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ABSTRACT

Two experiments were carried out in 2006/2007 and 2007/2008
seasons at West Nubariya region to study the effect of two fungal
bioagents along with agrispon as bio-stimulant (bioregulator) and
(carbofuran 10 % G) against root knot nematode AMeloidogyne
incognita infesting sugar beet under field conditions. Bioagents viz.,
Trichoderma viride and Verticillium chlamydosporium alone or in
combination with agrispon and carbofuran 10 % G promoted plant
growth, reduced number of galls/plant, egg masses/root system and
number of juveniles/root system and juveniles/200 g soil to extent
may be reached in some treatments to 100 % reduction in all
aforementioned parameters. The fungal bioagents along with agrispon
and nematicide showed the least nematodes build up rate as compared
to untreated infested soil. Integration Agrispon as bio-stimulant for
plants and micro-organisms made enhancement in the soil conditions
of sugar beet growth and the bioagents at the same time, which
improved quantity and quality of sugar beet crop as roots and sugar
yields per feddan, sugar content per plant, sucrose and purity %. The
present investigation thus, clearly shows the significant performance
of the cumulative effect by agrispon, both the bioagents, one as egg
parasitic (V. chlamydosporium) and the other as toxic (7. viride) with
the little dosage of carbofuran 10%G as the best materials in reducing
the nematode population and improving plant growth with
preservation of agricultural environment and its biological balance.
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INTRODUCTION

Currently, sugar beet (Beta vulgaris L.) is the second major
sugar crop grown in newly reclaimed desert at West Nubariya and Al-
Bostan regions as well as Al-Fayuom, Kafr El-sheikh and Al-
Dakahlyia governorates. The total sugar beet cultivated area reached
257667 feddans with an average tonnage of 18.593 tons i.e., the total
sugar beet production is 4790730 tons of sugar beets that contributed
to about 30 % of total sugar production in Egypt (Annual Report of
Sugar Crops Council, 2008).

Sugarbeet production faces powerful competitiveness lately
from other field crops especially wheat, clover, beans and flax because
these crops attain superior return soaring that of sugar beet. The
decrease of sugar beet return is mainly due to the impact of the pests
particularly nematodes on the final population of sugar beet plants in
the field (which should be from 30,000 to 40,000 plants/ fed) and
negatively affected its quality.

The root-knot nematodes, Meloidogyne spp. are economically
important pests affecting sugar beet production (Altamn and
Thomson, 1971 and Gohar and Maareg, 2005). Previously, soil
fumigation was the most reliable technique to control nematodes.
Root-knot nematode is now yield limiting due to its continuing loss
and restriction of soil fumigants, thereby preventing farmers from
growing sugar beet crop profitably. Host plant resistance to root-knot
nematode, therefore, may be the most environmentally safe means to
alleviate sugar beet production problems, but, the true that sugar beet
resistant varieties to root-knot nematodes is still hard to pin down.
Beside, nematicides due to their high costs, toxic effect on beneficial
soil borne microorganisms and carcinogenic effect on human beings,
alternative approaches are practiced mainly through environment-
friendly means like biological control agents, organic amendments
(Singh and Sitaramaiah, 1966).The present investigation was thus
undertaken in West Nubariya, that have wide contaminated soil with
plant parasitic nematodes for its suitability to this pest, to attempt an
environment-friendly management of root knot nematode infecting
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sugar beet fields through integrating potential and compatible
management components viz. fungal bioagents (Pandey et al., 2005),
oil seed cake (Singh and Sitaramaiah, 1966) and carbofuran (Goswami
and Mishra, 1994).

MATERIALS AND METHODS
Materials

Sugar beet (Beta vulgaris saccarifera L. var. Chems) is among
various varieties evaluated by Sugar Crops Research Institute,
characterized, as Sweden polygerm variety.

