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One of the major biotic stresses that limits tef yield is insect pests attack. Of these tef, shoot fly is
sporadically important insect pest in various tef growing areas of Ethiopia. Evaluation of diversity of tef
germplasm in Ethiopia for the reaction tef shoot fly might give a chance to get host plant resistance.
The main objective of this study was to assess the genetic variation among tef genotypes for their
reaction to tef shoot fly. Field experiment was conducted in 2015 cropping season at Maysiye, Northern
Ethiopia. The genotypes were planted in triple lattice design with three replications category of reaction
of the tested tef genotypes for their reaction to shoot fly attack was adopted from the rating scale of the
IRRI for rice. The study revealed that acc. 17 WJ was found to be the only genotype evaluated as
resistant to tef shoot fly Atherigona hyalinipennis species. While the standard checks Quncho and Kora
were grouped under the susceptible category, generally 10 tef genotypes were moderately resistance,
19 genotypes were moderately susceptible, 16 genotypes were susceptible, and three genotypes were
highly susceptible to tef shoot fly attack. Tef damage (dead heart and white headed) due to tef shoot fl}/
ranged from 4.20 to 36.96%, respectively. The yield loss also varied from 3.58 to 97.83 kg ha™.
Infestation was high from the beginning of August to the end of September. Besides using the varieties
grouped under resistance and moderately resistance category and chemical application at early stage
infestation would be recommended to avoid yield loss. Further study over seasons and environments
would be important to have a valid conclusion
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INTRODUCTION

Tef (Eragrostis tef (Zucc.) Trotter, is one of the major more than three million hectares of land and considered
staple cereals of Ethiopia. Ethiopia is the center of both to be a healthy food as its gain is gluten free (Spaenij-
origin and diversity for tef (Vavilov, 1951). It occupies Dekking et al., 2005) and the crop is very important in the
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overall national food security of the country (Kebebew et
al., 2013).

In spite of the fact that tef has numerous merits and
considerable economic significance in Ethiopia, the
national average grain yield of tef is relatively low, about
(1575 kg ha™) (CSA, 2015). However, Tareke et al.
(2013) reported that the tef yields of 4000 and 2500 kg
ha®’ on research fields and on farmers’ fields,
respectively.

Tef's major yield limiting factors are the low yield
potential of tef landrace, lack of cultivars
tolerant to lodging, drought and pests (Assefa et al,
2011). One of the major biotic stresses that limits tef yield
is insect pests attack. Among the 40 insect pest species
recorded on tef, tef shoot fly (Atherigona hyalinipennis
Van Emden) is sporadically important insect pest in
various tef growing areas (Sileshi, 1997). Tef productions
in areas with erratic rainfall distribution like northern part
of Ethiopia is severely affected by tef shoot fly infestation.
This might be due to the conducive climate for the
reproduction of the tef shoot fly, weakening of tef plant
due to drought effect and perhaps changes in agronomic
practice (fertilizer application, use of improved varieties).

Tef is infested by six shoot fly species that belonged to
three families and three genera. Of these
the three species belonged to the family Muscidae and
the genus Atherigona. A. hyalinipennis, Atherigona
Lineata (Adams) ssp. and Atherigona longifolia Van
Emden are the family which belongs to Muscidae. The
second family is the Anthomyiidae of the Delia flavibasis
species. Whereas, the third family Chloropidae flies,
Oscinella nartshukiana Beschovski and Oscinella sp. n.
dimidiofrit were another group of shoot flies that caused
dead heart in tef. The species A. hyalinipennis was
previously reported as pest of tef by Ebba (1969) and
Sileshi (1997).

Taxonomic history, description, identification key and
host plants of these Atherigona  spp. is
found in Deeming (1971). The other tef shoot fly species
is D. flavibasis (Stein in Becker),
which belongs to the family Anthomyiidae, is also a new
record on tef under field condition.

In areas depending up on season and location shoot fly
damage on tef ranged from 6.96
to 37.60% in Tigray region and 2.98 to 22.87% in Awi
zone (DZARC, 2004). Moreover, in north
Wollo and Wag-hmra zone damaged tef panicles in
25x25 cm quadrant were in the range of 2 to 4% (Bayeh,
2004). However, tef shoot fly damage may not always

lead to yield loss. Thus, where
rain fall is plenty, tef compensates for shoot fly damage
and grain yield from insecticide

unsprayed tef was greater than grain vyield from
insecticide sprayed tef (Bayeh et al., 2009).

