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Resistance to Cotton Aphid (Aphis gossypii G.) 

in Melon: Its Mechanism and Selection Methods 
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Abstract 
Population of aphids on a melon cultivar, PMAR No. 5, was much smaller as compared with 
that on other cultivars. Incidences of leaf curling and stunting caused by aphids were not 
prevalent in PMAR No. 5 in both mass and isolated infestations. These results indicate that 
PMAR No. 5 is resistant to aphid. On resistant plants, aphids could proliferate slowly, and 
migrate rarely from others. It is very likely that antibiosis and nonpreference in melon plants 
operate as resistance. The resistance is genetically a dominant trait governed possibly by a 
single major gene. Aphid resistant plants could be selected on the basis of a leaf curling index 
with a supplementary information on aphid population size resulting in ten days after aphid 
placement in a mass infestation test. Aphid resistance manifests itself on the above-the-ground 
part of the plants, having no connection with root-related substance. No relationship was 
seen between the trichomes or substances on leaves and the aphid resistance. In the field tests, 
plants possessing aphid resistance were almost free from infection of virus mediated by aphids, 
and use of insecticides for aphids was generally not required. Several inbred lines were derived 
from the hybrids between PMAR No. 5 and Japanese cul ti vars of an EARL'S FAVORITE 
type. Some of the Fl hybrids, using those inbred lines as parents art expected to be 
released as commercial varieties in Japan. 
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Additional keywords: breeding, Cucumis melo L., inheritance, insect resistance 

Introduction 

Aphid is one of the most noxious insects in farm 
products. In melon plants, predominant is, among 
others, cotton aphid (Aphis gossypii G.). It causes 
leaf curling and stunting in plants and carries viral 
diseases. In growing melon, therefore, it is vital to 
protect the plants from aphids in appropriate ways 
such as a spray of insecticides and/or a protective 
covering for the plants. In practice, however, it is 
very difficult to completely protect melon plants 
against cotton aphids, since they reproduce in a short 
period and infest multifarious species of plants. It 
is strongly required to establish a systematic method 
for protection, including use of resistant melon cul
tivars. Toward this end, Kishaba et al. (1971) found 
a breeding material having aphid resistance in mel
on, whereby an inbred line of muskmelon (LJ90234) 

was derived'·$>. Up to date, however, very few cul
tivars have been added for commercial use3•8>. 

The present paper attempts to review resu lts of 
the study on mechanism of aphid resistance of a mel
on cultivar, PMAR No. 5, which possesses the same 
resistance gene with LJ90234. It also discusses some 
genetic issues in relation to a breeding method to 
develop a new variety with aphid resistance. 

Biotic responses of aphids to melon cultivars 

Two cultivars of melon, i.e. PMAR No. 5 and 
EARL'S-K, were subjected to comparative analyses 
regarding their aphid resistance. In the early grow
ing stage of the plants just after foliation of the first 
true leaf, five aphids were placed on each plan t for 
a mass infestation test. During the first 6 days af
ter placement, aphids did not increase (Fig. I) . On 
the 7th day after placement, aphids (apterous adults 
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Fig. I. Transition of aptcrous aphid populat io ns on 
res.istant and susceptible cuhivars as well as on 
their progenies under mass-i11oculation 

and nymphs) began 10 increase on the leaves, being 
followed by a sigmoid curve-shaped increment. The 
rate o f increase in EARL'S-K was much higher than 
that in PMAR No. 5. This indicates that PMAR 
No. 5 is more resistant to aphids. In addition, it 
suggests that the aphids on the resistant cultivar take 
more time in growing up 10 be adults than those on 
the susceptible ones. PMAR No. 5 showed very Ii i 
tie leaf-curling and stunting caused by the aphids, 
while the leaves in EARL'S-K, the susceptible culti
var, were seriously curled, stunted, and some plants 

were dead in later stage. 
With the purpose of identifying {I) biotic poten

tial of aphids on individual resistant plants and (2) 
acceptance of aphid migrants by the host plants, 
aphids were placed on each of the resistant ~ud sus
ceptible cultivars. These two types of plants were 
grown in isolat ion cages in two manners: i.e . alter-
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nately and unitarily (Fig. 2). Popula1ion of nymphs 
on EARL'S-K coniinued to increase in size until 8 
days after placement in each cage. Thereafter, it 
declined as a most -likely result of serious leaf curling 
and stunting caused by the infestat ion on juvenile 
plants taking place just before folia1ion of the first 
true leaf. On the other hand , aphid population on 
the PMAR No. 5 plants mix-located with a suscept
ible cultivar augmented faster than tha1 on its uni
tary isolated plants at first. Later on, however, 1he 
number of aphids decreased in proportion to the 
reduction of aphid population on the susceptible cul
tivar in the same cages. T his result indicates that 
only a small number of aphids per unit leaf a rea 
could be feel on a resistanl cultivar. 

