Phytopthora,
Verticillium and Sclerotinia.
Nematodes number in general during pre and post planting decreased by all
treatments and the same tend was also noticed in percentages of nematode index
disease. These findings found support in the work of James et al., (2004);
Karpouzas et al., (2004); Giannakou and Anastasiadis, (2005); Estphan et al.,
(2006); and Desaeger and Csinos (2006).
The different chemical treatments significantly increased growth parameters
than control i.e. plant length, stem diameter, leaf area, number of leaves, plant fresh
weight and root fresh weight. Porter et al., (2000) ascribed the increase of plant
growth rate (IGR) to the altered nitrogen and microbial population which convert
nitrogen in soil after fumigation.
The obtain results were in harmony with those reported by Khier et al.,
(1983) Vydate (Oxamyl) increased plant height in greenhouse, Stephan et al.,
(1988) Vydate (Oxamyl) enhanced growth of cucumber and eggplant and Qiao et
al., (2010) 1, 3 Dicloropropene 180L ha-1 was as effective as Methyl Bromide to
increase plant height.
Yield as early yield or total yield in term of fruits number or weight plant-1
was significantly increased by the different treatments than control. The obtained
data on yield parameters are in agreement with results recorded by Emmanuel
(2003), Bielinski et al., (2007), Ingham et al., (2007) and Qiao et al., (2010) on
tomato.
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On the other hand, the results of this trial disagreed with findings of Osman
and Yassin (1983) who noticed an increase in yield by 245% and 422% due to
Vydate (Oxamyl) on watermelon and cucumber.
Fruit length and diameter in general were not significantly affected by
Methyl Bromide chemical alternatives. Estiphan et al., (2006) on cucumber and
eggplant Qiao et al., (2010) on tomato observed that, Vydate (Oxamyl) or 1,3 D
gave fruits of high quality.
The three macro elements and total chlorophyll of cucumber leaves increased
than the untreated control where the different chemical alternatives and Methyl
Bromide were insignificantly different. These results were in accordance with
Gupre et al., (1982); Cook and Veseth, (1991); Porter et al., (2000) and Edson et
al., (2012).
Contrary results were reported by Buttery et al., (1988) who notice that snap
bean and soybean contained lower phosphorus in leaves due to soil fumigations and
Edson et al., (2012) who observed adcrease in element accumulation in dicot plants
due to soil sterilization.
Treatments alternative to Methyl Bromide led to reduce Cyperus rotundus
weeds and that reduction was increased with the age increase of cucumber plants.
These results were similar to those obtained by Ajwa et al., (2003), Gilreath et al.,
(2004), De Cal et al., (2004) and Desaeger and Csinos (2006).

