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Abstract: The current study was carried out at the experimental farm of Rana Sugars Ltd., Buttar
Seviyan, Amritsar, Punjab, India, to identify methods to improve the yield and quality of ratoon
sugarcane in potassium-deficient soils. The treatments comprised two levels of irrigation, resulting
in plants which either received sufficient water (I1) or were water-stressed (I2), and four rates of
potassium (K) application: 0 (K1), 40 (K2), 80 (K3) and 120 (K4) kg K2O ha−1. The results showed
that the irrigation levels did not influence crop parameters significantly, although all parameters
presented higher values for I1-treated plots. Compared to the K1 (i.e., 0 kg ha−1 K fertiliser applied)
treatment, the K2, K3 and K4 treatments yielded 11.16, 37.9 and 40.7%, respectively, higher millable
canes and 1.25, 5.62 and 13.13% more nodes per plant, respectively. At 280 days after harvest of
the first (plant) crop, the I1 treatment provided ratoons which were up to 15.58% higher than those
obtained with the I2 treatment, with cane girths up to 7.69% wider and yields up to 7.29% higher than
those observed with the I2 treatment. While the number of nodes per plant did not differ significantly
between treatments, there were significant differences in other parameters. Quality parameters (with
the exception of extraction percentage) were significantly enhanced by the K3 treatment. The benefit-
to-cost ratio (B/C) was higher for the I1 treatment than for the I2, due to a reduced productivity
associated with the I2 treatment. At both irrigation levels, the K3 treatment resulted in the highest
quality parameters. K1-, K2- and K4-treated plots presented more instances of insect infestations
than plots receiving the K3 treatment. Relative to the K3 plots, infestation by the early shoot borer
(Chilo infuscatellus) was 18.2, 6.0 and 12.2% higher, respectively, in plots that underwent the K1, K2

and K4 treatments, while infestation by the top borer (Scirpophaga excerptalis) was 21.2, 9.21 and
14.0% higher, and that by the stalk borer (Chilo auricilius) was 10.7, 0 and 8.10% higher. Not all
infestation differences between treatments were significant. Our research demonstrates that growing
sugarcane in potassium-deficient soils with applications of 80 kg K2O ha−1 under irrigation should
be recommended to increase yield and quality while minimising insect infestation and to implement
sustainable ratoon sugarcane production.

Keywords: sugarcane ratoon; potash; irrigations; Brix (◦); pol (%); CCS (%); B/C ratio; insects

1. Introduction

Sugarcane (Saccharum spp. complex) is an important industrial crop that is cultivated
in various countries, at latitudes between 36.7◦ N and 31.0◦ S, in tropical to sub-tropical
climates [1–3]. The practice of growing a new crop from new shoots of the harvested
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sugarcane plant is known as “ratooning.” This process is an important part of sugarcane
cultivation, due to the lower production costs of the second harvest resulting from eliminat-
ing the need for seedbed preparation, seed material, and planting operations [4]. Further,
early dehydration of tissues and flushing out of N helps the ratoon crop to extend sugar
factories’ crushing schedule [5]. However, the productivity of the ratoon crop is lower
than that of the initial (plant) crop: this may be influenced by soil compaction [1,6], indis-
criminate use of fertilizers in sugarcane fields [7] and higher incidences of insect pests and
disease. Additionally, the choice of the grown cultivar, lower temperatures, poor-quality
water, soil compaction (which increases for ratoon crops) and weed competition contribute
to lower ratoon yields [8].

In northern parts of India, low temperatures reduce the number of shoots that resprout.
The unsprouted shoots result in plant gaps, reduced initial shoot counts and, ultimately,
lower yields. Many techniques, such as mulching with trash or with polythene and
intercropping, have been extensively used in north India [9–11] to attempt to improve
ratoon sugarcane yields; however, little progress has been achieved in closing the yield
gap. Further, emerging water-stress conditions in the region due to intensively irrigated
rice–wheat cropping systems have resulted in reduced cane growth, yields and quality
parameters in both the plant and the ratoon crop. Further, significant amounts of nitrogen,
potassium and phosphorus are extracted by sugarcane plants from the soil [12], and a
deficiency in any macronutrient will reduce the yield as well as the quality of the canes [13].
Hence, a balanced sugarcane nutrition is essential.

