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INTRODUCT ION

“re sorghum shootfly (Atherigona soccata Rond.) is a major pest of

surgnum i Sorghum bicolor Moench) in much of the Indian subcontinent and

1o mivy parts of Africa. Eggs are laid by the shootfly on the abaxial
wrface of seedling sorghum leaves. The larvae hatch, migrate down the
"na ooty the whorl, and feed on the young leaf tissue and cut the grow-
11 puint of the shoot. This produces wilting of the growing shoot and
"t Leaical 'dead heart' symptoms. Under high levels of infestation,
L'+ surghum shootfly can cause severe loss of plant population and hence

yoerd 1usses,

Tne 1dentification of sources of genetic resistance to this pest
and theyw ncorporation into elite materfals 1s an important objective
Jt tne [(RISAT Sorghum Improvement Program. Currently this effort relies
un field screening technigues, in which test materials are exposed to
nigh populations of the shootfly by a combination of late planting of
screening ndrseries. shootfly attractants, and the use of early sown

spreader rows of a susceptible cultivar.

work at a number of centers including ICRISAT has established the
extstence of three general mechanisms of resistance to the sorghum shoot.

fly (Starks, 1972; Blum, 1972).

1} Oviposition non-preference: This appears to be the major form of
resistance in Indian landrace materials (Jotwani, 1976; Soto, 1972).



2) Antibiosis or seedling resistance: Certain cultivars show 2
relatively low incidence of dead hearts despite a fairly high
level of egg laying. Little is known of the mechanisms of this
type of resistance (Blum 1972) and its potential has not been
studied.

3) Recovery resistance: This type occurs mainly in East African
1ines, in which heavy tillering after shootfly attack replaces
the lost shoots (Doggett et al 1970).

An inftial survey of the leaf epidermal morpholoqy of a small set
of cultivars possessing some field resistance to the sorghum shootfly
indicated that many of the resistant lines were trichomed (R.K. Maiti, 1977},
Experience in other crops suggested that the presence or the nature of the
trichomes could be a mechanism of either oviposition non-preference or seed-
1ing resistance. Based on this possibility, a series of cooperative experi-
ments were initiated in 1977 by the Sorghum Physiology, Entomology and

Breeding subprograms.

This report is the first of a series from those studies. It deals
with the nature, occurrence and variability of leaf trichomes in sorghum.
Subsequent reports will cover studies on the role of trichomes and of a

seedling morphological trait in shootfly resistance.



NATURE OF LEAF TRICHOMES IN SORGHUM

In order to learn something of the nature and the variation in
trichomes in sorghum, microscope studies were made of the trichomes on a
number of lines from the Sorghum EntomoTogy field screening program.
Observations included the morphology, length and angle of the trichomes
{from the horizontal plane of leaf surface) and their density and distri-
bution on the leaf surface. These findings have been summarized in this

section

Materials‘and methods

Standard procedures with some modifications for the clearing of
leaves for microscopic observation were adopted for the observation of
teaf trichomes. Leaf segments about 1-2 cm2 were heated in 20 cc of water
in small glass vials (2.0 ¢cm diameter by 7.5 ¢m high) for 15 minutes in an
incubator set at 85° C. The water was poured off and 20 cc of 95% ethyl
alcohol was added and the leaves boiled for approximately 20 minutes in
the 85° C incubator. This alcohol was poured off, fresh alcohol added,
and the boiling procedure repeated to completely remove the chlorophyll
from the leaf. The alcohol was again poured off and 20 cc of concentrated
907} lactic acid was added, the vials stoppered, and heated again at
859 ¢ unt1l the Jeaf segments cleared (approximately 45 minutes). The
vials were cooled and stored for observation. _eaf segments could be

stored ‘ndefinitely in this manner,



For examination, the segments were mounted on slide in a drop of

lactic acid and observed with a compound microscope {160 x magnification).

Counts of trichome numbers were made on randomly selected fields of 0.8 unz

2 basis for reporting. Trichome lengths

-

were estimated with the help of an occular micrometer, usually on five

and results converted to a 1.0 mm

random!y selected trichomes per microscope field. Trichome angle (from
the horfzontal) was estimated visually to the nearest 5 degrees, by compari.

son to a set of standard angles.

Results and discussion

Trichome occurrence

Trichomes are of infrequent occurrence in sorghum; of approximately 550
entries selected from the germplasm to represent all taxonomic groups in the
collection only 16 were found to have trictomes. Trichomes are found on
both surfaces of the leaf, but tend to be more numerous on the adaxial
surface (Table 1). They are also more numerouys near the tip of the leaf
than at the middle or the base (Table 2). The trichomes are generally
concentrated along the main vascular bundles but are also found in the
interveinal areas of the leaf. They vary in density from as many as 45 to
as few as five per square mm (Table 3). When leaves which are less than
fully expanded are sampled, trfchomes number per unit area of microscope
field will appear more numerous and under these conditions they should be
related to epidermal cell numbers rather than to unit leaf area for valid

comparison among cultivars,



“richome morphology

Trichome in sorghum are single celled projections or hairs, easily
visibie at 160x magnification, on the ep:dermis of the leaf (Fig. 1.3).
They are frequently, but not necessarily pointed at the tip. Thay form
an acute angle with the syrface of the leaf, an angle which in our
sbservations varies between 17 and 32° a&ong different cultivars. Tri.
cnomes are generally directed towards the base rather than the tip of
the leaf. On the cultivars we observed they ranged from 20 to 55 microns

in length. (For a general description of trichomes, see Esau, 1965).

