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Abstract. The Chilo infuscatellus (Pyralidae, Lepidoptera; Snellen) caused significant losses in production 

and quality of sugarcane in Pakistan. The deficiency of easily discrete morphological and quantitative 

characters makes it remarkable to identify these characters in pest management. Present study; investigates 

the impact of morphological and quality traits of pest infestation during different stages of plant growth. 

Results revealed that varieties US-312, 1491, 718, 133 and CPF-246 performed better in terms of brix, 

POL, CSS, fiber, recovery, carbohydrates, moisture and fat contents percentage. Correlation values of 

different varieties in terms of qualitative factors were positive and significant. All plants traits in terms of 

qualitative factors including plant girth (cm), leaf area (cm), leaf sheath hairiness (cm2) and leaf thickness 

(mm) showed positive and had highly significant correlation with pest infestation. The coefficient of 

determination value R2 = 0.821 was obtained by computing brix, fiber contents, POL and CCS factors 

mutually from multivariate regression models. It was concluded, that morphological and qualitative plant 

factors could be helpful for management of sugarcane shoot borer. 

Keywords: Lepidopteran pest, management, plants, shoot borer, sugarcane 

Introduction 

Sugarcane (Saccharum officinarum) is a perennial, tropical and subtropical crop 

cultivated in various regions of the world (Kfir et al., 2002). It is grown between tropical 

and sub-tropical climate (North latitude = 350C and South latitude = 350C) around the 

world. In Pakistan, sugarcane is a cash as well as industrial crop and grown on an area of 

1217 thousand hectares with 73.6 million tons’ annual production (Anonymous, 2016-

17). The Pakistan sugar industry is second largest industry of the country after textile 

having GDP of 0.7% (Anonymous, 2016-17). Being a cash crop, it provides a huge 

quantity of raw material to sugar industry. In Pakistan, the average sugarcane yield is 

much lower than the other growing countries of the world (Kumarasinghe, 1999). There 

are many factors which are responsible for low sugarcane yield of sugarcane but most 

important factors are pests, in which borers are most damaging. Among borers, sugarcane 

shoot borer (Lepidoptera: Crambidae) is considered as the most damaging and injurious 
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pest of sugarcane that resulted in reduced quality and quantity of cane sugar (Zia et al., 

2007; Sabir et al., 2014). The molecular study was described to identify C. infuscatellus 

through PCR by using barcode region CO1sequence between the sugarcane shoot borer 

and four other species of sugarcane. A 285bp fragment was effectively amplified from all 

stages of different geographical population (Wang et al., 2017). It has been reported that 

sugarcane yield had been decreased from 20.78% to 57.9% in most parts of the world 

including Pakistan (Anwar et al., 2004). The injured plants attacked by this pest produce 

dead hearts during growing season before till the formation of canes and such plants do 

not grow further (Shahid et al., 2007). Yield losses could be minimized by planting some 

resistant varieties i.e. (R570) instead of susceptible i.e. (R579) (Goebel et al., 1999). 

Knowing the morphological and qualitative plant factors are helpful to examined the 

relationship between pest infestations (Khaliq et al., 2005). Therefore, objective of the 

present study was to find out the impact of morphological and quality traits of sugarcane 

against the pest infestations. 

Materials and Methods 

The experiment was conducted field area of University of Agriculture, Faisalabad-

Pakistan under randomized complete block design (RCBD). The climate is very hot in 

summer up to 45°C while winter, it is cold up to 22°C. The average rainfall is very low 

as compared to other areas of Punjab. After the preliminary screening, nine sugarcane 

varieties including US-676, US-133, US-312, SPF-234, US-1491, US-824, CPF-246, US-

718 and CPF-237 were selected. 

The plot size was kept 5×10 m2 and the experiment was repeated thrice. There were 

five rows in each plot for each variety. Middle three rows were selected for recording the 

data during preliminary screening. All the recommended agronomic practices (hoeing, 

earthing up, balance use of fertilizer and irrigations) were applied. The observations were 

taken at weekly intervals. The number of total internodes and infested internodes were 

counted separately from each cane and the borer infestation percentage was calculated by 

the following formula. 

 

 Borer Infestation (%) =  
Number of Infested Internodes 

Number of total Internodes
𝑥 100 (Eq.1) 

 

Morphological Factors 

Leaf thickness 

Five plants were selected randomly from each block. The leaves were cut from the 

upper, middle and lower part of the plant and measured in (mm) to determine the leaf 

thickness with help of a binocular microscope (Made by Omax). 