Experiment II
The two rootstocks which were used in cucumber grafting could significantly
decrease percentage of disease index of Fusarium and nematode. The results were
in agreement with those found by Ioannou (2001), Giannakou and Karpouzas
(2003), Sakata et al., (2003), Bletsos (2005), and Gu (2009).
On the other hand relatively contrary results were observed by Li (2010) who
stated that, in March 2009, a sever crow rot causing yellowing and wilting of leaves
was observed in grafted greenhouse cucumber in different districts in China.
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Plant vegetative growth i.e. plant height, stem diameter and plant leaf area
non significantly increased by the two rootstocks while leaves number was
significantly higher than that of the ungrafted control. Pulgar et al., (2000) stated
that grafting of watermelon could increase the ability of plant to absorb elements
and transportation of nitrogen which increased nitrogen metabolism in grafted
plants. The result are in harmony with those reported by El-shami (1990), Maroto
and Miguel (1996), Bekhradi et al., (2006), Davis et al., (2008), Hussein and Sallam
(2009) and Ali (2012).
The fresh weight of root was significantly increased by the two rootstocks.
This result found support in the work of El-shami (1990) on tomato, Miguel et al.,
(2004), Hussein and Sallam (2009).
Flowering date of grafted cucumber plants was not significantly affected
where G2 showed insignificant longer time to flower. The reported results are
disagreed with Hussein and Sallam (2009) and Yilmaz et al., (2011), who found
that flowering date was earlier in grafted plants as compared with the ungrafted
cucumber.
Cucumber yield as total weight plant-1 or total fruits number plant-1 increased
significantly in grafted plants where the increase was not significantly in both of
early fruits number plant-1 and early yield weight plant-1. The aforementioned
results were in agreement with results noticed by Besri (2005), lam et al., (2006),
Howeell et al., (2008), Hussein and Sallam (2009), Turkmen et al., (2010), Hamed
et al., (2012) and Karaca et al., (2012) Contrary result was noticed by Yilmaz et al.,
(2011) who reported higher early yield due to grafting cucumber.
Fruit physical characters i.e. fruit length, fruit diameter and fruit fresh weight
were not significantly affected while fruit fresh weight significantly increased in
grafted cucumber. The results were in agreement with findings of Miguel et al.,
(2004), Bekhradi et al., (2006), Davis et al., (2008) who did not find any effect on
fruit quality due to grafting. Contrary results were reported by Hussein and Sallam
(2009) that, grafting increased fruit length.
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Fruit chemical property as (TSS) did not change significantly where acidity
was increased significantly by G1. Fruit dry weight % non significantly increased in
grafted cucumber. Results are in agreement with results of Miguel et al., (2004) and
Hussein and Salam (2009) who noticed an increase in cucumber fruit dry weight %.
On the other side, contrary results were found by Colla et al., (2006),
Hussein and Salam (2009), who noticed higher (TSS) content due to grafting
cucumber. In addition, Karaca (2012) noticed that watermelon grafted onto different
rootstock types did not affect TSS while other rootstocks could increase it.
Leaf nitrogen and Potassium content were significantly increased due to
grafting where no significant effect was observed in phosphorus content. The
aforesaid result is in harmony with that reported by Bardley (1968) who mentioned
that grafting lead to a highly developed root system and ultimately nutrient uptake
increase.
Total chlorophyll content in leaf was increased non significantly by G2
treatment. This result was in harmony with Colla et al., (2012) who reported that
chlorophyll in cucumber leaf was increased due to grafting. Contrary results were
observed by Abdelmageed et 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 against several
species of pests. According to Montreal Protocol in 1991, this gas contributes to the
depletion of a stratospheric ozone layer.
This trial aimed to find an alternative to Methyl Bromide soil fumigant to
control soil-born diseases of the locally and universally most important crop. This
might be obtained by the two experiments which were carried out in a greenhouse
located in Jabalia Village, North Gaza Governorate, Palestine. Cucumber cv.
Rocket was used and grown on two autumn-winter seasons where the two
experiments were carried out during two seasons as follows:
Experiment I
The first experiment was carried out in Octber15, 2011-2012 and repeated
aging in the same aforementioned. It was laid out in a completely randomized block
design with four replications where each replicate contained 16 plants spaced at
1.25×0.40m under drip-irrigation system.
The chemical alternative treatments to Methyl Bromide were as follaows:
- Treatment. (T0): Control.
-

"

(T1): Methyl Bromide (MBr).

-

"

(T2): Covered Metham sodium ( Metmor) with polyethylene.

-

"

(T3): Uncovered Metham sodium.

-

"

(T4): Dichloropropene (Kandor).+ Carbendazim (Bavistin).

-

"

(T5): Metham sodium+ Oxamyl (Vydate).

-

"

(T6): Metham sodium + Cadusafs (Ragby super).

-

"

(T7): Metham sodium + Carbendazim (Bavistin).