In spite of the economic implications of tef shoot fly
damage on tef in Tigray region particularly in Mekoni,
Axum and Wukro districts (DZARC, 2002; Bayeh et al.,
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2008), development of host plant resistance were not
attempted. Host plant resistance can play a major role in
minimizing the extent of losses and is compatible with
other tactics of pest management, including the use of
natural enemies and chemical control (Kumar et al.,
2008). Therefore, having the diversity of tef in Ethiopia
and evaluating them for the reaction tef shoot fly can lead
to get a material host plant resistance. The main
objective of this study was to assess the genetic variation
among tef genotypes for the reaction to tef shoot fly.

MATERIALS AND METHODS
Description of the study area

The field experiment was carried out at Axum Agricultural Research
Center (AXARC) during 2015 main cropping season at the
substation Maysiye (14° 6’43” North and 38° 36 '41” East, altitude
of 2200 masl) in Tahitaey Maichew district, in central zone of
Tigray, Ethiopia. The substation is located at 17 km west of Axum
town. The annual rainfall received by the experimental site during
the main cropping season was 613.92 mm. Moreover, the mean
average annual minimum and maximum temperature was 12.16
and 26.78°C, respectively.

The experimental material consisted of 49 genotypes of which 32
released tef varieties, 12 promising lines, three accessions
collected from tigray region and two local landraces obtained from
Deber Zeit Agricultural Research Center (DZARC), Axum
Agriculture Research Centers and farmers, respectively used as
standard checks. The tef seeds were sown in the third week of July,
2015.

Experimental design and management

The experiment was laid out in 7x7 triple lattice designs. Each tef
seeds from each genotype was sown in three rows of 2 m length
spacing at 0.2 m inter row spacing plots, blocks and replications
were spaced at 1, 0.5 and 1.5 m, respectively.

In accordance with the recommended tef seed rate of 10 kg/ha
(AXARC, 2013/2014), 1.2 g of seeds per plot was hand-drilled in the
rows. Fertilizer rates of 60 kg N and 40 kg P,Os ha™ was used
(Seyfu, 1997). The source of nitrogen was urea and di-ammonium
phosphate (DAP) was the source of phosphorus. DAP was applied
once at the time of sowing, while urea was applied in split after
germination. The first urea application was made two weeks after
seed germination and the second split was applied two weeks later
after the first application.

All other cultural crop management practices were applied as per
the recommendation for tef production. To ensure uniform
distribution of tef shoot fly infestation, fish meat (dried and
powdered fish meat) was broadcasted at a rate of 15 g/plot in two
phases on all entries. The first fish meal application was made at
the first appearance of the tef shoot fly damage symptom in early
vegetative stage and the second was made during heading stage.
As reported by Jotwani and Young (1972), the fish meal was used
to ensure the infestation on sorghum shoot fly resistance materials.

Data collection

The number of infested plants was estimated by counting the plants
with dead heart at the interval of three days starting from the first
appearance of damage symptom. At each count, the infested plant
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was tagged with thread. White heads were counted or noted at pre
harvesting (physiological) maturity. The numbers of infested and
non-infested productive tillers were also counted from randomly
selected ten plants. At harvesting, total population were counted
(including tillers raised from infested and non-infested plants) and
the sum of dead heart plus the white head per plot used for
determining percent damage.

Total number of dead hearts
Dead heart (%) = u — x 100
Total number ofproductivetillers

Total number of whitehead
B N X
Total number of productivetillers

White head (%) = 100

Damage (%) = Total number of dead hearts+white heads
Total number of productivetillers x 100

The actual mean of dead heart plus white headed percentage used
for classification of the tef
genotypes under different categories. This categorizing way was
taken by adopting the
rating scale of the International Rice Research Institute (IRRI), viz.
Standard Evaluation System
(SES) for rice (Table 2) (Visalakshmi et al., 2014).