The root-knot nematode, Meloidogyne incognita Kofoid
& White (Chitwood) which is the contaminant of the experimental area
of sugar beet fields over the two seasons of the study in Nubariya
district and genera identification was based on the morphology of
adult and larval form as described by (Mai and Lyon 1975). Species of
the root-knot nematode were identified on the basis of perineal pattern
morphology of the adult females as described by Eisenback et al.
(1980) and Eisenback (1985).

Fungi, Trichoderma viride and Verticillium chlamydosporzum
each obtained from sugar beet fields was prepared on a microscopic
glass slide in temporary mounts using methylene blue or a drop of
water and examined microscopically for grouping by features
characterizing fungal classes. A type culture of each group was sent to
Mycology and Plant Disease Survey Department, Plant Pathology
Research Institute, Egypt for insuring final identification of isolates.

Agrispon” is a non-toxic plant and mineral liquid extract
containing zeatin, triacontanol and other components considered as
bio-stimulant (bioregulator) that energizes the soil and makes nutrients
more available to plants via enriching soil microorganism's activities
(Dubravec et al., 1995)

Carbofuran®, the chemical family, Carbamate has a chemical
name as 2, 3-dihydro 2, 2-dimethyl-7-benzofuranyl methylcarbamate.
Pesticide type is insecticide, nematicide and acaricide, Adegbite and
Adesiyan (2001).

Primary test, for compatibility of the three components used in
present study, i.e. for the bioagents, bio-stimulant and the nematicide
was made according to McLean et al. (2001) to validate the p0551b111ty
of making combinations among them.
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Methods
Experimental site description:

Field experiment was conducted in 2006/2007 and repeated in
2007/2008 at West Nubariya District that naturally had a
contaminated soil with root-knot nematode, Meloidogyne incognita,
after primitive soil survey to detect the objective nematode. The sites
of the two experiments were in the same locality of sandy soil
containing distinctly low percent of organic matter (0.37 %), and
characterized by relatively low soluble cations (Ca2+ Mg**, Na*, and
K" with values of 2.76, 1.90, 4.35 and 0.82 meq L™, respectively) and
anions (C03 , HCO3 , CL and SO4? with values of 0.01, 1.71, 7.09
and 1.15 meq Lt , respectively). The soil had electrical conductivity of
0.94 ds/m, and pH 8.05. Also, it had 9.74 % CaCOs, and relatively
low N, P and K with values of 32.09, 3.13 and 79.50 ppm,
respectively. The soil temperature was with average of 25 £ 5.5 C° at
30 cm depth in the two seasons of the study.

Experimental design:
Completely randomized block design was used. The
2pemmental field for each experiment in the two seasons was (462
m®), divided into four blocks (rephcates) Each replicate included
eleven plots (3 mx3.5 m = 10.5 m? i.e. 1/400 Fed) with six ridges.
Seeds of sugar beet, Beta vulgaris saccarifera L. var. Chems were
sown on the last week of October in the two studied seasons. Five hills
per meter were planted to provide a density of 40,000 plants / fed. The
eleven treatments were allotted randomly in each block. With the
exception of the treatments, all other agricultural practices for growing
sugar beet were done as recommended by Sugar Crops Research

Institute for this region.

Fungal mass production:

Each fungus was mass produced in conical flasks containing
autoclaved mixture of coarse sand and milled barely (1:1 v/v). After
two weeks of incubation at 25 °C, the cultures were washed through
250 and 53 pm sieves to remove the sand and barley and the fungal
propagules were collected on a 10 um sieve. The residue was further
washed to remove conidia and hyphal fragments, leaving mainly
spores. The inoculum was prepared by suspending the residue in
autoclaved tap water and the concentration of spores was estimated in
diluted samples using a haemocytometer (De Leij and Kerry, 1991)
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and estimated to be 3.5 x 10’ ml” for T, viride and 3.5 x 10° mI" for
V. chlamydosporium. The production was done using the fungal
isolates originated from soil for 7. viride and from infected eggs of M.
incognita for V. chlamydosporium.