Results: 1. The fungus Fusarium oxysporum were isolated from the roots of the
cucumber plants which was showing symptoms of wilt and root-rot.
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2. Pathogencity test was carried out on soil pollinated with Fusarium
oxysporum that was causing Damping-off for seedling during pre & post
emergence. The fungus proved the disease ability.
3. The different treatments significantly decreased F. oxysporum spores
number in both seasons and two depths (20 and 40cm) than control where
treatment metham sodium + cadusafs was significantly similar to Methyl
Bromide.
4. All treatments showed, significant lower percentage of F. oxysporum
disease index than control where no significant differences were existed
between T2 and MBr.
5. Pre transplanting nematodes number in general was decreased by the
different treatments than control in both seasons and the two depths where
no significant differences were noticed among MBr and each of T5, T6, T2
and T4.
6. Post-transplanting nematodes number was significantly decreased by all
treatments than control in both seasons where MBr was not significantly
different in depth 20cm than T2, T4 and T7 in both seasons. In depth
40cm, treatments T2, T4 and T5 were not significantly different than MBr
in both seasons.
7. Percentage of nematodes index was significantly decreased by all
treatments than control in both seasons where T2 and T4 were considered
the best alternatives to MBr.
8. Plant length in the three sampling dates (25, 50 and 75 days) was
significantly increased than control by all treatments with no significant
differences among chemical alternatives and MBr.
9. Stem diameter was significantly higher in all treatments than control where
only T3, T5 and T6 were significantly lower than MBr in second season
only.
10. Leaf area was significantly increased by all treatments than control in both
seasons where all treatments were significantly similar to MBr effect.
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11. Number of leaves plant-1 in general significantly increased in treatments
than control in both seasons without significant preference to MBr in the
first season only.
12. Plant fresh weight was higher in all treatments which was significantly
higher only in T3 and T4 than control in first season without significant
preference to MBr in both seasons.
13. Root fresh weight was significantly higher in all treatments than control in
both seasons where the differences were insignificantly among the
chemical alternatives and MBr.
14. All treatments produced earlier to flower date than control without
significant differences among the chemical alternatives and MBr.
15. Early yield as fruits number and weight plant-1 was higher in all treatments
than control which was significantly higher in the second season. No
significant changes were noticed among MBr and other alternative
treatments.
16. Total yield as fruit number plant-1 showed higher increase in all treatments
than control in both seasons. This increase was significantly in the second
season in all treatments where this increase was significantly higher in T4,
T2 and MBr in the first season. No significant changes were observed
among the chemical alternatives and MBr in first season where the same
trend was also true for T2, T4 and T7 in the second season.
17. Total yield as fruits weight plant-1 was significantly increased by all
treatments than control in the second season where this increase was
significantly for MBr, T2 and T4 in the first season. No significant
differences were observed among MBr and the alternative treatments in the
first season while this was also true for T2 and T4 in the second season,
18. Fruit length and fruit weight were not significantly affected in all
treatments than control.
19. Fruit diameters was increased in all treatments in the first season where the
increase was significantly higher in MBr and T7. No significant changes
were noticed among chemical alternatives and Methyl Bromide.
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20. Leaf total nitrogen content significantly increased in all treatments than
control in both seasons with no significant changes among the chemical
alternatives and MBr in first season and T3, T4 and T7 in the second
season.
21. Phosphorus in leaves in general was significantly higher in all treatments
than control in both seasons with no significant preference for MBr than
the alternative treatments.
22. Potassium increased in the different treatments than control in both
seasons. No significant differences were noticed among MBr and the
chemical alternatives in the second season and T2 in the first season.
23. Total chlorophyll was in general higher in all treatments than control in the
two seasons. No significant differences were noticed among MBr and the
chemical alternatives in the second season.
24. Total Soluble solids (TSS) showed no significant changes by all treatments
than control and Methyl Bromide.
25. Fruit titratable acidity significantly increased in the first season than
control in all treatments where only MBr and T4 showed the significant
increase in the second season. No significant differences were detected
among MBr, T2 and T4 in the second season while the other alternatives
showed significant lower acidity than MBr in this season.
26. Weeds population density was significantly lowered by all treatments than
control in both seasons where no significant differences were observed
among MBr and all chemical alternatives.
Experiment II
It was carried out in the second season only where cucumber was transplanted
in October 25, 2011-2012 season. The experiment was also laid out in a completely
randomized block design with three replications. Each replicates, contained 7 plants
which were spaced at 1.25×0.40 m. The plants were tangue-approach grafted onto
two different rootstocks as an alternative to Methyl Bromide as follows:
-

Without grafting control (G0).
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-

Grafting onto the rootstocks winter squash hybrid, Tetsukabuto
(Cucurbita maxima ×Cucurbite mostchate) (G1).

-

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

Results:
1. Percentages of disease index of Fusarium and nematodes significantly
decreased in grafted plants as compared with the ungrafted control. No
significant differences were noticed between the two rootstocks, where G2
was the best treatment.
2. Plant height and stem width insignificantly increased by the two rootstocks
where leaf area was not affected. In addition, G2 produced the insignificant
heaviest plants where this treatment resuled in the significant highest leaf
number plant-1.
3. Root fresh weight was significantly increased by the two rootstocks. Root
dry weight decreased in G1 than G0 and G2 and dry weight % was not
significantly affected.
4. No significant differences were noticed in flowering date due to the
rootstocks.
5. Early yield as fruits number plant-1 and fruits weight plant-1 insignificantly
increased in grafted plants while total yield as fruit number and fruits
weight plant-1 was increased significantly due the two rootstocks without
significant difference between them.
6. The two rootstocks did not affect fruit length and diameter. Fruit fresh
weight was significantly higher in grafted plants where G2 produced the
heaviest fruit.
7. The two rootstocks did not significantly affect fruit TSS where titrtable
acidity significantly was increased by G1. Fruit dry weight % was
insignificantly increased by grafting.
8. Nitrogen and potassium in leaves increased significantly in grafted plants
without significant differences between the two rootstocks. No significant
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differences were also observed in leaves phosphorus content of grafted and
ungrafted plants.
9.

