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Fig. 1. The relationship between leaf width and area

based on three width grades of primary leaves in the
field bean.
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Table 1. Effect of three grades of width on area of

field bean primary leaves.

Grades of leaf width n Leaf area (cm?)
Small leaf (6.0-7.0 cm) 20 31.2+£0.7¢
Middle leaf (7.1-8.0 cm) 27 39.5+0.7b
Large leaf (8.1-9.0 cm) 15 478+1.0a

“ Mean =+ standard error. Means within each column followed
by the same letter(s) are not significantly different at 5%
level by LSD test.
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Table 2. Effect of Liriomyza trifolii larval density on its normalized distribution of the pupal length grades and lar-
val survival from field bean small primary leaves (width 6.0-7.0 cm).

Grades of 3rd Normalized distribution (%) of pupal length grades” Survival (%)
larval density of

(no. larvae leaf "'y’ I I [+11 o v Vv larval stage®
0(1-10) 252+11.8a" 61.4+82a 86.6+59a 134+59de 00+00h 0.0+£0.0fg 100.0+£0.0a
1(11-15) 201+29ab 41.5+6.1b  61.7+34b 31.8+33abc 65+26g  00+00fg 100.0+0.0a

2 (16-20) 221+50a 363+46bed 584+21bc 32.0+04ab 84+27g  00+00fzg 98.8+12ab
3 (21-25) 82+0.5cd 40.2+09bc 48.5+0.4bcd 42.1+22a 6.8+23¢g 02+02fg 97.6+0.6abcd
4(26-30) 86+18cd 354+64bcde 44.0+56cde 40.8+32ab 129+22fg  00+00g 97.8+0.4abed
5(31-35) 6.5+35cde 22.8+23efg 293+£58fgh 448+40a 203+£29def 3.7+08f 98.1+0.6abc
6 (36-40) 9.1+£0.5bc 272+28cdef 362+27def 384+12ab 204+3.0cdef 23+12fg 97.3+1.0abed
7 (41-45) 82+14cd 28.2+2.4bcdef 36.2+3.4def 40.6+2.7ab 17.9+2.5ef 1.0+£0.7fg 95.8+1.2becde
8 (46-50) 99+3.6bc 234+19defg 333+19efg 37.8+52ab 20.5+34cdef 41+22fg 95.7+0.3 bede
9 (51-55) 25+25ef 12.1+£53h 14.6+7.71) 33.7+29ab 33.7+54ab 13.1+5.6¢ 95.1 + 1.1 cdef
10 (56-60) 2.5+13def 17.6+2.0fgh 20.1+32ghi 34.7+73ab 22.7+24bcde 17.8+39cde 953 +2.1 bede
11 (61-65) 3.6 £ 1.1 cdef 14.4+0.8 gh 18.0+1.6hij 334+14ab 30.5+43abcd 13.9+3.0de 95.7+ 1.4 bede
12 (66-70) 1.2+12ef 9.7+49h 109+6.1j 27.0+2.6bc 30.8+3.4abc 254+08bc 94.2+1.3 def
13 (71-75) 0.0+0.0f 23+1.71 23+1.7k 32.6+56ab 32.8+21.9ab 24.8+42bcd 92.4+0.9 efg
14 (76-80) 0.0+£0.0f 1.1£0.61 1.5+£02k 278+6.7bc 323+47ab 324+23ab 93.6+03ef
15 (81-85) 0.0+0.0f 1.2+0.71 1.2+£0.7k 30.1+33abc 33.2+49ab 27.1+7.1bc 91.6+3.4fg
16 (86-90) 0.0+£00f 13+1.31 1.3+£13k 19.0+4.0cd 41.1+2.6a 27.6+24bc 89.1+12¢g

17 (91-95) 0.0+£0.0f 0.0+0.01 00+0.0k 102+51e 362+55a 43.6+104a 899+03¢g

* Two-six leaves were sampled per replicate, three replicates per larval density grade.

