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The obtained results revealed that the population density of L. trifolii
Keywords: larvae on pea plants differed significantly according to the planting spaces
populationdensity . Leaf (10cm, 20cm and 30cm) during the two studied seasons. Planting of pea
miner, Liriomyza trifolii seeds in the planting space (10cm) lead to plants suffered from the highest
(Burgess) infestation by L. trifolii. Larvae (30.7 and 34.1 larvae/ 15 leaves during the

two seasons, respectively. On the contrary, sowing the pea plants at the
second and third spaces (20 & 30cm) can be reduced the infestation rate of
this insect pest (4.97 & 3.2 larvae/ 15 leaves) and (5.16 & 2.6 larvae/ 15
leaves) during the two seasons, respectively.

The population density of leaf miner, L. trifolii increased by increasing
the plant age until middle of the flowering stage. The lightest population was
recorded during the fruiting stage. While, the pea plants infested by the
heaviest population during vegetative and flowering and stages.

Statistical analysis of correlation coefficient and partial regression
values showed that the effect of weather factors and plant age on the
population density of L. trifolii was differed to positive or negative
correlation according to planting spaces and plant stages (vegetative,
flowering and fruiting stages) during two studied seasons.

The weather factors were more effective on leaf miner population
when comparing with plant age, the explained variance (E.V. %) were 74.4,
66.4 and 72.3% for the three planting spaces in the first season and 18.5,
29.3 and 40.4% in the second season, respectively. While the combined
effect of the plant stages (vegetative, flowering and fruiting stages) together
on L. trifolii population in the tested planting spaces on pea plants were
38.5, 21.1 and 15.7 at the three planting spaces during 2013 season and 27,
10.2 and 6.3 % during 2014 season, respectively.

INTRODUCTION

Green pea plants are liable to infestation by vegetable leaf miner Liriomyza
trifolii (Burgess) (Diptera: Agromyzidae) ,is a polyphagous species spread around the
world, becoming vegetable crop pests. It is generally recognized in all the countries
bordering the Mediterranean (Chaney, 1995) . The damage is punctures caused by
females during the feeding and oviposition processes can result in a stippled
appearance on foliage, especially at the leaf tip and along the leaf margins (Chaney,
1995) and (Wilkerson, et al. , 2005). However, the major form of damage is the
mining of leaves by larvae, which results in destruction of leaf miner.
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The mine becomes noticeable about three to four days after oviposition and
becomes larger in size as the larva matures (Capinera, 2001) and (Bueno, et al 2007).
The pattern of mining is irregular. Both leaf mining and stippling can greatly depress
the level of photosynthesis in the plant. Extensive mining also causes premature leaf
drop, which can result in lack of shading and sun scalding of fruit (Bueno, et al
2007). Wounding of the foliage also allows entry of bacterial and fungal diseases
(Abou-fakhr-Hammad and Nemer. 2000). Pea Pisum sativum, Citrine
(Leguminaceae) is one of the most important economic vegetables (Onwueme and
Sinha, 1991 and FAO, 1993) its cultivated area was increased during the last years
especially in new reclaimed land for local consumption. It is thus sufficient need of
nitrogen and leaves after harvest 100-120 kg nitrogen per hectare, equivalent to 20-25
tons of organic fertilizer which workers enough for the growth of another crop. The
total cultivated area of green peas in the world about 2.8 million acres and Egypt take
third place for the Arab States and of the cultivated area in Egypt 64037 acres in 2008
and average production 4.45 tons / acres, according to statistics from the Central
Administration of Agricultural Economics - Ministry of Agriculture.

Many researchers on the role of planting spaces, weather factors and plant age
on the infestation of certain insects infesting leguminous plants has been done
previously, Meena and Bhargava (2001); Mishra et al. (2001); Wale (2002); Abd-
Elmalak and Salem (2002); Shalaby (2004); Mittal and Ujagir (2005); Arif et al.
(2006); Hanafy A.R.I (2007); Hanafy et al. (2008); Afsah (2009); Hussein et al.,
(2010); Abdel Hamed et al. (2011) and Omaprakash and Raju (2014).