There are a number of variations in the morphology of trichomes in
sorghum. Some of these are 1llustrated in Figure 4. Note differences in
size, shape, length and orientation (relative to the epidermal cells) in

the drawings.

Leaf anatomy of trichomed and trichomeless genotypes

we nave made a number of observations of the anatomy of the leaves
of trichomed and trichomeless genotypes to determine if there were dif-
ferences in mechanical barriers associated with the presence of trichomes
which could be important in shootfly resistance. No such differences in
cuticle thickness or in degree of lignification have been observed in
gither the leaf sheath, leaf lamina or the vascular bundles in any of the

lines examined.



Table 1 : Trichome density per -nz on the center portion of the adaxial
and abaxfal surfaces of the fifth leaf. Means are of ten
Teaves par cultivar and two microscope fields per leaf.

Genotpe furface Surtace
IS 1054 17+ 1.3 6 + 1.0
IS 2146 45 2 3.3 21 = 4.4
IS 2314 22+ 1.6 4+ 0.6
IS 5604 28 : 1.6 9 + 2.2
IS 5484 37 0+ 5.1 22 : 4.1

Table 2 : Trichome density per mz at base, middle and tip of the abaxial
surface of the fifth leaf. Means are of 10 leaves and 2 micro-
scope fields per leaf.

-y W ST R O G g T W U O G O . S gy T g O T A S D TD B S W TR A W AR g T D W A T g W U R g D g S SR

Genotype Base Middle Tip
1. IS 5604 2 +« 0.2 5 + 0.6 15 ¢+ 1.9
2. IS 1054 2 : 0.2 3 ¢+ 0.3 6 + 1.0
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Table 3 : Range of trichome density on the abaxial leaf surface
of the fifth leaf in selected sorghum cultivars.
Means are of 10 leaves per cultivar and 2 microscope

fields per laaf. .

Cultivar Trichomed/mm'
IS 11§ 6 + 4.7
IS 5613 5 4,7
EN 3342-4 45 + 4.
IS 2146 45 + 4.4
IS 2205 30 : 40
15 18588 28 2.5
IS 5622 28 ¢+ 4.4
IS 1054 8 + 0.9
NCL-3 4 + 1.3
1S 5067 4 + 0.9

I



VARIATION IN TRICHOME NUMBER (EXPERINENT 1)

Because the possibility existed that trichome density may be related
to shootfly resistance, studies were undertaken to determine the magni-
tude of variation in trichome density within cultivars and the factars
affecting density. (Subsequent work has indicated that the presence or
absence of trichomes on the leaf is more important for shootfly resistance
than the density of trichomes. These studies on trichome density are
reported as a matter of general information on the nature and eccurrence

of trichomes).

Materials and methods

From a preliminary experiment conducted during 1977, it appeared that

trichome number per mz

varied with the leaf chosen for observation, the
stage Of growth of the leaf and the part of the leaf sampled. The decision
was taken to restrict the portion of the leaf sampled to the center

portion of the abaxial leaf surface, as this is the region in which shoot-
fly eggs are usually lafd (Davies and Seshu Reddy, unpublished data). It
was decided however to investigate in more detail the variation of trichome
number among individual leaves and among different stages of growth of the

plant (upto 4 weeks from emergence).

Ter cultivars of which seven were knowh to have trichames were planted
fn single row plots on July 11, 1977. Three trichomeless lines were
included in order to determine if the absence of trichomes was consistent

12



in all the samples. All expanded, but not visually sanescing, leaves
were sampled on 10 randomly selectad plants per row at 7, 14, 21 and 28
days after seedling emergence. Trichome number, angle and length were
determined n two microscope flelds of the abaxial surface of a section

of the leaf taken near the center.

Results and discussion

Trichome number per unit leaf area appears to be a highly variable
characteristic; the analyses of variance for this experiment indicated
significant effects of the leaf sampled, stage of growth at sampling
and an interaction between the leaf sampled and cultivar. The data for
all cultivars in Experiment ! (mean trichome number for each leaf at
each date of sampling) is presented in Appendix Table 1. It has been
summarized in tables 4 to 7 1ilustrate the general effects of the two

main variables, the leaf sampled and the time of sampling.

