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ABSTRACT

The effect of spore suspensions and culture filtrates of five Tnchoderma spp. on
controlling reniform nematode, Rotylenchulus reniformis and wilt fungus, Fusarnium
oxysporum, disease complex, and also on growth of sunflower plants was studied in
vitro and under greenhouse conditions. Two weeks old sunflower seedlings cv. Giza 1
treated with each of spore suspension or culture filtrate of Trichoderma harzianum, T.
vinide, T. koningii, T. reeseior T. hamatum had highly significant effect on controlling
nematodes infection and disease incidence on sunflower roots. 7. hamatum, T.
harzianum and T. koningii culture filtrates gave a highly significant reduction (P<0.01)
in vitro and decreased the population of female nematodes on sunflower roots. The
same results were observed when pots were treated with spore suspension of
Trichoderma species alone, or in combination with F. oxysporum.

Sunflower plants grown in infested soil with F. oxysporum and R. reniformis
mix inoculum showed severe wilt disease than in soil infested with F. oxysporum
alone . Treatment of Trichoderma spp. led to inhibit Fusarium growth in vitro and also
in infested soil with R. reniformis and improved significantly the plant growth
parameters. Use of T. hamatum, T. harzianum and T. koningii gave the greatest
reduction of disease incidence caused by Fusarium and/or R. reniformis infestation.
Generally, there were highly significant reduction (P<0.01) in the number of nematode
population and Fusarium wilt disease on sunflower and increasing in plant growth
parametes when treated with Trichoderma species. It can be summarized that the role
of Trichoderma spp. in controlling of R. reniformis and F. oxysporum as direct effect
by toxic metableolites, direct parasitism on the pathogens and improve plant growth.
Keywords: Fungi, Fusanum oxysporum, Nematodes, Sunflower, Rotylenchulus

reniformis, Trichoderma spp.

INTRODUCTION

Sunflower plants, Halianthus annus L. is one of the most important oil
crops in Egypt, as well as allover the world. The reniform nematode is the
major and serious pests of sunflower that significantly reduce the yield
quantity and guality (Amin and Youssef, 1997 and 1998).

Wilt diseases caused by F. oxysporum are the most important
disease-affecting sunflowers plants. Fusarium-nematode interactions are
known to decrease the quantity and quality of major world crops including
sunflowers. Because of hazards involved in the use of pesticides, biological
control of plant parasitic nematodes and soil borne diseases had received
increasing attention as a promising supplement in controlling these diseases
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(Amin, 1999, Ara et al., 1996 and Stephan et al., 1996). Agrochemical
pesticides have successfully been used for a long time but due to their
environmental pollution, its necessary for planning new methods of control
strategies. Biological control using certain biocontrol agents gave satisfactory
resuits (Chen et al., 2000 and Nicola and George, 2000).

Of the various bio-agents, fungi of Trichoderma species have been
known to suppress many soil borne pathogens and nematodes under
greenhouse and field conditions by toxic metabolites production (Ghaffar,
1995 and Parveen et al., 1993). Trichoderma harzianum, T. hamatum has
been found to antagonize fungal plant pathogen and parasitic nematodes
(Siddiqui et al., 1999). Spiegel and Chet (1998) found that 7. harzianum and
T viride are consistently effective, practical and economical and can serve as
a model as a biocontrol agents against soil borne pathogens and plant
parasitic nematodes in integrated pest management programs.

The present study aimed to study the effects of spore suspension
and culture filtrates of Trichoderma species on controlling F. oxysporum - R.
reniformis disease complex, and on plant growth of sunflower plants cv. Giza
1 under greenhouse conditions.

MATERIALS AND METHODS

The fungus, Fusarium oxysporum was isolated from diseased sunflower
piants, identified in Plant Pathology Department, National Research Center,
Egypt and cultured on Potato Dextrose Agar (PDA).

