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Four entries of lentil were used to study the life history parameters of two strains of A.
pisum under laboratory condition. The entries and the strains were combined factorialy
and arranged in CRD with 12 and 15 replications in trial one and two, respectively.
Then the data were pooled after assessing the homogeneity of variance. The mean
developmental period of the Debre Zeit (DZ) strain was 8.44 days, the pre-reproductive
period was 1.26 days, the reproductive period was 15.91 days and the post reproductive
period was 7.07 days. For the Goettingen (GOE) strain the mean values were 8.67,
1.58, 16.04 and 13.26 days, respectively. The peak reproductive rate per female per
day and the intrinsic rate of increase (rm) of the DZ strain were marginally greater than
the corresponding values of the GOE strain. Moreover, the two strains varied in alate
production and in realizing their potential fecundity. The rmvalues on all of the tested

entries were positive indicating that the entries were susceptible to both strains.

Introduction

Grains of lentil (Lens culinaris) contain a high
amount of protein and serve as cheap source of
protein for the Ethiopian highland population
(Geletu et al. 1996). Moreover, this crop is part
of the crop rotation systems established in the
predominantly small cereal growing farming
systems of the country (Seifu et al. 1991).
Despite its importance, lentil productivity has
remained low and uncertain partly due to its
susceptibility to insect pests. Lentil is attacked
by different insects, but only few of them are
economically important. In Ethiopia, the major
pest of lentil is the pea aphid (Acyrthosiphon
pisum), which attacks lentil crops from the early
seedling stage to crop maturity (Kemal &
Tibebu 1994).

Estimations of the loss of potential grain yield of
common lentil cultivars due to pea aphid
damage ranged from 11-26% in 1984 and 1985

to total loss in 1995 in some lentil producing
areas (DZARC 1996). Although these data
underline the pest status of the pea aphid in
Ethiopia, laboratory and field data on the
biology of the pea aphid on lentil are lacking.
The pea aphid is oligophagous, feeding on
plants within the family Legumenaceae.
However, because this aphid species is known to
form several biotypes (Frazer 1972a),
performance on different cultivars of host plants
largely depends on the aphid strain under study.
We, therefore, used two different strains, one
from Ethiopia and one from Germany, to
evaluate their performance on different
accessions of lentil grown in Ethiopia.
Therefore, this study was envisaged to generate
base line information on the biology of pea
aphid, A. pisum on lentil and to investigate
varietal effect on its demography.
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Materials and Methods

Two strains of A. pisum were used in all
experiments. The Debre Zeit (DZ) strain was
collected in October 1998 from lentil variety
experiments at the Debre Zeit Agricultural
Research Center (altitude 1900m) in Ethiopia.
The Gottingen strain (GOE) descended from an
A. pisum clone reared under laboratory
conditions on faba bean (Vicia fabae) since
1984. This strain was given a one-year pre-
adaptation period on lentil. A stock culture of
each strain was established from single mother
aphid kept in separate rearing cages on the lentil
variety " Freudenberger” at a temperature of
21°C, a photoperiod of 16hr light to 8hr dark
period and at a relative humidity of 50-70%
(Frazer 1972b).

Variety Alemaya (AL) and Chalew (CH) and
two accessions Flip-88-12L(FL) and ILL-
8006(IL) were used in the study. Chalew was
selected because of its known field tolerance to
pea aphid (Kemal & Tibebu 1994). The others
were selected based on their performance at the
preliminary screening phase. Two seeds ofeach
entry were sown in 11L pots filled with a
mixture of standard medium (10% peat, 90%
clay and nutrients) and sand in a ratio of 2:1
(W/W). Treatments were combined factorially
and arranged in CRD with 12 (because of space
limitation) and 15 replications in the first and
second experiment, respectively. At the time of
infestation plants were thinned to one plant per
pot.

