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ABSTRACT 

Sugarcane harvester cutting blade wear increases ratoon damages and losses, impairing 
sugarcane regrowth. This study aimed to evaluate the quality of basal cut using ratoon 
damage and loss indexes and correlating them with effects on sugarcane regrowth. 
Harvest parameters such as plant height and position, damage and loss indexes, and stem 
length were evaluated every 30 min, following statistical process control (SPC) 
assumptions. Blade wear was examined during three harvesting shifts (0-8 h, 8-16 h, and 
16-24 h). Sugarcane regrowth was assessed by counting number of tillers and measuring 
plant height and stem diameter. The second harvesting shift showed better quality in terms 
of damage and loss indexes, and plant height and stem diameter. Harvesting was 
considered out of control for parameters such as cutting height, number of tillers, plant 
height, and stem diameter. On the other side, it was regarded as under control for damage 
and loss indexes, and plant high and position. The first shift presented peripheral or no 
damages and weak to medium loss levels, whereas the second and third ones showed 
extreme damages and medium to strong losses. 

 
 
INTRODUCTION 

Sugarcane mechanized harvesting has provided 
numerous benefits to the sugarcane industry, highlighting 
operational capacity, burning and manual harvesting 
eradication and hence reducing environmental impacts. 
Moreover, sugarcane harvesters allow farmers adopting 
operational practices that may interfere with the quality of 
raw material harvested. Mechanization may also have 
disadvantages such as reduced quality of raw material (e.g., 
impurities), skilled labor needs, increased field losses, and 
ratoon damages (Silva et al., 2008; Ramos et al., 2015). 

Basal cutting mechanism may be responsible for part 
of mechanized harvest losses in sugarcane crops, besides 
incorporating soil into raw material. Additionally, cutting 
blade wear increases ratoon damage and loss indexes, which 
can be worsened as blade cutting angle decreases. As 
already stated by Cassia et al. (2014), these damages can be 
worsened as cutting blades wear out. These authors related 
cutting blade wear to ratoon damages and loss indexes and 
noted that as cutting-edge wears, i.e. its thickness increases, 
ratoon damage and loss indexes rise, further impairing 
sugarcane sprouting and causing the emergence of 
plantation failures. 

Stolf et al. (2016) defined plantation failures as empty 
spaces without stems in sugarcane rows, which are directly 
related to yield reductions. According to Toledo et al. (2013), 
a major importance is given to growing failures during crop 
implantation, as they have a direct effect during this stage. 
During sugarcane development, some factors must be 
controlled such as weeds, drought, underground rhizome 
pests, trampling of ratoons, thus reducing plant stand failures 
(Stolf et al., 2016). Toledo et al. (2013) also stated that during 
harvesting blade types and conditions in harvesters can 
compromise plant stand due to damages and losses. 

Besides basal cut quality, a statistical process control 
(SPC), a tool of the Statistical Quality Control (SQC), can 
be helpful in mechanized agricultural operations. SPC can 
pinpoint failures and suggest improvements for further 
operations so that operation quality could be increased. A 
few authors have used SPC with control charts as tools to 
identify special causes (out-of-control points) in process 
instability (Noronha et al., 2011, Chioderoli et al., 2012, 
Zerbato et al. 2013). 

Therefore, this study is based on the assumption that 
the intense use of basal cutting blades increases ratoon 
damages and losses, hampering the following sugarcane crop 
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development. In this sense, it is believed that impacts caused 
by the basal cutting mechanism of a harvester during harvest 
have a relationship with the following crop development.  

Based on the above, this study aimed to evaluate the 
quality of basal cutting mechanism using ratoon damage 
and loss indexes as a quality indicator and correlating them 
to further effects on sugarcane regrowth. 
 
MATERIAL AND METHODS 

The experiment was carried out in a sugarcane 
commercial area during the 2017/18 crop season. The area 
is located near the city of Ribeirão Preto – SP, Brazil. It has 
an average altitude of 660 meters and declivity of 14%. Soil 
water content during the harvest was determined by the 
gravimetric method (16.13%). The soil is classified as 
clayey ferric Red Latosol with 55% clay, 34% silt, and 11% 
of total sand, as determined by the granulometric method 
(Santos et al., 2018). 

Planting was carried out in October 2014, using a 
between-row spacing of 1.5 m. The experiment was 
installed when the variety SP80-3280 was in the third cut. 
The evaluated area was 15.7 ha, which was assessed for 
productivity using wagons with load cells. Average 
productivity was 86 Mg ha-1. 