There was a general tendency for trichome number to increase in the
later leaves, upto a maximum on leaves 3 and o (Table 4). There was
variation among cultivars iﬁ this however; for example, maximum trichome
number in the two 1ines derived from crosses involving 23/2 as a parent
was attained in leaf 3 rather than the later leaves. ODifferences fn
:rii:homes/mmZ among different leaves sampled at 2] days after emergence
(at which time leaves 3 to 6 were sampled) were tested for three cultivars
using leaf x plant mean square as an error term (Table 5). Leaf to leaf
varfation was significant for two of the three cyltivars. Compared to
variation within a leaf (microscope field mean square), leaf x plant

effects were also significant.

i3



in addition to the differences between individual leaves sampled
on a single date, there was also0 variation in trichome number for a
single leaf sampled on different dates (Table 6). This effect was
tested for two selected leaves, the third and the fifth (which were
sampled on days 7, 14, and 2) and days 14, 21 and 28 respectively).
Date of sampling was highly significant in both leaves (Table 7), and
the interaction between date and cultivar significant for third leaf.
The apparently higher values for leaf five on the first date of sampling
(14 days after emergence) may be due to the fact that this leaf was not
fully expanded at this time, and counts of trichomes per unit microscope
field gave abnormally high values. There is no obvious reasen for the
differences in trichome number among dates for leaf three. This effect
(and the interaction) was due mainly to two cultivars [S 5604 and IS
18584 (1S 5604 x 23/2) ( Appendix Table 1).

The three trichomeless cultivars in the study, CSH-1, Swarna and
IS 130 were found to be trichomeless on all leaves and on all dates
sampled indicating that trichomes are constently either present or

absent in sorghum.

Because of the variability in trichome number within cultivars for
both time of sampling and leaf sampled, characterizations of individual
cultivar trichome density will be sybject to some imprecision and results
may not bc independent of time and method of sampling. As our purpose was
to attempt to relate the presence anq the density of trichomes to resis-
tance to shootfly, a sampling procedure was adopted based on the pattern

14



Table 4 : Mean trichome number per mn¢ (for all dates of

sampling) for leaves 1 to 7. Experiment 1,

Cultivar B . .5.- .-...- §-.---.~.-. we

r 2 3 1 5 6" 7

IS 1082 6.6 6.9 6.3 10.0 16.1 22.4 16.4
IS 18584 (5604 x 23/2) 8.3 10.0 21.5 18.1 16.8 12.5 8.1
1S 18652 (1052 x 23/2) 7.6 14,1 20.5 14.6 14.4 12.8 9.4
IS 18588 (5642 x R960) 16.6 11.6 13.2 18.2 23.7 22.6 1.2
IS 18654 (1082xWABC 4062) 7.4 8.0 9.7 16.7 28.7 26.0 19.8
5604 5.8 12.0 21.8 19.2 18.7 20.4 4.8
IS 1084 7.5 6.0 4,7 5.6 11.8 10.0 11.6
X ‘ 8.5 9.8 14.0 14.6 18.6 18,1 13.0

........................................................ re L BT 2 2 X % X R 1 ]

Table 5 : Analyses of variance for effects of plant and

leaf sampled on trichome density of the abaxial

leaf surface at 21 days.

Experiment 1,

Mean squares

Y§'T6§l""Y§'76§2"""'§661
Plant 52 298
Leaf 293+ 2989»*
Plant x leaf 27 67 273
Microscope field (px1) 40 N 39
*'p < .05
*% p < , O]

15



Table 6 : Mean trichome number per Ilz (for all cultivars) for
each time of sampling, Experiment 1,

LT T T Leaf number
bay B A R R A

P R G B BP BV LN PR RGN R RPN RO PR RPN SR PR T ST T M G LW IR T uw T P g

7 7.0 8.6 11.8 ’
14 10.0 10.9 13.4 15.2 22.7

21 16.7 13.9 19.4 24.)

28 4.7  13.7 12,2 13.0

Table 7 : Analysis of variance for trichome number as a function
of cultivar and date of sampling for the third and
fifth leaves*, Experiment 1.

WA s B L Wi D D R T T LT G P L T L P D L R L T, TR T L, g, A

Mean squares

df Leaf 3 Leaf 5
Genotype 6 1617+ 1036**
Date 2 438%* 1405+
Genotype x date 12 109*+ 101
Plant(genotype x date) 189 37 n

LL T Pl L R L R R L AL L L R L L L L P L L TPy ey ey ey i Y P e Y

Dates sampled are 7, 14 and 21 days from emergence
for leaf 3 and 14, 21 and 28 days from emergence
for leaf 5.

** p < .0

16



of egg laying of the shootfly. Counts of egg numbers on large number
of plants have identified the fourth and fifth leaves as the major sitas
for oviposition (Davies and Seshu Reddy, unpublished data), Therefore,
these two leaves were selected for sampling and approximately 21 days
after emergence was recommended as the time for sampling, as the fifth
leaf is generally expanded by this time. This procedure was field
tested in Experiment 2, using proper field replication and larger set

of cultivars.

