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USARIUM SOLANI,  Rhizoctonia solani and Phytophthora

nicotianae proved to be the dominant fungi isolated from roots of
citrus seedling in El- Sharkia , El-Behera. El- Kalubia, El- Menofia
and El- Gharbia governorates, meanwhile Fusarium oxysporum,
Pythium spp. and Phytophthora citrophthora show less frequent.
Pathogenicity test provided that the most aggressive fungi on citrus
were £, solani and R, sviuni followed by P. nicotiunue var. parasitica.

Citrus seedlings treated with four formulations of bio-products
(Bare root, Trichoderma harzianum on bagasse, T. harzianum
drenched in soil)

In orchards trails, citrus bare- root were coated with Trichoderma
harzianum formulated on sugar cane bagasse at the rate of 10% (w/w)
of soil. This treatment highly reduced root rot incidence caused by F.
solani, R. solani and P. nicotianae. with 73.9,76.4 and72.2%
respectively, ether coating nor drenching root treatments reduced root
rot diseases. On the other hand, coating seedling root by drenching
with 7. harzianum or drenching with clean- root+ Bio- product caused
moderate effect in reducing root rot diseases incidence. Under field
conditions, amended soil with 7. harzianum + bagasse at the rate 10%
(w/w) of soil reduced root- rot disease after 20 days. Moreover, plant
heights, dry weight, stem thickness, new leaves emergence and total
leaf area were positively related to bagasse + T. harzianum and clean-
root+ bio- product treatments.,. Thereby total plant biomass. plants
treated with such two compounds had relatively greater shoot, root
ratio than the untreated control. It could be noted that particle using of
soil amendment with agricultural wastes formulated with bio control
agents and / or coating by drenching seedlings root treatments to
control soil borne plant pathogens as a substitute of chemical
fungicides is possible without any risk to human, animal and the
environment.

Keywords: F solani, R solani and P. nicotianae, Citrus, Root rot,
Bare root.
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Citrus occupies the greatest plant area among growing fruit trees in Egypt. Citrus
root rot is worldwide problem, causing the potential destruction of orchards and
reducing fruit quality and yield of citrus. It is estimated that 60% of citrus
orchards are affected by the disease. The pathogens commonly associated with
root rot of citrus are Fusarium solani, Rhizoctonia solani, Phytophthora spp.,
Phytophthora root rot is the most serious soil bom disease of citrus, Fusarium
solani is always considered as a" mild Pathogen" that has more chronic effect in
contrast with the actual effect of Phyrophthora, the damage caused by F. solani
is probably underestimated. Often, this pathogen is only associated with" dry
root rot" of citrus while the extensive feeder root rot caused by F. solani is
overlooked. However, much data exists which demonstrate F. solani to be an
important pathogen of citrus, forming part of the root rot complex, interacting
with other pathogens such as the citrus nematode Tylenchulus semipenetrans and
causing sever root rot, when citrus trees are under stress. Further more, this
fungus has been implicated as possible causal agents of citrus blight and has
been shown to produce orange of phytotoxins in the vascular system of citrus
trees. Being involved in both root rot, related decline of citrus and in citrus
blight, Fusarium solani is undoubtedly of major importance in terms of
productivity of citrus (Michael, 1995).

Controlling soil born pathogen depends mainly on fungicidal applications,
that causing hazards to the human health and environment (Rauf, 2000). Soil
amendment and bio-priming seedlings treatments are gaining importance in
management of many plant pathogens as another alternative to chemical
fungicides in recent times. Also, citrus budlings are dug in the nursery for
transplanting to the orchard either as balled trees (traditional method) or as bare-
rooted (Miller, 1968 and Waiter, 1973). Balled budlings may usually held longer
after digging and before planting without injury as the balls supply the root
system with adequate moist. However, the soil in the ball must be of the same or
similar texture to that in the orchard to insure adequate irrigation of the young
trees. Growers who have used the bare- root method believe that it has several
advantages (Miller, 1968). It is ideal for detection and elimination of bud lings
with a diseased or malformed root system. A large amount of the root system can
be permitted since their length is not limited to the size of the ball. At times,
there may be a variation in texture between soil in the nursery and the location, a
nursery bundling grown in clay soil and planted in sandy soil will be more
difficult to irrigate. These soil differences are eliminated with bare- root plants.
Furthermore, weeds usually growing in the nursery can be eliminated and not
moved as with balled bud lings. Seedlings drenching with bio-control agents
(Pseudomonas fluorescencej as bio-primed (coating) on sweet comn yields, was
the most effective treatments for controlling root rot diseases as shown by
(Callen et al,, 1991 & Jahn & Puls, 1998).

