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Lodging in Sugarcane Fields: Assessing its Significance on Productivity

and Predicting Lodging-Induced Losses
R.J Sarol*; M.V Serrano; B.G Manlapaz
Agro-Allied Research Division, Luzon Agricultural Research and Extension Center
Floridablanca, Pampanga

ABSTRACT

Crop lodging is known as a limiting factor in crop productivity, and sugarcane
production is not exempt from this. To quantify the influence of cane lodging on
yield and yield components, eight sugarcane cultivars were evaluated: Phil 09-
1969, Phil 06-2289, Phil 99-1793, Phil 8013, Phil 75-44, Phil 6607, VMC 84-525,
VMC 7139. The experimental trial was laid out in an 8x2 factorial in RCBD under
sandy soil conditions at the Sugar Regulatory Administration-Luzon Agricultural
Research and Extension Center, Paguiruan, Floridablanca, Pampanga, in plant
cane. Sugarcane varieties performed differently in terms of yield and vyield
components. Phil 06-2289, Phil 6607, Phil 99-1793, Phil 75-44, and VMC 84-524
obtained the highest cane yield in plant cane while, the same variety exhibited the
highest tonnage excluding VMC 84-524 and Phil 6607 in succeeding ratoon cane.
In Plant cane, it was found that Phil 06-2289, Phil 8013, Phil 09-1969, Phil 99-1793,
Phil 6607, and VMC 71-39 have high sugar rendement in lodge canes, while
comparable performance is found among varieties in non-lodge treatment. In
ratoon cane all varieties except for Phil 66-07 exhibited comparable result. The
highest sugar yield was obtained by Phil 06-2289 and Phil 99-1793 in Plant cane
while the same varieties including Phil 09-1969, Phil 8013 and Phil 75-44 in ratoon
cane. Cane lodging affects stalk attributes, cane tonnage, juice quality, and sugar
yield. The cane tonnage and sugar rendement decreased by 12% and 9 in plant
cane while, 38% and 7% in ratoon cane, respectively, when the canes were lodged.
The reduction in cane tonnage of lodge canes was mainly attributed to the stalk
characteristics, which are shorter, thinner, and lighter. Also, a significant amount
of rat damage and pest infestation was observed which contribute to the
reduction of cane tonnage. decreasing sugar rendement was observed in lodge
canes due to poor juice quality, which is attributed to low-level of brix, polarity,
and purity. The quality reduction in the cane juice was due to the dilution effects
of the stalk damage, dead stalk, damage from rats and pests, and the formation
of side shoots, late tillers and suckers. Lodging decreased cane tonnage and sugar
rendement, resulting in a reduction of sugar yield (Lkg/ha) by 19% and 47% in
plant and ratoon cane, respectively. This experiment showed that under sandy soil
conditions, lodging is an explicit barrier to the yield potential of sugarcane
varieties.
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INTRODUCTION

The climate, type of soil, and variety of sugarcane grown by farmers substantially influence
sugarcane production. Among these, climatic factors have the most significant impact. During sugarcane's
growth and development, specific climatic conditions are required for the crop to attain its full potential in
terms of germination, tillering, elongation, and ripening. However, crop performance may be seriously

affected when excessive moisture and strong winds occur at the elongation stage, resulting in cane lodging.

Lodging is the failure, instability, and loss of crop erectness that happens when a crop falls over
from its natural upright position because its stem or roots have failed (Singh, 2002; Bonnette et al.,2005; Li
etal., 2019). There are two types of lodging in sugarcane: stem lodging, in which the stalks bend, while root
lodging, in which root anchoring fails and roots are ripped out from the ground. Stem lodging happens
when the weight above ground is greater than the strength of the root system, and root lodging happens
when the weight above ground is greater than the mechanical support strength of the base of the stem
(Mizuno et al., 2018; Mulsanti et al., 2018) and both can occur simultaneously in the same area. It is possible
for both types of lodging to occur concurrently in the same field. In most cases, lodging occurs in sugarcane
plantation when the soil is moist, which provides poor support for the crop's roots; the leaf canopy is wet,
which alters the crop's center of gravity; and there is a strong wind. All these elements work together to
shift the crop’s center of gravity, causing it to lean over (Singh et al., 2002). In addition, the variety used,
climatic conditions, and management practices made significant contribution to lodging (Ishimaru et al.,

2008; Merugumala et al., 2019).

Many studies have found that lodged cane reduces sugarcane productivity (Singh, 2002; Berding
and Hurney (2005); Mcintyre et al., 2015; Singkham et al., 2016; Yang et al., 2016; Shanmuganathan et al.,
2017). This means that lodging poses a possible threat to the economic harvest of sugarcane, and it is
known to decrease productivity by reducing cane yield and quality. Numerous studies on the incidence of
lodging in various crops, such as rice (Marcelo et al., 2017), corn (Villayer et al., 2021), and mungbean (Jarilla

et al., 2008) have been conducted, but few on sugarcane.

Known to sit in the typhoon belt in the Pacific, the Philippines is often visited by an average of 20
typhoons each year, causing extensive damage to most crops, including sugarcane. Additionally, given the
changes in climatic conditions, ecological locations, and cultivars planted in the sugarcane-producing areas
of the country, a comprehensive evaluation of cane lodging is required to assist the industry in the use of
appropriate technologies, crop estimation damage and the formulation of relevant policies in response to
the needs of the industry. Hence, the study was conducted to quantify losses and determine the influence
of cane lodging on cane tonnage and stalk attributes, juice quality and sugar yield of both plant and ratoon

cane.
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METHODOLOGY

Experimental site

The study was laid out in the experimental area of the SRA-Luzon Agricultural Research and
Extension Center (SRA-LAREC), Paguiruan, Floridablanca, Pampanga, located at 14°59'20.04” N and
120°31’39.04” E with an elevation of 27 meters above sea level and under sandy loam soil. The study was

conducted in the plant and ratoon cane from February 2019-February 2022.

Treatments and Experimental Design

The experiment was laid out in an 8x2 factorial, randomized complete block design with four
replications per treatment. Each treatment plot measured six rows by nine meters and was spaced 1.3
meters apart. Plots were separated from each other on all sides by 2.6-meter borders. This was done to

make sure that later on, lodging in one plot would have as little impact as possible on the plots next to it.

