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ABSTRACT
The woolly whitefly, Aleurothrixus floccusus (MadRe (Homoptera: Aleyrodidae), is a new invasiveeal
insect pest of citrus crop recorded in Ethiopi2@1 in Adama town. Woolly whiteflies are the mdestructive
pests of citrus in Ethiopia particularly in CentRift Valley of Ethiopia. It causes tremendous giéss. In the
present study, woolly whitefly management by theegnation of fertilizer (DAP), irrigation and stigkgum
banding on citrus were investigated in Adama urfidd condition under natural infestation. The diedtudy
was carried out in Adama, East Shewa, Ethiopiedihl2 The experiment was designed in randomized Eienp
block design in three replication in a factorialaaixgement where a tree represents one replic®i@rtreatment
assessment of woolly whitefly population and weeddgessment after treatment application were doeeléct
the best treatment. The pre-treatment woolly whjitabsessment indicated that 80-100% twig infemtaté0-
99% leaf infestation and 35-37% fruit infestatiowlicating that twig and leaf of the citrus treee tre most
preferred plant parts by woolly whitefly, where lasv proportion of percent infested citrus plants5@ -
2.08%), (0.18% - 1.38%) and (0.56% -1.95%) wereomded in the treated citrus plant in studied
area respectively. Significantly low twig infestati low leaf infestation, low number of woolly wity
colonies in the twig and leaf, low status of antsl &igh status of predator (ladybird beetle) anthgitoids
(Cales noacki) in the twig and leaf were recordednf citrus plants. Integrated effect of fertilizatj irrigation
and sticky gum banding effectively increased thedyand quality of citrus fruit. The data obtairiadicated
that effect of fertilizer; irrigation and sticky gu banding were significant in reducing woolly wiiiye
infestation on citrus. All infested plant parts wealso attended by several ant colonies. Howevgnjfisant
variations were observed among the treatment ib yield. From the present study it can be conctutteat by
providing the citrus plant with appropriate/optimunutrient and water at the right time which maisisengthen
and help the plant to produce leaves and flowerd, enhance the activity of the natural enemies Indig
disconnecting the symbiotic relationship betweenwloolly whitefly and ants by using sticky gum bamyd As
the management of commercial citrus productioreiy intense the likely problem of woolly whiteflg such a
farm is almost nil. Thus, the current technologyitigo small scale citrus production system whits to be
extended by the extension agents. Therefore, thefuertilizer (DAP), irrigation and sticky gum tding could
play a vital role in integrated management of wpathitefly on citrus.
Key words: Citrus, A. floccusus, fertilizer, irrigation, skig gum banding.

1. INTRODUCTION

Agriculture is the main stay of Ethiopia's econopmgviding employment to 85% of the population. Heetor
contributes about 45% of the Gross Domestic ProdG&P) and 63% of total exports with coffee alone
accounting for 39.4% of the total export. Furtheren@\griculture plays a crucial role in providingw material
for industry. Endowed with wide ranging agro-ecatad) zones and diversified resources, Ethiopia graWw
types of crops including different types of citramps (CSA, 2004). Located betweelN418°N latitude,
Ethiopia is able to grow high quality citrus almg&ar round from orchards and home-gardens in réiffe
climatic regions. The major citrus crops grown ithiBpia are orange, mandarin, grapefruit, lemon kme
(Emana, 2003a & b).

Citrus is an important source of vitamin and mifereaw materials for local industries and sourtéoceign
currency earnings (Emana, 2003a). Citrus fruitshagh value crop in terms of international tradbefie are two
main markets for citrus fruit: the fresh fruit matkand the processed citrus fruits market (mainoige).
According to FAO (2003), fresh orange consumpt®uéclining in developed countries mainly due tift sif
preference to orange juice consumption and impreverm transportation and storage of citrus fraitsl its
products.
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Citrus fruits are produced all around the worldcéling to FAO (2003) data, 140 countries produciéais
fruits. The main citrus fruits producing countriase Brazil, Mediterranean countries, and the Uniates.
These countries account more than two thirds dbajleitrus production. The world production of a#rfruit
has experienced continuous growth in the last decad the 20 century. Total annual citrus produrcticas
estimated at over 105 million tons in the perio@@Q2004. Oranges constitute the bulk of citrust fosoduction,
accounting for more than half of global citrus protion in 2004. The rise in citrus production isinhadue to
the increase in cultivation areas and the changmmsumer preferences towards more health and n@nee
food consumption and rising incomes. A major depalent over the last two decades of the 20 centay tive
growth in trade in small citrus fruits, which indiel mandarin, lime and lemon at the expense of foeahges
which is due to the evolution of consumer prefeesn&thiopia is one of the countries in the worlteve citrus
fruits production showed increasing trend desgiteihcreasing insect pest problems mainly due e¢ohiavy
pesticide use. For example, the largest citrustatam in East Africa is found in Ethiopia (Ema2803a & b).

The current challenges in the production and tr@fdeitrus is the gap between the demand and avitijabf
organic citrus which is still a niche and makeswtde2% of the global citrus production. The lovadability of
organic citrus is mainly due to the use of widectpen pesticides mainly for the control of inseests. In this
regard, the alien invasive insect pest receiveshibest proportion as this group of insect pestnismy free
which can keep their population in check. In masus producing countries of the world, woolly wdfiy is
causing heavy damage to all citrus crops, some @thi¢s like guava, coffee and wild flowering ptan(Emana,
2003a).

