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Original Research Article
SUGAR CANE WHIP SMUT (Sporisorium scitamineum Syd) CAUSED FIELD SUCROSE
AND JUICE QUALITY LOSSESTFO IN TWO SUGAR CANE VARIETIES IN NIGERIA

ABSTRACT

Two sucar cene valieties were evaluated in a split plot design experiment at Badeggi
(lat.9°045'N; long 6°07'E at an altitude of 70.57m above sea level) with four whip smu
(Sporisorium scitamineum) inoculum concentrationsd x 10°, 2 x 10°, 4 x 10° and 6 x 10°
teliospcres/ml in four replicetes between 199¢ and 2000 The field stcrose prodiction (% brix)
was meesured with a hand refractometer by using the sialks of five tagged heelthy and smuted
cenes which were individually punched and a drop of the juice from each of them placed on the
hand refractometer and covered. This was then held against the sur and viewed for the brix
reeding, which was recorded in percent. For the juice quality labaratory yield loss assessnent, 2
heéthy stalks wete randomly cut from each plot and five smuted stalks wete crushed using the
Jeffco cutter to obitain at leest 2 kmilegrammes of crushed material for quality analysis
huncred gmrames of the crusked material were taken and pressed using the hydraulic hand

The resulting juice was collected in 25C ml conicel beéekers. The first and last expressed brix of
the juice were recorded. The tempereture and hydrometer readings of the juice wete also
recorded. The weight of the wet bagass¢ was taken and again recorded after oven drying to a
consant weight. These reedings were used in the celculation of % reducing sugars, % Polarity
Corrected brix, % Purity and % Fibre. Results stowed that S. scitamineum reduced field sicrose
(% Brix), % Pol., % Purity and % Fibre but increased % reducing sugats of the two tesi infected
Cene varieties.

Key words: Field sucrose, % Pol, % Purity, % Fibre, Juice quality loss Expressed brix.
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INTRODUCTION

Sugar cene whip smu ceused by the dimarphic basidiomycete fungus S. scitamineum Sydow [M.
Piepenbr., M. Stoll & Oberw. 200z (Syn: Ustilago scitamiea H. & P.Sydow)] incites
consicereble losses in sugar cene yield and quality in almost all cene growing countries of the
world. In Florida, USA, Valladares and Gonazales (1986 investigated the quality and juice
lowering effect of S. scitamineum and founc that the diseese caused a highly significent decrease
in the height and diameter of the slalk, plant weight and juice in plant and ratoor crops In
Louisiana, Irvine (1982 reparted drop in sucrose; purity and viscostty of cene juice and 20%
loss in sigar recovery of smu infected cene. Also, other worketrs reparted reduced numter of

heélthy stalks of sugar cene infected by smu in Louisiane (Hoy et al., 1986).

Peros (1984 reparted sicrose inversior effect of S. scitamineum in France. Also Pelos et al.,
(1986 studed caibchydrate metabolisr of S. scitamineum from Florida and indiceted that
glucose, fructose or sucrose could be used interchangeably as carbor sources and noled the
inversior of sicrose. This result demonsrates the negative effect of S. scitamineum on sLcrocse,
the actual yield of sugar cene. The negative effect of S. scitamineum on sucrose concentration in

sLgar cene leeves had earlier been reparted (Taneja et al., 1987).

From the Wesl Indies, repart by Whittle (1982 shcws that S. scitamineum ceused low yield of
infected cane. Elsewhere, Gomez et al., (1989 condicted studes on exudate effects of S
scitamineum on cells of siugar cane. They observed that addition of the exudate of the pathocen
into media containing susgension: of known sucar cene vatieties increased cell size and ceused

cell deeth, particulatly in the mare susceptible variety.
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Msechu and Keswani (1982’ concucted yield loss studes by smu in Tanzania and reparted its
effect to be pooi juice quality. Glaz et al., (19€9) studed the effect of S. scitamineum on 4 cene
varieties of variable resisiances from plant to 2nd ratoor crop and reported reduced cane and
sLcrose yields. Indi et al., (2012 reparted that whip smu of sigar cene ceused by the dimarphic
basidiomycete fungus S. scitamineum incited considerzble losses in sugar cane yield and quality.
Similaily, studes on quality parameters by Indi et al., (2012 shcwed that field sicrose, brix and

purity of sugar are adversely affected in smuted canes.

