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INTRODUCTION

The purple-lined borer (PLB), Chilo agamemnon Blezynski (Pyralidae,
Lepidoptera) is the most destructive and potentially chronic species that attacks
sugarcane. It is a pest on graminaceous crops in tropical and subtropical regions and
i..ainly attacks corn, sugarcane and rice (El-Sherif, 1962). Fletcher (1910) was the
first to record it in Egypt under the synonym C. simplex Butl. Willcocks (1925)
believed that Chile sp. had been imported to Egypt in some sugarcane setts or straw
packings from Japan.

Borer infestation causes reduction in cane weight due to internodes damage,
in addition larval tunnel in the cane cause stalk breakage and lodging. Moreover, the
larval entrance and moth holes offer entry points for red rot (Reagan and Flynn,
1985). Damage of this type of pathogens severly depends on the incidence of these
pests, as well as on varietal susceptibility. The borer infestation and accompanied
diseases complex cause serious deterioration in the quality and quantity of juice
extract for sugar production and hence drastic threat to the sugar industry.

Numerous reports in the literature on observed differences among
sugarcane varieties injury by stalk borer, whereas, screening for new resistant
varicties is of paramount importance to both cane grower and industry. The
sugarcane resistance to stalk borers my be due to the plant characters unfavorable for
establishment of borers in the plant, which inhibit or render borer development
(Mathes and Charpentier 1969).

The present study was initiated to elucidate the relationship between
chemical composition of six new promising sugarcane varieties and infestation by
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the purple-tined borer (PLB). Also, to asses the changes in chemical juice quality
associated with various noticeable sign of infestation.

MATERIAL AND METHODS

Six new promising sugar cane varietics were used in this study. These
varieties were, Giza (G} 84-47, 85-37, 95-21, 95-21, Farmosa (F) 161 and PH
(Philippine)} 8013 in addition to the majer commercial variety Giza-Taiwan (GT) 54-
9 (95 % of the total sugarcane area) as a standard. Varieties were planted in
Shandaweel Agriculturat Research Station, Sohag governorate, Upper Egypt during
the two successive seasons, 2000/2001 as plant cane and 2001/2002, first ratoon,

I- Effect of infestation on chemical composition:

The relationship between leaves fiber, fiber fractions, some nutrient
elements and leaves protein content and the resistance of the used varieties to stalk
borer were carried out in plant cane crop, Double leaves samples from four
replicates for each variety after drying to a constant weight at 70 °C in electric oven

was used as follows:

Fiber fractions were determined according to Georging and Van Soest

{1975) using all dried green leaves (lamina and sheaths). Samples were analyzed as
follows:

NDF (neutral detergent fiber) = Cellulose + Hemicellulose + Lignin

ADF (acid detergent fiber) = Cellulose + Lignin

Hemicellulose = NDF - ADF

Cellulose was determined as weight loss of ADF upon extraction with 72 % H,S0,,

Crude fiber analyzes was carried out according to A.C.A.C. (1990).

Lamina of the third to the sixth leaves counting from toep downwards and
their sheaths as described by Clements er al. (1968) were dried and used to
determine some major elements ie. Nitrogen (N), Phosphorus (P), Potassium (K),
Calcium (Ca) and Silica (51) according to A.O.A.C. (1990).

The first leaves sample started after 60 days from planting date on April 20,
2000 (after complete eye-bud germination and beginning of tillering stage). The second
leaves sample was after about 210 days (Sep. 15, 2000 and Oct. 15, 2001) for plant cane
and first ratoon (during great cane elongation stage). While, the third one was at harvest
time after 288 days from planting date (about 13 months) at March 15, 2001 for plant
cang and after 365 days ( 2.5 months) at March 15, 2002 for first ratoon .
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I1- Effect of infestation on juice quality characteristics:

At harvest time for both plant cane and 1% ratoon, 25 stalks sample was
selected from each plot (varieties x four replicates) comprised uninfested stalk
(healthy stalks), bored, girdled and breakage stalks in addition to a stalk sample took
randomly from each plot. Samples were brought immediately after cutting to the lab.
for crushing and juice analysis after stripped and cleaned. Stalk components for each
noticeable sign of infestation and sound cane as well i.e. stalk length, stalk diameter,

stalk weight, No. of joints/stalk and average joints length were measured.

Each sample was weighted and then crushed through 5 roller mill lab. Crushed

juice after filtration was weighted and juice extraction percentage was calculated:
% JEP = juice weight * 100/cane weight

Cane stalks fiber percentage: determined according to Sugar and Integrated
Industries Company producers using high speed cutter to slices the whole cane stalks
and strong blender to separate fiber. Fibers were washed several times by lime water
(Calcium hydroxide 1 %) to get rid of all other components. Fiber was weighted
before and after drying at 105 °C.,

Juice quality analysis was carried out according to Meade and Chen (1977)
as follows:

1- Brix poids (Total Soluble Solids in 100 g juice) was determined using Brix
hydrometer standardized at 200C. Reading was corrected according to juice

temperature.

2- Brix volume (Total Soluble Solids in 100 cc juice) and juice density were
obtained directly from Scheibler's table corresponding to brix poids degrees.