Soil amendment with agricultural wastes formulated with bio-control agents
was recommended for controlling soil borne pathogens instead of fungicides.
These methods introduced efficient disease control and increased survival
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seedlings. Mitra and Nadi (1994), Nemec ef al. (1996) and May & Kimati
(1999) noted that amended planting mixes with formulation of commercial bio-
control agents such as 7. harzianum, B. subtilis  and Streptomyces sp. reduced
root rot and growing rot diseases on tomato, bell pepper, celery and citrus. Bio-
priming as seedlings drenching that integrates the biological and physiological
aspects of disease control was recently used as alternative method for controlling
many seed and soil borne pathogens (Harman & Taylor, 1988, Harman ef al.,1989
and El-Mohmedy, 2004).

The present study aimed to evaiuate the efficacy of soil amendment with T
harzianum formulated on sugar cane bagasse and /or bio-priming by drenching
root seedling treatment in controlling citrus transplants root rot pathogens under
orchard and field conditions.

Material and Methods

The causal organisms

Samples of citrus seedlings showing root rot disease symptoms were
collected from different governorates El-Sharkia, El-Behera, El-kalubia, El-
Menofia and El-Gharbia. All samples were susjecicd o isolation samiples of
each infected part where separately thoroughly washed undsr running tap water,
dried between folds of filter papers then cut into small pieces and “surface
sterilized using 0.1% mercuric chloride solution for 1 min. Sterilized pieces
where rinsed several times with sterilized distilled water, then dried between two
folds of sterilized filter paper. Under aseptic conditions, sterilized pieces were
transferred onto the surface of potato dextrose agar (PDA) medium in Petri-
dishes. Plates were inverted and incubated at 22° trails for the causal organisms.
The purified isolated fungi were identified according to cultural and
microscopically characters described by Barnett and Hunter (1972); Nelson er
al., (1983). The percentage and the frequency of each isolated fungus were
recorded in each location Disease severity was determined as a percentage of the
infection seedlings which were collected from the above different orchards areas.

Pathogenicity test

Representative isolates of the high frequency isolated fungi Fusarim solani,
Rhizoctonia solani and Phyvtophthora nicotianae \were selected to study their
pathogenic ability. Plastic Pots (25cm diameter) containing sterilized sandy [oam
sotl artificially inoculated with inoculums of each fungus. which was grown on
sandy- barley medium (1:1 w/w of soil and 40% water) for two weeks at 235 = {°C.
Ten pots were used for each fungus, check treatment [control] was prepared
without addition the tested fungi. Valencia orange (citrus sinensis) nursery hud
lings were chosen to be the parental lines of this investigation Ninetv nursery bud
ling plants were dig up every year from the citrus nursery, surface sterilized
seedlings of citrus at eighteen month old were transplanted into 25° Cpots. The

percentage of died plants were calculated after 13, 45 and 60 days from
transplanting.
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A. Orchards experiment

In this trials the efficacy of amended soil with bio-enhanced bagasse
(Trichoderma harzianum formulated on sugar cane bagasse) and bio- priming
seedlings (dipping citrus seedlings root system in 7. harzianum suspension) in
controlling citrus root rot pathogens were evaluated.

This experiment was carried out in plastic pots (25 cm) containing
individually artificially infested soil with citrus seedlings root rot pathogens.
Different soils and seedling root treatments, were applied to evaluate their
efficacy in controlling root rot disease pathogens.