The aim of the present study to determine the suitable planting date of
fenugreek seeds to escape from the infestation of leaf miner, L. trifolii which causes a
serious damage of leaves and study the effect of some weather factors and plant age
in three tested planting spaces.

MATERIALS AND METHODS

Field experiments were carried out to study the effect of planting space, some
weather factors and plant age on the population density of Leaf miner, Liriomyza
trifolii (Burgess) infesting pea plants (Pisum sativum). The pea seeds (cultivar Master
B) were obtained from Department of Vegetable plants, Horticulture Research
Institute (A.R.C.). An area of about 900 m2 was cultivated in three planting space ,
10cm, 20cm and 30cm in Plant Protection Research Station in Kaha region, Qalubia
Governorate throughout two successive seasons, 2013 and 2014. In both seasons, the
experimental area was divided into 9 plots, each replicate was 100 m*. Each planting
space was represented by three replicates. All replicates were arranged in
Randomized Complete Block Design. All agricultural practices were done and no
pesticide treatments were applied. Weekly randomized samples of pea leaves (15 of
each replicate) were taken after foliage appearance and continue for 11 weeks. Each
sample from each replicate were kept in tightly closed paper bags and transferred to
the laboratory where all samples were thoroughly examined by the aid of
stereomicroscope to count the number of leaf miner, L. trifolii larvac. Weather factors
for both studied seasons were obtained from the Central Laboratory for Agriculture
Climate and recorded as the daily maximum & minimum temperature; and mean
relative humidity. Three periods of plant age (first, vegetative stage from planting till
37 days later; the second, flowering stage from 38 to 65 days and the third one,
fruiting stage (pods formation) from 66 to the end of the growing season) were also
recorded for each planting space to determine the relationship between these factors
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and infestation of L. trifolii larvae on pea plants. The mean numbers of leaf miner, L.
trifolii larvae between the three tested planting spaces were compared statistically.
The simple correlation and partial regression were adopted to show the average rate
of changes in population due to changes in the two mentioned factors. Data were
analyzed according to SAS program (SAS Institute, 2003) and mean separation was
conducted by using Duncan's multiple range test in this program.

RESULTS AND DISCUSION

Effect of planting spaces on the population density of Liriomyza trifolii infesting
pea plants.

Results in Table (1&2) revealed that the population density of L. trifolii. larvae
on pea plants was significantly differed according to the planting spaces during the
two studied seasons 2013and 2014.In the first season, data in Table (1) showed that
the population density of L. trifolii. larvae increased by the first planting space. The
pea plants were sown in the planting space (10 cm) infested by the significantly
highest numbers of L. trifolii. larvae (30.7 larvae/ 15 leaves) followed by pea plants
sowing at the planting space (20cm) which infested by 4.97 larvae/ 15 leaves. While,
pea plants of the planting space (30 cm) harboured the seasonal mean numbers of L.
trifolii larvae (3.2 larvae/ 15 leaves).

Table 1: Effect of three planting spaces on infestation level of Liriomyza trifolii larvae on pea plants
during season 2013.

Mean number of L. trifolii Weather factors
Inspection Plant age larvae /15 leaves
Date (days) Space 10 | Space 20 | Space 30 Min. Max. R.H.%
cm cm cm Temp. Temp.
October, 1%,
2013 16 23.3 1.7 0 19.6 28.9 55.7
7 23 35 3.3 1 18.6 27.7 49.3
15" 30 45 10 7.3 18.6 29.1 59.9
22 37 60 21.7 13 17 27.7 52.6
29" 44 71.7 10 9 16 25.9 62.9
November, 5" 51 45 5 43 18.3 25.6 73.7
12% 58 25 2.3 0.7 17.6 26 65.7
19" 65 16.7 0.7 0.7 16.1 24.1 65.4
26™ 72 10.7 0 0 17.1 26.6 41
Decg‘r‘;ber’ 79 33 0 0 173 25.9 52.3
10" 86 1.7 0 0 13.7 20.1 54
Mean 30.7a 4.97b 3.2b 17.3 26.1 57.5
F value 13.2
L.S.D. 12.3