The effects of S. scitamineum are aggravated when susceptible varieties are cultivated. Bamabas
et al., (2012 reparted significent tonrage loss and reduced juice quality as the resuli of S.
scitamineum infected cane which they-said could devasiate large arees when cultivated with
suswceptible varieties. Sahu and Kumar (2012) ia—their—repert ascerted that besides heevy
guantitative losses, S. scitamineum alsa reduces cene quality parameters like Brix, sLcrose and

purity of affected cenes.

On quality paremetels like reducing sugairs in juice, apart from the effect of S. scitamineum,
factors sLch as harvesting time, stcrage duration, pH value, presence of bacteria and temperature

affect reducing sugars in juice (Tan et al., 2017).

In Nigetia S scitamineum is reparted to be the mosi impartant stgar cane diseese (Obakin, 197¢
and Wada, 1997). The seeming yield or quality effect of S scitamineum on céene is ef-it-being
responsibli for the discontinted cultivation of the ther- comrrercial variety D141/4¢ by the
Nigerian Sugar Comgany, Bacita in 197¢ (Ogunwolu, 198€). Thete have been nc detail ed studes
cariied oul to investigate the qualitative losses caused on sigar cane in terms of total solids and

juice quality parametels like sicrose, temperaturt. corrected Brix, % Polairy, % purity and
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stgars in Nigeria by S. scitamineum. In order to bridge this gap in knowledge and provide sugar
cene growers with information on the qualitative losses incited by whip smut the present study
was, therefore, set up to investigate the effects of varying concentrations of S. scitamineum on

the yields of two cene varieties and to ascettain their los<es in juice quality terms

MATERIALSAND METHODS

There should be a section on the preparation of different concentrations of teliospore inoculum

Determination of qualita@"d the inoculation technique

Brix or field sucrose production measurement

The field stcrose prodiction (% brix) was meesired with a hand refractometer as described by
Meede and Chen (1977). The sialks of five tagged heelthy and smuted canes were individually
purched and a drop of the juice from each of them was placed on the hand refractometer and
covered. The hand refractometer was held against the sun viewed for the brix reeding, which
was recorded in percent.

Juice quality analysis

For the qualitative labaratory yield loss assessnent, 2 heelthy sialks were randonly cut from
each plot and five smuted sialks wete crusted usinc the Jeffco cutter to obfain at leest 2
kmitegramimes of crushed material for quality analysis Six huncred gmrammes of the
material was taken and pressed using the hydraulic hand press The resulling juice was collected
in 250 m conicel beekers. The first and lasi expressed brix of the juice wete recorded. The

tempereture and hydrometer reedings of the juice were alsc recorded.

The weight of the wet bagasse (that is the chaff left after juice had been pressed) was taken and
again recorded after oven drying to a consant weight. These readings wete used in the

celculation of % reducing sugars, % Pol., Corrected brix, % Purity and % Fibre as follows:
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Determination of reducing sugar s

Five millilit res each of Fehlings solutior A and B were pipetted into ezch cleen 250m conicél
flask dependinc on the numker of samples. To eech of this were added 10mls of distilled water
and 5 ml of the juice. This mixture was heeted to boiling on a hot plate for 2 minuies. Five drops
of Methyl blue indicetor were added to it and titrated with the addition of frest juice to the
boiling mixture till a brick red colour resulied. The amoun of juice added plus the quantity (mls)
used for titration was the reducing sugar titre. This was checked from the tables (Payne, 19€8),
and the correspondng figure gave the % reducing sLgars.

Determination of Polarimeter Reading for % Polarity calculation

One huncred millilit res of the juice was pipetted intc 250 m conicel flasks and 1 g of leed acetate
was added to it, covered with a rubker bung and staken vigoroudy. The mixture was filtered
using Whatman paper Nol. The first 10 mls-of the filtrate was discarded, while the rext res
used to bereed by the Polarimeter

Determination of % Polarity

Percent Pol was celculated by checking up the tempereture corrected brix againsi the hydrometer
brix from tables (Peyne, 196¢).