Preparation of bio-enhanced : Sugar cane bagasse was ground to fine powder,
250g of this powder was mixed with sandy soil (4:1v/v or w/w) in autoclaved
bags. 2.0g of ammonium sulphate, 5.0g of super-phosphate, 5g of potassium
sulphate and 400m! water were added to 1000g of bagasse . All bags were
sterilized for 1hr in autoclave at 121 Candinoculated with spore suspension of 7.
harzianum (3X10° spore/m1) then incubated at 25°C+1°C for 14 days, then used
as bio-enhanced bagasse for direct delivery into the soil according to El-
Mohamedy (2004}.

Citrus seedling root were initially washed with tap water to remove clay and
sand, the washed roots were drenching according to Harman and Taylor (1988).
In Carboxy Methyl Cellulose {CMC] 1% in Erlenmeyer flask on rotary shaker
set at 150 rpm CMC 1% or CMC1% supplemented with spore suspension of T.
harizianum (3x10° spore/ml) were subsequently to drenching citrus seedlings
root. Direct drenching seedlings with spore suspension of 7. harizianum (3x10°
spore/ml) and use as drenching seedlings root coating with 7. harizianum.

Sand loam soil was artificially inoculated with F. solani, R. solani and P.

nicotianae as mentioned before in plastic pots (25cm diameter) and the following
treatments were used.

Citrus seedlings were transplanted in inoculated soil previously amended
with bio- enhanced bagasse at the rates 5 and 10% (w/w of soil) 14 days of
before transplanting.

Drenching citrus seedlings were transplanting in infested soil.

Drenching or coating with T. harzianum solution : Citrus seedlings were
deepen (15min) in spore suspension of 7. harzianum (3x10° spore/ml) at 5% and
10% then transplanted into artificially inoculated soil.

Clean roots bio- product : Citrus seedlings were immersed with clean roots
Bio-product against roots diseases produced by Central Lab of Organic
Agricuiture (A.R.C) at the recommended dose (5g/1L) then drenching seedlings
in the solution after that seedlings were transplanting in infested soil. It's prefer
to keep seedling in polyethylene bags for further studies for dont root dry.

Egvpt. S Hort. Vol. 36, No.l (2009)
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B. Field experiment

Tow field experiments were carried out during 2007 and 2008 seasons under
field conditions in naturally heavily infested soil 5% (W/W) soil weight, with
citrus root rot pathogens at Abo- kepear (Sharkia). The effective treatments from
the previous experiment were chosen to evaluated there efficacy under field
conditions. Field experiment consisted of 20 plot in (Sm X 3m) space between
each pot, comprised of one pits/holes 80°" x 80°™ x 80" which were conducted
in randomly complete block design with five replicates (plots) for each particular
treatment as well as control (check treatment).

Citrus seedlings were transplanted in all treatment at one seedling/ pit. All
plots were sown on the first of October or March, 2007 and 2008. The
percentages of root rot disease incidence of citrus seedlings was recorded after
20 days and 40, 60 days from sowing date .percentage of both diseased and
healthy plants (survival) were determined and statisticaltly analysed according to
the method described by Snedecor and Cochran (1967). Fresh weight of pods.
shoots, leaves, and roots of citrus plantlets were evaluated at the end of each
growing season.

Plant high (cm) and total leaf area {cm?) were measured at the end of the
experiment (fourteen weeks after sowing). Total left area (¢m?) were measured
as described by Alimed and Morsy (1999).

At the third week of October (first season) and last week of March (second
season) all leaves of each plant were counted .also, their length and width (cm)
were measured for determining total leaf area (cm?)/plant according to Ahmed &
Morsy (1999) and average leaf area (cm?) was calculated .Stem length and
thickness (5 cm above crown) was also measwred in cm. Thereafter, all plants
were excavated and separated into leaves, stems and roots. All plant organs were
cut into smail pieces and dried at 100°C up to constant weight. The total diy
weight (g) of each plant was calcuiated from the sum of the towal leaves. Stem
and root dry weight Specific leaf weight per unit jeaf area (g/dm?), was also
calculated.

