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THE IMPACT OF MORPHOLOGICAL CHARACTERS ON
THE RESISTANCE OF SOME MAIZE CULTIVARS TO THE
ATTACK OF ATHERIGONA SOCCATA ROND.!

Abdulmajid Kasana and M.A. Wahla?

ABSTRACT

Morphological characters contributing to the resistance of selected maize
cultivars against Atherigona soccata maggots were studied. After a preliminary
screening of 20 maize cultivars, a lot of five cultivars, viz., Composite-15, Swat-1,
Gouhar, Zia and Sarhad white, were selected for trials. A total of 16 morphologi-
cal characters of the above cultivars were included in the present study. The
effect of these characters on resistance against the insects was measured in terms
of percentage of plants that escaped infestation. Four characters were found to
be positively correlated to resistance whereas 10 of them were found to be nega-
tively correlated.
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INTRODUCTION

The sorghum shootfly (SSF), Atherigona soccata Rond. (Diptera: Muscidae) is
a widely distributed pest in Europe, Africa and Asia. Besides sorghum, it inflicts se-
rious damage to maize, wheat, small millets and some grasses (Atwal, 1986). In Pa-
kistan, the SSF is a notorious pest of maize. It causes death of central shoot re-
ferred to as deadheart and can harm seedling up to 4-5 weeks after emergence. Of
the various means of saving this crop from this pest, the cultivation of resistant
varieties is the safest of all. Morphological characters of the plant, being the trig-
gering factors with regard to the preference / response of a pest species on the crop
are, therefore, necessary to be sorted out against insect pests. Studies on the resis-
tance of maize against insect pests have been undertaken by many workers (Lal
and Pant, 1980; Guthrie et al., 1983; Mote et al., 1986), but none on the preference
of SSF on maize.

No previous investigators have included morphological characters of maize
cultivars as a resistance mechanism against maggots of SSF. However, many such
attempts have been made on other crops such as sorghum (e.g., Singh and Jotwani,
1980; Bapat and Mote, 1982; Delobel, 1982; Raina, 1982; Maite et al., 1984; Patel
and Sukhani, 1990 and Karanjkar et al., 1992). The present study is exclusively
based on the maize / SSF relationship.
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MATERIALS AND METHODS

Out of 20 maize cultivars initially screened, five (Composite 15, Swat-1, Gouhar,
Zia and Sarhad white) were selected for the trial and were left to be infested in
nature with SSF. The trials were laid out in RCBD with five treatments and four
replicates. There were 20 plants in each replicate plot. Within each plot, five ran-
domly selected plants were measured for morphological characters.

Resistance of the varieties against SSF maggots, expressed in terms of the
percent of total undamaged plants, were calculated from the number of deadhearts
at early whorl stage (4-6 leaf) when the pest attack appeared to be at maximum.

The morphological characters studied were plant height, leaf-area index, thick-
ness of leaf-midrib, length of leaf-sheath wrapping, the angle of leaf-divergence
from the stem-axis, diameter of thé stem at 0-cm, 3-cm and their average with and
without the leaf-sheath wrapping, thickness of the leaf-sheath wrapping, colour
intensity of leaf as well as of its sheath, nature of leaf-sheath wrapping and also the
nature of the outer leaf-sheath surface.

Except for the last 4 qualitative characters, measurements of characters were
taken with the help of geometrical instruments. Diameters, thickness and lengths
were measured with a Vernier Calliper, Screw Gauge and measuring scale, respec-
tively. The mean values for the characters were compared for varieties.

The data were analyzed through analysis of variance (ANOVA) and Duncan
Multiple Range Test (DMRT) was used to compare the means. To understand the
impact of different morphological characters on the plants ability to resist insect
infestation, coefficient correlations were calculated.

RESULTS AND DISCUSSION

ANOVA for data on percent undamaged plants showed that the variation due
to cultivars was significant. The data pertaining to the resistance of five maize
cultivars against SSF is given in Table 1. Column A of this table displays the per-
centage of plants which remained undamaged by SSF maggots, whereas, columns
B to G give estimates of the differential morphological parameters of cultivars tested.

Significant variations were observed in the mean values of different charac-
ters, except for the diameter of stem and for the nature of the outer leaf-sheath
surface (Table 1 & 2). Variations in colour intensity of the leaf-sheath (Table 2) did
not fall in any match with those in the percentage of undamaged plants (Table 2).
Variations in morphological dimensions, however, were associated with the corre-
sponding differences in percentage of undamaged plants.