The woolly whitefly, Aleurothrixus floccusus (Maskell), first appeared as a citrus pest ab@@9lin Tampa,
South America. The insect is native to Tropical &ubtropical America and introduced to North Afriaad
Southern Europe in the 1970's. Currently, the gesidely distributed in America, Europe, Asia afsfica. In
Africa this pest was first recorded in Kenya in @9%ut now exists in Ethiopia, Malawi, Mozambique,
Tanzania, Uganda, Zambia and Zimbabwe. In Ethidhia,pest was first reported by Emastal., ( 2003) from
the Central Rift Valley areas. At the moment, tlestphas infested all citrus plants growing in Adaiman,
Debrezeit town, Zewayi, Arsi-Negele, SheshemeneanfidTulu, Meki, and Ambo and their surroundings.
Moreover, the big farms of the State EnterpristhenUpper and Middle Awash have been infested lsypést.
The expansion and severity of infestation of thst pee very alarming and very high. Fruit cropshsas citrus

is heavily damaged by insect pests such as fie# {Ceratitis capitata [Wiedman],Dacus spp.), false codling
moth [Cryptophlebia leucotreta [Meyrick]) and armoured scales (e.gonidiella aurantii [Maskell] and
Chrysomphalus aonidum [L.]) are major insect pests on all citrus farms ofidftla (Goossenst al., 1981,
Abate, 1981, 1988b).

In citrus growing areas of the world where thistpeas been recorded, the management strategy lesms be
skewed towards chemical control because of its statiag nature though the result is not efficidfdr the
management of woolly whitefly, two control methate recommended: to give the plant strength byigiay
sufficient nutrients and optimum water; and usdiofogical control which could be introduction, cemvation
and agumentation (Emana, 2003a). In the commesitiak plantations in Ethiopia as the grower keepplant
strong through the application of fertilizer andtiopum irrigation the intensity of woolly whiteflysiminimal
unlike the individual growers and schools. Undechsuondition development of integrated pest managgm
(IPM) which involves strengthening of the citrusapl by supplying Nitrogen, Phosphorous and Potassiu
(NPK) fertilizers and optimum water requirementotingh irrigation is a necessity. Moreover, makingitth
available natural enemies efficient through thetdrof ants which keep away the woolly whiteflytunial
enemies and in turn feed on honey dew. Hence, theert study was meant to develop integrated pest
management (IPM) for the control of woolly whiteftpainly under small scale citrus growing conditions
Therefore, the objective of this study waslevelop integrated management (IPM) of woolly wiyten Citrus.

2. MATERIALSAND METHODS

2.1. Description of the study area

The study was conducted on citrus orchard of KAitat School located in Adama town located 100 knayw
from Addis Ababa at aboufB0'N latitude, 3811'E longitude and an altitude of about 1550m abse@ level.
The area has a mean annual rainfall of 771mm anihmam and maximum day air temperature of 16.4nd
30.9C, respectively.
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2.2. Experimental Design and Procedures

This experiment was conducted beginning from Felyrta May, 2011 on the matured (>8 years old) sitru
orchard at Kutir Arat School in Adama town. The e was selected for the study because of theyheav
woolly whitefly infestation and the field layout suitable for executing experiments with perfeov rand
between plants spacing (2.5m). Moreover, the octltantains a large number of sweet orange citraatgl
(about 100 plants) needed for the experiment. @406 plants 36 were randomly selected from thediaiaf

the orchard and tagged to be used for the expetimen

The experiment was laid out in 2x3x2 factorial expent involving two fertilizer rate [Og/tree and®)
(DAP)/tree/dmonth) recommended rate 900gDAP/tres/y§Sauls, 2002)], three irrigation frequenciesr (pe
week, per two weeks, and per three weeks) and barafi trees with sticky gum at the plant height26tm
above the ground (with and without it) was used@mplete randomized design (CRD). The total treatme
combination was 12 (2x3x2). The time of applicatidrireatments such as fertilizer and sticky gumdiag was
once at the beginning of the experiment. The amotiitigation per tree was about two bucket (20E)water,
with its micro-catchment area of 1.28m

2.3. Data Collected

2.3.1. Pre and post treatment application of woolly whitefly infestation assessment

Twig infestation: - Numbers of infested and non infested twigs and/amnbranches were recorded on each
tagged plant for the experiment and percent twigsitation was calculated.

Leaf infestation: - For leaf infestation two twigs per plant were ramip sampled and the numbers of infested
and non infested leaves on each sampled twig veeded.

Fruit infestation: - Fruit infestation was determined by counting th@ltéruits per two twigs against the fruits
with woolly whitefly infestation.

The number of woolly whitefly colonies: - The number of woolly whitefly colony was recordeg dounting
the number of woolly whitefly colonies on twigsales and fruit per two twigs on each plant.

Status of predators/parasitoids: -The status of predators was recorded by obsentieg humber on twig
and/or main branch, leaf and fruit per two twigs pkant. Infested leaves and twigs were put ingéhsearing
cage for parasitoids emergence.

Yield: - Fruit yield was recorded by separating marketahtk anmarketable fruits per two twigs and put them
both in numbers and weight at the time of harvdstteover, the number of new shoot emerged and nuotfbe
flower per two twigs were recorded.

2.4. Data analysis
Data were analyzed using analysis of variance (ANOVA) using SAS computer software (SAS ingtitute,

2002). Before ANOVA data which violate the assumption were transformed using square root (+/X+ 0.5)
transformation (Gomez and Gomez, 1984). Mean comparisons were done using the least significance difference
(LSD) at the probability level of 5%.

3. RESULT AND DISSCUSSIONS

3.1. Weekly Woolly Whitefly Assessment Before and After Treatment Application

3.1.1. Twiginfestation

Twig infestation by woolly whitefly pre and poseatment application per two twigs is shown in Tahldwig
infestation by woolly whitefly was significantly deced after treatment application with varied IsvieHicating

the effectiveness of the treatments in wooly whitehanagement. The effect of the treatments draauidyfi
minimized twig infestation starting from the firgteek of treatment application on wards which resllin
highly reduced woolly whitefly infestation levetter 6" week of treatment application when compared to the
untreated check and the pre-treatment applicaseassment.