Spore suspension of the fungus was harvested and adjusted to
1X10° spores /ml. Biocontrol agents, Trichoderma spp. were isolated from
soil rhizosphere of sunflower plants and maintained on PDA. Culture filtrates
of Trichoderma spp. were prepared by growing in 250 ml flasks containing
50 mi of malt extract agar (MA) for 15 days at 25 C° 1. Culture filtrates were
collected under sterilized condition. Five, 10 and 15 ml of spores free cultural
filtrates were added to Petri-dishes containing PDA medium to give final
concentrations of 25, 50 and 75 % respectively. Petri dishes were inoculated
with equai disks - 5mm in diameter -of Fusarium. Colony diameters of
Fusarium were measured and calculated as percentage of control treatment.
Seeds of sunflower (Helianthus annus L.) cv. Giza 1 were sown in 15¢cm
diameter pots filled with one kg sandy loam soil (1:1 v/v) free of plant
pathogen and parasitic nematodes. After germination (about two weeks), the
plants in each pot were thinned to one plant/pot. Pots were divided into two
sets and two experiments were carried out.

A 17.5 mi of each fungal filtrate were mixed with 2.5 m| of nematode
suspension (gave final concentration of 50% fungal filtrate) containing 2000
un-swollen females of R. reniformis (Linford and oliviera) in 90 mm Petri-
dishes. As a check treatment 17.5 ml distilled water was added with 2.5-m|
nematode suspension. Four replicates were used for each treatment. Active
and non-active nematode counts were recorded in vitro after two and 7 days
and checked /n vivo on sunflower roots after one-week exposure. Nematodes
in Petri-dishes have been washed through using current tap water. Then,
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2000 un-swollen females were pipetted in 5 holes around two weeks old
sunflower roots in 15-cm diameter plastic pots. The plants were left to grow
for 10 weeks.

Two days before nematode inoculation, soils were infestation with
3x10° colony forming units (cfu) g’ 'of F. oxysporum as assessed soil dilution
technique. Ten mi of spore suspension were pipetted around seedlmg roots
in pots. Then, 10 ml of either conidial suspensions (3x10° spore/ml) or
culture filtrates (100%) of T. harzianum (Raifi), T viride (Pers.), T. koningii
(qudem), T. reesei (Simmons) and T. hamatum (Bon.) were added around
seedling roots. Each pot was inoculated with 2000 infective stages of R
reniformis (juveniles and un-swollen females) in five holes around two weeks
old sunflower roots in 15-cm diameter plastic pots. Un-inoculated - untreated
four pots were served as check plants and other four pots inoculated -
untreated served as check nematode. Four replicates were used for
treatment. Pots were arranged in a compiete randomized design in a
greenhouse at 30+5C° and watered daily.

Population counts of Fusarium (Nash and Snyder) and Trichoderma
species were assessed by soil dilution technique and expressed as cfu.
During nine weeks of growth, percentage of reniform nematode and disease
complex incidence was recorded.

Wilt disease was recorded as percentage of total disease and on scale
(0-5) as disease syndrome.

After ten weeks of nematodes infestation, sunflower plants were
carefully uprooted and nematodes in soil and roots were counted (Franklin,
1949). The number of nematodes in soil, females and egg-masses in roots of
R. reniformis compared to untreated pots was calculated. Length and weight
of shoots and roots and flowering disc weight were recorded.

Data were statistically analyzed using New Least Significant Difference (New
LSD) and (LSD).

RESULTS

All the tested culture filtrates of Trichoderma showed a highly
significant effect (P<0.01) on larval activity, were the non-active larvae were
93, 89, and 77% for T. hamatum, T. harzianum and T. koningii respectively
after 2 days exposure (Table 1). The percentage of non-active larvae
increased after 7 days, where, the non-active larvae were recorded 100% for
T. hamatum and T. harzianum followed by T. koningii (94%), T. viride (86%)
and T. reesei (77%). When the population nematodes of Petri-dishes tested
in vivo on sunflower roots, the highest reduction in the number of females
reached to 100% for T. hamatum and T. harzianum and 92.4% for T. koningii
(Table 2).