Factor A is composed of different varieties, namely: Phil 8013, Phil 75-44, Phil 66-07, Phil 99-1793,
Phil 06-2289, Phil 09-1969, VMC 84-524, and VMC 71-39. These varieties are widely used and planted on a
large scale in different mill districts, which is the basis for selecting varieties. Phil 99-1793, Phil 06-2289,

and Phil 09-1969 are the newly released and promising varieties.

There were two treatments for factor B. The non-lodging treatment, the cane was permitted to
grow through bamboo frames or bamboo scaffoldings that physically prevented lodging on each plot
(Figure 1). The structure was mainly compost of posts and beams. A total of 12 bamboo poles (vertical
posts), each measuring 4 meters in length and approximately 2.5 inches in diameter, were buried in the
soil at a depth of 75 cm. At a height of 1.8 meters, a vertical beams of bamboo was wired to the vertical
posts to form a grid through which the canes grow. Two diagonal bamboo braces were also installed at
each row to support the structure, maintain the stability of bamboo frames, and act as stalk supports for
the sugarcane stalks, so they did not lodge. On the other treatment (lodging), the cane was not supported,
so it could lodge at any time. The effect of lodging on cane productivity can be quantified using this

experimental procedure (Singh et al., 2002).

1./
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Figure 1. Installation of frames/scaffoldings to prevent cane lodging (A. preparation of bamboo framing/scaffolding materials;
B. Installation)

A visual rating that ranged from 1 to 5 was used to record the degree of cane lodging inside each

plot. A rating of 1 indicated totally erect cane, while a rating of 5 indicated a completely lodged cane.
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The degree of severity in lodging was divided into five levels or degrees based essentially on China's
national agricultural industry-standard NY/T1301-2007. The extent (area) of lodging as a percentage of the
area planted. The levels were as follows:

Level 1: no lodging

Level 2: Slightly lodge; lodging area is less than 20% of the plot; and the stems are inclined stems at an
angle less than 30°

Level 3: Moderately lodge. Small, scattered patches of lodging; lodging area 20%-40% of the plot; an
inclined angle of 30°-45°

Level 4: Heavily lodge; large lodging areas with scattered patches, lodging area 40%—80% of the plot;
inclined angle of 45°-60°

Level 5: Severe lodging. Lodging in large, contiguous areas; lodging area more than 80% of the plot; inclined
angle greater than 60°

Statistical Analysis

Analysis of variance (ANOVA) was used to analyze variation among treatments. Tukey's Honestly
Significant Difference (HSD) was used to compare means at a 5% probability level. The statistical Tool for

Agricultural Research (STAR) developed by IRRI was used for the statistical analyses performed in this study.

RESULT AND DISCUSSION

Strong Winds Accompanied by Heavy Rainfall Cause Lodging

The experimental area is located at an elevation of 27 meters above sea level. It was classified as
sandy based on the proportion of soil particles, with a soil pH of 6.76. The mean organic matter of soil was
0.61%, with an available amount of 26ppm of Phosphorus, 241ppm of K, 1959ppm of Calcium, and 80ppm

of magnesium.

Average temperatures were 24.37°C during the germination stage (January-February), 26.47°C at
tillering stage (February-May), 25.90°C at the stalk elongation stage (May-August), 24.35°C at the ripening
stage (September-January) in plant cane. Total rainfall of 1,767 was recorded. In both cropping seasons,
the distribution varied, and maximum rainfall of 516.6 and 206.5mm was recorded in July. The average
global irradiation of 248,656 and 269,720 kWh/m? was recorded, while the maximum irradiation of 300,202

was recorded in March.

Strong winds accompanied by heavy rain at 7 MAP caused serious in severe lodging in all plots
without bamboo poles except for Phil 09-1969. Through regular visual lodging assessments, the progression

and severity of lodging were monitored.

Despite these adverse weather events, the bamboo scaffoldings effectively prevented lodging in
the not-lodged treatment (control) (Figure 2). This made it possible to precisely quantify the effect that

lodging on different yield and yield components.
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2A. Without bamboo frames (lodging treatment) 2B. With bamboo frames (Non-lodging
treatment)

Figure 2. Plot with and without bamboo frames/scaffoldings

Lodging Reduced Cane Tonnage of both Plant and Ratoon cane

Searching for varieties exhibiting high cane tonnage (TC/ha) and high sucrose content (Lkg/TC) is
an essential endeavor in sugarcane production. Thus, all the breeding programs, and ever-evolving
production technologies, including the development of new technologies, are aimed at enhancing crop

yield to achieve food security.

The impact of cane lodging had a notable effect on the tonnage (TC/Ha) for both plant cane and
the subsequent ratoon cane. The cane tonnage of sugarcane varieties as influenced by lodging is shown in
Table 1 for plant cane and Table 2 for ratoon cane. Data showed highly significant differences in terms of
the variety tested. Phil 06-2289 produced the highest cane tonnage in both plant and ratoon cane, which
was comparable to Phil 6607, Phil 99-1793, VMC 84-524, and Phil 75-44, with mean values of 160.58 TC/ha,
141.47 TC/ha, 139.39 TC/ha, 132.55 TC/ha, and 131.35 TC/ha, respectively in plant cane. While in ratoon
cane all varieties were comparable except for Phil 6607, VMC 84-524 and VMC 71-39. These differences
were mainly due to the favorable stalk characteristics of both varieties. These data may reveal genetic
differences between varieties, which may help explain some of the variations in cane and sugar yields, given
that each variety may have its own unique adaptation qualities for a given environment and emphasizes
the importance of choosing varieties based on their specific qualities and suitability for the given

conditions.

Significant differences were also observed in lodged and non-lodged canes of both plant and ratoon
cane. The non-lodging canes had the highest cane tonnage compared to the lodged canes, with a mean
value of 142.36 TC/ha compared to 126.36 TC/ha in plant cane and 103.87 TC/Ha compared to 75.03 TC/Ha
in ratoon cane, a 12% and 38% decrease, respectively. Among varieties, Phil 99-1793 in plant cane and
VMC 84-524 in ratoon cane were observed to have the highest percentage decrease of about 23% and
65%, respectively. On the other hand, Phil 09-1969 in plant cane and Phil 6607 in ratoon cane were
observed to have the lowest yield decrease of about 3% and 17%, respectively. During plant cane, based
on morphological attributes, Phil 09-1969 has distinct morphological traits compared to other varieties,
which explains why this variety has the lowest yield decline. No or minimal lodging incidence was observed
for this variety, whether with or without bamboo scaffolding. Phil 09-1969 has an ideal plant structure, the
"tower type structure," based on stalk diameter ratios at the stalk's base, middle, and bottom. Breeders
like to select the "tower type" of plant as the ideal plant type during the breeding process (Liu, 2017).
Despite unfavorable weather conditions like heavy winds, this plant structure was stable and able of

minimizing losses (Johnson et al., 1998). In order to ensure stability, the "tower" structure is necessary,
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especially for the broad, long leafed varieties. So, by providing the ratio of sugarcane's base, middle, and

top diameters would help breeders get a better idea of how resistant it is to lodge.