Grain yield was measured form infested and none infested plants
each from ten main plants with their tillers. The plants were hand
threshed, weighed and the weight was divided by the total number
of productive tillers of the ten sample plants. The grain yield data
from infested and non-infested plants was used for yield loss
estimation. Yield loss due to the tef shoot fly damage was
estimated using the analytical methods of yield loss as stated by
Judenko (1972) formula:

ACT = Actual yield (e.g. grain yield per plot)
a = Mean yield per uninfested plant
b = Mean yield per infested plant
p = Percentage of plants infested
1. The coefficient of harmfulness (C) is
_ (a—b)100
a

C

2. Percentage economic loss (L) is

_Cp
100

3. Expected yield in the absence of the pest (W) is

W _L00(ACT)
100 - L

4. The economic loss (LOS) is

LOS =W — ACT

RESULTS AND DISCUSSION

Reaction of tef genotypes to the tef shoot fly infestation is

presented in Table 1. Based on the damage (%) of dead
heart plus white heads, only one accession viz. acc. 17
WJ was grouped under resistant category based on the
damage of dead heart plus white heads. In general, 10,
19, 16, and 3 tef genotypes were grouped as moderately
resistant, moderately susceptible, susceptible and highly
susceptible to tef shoot fly attach, respectively. As plant
resistant to insect pest is known to be due to antibiosis,
tolerance and antixenosis (Abro et al., 2003), the
mechanism of résistance observed for 17 WJ in the
current study requires further investigation in order to
reach at concrete conclusion .

The tef shoot fly infestation started from two weeks
after emergence up to the end of heading. This trial was
sown on 22 July, 2015 and the shoot fly infestation
started on 10 August, 2015 when the seedlings reached
three leaf stages. The infestation continued up to
September 4, 2015. The pattern of tef shoot fly infestation
was less at early seedling stage, it slowly increased as
the season progresses and finally become slow. Mostly,
the shoot fly affects seedling and newly raised tillers and
in few intensity at heading. DZARC (1983) reported late
sown tef is infested by the tef shoot fly, while early sown
tef is infested only if there is dry spell.

Conditions like late sowing date, poor germination and
production of tillers at later stage increased the level of
infestation. During the crop growth sparsely populated
varieties compensated for lost plants by producing more
tillers. However, late produced tillers were severely
affected by tef shoot fly. Some tef varieties such as Melko
might be inherently susceptible to tef shoot fly and as a
result they had high level of infestation. Moreover, use of
yield enhancing inputs like chemical fertilizer and manure
might also increases the infestation of tef shoot fly.
Corbeels et al. (2000) and Berhane et al. (2015) had
similar observation on the effect of inputs for tef
production that stimulates the appearance of shoot fly. In
general, dead hearts were more prevalent in fertile parts
than in the waterlogged or less fertile parts of the tef field
(Tesfaye and Zenebe, 1998). This input increase the
infestation due to making the plant softy favorable for
food and to lay egg.

The damage due to tef shoot fly ranged from 4.21%
from acc.17 WJ to 36.92% for Melko per plot. The results
are in agreement with the previous reports of 6.96 to
37.60% damage in tef due to tef shoot fly infestation in
Tigray regional state (DZARC, 2002). The standard
checks like Quncho and Kora have been grouped under
the susceptible category. However, the local check was
categorized with moderately susceptible. Three varieties,
namely, Melko, Gerado and Koye had the highest
damage rate. The majority of the genotypes were
classified as moderately susceptible and susceptible.