Moreover, the interactive effect of fertilizer (DMRrrigation and sticky gum banding significantigduced
woolly whitefly on citrus twig/main branches by piding the citrus plant with appropriate/optimumtment
and water at the right time which mainly streng@gtrand help the plant to produce additional leaes
flowers, and enhanced the activity of the natura@neies mainly by disconnecting the symbiotic relaship
between the woolly whitefly and ants by using stigkim bandingFrom this result it could be concluded that
the integrated effect of fertilizer (DAP), irrigati frequencies and sticky gum banding effectivedptmlled
woolly whitefly population from the citrus twig.

Table 1. Effect of fertilizer, irrigation and stiglgum banding on mean percent woolly whitefly twiestation

of citrus at Adama in 2011.
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Mean followed by the same letter(s) with in columas not significantly different at (LSD, 5%).

Pre-treatment assessment (PTA) and weeks aftéemeeaapplication (WATA)

TRT IWATA | 2WATA | 3WATA | 4WATA | 5WATA | 6WATA | 7WATA | BWATA | OWATA | 10WATA | 1IWATA | 12WATA | 13WATA
1,FoBo 100 93.% 90.43 86.63 79.70 70.93 60.56 46.93 44.33 41.20 39.66 38.70 36.16 34.70
1,FBy 100 80.38 46.66 22.00¢ 11.60 6.66 1.04 1.34 3.75 3.31 2.81 2.50 1.80 1.61
11F:Bo 79.66 | 72.60 | 32.66 | 23.33° | 8.33 3.33 3.96 | 263 2.33 2.13 2.03 1.88 1.67 1.35
1,F1B; 99.33 93.% 40.00 23.33¢ 6.66 4.33 5.3 1.42 0.73 0.73 0.68 0.68 0.59 0.50
I,FoBo 90.56 | 90.83 | 89.46 | 87.28 | 80.33 69.30 58.66 | 48.66 422 39.70 39.36 37.50 35.33 33.36
I,FoBy 99.66 | 96.43 | 80.85 | 18.35' | 27.33 6.33 8.3% 4.66 3.66 3.13 2.76 2.58 2.12 2.08
1,F1Bo 90.76 53.38 55.00 12.13 7.66 5.00 4.3 4.16 4.20 3.60 3.25 3.13 2.66 2.08
15F1By 98.33 | 62.6D 58.33 28.00 5.567 1.667 1547 | 1.42 3.02 251 231 2.17 1.85 1.61
13FBo 99.33 95.50 93.66 90.53 82.53 68.53 56.63 47.70 41.46 39.53 38.53 37.50 35.06 33.53
13FBy 95.86 84.66 75.00 36.66 15.00 7.40 5.0¢8 4.33 2.16 2.10 2.10 2.02 1.77 1.25
IsF1Bo 95.96 | 94.8 82.66 | 6533 | 1162 6.66 6.3% 4.23 4.00 3.62 3.373 3.08 2.85 1.95
15F1B; 100 92.6 43.% 72.33 18.00 15.00 11.00 | 9.33 4.00 3.436 3.21 3.05 2.74 2.02
LSD(0.05) 3.86 6.485 7.654 NS NS 4.10 NS NS NS NS NS NS NS
CV(%) 1.88 2.72 5.86 9.63 15.49 13.75 13.12 13.220 2.94 5.86 5.81 4.50 6.05 5.7
TRT=treatment, (1-13) WATA=0ne up to thirteen wealfter treatment application, Ewithout fertilizer, i
=with fertilizer, Byj=without sticky band, B= with sticky band, {, |,, Is=irrigation frequencies. 1F,By, 1,FBo,
and kFoB, = controls, |FB;, I,FoB; and kFyB,= Integration of irrigation, without fertilizer ansticky gum
banding, {FBo, I,FiBoand kFBy= Integration of irrigation, fertilizer and withowticky gum banding and
I,FB1, I,FB;iand kF;B.= Integration of irrigation, fertilizer and sticigum banding. NS=non significa8l.2.
L eaf infestation
Leaf infestation by woolly whitefly before and afteeatment application per two twigs is shown ible 2.
Leaf infestation by woolly whitefly was significaptreduced due to the treatments application wihied
levels. The effect of the treatments significamguced leaf infestation starting from first wedteatreatment
application throughout the experimental period rafteeatment application when almost woolly whitefly
infestation become unimportant when compared to uhieated check and the pre-treatment application
assessment.
It known that fertilization and irrigation frequeas improved the general health and vigor of ciplsts that
also improved the final yield of plants. This studyin agreement with the result of Aleaal., (2006), who
reported that the optimal growth, development aietblyrequires optimal levels of fertigation. Frohistit can
be said the integrated effect of fertilizer (DAR)jgation frequencies and sticky gum banding foundbe
effective in significantly reduced woolly whitefyopulation from the citrus leaf.
Table 2. Effect of fertilizer, irrigation and stigigum banding on mean percent woolly whitefly ld#station
of citrus at Adama in 2011.
Pre-treatment assessment (PTA) and weeks aftemeeaapplication (WATA)
TRT 1WATA | 2WATA | 3WATA | AWATA | GWATA | 6WATA | 7WATA | BWATA | OWATA | 10WATA | 11WATA | 12WATA | 13WATA
1:FoBo 9463 | 90.06 | 87.36" | 83.93 | 78.80 | 67.83 56.53 45.13 42.23 38%6 | 37.93 36.80 35.00 31.56
1,FoB, 93.63 62.50 35.25 11.60 6.30' 5.98 0.41 0.72 2.29 2.23 1.98 1.90 1.58 1.38
1:F1Bo 60.33_ | 70.97 | 23.96 1026 | 5.08 2.84 1.81 0.84 0.75 0.74_| 0.66 0.57 0.50 0.50
1,F B, 99.33 85.61 39.5¢ 11.60 4.93 1.98 1.00 0.88 0.32 0.2 0.29 0.29 0.25 0.18
1,FBg 69.30 86.3t) 86.0% 83.73 77.56 67.10 56.76 47.13 40.80 37°86 | 36.93 35.00 33.63 29.83
15FoB1 96.86 | 83.35 | 81.20 7.937 15.5% 5.94 1.22 2.76 1.41 1.96 1.01 0.88 0.76 0.76
1,F1Bg 89.66 50.95 43.30 6.523 5.06' 4.11 1.65 1.39 2.15 2.63 1.94 1.946 1.71 1.37
1,F1By 9497 | 5426 | 5659 | 21.96 | 2.60 1.02 0.82 0.51 1.08 1% | 0.98 0.99 0.83 0.83
157oBo 90.66 | 90.32 | 90.26 | 87.46 | 79.37 | 67.07 53.56 44.90 40.23 39%06 | 36.43 35.86 32.26 31.33
15FoB1 91.67 | 80.02 63.59 26.59 6.39 6.36 2.58 0.98 0.67 0.65 0.62 0.56 0.51 0.51
15F1Bo 9516 | 90.92 | 822P | 57.27 | 6.26 2.39 2.37 1.43 113 196 | 1.10 .07 0.93 0.7
13F B, 94.06 82.7¢ 35.30F 67.88 10.6F 1.98 1.42 2.57 1.72 1.66 1.53 1.2 1.07 0.83
LSD(0.05) 8.48 8.04 6.22 4.01 NS NS NS NS 141] NS 0.85 NS NS
CV(%) 1.27 6.51 7.90 9.29 9.56 11.52 12.73 12.26] 742 | 7.87 5.31 5.16 8.29 8.66