17



FIELD SAMPLING METHODOLOGY FOR TRICHOME NUMBER DETERMINATION(EXPERIMENT 2)

Based on the results of Experiment 1, a sampling scheme (described
above) was fixed with respect to the leaves to be chosen for sampling and
the time of sampling. A replicated field experiment was carried out using
this sampling scheme, and the contributions to variance for trichome number
from the following sources were estimated: microscope fields per sample,
leaf sampled on a plant (4th and 5th leaf from the base only), plants
sampled per plot, and replications in a test.

Materials -nd methods

Thirty eight 1ines (of which 27 were trichomed) were planted in 1 row
x 5m long plots in 4 replications on August 1, 1978. At 21 days.after
seedling emergence, three fourth and three fifth leaves {from different
plants) were sampled from each plot for the 27 trichomed 1ines. Three
microscope fields per sample were counted. The datawere analysed as a
factorial experiment with genotype and leaf number as main factors and
with plants nested within the genotype by leaf interaction and microscope
fields nested within plants. Variance components were estimated using

expected mean squares for each effect.

Results and discussion

Genotype means for trichome density in this test ranged from 9-45

trichomas/mm2 with an overall experimental mean of 24. Genotypes, leaf

18



position, genotype x leaf position and plant within leaf position ware
all highly significant effects (Table 8). Leaf position effects were
expected from the results of Experiment | and significant plant effects
(as tested by within plant varfation) should not have been unexpected
(Table 5). Similarly, the significant inferaction between leaf position
and genotype was suggested in Experiment 1 (Table 4). These results
confirm the earlier conclusion that trichome number varies among plants
within a cultivar and among leaves within an individual plant and that
the sampling of a single, standard leaf is not sufficient to compare

genotypes.

The variance component analysis (Table 9) indicated major contribu-
tions to the variance were from plants and microscope fields within plants.
Leaf position was omitted from the analysis as it was considered a *fixed
effect. The contribution from plot differences was negligible and that
from genotype x leaf position interactions intermediate. A number of
sampling strategies (different combinations of plants, leaves, etc.) were
then evaluated as means of reducing the varfance of mean trichome number

(Table 10).

As the two largest variance components were plants and microscope
fields per leaf sample, the first attempts were made to reduce these two
components. Increasing the number of microscope fields with a constant
nurber éf plants does not reduce the variance of a genotype mean signifye
cantly (compare 1ine Nos. 1.3, Table 10). Increasing the number of plants

19



however, reduces both the plant and microscope field components of the
variance, as well as substantfally reducing the varfiance of a genotype

mean (see lines 4-7, Table 10).

The number of plants sampled is clearly the most important s;nqle
factor in determining the variance of a genotype mean. Approximately
20 total plants are required to reduce the standard deviation of a
genotype mean to an acceptable level - approximately ten percent of the
mean (lines, 7, 10 and 11, Table 10). Plant numbers can be increased
either by increasing the number of plants within a replication or by
increasing the number of replications. For reasons of general experi-
mental technique, at least two replications should be used. Using more
than two replications, however results in only a small decrease of
variance if the total number of plants is kept constant (compare lines
10 and 11, Table 10).

Sampling two different leaf positions reduces the variance only
sliﬁhtly. (compare 1ines 5-7 to lines 8-10, Table 10), but is desirable
because there is a substantial genotype x leaf position interaction
(Tables 8 and 9). It is advantageous to sample different leaf positions
from different plants, rather than the same plant. This procedure
doubles the number of plants sampled without increasing the total number
of sanmpes, and thereby halves the contribution of the plant component
to the total variance (compare lines 1) and 15, Table 10). Observing
two microscope fields per leaf samp}e when plant numbers are sufficient,
decreases variance only slightly (1ines 14 vs. 16, 15 vs. 17, Table 10),
but might be worthwhile since it does not involve much additional effort.

20



Table 8 : Analysis of varfance for trichome number. Experiment 2.
Three-fourth and three-fifth leaves were sampled (from
different plants) from 27 trichomed cultivars at 21 days
after emergence. Three microscope fields were counted
for each sample,

................................................... WP RS e g T G eNBReeeha

Source df $$ MS EMS (Leaf fixed, others random)
Rep 3 %3 12

2 2 2 2
Genotype 26 150402  5785** o Fe3g pedo E+720 G

2. 2 2 2
Leaf position 1 67157 67154** o F+3g p+9oE+360GL+972KL

2 2 2 2
Gen. x leaf 26 19058 7335w o F+30 p*90 E+360 GL
position

? 2 2
Error 159 29688 187 o Fedo p¥9o E

2 2
Plants 432 69346 1619 o Fedo p
within leaf

"t
LY

Fla/p/Ley 1296 39345 30 o F

1943 375354

*p <« .0}

a/ Microscope fields within plants within leaves.
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Table 9 : Variance components for trichome number, Experiment 2.

b
o F = 30.36

o P = 43.39 = (160.52 - 30.36)/3

o E® 2.91 = (186.71 - 160.52)/9
2
o GL=15.17 = (733.00 - 186.71)/36

g G®77.75 = (5784.69 - 186.71)/72

Varfation mng different
microscope fields of the
same leaf.

