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Abstract. Twenty-five non-senescent sorghum genctypes were
screened for stalk rot reaction against the five stalk rot pathogens
inoculated individually by the toothpick inoculation method
under field conditions. Five genotypes (Q 101, Q 102, Q 103, Q 104
and PQ 54) were found resistant (<5% plants lodged) against all
the five stalk rot pathogens. More greener leaf area at physio-
logical maturity, confirmed the resistance in the non-senescent
sorghum genotypes. E 36-1, a stalk rot-resistant genotype,
showed resistance against all the pathogens except Fusarum
monififorme. There was strong positive correlation between all
the stalk rot disease evaluation parameters.

1. Introduction

Root and stalk rot of sorghum [Sorghum bicoior (L.)
Moench] is a complex disease caused by a group of
pathogens, viz. Macropfiomina phaseolina {Tassi.) Goid.,
Fusarium monififorme Sheldon., F. moniliforme var. sub-
giutinans Reink & Woall., F. semitectum, F. oxysporurm,
F. chlamydosporum, Colletotrichurn  graminicola, Acre-
mornium strictum, Periconia circinata and Pythium spp. in
different geographical regions of the world {Trimboli and
Burgess, 1982; Reed et al., 1983; Mughagho and Pande,
1984; Khune et a/., 1985; Tangonan and Quimoi, 1985). In
India, M. phaseoiina, F. moniliforme, F. monijliforme var.
subglutinans were identified as major pathogens involved
in sorghum stalk rot complex (Mughegho and Pande,
1984). Many of the sorghum varieties, and recently
released high-yielding sorghums in particular, are sus-
ceplible to stalk rot disease (Shekar et al., 1987). The
phenomenon of green leaf retention after the grain has
reached physiclogical maturity has been termed non-
senescence (Duncan, 1977). Rosenow (1980) attributed
the non-senescent character in sorghums to the ability to
resist stalk rot disease. Evangilista and Tangonan (1990)
have screened some non-senescent sorghums in the
Philippines and found some lines resistant to stak rot
disease. Bramei-Cox and Clafiin (1983) have screened for
resistance to M. phaseofina and F. moniliforme, em-
ploying a toothpick inoculation method. In the present
investigation 25 non-senescent sorghum fines were
screened for varietai reaction individually against each of
the stalk rot pathogens by the toothpick inoculation
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method under field conditions. The objective of the pre-
sent investigation is to study the role and importance of
individual stalk rot pathcgens in the pathogenesis and
reaction of non-senescent sorghum lines to the stalk rot
pathogens individually. This will help towards a better
understanding of the stalk rot disease complex.

2. Materials and methods

Twenty-five non-senescent sorghum lines obtained
from the International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), were sown in a split-plot
design in two replications of 4 m plots in deep vertisols
at Rangapuram, Khammam District, Andhra Pradesh on
10 Oclober 1988. Row-to-row spacing was 0'50 m and
plant-to-plant distance was 10-15 cm. Basal dose of
N:P:K {(40:40:40) was applied at the time of sowing and
topdressing (40 kg N} was done at 30 d.a.e. Carbofuran at
40 kg/ha was applied to prevent shoot fly attack. When the
crop is at boot leaf stage the plants were inoculated by the
toothpick inoculation method {Hsi, 1961).

Wooden toothpicks were boiled in water for 2 h and
about 40 toothpicks were carefully introduced inte a 25 x
3 cm Coming test tube. 5 mi of potate dextrose broth was
poured into each lest tube and autoclaved at 15 p.s.i. for
20 min. After cooling, discs of the test fungi grown on
potato dextrose agar (PDA) were cut and placed on the
tips of the toothpicks and incubated at 30°C for 7 days. The
fungi grew all over the toothpick. A 1 mm hole was driiled
between the first and second node of each sorghum plant
and the toothpick was carefully inserted into the hole.