Leaf Area 

Ten plants from each block were selected randomly. Three leaves one from top, middle 

and bottom portion of the sugarcane was taken and measured in (cm). Leaf area was 

measured with help of LI-30000, a portable leaf area meter. 
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Leaf Sheath Hairiness 

Five canes were selected randomly from each block. Each leaf sheath was examined 

from three different places by a phase contrast stereo microscope (Made by Euromax). 

The number of hairs was counted in one (cm2). 

Stalk Girth 

For stalk girth, 10 cane samples from each block were randomly selected from three 

different places upper, middle and lower from each the sugarcane sample was selected 

for stalk girth. The stalk girth was measured with help of ordinary measured (cm) using 

a measuring tape. 

Qualitative Factors 

Analysis of Sugar Cane 

Analysis of cane includes brix%, POL%, CCS% and fiber% was determined. On the 

basis of these qualitative factors, the maturity of a cane variety was decided. When a cane 

variety attains brix (20%), POL (18%) and purity (80%) in any month from October to 

March, it was considered matured. 

Juice Extraction 

The representative cane sample consists of 8-10 numbers of canes which were passed 

through cane crusher to get juice. The extracted juice was collected into a plastic bucket. 

Brix (%) 

For the brix determination juice 400-500 ml was taken. The Brix was recorded through 

brix hydrometer (Made by Yuyao Hjiyi Electronics) calibrated at 200°C. When 

temperature of juice was above 200°C, then a correction factor was added (47) into brix 

reading, if the temperature was below 20°C, then correction factor was subtracted. 

Hydrometer was dip to down the movement into cylinder after 25 minutes, after that juice 

temperature was come at room temperature. 

POL (%) 

Two hundred ml of extracted juice was placed into a flask and 5g basic lead acetate 

was added and shaken well. The juice was filtered into a volumetric flask through a filter 

paper and injected into 200 mm polarimeter tube to record the POL reading. The POL 

reading was the measurement of the angle of rotation of dextrorotatory substances. 

Polarity worked on the principle that under certain standard conditions i.e. standard tube 

length, standard solution concentration and standard room temperature when a polarized 

light was passed through that sugar solution, then substances present rotate light at a 

definite angle. The measurement of that angle of rotation was POL reading. Calculations 

were done by following the formula of Payne (1968). 

Commercial Cane Sugarcane (CCS) 

The commercial cane sugar percentage (CCS%) was calculated by using following 

formula (Meade and Chen, 1977). 
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 CCS % = {Sucrose % – (Brix % – Sucrose %) X 0.4} X 0.74 (Eq.2) 

 

where, 0.4 = multiplication factor, 0.74 = crusher factor. 

Fiber Contents 

Fiber contents were determined by collecting 12 canes, top internodes of three canes, 

and middle portion internodes of next three canes while lower internodes of remaining 

three canes were cut, separated, mixed and fed to the Jaffco cutter grinder (Jeffress 

Engineering). This instrument was not only cuts and grinds but also minces the 

internodes. 500 g sample of this grinded bagasse was weighed and pressed less than 2000 

pound per square inches on a hydraulic press for two minutes. The fresh fiber cake was 

then prepared and weighed and dried in oven for 12 hours at 1000oC. Percentage fiber 

was calculated using following formula (Payne, 1968). 

 

 Percent fiber =  
Weight of dried sample 

Weight of sample (gram)
𝑥 100 (Eq.3) 

 

Sugar Recovery 

It was calculated by multiplying CCS with a constant factor 0.94. Actually, to convert 

brown sugar into white sugar; 6% white sugar was also lost, therefore, a constant factor 

used. Sugar recovery was calculated with the following formula (Mathur, 1981). 

 

 Recovery = B.H.E. × B.H.R. × POL% juice × Juice extraction 0.94 (Eq.4) 

 

where 

• B.H .E = Boiling House Efficiency 

• B.H.R. = Boiling House Recovery i.e. B.H.R. = S (J-M) 

J (S-M), here 

• S = Sucrose purity 

• J = Juice purity 

• M = Molasses purity 

Weight of sample + wt. lost during preparation. 