The harvest was made on November 1 and 2, 2017, 
using an automobile harvester (CASE IH, model A8800) 
with an engine power of 260 kW and 1800 rpm, and a 
conveyor belt with a gauge of 1.88 m. Average operating 
speed was 1.25 m s-1. Base cutting system worked at 

pressures between 10,342 and 13,789 kPa, with cutting 
height of up to 0.05 m above ground level. Any cut above 
this limit was considered a stump type loss, according to 
standards set by the sugarcane mill. 

Basal cutting mechanism of the harvester consisted 
of two discs spaced 0.63 m apart, from one center to the 
other. Each disc had five cutting blades and no automatic 
cutting height control device.  “HRC Laser Cladding” brand 
cutting blades had smooth edges and were made of HSLA 
(high-strength low-alloy) steel, with a carbon content of 
0.05 to 0.25%, to retain conformability and weldability. 
These blades are 20 to 30% lighter than carbon steel blades. 
The blades had five fastening holes positioned from the 
third hole in the basal cutting system, their initial 
dimensions were 24.00 cm in length, 9.00 cm in width, 1.30 
mm in cutting line thickness, and 594.00 g average mass. 

Cutting blades were evaluated every 8 hours of 
harvesting, at shift change of operators. From this, three shifts 
of blade wear intensity were defined: 0 to 8 h (first shift), 8 to 
16 h (second shift), and 16 to 24 h (third shift). Yet, during 
the three shifts, the actual blade working time was only 17 
hours, due to several stopovers throughout the process. The 
same working side of blades was kept in all shifts. 

In addition to basal cutting blades, quality indicators 
related to cutting during harvesting were also assessed, 
totaling 34 points sampled every 30 minutes. These points 
were later georeferenced using GPS-receiver (Garmin 
GPSMAP 60CSx; Garmin International, Inc., Olathe, 
Kansas, USA). 

 
TABLE 1. Classification of effects of crop posture and position on ratoon impacts. Adapted from Ripolli, T (1996). 

 
Classification Score 

Posture Position 

Fallen Against Extremely unfavorable 1 

Lodged In favor Unfavorable 2 

Fallen In favor Unfavorable 3 

Lodged Against Favorable 4 

Erect - Extremely favorable 5 
 

In addition to posture and position, sugarcane plants were evaluated for stem length, and damage and loss indexes. These 
variables were assessed in a sample area of 0.75 m², comprising three metal frames of 0.25 m², which are commonly used in 
ratoon evaluations (Figure 2). All the stems collected within the ratoons were evaluated. 
 

 

 - Geo-referenced point;          Planting line. 
FIGURE 1. Diagram of the sample area. 
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Stem length was measured with the aid of a 
measuring tape, measuring the distance between the stem 
base and cutting point. 

Ratoon damage and loss indexes were assessed by a 
single person who had already applied the method. Damage 
indexes (DI) were estimated by adapting the method of 
Toledo et al., (2013) which ranks damages to ratoons into 
three levels: without damage (0.00≤ DI <0.33), peripheral 
damage (0.33≤ DI ≤ 0.66), and extreme damage (0.66< DI 
≤1.0). After identifying and counting existing damage 
types, found values were used to generate an index as per 
[eq. (1)]: 

𝐷
W . N + 𝑊 . N + W . N

N
 (1) 

In which: 

DI - damage index;  

WND, WPD, and WED - weights attributed to stems 
with no damages (0.00), with peripheral damages 
(0.33), and with extreme damages (1.00), 
respectively; 

NND, NPD, and NED - number of stems with no 
damage, with peripheral damage, and extreme 
damage, respectively, 

N - total number of stems in the ratoon. 
 

Ratoon losses were assessed by a manual force 
applied to ratoons, estimating their mobilization within the 
soil and classifying it according to the intensity of force 
needed to move/tumble stems to the sides (strong, medium, 
and weak). Based on this classification, loss index (LI) was 
classified into three levels: strong (0.66 < LI ≤1.0), medium 
(0.33 ≤ LI ≤0.66), and weak (0.00≤ LI <0.33), based on the 
method of Voltarelli et al. (2015), so that the greater the 
mobilization, the greater the loss of ratoons. Loss index was 
estimated as per [eq. (2)]: 

i
W . N +  W . N + W . N

N
 (2) 

In which: 

LI - loss index; 

Wws, WMS, and WSS - weights attributed to stems 
with weak (0.00), mean (0.33), and strong (1,00) 
losses, respectively; 

NWS, NMS, and NSS - number of stems with weak, 
medium, and strong losses, respectively, 

N - total number of stems in the ratoon. 
 