The nature of differences in four characters (Table 2) could not be measured
numerically and were, hence, not included in further analyses of the data. The cor-
relation of changes in the % undamaged plants with the other 12 characters were
calculated (Table 3). -

The correlation between changes in the percentage of undamaged plants of
different cultivars and their morphological characters from one treatment of an-
other (Table 3) was either significant or highly significant, except in the case of leaf-
area index where no relationship could be established. Amongst the other cases,
however, it was further seen that plant height, thickness of leaf-midrib and length
of leaf-sheath wrapping were positively correlated with the measure of undamaged




191

KASANA, A. & WAHLA, M.A.

yjoows 3s00[ 19]01A USIppal g/7 u9s.13 daap 2Iym pByIBS
yjoows 3s00[ J9[0LA USIppal g/3 u2a1d dasp 817
yjoouws 8s00[ 19[01A USIppal Z/1-g/T pai1 padunp quiprut yym usaid desp Ieynos)
yjoous 1481 J2[0LA Ysippal g/g qLIPIUL 9[0IA YSIPPAI Y3im Ysiuaald 1-jemMg
yjoows ys1y  noydnoiy) 1a]01A YsSIppal  (LIPTU }9[0IA YSTppal Yim Ystuaaid jysi gT-9q1sodwoy)
20BJaNS Yjeays . durddeam yjeays Jea] Q0ELINS JBa] I2M0] sIBAINYD
Jeol xono Y)eays Jea| Jo fyrsus;ur mojoo [elsusy
3} Jo aanyen a1y} Jo aamyeN

‘uone)sajul A[Jj00ys
oy} jsureSe 20UB)SISOL I19Y[] 10] P2)SA] ‘SIBAIIMO SZIBUL SALJ JO SIajoeleyd [ealSojoydiouw jueytodunt jo uostredwon s dyymuuy g 9[qB]

(IMNA ‘900> d) JusIagtp quesyruBis j0U a1 199)9] SUIes 9Y) A PaMO[[0) ULIM[EO B UIYJLM SUBIJA]
Y3eays Juay,, ‘[2A9] punaLl aA0qs 4

990 890 ¥90 2L0 ¥LO 0L0 q2LE00 26L 2LEY 2 98760 9712 929 ANYm peyleg
S90 L90 €90 0L0 BLO 890 q0¥e00 2¥%L o4 L8P q¥L0T qLEz qe 0L 81z
990°0 L90 €90 690 TLO .90 qe 6200 973L e TS 2 66760 q8 0'%% qis JBUTLOW)
€9°0 990 T90 L90 690 990 BG9200 ®BOL q® 299 qe 91T B¥65 B 88 I-9emg
€90 ¥90°0 T90 490 690 S90 i B.OGE0 0 BlOL BEI'9 B g BT0E 806  gT-aatsoduro)

98eJoAY WD-g WIO-) o5 ldAy WID-g UID-) (uxo) (a2a30p) (wo) xopur (uo) (%)

souad

ST Inoqyim ST W (s18% wog) 4,§TJ0  -wAIp Jeo| Yy Buiddeam yyeays  eare Jy3rey syueld
[o49] puNoLd sa0qe Jejoulep Wwagg SSOMOMY], [PWANXY oY) Joo[3uy - jeopjo |Sus]  Je] uEld podewrepup)  sreApm)
() @ (@ (@ ) (@ ()  wumpop

uorje)sajul A[Jjooys ayj Jsurede aouwsisal o)
SunnqrIjuod ‘sIBA)[MD SZ[BUI dALf JO S1xoeteyd [so1Sojoydiowt jus)iodull Jo sanjea weswt ayj jo uostiedwiod sdynw y I [qE]




192 : THE PHILIPPINE ENTOMOLOGIST

Table 3. Correlation between the shootfly infestation and the morphological cha-
racters of maize cultivars.

Morphological Characters Shootfly Infestation
Plant height 0.92*
Leaf area index 0.83
Thickness of leaf mid-rib 0.89*
Length of leaf sheath wrapping 0.95*
Angle of leaf divergence -0.98**
Diameter of stem with leaf sheath 0-cm above ground level -0.96**
Diameter of stem with leaf sheath 3-cm above ground level -0.97**
Average diameter of stem -0.97**
Diameter of stem without leaf sheath 0-cm above ground level -0.93*
Diameter of stem without leaf sheath 3-cm above ground level -0.90*
Average diameter of stem -0.89*
Thickness of external leaf sheath -0.99**

Significant at *5% and **1% level.

plants, as against the angle of leaf-divergence from the main plant axis, diameter of
stem, and thickness of leaf-sheath wrapping which were negatively correlated with
it. Thus, it clearly suggested that the changes in different morphological dimen-
sions of the cultivars were associated with the changes in the estimates of the un-
damaged plants.