Fat Contents 

Fat was determined by taking 50 grams of crushed, oven dried sample in thimble 

plugged with cotton using n-hexane as solvent in a Soxhlet apparatus (Made by Corning 

Life Sciences) and heating the flask containing solvent. The fat extraction in Soxhlet was 

done by adjusting 3 drops of n-hexane per second till complete drawing of fat from 

sample. Then the content of the receiving flask was transferred to a pre weighed Petri 

dish and dried till to constant weight was obtained. Fat calculated with help of following 

formula (AOAC, 1996): 

 

 𝐹𝑎𝑡 (%)  =  
Weight of fat in sample (gram) 

Weight of sample (gram)
𝑥 100 (Eq.5) 
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Moisture Content 

For the determination of moisture, 50% sample from each variety was taken in petri 

dishes dried in hot air oven at 70°C for 24 hours, till constant weight. The moisture 

contents were calculated by the formula: 

 

 Moisture(%)  =  
Moisture losses 

Weight of original sample
𝑥 100 (Eq.6) 

 

Moisture losses = Weight of original sample – Weight of oven dried sample. 

Carbohydrates 

Carbohydrate contents were determined by following formula: 

 

 Carbohydrate (%) = 100- crude protein + fats% + crude fiber + ashes (Eq.7) 

 

Statistical analysis 

The data were analysed by analysis of variance (ANOVA) and means were compared 

by the Tukey,s HSD test (P≤0.05) using software Statistix 8.1. 

Results 

Role of Physico-Morphic Factors on the Shoot Borer Infestation 

The maximum leaf sheath hairiness (102 cm2) was recorded in CPF-246 and variety 

SPF-234 showed minimum leaf sheath hairiness (53 cm2). The maximum leaf thickness 

(0.660 mm) was found in variety CPF-246 while the variety CPF-237 showed minimum 

leaf thickness (0.583 mm). The maximum plant girth (5.4 cm2) in variety US-824 and the 

variety CPF-246 showed minimum plant girth (4.37 cm2) (Table 1). It is evident from the 

results (Table 2) that plant girth, leaf area, leaf sheath hairiness and leaf thickness showed 

highly significant correlation with pest infestation with r-value 0.139, 0.181, 0.287 and 

0.381, respectively. Plant girth contributes 2% while leaf area contributes 6%. The 

contribution of leaf sheath hairiness and leaf thickness was 35.6% in fluctuating the pest 

infestation. The analysis of variance exhibited that all varieties were highly significant in 

terms of plant girth and leaf area showed significant impact on the pest infestation while 

leaf sheath hairiness and leaf thickness were important factors which showed maximum 

per unit change in population fluctuation of the pest. The maximum leaf area 466 cm2 

recorded in variety SPF-234 and the variety US-824 showed minimum leaf area (318 

cm2) (Table 3). 

Role of Qualitative Factors on the Shoot Borer Infestation 

The data regarding qualitative factors were subjected to mean performance, correlation 

coefficient values and multiple linear regression models to find out the impact of these 

factors on the infestation. The maximum percentage of brix was recorded in variety US-

312 (23.43%) and the variety SPF-234 showed minimum percentage of 18.46%. The POL 

percentage in US-312 was higher (20.93%) while SPF-234 showed minimum POL 

percentage (15.27%). The variety US-718 showed maximum (15.84%) of CCS while 

variety SPF-234 showed minimum percentage of CCS (11.08%). The maximum fiber 
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contents were found in US-676 (13.68%) while US-1491 showed minimum percentage 

of fiber contents (11.99%). The sugar recovery (11.74% and 11.52%) was maximum in 

US-312 and US-718, respectively while the variety SPF-234 showed minimum 

percentage of recovery (8.12%) (Table 4). 

It is evident from the results (Table 2) that Brix and POL percentage showed 

significant correlation with pest infestation with r-values 0.650 and 0.683, respectively 

while the fiber and CCS also showed positive and significant correlation with shoot borer 

infestation with r-values 0.291 and 0.643, respectively. From the results it is concluded 

that that brix and POL were the important factors which showed significant effect on the 

infestation. Similarly, fiber contents contributed minimum (8.5%) towards the infestation 

while the brix contributed 44.6%. The POL contribution was recorded 58.5% when POL 

was added (Table 5). The 100 R2 value was reached to 61.4% when all the factors 

computed together. From these results it is concluded that fiber contents showed 

negligible impact while other qualitative factors showed maximum per unit change in 

population fluctuation of the pest infestation. 