At 78 days after harvesting, when canopy closed, 
plant regrowth was evaluated using a GPS device (Garmin 
GPSMAP 60CSx; Garmin International, Inc., Olathe, 
Kansas, USA) to locate the ratoons evaluated during 
harvest. In this evaluation, the analyzed variables were plant 
height and diameter, and number of tillers. The sample area 
was the same as previously determined (0.75 m²). 

Stem height and diameter were determined in 10 
plants per sampling points, with the aid of a measuring tape 
and pachymeter, respectively. While for the quality index, 
the number of tillers were counted using all stems found 
within the sample area. 

The experimental design followed the assumptions 
of statistical quality control (SQC), aiming to evaluate the 
process over time. Continuous variables were initially 
analyzed using descriptive statistics using central tendency 
(arithmetic mean and median), position (amplitude, 
standard deviation, and coefficient of variation). Later, data 
were submitted to the Ryan-Joiner normality test, which is 
similar to the Shapiro-Wilk test. 

The Minitab® software was used to calculate 
Pearson’s correlation coefficient at 5% probability, 
classifying them according to the one proposed by 
Callegari-Jacques (2003) into: weak (| 0.00 | <<0.30 | ), 
moderate (0.30 | ≤ r <.60), strong (| 0.60 | ≤ r <.090 |), and 
very strong (| 0.90 | ≤ r <1, 00 |). 

The same software was used to evaluate process 
variability using control charts of individual values. These 
charts present central lines (overall mean) as well as upper 
and lower control limits (ULC and LCL). Such control 
limits allow us to infer whether there are variations in results 
due to uncontrolled causes in the process (special causes). 
These variations are estimated using the standard deviation 
of variables, as shown in eqs (3) and (4): 

ULC= �̅� + 3 𝜎 (3)
 
LCL= �̅� − 3𝜎 (4)

In which: 

ULC and LCL: upper and lower control limit; 

�̅�: general mean of the variable, 

σ: standard deviation. 
 

To determine damage index and loss indexes, specific 
control limits (USL = 0.66, and LSL = 0.33) were also 
established for evaluation of the quality of operation based on 
these limits. Thus, for points located below LSL, ratoon 
damages and losses were considered of low impact (non-
damaged and weakly disturbed), while points located 
between LSL and USL were deemed medium impact 
(peripheral damages and medium loss), and points above USL 
were regarded high impact (extreme damages and high loss). 

Variability in plant posture and position was 
assessed by attribute control charts using the “chart c", 
which is indicated for investigating discrete data when 
assessing total number of “defects” (posture or position) on 
a unit of the product (ratoon). 
 
RESULTS AND DISCUSSION 

The descriptive analysis results (Table 2) showed 
high coefficients of variation (CVs) for all parameters; 
hence, data presented high or very high dispersion 
(Pimentel Gomes & Garcia, 2002). High dispersion for stem 
length data can be measured by the distance between mean 
and median, high amplitudes, standard deviations, and very 
high CVs. For the other parameters but damage index and 
loss indexes, amplitudes and CVs were high (between 20% 
and 30%), i.e. non-normal distributions. High data 
variability is common in mechanized sugarcane harvesting. 
Unfortunately, it cannot be completely eliminated since 
sugarcane harvester operating performance is influenced by 
several systemically interrelated parameters (Benedini & 
Conde, 2008; Reis et al., 2015). Despite the high CVs, 
damage and loss indexes showed normal probability 
distribution according to the Ryan-Joiner normality test.  
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TABLE 2. Descriptive analysis and normality test of quality indicators. 