Using of Trichoderma spore suspension alone or in combination with
F. oxysporum gave a highly significant (P<0.01) reduction of females and
egg-masses of R. reniformis (Table. 3). Great reduction in reniform
nematodes were recorded, where the percentag results reached 84.5%,
67.2% and 58.6% for T. hamatum T. harzianum and T. koningii , respectively.
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Table (1): Effect of Trichoderma species culture filtrates (50%
concentration) on Rotylenchulus reniformis during one-
week exposure in Petri dishes.

Rotylenchulus reniformis
No o f active % Non- No o f active % Non-
Treatment larvae after 2 | active larvae | larvae after 7 | active larvae
days after 2 days days after 7days

Check Nematode 100 0 100 0.0
Trichoderma harzianum 11 89 0.0 100
Trichoderma viride 31 69 14 86
Trichoderma koningii 23 77 6 94
Trichoderma reesei 43 57 23 77
Trichoderma hamatum 7 93 0.0 100
LSD 0.05 3.2 3.2 1.9 1.9
LSD 0.01 4.3 4.3 2.6 26 |

Table (2): Effect of Trichoderma species culture filtrates in control of
Rotylenchulus reniformis (R.r) after one-week exposure and
their development on sunflower.

Rotylenchulus reniformis
Number % Number | % Egg-
Treatment of Females of masses
Female |Reduction Egg-mass |Reduction
Check Nematode (Rotylenchulus| 105 0.0 96 0.0 1
reniformis)
Trichoderma harzianum + (R.r) 0 100.0 0 100.0
Trichoderma viride + (R.r) 20 80.9 15 84.4
Trichoderma koningii + (R.r) 8 92.4 2 97.9
Trichoderma reesei + (R.r) 36 65.7 36 62.5
Trichoderma hamatum + (R.r). 0 100.0 0 100
LSD 0.05 20.6 - 6.9 -
LSD 0.01 29.6 - 9.5 -]

When Trichoderma treated in combination with F. oxysporum,the
nematode reduction reached to T. hamatum (89.7%) and T. harzianum
(87.9%) foliowed by T. viride (77.6%) and T. koningii (56.9%). On the other
hand, statistical analysis of the data (Table 3) showed that all the culture
filtrates of Trichoderma decreased significantly (P<0.01) .

The numbers of females, numbers of egg-masses and the total numbers of
nematodes in sunflower roots, as compared with control. T. hamatum
(74.1%) and T. harzianum (67.2%), T. reesei (60.3%) and T. koningii (53.4%)
showed the greatest reduction in the total number of females in roots.
Application of Trichoderma spp. cuiture filtrates in combination with F.
oxysporum had the lowest percent reduction in the final population in
roots.However, T. reesei (72.4%), T. koningii (58.6%) and T. hamatum
(53.4%) gave the greatest resuits of nematode reduction.

Amended Fusarium medium with culture filtrates of Trichoderma species
resulted as decrease growth rate compared with un-amended medium (Table
4). Culture filtrate of T. hamatum at 75% completely inhibited (100%)
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Fusarium growth rate. T. harzianum and T. koningii culture filtrates exhibited
various degrees of inhibition of Fusarium growth by 97.6% and 92.3%
respectively. Sunflower plants grown in infected soil with F. oxysporum and/or
R. reniformis mix inoculum showed severe wilt disease (Table 5).

Table (3): Effect of spore suspensions and culture filtrates of
Trichoderma spp. on control of Rotylenchulus reniformis
on sunflower plants.