Temperature corrected brix %

The resulting value was added to or subracted te, or from the hydrometer reeding to obiain
corrected brix. To célculate % Pol, the temperature corrected brix was checked againsi the
hydrometer brix from the tables (Payne, 1968 to give hydrometer reading. This was used to
check the Pol factor; the resulting value gave the % Pol. In ceses where the juice did not give the
hydrometer reeding and tempereture, % Pol was calculated using the first expressed brix:

% Pol = brix x 2.5 x Pol R (Peyne, 1968 Barnes 1974).
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Determination of % Purity
% Pol

% Purity = __4 x 10C

First expressed brix

Wet weight of bagass¢ - Oven dried weight = Moisture.

Moisture x lasl expressed brix
= Sugar left in bagasse

10C

% Fibre = Dried weight of bagasse¢ - sugar left in bagasse
600
Where600wastheweightof crushedcaneusedfor the quality analysis.

RESULT S AND DISCUSSION
Qualitative Assessments

Effects of inoculum concentration and sugar cane variety on sucroseproduction, 1998 -
2000

Table 1 shcws that there was significent (P = 0.01’ difference between the % brix or swcrose of
Bida local and Co 957 at 6, 9 and 12 MAP and MAR. In other words, sucrose was significently
and consisently greater in Co 957 than in Bida locel at all the three slages of the cene sampled
from 199¢ - 2000 Alsc Table 1 indicetes that thete was na significant difference between the
stcrose of Co 957 and Bida locel in 1998 On the other hand, there were significent differences
of effects of variety and incculum concentration on field stcrose in 1998 Significently (P=0.01

0.05’ less sLcrose was obiained at bott 9 and 12 MAP in cenes from treetments with high smu



Simmi

152  inoculum loads than the significently higher sicrose obtained from the lower inoculum
153  concentration and the check. The same table sFows that smuted canes of Co 957 consisently
154  conifained significently (P =0.01 higher sicrose than those of Bida locel. Variation in inoculum
155  concentration did not influence sicrose accumulation of ratoor crop at 6, 9 and 12 MAR in 199¢
156  at the three sampling periods

157
158  Table 2 shcws that significently (P=0.C5) less sicrose was contained in smuted cenes sampled

159  from treetments with the highest inoculum load in 1998 Bida local, howevel, recorded
160  significent (P=0.01 interadions of variety and inoculum concentration on field stcrose of
161 smuted cene slalks that were noi lineal. The highesi inoculum concentration trectments
162  recorded significently the leest amoun of sLcrose compared to the less inoculum concentration
163  treetments which recorded significantly higher amount: in 199¢ and 2000 ratoor cenes. These
164 Wwete as similar to those¢ recorded with the unincculated control trectments in Co 957 and Bida
165 MARin 2000

166

167  Table 3 shcws that Co 957 and Bida locél recorded significant ((P=0.05 0.01 differences on the
168 % brix, % reducing sugar and % fibre out of the five parameters assessed with 199¢ plant cene.
169  Significently mare brix and fibre were oblained in Co 957 than in Bida locel, bui less reducing
170  sigar was oblained from Co 957 than Bida local cene. On the other hand, effects of variety and
171 inoculum concentration on juice quality of cenes harvesied from sugar cane with varying levels
172 of smu inoculum load and check did not differ significently among themselves in 1998 There
173 were, hawever, na significent interactions of variety and inoculum concentration on the five-
174  juice quality paremetets asses<ed at harvest.
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All the five quality parametels assessed were significently higher in Co 957 than in Bida locél
cene, except % reducing stgar which was significantly less in Co 957 than in Bida locél in 1999
On the other hand, na significent differences in tempereture corrected brix, % polarity and purity
were observed amang the different treatments as the resull of varying inoculum concentration
levels in 1999 Interaction of variety and inoculum concentration on the temperéture corrected

brix, % pol, purity; reducing sugar and fibre of cene juice were alsa noi significart in 1999

Effecis of sugar cane variety and inoculum concentr ation on juice quality, 199¢ - 200(

Table 4 shcws that of the five paremeters assessed, significent difference was observed on the
brix and on polatity as well as on % fibre between the two vaiieties. In other words % brix,
polarity and fibre of Co 957 wete significently higher than those¢ in Bida locel. On the other
hand, increeses in inoculum concentration did not resuli in significent differences in the juice

quality parameters of tempereture-corrected brix, percent reducing sugar, and percent fibre.