𝑋– general average; M – median; A – total amplitude; σ – standard deviation; CV (%) – coefficient of variation; RJ – Ryan-Joiner normality 
test; p-value – probability distribution (p>0.05); 
 

Regarding sugarcane posture and position (Figure 
2), 38% of the observations (13 points) were classified as 
unfavorable or extremely unfavorable for mechanized 
harvesting operation. It was attributed to the fact that, when 
harvesting a row, the harvester pushes plants over adjacent 
rows, falling to the opposite direction of the machine's 
return path, given the row divider. Thus, a sugarcane crop 
can be classified as favorable to harvest initially but, after 
harvester passing, this condition can be changed by the  

action of row dividers. Although Voltarelli et al. (2015) and 
Noronha et al. (2011) stated that sugarcane upright position 
is ideal for mechanized harvesting, these authors did not 
assess field lodging level. Given the sugarcane harvester 
mechanism, another factor favoring ratoon damages and 
losses is plant position in relation to the harvester path. If 
positioned against harvester movement direction, improper 
harvesting conditions may be generated.  
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FIGURE 2. Attribute control chart "c-chart" for ratings related to posture and direction of harvesting travel. ULC - upper limit 
of control; LLC - lower limit of control; C ̅. - arithmetic mean of individual values. 
 

Ratoon stem lengths (Figure 3) denotes that the mean 
harvesting height was above that set in the machine for the 
operation (0.05 m), with 4 points below the specific limit of 
control (SLC). These results are unfavorable for harvesting 
at the mill in question since all stems above the (SLC) are 
counted as "stump" losses. This characterizes low-quality 
harvest, with increasing losses of raw material in the field 
(higher stem sucrose levels).  

The quality control chart for stem length showed the 
instability of the harvesting process due to the points above 
the upper limit of control (ULC). These points occur due to 
special causes attributed to labor, environment, machine, 

method, measurement, and raw material. Voltarelli et al. 
(2017) reported that machine and labor are more related to 
harvest height quality. Besides these, we noticed that raw 
material and environment may also be related to special 
causes. Sugarcane posture is a quality index intrinsically 
related to raw material (fiber content and sugarcane tons per 
hectare - STH) and environment (climatic conditions). Yet 
sugarcane positioning can be both related to the 
environment and to "natural" lodging, and also to machine 
factor due to the action of row dividers during the harvest, 
which can push the adjacent line of sugarcane not harvested 
yet by changing its direction. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Quality indicator   ×   M    A   S  CV    RJ   p-Value 

Stem length 9.49 8.07 28.10 5.63 59.28 0.870 A <0.010 

Damage index 0.75 0.80 0.70 0.21 28.36 0.976 N >0.100 

Loss index 0.49 0.49 0.89 0.25 51.97 0.994 N >0.100 

Tiller number 32.97 32.50 54.00 9.42 28.57 0.956 A 0.017 

Height after regrowth 35.11 36.45 53.50 9.19 26.17 0.953 A <0.010 

Diameter after regrowth 18.63 18.70 24.50 4.20 22.52 0.863 A <0.010 
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FIGURE 3. Control chart for individual basal cutting height. ULC – upper limit of control; LLC – lower limit of control; × - 
arithmetic mean of individual values; SLC – Specific limit of control. 
 

According to the damage index control chart (Figure 
4), the harvesting process was stable on all shifts. However, 
on the second shift (8-16 h), variability was lower compared 
to the other ones, evidenced by a major proximity between 
upper and lower control limits. 

By assessing each shift in detail, some damage index 
patterns could be defined. On the first shift, points at all 
three damage levels (no damage, peripheral, and extreme 
damage) were observed, with 59% of them below the SLC. 

It means predominance of undamaged stems or stems with 
peripheral damages, which is ideal for mechanized 
harvesting. Damage indexes rose above the SLC in 100 and 
75% of the sampled points on the second and third shifts, 
respectively. These high levels indicate the effect of blade 
wear on ratoon damage. According to Salvi et al. (2007), it 
can be a problem for sugarcane crops since damaged ratoons 
are pathways for the entry of pests and diseases, reducing 
productive potential in the following seasons.  

 

 

FIGURE 4. Individual value control chart for average ratoon damage index per harvesting shift of the harvester. ULC – upper 
limit of control; LLC – lower limit of control; SLC – specific upper limit; SLL – specific lower limit; × - arithmetic mean of 
individual values. 

 
As for damage indices, loss index control chart 

(Figure 5) showed no out-of-control points; therefore, 
harvesting was stable for these indexes, i.e. process 
variations are due only to the action of common causes 
(random). On the first shift, 59% of the points evaluated 
were below the SLL, with only one point above the SLC. 
On the second, 50% of the points were above the SLC, while 
the other 50% were within the specific limits (SLL              
and SLC), and no points below the SLL. Finally, on the last,  

41% of the points showed extreme loss indexes, and only 
25% presented indexes below the SLL. 