Var{ation among plants in
the same plot.

Plot to plot variability.

Genotype x Leaf pgsition
interaction.

Variation among pure line
genotypes in this study.
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It 1s possible to calculate a 'detectable difference’ in trichome
density from the variance of a genotype mean. These calculations were
done assuming a sfignificance level of 51 (ap = 0.05) and the desirability
of obtaining a statistically significant difference 80% of the time
(8 = 0.8). The applicable formula is:

¢ > % B ou)

where d the minimum difference which one can be confident of
detecting B8 x 100% of the time

SG Standard deviation of a genotype mean
t = tvalue fora = 0.05

0 °

t] » t value for a; = 2(1-8)

For simplicity, a large genotype set was assumed, so the degrees of
freedom associated with ts and t) are effectively equal to infinity For

small numbers of genotypes, different t values would have to be used.

As an example, if an experimenter wishes to detect a difference of
10 trichomes/mmz. he can do so with 2 reps, 10 plants/rep, 2 leaf positions,
and | microscope field per leaf sample (line 11 or 14, Table 10) The
necessary sampling scheme can be determined from Table 10 for any desired

level of detectable difference.

Recommendations for sampling

From the results of the above experiments, we recommend the following

24



procedure for sampling to obtain genotype trichome density.

1. Two field replicates are sufficient

2. Single row plots are large enough to provide sufficient plants for
sampling

3. Time of sampling should be approximately 21 days from emergence
(by which time the fifth leaf i3 fully expanded)

4. Both fourth and fifth leaves should be sampled because of the
interaction of cultivar and leaf number

5. Ten plants (1f possible) should be sampled per plot, taking one
leaf per plant rather than two

6. One microscope field per leaf is sufficient. Two could be done
with 1ittle more work, but the advantage is small.

28



FREQUENCY OF OCCURRENCE OF TRICHOMES IN SHOOTFLY RESISTANT LINES
(EXPERIMENT 3)

In order to evaluate the role of trichomes in resistance to the
sorghum shootfly, 74 cultivars and 1ines supplied by the Entomology program
were sampled for the presence and density of trichomes in the post monsoon
season, 1977. The material included lines with a range of susceptibility

to the shootfly, as well as lines whose reaction to the shootfly was not

known.

Materials and methods

The lines were planted in single row unreplicated 5 meter long plots
on 17th October, 1977 and irrigated up. NoO spreader rows were used, but
the shootfly population was moderately high because of the late planting

date.

Sixteen days after emergence the fifth jeaf of seven randomly selected
plants was sampled in each p]ot? A section from the center of the leaf was
cleared and mounted as previously described. Abaxial surface trichomes
were counted on two microscope fields per sample and trichome length and
angle (from the horizontal) estimated on ten randomly chosen trichomes in
each field, Sampling was done 'blind' - without know'ng the identities of

the individual lines - in order to remove any bias in observation.

------------------------------------------------------------------- evarTeges

* The experiment was carried out before the methodology experiment reported
in the previous section, therefore the recommended sampling procedure
was not yet established.
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Field counts were taken of the percentage of plants with eggs at
21 days after ana and of the percentage of plants showing dead
hearts at 21 and 28 days after emergence. Because of the lack of field
replication, no estimates of error variance.for egg and dead heart counts
were possible. Fbr the trichome data, individual plant data were used to
estimate sampling error and this was used to test for differences in
trichome density, angle and length among the lines. This method is
Justifiable, since Experiment 2 data indicate that plot to plot variability
in trichome number 1s small. Data on all cultivars {s contained in
Appendix Table 3.

Results and discussion

Forty-three of the 76 lines sampled were found to have trichomes,

2 of abaxial leaf surface

with mean densities ranging from 4 to 46 per mm
(Appendix Table 2). Cultivar differences in trichome density for the
subset of 43 trichomed 1ines were highly significant (Table 11). Trichome
lengths ranged from a minimum of 26 u to a maximum of 48 , and trichome
angle from a minimm of 19° from the horizontal to a maximum of 29°. There

were significant cultivar differences for both parameters (Table 11).

There was thus considerable genetic variability for the density of
trichomes on the leaf, and therefore an opportunity to evaluate the role
of this %actor in shootfly resistance. Variability for trichome length
and particularly for trichome angle was less (as a proportion of the mean)
than for density, although the ratio of the among-lines mean square to the

27



within-1ines mean square is similar in all three cases (Table 11). The
role of trichomes in resistance was estimated in two ways: using a sub-
set of the 74 1ines with known reactfon to shootfly and usiﬁg the field
data for the entire set of 74.

For the first estimate, 38 1ines which had been entered in multiple
shootfly resistance screening tests were selected from the set of 74 and
rated as either resistant, intermediate or susceptible. These are 1isted
in Appendix Table 3, along with their trichome number as determined in
this study. In the resistant and the intermediate 1ines 14 of 15 and 9
of 10 lines, respectively, were trichomed, compared to only ! of 13 lines
in the susceptible class (Table 12). There were no differences among the
trichomed lines in the resistant and intermediate classes, however, in
terms of either mean trichome density or in the range of trichome densities

(Table 12).