A great number of a late aphids were produced on 
the EARL'S-K plants in accordance with the 
decrease in apterous adu l1s and nympl1s. On the 
other hand, a few winged aphids could be reared 
on the PMAR No. 5 plants both in the unitarily as 
well as in 1he alternately pla nted cages. This result 
demonstrates that ata1e aphids on the suscepLible 
plams hardly move onto the resistant plants. 

Apart from the above-mentioned a rrangement o f 
isolation cages with aphid-placed plants, sels of 
aphid-free melon plants , each including both of the 
susceptible and res istant cultivars, were placed al a 
distance of 2 m from an aphid source (Fig. 3). It 
was found that a sizable population came out on 
the plants of EARL'S-K due to aphid migration 
from the infested source-plants, while very few aphids 
were observed on the PMAR No. 5 plants through
out the period of the experiment. 

It is concluded therefore that on resistant culti
vars, aphids can only proliferate slo wly, and rarely 
migrate onto them. It seems that antibiosis and non
preference of melon plants operate as resistance9>, 
as suggested by Bohn (1972)l.Zl. 

Genetic basis of aphid resistance 

PMAR No. 5, EARL'S-K and the progenies of 
their hybrids were subjected to a mass-infestation test 
on aphid resistance (Table I). The Fa between these 
two cultivars, and its backcrossed line to PMAR No. 
5 were both resistant to a phids with the same level 
as PMAR No. 5. However, the f'2 and 81 plants 
derived from backcrossing to EARL'S- K were 
segregated into resistant and susceptible plants. A 
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Fig. 2. Transit ion of aphid popu lations and plant damages on resistant and susceptible 
cuh ivars under isola ted-inoculation 

Leaf curling indices refer to as O: completely na1 leaves. I : slight curling, 
2: dis1inet, 3: moderate damage, 4 : severe curling damage in every leaf, and 
5 : leaves or plants dead . 

greater ra1e of resistant plants were seen in F2 than 
in B1. This result suggests that the aphid resistance 
in melon be genetically a dominant trait, and that 
it be governed by a single major gene, since the proge
nies showed a rather simple segregation in both leaf 
curling and aphid population pattern on the 
plants6· 1°>. Therefore, the F1 hybrids could easily 
make use of this aphid resistance. Some susceptible 
progenies were also derived, though rarely, from a 
resistant plant that was regarded as a dominant 

homozygote. This implies that there is a possibility 
that minor genes a rc also associated wi th aphid 
resistance. 

Selection methods o f aphid resistance 

Since the size of aph id population on melon leaves 
is greatly affected by environmenta l and materia l con
ditions, it is necessary to be supplemented by other 
measures in evaluating aphid resistance of melon 
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fig. 3. Migra1ion of aphid on resistam and susceptible cultivars from an aphid source 
Plants were sci a1 dis1ance of 2 m from an aphid source. 
The pla111s which aphids placed on were covered wilh isolation cages. Leaf curling 
indices refer 10 the note in l'ig . 2. 

plants. Toward this end, it was found that degree 

of leaf curling caused by aphids hereinafter referred 
to as "a leaf curling index", was a suitable indica

tor of resistance of the plants. Resistant plants were 

obtained among the progenies from those p lants 
which had been ranked as resistant on the basis of 

combined measures of aphid population size and leaf 
curling index. On the other hand, there ex isted 

susceptible materials only among the progenies 

originating from the plants ranked as susceptible with 

the same measures (Table 2). The leaf curling in
dex would provide easier and more effect ive meas

urements in determining characteristics of aphid 
resistance than the size of aphid population does. 