* The pupal length is 1.85-2.11, 1.67-1.82, 1.49-1.63, 1.31-1.45, and 1.05-1.27 mm, for grades L, IL, IIL, IV, and V, respectively.

* Survival (%) of larval stage = [1 — (the larval mortality in the leaf + abnormal pupae)] x 100.

" Mean + standard error. Means within each column followed by the same letter(s) are not significantly different at 5% level by LSD
test. Percentage data were arcsin-square-root transformed prior to analysis.
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Table 3. Effect of Liriomyza trifolii larval density on its normalized distribution of the pupal length grades and lar-
val survival from field bean middle primary leaves (width 7.1-8.0 cm).

Grades of 3rd Normalized distribution (%) of pupal length grades” Survival (%)
larval density of

(no. larvae leaf™)’ I I I+1I i v Vv larval stage”
0(1-10) 260+£7.5a% 64.7+19a 90.7+56a 94+£56¢ 0.0+00fg 0.0+0.0fg 100.0£0.0a

1 (11-15) 257+38a 432+17b 689+23b  31.1+23abc 00+£00g 00+£0.0g 100.0+0.0a
2 (16-20) 229+16a 39.5+£36bc 623+£5.1bc 359+4.6ab 1.3£0.1fg 0.0+00g 99.5+0.5a
3(21-25) 123+6.1b 41.0+£32b  533+69bcd 41.2+69a 44x16f 00+£00g 989+1.1a
4(26-30) 9.8+£2.0b 38.6+1.0bc 484+26cde 38.7+29ab 108+22e 03+03g 982+0.6ab
5(31-35) 8.0 £ 5.6 bedef 36.4+0.4bcd 44.5+59 cdef 39.0+38ab 14.6+64¢ 0.7+04fg 98.8+02a

6 (36-40) 10.0£03b 353+47bcd 453+49cdef 36.0+1.2ab 16.1+£34de 1.1+04efg 98.5+02a

7 (41-45) 89+08bc 354+14bcd 443+0.6cdef 389+1.5ab 134+12e 05+03g 97.1+0.3abc
8 (46-50) 7.8+1.2bcd 35.1+22bcd 48.0+24def 33.5+28abc 16.8+0.8de 4.1 +1.1def 97.2+0.7 abc
9 (51-55) 6.8+ 1.6bcde 21.2+39ef 28.0+54fg 342+1.6abc 283+3.8bc 7.2+13cd 97.7+0.2 abc
10 (56-60) 2.8+ 1.3 cdefg 27.7+2.8cde 30.5+42efg 31.9+36abc 28.0+33bc 64+19cd 96.8+0.8abc
11 (61-65) 23+19efg 252+2.6def 275+24fg 41.1+£32a 17.7+3.6de  6.1+£3.1de 92.4+2.1de
12 (66-70) 1.7+04 defg 17.9+08ef 197+1.1g 358+1.6ab 25.1+29bcd 12.0+1.6bc 92.6+1.9de
13 (71-75) 1.4+0.7 fg 159+41f 173+45gh 319+35abc 274+3.6bc 184+3.6ab 950+1.6cd
14 (76-80) 0.7+0.7g 39+34¢g 4.6+4.11 20.0+7.6d 41.6+39a 288+75a 950+0.6bcd
15 (81-85) 2.0+ 14 efg 6.6+42¢g 87+46hi 278+39bcd 242+35cd 274+3.8a 88.1+20f
16 (86-90) 25+ 13defg 68+39¢g 93+53hi 235+53cd 358+63ab 223+45a 909=+09ef
17 (91-95) 00+£00g 69+19¢g 69+19hi 29.1+34abcd 342+28abc 21.3+54a 91.5+18e¢

* Two-six leaves were sampled per replicate, three replicates per larval density grade.

¥ The pupal length is 1.85-2.11, 1.67-1.82, 1.49-1.63, 1.31-1.45, and 1.05-1.27 mm, for grades I, II, III, IV, and V, respectively.

* Survival (%) of larval stage = [1 — (the larval mortality in the leaf + abnormal pupae)] x 100.