3- Pol % (Sucrose in 100 cc clarified juice) was determined by direct polarization

after clarification using saccharimeter apparatus.
4- Sucrose in 100 g juice = Pol % (Sucrose in 100 ce juice)/juice density.
5- Reducing sugars in 100 cc clarified juice was made by Fehling solution method.
6- Glucose ratio (GR} = Reducing sugars in 100 cc juice/sucrose in 100 cc juice.
7~ Juice purity percentage = Sucrose in 100 cc. juice x 100/Brix in {00 cc juice

8- Sugar % Cane (Richness) = Sucrose in 100 g juice * [100- (Fiber % cane x 1.3)
+2.51/100

9- Extracted % Sugar (Recovery or rendement) = Sugar % cane (Richness) x purity %
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10- Juice acidity:

a, Juice pH value using pH meter with quinhydrone electrode ( electrometric
method).

b. Tetrated acidity using the usual colorimetric titration with 0.1 normal
sodium hydroxide to the first pink color with phenolphthalein as indicator.

11- Starch mg in 100 cc clarified juice: was estimated according to the methods
described in A.O.A.C. (1990).

12- Dextran ppm in 100 cc clarified juice: was made according to Robert et af. (1983).

13- Non Sugars substance percentage = Brix volume — (Sucrose in 100 cc juice +
reducing sugars in 100 cc juice + Ash %) according to Fort and Mckaig
(1939) Formula.

14- Non Sugars substance/Sucrose ratio = Non Sugars substance in 100 cc
Jjuice/Sucrose in 100 cc juice

15- Nitrogen in mg/100 cc clarified juice: was determined according to Micro
Kjeldahl methods as described in A.O.A.C. (1990).

t6- Protein in mg/100 cc juice = Nitrogen in mg/100 cc juice * 6.25

17- Ash in 100 cc juice: Ash was determined by simple ignition in an electric

muffle at a temperature approximately at 500°C using 50 cc of raw juice.

18- Ash/Sucrose ratio = Ash in 100 cc juice/Sucrose in 100 cc juice

RESULTS AND DISCUSSION
I- Effect of infestation on chemical composition:
1. Leaves crude fiber and fiber fractions:

Data in Table (1) show that, crude fiber and fiber fraction ie. cellulose,
hemicellulose and lignin in leaves of infested plant slightly decreased (statistically
insignificant) as compared with healthy (uninfested) ones. Dealing with the used
varieties, average leaves fiber and fiber fractions values differed significantly among
the used varieties,

Data clear that there was a relationship between leaves crude fiber and
lignin and the ability of Chilo insect to attack cane plants, meantime, leaves fiber
and its fraction may be related to the varieties sensitivity to Chilo infestation. On the



Chemical composition of healthy (H) and infested (I) green leaves of some new promising sugarcane varieties.

TABLE (I}

) G G G G PH LSD.
Variety GTS49 1 8447 | 8537 | 9519 | o5y | F161 8013 Aver. 0.05
H | 3110 | 3268 | 3185 30.87 3135 32.08 3139 31.61 0.30
Crude fiber
I 3029 | 3203 T 3161 30.70 3116 3161 IRE 3121 0.08
H | 1527 | 1559 [ 1557 15.40 15.46 15.83 15.58 1551 NS.
Cellulose
1 1527 | 1555 | 1535 1535 15.54 15.60 15.40 15.45 NS,
Hemicellulose 0 1323 | 1412 | 13.77 13.35 13.40 13.99 13.58 13.68 0.19
T 1328 ] 1209 | 1373 1341 13.40 1301 13.87 13.67 NS
Lionin H 6.23 8.45 7.33 6.12 6.37 8.08 733 7.15 0.17
g T 6.15 818 6.04 6.32 704 725 713 7.00 0.04
Proteln % H 941 6.75 8.34 10.37 9.32 7.69 8.72 8.65 0.76
1 981 722 9.16 11.63 9.85 8.03 915 922 0.22
Nitrogen % H 1.55 1.08 133 1.66 1.49 123 1.40 138 0.12
I 157 16 147 1,86 157 178 146 148 0.04
. H 1.90 1.96 1.91 1.87 1.85 1.82 1.97 1.90 0.05
0,
Potassium (K%) T 139 1.86 1.83 1.80 175 175 91 183 NS,
H | 0119 | 0114 | 0.103 0.102 0.106 0.109 0115 0.110 0.004
Phosphorus (P*
osphorus (P%) |\ — 0.109 | 0106 | 0.008 0.097 0.000 0.097 0.104 0.101 0.002
. H | 0184 | 0207 | 0.194 0.176 0.184 0.201 0.195. 0.192 0.012
Calcium {(Ca %)
1 0176 ] 0205 ] 0.101 0.159 0173 0.194 0.186 0.183 0.001
o H 538 5.75 5.66 5.20 532 5.67 553 5.48 0.24
Silica (Si ®
ilica (Si %) i 6.16 561 521 476 403 5.5 534 527 0.1l

€0t
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other hand, cellulose and hemicellulose were negatively but in-significantly
correlated with affected Chilo attack ability. The obtained results may be partly
emphasized by those of Rizk er al. (1986) who found that physical qualities of the
tissues play a very important role in varietal resistance to Chilo sp. Kennedy and
Nachiappan (1992) demonstrated that a thick sclerenchymatous layer of the leaf
sheath is responsible for the resistance of the pyralid Chilo infiscatelfus. Rutherford
et al. (1993) stated that lignin as percentage of fiber showed no association to borer
infestation unless it included fiber in multiple regressions. Coulibaly (1990) found
that high negative and insignificant correlation was between fiber % and number of
bored intemodes, Beshay (2001} stated significant difference in green leaves crude
fiber and its fractions among ten tested cane varieties.