However, si.nce plan t toleran ce against aphids might 

operate without antibiosis in the resistance system, 
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Table .I. Vnrialion of aphid populations and leaf curling indices on PMAR No. S an d its progenies 

Cultivar No. of Frequencies (%) 

and planis Range or aphid popula1 ions/plambl Leaf curli ng indices<l 
progeny•> lCSICd 

-50 - 100 - 150 -200 -250 251- 0 I 2 3 

SHINJU- 100 24 8 25 25 4 13 25 0 38 38 25 
EARL'S-K 48 8 6 8 15 25 38 0 46 46 8 
PMAR No. 5 60 58 37 s 0 0 0 78 20 0 2 
F,(P X K) 40 23 38 28 8 5 0 70 23 3 5 
Fi(P X K) 63 29 32 16 16 3 5 33 46 16 5 
81 I (P X K) X K I 47 21 17 19 19 9 15 21 34 23 21 
n, f er x K> x r 1 52 54 33 12 2 0 0 56 33 10 2 
B, I K X (P X K) l 55 31 33 9 9 0 18 20 42 24 15 
8,1 P x (P x K) I 47 28 32 21 II 4 4 47 47 4 2 

a): P and K show cuhivnrs PMAR No. 5 a nd EARL'S-K, rcspcc1ivcly. 
b) : Nine days af1cr 5 aphids placcmeni . 
c): Twelve days after aphids placcmcm. O; Flat leaf. I ; Sligh1 curling, 2; Dis1inc1 cu rling, 3; Modera1e leaf damage. 

Tsblc 2. Aphid J>Opulnlions and lcar curling on progenies from selecled plants 

Cuhivar No. of Frequencies (%) 

and Combinalion•> plants Leaf curling indiccsbl Aphid population indices<> 
progeny"> rested 

0 2 3 4 5 0 2 3 4 5 
PK-S-S(l)d) FJ(P X K) 75 I 19 31 40 9 0 0 35 21 41 3 0 
PK-S-S 80 83 14 3 0 0 45 51 3 0 0 
PK-K,-S S,[B,I (PX K) X Kl I 64 38 41 16 5 2 0 31 55 9 5 0 0 
PK- Ki-S 76 62 17 15 4 3 0 46 38 8 7 I 0 
PK- P-S S,[Bi( (P X K) X p JI 80 93 6 I 0 0 0 48 46 6 0 0 0 
K- PK-S S ,[B,IK X {PX K) I I 76 67 9 20 3 I 0 26 4S 25 3 0 
P- PK,-S S ,18,( P x (P x K) l l 66 58 12 17 II 2 2 32 32 29 6 2 0 
P-PK2-S 74 91 7 3 0 0 0 57 43 0 0 0 0 
SHJNJU-100 24 4 25 25 33 13 0 0 33 S8 8 0 0 
HARU°KEI No. 3 47 0 4 26 40 28 2 9 26 30 36 0 0 
EARL'S-K 44 0 7 2 1 50 23 0 5 21 36 32 7 0 
PMAR No. 5 57 67 19 4 7 4 0 39 SI I I 0 0 0 
F,(P X K) 48 98 0 2 0 0 0 8 63 29 0 0 0 

a) : Sec Table I. 
b) : Sec the no1c in Fig. 2. 
c): Aphid population o n individual pla 111 refers 10 as O (no or rare a phids) 10 5 {so many aphids). 
d): PK-S-S11> is the progeny of the parent which was selected as a susceptible individual, and o thers are 1he progenies 

of resistant parcms. 

it would be required 10 Jake into account the aphid 
population as well for selec1ing resistant plants. In 
case where aphids are placed on juvenile plants just 
before the foliat ion of the first true leaf, it is very 
likely that the difference in aphid population between 
Ihe res istant and susceptible plants is ralher small 
due to severe damages in the susceptible materials. 

It is therefore concluded tha1 aphid resistant plants 
could be selected on the basis of a leaf curling index 
with a supplementary information on aphid popula-

tion size in ten days after aphid placement. In ad
dition, it would not be necessary to analyze aphid 
resistance in details for every generalion in estab
lishing inbred lines, because the relevant genetics are 
rather simple. 

Mechanisms of aphid resistance 

An experiment on reciprocal grafting between resis
tant and susceptible cuhivars was undertaken. The 
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Table 3. Manifcslalion of !lphid resisrnnce on grnrtcd 1>l~n1s 

No. or No. of aphids per plant Leaf 
curli ng 
indicesbl 

Scion/s1ockal unfolding Ala1c 
leaves aphids 

K/ K 5.0 5.8 
P / P 5.0 0.0 
P/ P 3.6 0.:l 
K/ P 5.0 7.0 

a) : Sec Table I . 
b): Sec lhc foomole in Fig. 2. 

Ap1crous 
adu lts 

226.8 
9.0 
2.9 

214.3 

Nymphs 

234.4 
77.5 
20.0 

313.0 

1.6 
0.0 
0.0 
1.7 

hwes1iga1ions were carried 0 111 in 24 days after aphid placcrncm. 

