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Abstract

Garlic is one of the most important crops in eastéthiopia. The production of the crop is threatehy a
number of biotic and abiotic factors. Garlic rushused by Puccinia allii, is one of the most imaettbiotic
constraints in the area. A field experiment wasdumted to determine the effect of nitrogen fertitizand
propiconazole fungicide spray rates on incidenaksaverity of garlic rust on the variety ‘Tsedewder natural
condition at Haramaya University experimental site2013 main cropping season. The experiment was
conducted using four levels of N fertilizer (0, 48, and 92 kg h8 and four different rates of propiconazole (0,
187.5, 250, and 312.5 g a.i ip Propiconazole was sprayed at an interval of dysdThe experiment was laid
out as RCBD in a factorial arrangement with threplications. The fungicide treatments resulted iffecknt
levels of disease severity on the variety used. Upgper two rates of propiconazole were significagpl< 0.01)
effective in reducing levels of incidence and siéyesf garlic rust. There was generally no sigrafit difference
between applications of both rates of propiconazZééeh of the three rates of N fertilizer affectiéskase levels.
Disease severity of up to 80% was recorded in @yggl plots. Since the data were generated fronseason
experiment, it is desirable if the experiment ipaated for one more year to generate reliable andlgsive
data to use the results in sustainable, environrfraamidly and effective integrated garlic rust mgement
strategies and thereby stabilizing garlic productioEthiopia.
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1. INTRODUCTION

Garlic (Allium sativum L.) is a member of the family Alliaceae and is proed as an annual crop for seed, fresh
market and processed products (Cantwell, 2000)s lgrown worldwide, with about one million hectares
yielding over 10 million tons each year (Mered2008).

World garlic cultivation increased from 771,000 1889/90 to 1,204,711 ha of land in 2007 with total
production from 6.5 to 15.68 million tons, and puotivity from 8.43 to 13.02 t/ha, respectively (FABDO7).
Africa is the major producer of garlic and out bettotal world production; 3.5 million is producéd the
continent (FAO, 2000). In Ethiopia, it is grown owan area of 21,258.43 hecares, with an annualugtixh of
222,547 and productivity of 10.47 tonnes per hgpeetively (CSA, 2013). The production is carriagt o
throughout the country both under irrigation anéhréed conditions in different agro-climatic condits
(CACC, 2003).

Despite its importance, garlic productivity in mamarts of the world is low due to genetic and
environmental factors affecting its yield and yieklated traits (Nonnecke, 1989nsects and fungi are the
major pests of the crop in different parts of therld (Janet and Tammy, 2008). In addition, divecsap
management problems and the nature of propagatnitrthe supply of production too.

Among the fungal diseases, garlic rust causedurgifia allii is the major destructive disease of garlic in
many countries of the World (Koiket al., 2001). It is also the major disease problemlmoat all garlic
producing regions of Ethiopia (Tesfaye and HabfiQ3). The diseasdoes not attack the garlic bulb directly,
but its damage on the leaves has indirect effeceadicing the size and quality of the bulbs at ésiryTahiret
al., 2006), thereby reducing their marketability.

To control this disease, quite a few options ar@lable. No resistant garlic varieties have beamtified
so far. Because of wind dispersal and easy spré#ttealisease, cultural practices can also haraigkwT his
leaves us with only one available option, the clwain¢ontrol (Tahiret al., 2006). Findings for best control of
garlic rust and increase in yield with mancozeladimefon, triadimenol, propiconazole and tebucotahave
been reported (Garciat al., 1994). However, empirical data indicating the effect offefient rates of
propiconazole fungicide application on incidencel aseverity of garlic rust are not available. In this
connection, determining the optimum fungicide raft¢he effective fungicide against garlic rust esdable for
the development of a disease management strategy.