" Mean =+ standard error. Means within each column followed by the same letter(s) are not significantly different at 5% level by LSD
test. Percentage data were arcsin-square-root transformed prior to analysis.
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Table 4. Effect of Liriomyza trifolii larval density on its normalized distribution of the pupal length grades and lar-
val survival from field bean large primary leaves (width 8.1-9.0 cm).

Grades of 3rd Normalized distribution (%) of pupal length grades’ Survival (%)
larval density of

(no. larvae leaf"')’ I I I+1I 111 v v larval stage”
0 (1-10) 324+149a% 549+96a 873+64a 127+ 64¢e 0.0+£0.0j 0.0+0.0g 100.0+£0.0a

1 (11-15) 241+34ab 43.0+03b 67.1+£3.0b 29.6+3.3d 33+£03hij 0.0+00g 100.0+0.0a

2 (16-20) 19.5+33abc 329+53bc 52.4+63bcde 43.7+4.1ab 39+£3.21jj 0.0+0.0g 100.0+£0.0a

3 (21-25) 20.9+2.3abc 38.2+0.8bc 59.0+2.9bc 32.5+33¢cd 76+04ghi 00+0.0g 99.2+04ab
4(26-30) 18.4+3.9abcd 39.1+09bc 57.5+3.3bc 346+19abcd 65+28ghi 00+0.0g 98.6+0.7ab
5(31-35) 16.8 £6.3bcde 37.5+1.4bc 543+58bcd 33.3+2.6bcd 99+26efg 1.1+0.1ef 98.7+0.8ab
6 (36-40) 173 +£48bcd 364+50bc 53.7+4.8bcde 35.6+2.5abcd 8.6+22fgh 09+09fg 98.9+0.8ab
7 (41-45) 16.2+1.0bcde 37.6+3.5bc 53.8+2.8bcde 39.7+0.6abcd 5.0+2.5hi 0.5+0.5fg 99.0+0.3ab
8 (46-50) 11.3+3.1 cdef 36.1+29bc 47.4+0.3 cdef 41.2+3.6abc 103+3.0efg 02+02fg 99.1+0.5ab
9 (51-55) 6.7+15efg 347+1.7bc 41.5£2.0def 373+22abcd 15.8+2.8def 42+13d 98.7+0.6ab
10 (56-60) 87+13defg 31.1+1.6c 39.8+2.6def 442+29a 104 +23efg 4.0+1.6de 98.4+0.6abc
11 (61-65) 84+25defg 31.1+32¢c 39.5+39ef 340+24abcd 173+1.1cde 7.0+0.5cd 97.7+1.6 abcd
12 (66-70) 40+1.0fgh 30.0+£3.6c 34.0+42f 35.1+£23abed 19.2+2.1bed 95+24c 97.8+1.6abcd
13 (71-75) 0.3+0.2 hi 13.6+£29d 139+£29¢ 34.1+48abcd 31.3+38a 16.8+3.1ab 96.1 +£0.8cd
14 (76-80) 0.2+0.2 hi 17.7+27d 179+£29¢ 347+24abcd 31.5+18a 11.7+£25bc 958+0.8d
15 (81-85) 0.9+0.5hi 15.1£22d 16.1+£26¢g 372+25abed 32.1+0.7a 11.6+1.7bc 97.0+ 1.6 bed
16 (86-90) 22+07ghi 174+23d 19.7+20¢ 38.7+2.0abcd 27.5+1.4ab 109=+1.5bc 96.8 +0.5 bed
17 (91-95) 0.0+0.01 11.7+£19d 11.7+19¢g 38.8+1.3abcd 26.1+22abc 18.8+23a 954+0.6d

“ Two-six leaves were sampled per replicate, three replicates per larval density grade.

¥ The pupal length is 1.85-2.11, 1.67-1.82, 1.49-1.63, 1.31-1.45, and 1.05-1.27 mm, for grades I, II, III, IV, and V, respectively.
* Survival (%) of larval stage = [1 — (the larval mortality in the leaf + abnormal pupae)] x 100.
" Mean =+ standard error. Means within each column followed by the same letter(s) are not significantly different at 5% level by LSD

test. Percentage data were arcsin-square-root transformed prior to analysis.
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Table 5. Effect of Liriomyza trifolii larval density on the larval mortality in the leaf and abnormal pupae from dif-

ferent width grades of field bean primary leaves.