This implies that the occurrence of lodging significantly contributed to variation in the total cane
weight per hectare, emphasizing the importance of considering lodging as key factor influencing
productivity in both plant and ratoon crops. The observed impact of lodging suggests that variations in cane
tonnage are not solely determined by inherent ability of a variety but are significantly affected by lodging
events. Farmers and agricultural practitioners should, therefore, be attentive to lodging occurrences as

they contribute to yield variability.
Cane Lodging Influence Stalk Attributes

Cane lodging had a considerable impact on cane tonnage, with the 12% and 38% cane vyield
reduction in plant and ratoon cane, respectively was due to the influence of cane lodging on various stalk
parameters. Stalk parameters that are highly affected by cane lodging were stalk length, stalk diameter,

and eventually stalk weight (Table 3, 4, 5 & 6).

Table 1. Cane yield (TC/ha) of sugarcane varieties as influence of lodging
under sandy soil condition at plant cane

Variety Non-lodge Lodge Means  Percent Decrease
Phil 09-1969 119.52 11590 117.71° 3%
Phil 06-2289 173.89 147.27  160.58° 15%
Phil 99-1793 157.48 121.30 139.39%° 23%
Phil 8013 127.65 117.78  122.72¢ 8%
Phil 75-44 136.54 126.16  131.35%° 8%
Phil 66-07 153.85 129.09  141.47%° 16%
VMC 84-524 138.43 126.66  132.55%° 8%
VMC 71-39 131.48 126.74  129.11° 4%
Means 145.62° 127.86° 12%
C.V. 14.48

Table 2. Cane yield (TC/ha) of sugarcane varieties as influence of lodging
under sandy soil condition at ratoon cane

Variety Non-lodge Lodge Means Percent Decrease
Phil 09-1969 111.73 90.48 101.10° 23%
Phil 06-2289 123.81 10040 112.10° 23%
Phil 99-1793 121.13 77.58 99.36° 56%
Phil 8013 108.10 77.03 92.57% 40%
Phil 75-44 120.03 82.82 101.432 45%
Phil 66-07 65.57 55.92 60.75°¢ 17%
VMC 84-524  92.08 55.95 74.01% 65%
VMC 71-39 88.48 60.06 74.27°¢ 47%
Means 103.87° 75.03° 38%
C.V. 14.93
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Table 3. Stalk attributes of different sugarcane varieties as influence of lodging under sandy soil condition at plant cane

Tillers Millable Stalk length Stalk weight

Variety | Non- Lodge Means | Non- Lodge Means Non- Lodge Means Non- Lodge Means

lodge lodge lodge lodge
Phil 09-1969 329 326 328 215 204 210¢ 267.00 223.80 245.40° 2.59 2.08 2.34%0
Phil 06-2289 407 383 3952 315 372 343 292.55 257.68 275.12@ 2.37 1.76 2.07b
Phil 99-1793 402 418 410° 313 310 31120 317.63 273.03 295.33% 2.87 2.25 2.562
Phil 8013 372 389 38120 370 313 347 371.28 279.18 325.23¢° 2.33 1.73 2.03b¢
Phil 75-44 430 451 44082 257 302 280° 281.03 264.50 272.77%® 2.31 2.04 2.18ebe
Phil 66-07 462 447 4542 396 366 3812 262.18 240.00 251.09° 2.05 1.59 1.82¢
VMC 84-524 402 418 410° 344 320 332% 274.30 267.08 270.69% 2.42 1.96 2.192%b¢
VMC 71-39 373 379 376% 380 323 35120 314.68 264.35 289.52® 2.25 1.71 1.98b¢
Means 397 401 ns 324 314 ns 301.95° 263.69° 2.372 1.86°
C.V. 12.53 13.87 13.17 12.31

Table 4. Stalk attributes of different sugarcane varieties as influence of lodging under sandy soil condition at ratoon cane

Tillers Millable Stalk length Stalk weight

Variety | Non- Lodge Means | Non- Lodge Means Non- Lodge Means Non- Lodge Means

lodge lodge lodge lodge
Phil 09-1969 329 326 328 243 209 226¢ 253.45 228.65 241.05° 2.16 2.01 2.082
Phil 06-2289 407 383 395% 338 302 320° 251.48 212.80 232.142 1.72 1.55 1.64°
Phil 99-1793 402 418 4100 284 256 270bcd 268.48 220.53 244.50° 2.01 1.43 1.72°
Phil 8013 364 389 3772 309 282 29525 259.68 243.48 251.58? 1.64 1.27 1.45b¢
Phil 75-44 429 451 4402 325 301 313® 251.28 220.35 235.81° 1.73 1.29 1.51b¢
Phil 66-07 461 447 4542 263 255 259¢ 190.28 196.68 193.48° 1.22 1.03 1.13¢
VMC 84-524 420 403 4112 246 235 240¢ 245.48 201.45 223.46% 1.75 1.12 1.43b¢
VMC 71-39 373 379 376% 310 273 2922b¢ 236.45 207.73 222.09% 1.33 1.00 1.16%
Means 398 399 ns 290 264 ns 244,572 216.46° 1.69° 1.34b
C.V. 12.80 11.30 10.33 14.50

Table 5. Stalk diameter (mm) of different sugarcane varieties as influence of lodging under sandy soil
condition at plant cane

Variety Base Middle Top
Non-lodge Lodge Means | Non-lodge Lodge Means | Non-lodge Lodge Means