Results

ighty three fungal isofates were obtained from diseased root of citrus and
ciassified as follow: Fusarium spp., Phytophthora nicotianae, Rhizocionia
solani, Fusariunt oxysporum  Phytophthora citrophthora  and Pythivm spp.

Results 1 Table | mdicate that the most dominant fungi were 7 soluni
(29.0%) followed by P. parasitica (24.0%), R .solani (19.0%) . F.oxysporium
(13.0%y), P.citrophthora (9.0%), and Pythium spp. (6.0%), meanwhile F
oxysporum, Phytophthora citrophthora and Pythium spp. were less frequent,

Egvpt. J Hort. Vol. 36, No. | 12009)
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TABLE [. F rcqucncy of isolated fungi from roots rhizosphere of citrus seedlmgs
simwma raot rot symptoms at different locations.

Frequency of isolated Fungi %

Cocation |- P | ® P " F | Pythium P.
acation. soiam | solani | nicotianae | oxysporum |  spp. citrophthora |' =75
El-Sarkia _75'5' 183 255 135 8.0 8.5
El Behera | 35.0 | 180 300 | 60 53 53
El-Kalubia| 365 | 180 18.0 18.0 1 9.0

El- '
Menofia | 240 7.5 25.0 15.5 14.5 13.4

El- o |
Gharbia 237_0 S 335 22.3 112 0 10.0

Totat | 290 | 190 24.0 13.0 60 9.0

Samples were collected from 12 month to 14 month oid citrus seedlings.

Orchards experiment
Pathogenicity test @ Pathogenicity test proved that all tested fungi were able. to
cause root rot infection on citrus seedlings w1th different degrees of dlseas ,
incidence. e ey Lo

Results in Table 2 show that, F. solani, R. solani, and P, P. nicotianae were the
most isclates caused root rot disease of citrus plants. F. solani caused a significant - -~
effect , in roots of citrus trees in the field causing greet losses on productivity of
citrus orchards . after 15,45 and 60 days with 57.5, 55 and 52.5% respectively,
meanwhile, R. soiani and P. P nicotianae. obtained moderate effect if compared
with F. solani. The lowest percentages of survival plants were recorded with F.
solani (12.5%) followed by 3.5% and 3.0 % with R solani and P. nicotianae,
respectively, compared with control it was 8§7.0% survived plants.

TABLE 2. Pathogenic ability of isglated-fungi to induce rogt-rotinfortion on citrus
seedlings sown in artificially infested soil in Orchards.

Root rot incidence %
g [Fungi isolate 1Sdays | 45days | 60days | Survivalplats %
' Fusarium solani 170° | 225 | ssof | 55t
k_ng zoctonia solani 10.0° 20.0° 575 s
_ Phytophthora nicotianae 12.0° 32.5° 52.5% 3.0.5°
Co_tzg_glw 3.0 5.0 50 | 87.0

Figures with the same letter in same column are not significant dstfercd (P =(0.03).

Favpr J Hort. Vol. 36. No.1 (2009)



SOIL A'VIENDMENT AND USIN’G BARE ROOT TREES .. 207

Efficacy of soil amendment and drenchmg seedlmg treatments of root rot dtsease
incidence

Results in Table 3 and 4 indicate that all treatments reduced significantly the
percentage of root rot diseases caused by F. solani, R solani and P. P.
nicotianae. The _most. effective treatments in reducmg disease incidence were
bagasse + T harnanum (10%), clean root +bio-prodiict, and bagasse + T.
harzianum (5%), which reduced disease incidence, caused by Fusarium 78.1,
63.6 and 67.3% respectively The same treatments reduced hazoctoma root rot
by 78.2, 69.1 and 74. 5%, and Phytophthora rot. by 69.1,: 67 3 and 67.3%,
respectwely S

Moderate effects were shown when citrus seedlings drenching in spore
suspension of T. harzianum at 5% or 10%. These treatments reduced root rot
disease incidence in infested soil with F. solani 52.8 and 56.7% while in
infested soil withi R. solani by 45.5 and 67.3% as well as by 58.2 and 60.0% in P.
nicotianae infested soil.