 
Table 1. Comparison of means for the data regarding plant girth, leaf thickness, leaf sheath 

hairiness and leaf area in various chosen varieties of sugarcane 

Varieties Plant Girth (cm) Leaf Thickness (mm) 
Leaf Sheath Hairiness 

(cm²) 

Leaf Area 

(cm²) 

US-676 5.13±0.035B 0.627±0.007BC 63.02±2.76D 461.84±1.85A 

US-133 4.73±0.052CD 0.617±0.012CD 82.54±1.32C 337.84±3.55F 

US-312 5.23±0.052AB 0.617±0.012CD 76.66±2.00C 359.11±1.34E 

SPF-234 4.56±0.205CDE 0.597±0.009DE 53.42±2.65E 466.57±1.14A 

US-1491 5.43±0.145AB 0.637±0.003ABC 95.25±1.74B 382.99±1.82D 

US-824 5.47±0.085A 0.647±0.009AB 77.76±1.75C 318.50±3.45G 

CPF-246 4.37±0.059E 0.660±0.006A 102.42±1.11A 414.99±1.27B 

US-718 4.78±0.074C 0.613±0.003CD 81.57±1.89C 394.45±1.97C 

CPF-237 4.44±0.067DE 0.583±0.003E 95.73±0.69B 323.31±2.43G 

In a column, means with different letters are statistically significant as determined by Tukey HSD test at 

P≤0.05 

 

 
Table 2. Correlation between Infestation and Various Sugars Physico-Morphic and 

Qualitative Factors 

Factors Correlation (r) 

Fiber 0.291* 

Brix 0.650* 

POL 0.683* 

CCS 0.643* 

Recovery 0.547* 

Carbohydrate 0.288* 

Fat 0.095* 

Moisture 0.239* 

Plant Girth 0.139** 

Leaf Area 0.181** 

Leaf sheath hairiness 0.287** 

Leaf Thickness 0.381** 

*=Significant at P≤0.05 **=highly Significant at P≤0.05 
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Table 3. Regression analysis for Physico-Morphic plant factors 

Regression Equation R² 

Y = 16.2 - 0.188 X1 0.020 

Y = 17.4 - 0.248 X1 - 0.00223 X2 0.066 

Y = 22.1 - 0.510 X1 - 0.00621 X2 - 0.0240 X3 0.356 

Y = 22.0 - 0.520 X1 - 0.00629 X2 - 0.0244 X3 + 0.3 X4 0.356 

Y = Infestation, X1 = Plant Girth, X2 = Leaf Area, X3 = Leaf sheath hairiness, X4 = Leaf Thickness, R2 = 

Coefficient of Determination 

 

 
Table 4. Comparison of means for the data regarding Brix, Pol, Ccs, Fiber, Recovery, Fat, 

Moisture contents and Carbohydrate in various chosen varieties of sugarcane 

Varieties Brix (%) POL (%) CCS% Fiber (%) Recovery (%) Fat (%) 
Moisture 

Content (%) 

Carbohydrates 

(%) 

US-676 21.04±0.48 18.00±0.07D 13.18±0.17E 13.68±0.08A 10.16±0.18C 2.16±0.009AB 78.35±0.037CD 49.55±0.11D 

US-133 22.50±0.28 19.83±0.38AB 14.99±0.34ABC 12.74±0.10B 11.15±0.16B 1.99±0.024D 78.04±0.042E 52.57±0.19A 

US-312 23.43±0.47 20.93±0.34A 15.66±0.37A 13.47±0.14A 11.74±0.13A 2.12±0.027BC 78.65±0.137A 49.46±0.11D 

SPF-234 18.46±0.75 15.27±0.30E 11.08±0.26F 12.59±0.16B 8.12±0.12D 2.20±0.022A 78.60±0.023AB 50.32±0.16C 

US-1491 23.06±0.10 20.16±0.43AB 15.30±0.53AB 11.99±0.05C 11.29±0.14AB 1.99±0.024D 78.32±0.055CD 47.57±0.22F 

US-824 21.41±0.74 18.50±0.34CD 13.66±0.17DE 12.64±0.07B 10.05±0.14C 2.17±0.020AB 78.51±0.018ABC 48.42±0.24E 

CPF-246 22.68±0.34 19.93±0.51AB 14.17±0.64CDE 13.60±0.10A 10.55±0.29C 2.06±0.023CD 78.37±0.035CD 51.12±0.40B 

US-718 23.33±0.27 20.92±0.31A 15.84±0.28A 13.45±0.06A 11.52±0.16AB 2.18±0.009B 78.42±0.025BCD 50.32±0.09C 

CPF-237 22.34±0.65 19.34±0.44BC 14.31±0.27BCD 13.52±0.22A 10.42±0.14C 2.00±0.023D 78.26±0.020D 52.34±0.09A 

± (SE) = Standard error 

 