The data illustrated in( Table, 1) showed that infestation of L. trifolii were

stated at 16 days after sowing on 1™ October (23.3, 1.7 and 0.0 larvae/ 15 leaves)
between space 10 cm, 20 cm and 30 cm, respectively, then it was increased sharply to
reach its maximum (71.7 larvae / 15 leaves) at 44 days after sowing on 29™ October
at space 10 cm, but it was increased sharply to reach its maximum (21.7 and 13
larvae/15 leaves) at 37 days after sowing on 22" October at the distance between the
hills was about 20 cm and 30 cm, respectively. After that the insect population
fluctuated then decreased gradually to reach a lower level (1.7 larvae / 15 leaves) on
10™ December after at 86 days from sowing at space 10 cm but it was decreased



24 Shaalan, H. S. and Maha, S. El-Ghanam

sharply to reach a lower level (0.7 and 0.7 larvae / 15 leaves) at 65 days after sowing
on 19™ November at the space 20 cm and space 30 cm, respectively. Meanwhile,
data indicated also that larvae population of L. trifolii was obviously higher on young
plants (4-7 weeks) than the older plants. This result indicated that young fresh plants
showed higher biological activities with turgid fully nourished cells than older pea
plants and was more suitable for the reproduction of the insect pest. Also, indicated
that larvae population of L. trifolii was obviously higher on space 10 cm than the
distance between the hills was about 20 cm at the least space 30 cm.

In the second season 2012, statistical analysis of the obtained data in Table (2)
indicated that there was significant differences between the mean number of L. trifolii
on planted at the shortest space (10 cm) and other distances (20 & 30 cm), as the
calculated LSD value was 11.9 and the results took the same trend obtained in the
first season. The highest mean numbers of L. trifolii (34.1 larvae/ 15 leaves) was
recorded on pea plants sowing at shortest space, 10 cm between hills. On the other
extreme, the lowest level of infestation with L. trifolii larvae on pea plants occurred
on the plants sown at the largest space (30 cm), recording 2.6 larvae/ 15 leaves. For
the planting space 20 cm between plants, an infestation was recorded 5.16 larvae/ 15
leaves.

Table 2: Effect of three planting spaces on infestation level of Liriomyza trifolii larvae on pea plants
during season 2014.

Mean number of L. trifolii larvae

Insgzgon Palgzt 15 Leaf | Weather factors
(days) Space Space Space Min. Max. R.H.
10 cm 20 cm 30 cm Temp. Temp. %
October, 3" ' 2014 16 18 1 0 21.6 30.3 48.9
10" 23 33.3 3.7 1.3 20.1 31 57.7
17" 30 50 5.7 2 19.7 28.3 55.1
24" 37 63.3 11.7 7 19.3 28.3 49
31 44 70 25 16.3 19 28.1 51.4
November, 7" 51 45 5 1.7 16.6 25.9 51
14" 58 41.6 3 0 15.6 26.6 56.9
21 65 29 1.7 0 15.1 24.1 63.4
28" 72 14.3 0 0 13.7 20.9 61.9
December, 5" 79 6 0 0 14.6 25.1 58.6
12" 86 4 0 0 133 22.6 52.7
Mean 34.1° 5.16° 2.6° 17.1 26.5 55.1
F value 17.5
L.S.D. 11.9