Application of treatments procedure:

By sowing sugar beet seeds directly, a 100 ml suspension was
drenched separately from each fungus in a groove that made in the
seedbed along the 3 m sown ridge. In another set, soil was drenched
with a mixture of both T. viride and V. chlamydosporium (50 + 50 ml
per 3 m ridge) or drenched with 50 ml when any of fungus combined
with any of other agents (i.e. 7. viride, V. chlamydosporium, agrispon
or/and carbofuran).Carbofuran was applied at 0.25 a.i kg/fed., alone or
simultaneously with the half of this dose (0.15 a.i kg/fed.) in
combination with any of other agents. Agrispon was applied at the rate
of 400 ml/fed., that when applied alone in two equal rates, 200 ml in
~ the previously described groove at sowing time and the second 200 ml
at four true leaves stage (about 30- 40 days from sowing date). In the
case of combination with the other agents at rate of 300 ml at two
equal rates the first (150 ml fed.) at sowing and the second at four true
leaves stage. The treatments used were (1) agrispon (Ag) alone at 400
ml/fed., (2) Trichoderma viride alone at 24 l/fed. (100 ml/ 3 m ridge),
(3) V. chiamydosporium alone at 24 l/fed. (100 ml/ 3 m ridge), (4)
carbofuran, alone at 0.25 a.i kg/fed., (5) Trichoderma viride at 12
I/fed. + agrispon 300 ml/fed (6) V. chlamydosporium at 12 l/fed.
+agrispon at 300 ml/fed, (7) Trichoderma viride at 12 l/fed. +
carbofuran at 0.15 a.i kg/fed., (8) V. chlamydosporium at 12 1/ fed +
carbofuran at 0.15 a.i kg/fed., (9) Trichoderma viride at 8 L/fed.+ V.
chlamydosporium at 8 l/fed +agrispon at 200 ml/fed., (10)
Trichoderma viride at 8 l/fed.+ V. chlamydosporium at 8 1 /fed +
agrispon at 200 ml/fed + carbofuran at 0.15a.i kg/fed, (11) nematode
alone with 100 juveniles per 200 g soil (control). Also, the rest of
treatments were allotted at plots with the same average Pi equals to
100 juveniles/ 200 g soil. Four replicates were maintained for each
treatment. Observations on number of galls/ plants, number of egg
masses/ plant, number of juveniles / 200 g soil by sieving and
decanding methods (Barker,1985) and number of juveniles/root
system by incubation method according to (Young, 1954). As well as
nematode build up rate which was deduced by formula adopted after
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Maareg et al. (1998), whereas, build up = Total count of nematodes in
root and soil / initial population at sowing time.

Also, the following characters of sugar beet yield and quality
were determined at harvest (six months from planting). Number of
survival plants/ plot was counted for each treatment in all replicates to
estimate their number/ fed. A sample of 10 guarded plants represent
each treatment in all replicates were collected to determine: root
length and diameter (cm), plant weight (g), root and foliage weight (g)
/plant, as well as, Total Soluble Solids percentage (TSS %) which was
determined using Hand refractometer, sucrose was determined
according to the method of Le Docte, 1927, purity % was estimated as
it is equal (Sucrose % / TSS %) x 100 and sugar content g /plant was
assessed as root weight (g) x sucrose %. Sugar beet plants of each
plot were up-rooted, topped, cleaned and weighed to determine root
yield in tons/fed. Whereas, sugar yield per feddan was estimated as it
is = root yield (ton/ fed) x sucrose % x purity %.

Statistical analysis:

Data of the two seasons were combined for analysis of variance
(ANOVA) using MSTAT version 4 (1987), followed by testing
significant differences among the means of different treatments by
Duncan's Multiple Range Test at 0.05 and O. 01 probability according
to Duncan (1955).