Two types of comparisons were made utilizing the field data from the
entire set of 74 lines. The first comparison was of trichomed vs. trichome-
less lines (Table 13) and the second was among sub-classes of the trichomed
lines (Table 14). Sub-classes were established by ranking the trichomed
1ines in order of increasing frequency of trichomes/mmz. increasing trichome
lungtﬁ. etc. and then dividing the ranked lines into five equal classes,

Mean percent plants with eggs (21 days) and mean percent dead hearts (28 days)
were calculated for each of the sub-classes and these were tested for dif-

ferences by 't' test.



Table 11 : Means, ranges and variances for trichome number, angle and
Jength, Experiment 3. Data are from the fifth leaf from
seven plants, sampled 16 days after emergence.

...... '.'.'.'."7.'2--.‘.'.'...‘. e X2 2 1 3 1 3

Trichome number/mm_ Trichome" Trichome
Al Trichomed Yength(u) angle*

1ines ) ines

Mean 16 27 37 24
Range . 0-46 4-46 26-48 19-29
Among 11ines

mean square 1025 165 40

degrees of freedom 42 42 42
Within 1lines

mean square 96 19 4

degree of freedom 258 258 258

* Trichomed 1ines only.

29



Aluo Sawoydjdy YIIM sautl ,

MBa RS mawe ", e cEeP e e Tonn P e o et N Rt T E® o EE A LT L™ L w Y ow o, . - e -y

{'12-0 - l £1 alqLidassng
090 S0t 6 01l e pauaiu]

§°6y-0 9°(E vl Gl jJueysisay

P R R AT BT RS RN EB TR ETa W AT BB S EE LT EEE R R T e BT o o o T o g -

SWOYd1J3 YN [e30]

L R A Rl b L

abuey +UPIN
"--’Nl."""'-l“""

wen/A3} Suap” awoyd1 1] SUL| JO Jaquny

habadhbo ol b b Il R R At R o et R Rl T T T N T ey iy i P

"€ jusw)aadxy *asuodsad
A1JI00ys umouy Yjim SBU|| Ul SBWOYILJT JO AdUISAI4 : 2| 3|qel

30



—~ameecrcoanece P ones et etatetluesnon st ar e cTemeameretTear netrevrvoeererT anmeeTarael e, qquw

100" >4 o€ ¢ {00 > d $9°6 11813038 13,
€4-81 Sy 08-81 0 L€ Sdul| ssdjawoydia]
09-0 8l 09-9 of £ SBUL| pawoydi4f

LR B R R W W P A LR R R R R R I R A R Rl et Rt I RSP A g N AL Y

sbury Uy abuey ueap
YRV TR “TTskep 82 MO % e N

SAep 12 M43 el HIZ

SEce eSS, e et et e eomew et o EE e BT e® AT RGN M B e e G AT W an T L oS aa

"€ Juawlaadxy “(3Mdy) sbB63 yIim
sjuv|d Ibwuadaad pue (HQY) siseay pedp abvjuaduad
J0j $BUL| SSI|MWOYI|J] puR pIwWOYdiay] J0 uosiaedwo] : £ Iqel

i

3l



Table 14 : Comparison of sub-classes of trichomed lines for percen

dead hearts (% DH) and

percentage plants with eggs (2 PWE),

Experiment 3.
--------------------------- (I X X L L 0 X ¥ Fry x Ll X 1y X2 1 J .“-..-.-0.-..-0‘.‘.---.
Class* Trichome trait % DH 28 days 3% PWE 2} days
Mean Range Mean  Range Mesn Range
Trichome number{m®)
] 43.5 40-46 26 6-48 10 2-32
2 35.6 32-39 31 14-41 13 0-33
3 27.4 23.32 29 7-60 17 0-40
4 20.1 15.22 31 16-49 21 4-60
5 8.8 4.15 33 17-60 28 11.38
Trichome length ()
1 44.6 41.48 30 7-60 18 2-40
2 39.5 38.4] 35 14-60 25 0-60
3 356 35-.38 28 16-50 14 0-36
4 345 33.35 32 16-41 17 4.33
5 30.9 2633 23 6-40 15 2-38
Trichome angle jo}
1 271 2629 23 6-40 9 0-24
2 25.8 25-26 38 24-60 17 2-40
3 23.5 23-24 27 16-41 13 5-29
4 21 9 21.22 32 10-60 23 4.38
5 20.5 1921 30 17-50 25 11-60