Besides, it is well established that nitrogen alality can influence the resistance of plants tanp
pathogens (Marschner, 1995). Therefore, thererésearch need to evaluate different levels of Mlifegr and
propiconazole application rates which would helptovide a practical solution for garlic rust prefl in the
area. Several field experiments conducted on wiregt have shown that the decrement of diseaseisedee
to fungicide application depended on N fertilizaterin some year-location combinations (Olesea. 2000).
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These interactions indicate that the optimal Nilfeer rate will depend on the success of the diseeontrol.
The general relationships reported in the litemtaiso suggest that a reduction in N fertilizer maguce the
need for disease control. But in spite of the omnee of the disease (garlic rust) in most partefcountry
every year, no research attempts have been direxigaantify the effect of fungicide control on wpal rate of
N fertilizer and vice versa on garlic rust diseaswelopment in Ethiopia in general and in the haghk of
Hararghe in particular. Thereforthe objective of this study was to determine tHeat$ of nitrogen fertilizer
and fungicidal spray rates on incidence and sevefigarlic rust.

2. MATERIALSAND METHODS

2.1. Description of Experimental Site

The field experiment was conducted at the Haramdpéversity experimental station located at®EZ
longitude, 926'N latitude and at an altitude of 1980 metersvalaea level (Anon, 1990), East Hararghe Zone,
Oromia, Ethiopia.

2.2. Experimental M aterials
Four different rates of propiconazole fungicide87.5, 250, and 312.5 g a.i. hand four levels of N fertilizer
application (0, 46, 69, and 92 kg N'havere used as experimental materials (treatments).

2.3. Experimental Design and M anagement
The experiment was laid out in 4 X 4 factorial treant combinations of four fungicide rates and foitirogen
rate treatments using a randomized complete blesigd ( RCBD) with three replications. The plotesizsed
was 1.5 m x 2 m consisting of five rows. Triple suphosphate was used as standard fertilizer aplied@dn
rows during planting at a rate of 200 kg'ha

2.4. Disease Assessment
Garlic rust incidence and severity were assesseweawkly basis by counting the number of plantsbiysi
diseased (for incidence), and by estimating the@#age of leaf area affected (for severity) frdra three
middle rows of each plot. Twenty-four plants (eighdants per row) were randomly pre-tagged and itisé rfust
reading was taken on 16 October, 68 days aftetiptan
2.4.1. Disease incidence
Disease incidence was assessed when symptoms dpiptier first time and it was calculated with fo#owing
formula;
Disease incidence = No. of infected plants from the samplestaken/total No. of plants assessed (100)
2.4.2. Disease severity
Disease severity was rated using 24 randomly fygetd garlic plants in the three central rows, usitagndard
disease scales of 1-5 rust severity, where, 1 A%, 2 = 11 - 25%, 3 = 26 - 50%, 4 = 51 - 75%, &rd 76 -
100% of the leaf surface covered with lesion (Kagkal., 2001) and average severity of the 24 plantspfur
was used for statistical analysis. The scores slea@ged into percentage severity index (PSI) fafyais using
the formula of Wheeler (1969).
PSI = Snr/Npr*M sc(100)
Where, Snr = the sum of numerical ratings, Npr & nlamber of plant rated, Msc = the maximum scorthef
scale. Mean disease severity from each plot wag uséata analysis. The area under disease progtegs
(AUDPC) was calculated for each treatment fromabsessment of disease severity using the follofaimgula
(Campbell and Madden, 1990).
AUDPC =3 0.5 [ (Xi +Xi+1) (ti+1-ti)]
Where, n = total number assessment timestitme of the ' assessment in days from the first assessment date,
x; = percentage of disease severity"sssessment. AUDPC was expressed in percent-deyaiide severity (x)
was expressed in percent and time (t) in days @hand Finney, 1977). AUDPC values were used in the
analysis of variance to compare amount of diseasmg plots with different treatments.