To obtain day old nymph, single adult aphid was
placed on each plant when they were at 3-4 leaf
stage and allowed to stay for 24hr. After 24hrs
the mother aphid and her nymphs in excess of
one were removed using water wet paint brush.
When the aphid failed to deposit its nymph in
24hr time extra nymphs from the other
replication were transferred to the plant.
Infested plants were caged using a cylindrical,
transparent cage of 30 cm high and 9.3 cm
diameter, so that aphids were free to select their
feeding site. To secure ventilation within the
cages, the top and side windows (3-4 in
numbers) of the cage were covered with nylon

mesh cloth. The infested plants were kept under
conditions similar with that of the stock culture.

Aphids were monitored daily until they died and
newly born nymphs were counted and removed
at each census date. Dead aphids were dissected
and examined under a binocular microscope to
check if they had completely delivered their
embryos. Data on the developmental period,
pre-reproductive period, reproductive period
and post-reproductive periods were recorded.

The performance of the populations was
assessed by constructing life tables for each
strain at each entry following the calculation
given by Gutierrez (1996). For each day interval
from birth to death (x) age specific survival (/X
and age specific fecundity (mxX were recorded
and /xmxwas calculated. The intrinsic rate of
increase (rm) of each strain under a given
condition was calculated from the equation a €'
mx/xmx= 1by iterative substitution of the values
of rm Differences in rmvalues between entries
were compared using the Mann-Whitney U test
(Zar 1974). The other data were subject to an
analysis of variance and means were separated
using LSD. However, when the data did not
meet the assumption of normal distribution they
were subjected to square root transformation;
when they still did not attain normality after
transformation they were tested using Mann-
Whitney U test. Data on the developmental
period, pre-reproductive period, and total
number of progenies were pooled to one set.
Before pooling data from each experiment,
however, Bartlet's test was performed to ensure
whether these attributes between the experiments
were heterogeneous or not (Zar 1974).

RESULTS

Nymph development

The tested pea aphid strains performed
differently on the lentil entries with regard to
some life history parameters (Table 1). There
was marginally significant (P<0.05) difference
between the two strains in developmental time
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required to reach adult stage. The DZ strain
required only a mean of 8.44 days to reach adult
stage, whereas the GOE strain required a mean
of 8.67 days to reach the same stage. In the
pre-reproductive and reproductive period,
however, strains did not vary significantly
(P>0.05) from each other. Although non-
significant, the longest mean pre-reproductive
and reproductive periods were recorded from
the GOE strain. Inpost-reproductive period and
total longevity, however, the two strains did
again differ significantly (P<0.05) from each
other. The GOE strain had a mean of 13.26
days of post-reproductive period as compared to
the DZ strain, which had only a mean of 7.07
days. Similarly, the mean longevity of the GOE
strain was 39.54 days with 50% and 100%
mortality occurring 37 and 48 days after birth,
respectively. On the contrary the mean
longevity of the DZ strain was 32.67 days with
50% and 100% mortality occurring at 30 and 40
days after birth, respectively. These differences
in life history traits of the two pea aphid strains
tested could also be confirmed in the life
expectancy at age zero calculated in the life
table analysis (Table 2).

There were

highly significant differences

11

(P<0.01) among the entries in affecting the
developmental and reproductive periods
required by both strains. However, the
influence of the entries on pre-reproductive
period was not statistically significant (Table 1).
Even though statistically non-significant, the
mean pre-reproductive period on Chalew and
Flip-88-12L was relatively longer than either on
Alemaya or ILL-8006. The mean
developmental period of the strains was 8.34 on
Flip-88-12L, 8.44 on Cahlew, 8.65 on ILL-
8006, and 8.77 on Alemaya. Similarly, the
mean reproductive period of the strains was
14.45 on Flip 88-12L, 15.42 on ILL-8006,
17.01 on Chalew and 17.02 on Alemaya.