Mean followed by the same letter(s) with in columase not significantly different at (LSD, 5%).

TRT=treatment, PTA=pre-treatment application, (3} WATA=0ne up to six weeks after treatment appiwg
Fo = without fertilizer, i =with fertilizer, B=without sticky band, B= with sticky band, 4, |5, ls=irrigation

frequencies. 1FoBy, 1,FoBo, and kFoBg = controls, {FB4, I,FB; and kFoB,= Integration of irrigation, without
fertilizer and sticky gum banding;F;B,, 1,FBoand kFBy= Integration of irrigation, fertilizer and without
sticky gum banding and®;B;, I,F,B; and kF,B,= Integration of irrigation, fertilizer and stickyum banding.

NS=non significant
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3.1.3. Fruit infestation

The interactive effect of fertilization (DAP), igation and sticky gum banding on fruit infestatafrireated and
untreated check of citrus plant were compared. tfdetment comprised fertilization, irrigation artétlsy gum

banding and their integration significantly (p <0B) reduced fruit infestation (Appendix Table 7)heT
percentage of infested fruit ranged from 0.56% .&b6% in treated citrus plant, where as in un ticbateecks
(control) of citrus plant ranged from 35% to 37%reveénfested per two twig¢Fig. 1). Reduction of fruit
infestation shows the importance and/or the incregrnoé the fruit yield and fruit quality as well asarketable
fruit rather than that of infested and/or unmarkkgafruit per two twigs. It was generally observitat

integrated effect of fertilization, irrigation argticky gum banding resulted in significant decreasdruit

infestation as compared with the untreated cheitk (5.

40 - LSD(0.05) = 0.847
35 A
= % of FI
30 A
25 A
20 A
15 A
10 A

Percent of fruit infestation/two twig

Treatment combination per tree
Fig. 1. The mean percent of citrus fruit infestatfer two twigs.

3.1.4. The mean number of woolly whitefly colonies on the twigs of citrus

The result of woolly whitefly colonies on the twigé citrus plants before and after treatment appilhn at
Adama is shown in Table 3. The mean number of woulhitefly colonies per two twigs per plant was
significantly reduced due to the treatments appticawith varied levelsbut not on fruit throughout the
experimental period. The effect of the treatmeafidly minimized the number of woolly whitefly colies on
the citrus twigs starting from first week afteramment application throughout the experimental qgzesvhen
almost the numbers of woolly whitefly colonies ¢ ttwigs become un important as compared with atece
check (control) and the pre-treatment applicatieseasment. From this result it could be said tkegrated
effect of fertilization, irrigation and sticky guivanding effectively reduced woolly whitefly colosi&om the
citrus twig/main branches.

The colony of woolly whitefly on the twig of citruvered the main branch of the trees by producorgeydew
which collect dust and support the growth of sootgld; large infestations produced plentiful amouats
honeydew and resulted in the blackening of entged that reduced photosynthesis. Honeydew ang suait

can also contaminate the fruit. This finding redatgith (Nguyen and Sailer 1979, Sailgral. 1984), who
reported that the infestation of woolly whitefly rdages citrus twig by sucking sap from the leavelsoA
honeydew excreted is a medium for the growth oftysmaold fungi. The sooty mold can cover the fruiida
foliage so that it interferes with photosyntheaisd requires that fruit be washed before marketing.

Table 3. Effect of fertilizer, irrigation and stigigum banding on mean number of woolly whiteflyarges in
the twig of citrus at Adama in 2011.

Pre-treatment assessment (PTA) and weeks aftéemeeaapplication (WATA)