2, Leaves protein and nitrogen percentages:

Leaves protein and nitrogen contents of the infested cane plants increased
significantly as comparing with uninfested ones, meantime leaves protein and
nitrogen contents decreased gradually as age of plants progressed up to harvest.
Also, the ratio varied significantly among the used varieties. G 95-19 and

G 95-21 varieties had the highest leaves protein and nitrogen content,
meantime highly attacked by stalk borer (C. agamemnon), while, G 84-47variety
showed a vice versa trend in both leaves protein content and Chile infestation.

The high protein and/or nitrogen content increased the sensitivity of cane to
borer attack and this may be due to the reduction in fiber content accompanied with
high nitrogen and hence protein content in cane tissues (Coulibaly, 1990). Padhi and
Chatterji (1986) showed that the susceptibility of varieties had higher nitrogen
content than the resistant ones. Beshay (2001} stated that crude protein content of
green leaves varied significantly among cane varieties,

3. Leaves contents of potassium (K), phosphorus (P), calcium (Ca) and silica (Si):

Infested leaves content of K, P, Ca and Si decreased than those of the healthy
leaves (Table 1), but reduction rate differed according to the elements and/or the plant
age. Silica and Calcium exhibited the highest reduction (statistically significant). Such
effect may be due to that borer infestation negatively affected absorption and/or the status
of the elements inside plant tissues. In this connection, Sharma and Chatterji (1972)
stated that Chilo resistance was not related to N, P, K, Si and iron,

The used cane varieties differed significantly in their leaves elements
content of K, P, Ca and Si. Moreover, G 84-47 variety that had the highest leaves
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contents of K, P, Ca and Si was the less infested by stalk borer, while, G 95-19
variety exhibited the lowest leaves content of the P, Ca and Si followed by G 95-19
for the four elements meantime, both varieties were severely infested by stalk borer.
Therefore, it appeared that cane varieties with low leaves content of K, P, Ca and Si
were more susceptible to stem borer, while, high leaves content of the same elements

gave a vice versa trend.

From the obtained results, it appears that calcium and silica in some cane
varieties may play a vital role as a chemical resistance factor against stalk borer
(PLBY). Such effect may be due to that both elements greatly affected the hardness of
cell wall of various plant tissues, which may be responsible for larval survival and
development as reported by Ukwungwu and Odobiyi (19853). Furthermore, Abu-
Dooh (1988) reported that phosphorus ratio plays an important role especially in the
larval development. Soliman et al. (1997) found that silica decreased rice stem borer

infestation with a negative correlation.
II- Effect of infestation on juice quality characteristics:
1. Effect on juice extraction percentage (JEP):

Data in Table (2, a) show that the infestation significantly reduced juice
extraction percentage (JEP) in both plant cane and 1* ratoon. Such effect may be due
to borer feeding on the juice and tissues of cane stalks (Schexnayder et al., 2001).
There was a slight reduction (statistically insignificant) in JEP among the used cane
varieties in both plant cane and 1¥ ratoon, Such effect gives evidence that the
susceptibility of the used cane varieties to Chilo infestation was nearly the same with
respect to this trait. Rao er al (1983) and recently, Ali er al (2001) noticed a
reduction in juice extraction percentage from damaged cane.

2. Effect on stalk fiber percentage:

The infestation increased significantly stalk fiber percentage as compared
with healthy cane in plant cane and 1% ratcon (Table 2,3). Also, there was a
significant variation in stalk fiber content among the used cane varieties in both plant
cane and 1 ratoon. Mahmoud (2000) found that the highest percentage of breakeage
occurred on the upper third of the stalk, therefore, the residual stalk parts after
breakage under borer infestation are the middle and basal parts of stalks which were
charactetized by higher fiber content than those of the upper stalk part.

Cane variety G 95-19 scemed to be the most susceptible variety, which,

recorded the highest Chilo infestation in both plant cane and 1™ ratoon, meantime,