Tef shoot fly is becoming economic important insect
pest in the last three to five years in the study area. The
estimated yield loss for genotypes had positive and
negative sign (Table 1). The positive value indicates
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Table 1. Reaction of tef genotypes to tef shoot fly damage and associated yield loss at Myseiye in 2015.
SIN  Genotypes Tef shoot fly damage Tef shoot fly c!amage Tef shoot fly damagg (percentage of Damage Resistance  Yield loss Gy (kgha)
(percentage of dead heart)  (percentage of white headed) dead heart and white headed %) rate (scale) category (kgha'")
1 DZ-01-99 (Asgori) 11.80 0.8514 12.65 5 MS -88.08 2335.602
2 DZ-01-354 (Enatit) 15.03 0.8007 15.83 7 S 81.58 2298.102
3 DZ-01-196 (Magna) 14.70 0.9346 15.63 7 S -15.92 2064.7020
4 DZz-01-787 (Wellenkomi 14.91 0.5098 15.42 5 MS -8.00 1832.5020
5 DZ-Cr-44 (Menagesha) 11.90 0.9863 12.89 5 MS 58.42 2255.802
6 DZ-Cr-82 (Melko) 35.14 1.7791 36.92 9 HS -168.50 1385.8020
7 DZ-Cr-37(Tsedey) 6.86 0.3328 7.19 3 MR -9.92 2085.6020
8 DZ-Cr-255 (Gibe) 12.66 0.6846 13.34 5 MS -13.83 2286.702
9 DZ-Cr-358 (Ziquala) 22.30 0.4321 22.73 7 S -15.25 1854.2020
10 DZ-01-974 (Dukem) 16.81 0.3939 17.20 7 S -160.50 1475.8020
11 DZ-01-1281( Gerado) 2817 1.2874 29.46 7 HS 3.58 1761.2020
12 DZ-01-1285 (Koye) 2549 1.7600 27.25 9 HS -84.83 1667.202
13 DZ-01-1681 (Key Tena) 9.65 0.4508 10.10 3 MR -3.08 2160.802°
14 DZ-01-899 (Gimbichu) 13.22 0.4680 13.69 5 MS 18.42 1882.3020
15 DZ-01-2675 (DegaTef) 22.69 1.5704 24.26 7 S -231.83 1908.502
16 DZ-Cr-387RIL355 (Quncho) 16.14 0.7524 16.89 7 S -13.13 2130.8020
17 Ho-Cr-136 (Amarach) 7.71 0.8393 8.55 3 MR -6.50 2177.202
18  DZ-Cr-285 RIL295 (Simada) 6.51 0.7089 7.22 3 MR 22.75 2139.2020
19 DZ-01-2053 (Holetta Key) 21.21 0.9094 2212 7 S -89.75 1011.10°
20  DZ-01-1278 (Ambo Toke) 16.94 0.6704 17.61 7 S -169.33 1874.4020
21 9441 11.39 0.6255 12.02 5 MS -14.50 2109.7020
22 DZ-01-2054 (Gola) 14.66 0.7554 15.42 5 MS -70.58 2091.7020
23 DZ-01-146 (Genete) 12.37 0.8558 13.23 5 MS -41.33 1917.9020
24 DZ-01-1821 (Zobel) 12.14 0.9754 13.12 5 MS 11.58 2081.10a0
25  Acc. 205953 (Mechare) 12.83 0.6863 13.52 5 MS 47.08 2306.902
26 RIL273 (Laketch) 6.73 0.4570 7.19 3 MR 39.92 1555.8020
27 DZ-01-1868 (Yilmana) 17.70 1.0793 18.78 7 S -190.92 2337.902
28  DZ-01-2423 (Dima) 7.09 0.4093 7.50 3 MR -47.75 2129.7020
29  DZ-01-3186 (Etsub) 15.79 0.6023 16.39 7 MS 49.33 1569.2020
30  DZ-01-1880 (Guduru) 13.96 1.1588 15.12 5 MS 90.33 2377.202
31 acc. 17 WJ 3.76 0.4497 4.21 1 R -20.08 2278.902
32 PGRCI/E 205396 (Ajora) 10.46 1.4075 11.87 5 MS -151.00 1633.3020
33 DZ-Cr-409/RIL50d (Boset) 14.84 0.9261 15.77 7 S -104.33 1797.9020
34 Kora 22.02 1.1533 2317 7 S -36.92 -
35  Zagre (local 1) 7.65 0.4812 8.13 3 MR -41.33 2017.5020
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Table 1. Contd.

36  Zezew (local-2) 4.09
37 acc. 13-Al 6.35
38 RIL-65 11.18
39  RIL-86 10.66
40  RIL-190 23.24
41 RIL-96 17.34
42 RIL-109A 13.92
43 RIL-15A 13.80
44 RIL-52 14.42
45  RIL-129A 10.92
46  RIL-91Ap 18.92
47  RIL-101C 21.26
48  RIL-107 15.93
49  RIL157 9.65

1.6304 5.72
1.1048 745
1.2193 12.40
0.9183 11.58
0.7218 23.96
1.1036 18.44
0.7699 14.69
0.8930 14.69
0.1544 14.57
1.2133 1213
0.5273 19.45
0.4954 21.76
0.3889 16.32
1.2612 10.91

3 MR -19.58 2093.102
3 MR -24.92 2094.7020
5 MS 30.33 1999.4020
3 MR 26.67 2046.70%
7 S 66.83 1816.902
7 S 20.75 1629.702
5 MS -185.83 2151.10%
5 MS -108.42 1573.602
5 MS -1.25 1665.8020
5 MS -13.75 1541.1020
7 S 17.25 1659.602
7 S -43.08 1746.1020
7 S 97.83 1841.702
5 MS 5.08 2125.000

R=resistance, MR=moderately resistance, MS=moderately susceptible, S=susceptible, HS=highly susceptible.