Total chlorophyll content of leaves was not significantly changed due to
grafting, where G2 showed the highest chlorophyll content.

Under Gaza Strip conditions, we can recommend to use covered metham
sodium with polyethylene or Dichloropropene (Kandor) + Carbendazim (Bavistin),
and/or grafting onto the rootstock Aurelia cs-2 (Cucurbita maxima) as an
alternatives to Methyl Bromide to control soil-born diseases.
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الملخص

يعتبر غاز بروميد الميثايل المدخن األكثر فعالية في تعقيم التربة ضد كثير من اآلفات المختلفة في
جميع أنحاء العالم ،وطبقا ً لبرتوكول مونت& لعام  1991فقد صنفوه من المواد الكيميائية المدمر لطبقة
األزون .
ھدفت ھذه الدراسة إلي إيجاد بديال لبروميد الميثايل لمقاومة آفات التربة المزروعة بالخيار والذي يعتبر
محصوالً مھما ً على المستوي المحلي والعالمي ،وذلك من خالل بحث زرعت نباتاته داخل صوبة
زراعية في قرية جباليا بمحافظة شمال غزة بفلسطين ،وفي تجربتين مستقلتين على محصول الخيار
صنف  Rocketفي عروتين كل منھا خريفية شتوية.
التجربة األولي:
نفذت ھذه التجربة بتاريخ 15أكتوبر في الموسمين المتتاليين  2012-2011و ،2013 – 2012
وصممت في قطاعات كاملة العشوائية بأربع مكررات ،وأحتوى كل منھا على  16نباتا ً زرعت على
أبعاد  0.40 × 1.25متراً تحت نظام الري بالتنقيط ،وتم اختبار  6بدائل كيميائية لغاز بروميد الميثايل
وھي :
 -1الشاھد ).(T0
 -2بروميد الميثايل ).(T1
 -3ميثام صوديوم )ميتامور( مغطي بشرائح البولي أثيلين).(T2
 -4ميثام صوديوم).(T3
 -5دايكلوروبروبين )كندور(  +كربنديزيم )بفستين ( ).(T4
 -6ميتام صوديوم +اوكزوميل )فايديت( ).(T5
 -7ميتام صوديوم +كودوسفاس ) راجبي ( ).(T6
 -8ميتام صوديوم  +كربنديزيم )بفستين ( ).(T7
 أمكن تلخيص النتائج المتحصل عليھا في ھذه التجربة في األتي : -١أمكن عزل الفطر  Fusarium oxysporumمن جذور نبات الخيار الذي ظھر عليھا
أعراض الذبول وعفن الجذور.
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 -٢أمكن إجراء تجربة القدرة المرضية لتلقيح التربة سطحيا بفطر Fusarium oxysporum
الذي تسبب في ذبول الباذرات قبل وبعد ظھورھا فوق سطح التربة ،وقد أثبت قدرته
المرضية.
 -٣خفضت معنويا ً المعامالت المختلفة عدد جراثيم  F. oxysporumعن الكنترول في كال
الموسمين وعمقي التربة  20سم و 40سم ،حيث الميتام صوديوم  +كادوسفاز كان تأثيرھما
معنويا متشابھا مع بروميد الميثايل.
 -٤أظھرت كل المعامالت انخفاضا ً معنويا ً في دليل المرض  F. oxysporumعن الكنترول ولم
يالحظ فروق معنوية بين T2و بروميد الميثايل
 -٥أنخفضت بشكل عام أعداد النيماتودا قبل وبعد الزراعة بفعل المعامالت المختلفة عن الكنترول
في كال الموسمين والعمقين ،ولم توجد أية اختالفات بين بروميد الميثايل و ،T2 ،T6 ،T5
و .T4
 -٦انخفضت معنويا ً أعداد النيماتودا بعد الزراعة في كل المعامالت المختلفة عن الكنترول في كال
الموسمين ،حيث لم يتفوق بروميد الميثايل عند العمق  20سم عن  T4 ،T2و  T7في كال
الموسمين ،وفي العمق  40سم لم يوجد فرق معنوي بين  T5 ،T4 ،T2وبروميد الميثايل في
كلي الموسمين.
 -٧انخفضت معنويا ً النسبة المئوية لدليل اإلصابة بالنيماتودا في جميع المعامالت عن الكنترول