TABLE 3. Effect,,pﬂ soil amendment and root treatment on root rot diseases in citrus
seedling in‘orchard.

% of survival plants after 15 days

. . Reduction . Reduction : P Reduction
Treatments | f- solani % of | R solani % of . % of
. . - . | micoliana . .
F.solani R.solani o P. nicotiana
Bagasse +T. ¢ zc - ygbe
harsianum 5% 20 63.6 15 69.1 18 673
Bagasse +7.
harzianum 124 781 j2¢ 78.2 15¢ 69.1
10%
drenching
root In 26 52.8 30° 455 23 58.2
T harzianum
solution 5%
Drenching
root In 24P 56.7 g 67.3 29" 60.0
T. harzianum
solution 10%
Clean - root c c - be
bio- product 184 67.3 14 74.3 18 673
Control 554 0.0 53 0.0 55° 0.0
|

Figures with the same letter in same column are not significant differed (P = 0.03).
All treatments, except drenching seedling root in 7. harzianum solution,

clearly show a significant reduction in root rots incidence as well as increasing
the percentages of survival citrus seedlings (Table 4).

Egvpt. J. Hort. Vel. 36. No.{ (2009)
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TABLE 4. Root rot disease incidence and survival plants (%) of citrus seedlings grown in artificially infested soil amended with

different bio agents treatments.

% Root rot incidence (45 days)

: " :
- Re;i/uctmn Reduction » Reduction Yo survival plants
Treatments " oof .| Rsolani % of L % of F. R. P.
solani | F.solani , nicottanae . , , . .
R.solani P. nicotianae solani solani nicotianae
B +T. : '
agassetT. 16¢ 622 12¢ 64.2 16° 55.5 64 72a 669

harzianum 5%
Bagasse+T,

¢ ) © 76.4 10° 72.2 76° ¢
harzianum 10% | 3.9 8 80c 76
Drenching root in b

a . 307 11, 34? 5 i 2
T. harzianuam 5% 42 8.7 0 7 5 8 20b 22
Drenching root
in T. harzianum 320 30.4 26° 23.5 28° 222 42° 44¢ 48°
10%
Clean - root c c be d b

. 18 60.8 14 588 20 44 4 64 T2a 62

bio- product
Control 46° 00 342 0.0 36" 0.0 8.00 10c 16*

Figures with the same letter in the same column are not significant differed (P = 0.05).

80¢
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Amended soil with 10% or 5% of bagasse + T. harzianum and / or clean —
root treatments were significantly reduced root rot disease of F. solani with 73.9,
62.2 and 60.8% for the three treatments respectively. The same treatments also
reduced root rot diseases caused by R solani in 76.4, 64.2 and 58.8%;
meanwhile, with P. nicotianae the treatments reduced root rot by 72.2, 44.4 and
55.5% respectively. On the other hand, no significant differences obtained
between seedling root drenching in 7. Aarzianum solution at 5% and 10%, they
reduced Fusarium root rot by 8.7and 30.4% and Rhizoctonia root rot by 11.7and
23.5%, while the reduction was 22.2 and 5.5% for Phytophthora oot rot. Soil
amended with bagasse + T. harzianum at rat 10% reduced Rhizoctonia root rot
on citrus plants with values significantly difference from other treatments 76.4%.
Trichoderma solution show least effect in reducing root rots incidence, with
values similar to the control. Soil amendment with bagasse + T. harzianum (5
and 10% ) and clean — root bio- product treatments show the highest percentages
of citrus survival plants as compared to other treatrnents.

Field experiments

The highly effective treatments in reducing root rot pathogens of citrus
seedlings under orchards conditions, bagasse + T. harzianum 10%, clean- root
bio- product and seedling drenching with 7richoderma solution at 10% as
compasison treatment were applied during 2007 and 2008,

All treatments reduced significantly disease incidence, being bagasse + T.
harzianum 10% the best, with a reduction values up to 71.4% after 20 days
during 2007 and up to 68.1% after 20 days during 2008. A reduction in root rot
incidence after 40 days and 60 days were also recorded (Table 5).