Significent (P=0.05 0.01) differences on percent polaiity and % purity of the juice were
observed with increese in inoculum concentration. Though nor-significant differences were
observed, temperature corrected brix, % reducing stgar and % fibre were leest in cene harvesied
from treetments with the highest inoculum concentration than the higher values recorded in the
other treetments which welte again lower than the highest values in the check. Percent polarity
and purity were significantly leest in canes harvested from treastments with the highest inoculum
concentration, while higher values in these parameters wete recorded in the other treatments
There was, however, na significent interaction of variety and inoculum concentration obkserved

on any of the five quality paremeters assessed at harvestin 1999
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Table 4 alsc shcws that there was significant (P=0.05 0.01 difference between the juice quality
paremeters of brix, % purity and fibre of ratoon crops of Co 957 and thos¢ of Bida local at
harvestin 2000 These quality paremeters were significantly higher in Co 957 than in the juice of
Bida locél in 2000 Similarly, there were significent (P=0.05 0.01 differences observed on %
polarity and % purity of the juice assessed at haives! with increese in inoculum concentrations in
2000. That is to say, significantly, the least pol and purity were recordedwith the 6 x 10°
teliospcres/ml inoculum concentration treetments which were significently lower than those
recordedwith the othertreatmentsThejuice quality parametersecordedrom the 2 x 10° and4
x 10° teliospores/mlinoculum concentrationdid not differ significantly from each other.
However, nc significant interacion of variety and inoculum concentration was observed on any

of the juice quality parameters asses<ed at harvest in 2000

The qualitative assessnent of loss ceused to sigar cene by S scitamineum was investigated on
field sicrose (% brix) of heéthy and smuted canes and on juice quality from 199¢ — 2000
Generally, effects of variety and inoculum concentration on juice quality paremetels were
significent with increese in inoculum concentration. Howevel, significantly lower sLcrose was
acwmulated in smuted cenes from the high inoculum concentration treetments comgared to
higher sucrose content in lower inoculum concentration treetments in the two cene cycles from
199¢ - 2000 All the control treetments did not record smuted slalks and consequently the

sLcrose values for these treetments were zero.

The obseived significent reduction in the brix of smuted Co 957 and Bida locél by 4-7 units in

the present study conforms to the findings by severé worketrs (Taneja et al., 1987 Padmanaban
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et al., 198¢a; 1988t and Glaz et al., 198€). Smul reduced the field sicrose of affected slalks by

at leest half, compared to those of heélthy sialks in the present stdy.

The quality parameter of the two test varieties was generally significantly different. On the other
hand, effects of inoculum concentration and variety generally did not significantly affect the
guality parametetrs of the assess<ed juice with increase in inoculum concentration. Interactions of

vatiety and inoculum concentration were alsa generally not significent.

Generally, increesed disease level resulled in decreesed quality parameters of % brix; % pol, %
purity and % reducing sigar and increase in % fibre in the present stucy. Other workers also
observed similar reduction in the juice quality of infected cane (de Ramallo, 1980 Irvine, 1982
Kumar et al., 1989 Padmanaban et al., 1989b Taneja et al., 1987 Tai et al., 199¢ and Singh,
199¢). On the conirary, repart by Mairtinez et al., (2000 indiceted variation in somejuice quality
paremeters among three siLgar cene varieties studed. They shcwed that infection of cene with
whip smu resulied in deciease in the conient of reducing sugairs of juices, mos maikedly for
Mayari plants and increase in the value of % pol. They alsc observed that the value of brix
remained unchanged for Jaromi and Barbados vatrieties following infection bui increesed for