TABLE (Il a)
Effect of infestation with Chilo agamemnon on juice characteristics of seven sugarcane varieties.
, GT |G G G G PH
Variety 540 | 84-47 | 8537 | 95.19 | 05-21 F 161 8013 Aver. | L.8.D. 0.05
Plant cane || 0092 | 59.43 | 6139 |62.35 | 61.89 | 61.26 | 61.84 | 61.30 | 0.45
Juice extractiog % I |57.29 | 5600 | 58.22 | 58.71 | 58.56 | 58.21 | 58.45 | 57.92 | 0.38
1 ratoon || 6031 | 58.95 6160 | 61.85 | 60.59 | 59.95 | 61.04 | 6061 | 0.77
1 | 56.67 | 5572 | 58.27 | 58.20 | 36.99 | 57.07 | 57.68 | 57.23 | 0.65
Plant came L1224 [ 1237 [ 11.92 1132 | 1168 [ 1211 [ 1164 |11.90 [0.12
T | 1261 [12:69 11228 | 11.77 | 1207 | 1248 | 12.06 | 12.28 | O.11
Stalk fiber percentage | . TH 1295 [1321 | 1284 [ 1223 {1256 | 1260 | 1278 | 1274 |01
I | 1339 | 1344 | 1320 | 12.76 | 13.07 | 13.02 | 13.18 | 13.15 | 0.10
Plant cane | TL| 20.86_| 21,10 | 21.14 2074 119357 11967 12079 2057 1 0.16
Brix volume 1 [20.03 [ 2051 | 20.40 | 19.89 | 18.69 | 18.93 | 20.15 | 19.80 | 0.13
(100 cc juice)  catoon | H2135 [2198 [21.52 [21.14 12020 [ 2015 2137 [2110 [ 0.3
12065 | 2149 | 2081 | 2039 | 1941 | 1954 | 2088 | 2045 |01l
plant cane | L] 1934 _[19.59 [1955 | 1917 [1820 | 1829 |19.25 |19.05 |014__ |
Brix poids I | 18.60 | 1901 | 1891 |18.47 | 1743 | 17.64 | 18.70 | 18.40 | 0.12
(100 cc juice)  ratoon | BL1 1973 [2027 [19.87 [ 1955 [ 1874 [1870 11975 [ 1951 |0.12
11913 | 1984 | 1927 [ 1891 | 18.06 | 18.17 19.32ﬁ 1896 | 0.10 ]
H | 1.0806 | 1.0817 | 1.0815 | 1.0798 | 1.0755 | 1.0759 | 10802 | 1.0793 | 0.0006
Plant cane =1 o T T.0701 | 1.0787 | 1.0767 | 1.0722 | 1.0731 | 1.0777 | 1.0764 | 0.0006
Juice density “ H | 1.0823 | 1.0847 | 1.0830 | 1.0815 | 1.0779 | 1.0777 | 1.0824 | 1.0814 | 0.0006
1 ratoon T 606 T 1.0828 | 1.0803 | 1.0787 | 1.0749 %0754 1.0805 | 1.0789 | 0,0003
Swcrose/ Plant cane | L1748 | 17.90 [17.16 117.29 | 1583 612 11744 17.03 1 0.4
100 ce Juice I11620 | 1672 | 1602 | 1600 | 1468 | 15.02 | 1633 | 15.85 | 0.12
* ratoon | B[ 1822 [ 1867 [1768 | 17.02 [ 1647 [ 1673 | 1831 [17.71 |0.14
1171683 | 1745 | 1639 11653 | 1517 | 1558 117.13 | 1644 | 0.12

80T



Table 11 a continued

Plant cane H [ 1618 | 1655 ] 1587 | 16.01 14,72 | 15.03 | 16,15 | 15.79 | 0.13
Sucrose / I [ 150515501 1485 | 1486 | 13.65 | 14.01 | 1520 { 14.73 | 0.11
100 gm juice 1* ratoon H| 1684 | 17.14 [ 1633 | 1657 | 1528 ) 1552 [ 1692 | 16.37 | 0.13
I ! 1559 16,10 ) 1517 15321 1411 ) 1449 ) 1585 ! 15.23 ) 0.11
Plant cane H[o084 |077 | 120 1.01 103 109 |0.76 | 094 | 0.06
Glucose / I1]095 083 |1.13 1.10 108 | 098 | 0.8l 098 | 0.05
100 ec juice 1* ratoon H 044 | 0.42 J 074 [0.58 087 |070 046 | 060 | 005
11070 | 0.60 1.07 | 091 1.29 | 098 |0.66 089 | 005
Plant cane H|[378 [3.19 | 481 4.51 535 {503 334 1429 [042
Reducing I {594 ;500 |714 (695 (747 658 |500 {630 |035
sugar / Sucrose ratio 1* ratoon H! 241 2.26 | 419 3.23 5.27 4,19 | 2.51 3.44 | 0.37
11420 |348 | 6.60 | 5.56 | 857 |637 |3.91 5.52 032
H | 83.80 ) 84.47 | 81.17 | 83.37 | 80.91 | 81.96 | 83.89 | 82.80 ) 0.72

Plant cane
Purity percentage% I |81.29) 81.48 | 78.51 | 80.39 | 78.27 | 79.28 | 81.24 ) 80.07 | 0.61
1* ratoon H | 8535 ) 8495 | 82.17 | 84.74 | 81.54 | 83.03 | 85.67 | 83.92 | 0.50
I |81.45]81.21 | 787018099 | 78.10 | 79.69 | 82.01 | 80.31 | 0.43

60T



210

exhibited the lowest fiber content. On the other hand, cane variety G 84-47 was the
lesser-affected variety by infestation where, the highest stalk fiber percentages in both
plant cane and 1% ratoon have been observed. Allam and Abu-Doch (1995) found
inverse relation between fiber content and all degrees of susceptibility to Chilo spp.

3- Effect on brix degrees:

The infestation significantly reduced juice brix volume and poids in both
plant cane and 1% ratoon as compared with sound canes and these degrees significantly
differed among the used varieties (Table 2,a). The varietics PH8013, G 84-47 and
Fl161 exhibiting the lowest reduction in juice brix degrees were more resistance to
Chilo damage. On the contrary, the highest reduction in juice brix volume and poids in
both plant cane and [* ratoon was recorded by GT 54-9, G 95-19 and G 95-21;
therefore, these varieties could be termed as susceptible varteties. Besheit e? al. (1998)
and Ahmed (2003) found that brix degree greatly varied among cane varieties.

4- Effect on Juice density:

Average values of the ratio between juice brix poids / juice brix volume is
known as juice density. Juice density was significantly decreased by Chilo
infestation and varied among the used varieties in both plant cane and 1™ ratoon
(Table 2, a). The reduction in juice density was negatively correlated with juice
weight and hence, the quantities of juice tetal soluble solids and the quantity of
recoverable sucrose. In this connection, early reports by Fort and Mckaig (1939)
showed that juice with high apparent solids (high juice density) usually yields more
sugar per ton of cane than a juice with low apparent solids (low juice density), the
cost of production is also less.