Mortality of larvae in leaf (%)

Abnormal of pupae (%)

Grades of 3rd Small leaf Middle leaf Large leaf Small leaf Middle leaf Large leaf
larval density (width (width (width (width (width (width

(no. larvae leaf")” 6.0-7.0 cm) 7.1-8.0 cm) 8.1-9.0 cm) 6.0-7.0 cm) 7.1-8.0 cm) 8.1-9.0 cm)

0 (1-10) 0.0+0.0a” 0.0+£0.0a 0.0+£0.0a 0.0+£0.0h 0.0+0.0h 00+0.0¢

1 (11-15) 00+0.0a 0.0+£0.0a 0.0+£0.0a 0.0+£0.0h 0.0+0.0h 00+0.0¢

2 (16-20) 0.0+0.0a 00+00a 0.0+£0.0a 1.2+1.2gh 0.5+0.5 gh 00+£0.0e
3(21-25) 02+02a 00+00a 0.0+£0.0a 2.1+0.7 efg 1.1+£0.1fgh 0.8+0.4de

4 (26-30) 04+02a 05+05a 0.0+£0.0a 1.8 £0.6 efg 1.3£03efg  1.4+0.7 abede
5(31-35) 0.6+03a 0.0+£0.0a 0.0+£0.0a 1.3+£04fg 1.2+£02efg  1.3+0.9abcde
6 (36-40) 0.0+£0.0a 04+02a 0.0+0.0a 2.7 + 1.0 defg 1.1£02efg 1.2+0.8 bede
7 (41-45) 1.1+£03a 00+0.0a 0.0+£0.0a 3.1£0.9 cdef 29+03cde 1.1£0.3 abcde
8 (46-50) 0.7+04a 0.0+£0.0a 0.0+£0.0a 3.7+0.5 cdef 28+0.7cde  09+0.5cde

9 (51-55) 0.6+04a 0.6+33a 0.0+£0.0a 4.3+0.7 cde 1.7£02def  1.1£0.7 bede
10 (56-60) 0.6+03a 0.0+£0.0a 0.0+£0.0a 4.1 + 1.8 cdef 32+£0.8cde 1.3+0.7 abcde
11 (61-65) 08+05a 1.0+0.7a 02+04a 3.5+ 1.3 cdef 6.6+£2.2ab 2.0 & 1.3 abede
12 (66-70) 1.0+05a 09+0.6a 03+06a 4.8 +0.9 bede 6.5+ 1.7 ab 2.0 + 1.8 abede
13 (71-75) 08+05a 05+0.1a 05+02a 6.8 +0.7 abc 45+ 1.5bc 3.8+0.7 abc
14 (76-80) 0.6+04a 1.1+£0.7a 0.1+0.1a 5.7+ 0.6 abed 39+£08bcd 3.9+0.8ab

15 (81-85) 12+12a 1.8+1.8a 02+03a 7.1 +3.6 abc 10.1+02a 2.6 + 1.7 abed
16 (86-90) I.1+1.1a 04+04a 04+04a 97+18a 87+09a 2.8+0.7 abed
17 (91-95) 1.0+0.6a 00+00a 05+02a 9.1+0.4ab 85+1.8a 42+05a

“ Two-six leaves were sampled per replicate, three replicates per larval density grade.
’ Mean = standard error. Means within each column followed by the same letter(s) are not significantly different at 5% level by LSD
test. Percentage data were arcsin-square-root transformed prior to analysis.
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Table 6. Effect of pupal length grade on the pupal length and weight of Liriomyza trifolii.