Mayari plants

The resuli of the present study, therefore, agrees with the majority ob<servations by these workers
and differs from the findings by Mattinez et al., (2000 in some quality paremeters. The high
percent reducing sucar figures indicete that smu mus have reduced the sicrose in the affected

cenes of Co 957 and Bida local.
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Other studes on quality paremeters by Indi et al., (2012 shcwed that the field sicrose, Brix and
purity of smuted cene juice were adversely affected. Consequently, the maikedly reduced
percentage Brix, pol, purity and fibre of S. scitamineum infected canes in the present study are in
agreement with the repart of Indi et al., (2012 and Tai et al., 1996 On the resuli of increésed
reducing sugatrs, it could not be the effect of S. scitamineum alone bui presumabl due to other
factors like harvesting time, stcrage duration, pH value, presence of bactetia and temperature
which affect reducing stgars in juice (Tan et al., 2011). In the present study, the tesi canes were
harvesied and crusted the same day, however, due to the large numker of samples, the duration
of the analysis mus have increased and caused the skaip increase in reducing sugats other than

the effect of S scitamineum alone.
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Tablel. Effectsof varietyandinoculumconcentratioron field sucrosg% Brix) of smuttedcanes1998,1999and2000

1998plantcrop 1999ratooncrop 1999plantcrop 2000ratooncrop
Treatment 6 9 12 (Harvest) 6 9 12 (Harvest) 6 9 12 (Harvest) 6 9 12
(Harvest)
Variety (V)
Co957 0.0 10.8a 10.2a 14.2a 13.7b 13.7a 9.8a 13.1a 15.6a 14.4a 13.6a 16.5a
Bidalocal 0.0 8.1a 8.4a 4.0b 6.2b 6.1b 5.5a 7.8b 8.0b 9.0a 10.9a 10.9b
Mean 0.0 9.5 9.3 9.1 10.0 9.9 7.7 11.5 11.8 11.7 12.3 13.7
SE+ 0.0 11 1.3 0.3 0.5 0.5 0.7 0.3 0.5 0.3 1.7 0.5
NS NS NS *% *% ** *% *% *% ** NS **
Inoculum
concentration(l)
(teliospores/ml)
0.0 0.0 0.0b 0.0c 8.9a 10.4a 10.l1a 8.5a 12.0a 12.6a 12.2a 13.2a 14.4a
2x10° 0.0 13.4a 13.6.a 9.3a 10.1a 9.7b 7.2a 11.6a 11.9a 12.0a 12.3a 14.0a
4x10° 0.0 12.8a 12.4a 9.3a 9.8a 9.9b 7.8a 11.1a 11.5a 12.2a 11.9a 14.0a
6x10° 0.0 11.7a 11.2b 9.0a 9.5a 9.7b 7.1a 11.0 11.5a 10.6b 11.7a 12.6a
Mean 0.0 9.3 9.3 9.2 10.0 9.9 7.7 11.4 11.8 11.8 12.3 13.8
SE+ 0.0 1.3 1.3 0.5 0.5 0.4 0.5 0.7 0.8 0.5 11 11
NS * * NS NS NS NS NS NS * NS NS
[nteraction
V*| NS NS * NS NS * NS NS NS * NS NS

Meansfollowed by similar letter(s)arenot significantly differentat P=0.01,P=0.05accordingto Duncan'sMultiple RangeTest(DMRT)

NS = Not significant



353
354

355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383

Table2. Interactionof variety andinoculumconcentratioron field sucrosg% Brix) of smuttedcanes,1998,1999and2000

1998plantcrop 1999ratooncrop 2000ratooncrop

Treatment variety variety vareity
(teliospores/ml) Co957 Bidalocal Co957 Bidalocal Co 957 Bidalocal
0.0 0.0d 0.0d 13.81b 6.1e 14.1c 9.9d
2x10° 11.2b 11.3b 13.5b 6.8d 14.8a 9.5e
4x10° 17.3a 9.9¢ 14.6a 6.2e 14.6a 9.8d
6x 10° 12.3b 12.5b 13.1c 5.3f 14.3b 6.9f

1.30 0.40 0.50

SE+

Meansfollowed by similar letters(s)arenot significantly differentat P=0.01,P=0.05accordingto Duncan’sMultiple RangeTest(DMRT)
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Table3. Effectsof varietyandinoculumconcentratioron juice quality, 1998and 1999