Table 2. Percentage damage and rating scale used to determine the level of tef resistance to tef shoot fly.

Damage (%)

Rating scale Degree of resistance

0
1-5
6-10
11-15
16-25
>26

0 Highly resistance (HR)
Resistance (R)

Susceptible (S)

© N 01w

Highly susceptible (HS)

Moderately resistance (MR)
Moderately susceptible (MS)

actual yield loss due the tef shoot fly infestation.
Whereas, the negative value indicates yield from
shoot fly infested plants was greater than the yield
from non-infested plants. Compensation of lost
parts is one mechanism of resistance to insect
pests.

The vyield loss ranged from 3.58 for Gerado to
97.83 kg ha™ for RIL-107. The yield loss had a

negative and positive sign, which indicates the
loss yield due to the infestation had positive sign,
whereas the positive sign showed that the
infestation of the fly on the tef plant can increase
the yield over the un-infested plant. Therefore,
some of tef genotypes increased their yield due to
tef shoot fly infestation. The yield increased due to
tef shoot fly infestation which was minimum, 3.08

kg ha™ for Key Ten and maximum, 231.83 kg ha™
for Dega Tef. Insects like shoot flies are known to
encourage more tiller production at low level of
infestation and when moisture is not limiting. Even
though, it stimulates grain yield on the infested
individual, it does not enhance the genetic make
of the tef genotypes. However, these genotypes
which were over-compensatory would be used for



breeding programme.

On the bases of yield loss, 16 and 3 genotypes were
susceptible and highly susceptible, respectively.
Susceptible indicates because they were not able to
compensate the damaged parts by the tef shoot fly.
However, at Haramaya (Alemaya) tef is sown after
sorghum and the shoot fly population that built-up on
sorghum might have caused severe damage (378 to 522
kg ha™) (Sileshi, 1997).

As far as the vyield loss due to tef shoot fly is
concerned, out of the total ten moderately resistant tef
genotypes, only Simada and lakech had positive yield
loss, implying that there is an actual yield loss due to this
particular insect pest. Despite they had low damage
percent; the vyield loss indicated that these genotypes
were susceptible.

On the contrary, out of 19 moderate susceptible
genotypes, only eight genotypes showed positive yield
loss. However, the remaining genotypes showed
negative yield loss. Therefore, these genotypes were not
grouped under the susceptible category due to the yield
gain.

In general, the evaluation based on the damage
percent alone cannot give full information on resistance
and susceptibility of the tef genotypes to tef shoot fly.
Therefore, looking on both damage percent and yield loss
would be the accurate method for the categorization of
genotypes. Genotypes having resistance and
moderately resistance genotypes would better to have at
least 0 to negative yield loss. Whereas, moderately
susceptible, susceptible and highly susceptible
genotypes by the damage percent also must have yield
loss value of greater than 0.

In general, in tef growing areas, with moisture limitation
tef shoot fly infestation causes yield losses. Therefore,
providing resistant variety (acc.17 WJ) and chemical
application is recommended for these areas.

CONCLUSION AND RECOMMENDATIONS

The acc. 17 WJ was a resistance for tef shoot fly as the
result revealed. While, the standard checks were
categorized or grouped under the susceptible category.
Therefore, the acc. 17 WJ is recommended for the tef
shoot fly resistance. Tef damage (dead heart and white
headed) due to tef shoot fly ranged from 4.20 to 36.96%.
Consequently, the yield loss also varied from 3.58 to
97.83 kg ha™. Although tef shoot fly infestation caused
yield losses in some genotypes, it had increased grain
yield in some other tef genotypes. The evaluated 49 tef
genotypes were classified into resistant, moderately
resistant, moderately susceptible, and susceptible and
highly susceptible (Table 1).

Duration of tef shoot fly infestation determined between
the beginnings of August to the end of September.
Conditions favorable to tef shoot fly are the erratic
rainfall, inherently susceptibility of tef genotypes, late

Nigus 151

produced productive tillers and inputs (chemical
andmanure fertilizers), which are good environment for
the reproduction and growth of the fly. Therefore, the
genotypes which exhibited resistant and moderately
resistant tef shoot fly damage would be important for the
production of tef. In areas where the mentioned condition
is faced and the infestation of shoot fly occurred, the
application of chemical at early stage is recommended.
Moreover, evaluation of the tef genotypes at multi-
location for further investigation is better.
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