Among the essential plant nutrients, potassium (K) is one of the most important,
responsible for regulating the uptake, transport, and utilization of water and of other
nutrients through the plant. Plants with a sufficiency of K have reduced wilting, as K
influences turgor changes in the guard cells of the stomata [14]. K fertilization is necessary
to achieve high sugarcane yield and quality. There is a need to identify an optimum K dose,
particularly in K-deficient soils such as those in north India, for both the plant and ratoon
canes in the region [4,15,16]. Until now, no optimum K dose has been established for ratoon
crops in the low-K soils of north India, although research was previously conducted for
the plant crop [13,16]. The present study was conducted to (1) identify an appropriate K
dosage for ratoon canes in the K-deficient soils of north India; (2) quantify the growth, yield
and quality parameters of sugarcane under different rates of K application; (3) examine
incidences of insect pests under different K treatments; (4) quantify the benefit-to-cost
(B/C) ratio of sugarcane produced under different K application rates.

2. Material and Methods
2.1. Experimental Site

The current study was carried out at the experimental farm of Rana Sugars Ltd., Buttar
Seviyan, Amritsar, Punjab, India, from March 2020 to March 2021. The site is situated
at 31°65.34′ N, 75°25.95′ E, at an altitude of 234 m. Soil analysis of the experimental
site revealed that pH was 7.8, electronic conductivity (EC) 0.040 dS m−1, soil organic
carbon (SOC) 0.36%, available phosphorus (P2O5) 28.5 kg ha−1 and potash (K2O) 130 kg
K2O ha−1 [16].

2.2. Weather Conditions during the Crop Growth Stage

Daily maximum and minimum temperatures, relative humidity and rainfall were
measured at a meteorological station near the site. A total of 462.5 mm of rainfall was
received during the study period, while the average maximum relative humidity was
98.7%, and the average minimum relative humidity was 22.8% (Figure 1). The average
maximum air temperatures varied between 14.9 to 41.2 ◦C, and the average minimum air
temperatures between 5.8 and 27.8 ◦C.
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Two irrigation treatments, i.e., sufficient water (I1) and water stress (I2), and four rates 

of potassium fertiliser (applied as muriate of potash), i.e., 0 (K1), 40 (K2), 80 (K3) and 120 

(K4) kg K2O ha−1, were applied to growing ratoon sugarcanes during 2020–21. All experi-

mental plots were arranged in a split-plot design, where irrigation treatments were in the 

main plots, and potassium treatments in sub-plots. In the water-stressed plots, irrigation 

was suspended after a three-week interval at critical sugarcane growth stages, i.e., germi-

nation, tillering and grand growth, while irrigated plots received regular irrigations and 

were not water-stressed. These treatments were applied to a ratoon crop of the sugarcane 

cultivar CoPb 92 (provided by the Regional Research Station, Kapurthala-Punjab, India) 

planted with 75 cm inter-row spacing in plots which were 6 m long and 4.5 m wide. A 

total of 24 plots were included in the experiments (Figure 2). 
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Figure 1. Maximum and minimum air temperatures (A,B), rainfall (C) and maximum and minimum relative humidity
(D) during the experimental period from March 2020 to March 2021.

2.3. Experimental Treatments and Design

Two irrigation treatments, i.e., sufficient water (I1) and water stress (I2), and four
rates of potassium fertiliser (applied as muriate of potash), i.e., 0 (K1), 40 (K2), 80 (K3)
and 120 (K4) kg K2O ha−1, were applied to growing ratoon sugarcanes during 2020–21.
All experimental plots were arranged in a split-plot design, where irrigation treatments
were in the main plots, and potassium treatments in sub-plots. In the water-stressed
plots, irrigation was suspended after a three-week interval at critical sugarcane growth
stages, i.e., germination, tillering and grand growth, while irrigated plots received regular
irrigations and were not water-stressed. These treatments were applied to a ratoon crop of
the sugarcane cultivar CoPb 92 (provided by the Regional Research Station, Kapurthala-
Punjab, India) planted with 75 cm inter-row spacing in plots which were 6 m long and
4.5 m wide. A total of 24 plots were included in the experiments (Figure 2).
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 Figure 2. I1 (sufficient water) and I2 (water stress) indicate the main treatments applied to plots,
and K1 (0 K2O ha−1), K2 (40 kg K2O ha−1), K3 (80 kg K2O ha−1) and K4 (120 kg K2O ha−1) indicate
the sub-treatments applied to plots. The treatments were laid out according to a spilt-plot design.
Rep = treatment replication.
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2.4. Experimental and Data Collection Procedures