Unlike that of the GOE strain the within
variability in developmental period and
reproductive period among individuals of DZ
strain raised on each entry was significant and
highly significant, respectively, and their
relative ranking follows exactly the pattern of
the overall means of both strains on each life
history parameter. On the other hand, the within
differences inpre-reproductive and reproductive
periods among individuals of the GOE strain did
significantly vary from each other.
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Table 1. Bionomics of two strains of Acyrthosipon pisum on different lentil entries

Entries Developmental Pre-reproductive Reproductive Post-reproductive
period (days)** period (days)* period (days)** Periods (days)0

DZ  GOE M DZ GOE N DZ GOE M DZ
Alemaya 8.76 8.78 877a 122 154 1.38a 17.18 16.86 17.023 5.50
Chalew 8.36 8.52 844k 129 184 157a 17.26 16.75 17.0la 8.08
Flip-88-12L 813 8.54 8.34c 129 158 1.443 14.35 14.54 14.450 7.29
ILL-8006 8.50 881 8.65* 124 136 1.30a 14.83 16.00 15.420 7.39
Mean* 844a  867a 126a 1583 15.91a 16.043 s 7.07b
CV(%) 7.3 19 16.8 -

° = Mann-Whitney U-test, significantatp < 0.05
* = Means followed by the same letter within a column or row are not statistically different atp = 0.05
** = Means followed by the same letter within a column are not statistically different

Longevity
(days)0
GOE DZ
1235 32.26
12.92 34.99
13.37 31.06
14.40 31.96
13.263 32.67b

GOE

39.53
40.03
38.03
40.57
39.543
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Table 2. Some life table parameters of two strains of A. pisum on different lentil entries

Entries Days to 50%
mortality
Dz GOE
Alemaya 3l 37
Chalew 32 40
Flip-88-12L 30 36
ILL-8006 26 ]
Mean 30 38

There was a significant (P<0.05) interaction
between strains and entries in the total number
of progenies produced per female (Table 3). In
this experiment the DZ strain produced a
maximum of 99.03 and 88.35 nymphs on Flip-
88-12L and Chalew, respectively, whereas the
GOE strain produced a maximum of 89.73 and
87.32 nymphs on ILL-8006 and Flip-88-12L,
respectively. In contrast to this, the DZ strain
raised on ILL-8006 and the GOE strain reared
on Chalew produced the least number of
nymphs.

Days to 100%mortality

Dz

41

40

38

41

Life expectancy at age zero

(days)

GOE 574 GOE
48 29.42 31.23
48 30.04 38.22
46 2854 3281
49 2338 38.30
48 27.85 35.14

Life table statistics

The net reproduction of each strain on Chalew
and Flip-88-12L was closer to the total
reproduction. The net reproduction of the GOE
strain and the DZ strain was lower than the
gross reproduction on Alemaya and ILL-8006,
respectively. None of the differences in the
intrinsic rate of increase (rm) on the various
entries were significant (P>0.05). The mean rm
of the DZ strain was 0.330 compared to 0.321
of the GOE strain (Table 3). Based on the age
specific survivorship and reproduction curves
the two strains experienced a high mortality
during the post-reproductive period (Fig. 1 a-d).

Table 3. Reproductive performance of two strains of A. pisum on lentil

Entries No. of lymphs/female

Alemaya 86.00b 84.81b 78.29
Chalew 88.35b 83.75b 84.19
Flip-88-12L 99.30a 87.32b 94.50
ILL-8006 85.76b 98.73b 69.12
Mean 81.53

Net reproduction/female

Intrinsic rate of increase (rmo

67.04 0311 0.300
83.89 0.328 0.320
86.23 0.362 0.341
86.76 0.319 0.324
80.48 0.330a 0.321a

*= Means followed by the same letter are not statistically different atp = 0.05
* = Mann-Whitney U-test, means are not significantly differentatp = 0.05
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Table 4. Mean number of well-developed embryos detained by a dying aphid after post-reproductive period

Entries Strains (trial 1)

DZ (n) GOE (n)
Alemaya 573 (11)* 0.11(9)
Chalew 5.42(12) 1.50(12)
Flip-88-12L 4.90(10) 2.00(110
ILL-8006 11.88(8) 0.55(11)
Mean 6.98 1.04
N 4 43

Strains (trial 2)

DZ(n) GOE (n)
4.82(11) 2.08(12)
4.33(12) 031 (13)
3.15(13) 0.15(13)
4.92 (13) 021 (14)
431 119

49 52

* = means followed by different letter with in row (within trial) are significantly different at p <0.05 (Mann-Whitney U-test)