Rotylenchulus reniformis
Treatment Total Total
number of Number | Number | number % of
nematodes of of Egg- of MNematode
in soil Females | masses ngmatode Reduction
in root

Check Nematode (R.r) 6713 16 42 58 0.0
Nematode (R.r) + Fusarium oxysporium 1752 5 29 34 414
Trichoderma harzianum (T.h.} + (R.r}_ 2423 3 16 19 67.2
Trichoderma viride(T.v.) + (R.r) 2453 2 22 24 58.6
Trichoderma koningii (T.k) + (R.r) 2029 2 22 24 58.6
Trichoderma reesei (T.r) + (R.r) 1577 6 26 32 448
Trichoderma hamatum (T.ha) + (R.r) 1739 1 8 9 84.5
T.h)+ Fusarium oxysporium (F.0o) + (R.r)| 2093 1 <] 7 87.9
T.v) +(F.0) +(R.r) _ 4376 2 11 13 77.6
(T.k) + (F.0) + (R.r) 1415 5 20 25 56.9
T.r)+(Fo)+(Rr) 2286 5 23 28 51.7
T.ha) + (F.0) + (R.r) 1925 1 5 6 89.7
Trichoderma harzianum Filtrate (T.h.F)+ 5994 4 15 19 67.2
R.r)

Trichoderma viride (T.v..F) + (R.r) 1829 7 29 36 379
Trichoderma koningii (T.k..F) + {R.r) 3855 6 21 27 53.4
Trichoderma reesei (T.r.F) + (R.r) 3964 3 20 23 60.3
Trichoderma hamatum (T.ha..F) + (R.r) 2857 4 11 15 74.1
(T.h.F)+ Fusarium oxysporium (F.o) + 2450 3 36 39 328
Ror)

T.v.F) + (F.0) + (R.r) 2449 3 27 30 48.3
(T.k.F) + (F.0) + (R.) 3124 6 18 24 586 |
T.r.F) + (F.0) + (R.r) 1672 4 12 16 724 !
(T.ha.F) + (F.0) + (R.r) 1706 3 24 27 53.4
New L.S.D 0.5 349.2 23 10.2 11.0 -
[New L.S.D 0.1 454.3 3.0 13.2 13.4 -

Table (4): In Vitro effect of Trichoderma species cuiture filtrates on
Fusarium oxysporium growth,

Dilution of culture filtrates %

L Treatment 25 50 75
[Trichoderma harzianum 46.6 82.3 97.6
Trichoderma viride 24.6 45.2 72.3
Trichoderma koningii 343 61.5 92.3
Trichoderma reesei 12.6 36.3 66.6
Trichoderma hamatum 56.4 94.3 100

New L.S.D 0.5 9.3 13.3 21.4

New L.S.D 0.1 11.3 15.6 23.9 H
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Table (5): Effect of spore suspensions and culture filtrates of
Trichoderma spp. in control of Fusarium wilt disease of
sunflower plants infested soil with F. oxysporium and/or
Rotylenchulus reniformis.

pore suspensions _[Cuiture filtrates
Treatment % Disease D:;alze % Disease D;ieaelzze
incidence (0-5) incidence (0-5)
Check plant 0.0 0.0 0.0 0.0 |
Check Nematode (R.r) 0.0 0.0 0.0 0.0 |
Check Fusarium oxysporium (F.o) 27.3 33 27.3 3.6
Nematode(R.r)+ Fusarium oxysporium 443 46 44.6 46
Trichoderma harzianum (T1.h.) + (F.0) 0.0 0.0 0.6 1.3
Trichoderma viride (T.v.) + (F.0) 2.6 1.3 5.3 2.3
Trichoderma koningii (T.k) + (F.o) 0.3 0.6 1.6 1.3
Trichoderma reesei (T.r) + (F.o) 6.6 1.6 9.6 23
Trichoderma hamatum (T.ha) + (F.o0) 0.0 0.0 0.6 0.6
T.h)+*Fusarium oxysporium (F.o) + (R.r} 6.6 1.3 12.3 1.6
T.v) + (F.0) + (R.r) 16.3 3.0 18.4 2.6
T.k) +(F.0) +(R.r) 8.6 1.3 9.3 2.3
T.r) + (F.0) + (R.r) 12.3 3.0 242 3.0
T.ha) + (F.0) + (R.1) 3.6 0.6 6.6 1.3
New L.S.D 0.5 2.2 0.8 3.2 1.3
New L.8$.D 0.1 4.3 1.3 5.6 26 |