 
Table 5. Regression analysis for sugar Qualitative factors 

Regression Equation R² 

Y = 18.9 - 0.275 X1 0.085 

Y = 22.1 - 0.147 X1 - 0.223 X2 0.446 

Y = 13.4 - 0.073 X1 + 1.33 X2 - 1.38 X3 0.585 

Y = 11.6 + 0.056 X1 + 1.52 X2 - 1.91 X3 + 0.434 X4 0.614 

Y = 12.3 + 0.061 X1 + 1.64 X2 - 1.97 X3 + 0.454 X4 + 0.195X5 0.632 

Y = 11.3 + 0.073 X1 + 1.87 X2 - 1.99 X3 + 0.488 X4 + 0.123X5 + 0.074X6 0.657 

Y = 13.2 + 0.086 X1 + 2.11 X2 - 2.09 X3 + 0.668 X4 + 0.1373X5 + 0.086X6 0.682 

Y = 12.5 + 0.098 X1 + 2.43 X2 - 2.89 X3 + 0.712 X4 + 0.1421X5 + 0.121X6 + 0.253X7 0.713 

Y = Infestation (%), X1 = Fiber, X2 = Brix, X3 = POL, X4 = Commercial Cane Sugar (CCS), 

X5 = Recovery, X6 = Fat, X6 = Moisture, X7 = Carbohydrate, R2 = Coefficient of Determination 

 

 

Discussion 

The performance of all varieties in terms of morphological plant factors like plant 

girth, leaf area, leaf sheath hairiness and leaf thickness showed highly significant 

interaction towards the borer infestation. The present findings are comparable with those 

of Khliq et al. (2005) who reported that leaf thickness, cane girth and leaf area showed 

positive and significant correlation with borer infestation. Significant differences were 

documented among all the trait for recovery. The maximum recovery was exhibited by 

the trait US-718 whereas the lowest was observed for the trait SPF-234. Similar results 

were also reported by earlier research of Sarwar et al. (2011). Khan et al. (2004) reported 
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that there was no relation between plant girth and shoot borer infestation. Cornelissen and 

Fernandes (2001) described that the absorption of sugars in leaves affects the area of leaf 

damaged by herbivores in Bauhinia brevipes. The accessibility of plants increases with 

the quantity of reducing sugars, and resistance increases with organic acids according to 

Comes (1916). The quantity of reducing sugars, affected by insects which increased the 

vegetable tissues, as a result caused reduction in the organic acids. Correlation among 

morphological characters may reproduce biological processes that are of considerable 

evolutionary interest, correlation can be the result of functional, genetic and physiological 

or developmental characters (Mehmood et al., 2000; Ali et al., 2013, 2014, 2016). 

The results are similar in with Baloch et al. (2005) reported that factors like fiber, brix, 

POL and CCS showed significant variations and reduced the damage. Brix and POL 

percentage showed significant correlation with pest infestation, while fiber contents and 

CCS showed significant correlation with infestation. The qualitative parameters after 

brix% and POL% in (Table 5) showed significant differences among the brix% and 

POL%. The lowest brix% was recorded for SPF-234 whereas highest was displayed by 

US-312. The maximum POL% was showed by US-312 and US-318 whereas the 

minimum POL% was showed by US-676. These results are in contrary with the findings 

of Panhwar et al. (2004). The present results are similar with those of Khan et al. (2004) 

who reported that there is positive relation between brix and shoot borer infestation. The 

present findings are partially comparable with those of Gupta and Singh (1997) who 

reported that brix, POL, fiber contents and CCS are affected by the borer infestation. 

Chang and Wang (1995) reported that sugar contents, brix and sugar purity are heavily 

affected by sugarcane borer. The CCS, POL% and brix contents showed significant effect 

on the borer infestation Khaliq et al. (2005). 

Conclusion 

It was concluded from present study that varieties US-312, 1491, 718, 133 and 

CPF-246 could be used to minimize the losses caused by shoot borer pest infestation and 

all these varieties showed significant qualitative and quantitative interaction towards 

Chilo infuscatellus. 
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