Phil 09-1969 | 35.65 34.78  35.22° | 34.84 33.72  34.28 | 31.98? 32.11* 32.05
Phil 06-2289 | 30.38 29.51  29.95°¢ | 31.16 28.87  30.02°¢ | 27.74° 28.08° 2791
Phil 99-1793 | 31.11 30.76  30.94° | 31.90 30.97 31.44° | 31.55° 28.26° 29.91
Phil 8013 30.79 28.87  29.83¢¢ | 3051 26.27  28.39¢ | 29.69% 23.94%  26.82
Phil 75-44 31.29 30.96  31.13 | 31.40 30.16 30.78° | 28.73% 26.66% 27.70
Phil 66-07 28.54 27.54  28.04% | 32.08 28.55  30.32°¢ | 27.44° 26.15%  26.80
VMC 84-524 | 33.13 31.61  32.37° | 3239 29.61 31.00° | 29.622° 26.89% 28.26
VMC 71-39 | 30.16 29.18  29.67°¢ | 29.27 27.28 28.28° | 27.37° 25.33%  26.35
Means 30.77 29.78 31.24° 28.82° 28.88° 26.47°

C.V. 5.08 4.54 5.71

Table 6. Stalk diameter (mm) of different sugarcane varieties as influence of lodging under sandy soil
condition at ratoon cane

Variety Base Middle Top

Non-lodge Lodge Means | Non-lodge Lodge Means | Non-lodge Lodge Means
Phil 09-1969 | 34.4 33.10 33.75° 34.48 33.80 34.14° 31.60 31.33  31.46°
Phil 06-2289 | 28.6 26.82 27.72* | 2854 27.74  28.14* | 26.63 26.16  26.39%
Phil 99-1793 | 31.4 27.91 29.65° 30.98 2823  29.61° 29.63 2627  27.95°
Phil 8013 28.5 23.88 26.20° 28.39 2417  26.28%¢ | 26.13 23.23  24.68
Phil 75-44 30.5 25.43 27.95* | 30.56 2429  27.42% | 28.42 24.06  26.24%
Phil 66-07 27.7 23.63 25.64% | 28.56 2489  26.72%9 | 2694 2449  25.71%
VMC 84-524 | 30.4 25.36 27.88 | 31.55 2571  28.63°¢ | 28.03 25.54  26.78
VMC 71-39 25.7 21.75 23.73¢ 26.91 2261  24.76¢ 25.81 2151  23.66°
Means 29.6° 25.98° 30.00? 26.43° 27.90° 25.32°
C.V. 5.41 6.27 8.24
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Physical Damage to Roots and Above-Ground Parts

After the sugarcane plants are lodged, some of the roots are snapped and damage. As a result, the
root system is unable to obtain adequate carbohydrates from the soil, which weakens life activity and
reduces the amount of water and nutrient uptake (Zhang et al., 2015). Also, the growth of the lodge cane
is affected since the canopy of the plant was loosened and some roots were damage, and the cane plant

are grown in bending orientations.

When sugarcane plants lodge, they have to re-establish themselves a few weeks later. This is likely
because of a phototropic stimulus-response (Praveen & Hug, 2021; Humbert, 2013) and because the
sugarcane plants will continue seeking more sunlight, and their stem tips will grow upward. This makes the
sugarcane node's meristematic tissue proliferate rapidly, making it more fragile and easy to break (Figure
3a) (Paraskevopoulos et al., 2016). The tops of sugarcane plants are sometimes cut or snapped during
extreme wind conditions, resulting in the death of the stalks (Figure 3b). These losses are considerable since
most tall and vigorous tops are damaged, causing the plant to stop growing and the sugarcane plant to dry

out (Figure 3c). Furthermore, rats preferred to nest in sugarcane bushes and consume many stalks.

g Overall, the above incident will cause the stalk to be shorter, thinner, and lighter, which will lead

to a low cane yield.

3a. Broken stalk

Figure 3. Stalk damage due to lodging

Orthogonal Partitioning Between Phil and VMC Varieties

Orthogonal contrast is a comparison used to identify differences across groups. The result showed
no significant differences between the variety types (Appendix Table 1). This indicates that the yield
performance and varietal response to the lodging of these two breeding organizations are comparable.

This implies that lodging will reduce cane yields regardless of variety.

Lodging Influences Juice Quality

To quantify the extent of lodging-related losses, replicated plots of fully erect and completely
lodged samples were selected for juice analysis. The findings revealed significant differences in lodging and

no-lodging, and the variety used of both plant and ratoon cane.

The amount of sucrose present in the cane juice is a key indicator of canes quality and is useful for
determining the juice quality that affects sugar recovery (Thangavelu, 2007). Therefore, monitoring and
understanding the sucrose content in the cane juice are essential aspects of assessing the suitability of
sugarcane for optimal sugar extraction and production processes. This information provides valuable

insights into the sugar recovery potential and overall quality of sugarcane crops, guiding decision-making
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in the sugar industry. Sugar rendement of plant cane was influence by cane lodging and each variety have
responded differently (Table 7). Among varieties, highest sugar rendement in lodged condition was
recorded in Phil 06-2289 comparable to Phil 8013, VMC 71-39, Phil 09-1969, Phil 99-1793 and Phil 66-07
having mean values of 2.15Lkg/TC, 2.11 Lkg/TC, 2.11Lkg/TC, 2.06LKg/TC, 1.90LKg/TC and 1.80LKg/TC,
respectively. The variation in sucrose concentration is primarily attributable to the genetic makeup of the
varieties. In ratoon cane, highest sugar rendement among varieties was recorded in Phil 8013 and

comparable to all other varieties except for Phil 75-44 and Phil 66-07 (Table 8).

Based on the results, the average sugar rendement of lodge cane in plant and ratoon cane is
approximately 9% and 7% lower than that of non-lodge cane, respectively. The absence of sugar rendement
reduction of Phil 09-1969 among the tested cultivars can be attributed to its non-lodging or extremely
minimal lodging characteristics. Phil 09-1969's observed resistance to lodging during both the plant cane
and ratoon cane which likely contributed to the preservation of its sugar rendement. The minimal bending
or leaning of stalks would have ensured efficient sunlight exposure, nutrient uptake, and overall healthier
crop conditions, thereby mitigating the typical reduction in sugar content associated with lodging in other
varieties. The field observations affirm the expectation that lodging-resistant or minimally lodging varieties,

such as Phil 09-1969, would exhibit more consistent and sustained sugar rendement.