2.5. Statistical Analysis
Data on disease incidence, severity and area ufisiease progress curve (AUDPC) were subjectedatysia
of variance (ANOVA) to determine the treatment effe Comparisons of means to determine the sigmfig
different variables were conducted using leastiggmt difference (LSD) test. All data were anadgzusing
General Linear Model (GLM) procedure of SAS statadtversion 9.2 Software (SAS, 2009).

The data on disease severity were transformed usiigtic transformation, In[y/(1-y)] (Vander Plank
1963), before statistical analysis. The transformie were then regressed over time and the aggafection
rates were analyzed by analysis of variance (ANQVA)
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3. RESULTSAND DISCUSSION

3.1. Effect of Nitrogen and Fungicidal Spray Rateson Incidence and Severity of Garlic Rust

The effects of treatments involving different ratdshe systemic fungicide propiconazole and défdrrates of
the N fertilizer were evaluated in the disease ipetars measured.

3.1.1. Disease onset and level of incidence

Garlic rust first appeared on 12 October 2013; &fsdafter planting and assessment started on Ib&c2013.
At the time of the disease appearance, all ploteewmt free of the disease. During the second siésea
assessment, however, the disease progress inclieabedunfertilized plots compared with fertilizedes. The
different rates of N fertilizer were significanttjifferent in their respective reaction to the dseéncidence
unlike the second and third assessment dates.migist be due to the effect of the chemical sprag@diays
after planting onwards. However, propiconazole foidg and N fertilizer rates didn't show interactieffects in
all the three assessment dates (Table 1).

Table 1. ANOVA table for garlic rust incidence affefrent days after planting at Haramaya during 201
cropping season

Source DF Mean Squares

68 DAP 75 DAP 82 DAP
Replication 2 3.26 68.36 87.89
N fertilizer (N) 3 143.23*** 472.01* 350.48*
Propiconazole 3 56.42 9994 58*** 11965.06%**
N fertilizer*Propiconazole 9 59.32 84.27¢ 200.01"
CV (%) 22.9 14.49 13.40
R? (%) 0.74 0.94 0.93

%CV = Coefficient of variation, R= coefficient of determination, ***Very highly sigficant (P < 0.001),
**highly significant (P < 0.01), *Significant (P 8.05), ns = non significant and DAP = Days aftenging

The different propiconazole treatments had vary&ifpcts on disease incidence. The lowest rate of
propiconazole, 187.§ ha', did not significantly affect disease incidencgamlless of the spray. Levels of
disease incidence in plots treated with the hightes (250 to 312.§ ha') of propiconazole were significantly
lower than that of the control (Figure 1).

Propiconazole fungicide at the rate of 250 ¢'dignificantly reduced the rust incidence at 82 Da®
compared to all other rates and the unsprayed gbletk (Figure 1). In general, treatments with pcopazole at
the rate of 250 g heresulted in comparatively lower disease incidem@ntany of the dosages tested but not
significantly different with the higher one i.e. 8y ha". This indicated that the effects of both rates of
propiconazole on rust incidence were comparabtbdrpresent study.

3.1.2. Disease development

Disease progress was compared among the diffeskat $pray schedules using disease severity, ardar the
disease progress curve (AUDPC) and apparent infeatate (r). All the three methods are useful tdals
quantifying disease epidemics. The apparent irdaatate helps to determine whether disease devétopse
treatment faster than the other, while AUDPC ermlite predict yield based on the level of diseaskided
stress (Jones, 1998).

3.1.2.1. Disease severity

The propiconazole fungicide rate treatments wegaificantly different (p < 0.001) in their effects1 disease
severity at 110 days after planting (Table 2).