Treated plants with either spore suspensions or culture filtrates of
Trichoderma species showed significant reduction in fusarium wilt disease
incidence under infested soil with R. reniformis. Spore suspension treated
plants was more effective on fusarium wilt control than culture filtrate. T.
hamatum and T. harzianum as spore suspensions or culture filtrates showed
high level of reduction effect on Fusarium-nematode interaction. Fusarium
counts in rhizosphere soil of sunflower grown in infested soil with R.
reniformis was higher during plant growth until 9 weeks (Table 6).

Table (6): Effect of spore suspensions and culture filtrates of
Trichoderma species on Fusarium population in soil
rhizospere of sunflower plants grown in soil infested with F.
oxysporium andl/or Rotylenchulus reniformis.

Population counts/ weeks
Treatment Spore suspensions f?l‘::g-‘;g

3wk | 6wk | 9wk | 3wk | 6wk [ 9wk

Check plant 0.0 0.0 0.0 0.0 0.0 0.0
ICheck Fusarium oxysponium (F.o) 33 46 9.8 3.3 4.6 9.8
Nematode(R.r) + Fusarium oxysporium 3.9 53 146 [ 39 5.2 146
Trichoderma harzianum (T.h.) + (F.0) 0.3 1.3 23 0.6 2.3 4.6
Trichoderma viride (1.v.) + (F.0) 23 2.6 32 33 36 36
Trichoderma koningii (T .k) + (F.0) 1.6 1.6 23 23 2.3 4.6
Trichoderma reesei (T.1) + (F.0) 2.3 2.8 33 3.3 36 23
Trichoderma hamatum (T.ha) + (F.o) 0.3 0.6 1.3 1.3 16 2.3
T.h)+Fusanum oxysporium (F.o)* (R.r) 1.3 23 33 23 33 42
Tv)+(Fo)+ (R 26 33 33 3.6 39 5.3
TKk) +(Fo)+ (R0 2.3 2.3 33 26 3.6 42
Tn+(F.o)+(Rn 29 36 4.2 4.0 43 5.6
T.ha) + (F.0) + (R.n) 06 | 06 | 16 | 16 | 16 | 23
New L.S.0 0.5 0.7 0.9 1.1 0.8 1.1 1.3
ew LS D01 1.3 1.5 36 15 1.7 36
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Seedlings treatment with either spore suspensions or culture filtrates
of Trichoderma species, resulted in decrease of Fusarium counts in soil
rhizospere. Spore suspension or culture filtrates of Trichoderma hamatum
and T. harzianum decreased significantly Fusarium counts either in F.
oxysporum and/or R. reniformis infested soil. Concerning Trichoderma
population in nematode fungal infested soil. Data revealed that Trichoderma
counts were increased in plant rhizosphere during plant growth periods until 9
weeks (Table 7). T. hamatum, T. harzianum and T. koningii counts were
higher in rhizosphere soil than others. The infested soil with R. reniformis
and/or F. oxysporum resulted in stimulated of Trichoderma counts. The
highest population was obtained in R. reniformis infested soil and /or with F.
oxysporum. Also, T. hamatum and T. harzianum counts in infested soil with
R. reniformis and F. oxysporum were higher than other treatments.

Table (7): Population counts of Trichoderma spp. in soil rhizospere of
sunflower grown in soil infested with F. oxysporium andlor
Rotylenchulus reniformis.