في كال الموسمين ،حيث اعتبرت معاملتا  T2و T4أفضل البدائل لبروميد الميثايل.
 -٨أزداد معنويا ً طول النبات عند المواعيد الثالثة ) 50 ،25و 75يوما ً( في المعامالت المختلفة
عن الكنترول دون فارق معنوي بينھا وبين بروميد الميثايل.
 -٩كان قطر النبات أكثر سمكا ً في جميع المعامالت عن الكنترول بينما كانت  T3و  T5و T6
معنويا ً أقل من بروميد الميثايل في الموسم الثاني فقط .
 -١٠أظھرت مساحة الورقة زيادة معنوية بفعل كل المعامالت المختلفة عن الكنترول في الموسمين
حيث كانت جميع المعامالت معنويا ً تساوى تأثير بروميد الميثايل.
 -١١أزداد معنويا ً وبشكل عام عدد األوراق لكل نبات في المعامالت المختلفة عن الكنترول في كال
الموسمين دون تفوق معنوي لبروميد الميثايل على البدائل الكيميائية.
 -١٢كان الوزن الرطب للنبات عاليا ُ في جميع المعامالت ومعنويا ً فقط في  T3و  T4عن
الكنترول في الموسم األول ،وبدون فارق معنوي مع بروميد الميثايل في كال الموسمين.
 -١٣زاد وزن الجذور الرطب في جميع المعامالت عن الكنترول في كال الموسمين ،ودون فارق
معنوي بين البدائل الكيميائية وبروميد الميثايل.
 -١٤أزھرت نباتات المعامالت المختلفة مبكراً عن الكنترول دون فارق معنوي في التوقيت بين
البدائل الكيميائية وبروميد الميثايل.
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 -١٥كان المحصول المبكر عدداً ووزنا ً لكل نبات أعلى في جميع المعامالت عن الكنترول،
والزيادة كانت معنوية في الموسم الثاني ،ولم يالحظ فروق معنوية بين البدائل الكيميائية
وبروميد الميثايل.
 -١٦أظھر المحصول الكلي كعدد ثمار لكل نبات زيادة كبيرة في كل المعامالت عن الكنترول،
وكان الزيادة معنوية في الموسم الثاني في كل المعامالت ،إال أن الزيادة كانت معنوية فقط في
 T2 ،T4وبروميد الميثايل في الموسم األول .ولم يتفوق معنويا ً بروميد الميثايل على جميع
البدائل الكيميائية في الموسم األول ،والحال نفسه مع و  T4 ،T2و  T7في الموسم الثاني.
 -١٧زاد المحصول الكلي وزنا ً لكل نبات بفعل جميع المعامالت عن الكنترول في الموسم الثاني
بينما كانت تلك الزيادة معنوية لبروميد الميثايل ،و  T2و  T4في الموسم األول ،ولم يتفوق
معنويا ً بروميد الميثايل على البدائل الكيميائية في الموسم األول ،والحال نفسه مع  T2و T4
في الموسم الثاني.
 -١٨لم يالحظ تغير معنوي في طول ووزن الثمرة في كل المعامالت.
 -١٩زاد قطر الثمرة في جميع المعامالت في الموسم األول ،وكانت ھذه الزيادة معنوية في بروميد
الميثايل و  ،T7ولم يالحظ فروق معنوية بين البدائل الكيميائية.
 -٢٠أزداد معنويا ً النيتروجين الكلي في الورقة في كل المعامالت عن الكنترول خالل الموسمين
دون فارق معنوي بين البدائل الكيميائية وبروميد الميثايل في الموسم األول ،و  T4 ،T3و
 T7في الموسم الثاني.
 -٢١أرتفع معنويا ً وبشكل عام محتوى األوراق من الفسفور في جميع المعامالت عن الكنترول في
الموسمين دون فارق معنوي بين البدائل الكيميائية وبروميد الميثايل.
 -٢٢سجل محتوى األوراق من البوتاسيوم في المعامالت المختلفة زيادة عن الكنترول في
الموسمين ولم يالحظ فروق معنوية بين البدائل الكيميائية وبروميد الميثايل ،ونفس النتيجة
كانت مع  T2في الموسم األول.
 -٢٣كان الكلورفيل الكلي بشكل عام أعلى في جميع المعامالت عن الكنترول في الموسمين ولم
يسجل فروق معنوية بين البدائل الكيميائية وبروميد الميثايل في الموسم الثاني.