Characteristics that Influence Juice Quality

Juice quality indices such as brix, polarity (pol), and apparent purity are commonly used criteria in
maturity determination and quality judgment. Brix concentration indicates the quality of the juice in terms
of soluble solids, whereas apparent purity indicates the percentage of sucrose in the juice's total solids
(Verlag, 2019). Pol is the apparent sucrose content expressed as a mass percent, as determined by the
optical rotation of polarized light passing through a sugar solution (Alluri, 2019). Significant differences in
brix and pol among varieties were observed in both plant and ratoon cane. This could be attributed to
differences in the inherent capacity to collect sucrose at maturity, including the production, transport, and
sugar storage in the stalks' parenchyma cells (Sarol et al., 2019). However, it's noteworthy that brix,
polarity, and apparent purity are markedly influenced by cane lodging, as indicated in Table 9 & 10. The
presence of lodging contributes to reductions in the quality of sugarcane juice across all parameters. Cane
lodging can disrupt the efficient production and transport of sucrose, leading to lower concentrations of

soluble solids and apparent sucrose content in the juice.

The observed differences in brix and pol among sugarcane varieties are likely linked to their
inherent capabilities in sucrose accumulation. However, the significant influence of cane lodging on juice

quality parameters underscores the importance of considering and managing lodging effects to maintain
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Table 7. Sugar Rendement (LKg/TC) of different sugarcane varieties

as influence of lodging under sandy soil condition at plant cane

Variety Non-lodge Lodge Means Percent Decrease

Phil 09-1969 1.932 2.06°®  2.00

Phil 06-2289 2.212 2.15°2 2.18 3%
Phil 99-1793 2.11° 1.90® 2.01 10%
Phil 8013 2.25° 2.11°% 218 6%
Phil 75-44 1.96° 1.76° 1.86 10%
Phil 66-07 1.94° 1.80°® 1.87 7%
VMC 84-524  2.24° 1.76°  2.00 21%
VMC 71-39 2.22°8 2.11% 217 5%
Means 2.13° 1.94° 9%
C.V. 7.80

Table 8. Sugar Rendement (LKg/TC) of different sugarcane varieties

as influence of lodging under sandy soil condition at ratoon cane

Variety Non-lodge Lodge Means Percent Decrease

Phil 09-1969 2.03 210 2.07%

Phil 06-2289 2.27 2.15 2.21° 6%
Phil 99-1793 2.14 1.96  2.05%® 9%
Phil 8013 2.30 2.15 2.22° 7%
Phil 75-44 2.08 1.92 2.00° 8%
Phil 66-07 1.86 1.66 1.76¢ 12%
VMC 84-524 2.18 204 2.11% 2%
VMC 71-39 2.20 204 2.12%® 7%
Means 2.13° 2.01° 7%
C.V. 5.73

Table 9. Juice quality parameters of different sugarcane varieties as influence of lodging under sandy soil condition at plant cane

Variety Brix Polarity Purity
Non-lodge Lodge Means | Non-lodge Lodge Means | Non-lodge Lodge Means

Phil 09-1969 | 20.72 21.14 20.93%° | 79.55 83.54  81.55® | 94.63 92.10 93.37
Phil 06-2289 | 22.82 22.24  22.53% | 90.37 87.76  89.07° | 94.14 94.16 94.15
Phil 99-1793 | 21.85 20.16  21.01* | 86.13 77.91  82.02* | 94.19 92.66 93.43
Phil 8013 23.23 21.49 22.36° 92.30 85.53 88.92° 95.19 94.43 94.81
Phil 75-44 20.12 18.54  19.33° | 79.15 71.52  75.34° | 94.71 93.16 93.94
Phil 66-07 19.92 18.77  19.35° | 78.23 7290 75.57° | 94.56 93.94 94.25
VMC 84-524 | 23.09 19.16 21.13% | 91.76 72.71 82.24% | 94.42 91.25 92.84
VMC 71-39 22.54 21.56  22.05% | 90.03 85.65 87.84° | 95.19 9498  95.09
Means 21.94° 20.27° 86.85° 79.14° 94.63° 93.51°

C.V. 6.38 7.58 1.93

Table 10. Juice quality parameters of different sugarcane varieties as influence of lodging under sandy soil condition at ratoon cane

Variety Brix Polarity Purity

Non-lodge Lodge Means | Non-lodge Lodge Means Non-lodge Lodge Means
Phil 09-1969 20.83 21.60 21.21° 80.79 84.54 82.66" 94.75 9453 94.64
Phil 06-2289 24.63 22.26 23.45° 93.18 88.24 90.71° 94.53 94.06 94.29
Phil 99-1793 21.77 20.26 21.02° 86.72 81.13 83.92%¢ | 95.10 94.04 9457
Phil 8013 23.07 21.76 22.41% | 93.14 86.84 89.99° 95.87 95.45  95.66
Phil 75-44 21.93 20.27 21.10° 85.76 78.53 82.15°¢ 93.44 93.17 93.30
Phil 66-07 19.21 17.96 18.59¢ 7491 69.27 72.09¢ 94.16 91.72 9294
VMC 84-524 22.80 22.62 22.71%® | 89.82 89.13 89.48% 93.57 93.82 93.70
VMC 71-39 22.38 21.38 21.88%® 89.42 84.03 86.72%¢ 95.21 93.47 94.34
Means 22.08° 21.01° 86.72° 82.71° 94.58 93.78 ns
C.V. 5.34 5.12 1.94
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optimal juice quality in sugarcane crops. This result highlights the intricate relationship between sugarcane
physiology, environmental factors, and juice quality, providing valuable insights for cultivation practices

aimed at sustaining high juice quality.