RESULTS AND DISCUSSION
Effect on sugar beet root galling:

The analysis of variance for the combined data (the two seasons,
2006/2007 and 2007/2009) illustrated in Table (1) revealed at both P
<0.05 and <0.01 of significance that the maximum reduction in root
galling (100 %) occurred in plots treated with a combined of
Trichoderma viride plus carbofuran and the same significant value
(100 %) took place in plots received a combination of Trichoderma
viride, Verticillium chlamydosporium and carbofuran. Also, the full
absence of galling roots was observed in the plots treated with the
combination of the two studied bioagents along with agrispon and
carbofuran together. The same trend of severe reduction in sugar beet
root galling obtained in plots treated with the two bioagents, T. viride
plus V. chlamydosporium (95.7 %), also, with plots received the
combination of agrispon plus 7. viride (97.4 % reduction) and with
that of agrispon plus the two bioagents (97.4 %). The solitary
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application of any of the two bioagents (7. viride or V.
chlamydosporium) achieved an outstanding reduction as 77.8 and 68.4
%, respectively, in regard to nematicide, carbofuran (83.8 %), Table
(D).

Effect on development of females, egg masses, juveniles:

Data reported in Table (1) showed that there were significant
variances for the combined data of the two seasons concerning
number of females, egg masses, juveniles / root system and juveniles/
200 g soil, whereas, the treatments of accompanying the T viride
with carbofuran, the two bioagents with carbofuran and/or the two
bioagents along with carbofuran and agrispon exhibited a
distinguished reduction in females estimated to 100 %, followed by
agrispon plus the two bioagents (96.1 %), agrispon plus 7. viride (95.1
%) and the treatment of applying the two bioagents together.
Consequently, the same aforementioned treatments achieved the same
trend of reduction on the number of eggmasses, juveniles per root
system, and juveniles / 200 g soil, ranging from 81.8 for the treatment
of applying the bioagent T. viride alone up to 100 % with same
treatments that attained the same percentage reduction with females.
Also, the case with juveniles/root system and juveniles/200 g soil. The
second ranked effect on the previous parameters was exhibited by
treatments of 7. viride alone, V. chlamydosporium alone, carbofuran
alone, the combination of T. viride plus V. chlamydosporium, agrispon
with 7. viride and agrispon along with T. vzrzde plus V.
chlamydosporium as shown in Table 1.

Effect on nematodes build up rate:

Also, from Table (1), both fungi 7. viride and V.
chlamydosporium showed a distinguished reduction on build up rates
of M. incognita when they were applied singly as they were 80.6 and
70.4 %, respectively as compared with chemical nematicide
carbofuran. While, the percentage of build up reduction soared upon
the mentioned values whereas, they reached 90.8, 95.9 and 96.9 % in
plots received T. viride + V. chlamydosporium, agrispon + T. viride
and agrispon + T. viride + V. chlamydosporium, respectively. On the
other hand, 100 % reduction was obtained in plots given 7. viride +
Furadan, T. viride + V. chlamydosporium + carbofuran and agrispon +
T. viride + V. chlamydosporium + Carbofuran.
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Account of the findings presented in the Table (1), it can be
noticed that the master key of managing root-knot nematodes in these
experiments is due to cumulative effect of the used bioagents along
with nematicide, carbofuran and agrispon or in combinations. Data in
Table (1) showed that the most effective solitary application whether
for root galling reduction or all nematode stages suppression was
attributed to carbofuran, T. viride and V. chlamydosporium.
Carbofuran acts directly on the nematodes in the soil thereby,
preventing or limiting hatching of eggs and the movement of juveniles
into roots. This is in agreement with the works of Di-sanzo (1973),
Fadina (1991) and Adegbite and Adesiyan (2001). Also, the two used
bioagents may suppress nematodes by different mechanisms led to
minimizing the plant damage. Verticillium spp. are known to be
capable of colonizing the rhizosphere of many crops and this genus
has been described as the most important egg parasite of Heterodera
avenae (Woll.) and H. schachtii (Schmidt) (Kerry et al., 1984; De Leij
& Kerry, 1991). Also Trichoderma spp. are known among the
antagonistic fungi against many soil born pathogen, Rao et al. (1998).