TABLE 5. Effect of different soil and seedling treatments on root rot disease
incidence of citrus plants under field condition during 2007 and 2008

o seasons.
i . : 2007
. . . Survival
20 | Reduction | 40 |Reduction Reduction
Treatment days % days %, 60 days % p:in/:)ts
Bagasse+ T. < d 2 od
| harsionum 10% 6.7 714 53 792 5.0 76.5 83.0a
Clean — root 85° 63 8 8.0° 686 | 85° 60.0 75.0°
Drenching in T. = b q @b b ‘t b |
| hargionum 10% 13,9" 36 13.8° | _7745.8 138" 352 573
| Control 23.5d 2550 L2013 297 |
| - CTTTTTI008 ] o
Bagasse+ 7. i - ]
ot 10% 86 | 681 | 90d| 714 70¢ 666 | 753"
Clean — root 11§ 56.2 | 13.5° 70 17 490 64.0°
Drenchingin 7. ~ T o t -
| harzionum 10% 18.0% | 333 198 [ 370 Usg | 247 . 463
L . R D ]
| i | I :
Contro! 2700 35 L 205 |

S U OO SO SN S
Means with same letter in same column are not significantly different. (P = 0.03).
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Scedling drenched with Clean-root bio-product show the least reduction of
root rot incidence as compared to other treatments. A significant differences
were obtained between Trichoderma solution amendment or clean — root
Ireatments.

Plant height, stem diameter. number of leaves (total leaf area) of citrus
seedlings were greatly increased under bio- agents amendments, particularly
with the use of bagasse + T. harzianum (Table 6). In both seasons 7. harzianum
solution at 10% was less effective. In contrast no significant decrease was
observed in the individual leaf area and specific leaf weight by the use of both
clean — root bio- product and bagasse + 7. harciamun as compared with
untreated plants or those treated with 7. harzianusi soiution at 10%. In other
words the control plants had smaller leaf area/plant but had slightly heavier leaf
weight and larger leaf blades. Generally, the highest proportion of dry weight
(39.8%) was found in leaves, followed by the stem (31.7%) and roots (24.6%) in
average of both seasons for the control treatment (Table 6 and 7).

Plant treated with bagasse +7. harziamon as well as Clean root +bio-product
at 10% produced more dry matter than contro! (Table 7). Also, similar
<ignificant effect was obtained by the use of 7. harzianum solution of 10%
complex in the first season only. Plants treated with bagasse+7. harzianum and
clean-root bio gave greater amount of dry matter of leaves and of stem.
However, no significant iuncrease was observed in root dry weight by used
havasse* T, harzicones supplving in both seasons. It may attributed to the
mcreased  photosynthetic zificiency of leaves which mainly reflected from
mereasing number of leaves/plant. Therefore. the increase of total leaf area/plant
treated with bagasset " fup sisvaan was dug to new leaves emergence rather than
tarzer leaves as iucreasing in arza As a result they developed a greater number
of leaves/plant and uliimately, accumulated greater dry weight. This led to
develop a stronger wiem and root system that mainly generated by more
carbolidrates partinioned 1o them. The vise versa in control plants. Plant growth
and shoot root ratio were enhanced by bagasse + 7. harzianum and clean-root. In
contrast, root, shoot ratic were decreased by such treatments. In average of both
scasons. shoot, reat or voot, shoot ratio were 3.03 or 0.04 and 3.04 or.31 for
plants treated with bagasse + T. harzianum and clean-root (bio-product),
respectively, as compared with 2.75 or 0.34 for control plants. It is suggested that
the control plants may divert more photosynthesis towards roots as less utilized
m shoot growth and this results in high root, shoot ratio also. The slight increase
ol leub weight in control plants may support this suggest.

s 4 Hoir Vol 360 No 1{2009)
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TABLE 6. Effect of (Bagass + T. harzianum 10%, clean- root, T. harzianum 10% solution) on teaf area, number of leaves, Plant height
and stem diameter of citrus planfet. c.v ""Valencia"'.