Table 2. Garlic rust severity at different day®afilanting at Haramaya during 2013 cropping season

Source DF Mean Squares
68 75 82 DAP 89 DAP 96 DAP 103 DAP 110 DAP
DAP DAP
Replication 2 5.72 3.78 7.87 7.65 0.12 0.23 7.8
N fertilizer 3 1.54* 1.9% 76.97* 28.69* 19.8% 20.28** 11.5*
Propiconazole 3 072 1208** 4630.7*** 7260.5*** 12887.7** 14265.5** 2@89.2***
N*Propiconazole 9 1.8 1.72* 26.7° 20.93° 5.96" 6.68" 4.80
CV (%) 14.5 135 14.9 12.0 5.9 5.9 5.7
R? (%) 0.69 0.98 0.98 0.99 0.99 0.99 0.99

%CV = Coefficient of variation, ***Very highly sidficant (P < 0.001), **Highly significant (P < 0.91
*Significant (P < 0.05), ns = non significant Rcoefficient of determination and DAP = Days aféanting

According to Seid and Mengistu (1993) three furdgsi including propiconazole were promising as
compared to the untreated check for the manageofieust in garlic. Trials conducted in Europe armaa#l also
showed that mancozeb and propiconazole have beenfoisgarlic rust control (Garciat al., 1994). The result
of the present study for propiconazole fungicidenisagreement with the finding of Yonas (2010), wehe
spraying of propiconazole at a rate of 250 g ba weekly basis significantly reduced garlic rsesverity.
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On the other hand, there was significant differefmce 0.05) between the different rates of N fertilingth
regard to disease severity (table 2) and the dispasgress was also slightly higher in plots whigdre not
fertilized than the rest three rates (110 DAP). Weximum amount of disease severity (38.27%) wesrded
on unfertilized plots, while the lowest amount dfehse severity (36.11%) was observed on plots hwhic
received 46 kg ha(Figure 2). Both the higher rate and unfertilizewes, however, had effect on the severity of
the disease. The study was in agreement with gwussion by (Agrios, 2005) that adequate nitrogetilizer
reduces the rate of infection by diseases. In ashtthe survey report of Yonas (2010) pointedtioat therewvas
no variation in both garlic rust incidence and sgyeamong fertilized and non-fertilized fields.

One possible explanation for the discrepancy mighthe soil type. According to Alemayehu (2013 th
experimental soil has contents of medium totalddiegm. Such findings signify that the soil requiagplication
of nitrogen relative to the needs of the plant &ptimum vyield in particular according to the specif
recommendations for the crops grown.

Disease Progress in different propiconazole fungicide rates

&80

60 —= Nospray
5 —8—Pi87.5
5 40 —ar—P250
z
2 ——P312.5
ol

20

U ! . = d - 3 - . . 9
68 75 a2 89 96 103 110

DAP

Figure 1. Rust incidence and severity on garliated with different rate of propiconazole fungicidigring the
2013 main season
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Figure 2. Garlic rust incidence and severity wifiedent rate of N fertilizer in 2013 main croppisgason

3.1.2.2. Area under disease progress curve (AUDPC)

The area under disease progress curve (AUDPCyé&syaconvenient summary of plant disease epidethias
incorporates initial intensity, the rate parameted the duration of the epidemic which determiivea disease
intensity (Madderet al., 2008). Information on disease progress is ingmrtor interpretation of epidemics and
development of effective disease control measures.
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Interactions between effects of N fertilizer lewel fungicide spray rate treatments exhibited highly
significant (P< 0.01) differences in terms of AUDPC (Table 3).
3.1.2.3. Apparent infection rate
According to Jones (1998), disease progress raps e determine whether disease develops in @aantent
faster than the other. Based on this fact the pteseperiment evaluated the overall mean of alltteatment
effects on disease progress rate. The rate ofglisgaogress significantly differed among the tremtts. The
interactions between effects of N fertilizer lexelungicide spray rate treatments were signifiggnt 0.01) in
terms of reducing the rate of disease progresseMar, among the fungicide spray rates, lower tidacrate
was recorded from the plots treated with propicotefungicide at 250 g Haon all levels of N fertilizer than
the rest of foliar spray rates except propiconaail812.5 g ha This might be due to its being systemic
fungicide with protectant and eradicant activitytas rate.
Table 3. Effect of N fertilizer and propiconazolen§icide spray rates on AUDPC and DPR of garlid ais
Haramaya during 2013 main cropping season