Contrarily, with the treatment of nematode alone (control)
whereas, build up rate reached the maximum (9.8) also, with treatment
of agrispon alone (8.1) whereas, all favourable conditions for
strapping nematodes build up were available i.e. degree days,
susceptible host, relatively longtime of crop maturation (six months)
and absence of any control measures. Beside, in the treatment of
agrispon alone, agrispon made enhancement for growth of sugar beet
plants (Table, 2) even under infestation and this may be prepared
plants to sustain and harbored more nematodes (supplementary
tolerance). This is coincided with the findings of Shurtleff and Averre
(2000) whom stated that the short life cycle of 6 to 8 weeks enables
root-knot nematode populations to survive well in the presence of a
suitable host and their populations build up to a maximum usually as
crops reach maturity. Also, Singh and Khurma (2007) concluded that
the adult female of root-knot nematode stays inside the giant cells and
continues to feed and produces eggmass in a gelatinous matrix
protruding out of the root gall. The eggmasses give rise to infective
juveniles (J2) which may infect other uninfected roots of the same
plant or migrate and infect the nearby plants.
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Table (1): Effect of Verticillium chlamydosporium, Trichoderma
viride in combination with agrispon/furadan on nematode
population, egg masses, juveniles/root, and juvenile in soil, females
and build up factor of Meloidogyne incognita infesting sugar beet
plants (combined analysis of 2006/2007 and 2007/2008 seasons.)

No.ofgalls | No. of females N‘l’!'l;’::egsg' No. of juveniles Build up
Treat 200 -
ments per | pod % per Red. | per | Red. | per. | Red. m Red | Rat | Red.
root * 1 root % root % root % sgoil . % e %
Mi 117 0.0 103 {00 | 121 { 00 | 523 { 00 237 0 98 | 00
(control)
Ag+Mi | 88 24.8 93 97 79 | 347 | 443 | 153 | 191 | 194 | 81 | 173
Tv+Mi 26 77.8 31 699 | 22 | 818 | 97 | 815 39 | 835 | 19 | 806
Ve + Mi 37 68.4 37 64.1 17 | 860 | 201 | 616 55 | 768 | 31 | 704
F + Mi 19 838 2 777 1 25 | 793 9 98.3 30 | 873 09 | 930
Tv+ Ve 5 957 7 932 3 | ors | 3 99.4 48 | 71971 06 | 908
+ Mi
Tv+ V¢
cFeMi | O 100.0 0 1000 | o [1000] o | 1000 0 1000 [ 00 | 1000
11;[‘; tF+ 100.0 0 w00 | o [1000] o {1000]| o |1000] 00 [ 1000
Ag+Tv 3 97.4 5 95.1 3 97.5 3 99.4 29 | 878 | 04 | 959
+ Mi
Ag+ Tv
+Ve+ 3 974 4 96.1 2 | 983 3 99.4 2 | 97! 03 | 99
Mi
Ag+Tv
+Vc+F 0 100.0 0 1000 | o |1000] o 100.0 0 100.0 | 0.00 | 1000
+ Mi
L.S.Dat
008 2.06 205 143 3.86 232 0.03
L.S.Dat
001 277 276 192 518 312 0.40

B Values are averages of four replicates. _
B Mi = Meloidogyne incognita Ag = agrispon Tv = Trichoderma viride Vc =
Verticillium chlamydosporium F = Furadan (carbofuran) Red. =Reduction

Effect on plant growth:

Combined analysis of data shown in Table (2) proved that the
root length, root diameter, root weight, foliage weight and plant
weight of sugar beet significantly P < 0.05 and < 0.01 increased when
sugar beet plants were treated with agrispon alone or combined with
the two bioagent, i.e., all above mentioned parameters increased when
agrispon was applied alone by percentages, 33.8, 27.6, 36.8, 38.3 and
37.4 %, orderly as in the Table (2). Also, solitary application of
bioagent, T. viride enhanced plant growth by a percentage around 46
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% for all measured plant growth parameters. A remarkable increase
was observed in plant growth parameters when 7. viride or agrispon
are combined with each other or with carbofuran. Also, from Table
(2), the highest increases in the measured growth parameters i.e., root
~ length, root diameter, root weight, foliage weight and plant weight
were achieved in plots received the combination of agrispon along
with T, viride, V. chlamydosporium and carbofuran as they were 66.0,
81.0, 141.3, 134.7 and 138.6, respectively. In this regard, the best
following combinations after the previous one as indicated increase
percentage in root weight/plant viz., agrispon + T. viride + V.
chlamydosporium, agrispon + 1. viride, T. viride + V.
chlamydosporium + carbofuran and 7. viride + V. chlamydosporium
and T. viride + carbofuran which participated in increasing root
weight/plant by 138.7, 96.9, 48.6, 38.3 and 38.3 %, respectively.
Table (2): Effect of Verticillium chlamydosporium, Trichoderma
viride in combination with agrispon/furadan on plant growth of
sugar beet plants subjected to infestation with Meloidogyne
incognita (combined analysis of 2006/2007 and 2007/2008 seasons.)

Root length Root diameter Root welght Foliage weight Plant weight
Treatments Increase Increase. Torrsase Increaze Increase

b % om % z &% £ % 8 %
Mi(eonmoD | 2425 | ¢ | 735 | 0 | 6235 | 0 | 283 | ¢ | 105064] 0
Az-Mi | 3245 | 338 | 825 | 176 | e5183 | 368 | 9233 | 83 | 144396 | 374
Tetan | 3555 | 466 | 96 | 314 | 00845 | 465 | 63005 | 471 | 53860 | 451
Vet | 232 | 39 | 85 | 172 | s0ige | 291 | 555 | 06 | 13888 | 293
F+Ma 2832 | 173 | 925 | 276 | 85725 | 377 | 59656 | 393 | 145381 | 384
EZ Vet ae3n | 2090 | o1 | 255 | ssias | zes | se04s | 39 |wsarze| 372
Te+Vettapas | 247 | 075 | 345 | oas00 | 486 | sas12 | so6 |157021| 495
AL '3 ~ 75 | 345 | 925, 3. : . 10, 5
,fg *EF) 3 | 567 | 92 | 269 | ssos | 383 | e002 | 401 [ 146080 | 00
i‘g PTof  sess | 31 | 119 | 6a1 | 122515 ) 965 | 83365 | 993 | 207880 | 979
A+ Tv ) sgo | sos | 125 | 724 | 148525 | 1387 | ovmes | 185 | 246393 | 1345
Ve = Mi 33. X & = > 3 1 ae. 2403 .
Ag + Ty +
Ve + F+|a02s | 660 | 1302 | sio | 1so1ss | 1413 | 100535 | 1347 | 250720 | 1386
M
LsDwoss | 133 231 542 59.40 240
Lspwont | 178 042 07 13334 3009

B Values are averages of four replicates.
B Mi= Meloidogyne incognita Ag= Agrispon Tv = Trichoderma viride Vc= Verticillium
chlamydosporium F = Furadan ( carbofuran)
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Effect on main yield components of sugar beet:

Analysis of variance for the combined data of the studied two
seasons demonstrated in Table (3), significantly marked out the effect
of various treatments on average number of survival plants/fad which
directly affected roots and sugar yields per feddan. Whereas, the best
single application that maintained relatively high plants population
was carbofuran alone (22088 plants/fed. with increase equals to 79.6
% than untreated), followed by 7. viride alone treatment (18550
plant/fed. With increase equals to 50.8 % than untreated). While, the
best combination in this regard was 1. viride + carbofuran (25450
plants/fed. With increase equals to 106.9 % than untreated) followed
by T. viride + V. chlamydosporium + carbofuran (103.2 % increase
than untreated), followed by agrispon + T. viride + V.
chlamydosporium + carbofuran (101.2 % increase than untreated)
followed by agrispon + T. viride + V. chlamydosporium (96.9 %
increase) and followed by agrispon + T. viride (88.6 % increase than
the untreated). Data in Table (3) showed also the estimated highest
roots yield in ton/fed. was achieved with the combination of agrispon
+ T. viride + V. chlamydosporium + carbofuran (37.171 ton roots/fed
with 385.5 % increase than untreated) and the lowest was with the
treatment of V. chlamydosporium alone (12.107 ton roots/fed.).
Notably, all combinations that implied agrispon or/and 7. viride
attained distinguished root yield/fed. In regard to sugar yield /fed., the
same trend was noticed, whereas, the highest sugar yield obtained
with the combinations that implied agrispon or/and T. viride as
noticed from the same Table (3), 7.734 ton sugar per fed. had been
obtained by treatment of agrispon + T. viride + V. chlamydosporium +
carbofuran.

Effect on the quality of sugar beet plants:

Data showed in Table (4) indicated that there were no significant
differences (P <0.05 and <0.01) among the most treatments for
percentage total soluble solids T.S.S.% but the highest ones achieved
with treatments that comprised agrispon and 7. viride and were around
22 %. but, sucrose % was significantly influenced by treatments,
whereas agrispon combinations achieved the highest sucrose
percentage as they were 22.4, 20.8 and 20.2 % for Agrispon + T.
viride + V. chlamydosporium + carbofuran, ag + T. viride + V.
chlamydosporium + carbofuran and agrispon + T. viride, respectively.
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Also, Purity % was the highest with all combinations of agrispon and
T. viride, whereas all above 90 % with exception for carbofuran alone
(96 %). Sugar content per plant as a character of quality was
consequently affected with the same aforementioned treatments that
affect sucrose and purity percentages whereas the best sugar yield in
gm per plant was obtained with the treatment of agrispon + 7. Viride +
V. chlamydosporium.

Table (3): Effect of Verticillium chlamydosporium, Trichoderma
viride in combination with agrispon/furadan on main yield
components of sugar beet that subjected to infestation with
Meloidogyne incognita by combined analysis between two seasons
of 2006/2007 — 2007/2008.

No. of survival plants Roots yield Ton/ Fed. Sugar yield Ton / Fed.
Treatments Increase Increase Increase
plants/fed. % Tonnage % Tonnage %

Mi

12301 0.0 7.656 0.0 0.907 0.0
(control)
Ag+Mi 16600 34.9 14.137 84.7 2.065 127.7
Tv + Mi 18550 508 16.852 120.1 2.536 179.6
Ve +Mi 15060 224 12.107 58.1 1227 35.3
F + Mi 22088 79.6 18.935 147.3 3.223 255.3
;llvi +Vet | 50065 704 17.846 133.1 1.927 112.5
Tv+ Ve 24996 103.2 23.124 202.0 4.137 356.1
F+ Mi
:/[Vi +F+ 25450 1069 | 21.902 1861 | 4.031 344.4
ﬁgi TV om0 886 | 28425 | 2713 | 5178 | 4709
Ag+Tv+

24222 6.9 35.976 369.9 6.952 666.5
Ve + Mi 4 ?
Ag+Tv+
Ve+F+ 24750 101.2 37.171 385.5 7.734 752.7
Mi
L. S.D at

186.52 0.86 0.40
0.05
L.S.D at

250.58 1.16 0.50
0.01

B Values are averages of four replicates.
Mi = Meloidogyne incognita Ag= agrispon Tv = Trichoderma viride Vc=
Verticillium chlamydosporium F = Furadan ( carbofuran) .
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Table (4): Effect of Verticillium chlamydosporium, Trichoderma
viride in combination with agrispon/furadan on the quality of
sugar beet roots subjected to infestation with Meloidogyne
incognita by combined analysis between two seasons of 2006/2007