T SATHL LO0Y JIVH ONISN ANV LNTFNANINY TI0OS

e .
| | Total | 1
‘: 1 Av. Leaf | Av.Noof i  Av. Stem | .
i i leaf area/ : ! Av. Stem Specific leaf
! Treatment | area Leaves/ thickness .
] plant 2 length (cm) weight
; j (cm)? (ecm) plant {cm)
Season (2007)
- ——e - B P P
Bagass + T. harzianum 10% iT— 606.1%° | s54.00 20.0° 0.95 63.00° 0.63"
| pagass © 1. hardanum IV 0 bYol |22 | elV L . i
Clean - root 650.3" 58.60° 208 1 091° 52.70™ 0.61°
y ean-root - '
T. harzianum olution10% | 5458° 60.00° 1810 075 L 5153 0.65*
Control L s 62.81° 143° | 071® 46.60° 0.65*
- Season (2008) o 7
Bagass+ T. harzianum 10% 705.05° 66.63° 23.0° {____(_).94a i 57.50° 0.67"
Clean- root ] 7018 65.8° 21.5° 0.847¢ 53.00° 0.66*
T. harzianum solution 10% | 583.6" 66.01° 17.4° 074 50.24° 0.70¢
Controt | sea7 66.16° | 17.0° 078% | 508 0.67*

Means with same letter in same column are not significantly different (P = 0.05).
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TABLE 7. Effect of Bagass + T. harzianum 10%, clean- root, T. harzianum solution at 10% on biomass and dry matter Partitioninz of
citrus transpliants. c.v "Valencia'’

Av. Dry 'A'vtfl'[i;_\-f | AJ.'"itj.-y' o | Totaldry |

e meal % | Tl v | e | e

' First season (2007)

—Bagass+T. harzianum 10%, } 4.83° 243 7_06'_ 3().—0 7’.‘)6a 38.8 i 21.3°

_Clean — root T - 5000 23.8 _7.07F T 1 TTE3s 8.35° 400 T 2028 |
T. harzianum solution10% 4.61° 24.9 5.75% 31.9 7.11% 46.3 1699 |

| Control o 75| 24 460° T 317 1 408 398 14.90°

" Mean 4.55 24.4 6.27 334 0709 41.22 18.36

T Second season (2008) -

| Bagass+ T. harzianim 10% j 3.90° 25.0 8—09“" J 35.0 ;)_.52“ 40.2 : 23.30°

;'Bm ~ root | 530 245 7.26° 31.9 9.50° 44.4 [ 2423

!'Qf.’*i;;};:;};;}}}‘_é};ilﬂ'iéﬁ'—i'bl;:,m 5.53° 26.5 7.24% 30.9 9.24° a8 | 223 |

Control 4.94 236 | 6.04" 34.0 7.84° 413 12.81°
Mean 5.42 249 7.16 32.95 8.95 41.9 214 ]

Means with same ictier in same column are not significantly.
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Discussion

Fusarium solani, Phytophthora nicotianae and Rhizoctonia solani were the
dommant causal agents of citrus root rotin El-Sharkia , El- Behera, El- Kalubia,
El-Menofia and El-Gharbia governorates. Meanwhile, F. oxysporum, P.
Strophthora and Pythium spp. were less frequent. The most pathogenic fungi on
curus seedling were F. solani and R. solani followed by P. nicotianae. Many
researchers reported that F. solani, R. solani, P. nicotianae, F. oxysporum,
Pythiwm spp. and P. citrophthora, are the main pathogens causing root rot
Jseases of citrus (Kathryn C. Taylor 1995 and Michael E. Matheron, 1995).