At physiological maturity, total plants and number of
lodged plants were counted and percentage lodging was
calculated. Leat senescence was visually rated on a 1-5
scale (where 1 = all leaves were green and 5 = more than.
50% leaves were senesced). All the plants were uprooted,
the stalks were split open (Masterhazy, 1978) and stalk rot
disease parameters were evaluated as follows: the num-
ber of plants with soft stalks were counted and the spread
of fungus across the nodes from the peint of inoculation
was measured as the number of nodes crossed. Infection
of roots was measured as mean root infection on a 1-5
scale (where 1 = ali roots healthy and 5 = more than 50%
of roots infected or killed).
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Table 1. Correlations among the stalk rol disease paramelers

Disease Lodging Mean no. Mean root Leaf senescence
parameters (%) nodes infection raiing
' crossed
Soft stalks (%} 09532 - 09126* 07216 06589
Lodging (%) 0-8376"* 0-6243"* D-6243%*
Mean no. nodes crossed 0-B569*** 0-7659™"
Mean root infection 0-8939***
Degrees of freedom = 24,
Correlation coefficients at 5% = 0-388, and at 1% = (-496.
*** Significant al P < 0001
Table 2. Analysis of variance arnong different treatments
Saurce Mean sum of squares and levels of significance
of
variation Soft statks Lodging Mean na. Mean Leaf
(%) nodes root sengscence
crossed infaction rating
Fungi 2083497 1989-65" 112-407* 0-73in.s. 1267n.s.
Genotypes 1424-94"** 169288 241757 887 6648
Fungi genotypes 238-80" 24058 15:33** 0-74m {465
LSD (0-05%) 8-494 7605 1-G46 0-BY 0202

* = Significant at # = 0-05; *** = highly significant at P < 0'001; n.s. = not significant.

3. Results

The parameters of stalk rot evaluated against 25 non-
senescence sorghum lines were percentage soft stalk,
percentage lodging, mean number of nodes crossed,

~mean root infection and leaf senescence. Strong signi-'

ficant positive correlations were found to exist between
the five disease parameters (Table 1).

Analysis of variance revealed that there was significant
variation among the five stalk rot fungi involved in stalk rot
disease development  for three parameters (percentage
lodging, percentage soft stalks and mean number of
nodes crossed). Highly significant variations (P<<0-001)
existed among the 25 non-senescent genotypes (Tabie 2).
interactions between the fungi and the genotypes in this
experiment also showed highly significant variation.

Five genotypes (Q 101, Q 102, Q 103, Q 104 and PQ 54)
had low mean percentage lodging (<:5%) against all the
five stalk rot pathogens and these genotypes also had
more green leaf area rated as mean leaf senescence score
of less than 4 {Tables 3 and 4). Five genotypes, viz. Q 101,
Q 102, @ 103, 18 12675 and PQ 686, inoculated with M.
phaseolina were free from jJodging, whereas Q 104 had
only 2-5% lodging. Among these, the Q numbers had low
percentage lodging compared with the other four fungal
- pathogens. All these lines had low leaf senescence ratings
except 1S 12675, which had a leaf senescence score of 4-5.
E 36~1, a known resistant line (Pande and Karunakar,
1992}, developed little disease on inoculation with all the
stalk rot pathogens excep! against F. moniliforme. PQ b4
was resistant against F. moniliforme var. subglutinans, F.
oxysporum, F. semitactumn and M. phaseolina inoculation.
PQ 56 and PQ 58 were resistan! against F. moniliforme, F.
oxysporum and F. semitectum, and PQ 56 also remained

resistant against M. phaseolina. M 35—1 and BJ 111 showed
less lodging when inoculated with F. moniliforme var,
subglutinans, F. oxysporum and F. semitectum, whereas
Annegeri 1 remained resistant against M. phaseofina, F.
moniliforme var. subglulinans and F. sernftectum. Re-
feased var. SPV 86 and PQ 61 showed tolerance to
F. moniliforme, F. moniliforme var. subglutinans and
F. semitecturn.