PH8013 variety seemed to be more tolerant to Chilo damage in both plant
cane and 1* ratoon recording the lowest percent of reduction in juice density, while, G
95-21 variety gave vice versa trend in plant cane only. Worthwhile to mention that, the
relation of the used varieties, as indicated by average juice density was completely the
same as juice brix poids noticed before, meantime, the used varieties characterized
with high juice density showed high recoverable sucrose (will discussed later).

5- Effects on sucrose/100 cc juice (Pol} and Sucrose/100g juice:

Data in Table (2,a) indicate that sucrose/100 cc juice and [00g juice in
attacked stalks in both plant cane and 1™ ratoon were significantly decreased as
compared to sound (healthy) ones. Such effect may be due to that loss in sucrose %
in bored cane was due to the influence of the borer rot disease complex (Silva and
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Moraes, 1977) and/or may be due to sucrose inversion to reducing sugar (glucose
and fractose) accompained the germinate of lateral eye buds of the internodes and/or
new tillers may be formed from the lower eye buds. Also, there were significant
differences among the used varieties; this may be due to genetic causes. This is in
agreement with El-Soghier and Beshiet (2003) who found that varieties differed
significantly in sucrose content at harvest in either plant cane or 1% ratoon. The high
sucrose content varieties (G 84-47, PH8013 and GT 54-9) resist more borer damage
and verified high sugar content in spite of borer infestation. These results are in the
same trend as reported by Abu-Dooh (1988) who found that varieties with high

percentage of sucrose appeared to suffer more infestation by C. agamemnon.
6- Effect on reducing sugars:

The infestation significantly increased % juice reducing sugars in both plant
cane and 17 ratoon (Table 2, a). The increase in juice reducing sugars of borer attacked
cans may be duc to some extend to borer larvae secretion which stimulate sucrose
inversion and/or to various pathogens which attack cane stalks from larval entrance or
moth exit holes of the insect which utilize sucrose in its feeding or change sucrose to
reducing sugars and polysaccharide such as dexiran. Soliman and Mihm (1997} found
that the increase in reducing sugars and dextran accompanied PLB infestation is due to
inversion of sucrose by enzymes to reducing sugars and/or the effect of bacteria which
change sucrose to dextran, whereas, both reducing sugars and dextran depress juice
quality and cause many problems during processing.

In general, the increase in levels of juice reducing sugars is considered as
undesirable cane quality criteria because of its negative effect through out various
steps of cane processing. Worth to mention, the healthy (uninfested) varieties
showed nearly the same trend as mentioned above in both plant cane and 1* ratoon.
The 1% ratoon seemed to be more susceptible to PLB damage than plant cane.
Similar findings are obtained by Allam {1997).

7- Effect on reducing sugars/sucrose ratio (Glucose ratio):

Data in Table (2, a) show that, the infestation significantly increased reducing
sugars/sucrose ratio which known as glucose ratio {(GR) and varietal differences have
been observed in both plant cane and 1" ratoon. These results could be attributed to the
increase in juice reducing sugars and the decrease in sucrose content caused by PLB
infestation recorded previously in this work. The increase in GR is positively
proportional to the deterioration of bored cane juice quality which, cause technological
problems during cane processing. GR of plant cane was significantly higher (6.30)
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than those of 1" ratoon (5.52). Such effect may be due that plant cane had higher
values of reducing sugars and lower sugar content than 1™ ratoon as mentioned before,
These results indicate that juice of 1* ratoon was more deteriorated and hence more
susceptible to borer damage than plant cane and this may be attributed to the higher

lSI

values of infestation recorded in 17 ratoon than plant cane. The obtained results are in

harmony with those reported by Viveiros et al. (1992).
8-Effect on purity percentage:

Juice purity percentage of Chilo attacked stalks was significantly decreased
as compared with sound stalks in both plant cane and 1* ratoon (Table 2, a). Such
effect may be due to the reduction in both juice brix degrees and sucrose content
under the same infestation observed previously. These findings agree with those
obtained by Chang and Wang (1995) who stated that juice purity was significantly
lower for heavily, intermediately and lightly damaged internodes infested with sugar
cane borers. Worth to mention, juice purity of the healthy stalks of the used varieties
had the same arrangement as mentioned before. This gives evidence that the high
pure varieties were more tolerant to borer damage and verified high purity in spite of
borer infestation. Besheit er ol (1998) reported that, purity differed significantly

among cane varieties.
9-Effect on Sugar % cane (Richness):

The infestation negatively affecied sugar % cane in both plant cane and 1
ratoon. 1* ratoon suffered more loss in sugar % cane than that of plant cane (Table
2,b). Such effect may be due to that |™ ratoon suffered more damage by borer
infestation than plant cane. Internode borer e.g. Chilo agamemnon feed mainly in the
internode and also tunnel through the nodes (Schexnayder er af., 2001). Severe
attack causes rotting and death of tissues. Weakening of nodes often results in
breakage (Williams, 1961). Furthermore, borer tunneis open the way to infection by
bacteria, fungi and yeasts, which, increase the loss of sucrose to a significant extent
(Soliman and Mihm, 1997).