Table 4. Lenglh and density of lrichomcs a1 tower surface or leaves 

Cuhivar and progeny 

PMAR No. 5 
SHINJU-100 
SUNDAY 
NICE 
EARL'S-K 
NA TSUKEI No. 6 
AKIKEI No. 2 
F,(EARL'S- K x PMAR No. 5) 
F1(NATSUKEI No. 6 x PMAR No. S) 
F,(AKlKEI No. 2 x PMAR No. 5) 

a): Fifty 1richomes per plani were measured . 
b): Mean:!: srnndard deviation. 

result or this experiment showed that the phenotype 
or a grafted plant in aph id resistance depended 
primarily upon trait s of the scion (Table 3). There
fore, aphid resistance relates to Lhe aerial part of 
the plant , having no relation 10 root substance. 

In soybean plams, trichomes on leaves and pods 
participate in tolerance aga inst the soybean beetle, 
soybean pod gall midge and soybean pod borer. 
PMAR No. S has longer trichomes a1 the lower sur
face of its leaves and various organs, compared with 
other cultivars. Sho rt trichome is genetically a 
dominant character (Table 4). Densities of trichomes 
on the young leaves are not significamly di fferent 
between the resistant and susceptible cultivars. 
Therefore, lhe 1richomes on the leaves have no rela

tion to aphid resistance in melon. 
In cucumber, it is reported that bitter phenotypes 

are less favorable for aphids41• But in melon, it cou ld 
nol be idcnlificd lhat exlracts, either crude or frac
tional, from leaves o r the resistant eultivar controlled 

No. of Length of No. of 
plants 
tested 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

1richomcs•) 1richomes 
(µm) per rnm2 

222±24.sb> 43.2 
169± 15.7 49.0 
157±13.9 
164± 16.1 
166 :!: \ 5.4 
147 ± 10.9 
ISO± 9.3 
168±16.4 
169 :!: 17.7 
18S ± l5.4 

the aphid population on leaves and artificial diets 
as well. Steam distillations from leaves were also ana
lyzed on a gas-chromatography, but no specific sub
stance has been detected in aphid resistant plants so 

far. 
As menlioned above, the mechanism of aphid 

resistance and the relevam component factors have 
not been identified yet. Purthcr studies are required 
10 esrnblish an improved breeding method for aphid 
resistance in melon. 

Implications of aphid resistance for melon 
production 

In the field tests, very few plants selected for aphid 
resistance showed symptoms of viral diseases after 
planting, whereas suscepliblc plants showed heavy 
incidences or mosaic and stunting, even under a slight 
aphid infestation. 

In a plastic greenhouse, where applicat ions of 
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Table 5. Resis111nce to aphids in field lesls 

Cuhivar 

Breeding Jinesbl 
PMAR No. 5 
EARL'S-K 
H84S- 10 
H84S-4 
SHINJU- 100 
HARUKEI No. 3 
NA TSU KE I No. 6 
Honey-dew 

Aphid population 
indices•l 

0 .7 
0.8 
5.0 
4.4 

4.0 
2.0 
3.8 
3.8 
5.0 

a): Aphid popu lation on individual plants refers 10 as 0 
(no or rare aphids a nd plants are not damaged) to 5 
(ma ny a1>hids and plants arc almost dead). 

b) : Average o f 23 breeding lines which were sclcc1cd as 
aphid resis1an1 lines. 

insecticides were discontinued after fruit-setting, there 
were serious attacks of aphids on commercial varie
ties; some plants were dead before harvesting. 
However, PMAR No. 5 and other resistant inbred 
lines under test were a lmost free from aphids and 

no plam damages resulted (Table 5). 
In summary, melon plants possessing aphid 

resistance were a lmost free from infection of virus 
mediated by aphids. By employing resistant culti
vars, therefore, the necessity of insecticides could be 
minimized in cultivating melon. 

As far as commercial use of PMAR No. 5 is con
cerned, it still has some serious problems due to its 
unaccep1able characters for marketing in Japan: i.e. 
redd ish nesh, low sugar contents, development of 
abscission layer on peduncle, and physiological leaf
withering. A breeding program is present ly under 
way in Japan, through which several inbred lines 
have been derived from the hybrids between PMAR 
No. 5 and Japanese cultivars of an EARL'S 
FAVORITE type. Those inbred lines are character
ized by a netted and green nesh type. However, fur
ther improvements are required to remove an 
undesirable character of leaf-withering. Since leaf
withering is genetically a recessive character, it is 
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expected 1ha1 1his shoricoming could be eas ily 
alleviated in the breeding effons. In facl, some of 
1he F1 hybrids, using those inbred lines as a parent, 
are promising for commercial use in the near future. 
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