TRT 1WATA [ 2WATA | 3WATA | 4WATA | 5WATA [ 6WATA | 7WATA | BWATA | 9WATA [ 10WATA [ 1IWATA [ 12WATA [ 13WATA
1:FoBo 46.66 | 21.6B 17.66 5.66 5.00 4.00 4.38 3.66 3.33 1.87 1.77 1.67 1.67 1.58
1,FoB; 26.66 | 10.06 5.00° 2.33 2.68 3.33 2.68 2.33 2.00 1.46 1.34 1.22 1.05 1.05
1,F1Bo 15.00 | 7.08 3.66 2.33 1.00 1.33 1.00 1.33 1.00 1.22 1.32 1.22 1.05 0.87
1,F,B, 15.00 | 8.68 4.00° 2.33 1.00 2.33 2.3% 2.33 1.33 1.34 1.34 1.22 1.05 0.87
1,FoBo 45.00 | 24.38% 17.33 5.66 4.66 5.33 4.38 4.00 3.00 1.77 1.77 1.67 1.58¢ 1.46
1,FoB1 22.6 14.06 8.66 2.66 2.68° 1.66 1.3F 1.33 0.66 1.22 1.52 1.27 1.05 0.70
1,F:Bo 19.66 | 11.66 4.00° 2.33 2.38 2.33 1.06 1.66 1.66 1.46 1.34 1.22 1.27° 1.22
1,F1B; 17.00 | 4.68 5.00° 1.33 3.38 2.33 1.6% 1.66 1.33 1.34 1.34 1.22 1.27° 0.87
15FoBo 55.00 | 27.33 17.06 3.33 4.38 5.00 5.00 2.33 3.66 1.9 1.77 1.67 1.58¢ 0.87
15FoB; 37.66 | 17.00 5.00° 3.66 2.68 2.33 1.3% 1.33 1.00 1.22 1.32 1.22 1.05 1.05
15F1Bo 29.66 | 9.3% 5.00"° 3.66 2.66 2.33 2.68 0.66 1.00 1.22 1.32 1.22 1.22° 0.70
15F,B; 22.3 11.36 7.66° 4.66 2.68° 2.33 2.0 1.33 1.66 1.46 1.34 1.3% 1.27° 1.05
LSD(0. 0.26 0.17 0.36

05) 3.66 4.73 NS 0.97 NS 0.93 NS NS NS NS
CV(%) | 15.99 | 1561 33.70 19.36 19.79 25.15 22.36] 384. | 29.19 10.06 11.12 7.61 17.54 22.90
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Mean followed by the same letter(s) with in columase not significantly different at (LSD, 5%).
TRT=treatment, PTA=pre-treatment application, (3} WATA=0ne up to six weeks after treatment appiwg
Fo = without fertilizer, i =with fertilizer, B=without sticky band, B= with sticky band, 4, |5, ls=irrigation
frequencies. 1FoBy, 1.FoBo, and kFoBg = controls, {FB,, I,FB; and kFoB,= Integration of irrigation, without
fertilizer and sticky gum banding;F;B,, 1,FBoand kFBy= Integration of irrigation, fertilizer and without
sticky gum banding and®;B;, I,F,B; and kF,B,= Integration of irrigation, fertilizer and stickyum banding.
NS=non significant.

3.1.5. The mean number of woolly whitefly colonies on the leaf of citrus

The number of woolly whitefly colonies on the laaf citrus plants before and after treatment apfibcaat
Adama is shown in Table 4. The mean number of woehitefly colonies on the leaf per two twigs ofras
was significantly reduced due to the treatmentdliegappn with varied levels. The effect of the the@nts
considerably minimized the number of woolly whijeiolonies from the citrus leaf starting from fivgeek after
treatment application throughout the experimentaiqul after treatment application when almost thebers of
woolly whitefly colonies on the leaf become un impoat when compared to the untreated check (cqrdrad
the pre-treatment application assessment. Fronittbeéa be said the integrated effect of fertiliaat irrigation
and sticky gum banding effectively controlled thember of woolly whitefly colonies from the citrusalf.

Table 4. Effect of fertilizer, irrigation and stigijum banding on mean number of woolly whiteflyaoes in

the leaf of citrus at Adama in 2011.

Pre-treatment assessment (PTA) and weeks aftémeaaapplication (WATA)

TRT 1WATA [ 2WATA | 3WATA | 4WATA | 5WATA [ 6WATA | 7WATA | BWATA | 9WATA | 10WATA [ 1IWATA | 12WATA [ 13WATA
1:FoBo 4667 | 4.33 4.00 3.00 2.33 2.66 2.33 1.66 2.00 1.46 1.46 1.34 1.22 1.22
1,FoB; 2.00 1.08 1.00 1.08 1.00 1.00 1.00 1.60 1.00° 1.22 1.2% 0.87 0.87 1.05
1,F1Bo 1.33 1.08 1.00 0.33 1.00 1.00 1.00 1.60 1.00" 1.22 1.2% 1.22 1.08 0.87
1,F1B; 1.00 1.08 1.00 0.68 1.00 1.33 1.00 1.60 1.00° 1.22 0.87 1.22 1.08 0.87
1,FoBo 6.00 4.66 4.00 3.00 2.33 2.66 2.66 2.33 1.33 1.34 1.3% 1.22 1.22 1.22
1,FoBy 1.00 1.08 1.00 0.33 1.00 1.00 1.00 1.60 0.33* 1.22 1.2% 1.05 0.87 0.70
1,F1Bo 1.33 1.38 1.00 0.33 1.00 1.00 1.00 1.60 1.00° 1.22 1.08° 1.05 1.08 1.22
1,F,B; 1.66 1.08 1.00 0.33 1.00 1.00 1.00 1.00 1.00" 1.22 1.0%° 1.05 1.08 0.87
15FoBo 5.33 4.66 3.33 3.00 2.33 2.66 2.66 1.86 2.00 1.46 1.46 1.34 1.22 0.87
15FoB; 2.66 1.08 1.00 1.0 1.00 1.00 1.00 1.60 0.66° 1.22 1.2% 1.22 1.08 1.05
13F1Bo 2.66 1.0 1.00 0.68 1.00 1.00 1.00 0.33 0.00 1.22 0.87 0.87 0.87 0.70
15F1B; 1.66 1.08 1.33 1.08 1.00 1.00 1.00 1.60 1.00° 1.22 1.2F 1.22 0.87 1.05
LSD(0.05) 0.397 NS 0.486 NS NS NS 0.56 0.4865 NS 330 NS 0.43 NS
CV(%) 36.10 | 19.16 13.68 33.40 21.65 23.07 20.78]  528. | 28.08 8.07 16.91 18.39 24.94 23.28

Mean followed by the same letter(s) with in columas not significantly different at (LSD, 5%).
TRT=treatment, PTA=pre-treatment application, (3} WATA=0ne up to six weeks after treatment appiwg
Fo = without fertilizer, i =with fertilizer, By=without sticky band, B= with sticky band, { I,, ls=irrigation
frequencies. FoBy, 1,FoBo, and kFoBg = controls, {FB;, I,FB; and kFoB;= Integration of irrigation, without
fertilizer and sticky gum banding;H;B,, 1,F;Boand kF;By= Integration of irrigation, fertilizer and without
sticky gum banding andH;B;, I,F;B; and kF;B,;= Integration of irrigation, fertilizer and stickyum banding.
NS=non significant.