10-Effect on extracted % sugar (Recovery or rendement):

Sugar recovery or rendement refer to actual extracted % sugar or final sugar
% extracted during subsequent processing steps, therefore, this trait consider an
important juice quality and/or technological feature of juice which had a vital role on
the final product (sugar yield) during cane manufacture.



Effect of infestation with Chilo agamemnon on juice characteristics of seven sugarcane varieties.

TABLE (II'b)

. cr | ¢ G G G | rH L.S.D.
Variety 549 | 84-47 | 85-37 | 95-19 | 9521 | F 10! | 8013 | AYe™ | 005
Plant cane L] 1320 13.47 | 1301 | 1226 | 1202 | 13.29 | 13.30 | 12.95 | 0.10
Sugar % cane (Richness) 1| 1221 | 1255 | 1212 | 1222 | 11.17 | 11.39 | 12.40 | 12.01 | 0.09
1 ratoon B[ 1351 (1377 | 1320 | 13.52 | 12.41 [ 12.59 | 13.69 (1324 [ 0.1
T [ 1248 | 12.89 | 12.10 | 12.40 | 1137 | 11.67 | 12.75 | 12.25 | 0.09
Plant can || 1106 [ 1138 1 10.56 {1105 | 9.87 | 1007 [ 11.16 [ 10.73 [ 0.13
Extracted% sugar 14{ 994 11021 ] 953 | 984 | 876 | 905 | 10.08) 9.63 ; 0.12
( Recovery ) 1 catoon || 11:59 | TL70 [ 1084 | 1156 | 10.13 [ 10.45 [ 1172} 11.i4 | 0.13
I 1019|1048 | 9.61 | 10.08 | 8.89 | 931 | 1047 | 9.86 | 0.1
Juice acidity Plant cane | A543 | 517 | 5.1 | 7504 | 502 | 5.07 | 517 | 510 | 007
(pH) T | 5.06 | 511 | 500 | 4.94 | 491 | 499 [ 509 | 501 [ 006
- H| 526 | 528 [ 515 | 509 | 499 | 5.13 | 523 | 5.6 | 007
ratoon
T 1516 ] 522 | 503 | 501 | 488 | 503 | 5.17 | 507 | 0.06
Plant cane LB| 225 | 230 [ 245 | 255 | 260 | 2.70 | 225 | 244 | 0.11
Titratable acidity 1| 247 | 241 | 264 | 277 | 285 | 2.77 | 238 | 261 | 0.09
ratoon |} 215 | 195 1225 7240 172.65 | 245 [ 2.20 | 229 1 0.10
| 8 206 | 204 [ 262 | 2.66 | 2.80 | 2.62 | 2.13 | 2.45 [ 0.9
Plant cage | JL[ 14:75 | 13.00 [ 15.00 | 22.00 | 23.00 | 21.00 [ 17.00 [ 17.96 | 1.59 |
Starch mg / 100 I | 21.95 | 18.20 | 20.00 | 26.20 | 24.40 | 21.40 | 17.60 | 21.39 | 1.34
cc juice * ratoon || 13:00 [ 10.00] 14.00 [ 71800 | 20.60 | 18:00 | 12.00 | 1500 | 1.58
1 1 19.40 | 1460 | 17.80 | 21.80 | 21.60 | 18.00 | 15.60 ) 18.40 | 1.33
Plant cane LHL|_198 11891200 | 195|204 | 208 | 191 | 198 1047 |
1| 425 | 374 | 393 | 422 | 394 | 382 | 381 | 396 | 8.85
Dextran ppm / 100 ml juice H | 191 | 180 | 172 | 187 | 178 | 173 | 178 | 180 | 11.71 |
1% ratoon
1| 379 | 347 | 335 | 393 | 360 r340 349 | 357 ! 4.90

€T



Table II b continued

Plant cane |1 272 | 272 | 3.6 | 267 | 289 | 274 | 277 | 281 010
Non sugars substances ) 2.8 2.97 3.24 2.80 2.97 2.94 2.97 2.97 ] 0.09
percentage % 1 ratoon VH | 269 1289 17310 [ 264 | 286 | 272 | 260 279 |0.12
T | 313 | 334 | 334 | 292 | 290 | 293 | 3.03 | 3.00 010
Plant cane | H | 15.56 | 15.20 {1839 T 1544 [ 1829 ["i7.01 [ 1588 | 16.54 [ 0.6
Non sugars substances / [T [17.97 | 17.85 | 2029 | 17.58 | 20.39 | 19.70 | 18.20 | 18.85 | 0.52
sucrose ratio I* ratoon H | 14.80 1547 17.54 14.85 17.38 16.26 14.20 15.79 | 0.72
1] 1899 | 19.76 | 2057 | 18.03 | 19.58 | 19.22 | 18.10 | 19.18 | 0.61
Plant came LHL|_17:30_[ 1640 | 18.30 | 17.40 [ 18.50 | 18.30 | 16.90 | 17.60 | 0.47
Nitrogen mg/100 ce juice T | 2220 | 2034 ) 2056 | 23.29 | 21.76 | 20.20 | 19.02 | 21.20 | 0.40
1 ratoon || _17:50 | 1840 | 20.00 | 1830 | 20.50 | 19.80 | 17.80 | 1890 | 0.45
|1 [ 2158 | 19.23 | 2137 | 22.68 | 22.20 | 20.60 | 19.96 | 21.09 | 0.38
Plant cane | | 108.13 | 102.00 [ 115.00 | 108.78 [ 115.63 | 114.40 | 105.65 [ 109.94 | 2.92
Protein mg/100 I | 138.76 | 127.04 | 134.77 | 145.77 | 136.01 | 126.27 | 118.90 | 132.50 | 2.47
ce juice 1 ratoon | 10938 [ 11503 |"125.00 | 11440 [ [28.15 | 123.75 | 11128 [ 118.14 | 2.80
1 | 13489 | 12021 | 13354 | 141.76 | 138.76 | 128.78 | 124.76 | 13181 | 2.37
Plant cane | 0-58 | 053 | 7057 |"6:60 | 0.69 | 064 | 056 | 060 | 004
Ash / 100 ce juice T1 069 | 061 | 065 | 071 | 080 | 072 | 0.63 | 069 |0.04
. H| 054 | 052 | 060 | 056 | 0.65 | 061 | 055 | 0.58 | 0.04
Tratoon ‘=0 T 060 1 068 1 065 | 077 | 069 | 062 | 066 004
H | 333 | 296 | 332 | 347 | 436 | 397 | 322 | 352 | 029
Plant cane = 1366 | 4.06 | 444 | 551 | 485 | 385 | 3.7 1025