Obtained results are in agreement with those recorded by Abd-Elmalak and

Salem (2002) on sweet potato in Egypt, who stated that the some pests, were
abundant in the narrow spacing (20cm) than 25 and 30 cm. Emam et. al. (2006) on
sweet pea plants in Egypt recorded that the largest sowing space 40 cm harbored
significantly the lowest seasonal mean number of insects. Hanafy et. al. (2008) on
cucumber in Egypt indicated that the highest mean numbers of insects were recorded
on planted at the shortest space in the two seasons.
Effect of weather factors on the Liriomyza trifolii. infestation rate on pea plants.
With regard to the effect of some weather factors on the population density of
leaf miner, L. trifolii infesting pea plants in three planting spaces during 2013 and
2014 seasons at Qalubia Governorate, each of the simple correlation and the partial
regression values were calculated and tabulated in Tables 3 and 4.
Data arranged in Table (3) showed that, in the simple correlation coefficient “r”
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indicated insignificantly positive correlations between leaf miner population and each
of the maximum (r= 0.31, 0.46 and 0.30) and minimum temperature (r= 0.12, 0.15
and 0.15 for 10cm, 20cm and 30cm planting spaces, respectively) while, RH% had a
significant positive effect in the first and second planting spaces and a insignificantly
positive in the third space (r= 0.51, 0.55 and 0.09, respectively). During the first
season. For the partial regression analysis, significant positive effect was recorded
between the above mentioned pests population and both of maximum temperature
and relative humidity in the three planting spaces thorough 2013 season. While,
minimum temperature had significant negative effect during three planting spaces.

Concerning the all over correlation and the partial regression values for the
three tested planting spaces, statistical analysis of the obtained data in the first,
second and third planting spaces gave the same results of relationship, except for
relative humidity in the third planting space.

The average rate of changes in the pest activity due to the changes in the
combined effect of the tested three weather factors were 74.4, 66.4 and 72.3%, during
the 10cm , 20cm and 30cm planting spaces, respectively. (Table 3).

Table 3: Effect of weather factors on the population density of Liriomyza trifolii (Burgess) infesting
pea plants in three planting spaces during 2013 season.

P;I;g:g é\/lear; ) v coiig}gtlfon Partial regression

2013 15 (l)eu;ves et R P B P F value P EV%
Max. Temp. 0.315 0.345 4441 | 0.008

10cm 10cm Min. Temp. 0.127 0.710 -57.2 0.020 6.78 0.01 74.4
RH% 0.514 0.105 0.130 | 0.006
Max. Temp. 0.465 0.149 14.8 0.020

20cm 20cm Min. Temp. 0.155 0.648 -18.7 | 0.118 4.61 0.04 66.4
RH% 0.092 0.786 0.933 | 0.120
Max. Temp. 0.308 0.357 38.4 0.015

30cm 30cm Min. Temp. 0.154 0.649 -48.1 0.036 6.10 0.02 72.3
RH% 0.558 0.074 5.90 0.006

In the subsequent season, 2014, data arranged in Table (4) indicated that in the
maximum temperature had insignificantly positive effect on the occurrence of the
studied pest (= 0.32, 0.42 and 0.47) while, minimum temperature had insignificantly
positive effect in the first and second planting spaces and had a significantly positive
effect in the third date (r= 0.34, 0.47 and 0.57, respectively). But, RH% had
insignificant negative effect in the three planting spaces (r= -0.40, -0.47 and -0.50,
respectively). During the second season. Also, the partial regression analysis,
insignificant positive effect was recorded between the above mentioned insect
population and minimum temperature in the three planting spaces, but this relation
was insignificant negative between the insect population and both of maximum
temperature and relative humidity in the three planting spaces except for maximum
temperature in the first planting space (10cm).

The amount of variability that could be attributed to the combined effect of the
tested weather factors on the population of leaf miner was 18.5, 29.3 and 40.4% uring
the 10cm , 20cm and 30cm planting spaces, respectively, (Table, 4).
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Table 4: Effect of weather factors on the population density of Liriomyza trifolii (Burgess) infesting
pea plants in three planting spaces during 2014 season.