-2007/2008.
Total Soluble . Sugar content g
. Sucrose Purity
Treatments Solids fl‘.S.S) : : per leant
ncrease ncrease ncrease. ncrease
% % % % % % g %
Mi
(contro) | 13 00 |146] 00 |8i1| o0 | 737 0.0
Ag + Mi 184 | 22 |164] 123 |81 | 99 |1244| 688
Tv + Mi 1921 67 |170]| 164 |85 91 [1367 855
Ve + Mi 162 | -100 | 132 | -96 | 815]| 05 8L5 | 106
F+Mi 182 | 11 | 176 | 205 |97 192 |1459] 980
ITVIVi *Vetr | og | 100 [182| 247 |919| 133 | o919 | 247
Tv+Ve+
oM 206 | 144 | 192 | 315 |932| 149 |1655| 1246
%* F+ 92| 67 |188] 288 |979! 207 |1584| 1149
:«gi tIvt } 04| 244 (202 384 |902| n2 |2232] 2028
Ag+Tv+
L 24 | 244 | 208 | 425 [ 929 | 145 | 287 | 2894
Ag+Tv+ :
Ve+F+ | 238 322 | 224 534 |929] 145 |3125] 3240
Mi
L. S.D at
008 1.46 1.16 2.53 467
L.SDat
ooi 1.96 1.55 3.40 6.27

Bl Values are averages of four replicates.
B Mi= Meloidogyne incognita Ag= agrispon
Verticilhium chlamydosporium F = Furadan (carbofuran).

Tv = Trichoderma viride Vc=

Also, from Tables (2, 3, and 4), the studied agents acted against
nematodes and resulted in maintaining a higher number of survival
plants / treated plots as compared to untreated plots, which
consequently led to notable enhancement in yield components and

quality.

The combination among agrispon and the two bioagents and
carbofuran resulted in a cumulative adverse effect on nematode as
stated before, and positive returns towards sugar beet plants whereas,
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carbofuran stopped further attack by nematode juveniles to root of

sugar beet plants, also, the other two bioagents suppressed the

development of nematode stages, Besides, agrispon as a bio-stimulant

(bioregulator) energizes the soil and makes nutrients more available to

plants via enriching soil microorganism's activities as explained by

Dubravec et al. (1995). That's to say that agrispon contributed in an

enhancement of the two bioagents activity as well as sugar beet

growth and this reflected as on higher yields and better quality as
compared with untreated plots. This trend coincided with that reported
by Goswami and Mishra, (1994) and in parallel with Goswami et al.

(2006).

CONCLUSIONS
The results obtained from the research allow us to draw the
following conclusions:

1. The most effective solitary apphcatlon whether for root galling
reduction or all nematode stages suppression was due to carbofuran,
T. viride and V. chlamydosporium and can be used under low to
moderate level of contaminated soils with root-knot nematodes in
sugar beet fields without adding any nematicide.

2. The combination among 7. viride, V. Chlamydosporium, agrispon
and carbofuran resulted in an accumulative effect making the
nematode control measurements more efficient and more safe to
environment due to low input of chemical nematicide (carbofuran
dosage in the combination was 0.25 or 0.15 a.i kg that's equals to 1/4
or 1/8 the used dosage).

3. Integration of agrispon as bio-stimulant for plants and micro-
organisms enhanced sugar beet and bioagents growth and positively
reflected on the quantity and quality of sugar beet crop.

4. The present investigation thus, clearly shows the significant
performance of the cumulative effect by agrispon and both of the
bioagents (one as egg parasitic/opportunistic (V. chlamydosporium)
and the other as toxic, 7. viride) as the best opportunity in reducing
the nematode population and improving plant health. This
introduces an ideal integration of management components against
soil borne diseases like root-knot nematode. All the three
management components in the study viz. The two bioagents,
bioregulator and the nematicide are environment-friendly economic
material and easy to apply by farmers.
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