Ash / sucrose ratio - - : . G : - . - -
* ratoon | A 297 | 280 | 340 | 3037|395 | 365 | 301 | 327 |07
I} 377 | 343 | 416 | 396 | 513 | 446 | 366 | 408 | 023

tiT
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Data in Table (2,b) show that, Chilo infestation significantly reduced sugar
recovery in both plant cane and first ratoon as compared with sound cane. Such
effect may be due to that Chilo infestation had the same effect on sugar % cane,
sugar % juice and purity as already mentioned before, meantime, greatly influenced
this trait. The obtained results are in accordence with those of Gupta and Singh
(1997) and Ali er al. (2001) who reported that sugar recovery (rendement) in
attacked stalk was lower than that of sound cane, and the rate of quality injure varied
with the infestation level. Average sugar recovery of Chilo infestation varied
significantly among the used varieties in both plant cane and 1™ ratoon. This is
agreed with those reviewed by Ahmed (2003) whe found a wide variation in

extracted % sugar among cane varieties and within and over seasons.
11-Effect on juice acidity:

Data in Table (2,b) cleare that Chile infestation significantly decreased
juice pH values (increased juice acidity) in both plant cane and 1% ratoon as
compared with uninfested cane. Such effect indicated that, the infestation increased
juice acidity or hydrogen-ion concentration and hence a significant increase in cubic
centimeters of 0.1 normal alkalis (NaOH) needed to neutralize juice acidity (10 cc of
Jjuice). The same result was concluded by Ali er af (2001} who stated that various
bored joints levels (>3, 5-10, <10%) decreased pH values.

The increase in juice acidity and corresponding low pH values associated
with sucrose conversion to reducing sugars as first step and organic acid as second
step cause many problems during sugar processing and finally reflected on high loss
rate of recoverable sugars in molasses. In this connection, pH too far below 7
increases the activity of degradation enzymes and causes sucrose conversion to
reducing sugars. Meanwhile, the increase in juice acidity may be attributed to the
action of borer rot complex (Soliman and Mihm, 1997). The reduction in sucrosc
and purity and the increase in reducing sugars associated with Chilo infestation
noticed before may be due to the same effect detected on pH and titrated acidity. The
high acidity varieties recorded previously high juice reducing sugars and low juice
sucrose content and purity %, while, the low acidity varieties had relatively low
reducing sugar and high sucrose and purity percentages (Table 2, b).

12-Effect on starch mg/100 cc juice:

Starch is a polymer of D-glucose consists of a mixture of about 80%
amylopectin and 20% of amylose and it is morphous substance and had non-sweet

taste. The infestation increased starch content compared with healthy cane. Juice
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starch content in plant cane was significantly higher (21.39 mg/100 cc. juice) than
the 1% ratoon (18.40 mg/100 cc. juice) (Table 2, b). Such effect may be due to that 1™
ratoon at harvest time was high mature than plant cane.

The presence of starch in cane juice caused many problems during sugar
processing such as increase in the syrup and molasses viscosity (Barnes, 1964).
Gelatinize of starch especially in heated juice and dispersed in the liquid phase, gave
hazy syrup (Smith and Reeves, 1981). Such effect increase costs of juice processing
in addition to reducing the quantity of recoverable sucrose.

13-Effect on dextran:

Data in Table (2,b) show that certain noticeable signs of Chilo damage
significantly increased juice dextran contents in both plant cane and 1% ratoon. In
this connection, borer’s tunnels open the way to the entry of fungi, bacteria and
yeasts (Soliman and Mihm, 1997). Sugarcane has a distinctive epiphytic flora that is
of significance in the role played by microorganisms in the manufacturing of raw
sugar {Meade and Chen, 1977). A small amount of dextran causes increase in juice
viscosity, slow crystallization, reduce sugar yield and produce needle grain crystals.
Meantime, dextran reduces quality throughout processing and carries over into the
refined sugar (Legendre and Richard, 1988). Contamination of cane plants is
therefore possible, but generally requires prior damage to the rend of the cane stalks
by storm, burning {Foster, 1979 and Foster ¢ al., 1980).