Lodging was most severe (26'92% lodging) with inoct-
lation by M. phaseolina, followed by F. moniliforme
(20-19%), F. moniliforme var. subglutinans (1615%), F.
oxysporum (16-06%) and F. semifectum showing the least
(7-79%). M. phaseolina and F. moniliforme produced high-
est percentage lodging on susceptible check CSH 6.
Among the 25 non-senescent sorghum genotypes, eight
genotypes showed less than 10% lodging with M. phaseo-
fina, and nine genotypes with F. moniliforme, 12 with F.
oxysporum, 13 with F. moniliforme var. subgiutinans and
19 with F. semitectum. Low lodging, and a reduced ability
to cause lodging in most of the genotypes by F. semitec-
tum, suggests it is not a major cause stalk rot disease. Leaf
senescence rating was generally fow in several of the
resistant genotypes.

4, Discussion

The most promising plant trait that is positively corre-
lated with stalk rot resistance, and is increasingly used as .
a selection criterion, is the non-senescence character
expressed as leaf and plant death rating. Comfort (1856)
has described senescence as a decrease in viability with
an increase in vulnerability. Fosenow (1980) and Pande et
al. (1989) have also found negative correlation between
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Table 3. Percenlage lodging in 26 sorghum genolypes inoculated with pure cultures of
Macrophomina phaseolina, Fusarium moniliforme, F. moniliforme var. subglutinans, F. oxy-
sporum and F. semitectum by the toothpick method of inoculation under Feld canditions

Genotype MP FM FMS FO FS Mean
Q101 00 Do 00 00 0-0 a0
Q102 o0 a0 Q0 00 00 a0
Q103 00 50 25 50 o 25
2104 25 00 00 00 00 05
1S 176 65-0 20-0 550 040 150 31-0
1S 181 450 45-0 275 150 300 325
IS 2404 225 150 Q-0 150 150 135
IS 2054 20-0 150 200 G0 10-0 130
1S 9377 350 400 20-0 300 75 26°5
IS 12675 00 o0 300 150 75 105
1S 18696 500 60-0 200 250 15-0 340
1S 18739 400 20-0 100 20-0 17-5 21'5
E 36-1 150 250 75 75 0-0 11-0
M 35-% 250 250 100 75 50 13-5
BJ 111 300 300 150 100 00 17-0
BJ 112 50-0 300 350 200 100 270
Annegeri 1 15-C a5-0 10-0 350 00 190
SPV 86 300 150 00 259 00 140
PQ 51 40-0 75 200 200 10-0 195
P B4 7-5 150 0-0 o0 00 4-5
P 5B 100 c0 250 a0 180] 70
PQ 58 300 a0 2000 a0 a0 10-¢
PQ 60-2 400 200 250 350 75 255
PQ 81 275 75 00 40-0 10-D 170
PO 56 00 150 75 300 10-0 12°5
CSH 6 100-0 8g-; 60-0 62-5 475 700
Mean 26-9 202 162 161 78 17-4
SE (%) 4-53 4-57 3-00 3-91 3-08 496
CV (%) 161 202 154 205 277 285
MP = Macrophomina phaseolina, FM = Fusanum moniliforme; FMS = F. moniliforme

var. subglutinans; FOQ = F. axysporum; FS = F. semitectum.