Quality parameters

Treatment 1998plant 1999ratooncrop
Tem. Cor. %Polarity % Purity % %Fibre | Tem. Cor. % % % Reducig % Fibre!
Brix (%) Reduciry Brix (%) Polarity Purity sugar
sugar
Variety (V) U
Co957 20.6a 15.7a 80.5a 1.2a 16.8a 22.0a 18.0a 82.3a 0.3a 18.0a
Bidalocal 15.0b 11.1a 73.7a 2.7a 10.0a 15.0b 10.3b 71.9b 0.6a 10.0b
Mean 17.8 18.4 77.1 2.0 13.4 18.5 14.2 77.1 0.5 9.0
SE+ 0.6 1.9 2.8 0.2 0.5 0.3 0.8 2.4 0.06 0.5
* NS NS *% *% *% *% *% * *%
Inoculum
concentration (I)
(teliospores/ml)
0.0 18.3a 14.3a 77.9a 2.3a 14.6a 19.0a 15.5a 77.8a 0.5a 14.6a
2x10° 17.9a 13.5a 77.7a 2.0a 13.6a 17.8a 14.3a 77.7a 0.4a 14.3a
17.3a 13.3a 77.0a 1.9a 13.2a 17.7a 13.9a 76.7a 0.4a 13.6a
4x10°
6x 10° 17.1a 12.4a 75.9a 1.8a 12.4a 17.6a 12.9a 76.2a 0.4a 13.6a
Mean 17.5 134 77.1 1.6a 13.5 18.0 14.2 77.1 0.4 14.0
SE+ 1.1 1.3 2.9 0.6 1.6 0.6 0.9 2.1 0.06 0.5
NS NS NS NS NS NS NS NS NS NS
Interaction
V*| NS NS NS NS NS NS NS NS NS NS

Meansfollowed by similar letters(s)arenot significantly differentat P=0.01,P=0.05accordingto Duncan’sMultiple RangeTest(DMRT)

NS = Not significant.



394  Table4. Effectsof varietyandinoculumconcentratioron juice quality, 1999and 2000

JuiceQuality parameters

Treatment 1999plantcrop 2000ratooncrop

Tem. Corr. % % % % Fibre Tem. Corr. % Polarity % Purity % % Fibre

Brix (%) Polarity Purity Reducirg Brix (%) Reducimy

sugar sugar

Variety (V)
Co957 22.1a 17.3a 78.6a 0.5a 17.6a 21.5a 17.7a 81.7a 0.6b 18.6a
Bidalocal 16.9b 13.0b 76.4a 0.6a 9.5b 14.7b 11.0b 75.1b 1.0a 10.0b
Mean 19.5 15.1 77.5 0.6 13.6 18.1 14.4 78.4 0.8 14.1
SE+ 11 0.7 1.8 0.2 0.2 0.6 0.4 1.3 0.2 0.7

*% *% NS NS *% *% ** ** NS *
Inoculum
concentration (I)
(teliospores/ml)

20.0a 16.6a 82.8a 0.6a 13.8a 18.7a 15.1a 80.2a 0.8a 14.4a
0.0
2x10° 19.9a 15.7b 79.1ab 0.5a 13.6a 18.2a 14.9a 80.0a 0.8a 14.2a
4x10° 19.1a 14.6¢ 76.2b 0.7a 13.2a 17.9a 14.4c 79.8a 0.7a 13.9a
6x 10° 18.9a 13.6a 71.9c 0.5a 13.8a 17.6a 13.1b 73.6 0.7a 13.7a
Mean 20.0 15.1 77.5 11 13.6 18.1 14.4 78.4 0.8 14.1
SE+ 1.0 1.0 3.0 0.1 0.4 0.5 0.3 1.9 0.2 0.4

NS * ** NS NS NS * * NS NS
Interaction
V*| NS NS NS NS NS NS NS NS NS NS
395

396  Meansfollowed by similar letters(s)arenot significantlydifferentat P=0.01,P=0.05accordingto Duncan’sMultiple RangeTest(DMRT)

397
398 NS=Notsignificant.
399
400
401