Cane lodging Influence the Growth of Aerial Roots and Side Buds

After the cane was lodged, aerial roots and side shoots were formed (Figure 4). When there is
sufficient moisture in the soil, the root section of the nodes germinates and elongates to form aerial roots,
and later, some lateral buds germinate (Jacobsen et al., 2015). These plant processes will impair the juice
quality of lodge canes, resulting in decreased sucrose storage in the stalks. It is expected that the stalks of
lodge canes will store less sucrose because the reserved sucrose from the stem is broken down into other
forms of hexoses to provide substrate and is used as energy to reinitiate stalk growth, the formation of side
shoots and late tillers, and to regain an upright posture and canopy development. In contrast, non-lodge
canes have a lower level of reducing sugars such as glucose and fructose (Singh et al., 2002), which generally

comprise major impurities in sugarcane juice. As expected, lodged canes have low juice quality, indicating

a high concentration of hexoses.

e o ‘ k ! k\\‘ > A

4a. formation of aerials roots 4b. aerial roots elongation 4c. sideshoot formation
Figure 4. Formation of aerial roots and sideshoots

Additionally, the physiological processes of the root system are severely affected, and the uptake
and distribution of minerals are compromised (Li et al., 2019). During plant growth and development, the
usual physiological conditions of phosphate and potassium uptake from the soil were interrupted,
contributing to slow growth, low yield, and poor juice quality (Yanai et al., 2010). The amount of phosphorus
taken up by the roots of sugarcane plants after lodging was only one-fourth that of non-lodge plants,
according to Chand et al. (2010). Also, the amount of potassium chloride obtained by sugarcane roots after

lodging was less than half that of non-lodged plants.

In other instances, strong winds caused the cane to lodge, which broke some vigorous tops and
damaged some stalks. In this case, the plant had to reduce apical dominance, allowing the formation of
side shoots (Figure 5a). Moreover, physically damaged stalks are more likely to allow pathogens to
penetrate, leading to bacterial infestation and deterioration in juice quality. Likewise, lodging renders stalks
more vulnerable to rat damage and insect pest (aphids), resulting in further losses in cane and sugar yield

(Figure 5b & 5c¢).

Lodged Canes Induced Late Tillers

After the cane lodge, the soil surface was directly exposed to sunlight, raising the soil temperature,
and increasing the number of ineffective tillers (Figure 5d) in the later stage. Late tillers will consume much
of the nutrients from the ground and from the stalks, in which there is a rapid conversion of sugars that will

lead to a decline in sucrose content and dying up of the stalks (Mcintyre et al., 2015). During harvesting,
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some farmers included dried sugarcane stalks. If these things happen, the dry sugarcane stalk not only
absorbs sugar content but also increases the acidity of the sugarcane juice during milling and causes certain
losses (Singh, 2002). Also, high incidence of suckering which is a major cause of the reduction of sugar

rendement (recoverable sugar) in lodged canes.

The bending or leaning of lodged sugarcane stalks disrupts the efficient uptake of nutrients from
the soil. This impairment in nutrient absorption can further compromise the plant's metabolic processes,

hindering the synthesis of sugars and contributing to a decline in sugar yield.

Figure 5. Some observations of sugarcane plant during lodging (5a. Formation of side shoots of damage tops; 5b. Rat damage;
5c. Presence of Aphids; 5d.formation of late tillers/suckering)

Lodging Reduces Photosynthetic Activity

Lodging reduces solar interception due to mutual shading caused by clumping of stalks or leaves
and overlapping of green leaves (disruption of canopies). Due to the adverse effects of the capture of solar
radiation in the field (insufficient light exposure), the leaves of the plants could not get enough light energy
to meet the immediate needs of photosynthetic activity. This also stopped the stomata from opening, made
it harder for CO2 to get into the leaves, and greatly reduced the photosynthetic intensity (Liu et al., 2016).
Then, the sugarcane plants have to cut back on photosynthesis and carbohydrate synthesis. This slows
sugar accumulation in segmental storage tissue and makes sugarcane juice with a low brix level when it is

harvested.

Zhao et al. (2014) found that the average leaf area of leaves on lodged sugarcane plants were 25.3%
and 22.7% narrower than on non-lodge plants. If the photosynthetic area of the plant were reduced, the

guantity of photosynthates that the plant demanded would logically decline.

Lodging causes the sugarcane canopy to become entangled and obstructed, limiting the exposure
of leaves to sunlight. This reduction in sunlight absorption negatively affects the photosynthetic process,
diminishing the plant's ability to produce and accumulate sugars, ultimately leading to decreased sugar

yield.

Cane Lodging Cuts Farmers Productivity

Sugar yield is the product of cane tonnage and sugar rendement and is considered the ultimate
outcome of the variety’s attributes. Improving one or both of these will lead to an increase in sugar yield.
Sugar yield was significantly affected by variety and cane lodging of both plant and ratoon cane (Table 11
& 12). The highest sugar yield (Lkg/Ha) was obtained by Phil 06-2289 in both plant and ratoon cane and
comparable to Phil 99-1793 only during plant cane and Phil 09-1969, Phil 8013, Phil 99-1793 and Phil 75-
44 in ratoon cane. These findings may provide insight into the genetic variability among varieties, which

may help explain some of the differences in yields, as each variety may have its own unique adaptation
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Table 11. Sugar yield (LKg/ha) of different sugarcane varieties as influence
of lodging under sandy soil condition

Variety Non-lodge Lodge Means  Percent Decrease

Phil 09-1969 235.67 238.75 237.21°

Phil 06-2289 384.73 314.52 349.63° 18%
Phil 99-1793 332.30 231.19 281.75%® 30%
Phil 8013 287.30 248.98 268.14° 13%
Phil 75-44 268.87 241.93  255.40* 10%
Phil 66-07 297.12 22990 263.51% 23%
VMC 84-524 310.81 226.08 268.45° 27%
VMC71-39  291.37 265.00 278.19° 9%
Means 310.36° 251.09° 19%
C.V. 14.39

Table 12. Sugar yield (LKg/ha) of different sugarcane varieties as influence of
lodging under sandy soil condition at ratoon cane

Variety Non-lodge Lodge Means Percent Decrease
Phil 09-1969 227.45 189.38  208.42% 20%
Phil 06-2289 281.17 215.12  248.15° 31%
Phil 99-1793 258.51 150.86 204.68% 71%
Phil 8013 249.08 165.77  207.42% 50%
Phil 75-44 249.98 159.10  204.54% 57%
Phil 66-07 122.22 92.20 107.21°¢ 33%
VMC 84-524  201.24 119.78 160.51° 68%
VMC71-39  196.16 123.49  159.82° 59%
Means 223.23% 151.96° 47%
C.V. 16.61

qualities that allow it to perform optimally in a given condition. Recognizing the unique adaptation qualities
of each variety allows for more informed decision-making in variety selection, contributing to sustainable

and efficient sugarcane production.