The crux of earlier researchers’ findings was that the height of seedling, the
long-narrow shape of leaves, the length and hardness of the leaf-sheath and its
hairiness etc. were all positively correlated to SSF infestation of the varieties in-
volved, as against the intensity of the leaf colour and the nature of its surface which
were found to be negatively correlated with it. The density, angle and length of
trichoses, were, however, found to have absolutely no relationship with the resis-
tance of sorghum to SSF maggots (Singh and Jotwani, 1980; Bapat and Mote, 1982;
Delobel, 1982; Maite et al. 1984; Mote et al. 1986; Guthrie et al., 1983; Patel and
Sukhani, 1990; Karanjkar et al., 1992).

As to explanations of the observed role of different correlated factors on SSF
damage to the cultivars, it may be that resistance is generally manifest through a
number of biological responses of the pest, from oviposition by adults to the final
death of the attacked plant at different stages of growth. Thus, any change in the
morphological characters should, before affecting the maize infestation with the
maggots, not only influence the oviposition of its adults on the maize leaves but also
the travel of the maggots from the leaves to the leaf-sheath base as well as their
boring into the stem and their final stay within it up to the final emergence of the
imago.

Thus the characters which facilitate successful survival/development of the
pest through the stages should cause the increase of SSF damage to the plants, as
against those which discourage it and/or have no effect. As such, a positive correla-
tion of the thickness of leaf-midrib as well as of the length of leaf-sheath wrapping
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which are both hard and tight with the undamaged plant, should suggest that an
increase in them would discourage the travel of the maggots to the boring site.
Similarly, an increase in the plants height, which is also accompanied with hard-
ness, should discourage their easy entry into the stem, as well as what follow next
up to the final emergence of the imagines. A negative correlation of the angle of
leaf-divergence, the diameter of stem as well as of the thickness of leaf-sheath with
the undamaged plants, would, on the contrary, encourage successful development
and survival of the pest, ultimately decreasing the number of plants which would
escape the pest damage.

This would mean, that the net damage of each cultivar, ultimately reflects
upon the cumulative influence of the increment of the positively correlated charac-
ters and a corresponding decrement in the negatively correlated ones or vice versa.
Thus the significantly higher number of undamaged plants in Composite-15 and
Swat-1 was due to the cumulative protective effect of an increase in plant height
and the thickness of leaf-midrib, as well as the length of their leaf-sheath wrapping
along with a simultaneous decrease in the angle of leaf-divergence from the stem-
axis, stem-diamter and in the thickness of leaf-sheath. On the other hand, Sarhad
white, where the morphology of these characters was just the opposite and signifi-
cantly less protective for the plants. The comparative impact of the morphological
characters on the damage of the other two cultivars, viz., Gouhar and Zia was,
however, equal to one another and of an intermediate degree compared with those
discussed above. Thus, the degree of resistance which is a direct reflection of the
undamaged plants, can be, on comparative basis, summed up to be of the following
order.

Composite-15 = Swat-1 > Gouhar = Zia > Sarhad white

Since SSF infestation, as expressed in terms of undamaged plants, is a direct
reflection of the plant’s resistance towards a pest, it can be concluded on the basis of
preceding discussion that (i) of the various cultivars tested, Composite-15 and Swat-
1 were the most resistant to SSF maggots and Sarhad white, the least so; (ii) of the
16 morphological characters tested, only 14 determined the resistance of cultivars
against SSF infestation; (iii) the differences in plant height, thickness of leaf-mid-
rib, nature of the leaf-sheath wrapping were positively correlated to the resistance
of cultivars tested against the SSF maggots, while the diameter and thickness of
leaf-sheath wrapping of the steam and intensity of leaf colour were negatively cor-
related to it.

Based on these conclusions, it is suggested, for practical purposes, that in or-
der to reduce the SSF damage of cultivars tested, the cultivation of Composite-15
and Swat-1 should be encouraged over others, provided otherwise reduction in the
yield of maize is predicted. The study could help breeders in the selection of mor-
phological traits.

Some morphological characters such as trichome-density, length and angle of
insertion on the leaf, along with leaf-ridging, were not inchuded in the present stud-
ies. Similarly the intensity of leaf colour etc., (Table 3) could not be presently stud-
ied in quantitative terms but it is suggested that they may be included in future
studies. Furthermore, the impact of leaf-area index, thickness of the leaf-midrib,
angle of the leaf-divergence from the stem, diameters of the stem, thickness of leaf-
sheath, colour of the leaf-sheath as well as nature of its surface and also of its
wrapping, which have not yet been reported in literature, need to be included in
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future insect host plant resistance research.
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