When comparing points with a cut height below the 
SLC, which is ideal for the mill, low loss indexes were 
observed. Our findings corroborate those of Cassia et al. 
(2014), who noticed a proportional increase in ratoon 
damage and loss indexes as blade wear occurs and hence 
affecting sugarcane regrowth.  
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FIGURE 5. Individual value control chart for average ratoon loss index per harvesting shift of the harvester. ULC – upper limit 
of control; LLC – lower control limit; SLC – specific upper limit; SLL – specific lower limit; × - arithmetic mean of individual 
values;       – points where cutting height was equal to or less than 0.05 m. 

 
It is noteworthy that both control charts (Figures 4 

and 5) have shown harvest variability decrease on the 
second harvesting shift compared to the others. This may be 
related to marked blade wear during initial use, which is less 
intense during the process.   

For tiller number, control chart (Figure 6) shows 
only one point out of the control limit on the first shift. It  

can be explained by an extensive stand failure in the field, 
which encompassed the entire sample area (1.5 m). By 
contrast, on the other shifts, special causes had no influence 
on sugarcane development. Likewise, only one out-of-
control point occurred for other regrowth-related 
parameters such as plant height and stem diameter. 
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FIGURE 6. Individual value control chart for average number of tillers at 70 days after harvest. ULC – upper limit of control; 
LLC – lower limit of control; × - arithmetic mean of individual values. 

 
As shown in Figure 7, plant height behaved differently from tiller number. On the second shift, process variability was 

lower than in the others. Another relevant factor is the high variability on the third shift, which shows the impact of blade wear 
on ratoons over the harvesting time. 
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FIGURE 7. Individual value control chart for average plant height (in centimeters) at 78 days after harvest. ULC - upper limit 
of control; LLC – lower limit of control; × - arithmetic mean of individual values. 

 
Figure 8 reveals that plant diameter had similar behavior to the previous one, i.e. lower variability on the second shift. It 

shows smaller impacts of blade wear after 8 hours of harvesting. Shifts 1 and 3 presented a high variability; in other words, the 
effect of cutting blade wear had a strong relationship with the impacts on sugarcane sprouting. 
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FIGURE 8. Individual value control chart for average plant diameter (in centimeters) at 78 days after harvest. ULC – upper limit 
of control; LLC – lower limit of control; × - arithmetic mean of individual values. 
 
TABLE 3. DATA CORRELATION BY PEARSON’S CORRELATION COEFFICIENT.  

 Parameter  Stem length Damage index Loss index Tiller number Height 

Damage index 0.210 ns - - - - 

Loss index 0.443* 0.633* - - - 

Tiller number -0.259 ns -0.055 ns -0.222 ns - - 

Height 0.058 ns -0.003 ns -0.139 ns 0.379* - 

Diameter 0.071 ns 0.232 ns 0.065 ns 0.434* 0.673* 
  

Table 3 reveals a moderate positive correlation of 
loss index with stem length and a strong and positive one 
with damage index. Number of tillers had moderate positive 
correlations with plant height and stem diameter, and plant 
height showed a strong positive correlation with stem 
diameter. Such correlations indicate that when one variable 
is changed the other changes proportionally; however, linear 
regressions could not be fit to describe these relationships. 
Thus, despite the moderate and strong correlations, these 
variables cannot be explained linearly by each other. 

 

Loss indexes were correlated with stem length. This 
may be explained by the non-use of automatic cutting height 
control during harvesting; thus, stem length can be 
associated with ratoon loss by a higher torque effect on 
ratoon base. Loss indexes also presented a linear correlation 
with damage indexes, showing the good foundation of the 
method, given the relationship between ratoon damage and 
loss indexes. Again, despite the correlations, these variables 
cannot be explained linearly by each other. 
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CONCLUSIONS 

Harvester basal-cutting blade wear does not affect 
sugarcane regrowth; however, as this wear intensifies, 
ratoon damages and losses become more pronounced. This 
is evidenced by a high relationship between extreme 
damages and strong losses. 

In the following harvest seasons, the blade wear 
factor becomes more related to sugarcane regrowth, 
negatively impacting crop development. Therefore, blade 
wear effect must be monitored throughout the entire 
sugarcane cycle, from the first cut to the end of the cycle (5 
or 6 years). 
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