3.1.7. Status of predatorsin thetwig and leaf of citrus

The population of predators in twig and leaf ofugtplant per two twigs before and after treatnagplication
at Adama is shown in Table 6. Numerous predatdeshathe citrus woolly whitefly from this ladybirdeetle
was observed on twig and leaf of citrus during expent but not on fruit. Accordingly, status of {dudrd beetle
in the twig and leaf of citrus significantly incsead in number and reduced citrus woolly whiteflpplation due
to the treatments application with varied levelbeTeffect of the treatments enhances the statuadgbird
beetle in the twig and leaf starting from six wexdler treatment application throughout the expenitaleperiod
when almost the status of ladybird beetle beconeatl on citrus plant as compared with untreategicland
the pre-treatment application assessméram this it can be said the integrated effecteofilfzation, irrigation
and sticky gum banding effectively increased tlaust of ladybird beetle in the twig and leaf ofustplant.

Fertilization (DAP), irrigation frequencies andcgly gum banding effectively increased the numbeiadybird
beetle on twig and leaf of citrus plant to feedtlo& egg and immature stage of woolly whitefly aeduced twig
and leaf woolly whitefly population. This study heanfirmed the results of earlier worker (ObryckidaKring
1998, Yigitet al., 2003), who reported awver fifty species of coccinellidae attack eggs anchature stages of
woolly whitefly pests. There is remarkable variatia the predatory behavior of these polyphagousicellids;

some are mobile, seeking out prey, and others edengary, and complete preimaginal developmentran o

twig/leaf (Obrycki and Kring, 1998).
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Table 5. Effect of fertilizer, irrigation and stigigum banding on the mean status of predator itvifrgeand leaf
of citrus in Adama, 2011.

Pre-treatment assessment (PTA) and weeks aftéemeeaapplication (WATA)

TRT IWATA | 2WATA | 3WATA | 4WATA | GWATA | 6BWATA | 7WATA | BWATA | OWATA | 10WATA | 1LIWATA | 12WATA | 13WATA
1,FoBo 2.00 2.33 2.00 2.66 1.66 1.66 1.33 2.00 1.00 1.33 1.33 2.3F 2.66 2.33
[1FoBy 161 | 187 2.59 2.81 3.66 3.00 134 | 137 6.00 2.66 2.66 2.3% 5.33 11.00
11F1Bo 1.35 1.67 1.88 2.03 2.33 2.33 2.63 3.96 4.66 2.33 1.00 3.66 4.00 7.00
1;F1B; 0.57 0.59 0.68 1.33 2.00 2.33 1.42 5.33° 4.66 4.66 1.00 7.08 2.66 9.08
I2FoBo 166 | 2.00 2.38 2.33 1.00 1.00 1.33 | 1.00° 1.33 1.33 1.33 1.33 3.00 2.66
1,FsBy 2.08 2.08 2.58 2.76 3.00 3.66 4.66 8.33 4.66 3.66 2.66 11.00 6.00 14.00
1,F1Bo 2.08 2.66 3.13 3.25 3.33 3.00 4.%6 4.30 5.00 2.66 2.33 3.3% 5.00 12.68
IoF1By 161 | 185 2.7 2.70 2.33 3.00 142 | 154 2.33 2.33 2.66 3.06 4.00 5.38
13FoBo 1.33 2.00 2.33 2.66 1.00 1.33 1.33 1.66 1.3% 1.3% 1.33 2.00 2.33 1.68
IsFoBy 125 | 177 2.01 2.10 1.66 2.33 433 | 5.00° 3.66 4.66 2.66 5.00 5.00 12.06
13F:Bo 1.95 2.85 3.08 3.37 3.66 3.33 4.33 6.33 2.37 2.66 2.66 8.08 5.33 8.0¢F
13F1By 2.01 2.74 3.05 3.21 3.33 3.33 9.33 11.00 2.66 2.66 2.66 7.68 3.66 12.3%
LSD(0.05) NS 0.80 NS NS NS 1.36 1.68 0.97 0.97 NS 1.53 NS 1.61
CV (%) 20.67 12.60 20.60 21.41 22.87 27.18 25.96| .2@3 17.46 21.42 25.99 19.33 18.70 11.72

Mean followed by the same letter(s) with in columas not significantly different at (LSD, 5%).

TRT=treatment, PTA=pre-treatment application, (3} WATA=one up to six weeks after treatment appicwa

Fo = without fertilizer, i =with fertilizer, B=without sticky band, B= with sticky band, 4, |5, ls=irrigation

frequencies. 1FoBy, 1.FoBo, and kFoBg = controls, {FB4, 1,FB; and kFoB,= Integration of irrigation, without

fertilizer and sticky gum banding;F;B,, 1,FBoand kF;By= Integration of irrigation, fertilizer and without

sticky gum banding and®;B;, I,F,B; and kF,B,= Integration of irrigation, fertilizer and stickyum banding.

NS=non significant.

3.1.8. Status of parasitoidsin thetwig and leaf of citrus

Status of parasitoids on twig and leaf of citruanplper two twigs before and after treatment apfibo at

Adama is shown in Table 7. Infested leaves andswigre put in insect rearing cage for parasitordsrgence.

After rearing for two days the pupal parasitdhles noacki was emerged on the twig and leaf of citrus plant

during field experiment. Accordingly, status of @ppl parasitoidCales noacki in the twig and leaf significantly

improved in number and reduced citrus woolly wihtgfopulation due to the treatments applicatiorhwiaried

levels. The effect of the treatments enhances titassofCales noacki in the twig and leaf of citrus plant all

over the experimental period. Commencing this iit lba said the integrated effect of fertilizatiamigation and

sticky gum banding effectively increased the stafuSales noacki in the twig and leaf of citrus plant.