Treatments
Fungicide spray rates (g a.iha N fertilizer levels (kg hd) AUDPC (%-days) DPR (Units/day)
Control 92 2071% 0.109
69 1988.8 0.104"
46 1803.9 0.097¢
0 2089.6 0.117
92 1553.66 0.091°
187.5 69 1502.1 0.087
46 1486.2 0.08%
0 1613.9 0.092¢
92 65.1 0.029™
250 69 58.1 0.025"
46 48.5 0.019
0 90.1 0.038
92 66.6 0.034'
3125 69 64.6 0.028"
46 52.9 0.02%8"
0 98.9 0.043
CV (%) 55 15.3
LSD (0.05) 84.4 0.009

AUDPC = Area under disease progress curve, DPRed3is progress rate, CV = Coefficient of variatiod a
LSD = Least significant difference

4. CONCLUSION

In Ethiopia, garlic Allium sativum L.) is one of the most widely grown bulb crops nexbnion and it is grown
under a wide range of climatic and sadaptation. Garlic yield is, however, reduced duenany factors of
which diseases are economically important proble®aslic rust, which is caused Buccinia allii, is the most
common and economically important foliar diseas¢hefcrop. Garlic rust was reported in Ethiopidha late
1990’s. However, no research efforts have beerctdideto develop suitable methods for its managenment
eastern Ethiopia. In the present study, systemigitide, propiconazole was evaluated at 187.5, 350.5 g
ha' rates including unsprayed control whereas N feetilwas applied at 46, 69, and 92 kg hates including
unfertilized plots. The treatments were testedHeir effects on incidence and severity of theigatlst disease.
The 2013 main crop season seemed to be very camddici epidemics development of garlic rust. The
fungicide treatments created different severityelevUp to 79.99% disease severity was exhibitednathe
plots were left unsprayed with propiconazole whfile lowest severity1.30%9 and (1.53%) was observed when
propiconazloe was sprayed at 250 and 312.5 g 3.irbapectively, at ten days interval. These ragmifeantly
reduced the degree of disease (AUDPC).

On the other hand, fertilizer rate treatments hiffgrthg response to the disease under naturatiiufe.
Nitrogen fertilizer rate at 46 kg Hashowed lower levels of disease incidence as veelbwer levels of final
severity. The highest levels of disease incidemzkdisease severity were obtained from unfertilipkds and
plots fertilized with the higher fungicide rate (89 ha' propiconazole), respectively. The result showed tha
optimum rate of N fertilizers could produce an agpabenefit by reducing leaf senescence though dbenot
directly reduce the disease. Garlic rust is stlpable of causing significant losses, even whehcgargrown
with adequate, or more than adequate, nitrogeitiZert Thus, from this experiment, the mechanismd axact
effect of fertilizer in reducing the developmentgafrlic rust is not clearly understood and neeth&urresearch
to ascertain its role under controlled experimarthe greenhouse.
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In conclusion, rust is an important production-timgy disease of garlic that calls for due attentton
achieve economic management in eastern Harargheerddults of the present study showed that sulistant
level of garlic rust suppression could be achietedugh propiconazole fungicide treatments andtoesextent
through adequate rate of N fertilizer applicati@hus to maintain a tolerable disease severitydgighust be
fertilized with adequate level and the use of Nilieer above 69 kg hashould be avoided. The result of this
study indicated that propiconazole fungicide atréie of 250 g haprovided best management of the disease.
Hence, this result can be used in the managementsbfby both commercial and small-scale poor fasme
provided that this finding should be confirmed thgh repeated experiments. Based on the currerin§jadit
can be concluded that the use of optimum ratestiafgen fertilizer and propiconazole fungicide wdueduce
the garlic rust incidence and severity.
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