The data reveals that non-lodged canes yielded more sugar compared to their lodged counterparts
during the initial plant cane phase. The lodging-induced bending or leaning of sugarcane stalks evidently
hampers the efficient utilization of sunlight, nutrient absorption, and overall photosynthetic activity,
resulting in a reduction in sugar yield. The impact of lodging becomes more pronounced in the succeeding
ratoon cane cycle. Lodged canes experienced a substantial reduction in sugar yield, with a potential loss of
up to in 19% in plant cane. This suggests that the adverse effects of lodging persist and even intensify in
subsequent growth cycles, possibly due to cumulative stress on the plants and a carry-over of negative
impacts from the initial lodging event. The data indicates that lodged canes can experience a significant
loss of up to 47% in sugar yield during the ratoon cane. This substantial reduction underscores the severity
of the impact of lodging on the ability of sugarcane plants to produce and accumulate sugars. The entangled
and bent stalks impede the efficient functioning of the plants, leading to a considerable decline in overall

sugar content.
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Consequences of Cane lodging

Lodge cane had a lower cane yield than non-lodge cane because there were more dry and decaying
stalks, rats, and pest damage. Lodged sugarcane is more susceptible to pest infestations and diseases. The
entangled canopy creates favorable conditions for the proliferation of pathogens and pests, requiring
additional resources and efforts for disease and pest management. This increased vulnerability can further
contribute to a decline in sugar yield. Damaged and dead stalks also had a diluting effect on the sugar
rendement, which ultimately influence sugar yield. Singh et al. (2000) supported this result and concluded
that the economic losses were mainly due to lodging and were significantly worsened when the diluting
effects of extraneous matters during mechanical harvesting (trash, leaves, tops, damaged stalks, unmature

stalks, late tillers) were considered.

Sugarcane lodging poses a significant threat to farmers' productivity, impacting both the initial
plant cane and the subsequent ratoon cane crops. It affects not only cane yield and juice quality but also
profitability. Lodge cane requires additional costs during harvest, which greatly reduces the efficiency of
cutting, loading, and transportation (Singkham et al., 2016) and eventually increased harvesting time. It
also increases harvesting costs, especially hauling costs, when there is much extraneous matter like soil,
leaves, roots, late tillers, and young stalks (Li et al., 2019). Mechanical harvesting of lodge cane increases
stool damage and leaves gaps between the hills (Singh et al., 2002). According to Li et al. (2010), mechanical
harvesting of lodged crops increases stool damage by up to 24.8% and lowers the potential yield of the
successive ratoon. Lodging incidence also slows down the use of mechanization in harvesting, which
substantially impedes both its adoption (Li et al., 2010) and thus the modernization of the sugarcane
industry (Liu & Fan, 2011).

Cane lodging not only escalates operational costs for farmers but also contributes to lower sugar
yield due to the challenges in effectively collecting the cane. The consequences of lodging extend across

various aspects of sugarcane cultivation, contributing to a reduction in overall productivity.

Yield Reduction at Different Percent lodging

Based on the result, the occurrence of lodging is a critical factor influencing overall yield. This study
delves into the intricate relationship between varying percentages of lodging and the subsequent impact
on sugarcane vyields. Investigating the consequential yield reductions at different degrees of lodging
provides valuable insights into the challenges posed by this phenomenon.

Presented in the following tables is a detailed breakdown of cane yield and sugar yield losses,
ranging from 0% to 100% due to varying lodging percentage (Table 12 & 13). These tables offer a
comprehensive overview of the quantitative impact of lodging on sugarcane productivity, providing a
valuable resource for stakeholders to assess, strategize, and implement targeted measures for optimizing
yields under different lodging scenarios.

The calculation of lodging losses relies on the equation developed through the study (Figure 6). The
equation takes into consideration various factors influencing yield, providing a systematic and data-driven

approach to assess the consequences of lodging in sugarcane cultivation.
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(((% lodging X # of lodge millable stalks) x Stalk weight of lodge cane)) x Stalk weight of lodge cane) X 10,000 m?) X 1TC X LKg/TC of lodge cane
Effective plot size m? 1,000 Kg
"
((Total_millable stalks- # of lodge millable stalks) X 10,000 m2) X 1TC X LKg/TC of non-lodge cane
Effective plot area m? 1,000 Kg

Figure 6: Percent lodging losses equation
Tonnage computation:

Plot weight of lodge cane = (% lodging X # of lodge millable stalks) x Stalk weight of lodge cane)

Plot weight of non-lodge cane = (Total millable stalks- # of lodge millable stalks)

Effective plot size (m?) =4 rows x 1.3m x 9 m=46.8m?

Plot size =6 rows (-2 buffer rows), 1.3 furrow distance, 9 Meters length

TC/Ha = X (Effective plot size m?) = (10,000 m?) (Plot weight Kg) X 1TC

(Effective plot size ™?) Effective Plot size m?) 1,000 Kg
Let: X=TC/Ha
1 Ha=10,000m?
1,000kg=1TC
TC/Ha of lodge cane = (Plot weight of lodge cane kg X 10,000 m?) X 1TC
Effective plot area m? 1,000 Kg
TC/Ha of non lodge cane = (Plot weight of non-lodge cane kg X 10,000 m?) X 1TC
Effective plot area m? 1,000 Kg

Total TC/Ha = TC/Ha of lodge cane + TC/Ha of non lodge cane
Sugarcane Rendement Computation:

% Pol = Brix X Apparent Purity

100
PS/TC =0.1144 X 98.5 (Apparent Purity-40) X % Pol

Apparent Purity (98.5-40)
0.731 (PS/TC) + 0.0009
Adjusted PS/TC X 1.265
(Polarity, Purity, Brix of lodge cane)

Adjusted PS/TC
PSTC to LKg/TC
LKG/TC of lodge cane

LKG/TC of non lodge cane = (Polarity, Purity, Brix of non-lodge cane)
Sugar Yield:
LKG/Ha of Lodge cane = LKg/TC of lodge cane X TC/Ha of lodge cane
LKG/Ha of non-lodge cane = LKg/TC of non lodge cane X TC/Ha of non lodge cane
Total LKg/Ha = LKG/Ha of Lodge cane + LKG/Ha of Lodge cane