This study, fertilization, irrigation frequenciesidhsticky gum banding found to be effective in #igantly

increased the number @Rales noacki on the twig and leaf of citrus to feed on the eggl immature stage of

woolly whitefly and reduced the twig and leaf wgolthitefly population. In additionCales noacki is a specific

entomophagous parasitoid of the woolly whitefly,iethis one of the most important citrus pests. Tiniding is

related with (Miklasievicz and Walker, 1990; Delkemnd Gargani, 1991; Vivas, 1992; Barbagallal., 1993;

Katsoyannot al., 1997), who reported th&. noacki is the most effective known natural enemy of woolly

whitefly, and has been used successfully in mamyt@s for the biological control of woolly whitgf On the

other hand, Katsayannas al. (1997) reported that after releasi@gnoacki in Greece, the parasitoid despite

having some natural enemies appeared to be the aoainbutor to an observed reduction of woolly tefy.

Moreover, Emana (2007) report€dles noacki from Ethiopia.

Table 6. Effect of fertilizer, irrigation and stigijum banding on the mean status of parasitoitiseitwig and

leaf of citrus in Adama, 2011.

Pre-treatment assessment (PTA) and weeks aftemeeaapplication (WATA)

TRT 1WATA | 2WATA | 3WATA | 4WATA | 5WATA | 6WATA | 7WATA | BWATA | 9WATA | 10WATA 11IWATA 12WATA 13WATA
11FoBo 1.00 1.08 1.00% 1.66 1.00 1.00 1.80 1.33° 1.33 1.00 1.33 1.66° 1.00 1.00°
11FsBy 1.38 1.58 1.90 2.00 2.10 1.33 0.71 1.00 2.33 2.00 1.00 1.00 1.66" 0.7P
11F1Bo 0.69 | 0.56 0.57¢ 1.00 1.33 1.33 0.8% 2.00% | 1.00 1.33 1.00 2.3% 2.00 0.84°
11F1B; 0.73 0.24 0.2¢ 1.00 1.00 1.00 0.88 2.66 2.00 2.00 1.00 2.68 1.33" 0.88"
15FsBo 1.00 1.0 1.00* 1.66 1.00 1.00 1.60 1.00 1.00 1.33 1.00 1.00 1.66" 1.00°
12FoBy 0.76 | 0.76 0.85° 1.33 1.33 1.66 276 | 2.66 2.06" 2.00 1.00 3.00 1.33 2.76
1,F1Bo 1.50 171 1.94 2.33 2.15 1.33 1.39 2.00™ 2.00" 1.33 1.00 2.06° 1.66" 1.39
1,F1B; 0.8 0.8% 0.90* 1.00 1.00 2.00 0.50 1.00 1.33° 1.66 1.00 1.3% 2.00 0.50
13FoBo 1.00 1.08 133 1.66 1.00 1.00 0.66 1.33" 1.00 1.33 1.00 1.66° 1.33° 0.66
3By 0.70 | 0.5% 0.56¢ 1.66 1.30 1.00 0.91 1.66% | 2.33 2.00 1.00 1.66° 1.66" 0.9F°
13F:Bo 0.79 0.9% 1.07% 1.33 1.28 1.66 1.43 233" 1.66™ 1.00 1.00 3.00 1.33" 143
IsF1By 100 | 107 1.27¢ 1.66 131 1.66 287 | 266 1.66% | 2.00 1.00 2.68 2.00 2.57
LSD(0.05) 0.253 0.48 NS NS NS 0.58 0.74 0.68 NS NS 0.888 0.794 0.584
CV (%) 26.43 | 16.14 27.20 28.34 29.73 30.61 2833 424 | 2491 29.77 16.21 26.35 29.77 28.33

Mean followed by the same letter(s) with in columase not significantly different at (LSD, 5%).
TRT=treatment, PTA=pre-treatment application, (3} WATA=0ne up to six weeks after treatment appiwg
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Fo = without fertilizer, i =with fertilizer, By=without sticky band, B= with sticky band, { I,, ls=irrigation
frequencies. 1FoBy, 1,FoBo, and kFoBg = controls, {FB;, I,FB; and kFoB;= Integration of irrigation, without
fertilizer and sticky gum banding;F;B,, 1,FBoand kFBy= Integration of irrigation, fertilizer and without
sticky gum banding and®;B;, I,F,B; and kF,B,= Integration of irrigation, fertilizer and stickyum banding.
NS=non significant.

3.2. Number of new shoot emerged, flower and fruit yield

The number of new shoot emerged; number of flowed #&uit yield per two twigs, marketable and
unmarketable fruit yield (fruit yield were gradedsed on size, shape and weight) are presentedcbie 8aThe
number of new shoot emerged and the number of flgyez two twigs were significantly increased after
treatment application with varied levels. Significaifference in number of new shoot emerged andbar of
flower per two twig were observed for treated dtplant when compared to untreated check of cptast and
pre-treatment application assessment. It may biuateed to the fact that the experimental citruses were
under stress with very less leaf age and due #v&otive effect of fertilization (DAP), irrigatiosnd sticky gum
banding, the leaf age was increased that helpedderamproved plant health, leaf life and flowettigtion,
resulting in better fruit growth, development amdproved fruit quality. Overall, fertilization, igation and
sticky gum banding were the best treatments witipeet to fruit quality. The results are in agreemsith
Hussain and Ali (1972) and Jeelani (1994) who reqabthat there was appreciable change in fruit rernbly
irrigation and fertilizer application.