Population counts/week

1 wk 3wk 6wk 9wk
Trichoderma harzianum (T.h.) 4.0 8.4 146 22.3
Trichoderma viride (T.v.) 26 5.6 7.5 9.6
Trichoderma koningii (T.k) 3.6 7.8 9.1 116
Trichoderma reesei (T.r) 3.0 4.2 5.2 7.6
Trichoderma hamatum (T.ha) 8.6 10.4 16.4 323
(T.h.) + Rotylenchulus reniformis (R.r) | 11.6 18.6 243 316
Trichoderma viride (T.v.) + (R.r) 8.6 14.6 20.4 20.7
Trichoderma koningii (T.k) + (R.r) 9.6 16.4 18.6 26.7
Trichoderma reesei (T.r) + (R.r) 6.2 7.6 9.4 14.6
Trichoderma hamatum (T.ha) + (R.r) 16.6 20.4 36.6 56.6
(T.h.) + Fusarium oxysporium (F.0) 6.3 10.6 11.4 16.2
(T.v.) + (F.0) 36 6.4 9.3 12.2
T.k) + (F.0) 79 8.4 10.8 15.4
T.r) + (F.o0) 4.3 6.2 8.4 11.6
(T.ha) + (F.o) 10.6 12.6 216 36.6
(T.h)+ (F.o) + (R.r) 16.6 234 33.6 396
{T(T.v) + (F.0) + (R.r) 12.2 16.4 23.6 316
(T.k) + (F.0) + (R.r) 15.6 20.2 31.6 36.2
(T.r) + (F.0) + (R.r) 9.6 15.3 14.3 186
(T.ha) + (F.0) + (R.r) 20.6 32.6 41.6 64.2
New L.S.D 0.5 3.6 4.6 8.6 6.6
New L.S.D 0.1 5.4 8.2 15.3 13.6

Data indicated that Trichoderma species treated plants gave higher
in plant length, weight and flower disc weight (Tables 8 and 9). The results
revealed that soil infested with either R. reniformis andlor F. oxysporum
significantly decreased the plant iength and weight. But, treatment with
Trichoderma species in combination with R. reniformis and/or F. oxysporum
significantly increased piant length and weight. Also, T. harzianumand T.
hamatum showed the highest effect on different growth parameters. While, a
slight increase was observed with T. viride and T. reesei.
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Table (8): Effect of spore suspensions of Trichoderma spp. on
sunflower growth parameters in infested soil with Fusarium
oxysporium and/or Rotylenchulus reniformis.

Plant lengthPlant dryFlower disd
Treatment cm weight eight (q)
Root [Shoot | Root [Shoot Fresh [Dry
[Trichoderma harzianum (T.h.) 1281863 ]| 06 | 25 | 14 [ 05
[Trichoderma viride (T.v.) 1291833 05 [ 19 [ 12 [ 04
Trichoderma koningii (T.k) 125 ] 805 | 0.6 19 [ 13 ] 04
Trichoderma reesei (T.r) 130 865] 05 [ 1.7 [ 12 ] 04
Trichoderma hamatum (T.ha) 118880 07 [ 24 [ 16 | 04
T.h.)+ (Fusarium oxysporium (F.0) _ 128 1826 04 | 26 [ 13 [ 04
T.v.) +(F.0)_ 123 (736 | 04 25 1.1 0.4
T.k} + (F.0) 116 [ 716 | 04 24 1.2 04 |
T.r) + (F.0) 108 1700] 05 [ 198 | 11 0.4 |
T.ha) + (F.0) 123 186.0] 04 [ 28 [ 16 [ 05 |
.h)}+ Nematode (R.r) 126 (855 04 [ 27 [ 14 [ 04 |
Tv) +(R.r) 120] 766 ] 0.4 26 1.1 0.4 ]
T.K) * (R.r)__ 125 [ 800 04 | 21 | 14 | 04 |
T.r) + (R.r) 110 [ 740 05 [ 20 [ 10 [ 0.3 |
T.ha) + (R.r) 123 (843 | 04 | 21 1.7 | 0.5 ]
T.h) + (F.0) +(R.r) 119798 04 [ 20 [ 1.2 [ 04 |
Tv) + (F.0) + (R.r) 116 [ 7731 04 [ 17108 [ 03]
T.k) + {F.0) +(R.r) 113 (755 ] 04 2.0 1.1 0.3
T.0) +(F.0) * (R.r) _ 102 [ 701 | 03 | 19 | 08 [ 0.2
T.ha) + (F.0) + (R.}___ 120 | 807 | 04 | 22 | 1.2 | 0.3
Check (Fusrium oxysporium) 6.2 [59.3 ] 0.2 15 [ 0.7 | 0.2
Check (Rotylenchulus reniformis (R.r). _ 123 /710 08 | 05 | 0.1 | 0.0
heck ( F.0.) + Nematode (R.r) 46 (456 09 [ 02 [ 0.0 [ 05
Check {plant 80 [800 [ 03 [ 2007 | 04
New L.S.D 0.5 10 143 ] 02 ] 01 ] 02 ] 01
New L.S.D 0. 33 [ 69 | 03 | 03] 05 ] 03