Root rot disease on citrus caused by F. solani, R. solani and P. nicotianae
were significantly decrease either under artificially infested soil in orchards or in
namurally infested soil in Abo-Kebeer (Sharkia) province amending the soil with
T harzignum formulation on sugar cane bagasse Moustafa et al (1990). Such
weatment cause highly increase in shoots, leaves of citrus seedlings during 2007
and 2008 seasons. Soil amendment with agricultural wastes alone or in
sombmation with bio- control agent was recommended for controlling soil born
oathogens and increasing shoots and ieaves of many crops (Elad er a/,, 1986Stem
rot of ground nut reduced by 7. harzianum formulation (wheat bran sand soil
mixture was added to soil (30 g/ Kg sou, (Mitra & Nandi 1994, Ceuster et al.,
1999, May & Kimati, 1999, Liu & Huany, 2000 and Ei-Mohamedy, 2004).
noted that stem rot of grand nut reduced by up to 83% when T harzianum
ormulation in wheat bran sand soil mixture was add to soil (30g/Kg soil).
Coawel of root rot pathogens through amended soil with organic materials
Tormulated either bio- control agents may be attributed to:1) increasing the
aznivity of indigenous micro flora resulting suppression of pathogens population
on through competition or specific inhibition (Adams, 1990), releasing
Zzgradation compounds such carbon dioxides, ammonia, nitrites, saponine or
=nzymes which are generally toxic to the pathogens (Lakshmanan & Nair, 1984
znd Neler er al, 1985), inducing plant defense mechanisms |, cellulose and
z.ucanase are prevalent to high concentration in soil as a result of biodegradation
=7 celiulose and lignin (Windham e al, 1986 and Wang, 1999). It is clear to
=o>ice that amended soil with bagasse 7. harzianum 10% or clean — root
—zaiment gave the best result in reducing root rot on citrus plants under field
comliions compared with 7. harzianum solution treatment. This reduction

=z_.72d in increasing stand and survival plants which reflected.

Orenching seedling root in which specific biological control agents are
:mcorporated into the seedling root process, can be very effective in suppressing
—any disease caused by seed and soil borne pathogens (Miller, 1968 and
“Moustafa er al, 1990). Moreover, drenching seedling root has great promise for
=nhancing the efficacy, Shelf life and consistent performance of biological
z>rarrol agents (Jahn & Puls, 1998 and Jensen er al., 2002).
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In this study the application of T. harzianum to citrus seedling roots during
transplanting process shows high reduction in root rots incidence under orchards
conditions. Meanwhile, drenching roots in 7. Aharzianum solution or in clean-
root bio- product caused a least reduction in root rots incidence as compared to
drenching or soil amendment treatments. This may be due to fail bio- protection
on seedling or in rhizosphere at sufficient level for disease control and releasing
high level of exudates during the grow of new roots. Drenching of seedling roots
caused highly significant reduction in root rot incidence under field conditions
during 2007 and 2008 seasons. Furthermore, plant growth and shoot, root ratios
were enhanced by bagasse + T. harzianum and clean- root bio- product, in
contrast, root, shoot ratio was decreased by T. harzianum solution at 10%, as
compared to control treatment. These results are in agreement with Sritharan,
(1992). It may be attributed to the increasing photosynthetic efficiency of leaves
which mainly reflected from number of leaves/plant. Monselise and Lenz (1980)
reported that the increase of specific leaf weight might be mainly attributer to
increased starch accumulation in the leaves. Higher levels of starch in leaves
may be explained on the basis that more photosynthesis than could e utilized in
growth were produced (Sritharan, 1992).

Control of root rot disease on drenching citrus seedling root, due to reduced
by up t080.0% exudation of nutrients from the primed root seedlings up on
inhibition of water. Moreover, the direct antagonistic ability of T. harzianum
against citrus root rot pathogens. Combination between drenching seedling root
and bio- control agents has improved the rate of root growth and reduced root rot
disease incidence (Nemec et al,, 1996).

Soil amendment with 7. harzianum formulation on sugar cane bagasse and/
or drenching citrus seedling root, they caused highly decrease in root rot disease
incidence, increase leaves and shoots and roots and enhancement the persistence
availability of Trichoderma propagates in rhizosphere soil of citrus plants. So, it
could be suggested that such soil and seedling treatments could represented an
environmentally eco friendly strategy for controlling soil borne pathogens as
substitute of chemical fungicides.
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