Discussion

The overall variation of developmental time as
well as the pre-reproductive time required by both
strains on each of the four entries was not large
(Table 1). The aphids grown on Alemaya and
ILL-8006 required relatively longer
developmental period than those aphids grown
either on Chalew or Flip-88-12L. On the
contrary, the pre-reproductive periods tended to
be shorter on the former two entries than on the
latter ones, indicating that the commencement of
reproduction is unaffected by lentil varieties. In
other words aphids are able to compensate for the
delay in reproduction by shortening the pre-
reproductive period or compensate pre-maturity
by extending the pre-reproductive period. This
high plasticity in adaptability is regarded as one
prerequisite to colonize new host plants and to
maintain populations even when environmental
conditions are unfavorable (Lewontin 1965).

The longevity of the Debre Zeit strain was shorter
than that of the Goettingen strain. However, the
fertility range of the latter was within the fertility
range of the former strain. Based on the
relationships between fecundity and longevity,
Southwood (1976) has categorized organisms
capable of reproducing into organisms directing
energy- towards self-survival and growth or
towards offspring production or towards some

partitioning between the two. Thus, it is perhaps the
ability of partitioning energy between production of
offspring and survival that enabled the Goettingen
strain to achieve comparable number of nymphs
without affecting its life span. On the contrary, the
Debre Zeit strain seems to allocate more energy to
nymph production than its energy requirement for
survival. This was proved by the number of
embryos detained in the mother aphids after
cessation of reproduction (Table 4).

In this experiment dead aphids of the Debre Zeit
strain contain significantly (P<0.05) more number
of well developed embryos than the Goettingen
strain. This suggests that the Debre Zeit strain
terminated its reproduction before realizing its
potential fecundity probably because of limitation of
energy for survival. Frazer (1972b), however, had
noted the inability of nymphs of A .pisum and Aphis
fabae raised on broad bean to burst their embryonic
membrane or still-birth glued in place that hinders
succeeding births as the cause of engorgement of
dead females with developed embryos.

The survivor curves for both strains (Fig.la-d) on
all but DZ strain on entry ILL-8006 exhibited a
Type | pattern, in which mortality rate increases
with age (Gutierrez 1996). This form of
survivorship curves had also been observed in other
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life-table studies on A. pisum on susceptible hosts
(Frazer 1972b, Mackay & Wellington 1975,
Birch & Wratten 1984, Soroka & Mackay 1991).
This suggests that the tested lentil entries are
suitable or susceptible hosts to the strains tested.
However, the survivor curve of DZ strain raised
on ILL-8006 (Fig.Id) was closer to Type Il in
which mortality is distributed uniformly in the age
structure of the aphid. But when the fertility
distribution per reproductive period is considered,
it was evident that both strains on all entries had
normally distributed (W < 0.01) fertility. Webster
et al (1992) have found a similar fecundity
distribution of greenbug, Schizaphis graminum
biotypes on susceptible barley, indicating that the
mortality of the DZ strain reared on ILL-8006
was not associated with the resistance factor of
the entry.

The intrinsic rate of increase, rmvalues of both

strains on all entries are positive indicating that
the population is increasing. As compared to the
Gottingen strain, however, the Debre Zeit strain
had relatively greater rm values on all entries
except on ILL-8006 (Table 2). This greater rm
value of the Debre Zeit strains is attributed to the
relatively shorter total pre-reproductive period
(i.e. sum of developmental and pre-reproductive
periods) elapsed before the beginning of
reproduction. According to Lewontin (1965) rmis
particularly influenced by the time until first
reproduction. Siddiqui et al (1973) have found an
increase in rm values because of shorter pre-
reproductive period of A. pisum treated with
increased amplitude of altering temperature.
Although survival rate (/¥ is a component of rm
it is not important in determining the rate of
increase since very few aphids die during their
reproductive periods (Frazer 1972b).

Figure 1. Age specific survivorship curves (circles) and fertility rates (mean number of nymphs per female per day; triangles) of two
strains of the pea aphid (Acyrtosiphon pisum) on different lentil (Lens culinaris) entries, a: Alemaya (AL), b: Chalew (CH), c:
Flip-88-12L (FL) and d: ILL-8006 (IL); strain : Debre zeit (DZ): open symbols; strain Goettingen (GOE): solid symbols.