plant lodging and non-senescence. Our results have also
indicated significantly low positive correlation between
lodging and leaf senescence rating (0-6243 at P<<0-001).
Mughogho and Pande (1984) reported resistance in
non-senescent sorghum lines, but found that their non-
senescent character varied in the genotypes from location
to location, depending on the pathogen population, varia-
bility and moisture stress level. Evangilista and Tangonan
(1990) screemed 31 non-senescent sorghum genotypes in
the Philippines and found that most of the Q numbers, E
36—-1, PQ 60-2, SPV 86, BJ 111, PQ 76 and CS8H & were
resistant fo stalk rot. Shekar ef al. (1987) reported hybrids
CSH 5 and CSH 6 to be highly susceptible. in the present
study CSH 6 has been used as a susceptible check and
showed very high lodging against all the five pathogens.
Pande and Karunakar (1992) conducted a multilocational
testing of these non-senescent lines under receding soil
moisture conditions and found Q 101, Q 102, Q 103, G 104
and E 36-1 to be resistant in all locations under receding
soil moisture condition and natural pathogen population.
CSH 6 was used as a susceptibie check and had maximum
lodging. The variation in the reaction of CSH 6 is due to the

pathagen variability in the Philippines, where stalk rot was’

reported to be caused by F. monififorme, Coalletotrichum

graminicola and Rhizoctonia bataticola (M. phaseoiing)
{Tangonan and Quimoi, 1885). Our results also establish
the resistance in Q 101, Q 102, Q 103 and Q 104, which has
been found to be resistant against all five stalk rot patho-
gens individually. Another resistant line, E 36—1, has
shown some disease against F. moniliforme and M.
phaseolina. Pande and Karunakar (1992), in their study of
fungal succession in E 36-1, found that F. monififorme
and M. phaseolina colonized the roots and stalks at dif-
ferent plant growth stagses, but lodging did not ocour due
to the non-senescence characler and strong stalk in this
c.v. Bramal-Cox and Claflin (1988} screened breeding pro-
genies against M. phaseolina and F. monififorme using
the toothpick method of inoculation, and found this
method to be useful in screening for resistance.

The present investigation reveals the level of resistance
in these non-senescent sorghum lines 1o all five stalk rot
pathogens. This knowledge will help in understanding the
genetics of resistance and usage in resistanca breeding to
the stalk rot disease complex.
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Table 4. Leaf senescence rating (1—5 scale) in 26 sorghum genotypes inculated with pure
cuftures of Macrophomina phaseolina, Fusarium moniliforme, F. meoniiiforme var. subgluti-
nans, F. oxysporum and F. semitecturmn by the toothpick method of inoculation under field

conditions

Genotype MP T FM FMS FO FS Mean
Q1m 30 35 35 40 30 3-4
Q102 30 35 30 40 35 34
Q103 . 30 35 32 4-0 35 34
Q104 32 32 30 30 35 32
15176 50 4-2 50 47 47 47
IS 181 50 50 50 47 50 4-9
15 2404 50 42 4-7 4-2 47 46
15 2954 50 45 50 50 540 49
18 9377 50 50 50 50 50 50
1S 12675 45 4-0 50 50 50 47
1S 18696 50 50 50 50 50 50
1S 18739 50 50 50 50 50 50
E 36-1 4-0 42 50 4:2 47 42
M 35-1 50 47 40 50 50 49
BJ 111 50 50 5-0 50 50 50
BJ 112 50 50 50 50 4-5 4-g
Anneger: 1 45 45 5D 47 45 4-5
5PV 86 47 47 42 50 45 4-6
PQ 51 50 4-5 42 50 50 4-9
PQ 54 50 50 4-0 50 4-5 4-3
PQ 56 45 35 42 a0 4-5 4-3
PG 58 50 30 50 45 45 4-4
PQ 60-2 50 4-5 50 45 50 4-9
PQ 61 50 50 40 50 50 4-8
PQ 66 a5 45 45 50 50 45
C5H 6 50 50 50 50 50 50
Mean 4:5 4-3 45 4-6 4-6 45
5E () 0-39 34 0-34 029 056 032
CV (%) 33 79 28 2:4 45 70
MP = Macrophomina phaseolina, FM = Fusarium moniliforme; FMS = F. moniliforme

var. subglutinans; FO = F. oxysporum, FS = F. semitectum.
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