Table (9): Effect of culture filtrates of Trichoderma spp. on sunflower
growth parameters in infested soil with Fusarium oxysporium
and/or Rotylenchulus reniformis.

Piant length Plant dry Flower disc
Treatment cm weight weight

oot Shoot | Root Shoot Fresh Dry
Trichoderma harzianum (T.h.) 10.3 887 | 0.64 242 | 1.20 048
Trichoderma viride (T.v.) 96 790 ) 045 194 | 098 04
Trichoderma koniniqii (T.k) 104 836 | 060 230 | 1.23 046
Trichoderma reesei (T.r) 80 7411040 136|078 1.36
Trichoderma hamatum (T.ha) 116 894 | 065 280 | 1.34 156
KT.h.)+ (Fusarium oxysporium (F.o) 110 786 | 039 249 | 1.23 0.35
(T.v.) + (F.0) 10.0 71.0 | 034 232 ) 0.87 028
(T.k) + (F.0) 113 764|038 256 | 1.15 033
(T.r) + (F.0) 10.0 70.0 [ 035 221 0.97 025
(T.ha) + (F.0) 11.0 794 ) 045 252 ] 1.30 045
T.h)+ Nematode (R.r) 106 723035 245 | 1.00 0.30
T.v} + (R.r) 94 6891030 2111091 028
T.k} + (R.r) 106 734035 232 1.12 030
T.r) + (R.r) 96 6531030 208 )1.00 028
KT.ha) + (R.r) 108 7601040 254 | 125 0.28
T.h) + (F.0) + (R.r) 98 70311032 1921 1.24 030
Tv) + (F.0) + (R.r) 70 501030 156 | 1.81 0.22
T.k) + (F.0) + (R.r) 88 7131036 198 ) 1.41 030
T.r) + (F.0) + (R.) 96 501|029 1.51 | 088 0.26
(T.ha) + (F.0) + (R.r) 94 700 | 033 222 1.24 032
Check (Fusrium oxysporium) 70 563|024 028 | 064 023
ICheck (Rotylenchulus reniformis (R.r). 6.2 502 | 0.14 0.20 | 0.12 0.01
ICheck ( F.0.) + Nematode (R.r) 56 500 012 0.19{ 0.11 0.01
Check (plant) 88 786 | 028 0.35 | 0.72 035
New L.S.D 0.5 0.9 56 |1 020 0.1910.25 0.13
New L.S.D 0.1 19 73 05 04 | 05 04
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DISCUSSION

In the present study, the addition of Trichoderma spp. in controlling
disease complex caused by reniform nematodes and fusarium-wilt.
Trichoderma spp. were effective in decreasing the numbers of females and
egg-masses in roots and the total numbers of nematodes in soil, and caused
significant reduction in the pathogens and increased plant growth
parameters.