 -٢٤لم يتغير معنويا ً محتوى الثمرة من المواد الصلبة الذائبة الكلية  TSSفي جميع المعامالت
مقارنة بالكنترول وبروميد الميثايل.
 -٢٥ازداد معنويا ً محتوى الثمار من الحموضة في جميع المعامالت في الموسم األول عن
الكنترول ،حيث أظھر بروميد الميثايل و T4زيادة معنوية في الموسم الثاني ،ولم يالحظ
فروق معنوية بين بروميد الميثايل و ،T2و ،T4بينما البدائل الكيميائية نقصت فيھا الحموضة
معنويا ً عن معاملة بروميد الميثايل في الموسم األول.
 -٢٦أنخفضت معنويا ً كثافة الحشائش خالل الموسمين بفعل جميع المعامالت عن الكنترول دون
فروق معنوية بين البدائل الكيميائية و بروميد الميثايل.
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التجربة الثانية :
نفذت ھذه التجربة بتاريخ  25أكتوبر خالل الموسم  2013 – 2012وصممت في قطاعات كاملة
العشوائية بثالثة مكررات ،وأحتوى كل منھا على  ٧نباتات زرعت على أبعاد  0.40 × 1.25متراً،
وقد طعمت الشتالت بطريقة التطعيم اللساني باللصق على أصلين كبديل غير كيميائي لغاز بروميد
الميثايل وكانت المعامالت كالتالي :
 .١الكنترول بدون تطعيم ).(G0
 .٢تطعيم على أصل ھجين .(Cucurbita maxima ×Cucurbite mostchate) Tetsukabuto
).(G1
 .٣التطعيم على أصل .(G2).(Cucurbita maxima) Aurelia cs-2
ويمكن تلخيص النتائج في األتي:
 .١انخفضت معنويا ً نسبتا دليلي اإلصابة بمرض الفيوزاريوم والنيماتودا في النباتات المطعمة
مقارنة بالكنترول الغير مطعم ،ولم يالحظ فروق معنوية بين أصلي التطعيم واعتبرت المعاملة
 G2ھي األكفأ.
 .٢أزداد غير معنوي كل من طول النبات وقطر ساقه بفعل أصلي التطعيم ولم تتأثر مساحة
الورقة ،وأظھرت ) (G2زيادة غير معنوية في وزن النبات بينما أزداد معنويا ً عدد األوراق
لكل نبات.
 .٣أزداد معنويا ً الوزن الرطب للجذور ألصلي التطعيم ،بينما انخفض الوزن الجاف في G1
مقارنة مع  G2و ،G0بينما لم تتأثر النسبة المئوية للوزن الجاف للجذور.
 .٤لم تؤثر عملية التطعيم باستعمال أصلي التطعيم على ميعاد تزھير نباتات الخيار.
 .٥أنتجت النباتات المطعمة وبدرجة غير معنوية محصوالً مبكرا ٌ عدداً ووزنا ً لكل نبات ،بينما
أزداد معنويا ً المحصول الكلي عدداً ووزنا ً لكل نبات بفعل أصلي التطعيم دون فارق معنوي
بينھما.
 .٦لم يؤثر التطعيم على طول وقطر الثمرة ،بينما أزداد معنويا ً وزن الثمرة بفعل أصلي التطعيم،
و كانت المعاملة  G2األثقل في وزن الثمرة .
 .٧لم يتأثر  TSSفي الثمار معنويا ً بفعل التطعيم ،وكانت الزيادة معنوية في  G1في الثمار،
وزادت نسبة المادة الجافة في الثمرة زيادة غير معنوية.
 .٨أزداد بدرجة معنوية محتوى األوراق من النيتروجين والبوتاسيوم في النباتات المطعمة عن
الكنترول ،دون فارق معنوي بين األصلين ودون تأثير معنوي على المحتوى من الفسفور.
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 .٩لم يتغير بدرجة معنوية محتوى األوراق من الكلورفيل الكلي بفعل التطعيم وأن أظھرت
المعاملة  G2تركيزاً عاليا ً من صبغة الكلورفيل.
يمكن أن يوصي تحت ظروف قطاع غزة باستخدام ميثام صوديوم المغطي بشرائح البولي
أثيلين أو دايكلوروبروبين )كندور(  +كربنديزيم )بفستين ( كبدائل كيمائية لغاز بروميد الميثايل
أو التطعيم على األصل  (Cucurbita maxima) Aurelia cs-2كبديل بيولوجي للسيطرة على
آفات التربة.
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