15| Page



Yield Reduction at Different Percent Lodging

Table 12. Percent TC/Ha reduction at different percent lodging at ratoon

Variety 10% 20% 30% 40% 50% 60% 70% 80%  90%  100%
Phil 09-1969 -1% -1% -2% -3%  -3% -4% -5% -5% -6% -7%
Phil 06-2289 -1% -2% -3%  -4%  -5% -6% 7% -8% 9%  -11%
Phil 99-1793 -3% -6%  -10% -13% -17% -21% -26% -30% -35% -41%
Phil 8013 2% 5% 7% -10% -13% -16% -19% -22% -26% -29%
Phil 75-44 3% 5% -8% -11% -15% -18%  -22% -25% -30% -34%
Phil 66-07 1% 2% 4% 5% 6% -8% 9%  -10% -12% -13%
VMC 84-524 -4% -8%  -12% -17% -22% -28% -34% -41% -49% -58%
VMC71-39 2% -5% -8% -11% -14% -17% -20% -24% -28% -32%
Means 2% -4%"™ 7% 9% -12%" -15%  -18%  -21% -24%  -28%"
C.V. 10.16 10.16 10.22 10.34 10.54 10.81 11.15 11.56 12.03 12.57
Table 13. Percent LKG/Ha reduction at different percent lodging at ratoon

Variety 10% 20% 30% 40% 50% 60% 70% 80%  90%  100%
Phil 09-1969 -1% -1% -1% -1% 2% 2% -3% -3% -3% -4%
Phil 06-2289 -1% -3%  -5% -6% 8%  -10% -11%  -13% -15% -17%
Phil 99-1793 -3% -3%  -5% -7% 9%  -11%  -13%  -15% -17%  -19%
Phil 8013 2% 6% 9%  -13%  -16%  -20%  -24%  -29%  -34%  -39%
Phil 75-44 3% 7% -10% -14%  -18%  -23%  -28%  -33%  -39%  -45%
Phil 66-07 1% 5% 7% -10%  -12%  -15%  -18%  -21%  -25%  -28%
VMC 84-524 -4%  -8%  -12% -17% -23%  -28%  -35% -42%  -50%  -59%
VMC71-39 2% -6% -10% -13% -17% -22% -26% -31% -37% -42%
Means 2%"™ 5% 7% -10% -13% " -16% -20%  -23% " -27%" -32%
C.V. 1216 1217  12.32 12.61 13.03 13.58 14.27 15.07 15.99 17.01

The data on yield reduction holds paramount importance for both predicting yields and assessing

damages, offering substantial advantages to the sugarcane industry. It improves the precision of yield

estimation predictions, enabling industry stakeholders to make more informed assessments of the

potential impact of cane lodging on the industry.

Moreover, this data is instrumental in damage assessment, especially during and after adverse

events such as storms or extreme weather conditions. By incorporating lodging percentages into

assessments, the data helps gauge the extent of damage to sugarcane crops. This quantitative approach

allows for a more precise evaluation of the economic losses incurred by farmers and the industry as a

whole. Policymakers and agricultural authorities can use this data for efficient disaster response planning,

allocating resources effectively to areas most affected and implementing targeted support measures for

affected farmers.

16| Page



SUMMARY, CONCLUSION, AND RECOMMENDATION

The impact of cane lodging on sugar yield is multifaceted, affecting the quantity, quality,
and overall efficiency of sugarcane cultivation. Sugarcane varieties performed differently in terms
of yield and yield components. Phil 06-2289, Phil 6607, Phil 99-1793, Phil 75-44 and VMC 84-524
obtained the highest cane yield in plant cane, while the same varieties except for VMC 84-524 and
Phil 6607 in succeeding ratoon cane. It was found that Phil 06-2289, Phil 8013, Phil 09-1969, Phil
99-1793, Phil 6607, and VMC 71-39 have high sugar rendement in lodge canes while, comparable
performance of all varieties in non-lodge cane during plant cane. In ratoon cane all varieties except
for Phil 66-07 exhibited comparable result. Phil 06-2289 and Phil 99-1793 obtained the highest
sugar yield in plant cane while the same varieties including Phil 09-1969, Phil 8013 and Phil 75-44
in ratoon cane. The performance of non-lodge (scaffolded) cane was more productive than that
of lodged cane. Cane lodging significantly affects stalk attributes, tonnage, juice quality, and sugar
yield in both plant and ratoon cane. The yield and sugar rendement were reduced by 12% and 9%
in plant cane while, 38% and 7% in ratoon cane, respectively, when the canes were lodged. The
reduction in cane yield of lodge canes was mainly attributed to shorter, thinner, and lighter stalks.
A significant amount of rat damage and increased susceptibility of the cane to pest infestation. At
the same time, the factor that affected the sugar rendement was influenced by the poor juice
quality (brix, polarity, and purity). This is due to the dilution effects of the stalk damage, dead stalk,
damage from rats and pests, and the formation of side shoots, late tillers, and suckers. Lodging
decreased cane tonnage and sugar rendement, resulting in a reduction of sugar yield (Lkg/ha) by
19% and 47% in plant and ratoon cane, respectively. Also, the percent reduction at different
lodging incidence is indispensable for improving the accuracy of yield forecasts and streamlining
damage assessment processes, ultimately contributing to better-informed decision-making and
more resilient sugarcane industry practices. This experiment demonstrated that under sandy soil

conditions, lodging is an explicit barrier to the yield potential of sugarcane varieties.

If severe weather conditions prevail, lodging may be more extensive and destructive,
resulting in substantially more serious damage than we have estimated. Industry may become
more productive and profitable by addressing this issue appropriately. Immediate steps must be
taken to limit the impacts of lodging, such as better crop management, to reduce crop losses.
Further research into cane lodging is required to acquire a comprehensive understanding of the
effects of cane lodging. This is due to the fact that the amount of yield loss that cane lodging causes
may vary depending on what crop stage it occurs and how severe it is. Currently, little attention is

given to it.
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Appendix Table 1. Orthogonal partitioning between Phil and VCM varieties

ANOVA TABLE
Response Variable: TC HA

Source DF Sum of Square Mean Square F Value Pr (> F)
Replication 3 311.2395 103.7465 0.28 0.8386
Variety 7 17442.4483 2491.7783 6.76 0.0000
Variety: Phil Vs VMC 1 153.4569 153.4569 0.42 0.5222
Bamboo 1 4091.6811 4091.6811 11.09 0.0017
Variety:Bamboo 7 2056.6807 293.8115 0.80 0.5942
Variety:Bamboo: CO 1 8.1881 8.1881 0.02 0.8822
Error 45 16598.6210 368.8582
Total 63 40500.6707
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