Grade of Length (mm) of pupae Weight (mg) of 50 pupae

pupal length” n Mean = SEM n Mean + SEM
I 30 1.93+0.01 a 9 28.6+02a
11 30 1.70 £0.04 b 13 22.1+£02b
11 30 1.59+0.01 ¢ 12 17.8+0.1¢
v 30 1.36 £0.01d 7 13.7+£03d
v 30 1.17+0.02 ¢ 4 7.0+03e

“ The pupal length is 1.85-2.11, 1.67-1.82, 1.49-1.63, 1.31-1.45, and 1.05-1.27 mm, for grades L, IL, IIL, IV, and V, respectively.
’ Mean = standard error. Means within each column followed by the same letter(s) are not significantly different at 5% level by LSD
test.

F7. JRN R S (5 SR R
Table 7. Effect of pupal length grade on the emergence, female proportion, and adult length of Liriomyza trifolii.

Grade of Emergence (%)” Female proportion” Length (mm) of female adult Length (mm) of male adult
pupal length® Mean + SEM n Mean + SEM n Mean + SEM n Mean = SEM
I 5 90.7+3.5a" 5 0.95+0.01a 30 2.02+0.01a 2 1.96 +£0.00 a
11 5 76.8+3.4b 5 0.71+0.04 b 30 1.78£0.01 b 30 1.66 £0.00 b
11 5 76.0+39b 5 0.36+0.02 ¢ 30 1.61+0.01¢ 30 1.49+0.01 ¢
v 5 61.8+3.5¢ 5 0.26+0.03 ¢ 27 1.46+0.01d 30 1.35+0.01d
\% 5 145+3.6d 3 0.11+0.11d 4 1.34+0.03 ¢ 30 1.21+0.01e

* The pupal length is 1.85-2.11, 1.67-1.82, 1.49-1.63, 1.31-1.45, and 1.05-1.27 mm, for grades I, II, IIL, IV, and V, respectively.

¥ Fifty pupae per replicate kept at 25°C.

* Mean =+ standard error. Means within each column followed by the same letter(s) are not significantly different at 5% level by LSD
test. Percentage data were arcsin-square-root transformed prior to analysis.

R 8. IRVIZEIRIRIN R B ~ S ST PSIREE IV AHIRRCY B
Table 8. Effect of pupal length grade on the longevity, fertility, female proportion, and feeding stipples of Liriomyza
trifolii’.

Grade Longevity (d) No. progeny produced/female

of pupal Viable Female No. feeding Viable eggs/
length” Female Male eggs’ Pupae Adults proportion stipples feeding stipples
I 9 240+1.8a" 164+13a 567+44a 564+43a 411+33a 0.53+0.02a 2,697+202a 0.22+0.02a
11 10 25.6+25a 164+24a 369+35b 362+34b 288+31b 0.52+0.0la 2,586+24la 0.15+0.01b
11 9 157+1.6b 106+£20b 237+21c 235+20c 185+14c 0.52+0.02a 1,596+157b 0.15+£0.01b
v 5 172+13b 94+09b 234+10c 234+10c 186+t6¢c 0.54+0.0la 1,781 +147b 0.13+£0.01b

* One pair of adults were provided daily with one seedling without mature leaves of field bean and honey, and reared at 25 C ,
65-85% RH, and a photoperiod of 7L : 17 D.

* The pupal length is 1.85-2.11, 1.67-1.82, 1.49-1.63, and 1.31-1.45 mm, for grades I, II, IIL, and IV, respectively.

* Number of eggs that survived to third instar.

" Mean = standard error. Means within each column followed by the same letter(s) are not significantly different at 5% level by LSD
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Fig. 2. Effect of adult densities (adult pairs/20 seed-
lings) on the daily survival of Liriomyza trifolii.
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Table 9. Effect of adult density on the longevity and progeny number of Liriomyza trifolii’.