* Classes 1 and Sn=8§
Classes 2,344 n=9

R



There were significant differences betwean the trichomed and trichomes
less lines for both percent of plants with eggs (18 vs. 45%) and for
percent dead hearts (30 vs. 50%1), indicating that the presence of trichomes
is associated with reduced shootfly damage, possidly via a reduction in ogi
laying (Table 13). The range of values in each group of 1ines was very
broad, however (Table 13). Part at least of this variabilfity is undoubtedly
& reflection of the lack of field replication (a particular problem in insect
work) but it also suggests that other factors, independent of trichomes, are

influencing the degree of resistance/susceptibility of a genotype to shootfly,

There were no differences in percent dead hearts among the sub-classes
of the trichomed 1ines,k whether the sub-classes were established on the
basis of density, length or angle of the trichomes (Table 14). There was 2
suggestion of differences among the sub-classes of trichome density and
trichome angle for percentage egg laying at 2] days. Mean percentage egg
laying, for example, ranged from 10 eggs/plant for the class with a mean

2 1o 28 for the class with 8.8 trichomes/mns

density of 43.5 trichomes/mn
(Table 14). Ranges within each class were equally broad however, and the
reduced egg laying did not result in reduced percent dead hearts. [t is,
therefore difficult to attach any particular significance to the within
class differencesat this point. Thus differences in either trichome number,
angle or length within the trichomed 1ines do not seem to have any relation.

ship td the degree of shootfly resistance/susceptibility of a genotype.
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However, both comparisons involving trichomed vs. trichomeless
1ines (their respective frequencies in known resistant and susceptible
Tines and the mean percent dead hearts in this test) do indicate that
the presence of trichomes on the leaf {s assoclated with a definite
reduction in damage to a cultivar from the sorghum shootfly. More
definitive evidence for the advantage, the means by which 1t appears
to act, and its value under varying levels of shootfly pressure will

be presented in a subsequent report.
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SUMMARY AND CONCLUSIONS

Detailed studies were undertaken on the nature qﬁ&!occurrtnct of leaf
trichomes in sorghum, following fnitfal observations that many lines having’
some fleld resistance to the sorghum shootfly had trichomes on the leaves.
These studies included the variadbility in tnichome morphology and the
frequency of trichomes on the leaf surface, methodology of field sampling
for trichome density, and the occurrence of trichomes in lines with dif«
ferential response to the shootfly. The following points summarize the
findings of the study:

1. Trichomes appear to be of rather infrequent occurrence in sorghum
and vary in number per ¢nit area of the leaf surface, and in length,
angle and morphology, in those genotypes in which they occur,

2. The presence or absence of trichomes on the leaf is a stible varieta)
characteristic. Trichome frequency on the leaf surface 1s variable
however, influenced by the olant and leaf sampled, the time of
sampling, etc.

3. A field sampling methodology for trichome frequency designed to
minimize the variance of cultivar means 15 presented. This method
covers time of sampling from emergence, number of plants to sample,
leaves to sample and number of microscope field to observe per leaf
sample.

4. The presence of trichomes on the leaf syrface is related to a lesser
frequency of both egg laying by the adult shootfly and plants
destroyed by the shootfly larvae. Neither the density of trichomes,
trichome angle, nor trichome length were related to differences in
shootfly damage, however.
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Appendix Table 1  Mean trichome twaber gtr I‘F by date of sllqliun and

by leaf mmber for all lines in Experimen
o‘y - atD G g W .. -—-------w-u.--E!:!-m---‘nutﬂ‘-.-unwo--'.
] 2 3 4 - 6 7
1S 1082
7 5.3 6.5 4.7
14 7.9 7.3 5.5 5.8 18.6
2) 8.6 10.7 18.0 35.5
28 13.8- 1.7 9.2 16.4
IS 18584 (1S 5604 x 23/2)
7 3.2 8.3 16.9
14 13.4 11.6 21.6 17.8 20.2
21 25.9 21.2 20.7 1.7
28 15.4 9.6 10.2 8.}
IS 18652 (1S 1054 x 23/2)
7 8.8 12.2 21.6
14 6.4 15.9 16.2 17.7 17.5
21 23.7 11.6 14.6 13.7
28 14.6 1. 11.8 9.4
IS 18588 (1S 5642 x R-960)
7 14.1 11.3 12.0
14 19.0 11.9 15.2 19.8 30.1
2 12.4 17 1 23.8 30.8
28 17.7 17.2 14.4 11.2
IS 18654 (1S 1082 x WABC 4062)
7 6.8 6.5 7.3
14 7.9 9.5 1A 17.4 34.86
21 10.7 15 4 3.5 36.3
28 17.4 19.9 15.6 19.8
IS 5604
7 4.5 9.0 14.8
14 7.0 15.0 20.6 22.6 18.9
ra 30.1 17.0 18.3 24.0
28 17.9 18.9 16.9 14.8
IS 1054
7 6.2 6.4 5.3
14 8.8 5.5 3.4 6.1 19.4
2) 5.3 4.5 8.5 12.9
24 6.2 7.6 7.0 11.6

AR S IR L w0 W ap A G e W - DAy WGP gy B AU g W o, WPy W G W Sy 4P -.- gy W A gy 4B W 00D (Y 4D g e A M

CSH-1, Swarna and IS 130 were also sampled in an 1dent1cal Yashion as
the above lines. They were found to be without trichomes on all dates
of sampling and on al) leaves.