Statistically significance difference in fruit yielwas observed for treated citrus plant when coethdo
untreated check of citrus plant at Adama. It isaappt that the interactive effect of fertilizer (BA irrigation
and sticky gum banding significantly increased tibtal yield per two twigs as compared to contradtdl fruit
yield was maximum (188 fruit/two twig) at which thenarketable (169 fruit/two twig) and unmarketalitd
fruit/two twig) fruit yield was obtained from tread citrus plant respectively, where as less nurab&wits (48
fruit/two twig) were recorded in untreated checkndAweight of maturity showed significant variatiom
marketable fruit yield, where as insignificant effen the weight of unmarketable fruit yield ofrai plant. At
the treatment combination levgFyB;the number of flower is greater than that of fpér two twigs per plant
because for the period of recording the numberdmfdr, it was not initiated completely on this plamhen
compared with that of other experimental citrugsréhat transport the variation on the number @idr and
fruit.

It was generally observed thide interactive effect of fertilization, irrigaticand sticky gum banding effectively
increased the yield and quality of citrus fruit aislo increased the number of citrus fruit per twig as well as
quality of marketable fruit and reduced the numbeunmarketable fruit per two twigs. It also indied that
fertilization, irrigation frequencies and stickyrglbanding improved the general health and viganitofis plants
that also improved the final yield of plants. Instistudy, also the integrated effect of fertilinati irrigation
frequencies and sticky gum banding found to be neffieient which involves strengthening of the citrus plant
by the use of Nitrogen, Phosphorous and PotassNIAK) source fertilizers and optimum water requirame
through irrigation and increased the performanceatfiral enemies to reduce woolly whitefly infestat These
findings are in lined with the finding of (Embletehal., 1986; Smith, 1998), who reported that nitrogeithie
nutrient most likely to limit yield and quality aftrus, and is the nutrient used in the highestwart®for citrus
production. In addition, adequate supplies of N r@eessary to optimize yield of young citrus treé@ptimal
growth and
yield requires optimal levels of N and irrigatidrhis finding is also lined with (Davies & Albrigd994; Tucker
et al., 1995; Alvaet al., 2006), who reported that better yield of goodliggaitrus fruits can be achieved by the
adequate supply of fertilizer at critical stagdraft commencement and development.
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Table 7. Effect of fertilizer, irrigation and sticky gum banding on the mean number of new shoot emer ged,
flower and fruit yield (marketable, unmarketable and its weight) per two twig
at Adama, East Shewa, Ethiopia.

Post treatment application assessment

TRT NNS/2twig NF/2twig NF=/2twig MR/2twig Wt(kg) UMR/2twig Wt(kg)
11FoBg 244.33 55.667 51.00 27.4F 4.47 40.2% 5.00
1,FoB; 537.67 180.06° 149.3%° 127.94° 18.42° 21.39° 2.32
11F:Bg 570.67 193.33° 149.33° 124.32% 17.48%  25.34° 3.36
1,F1B; 682.67 200.00 157.06 133.7¢ 18.82 23.28° 2.83
1,FoBo 241.33 57.06 47.66 20.26 3.34 37.07 4.58
1,FoB; 1024.38 179.66° 159.66 131.26 18.9¢ 28.46 3.52
1,F:Bg 622.67 174.66° 138.66 114.93 16.45 23.06° 2.80
1,F1B; 780.00 174.33¢ 146.66° 122.48% 18.00%  24.2f° 3.06
13FoBo 300.67 63.66 61.66 31.52 5.16 4414 5.46
13FoB; 1022.67 161.00 187.66 168.95 23.69 18.7F 2.49
13F:Bg 699.00 184.66" 138.66 118.63° 16.93¢ 20.03 2.52
15F1B; 1457.67 180.66° 148.06° 121.36% 17.50%  26.69° 3.25
LSD(0.05)  23.549 18.484 14.28 12.50 1.826 8.206 NS
cV 2.05 7.29 6.62 7.168 7.25 17.56 18.25

Mean followed by the same letter(s) with in coluname not significantly different at (LSD, 5%). TRifeatment.
1,FoBa, 12FoBo, and kFoBy = controls, {FyB;, 1,FB; and kFyB; = Integration of irrigation, without fertilizer and
sticky gum banding,;F;B,, I1,F;Bgand kF;Bo = Integration of irrigation, fertilizer and withowsticky gum banding
and LF,B,, I,FB;and kFB; = Integration of irrigation, fertilizer and stickyum banding. NNS/2twig = number of
new shoot emerged per two twig, NBwig = number of flowering per two twig, NRtwig = number of fruit per
two twig, MR/2twig= marketable fruit per two twig)MR/2twig = unmarketable fruit per two twig, Wt (kg
weight of its matured fruit in kilo gram. NS=nomgsificant.

4. CONCLUSIONS

The present study showed that effect of fertilizeigation and sticky gum banding were significamteducing
woolly whitefly infestation on citrus. All infesteg@lant parts were also attended by several antnado
However, significant variations were observed amthrggtreatment in fruit yield. From the presendstit can
be concluded that by providing the citrus planthwaippropriate/optimum nutrient and water at thétrigme
which mainly strengthen and help the plant to poedieaves and flowers, and enhance the activitgeohatural
enemies mainly by disconnecting the symbiotic iefship between the woolly whitefly and ants byngsi
sticky gum banding. As the management of commemiials production is very intense the likely prexdol of
woolly whitefly in such a farm is almost nil. Thuke current technology is fit to small scale @tproduction
system which has to be extended by the extensientsg The result of this study revealed that the of
fertilizer (DAP), irrigation and sticky gum banditngwve a potential role in reducing citrus infestatby woolly
whitefly. From the current trial treated citrus i@howed almost nil infestation to woolly whitefig compared
to untreated check and the pre-treatment applicatgsessment. Hence, farmers in the Central Rifeyaf
Ethiopia can obtain economic advantage by integgafrtilizer, irrigation and stick gum banding oitrus to
control woolly whitefly infestation. Thus, integian should be considered as one option for woolhitedly
management.

Therefore, the integration of fertilizer (DAP), igation and sticky gum banding can be recommended i
managing woolly whitefly infestation on citrus.
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