14-Effect on nonsugars substances:

Total nonsugars consist of both inorganic nonsugars (minerals or ash) and
organic constituents. The average amount of nonsugars substances significantly
differed among the used varieties in both plant cane and 1" ratoon. In such a way, a
high nonsugar was obviously observed in relatively high sucrose varieties. Such effect
may be due to that these varieties are characterized by high values of total solubie
solids. Nonsugars substances of the 1" ratoon was significantly higher and suffered
more in terms of percent of increase in nonsugars from Chilo damage than those of
plant cane. Such effect may be due to that the 1" ratoon suffered mare % bored joints,
% girdled stalks and % breakage stalks than those of plant cane (Table 2, b).

Nonsugars substances prevent the crystallization of some of the sucrose,
early studies estimated that nonsugars keep an equal quantity of sucrose from
crystallizing; others found that only two parts of sucrose are kept in solution by three
parts of nonsugars (Browne and Gamble, 1923).
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15-Effect on nonsugars substances/sucrose ratio:

The infested stalks showed the more drastic increase in nonsugars / sucrose
ratio in both plant cane and 1" ratoon as compared with sound stalks. There were
differences among varieties (Table 2, b). Sommer (1929) stated that, low nonsugars
to sucrose ratio give best sucrose recovery.

16-Effects on nitrogen and protein in mg /100 cc juice:

Table (2, b) indicated that, borer infestation increased nitrogen and protein
in mg / 100 cc. juice and varied between the different varieties in both plant cane
and 1% ratoon. Nirogen and / or nitrogen compouned present in the juice prevent
crystallization of socrose and also contaminate sugar crystailize (Fort and Mckaig,
1939 ). Nitrogencus substances such as amino acids react with reducing sugars and
form brownish compounds affected the syrup and sugar color { Mathur 1981). G 95-
19 and GT 54-9 were the least tolerant varieties recording the highest increase in
juice nitrogen and protein in plant cane and 1™ ratoon. Severity of Chilo damage
depends largely on the variety of cane (Sardana, 1998).

17-Effect on ash % juice:

Data in Table (2,b) illustrate that infestation increased significantly juice

1** ratoon. Such

ash content as compared with uninfested ones in both plant cane and
effect may be due to the wastes secreted by borer larvae and/or the pathogen
infection.The used varieties significantly differed in their ash content in both plant
cane and 1* ratoon. In general, average over the two variables L. varieties and Chilo
infestation cleared that plant cane had higher ash content (0.69%) than those of 1¥

ratoon (0.66%)

In sugar production, high juice ash content negatively influences sugar
extraction and the quality of the final product, such as, sugar, molasses or syrups
(Fort and Mckaig, 1939). Moreover, Irvine (1977) stated that the mineral nutrients of
greatest concern in processing are those dissolved as salts in the juice rather than
those that are constituents of organic molecules.

18-Effect on ash/sucrose ratio:

The infestation significantly increased ash/sucrose ratio in plant cane and
1* ratoon. G 95-21 is significantly higher in ash/sucrose ratio (5.51 and 5.13) than
any other varieties in both plant cane and 1 ratoon (Table 2, b). Mereover, GT 54-9
the main commercial variety is relatively low in ash/sucrose ratio in the |* ratoen
only. Whereas, the other studied varieties G 85-37, G 95-19 and F161 could be
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considered as moderate ash/sucrose ratio. Such effect may be proportionally related
to variety content of sucrose and ash, where, the low ash/sucrose ratio in varieties
had high sugar and [ow ash content as already mentioned. The obtained results are in
harmony with this reported by Ali er al. (2001).

SUMMARY

Six new promising sugar cane varieties were used in this study to
investigate the effect of infestation by Chilo agamemnon on chemical composition
of these varietes. Leaves fiber and fiber fractions correlated negatively with the
ability of borer infestation. The infestation positively correlated with leaves protein
and nitrogen percentages. Varieties with low leaves content of K, P, Ca and Si were
more susceptible to borer. Chilo infestation significantly reduced juice extraction %
(JEP) as compared with healthy cane in both plant cane and 1™ ratoon,

Brix volume and poids negatively correlated with Chilo infestation. The
percent of reduction in juice density among varities within Chilo infestation perform
inconsistently in both plant cane and 1* ratoon, Borer infestation significantly and
negatively affected sucrose/100 cc juice and sucrose/100 g juice in both plant cane
and the first ratoon. The infestation significantly increased reducing sugar/100 cc
juice and glucose ratio. Slight reduction in juice purity among the used varleties with
infestation

Varieties exhibited different degrees of reduction in both sugar % cane and
extracted % sugar in plant cane and I ratoon with infestation. The infestation
significantly decreased juice pH values (increased juice acidity) in both plant cane
and 1* ratoon. Also, fitrated acidity was positively correlated with infestation. The
infestation increased juice starch. The first ratoon suffered more damage than plant
cane with respect to the average increase in starch content of infested stalks. The
infestation exhibited the maximum and minimum juice dextran content in both plant

cane and 1™ ratoon.

Varieties perform inconsistently in both plant cane and 1¥ ratoon with respect
to the effect of infestation on non sugars/sucrose ratio. The 1™ ratoon was highly
sensitive to borer damage with regard to non sugars substances and their ratio to
sucrose than the plant cane. Non sugars substances correlaled negatively with
infestation.The infestation increased juice nitrogen and protein content. Juice ash
content and their ratio to sucrose were increased in both plant cane and first ratoon.
The varieties behave similarly with respect to their effect on ash and ash/sucrose ratio.
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