Appendix Table 2 : Trichome ‘number, angle and length and
shootfly incidence, Expertment 3.

Trichome Trichome Trichome X plants % plants

Genotype No/sq.mm angle length in with eggs with dead
(£Se) (o) wcv (21 days) hearts
(28 days)
Is 1119 8.0 :-56 2614 43 9 38
1S 5613 45.5 : 5.7 24.4 354 5 24
EN 3342-4 459 + 4.8 247 36.6 2 38
IS 2146 44.9 : 5.5 267 300 10 6
IS 5642 42.8 + 1.7 251 41.1 32 48
IS 4664 42.7 + 4.7 23.6 33.1 7 20
IS 3962 40.4 - 4.5 271 36.9 8 18
[S 5604 0.3 «+ 3.9 230 36.0 6 16
IS 5480 38.6 -+ 2.8 269 40.9 0 14
EN 33374 .5 - 4.0 247 38.9 4 30
IS 2162 37.7 « 2.4 25.4 46.3 2 24
EN 3337-} 3%.4 - 3.1 26.6 32.6 7 40
IS 18629 , .,
1S 4646 34,8« 2.4 236 38.3 29 41
IS 5648 .1 - 3.4 220 37 4 11 28
IS 5615 3.5 ++55 209 33.4 20 35
IS 18654 .
(151082 x wABC 4062) 32 | = 3.1 v 457 14 2
IS 2312 31.6 « 2.0 281 46 5 17 7
IS 2176 3.0 - 6.1 29 4 48 3 24 37
S 2205 29.5 - 48 233 35.4 16 24
IS 5642 x R$60 28.4 « 293 2%° 41 3 40 60
IS 5622 217 52 204 34 0 16 27
[S 5566 26 9+ 3.3 264 39.4 24 26
IS 18584 .
(15 5604 x 23/2) 25.0 + 5.6 26.1 36.3 0 35
1S 18628 )
(151054 x WABC 4142) 23.4 « 3.6 24 42.3 16 39
IS 2122 23.3 2.5 221 32.3 2 10
EN 333222 21,7+ 35 217 35 4 25 29
IS 18585 .
(15 5604 x 453) 21.4 - 2.2 259 33.4 5 25
IS 1082 21.1 2 3.9 216 34.6 4 38
IS 2195 21.1 £ 1.7 23.0 35.) 5 16
IS 5469 20.8 + 2.6 25.6 38.9 13 49
EN 3332-3 20.3 £+ 3.2 241 40.0 60 34
IS 4553 20.1 + 3.8 25.3 43.1 23 28
IS 5470 19.7 ¢« 3. 20.9 38.0 16 23
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prmx Table 2 continued .

.............. ‘t.a G AT I R WO T @A g W T GO D D gy By B gy T g D oy UD A O U 0 iy D g WP TR

1 2 3 ‘ 5 6
1S 18652

EN 32573 14.7 £ 2.9 20.0  35.7 36 50
15 1034 1.1:1.0 22,3 3.3 28 22
Local (White) N.0:2.7 221  26.0 18 22
EN 3332-1 8.512.7 21.4 382 33 60
EN 3255 8.5:2.2 2.1 34.3 28 . 35
15 1058 85:1.2 20.3 27.0 " v
NCL 3 45:1.7 19.4 397 30 20
5067 A1:1.2 23.8 344 21 Q
1S 5383 0 0 0 16 52
15 4799 0 0 0 a8 77
1S 4829 0 0 0 48 73
1S 5113 0 0 0 18 76
15 8311 0 0 0 50 70
1S 5642 x 23/2 0 0 0 28 60
1S 18641

“5,3222 x wasc n121) O 0 0 3 52
1S 18653

(xsjégsz x WABC 1092) O 0 0 37 s
1S 18630

(1S 1082 x R 960) 0 0 0 28 56
IS 5359 0 0 0 19 17
15 83171 0 0 0 b * 54
15 18651

(1S 8315 x WABC 4022)  ° 0 0 36 47
3<Pu5-1.1 0 0 0 64 12
EN 3362-) 0 0 0 63 69
Senena 0 0 0 59 47
211aPa]-2-] 0 0 0 73 “
CSHY 0 0 0 62 5)
EN 3363 0 0 0 28 4
Swarna 0 0 0 69 80
37ePu3e2-) 0 0 0 58 0
V-99.1-1-1 0 0 0 51 3%
1S $776 0 0 0 36 34
155504‘ 4 x WABC 3111 0 0 0 20 as
15 18

(15 5383 x R 960) 0 0 0 67 69
V70-1<141 0 0 0 54 “
EN 3518 0 0 0 66 28
IS 8315 0 0 0 20 50
V=63-]-1-2 0 0 0 52 52
Ve2olelel 0 0 0 64 36
Ve20-14122 0 0 0 52 32
EN 3308 0 0 0 39 57
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