Planting Mean Simple correlation Partial regression
space Count / Factor F
2014 | 15 leaves R P B P value | £ | BEV%
Max. Temp. 0.325 0.333 0.556 0.979
10cm 10cm Min. Temp. 0.346 0.296 3.573 0.885 0.53 0.67 18.5
RH% -0.405 0.215 -4.26 0.477
Max. Temp. | 0.423 0.194 -0.934 0.881
20cm 20cm Min. Temp. 0.476 0.138 3.201 0.653 0.97 0.45 29.3
RH% -0.475 0.139 -1.276 0.457
Max. Temp. | 0.473 0.141 -1.915 0.591
30cm 30cm Min. Temp. 0.572 0.055 3.864 0.348 1.59 0.27 40.4
RH% -0.505 0.112 -0.672 0.485

In a similar work of the studied the effect of climatic factors and plant age on
the population density of different insect pests infesting many crops had been done in
different countries. Meena and Bhargava (2001) in India on fenugreek plants stated
that the population density of aphid, Acyrthosiphon pisum correlated significantly
negative correlation with temperature and had a positive correlation with relative
humidity. Shalaby (2004) in Egypt on common bean found a significant correlation
between minimum temperature and numbers of L. trifolii, while, an insignificant
correlation was found between relative humidity and the population of L. trifolii. Arif
et al. (2006) found that rainfall and temperature were significantly positive
relationship with the population density of T. tabaci, Jassid and whitefly infesting
cotton plants, while the relative humidity showed non- significant effect. Hanafy
(2007) in Egypt on sweet pea plants stated that the population density of T. tabaci
was affected by climatic factors and plant age in three planting dates. Afsah (2009) in
Egypt on fenugreek plants stated that the population density of Liriomyza spp. was
positively correlated with temperature and wind velocity, while it was negatively
correlated with relative humidity. Hussein et al.(2010) in Egypt on garlic plants
recorded that there are a Positive relationships between the population density of T.
tabaci and the developmental stages of plant, and negatively correlated with
maximum and minimum temperatures, while, the mean of R.H was affected
positively on the population this pest. Abdel Hamed et al. (2011) in Egypt on okra
plants found that the weather factors (maximum, minimum, mean temperature) and
plant age had significantly positive effect on population of B. tabaci, T. tabaci, L.
trifolii and T. urtica,while the relative humidity had significantly negative effect.
Omaprakash and Raju (2014) in India on brinjal plants, Sollanum melongena L.
stated that B.tabaci population was significant and negative correlation with
temperature and insignificantly negative with humidity.

Effect of plant age on the Liriomyza trifolii. infestation rate on pea plants.

With regard to the effect of plant age on the population density of leaf miner, L.
trifolii infesting pea plants in the three planting spaces during 2013 and 2014 seasons
at Qalubia Governorate, each of the simple correlation and the partial regression
values were calculated and tabulated in Tables 5 and 6.

Data arranged in Tables (5&6) showed that, in the simple correlation
coefficient “r” indicated high significant positive correlations between leaf miner
population and the plant age (vegetative stage) (r= 0.99, 0.94 and 0.96 during 2013
season) and (r= 0.99, 0.96 and 0.91 during 2014 season) for the three planting spaces
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10cm, 20cm and 30cm respectively. While, the plant stage of flowering stage had a
significant negative effect (r= -0.97, -0.95 and -0.95 in the three planting spaces
respectively) and (r= -0.95, -0.84 and -0.82 in the three planting spaces respectively)
during 2013 & 2014 respectively. Also, the relationship between leaf miner
population and the plant age (fruiting stage) of the first planting space indicated
significant negative effect (r=-0.93 and -0.94) during two seasons respectively.

Table 5: Effect of plant age on the population density of Liriomyza trifolii (Burgess) infesting pea
plants in three planting spaces during 2013 season.

Mean Simple correlation Partial regression
Planting | Planting
count/15 F P
spaces stages r P B P E.V.%
leaves value
Vegetative 40.8 0.996 0.003 0.578 | 0.003
Flowering 39.6 -0.975 0.024 -0.360 | 0.02
10cm 5.6 0.04 | 38.47
Fruiting 5.6 -0.937 0.226 -1.366 | 0.226
All stages 30.7 -0.620 0.041 -0.628 | 0.041
Vegetative 9.2 0.947 0.052 0.941 | 0.052
Flowering 4.5 -0.959 0.030 -2.151 | 0.030
20cm 24 [0.155| 211
Fruiting 0.0 _ _ _ _
All stages 4.97 -0.459 0.155 -1.600 | 0.155
Vegetative 53 0.966 0.033 1.44 0.033
Flowering 3.7 -0.958 0.041 -2.100 | 0.041
30cm 1.67 | 0.227 | 15.7
Fruiting 0.0 _ _ _ _
All stages 3.2 -0.396 0.227 -2.006 | 0.227

Table 6: Effect of plant age on the population density of Liriomyza trifolii (Burgess) infesting pea
plants in three planting spaces during 2014 season.