1 4 7 10 13 16

19 22 25 28 31

0
34 37 40 43 46 49

Age in days

AL-DZ-Ix — —AL-GOE-Ix

a AL-DZ-mx — AL-GOE-mx



20

b)

Biology and biotype of pea aphid

C\1 [—
AT G SR A o r ¥ @
Age in days

—0— FL-DZ-Ix —'*— FL-GOE-Ix—&— FL-DZ-mx — — FL-GOE-mX

cmin co -

CMCM  CM €O S
Age in days
-e— CH-DZ-Ix CH-GOE-Ix —A— CH-DZ-mx

CH-GOE-mx

Ae specific fecundity (k)



Tebkewef al 21

References

Birch N and SD Woratten. 1975. Pattern of aphid
resistance in genus Vicia. Annals of Applied Biology.
104: 327-338.

Campbell A and M Mackauer. 1977. Reproduction and
population growth of the pea aphid (Homoptera:
Aphididae) under laboratory and field conditions.
Canadian Entomology 109: 277-284.

DZARC (Debre Zeit Agricultural Research Center)
1996. Annual research report for the period 1995/96,
Debre Zeit, Ethiopia.

Frazer BD. 1972a. Population Dynamics and Recognition
of Biotypes in pea aphid. Canadian Entomology
4:1729-1733.

Frazer BD. 1972b. Life tables and Intrinsic rate of
increase of apterous black bean aphids and pea aphids,
on broad bean. Canadian Entomology 104: 1717-
1722.

Geletu Bejiga, Million Eshete and Yadeta Anbese. 1996.
Improved cultivars and production technology of lentil
in Ethiopia. Research Bulletin No. 3. Debre Zeit
Agricultural Research Center, Debre Zeit, Ethiopia.

Gutierrez AP.1996. Applied population ecology: A
supply-demand approach. John Wiley and Sons Inc.
New York, p 1

Kemal Ali and Tibebu H/Wold. 1994. Research on insect
pests of cool-season food legumes. In\Asfaw Telaye,
Geletu Bejiga, Saxena, Mohanc and Sohl, Mahomed
B. (eds) 1994). Cool season food legumes of Ethiopia.
Proceeding of the first national cool season food
legumes review conference, 16-20 Dec. 1993, Addis
Ababa, Ethiopia. ICARDA/IAR. ICARDA: Aleppo,’

Syria. Vii + 440 pp.

Lewontin RC.1965. Selection for colonizing ability. In:
Backer HG and GL Stebbins (eds).The genetics of
colonizing species. Academic Press, New York, pp 79-
94

Mackay, PA and WG Wellington. 1975. A comparison of
the reproductive patters of apterous and alate
virginoparous A. pisum (Homoptera: Aphididae).
Canadian Entomology 107: 116-1166.

Seifu Tsegaye, Abebe Tullu and Geletu Bejiga.1991.
Cultivation of lentil in Ethiopia. Lens, Vol. 20:140-144.
International Centre for Agricultural Research in Dry
Area, Aleppo, Syria.

Siddiqui WH, CA Barlow and PA Randolph. 1973. Effect
of some constant and alternating temperatures on

population growth of the pea aphid, A. pisum
(Homoptera: Aphididae). Canadain Entomology
105:145-156.

Soroka JJ and PA Mackay. 1991. Antibiosis and Antixenosis
to pea aphid (Homoptera: Aphididae) in cultivars of field
pea. Journal of Economic Entomology 84: 1951-1956.

Southwood TRE. 1976. Bionomics strategies and population
parameters. In: May RM. (ed.) Theoretical Ecology:
Principles and Application. Blackwell Scientific
Publications, Oxford, UK. p 32.

Webster JA, C Inamatullah and WS Fargo. 1992. Variation
of fecundity of green bug (Homoptera: Aphididae)
biotypes on resistant and susceptible barley. Journal of
Economic Entomology. 85: 2023-2026.

Zar JH.1974. Biostatistical Analysis. Prentice-Hall
INC.Engelwood, Calif, USA. pp 108-117