Density of adult Longevity (d) Progeny

(no. adult pairs : no. seedlings) Female Male No. 3rd larvae/female Total no. 3rd larvae
0.5 (10 : 20) 16.2+0.7 2 103+05a 318+42a 3,173 +416d
1.0 (20 : 20) 159+18a 85+1.1a 298 +£26a 5,957 +518 ¢
1.5 (30 : 20) 14.7+0.6 ab 83+07a 294+ 14a 8,834 +437b
2.0 (40 : 20) 164+1.0a 95+13a 300+ 14 a 12,016 £ 583 a
3.0 (60 : 20) 114+1.1b 99+04a 211+ 11b 12,659 £ 649 a

“ Experiment was conducted in a screen cage (75.0 by 55.0 by 50.0 cm, 92 meshes).
* Mean =+ standard error (n = 3). Means within each column followed by the same letter(s) are not significantly different at 5% level
by LSD test.
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Fig. 3. Effect of adult densities (adult pairs/20 seedlings) on the total number of viable eggs per day in Liriomyza
trifolii.
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Fig. 4. Effect of adult densities (adult pairs/20 seedlings) on the number of viable eggs per female per day in Liri-
omyza trifolii.
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Flg 5. Effect of adult densities (adult pairs/20 seedlings) on the number of viable eggs per leaf per day in Liriomyza

trifolii.
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Intraspecific Competition among Same-aged Larvae
and Adults of Liriomyza trifolii (Diptera: Agromyzidae)
in Field Bean Primary Leaves: Effects on Colony
Production

Ching-Chin Chien"", Hsiu-Chih Ku’, and Shu-Chen Chang’

Abstract

Chien, C. C., H. C. Ku, and S. C. Chang. 2013. Intraspecific competition among same-aged
larvae and adults of Liriomyza trifolii (Diptera: Agromyzidae) in field bean primary leaves:
effects on colony production. J. Taiwan Agric. Res. 62(3):209-224.

The agromyzid leafminer, Liriomyza trifolii (Burgess), is a major pest of vegetables and or-
namentals throughout the world. For its biological and chemical control studies, the suitable rearing
methods of this leafminer must be established. This study investigated the intraspecific competition
among same-aged larvae and adults in three width grades of field bean primary leaves (Phaseolus
vulgaris var. communis Aeschers) for providing better production methods of this leafminer and its
parasitoids. The experiments were conducted at 25°C under three grades of primary leaf width, i.e.,
the small, middle, and large leaf width was 6.0-7.0, 7.1-8.0, and 8.1-9.0 cm, respectively. In 17 lar-
val densities, 11-95 third-instar larvae were divided into 17 grades at intervals of 5 larvae, the control
treatment being 0 grade including 1-10 larvae, while, in 5 adult densities, numbers of pairs of adults
in proportion to numbers of seedlings conducted in laboratory were 10 : 20, 20 : 20, 30 : 20,
40 : 20, and 60 : 20, respectively. The results showed that the larval survival and pupal length grades
of L. trifolii were directly affected by grades of primary leaf width and leafminer larval density, the
pupal length of I, I, III, IV, and V grades being 1.85-2.11, 1.67-1.82, 1.49-1.63, 1.31-1.45, and
1.05-1.27 mm, respectively. Exploitative competition occurred among third-instar larvae. The emer-
gence of pupa, size of adult, female proportion, longevity, fertility and number of feeding stipples
were all indirectly affected by grades of primary leaf width and leafminer larval density through
leafminer pupal length. The longevity and fertility of this female leafminer were also affected by the
adult density. This study indicates that the suitable rearing methods of Liriomyza trifolii are as fol-
lows: 30 seedlings without mature leaves of field bean in which 10- and 11-d-old, primary leaf width
was 7.1-9.0 cm are placed in a screen cage (75 by 55 by 50 cm, 92 meshes) containing 80 2-d-old
and mated females that are allowed to oviposit for 7 h at 25°C, but another 20 females are added daily
to maintain the uniform number of females. After 6 days, when eggs develop to third-instar larvae,
15-20 larvae/leaf are suggested to provide for the successive production of this leafminer, and 20-30
larvae/leaf are for its larval parasitoids, Hemiptarsenus varicornis (Girault) and Neochrysocharis for-
mosa (Westwood), respectively.

Key words: Liriomyza trifolii, Intraspecific competition, Production, Field bean.
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