Mean Simple correlation Partial regression
Planting | Planting
count/15 r b P F
spaces stages P P E.V.%
leaves value
Vegetative 41.1 0.999 0.001 0.457 | 0.001
Flowering 46.4 -0.950 0.049 -0.500 | 0.049
10cm 33 0.10 27
Fruiting 8.1 -0.942 0.216 -1.208 | 0.216
All stages 321 -0519 0.101 -0.542 | 0.101
Vegetative 5.5 0.968 0.031 1.926 | 0.031
Flowering 8.7 -0.846 0.153 -0.697 | 0.153
20cm 1.03 | 0.33 10.2
Fruiting 0.0 _ _ _ _
All stages 5.16 -0.320 0.337 -0.999 | 0.337
Vegetative 2.6 0.914 0.08 2.696 | 0.085
Flowering 4.5 -0.826 0.173 -0.944 | 0.173
30cm 0.60 | 0.45 6.3
Fruiting 0.0 _ _ _ _
All stages 2.6 -0.250 0.458 -1.159 | 0.458
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Concerning the all plant stages correlation coefficient values for the three
studied stages together (vegetative, flowering and fruiting) in the three tested planting
spaces, statistical analysis of the obtained data in the second and third planting spaces
gave the same results of relationship, as the relationship were insignificant negative
with on population of L. trifolii ( r = -0.45 and -0.39 in the 2™ & 3™ planting spaces
respectively) and ( r = -0.32 and -0.25 in the 2" & 31 planting spaces respectively)
during 2013 and 2014 seasons, respectively. On the other hand, these relations were
significant negative between the all plant stages and the population of insect, as r
values were -0.62 and -0.52 during two seasons, respectively.

The partial regression analysis, significant positive effect was recorded between
the above mentioned insect population and plant age(vegetative stage) in the three
planting spaces and during two seasons. but this relation was significant negative
between the insect population and flowering stages in the three planting spaces
during two seasons, also, this relation was insignificant negative with fruiting stages
in the first space during two seasons.

The amount of variability that could be attributed to the combined effect of the
plant stage factors (vegetative, flowering and fruiting stages) on the population of L.
trifolii was 38.47, 21.1 and 15.7% for the 10cm, 20cm and 30cm planting spaces,
respectively, during 2013 season. While, the explained variance (E.V. %) was 27,
10.2 and 6.3 for the three planting spaces, respectively, during 2014 season.

Generally, it could be concluded that the population density of leaf miner, L.
trifolii. increases by increasing the plant age until middle of the flowering stage. The
lightest population was recorded during the fruiting stage. While, the pea plants
infested by the heaviest population during vegetative and flowering stages. Also The
climatic factors were more effective on L. trifolii population when comparing with
plant age.

In a similar work of the studied the effect of plant age on the population density
of different insect pests infesting many crops had been done in different countries.
Hanafy (2007) in Egypt on sweet pea plants stated that the population density of T.
tabaci was affected by climatic factors and plant age in three planting dates. Hussein
et al. (2010) in Egypt on garlic plants recorded that there are a Positive relationships
between the population density of T. tabaci and the developmental stages of plant.
Abdel Hamed et al. (2011) in Egypt on okra plants found that the weather factors
(maximum, minimum, mean temperature) and plant age had significantly positive
effect on population of B. tabaci, T. tabaci, L. trifolii and T. urtica. Afsah et. al
(2014) in Egypt on fenugreek plants stated that the effect of planting stages on
population density of Liriomyza spp. The population density of leaf miner, Liriomyza
spp increases by increasing the plant age. The lightest population was recorded
during the vegetative stage. While the heaviest population during flowering and
fruiting stages.
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