Trichoderma culture filtrates and spore suspension treatment showed
promising results in controlling the reniform nematode on sunflower plants.
These results confirm the report of Stephan et al., (1998). He found that, T.
harzianum was the most promising biocontrol agents against Meloidogyne
javanica and improve the yield of tomato and eggplant. Also, Reddy et al.,
(1996) found that T. harzianum in combination with some oil cakes was
effective in increasing plant growth and reducing the population of nematodes
in soil and roots.

Other report demonstrated a specific effect of Trichoderma spp. on
the development of the plant parasitic nematodes (Haggag and Amin 2001
and Siddiqui et al., 1999). Saifullah (1996 a and b) observed that 100% of the
Globodera rostochiensis and G. pallida were infected and killed by toxic
metableolites released from the T. harzianum into the medium after 24 hours
exposure. Trichoderma spp. are known to produce different toxic
metableolites include antibictics, enzymes and others (Di Pietro, 1995) which
protected plants from soil borne and plant pathogens (Wu and Wu, 1998).

In the present study, data showed that F. oxysporum mixed with the
reniform nematode increased the wilt disease incidence to a great extend
than plant infected with the fungus alone. This result can be explained that
nematodes predispose the plant pathogen invasion, as reported by Haggag
and Amin (2001) and Siddiqui et al. (1999). Several species of Trichoderma
had been reported to suppress soil borne disease fungi included Fusarium
spp. (Wu and Wu, 1998). Trichoderma spp. are known to produce other
secondary metabolites such as enzymes. Chitinase enzyme have been
considered important in the biocontrol pathogenic fungi at low concentration
because of their ability to decay fungal cell walls of which a major component
is chitin (Lorito et al., 1993). Because chitin is a component of the eggshell of
nematodes, which secreted by the egg, chitinase-producing microorganisms
also are effective in destroying nematode eggs.

Recently, Belanger et al. (1995) and Cotes et al. (1996) has been
achieved various chitinases, B-1, glucanase and cellulase from biocontrol
fungi, T. harzianum, T. hamatum and T. koningii.These references indicated
that Trichoderma spp. were highly effective in reducing the population of R.
reniformis. Gadgii et al., (1995) and Kanotra and Mathur, (1995) found that
cellulase , glucanase and glucosidase are main enzymes produce by T. viride
and T. reesei. Rajeshwari et al. (1998) found that T. viride gave a maximum
reduction on nematodes population followed by nematicide, carbofuran. It
also hypothesized that the production of nematicidal compounds by
Trichoderma spp., directly affected the nematode or made rootlets attractive

4679



Haggag, Wafaa M. and A. W. Amin

which might have resulted the reduction in the nematode population.
Moreover, other researchers reported that Trichoderma spp. act as
nematophagous fungi on eggs, larvae and males of cyst nematodes (Susan
et al, 1990). The suppression of soil nematodes and borne diseases
observed in these investigation may be due to results of an increase in soil
Trichoderma activity owing to the establishments of healthier rhizosphere
environment for the growth of sunflower plants.

Also, in this study, Trichoderma spp. significantly increased the plant
growth parameters. Trichoderma known to produce plant growth hormone or
stimuiation nutrient uptake which improve plant growth (Haggag, 1998), and
improve plant resistance to invasion by the pathogens. It was suggested that
the role of Trichoderma spp. in controlling nematodes and fungionto 1).
Production of enzymes like chitinase which destroy the pathogenic fungal cell
wall or nematodes eggshell. 2). Production of different antibiotics and toxic
metabolites which act as direct toxic on the pathogens. 3). Direct parasitism
on eggs, immature and mature stages of nematodes, in addition to, produce
plant growth hormone which improve plant resistance and growth.
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