Apart from irrigation and K fertilisation, the agronomic recommendations of the
Punjab Agricultural University, Ludhiana, for managing ratoon crops were followed [11].
At 45 days after harvesting (DAH) the plant crop, data recorded for the ratoon plants
included the number of emerged plants; cane height; cane stalk diameter (measured with a
vernier caliper-530 from Manufacturer Mitutoyo, City Kanagawa, Japan) from the middle
portion of the stalk (cm); nodes per cane, i.e., the average number manually counted on five
randomly selected plants from each plot. The number of millable canes in each treatment
plot were counted before harvesting. At ratoon maturity, each plot was manually harvested,
and the yield of the plot was measured. To assess sugarcane quality, five representative
healthy canes were harvested from each plot after the 8th and 10th month AH the plant
crop, i.e., on 11 November 2020 and on 24 February 2021. A cane crusher was used to
extract juice from the harvested canes for quality analysis following standard methods [7].
A Delhi 34 digital refractometer (Manufacturer RS Infra-project PVT Ltd., Noida, India) was
used to measure the sugar content, in both Brix and sucrose percentage terms, following
the procedure described in [7]. The commercial cane sugar (CCS) percentage was then
computed following the equation:

CCS (%) = {Sucrose % − (Brix % − Sucrose %) × 0.4} × 0.74 (1)

In the above equation, 0.4 and 0.74 are the multiplication and crusher factors, respectively.
The cane yield per plot was recorded at harvest by weighing the cane product and

converting this value to a cane yield. From the wight-per-hectare cane yield and the
percentage CCS, a weight-per-hectare CCS was calculated, as described in [17], using
the equation:

CCS (t/ha) = CCS (%) × sugarcane yield (t ha−1)/100 (2)

Finally, the B/C (benefit-to-cost) ratio was calculated to reflect the amount of K
fertiliser applied and the amount of sugarcane and CCS produced, using the equation

B: C ratio = Benefit due to applied additional K (Rs ha−1)/Cost of fertilizer (Rs ha−1) (3)

2.5. Statistical Analysis

Analyses of variance (ANOVA) were conducted on the experimental results, using
the Statistical Tool for Agricultural Research (STAR) software package; irrigation and K
fertilizer treatments and their two-way interactions were examined. Statistical significance
was inferred for p < 0.05 or for lower p limits. Cane yield and quality data were analysed
using the online OPSTAT software developed by Chaudhary Charan Singh Haryana
Agricultural University, Hisar, India. For correlation analysis, the R software package was
used [18] to identify correlations between different quality characteristics after different
experimental treatments.

3. Results
3.1. Growth and Yield Parameters

Throughout the ratoon season, the number of sprouted shoots, number of millable
canes (NMC), cane height, girth, internodes and cane biomass were higher after the
irrigation treatment (I1) than after the water stress treatment (I2), although significant
differences were only observed for cane biomass. At 165 DAH, cane height and girth were
1.65 and 0.42% higher, respectively, for I1 than for I2; at 280 DAH, they were 2.04 and 1.16%
higher for the irrigation treatments relative to the water stress treatments (Table 1).
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Table 1. The height and girth of sugarcane are influenced by different levels of irrigation and potassium.

Treatments
Cane Height (cm) Cane Girth (cm)

165
DAH

195
DAH

225
DAH

255
DAH

280
DAH

165
DAH

195
DAH

225
DAH

255
DAH

280
DAH

I1 212.5a 252.6a 282.1a 292.3a 304.0a 2.39a 2.44a 2.51a 2.54a 2.58a
I2 209.0a 244.7a 273.5a 291.8a 297.8a 2.38a 2.43a 2.50a 2.53a 2.55a

Level of significance (p ≤ 0.05) NS NS NS NS NS NS NS NS NS NS

CV(%) 3.50 3.92 5.56 1.81 3.47 2.42 5.83 4.68 4.32 4.70

K1 196.8c 228.8d 257.7d 271.3d 281.2c 2.31c 2.36b 2.41c 2.44c 2.47c
K2 208.8b 242.8c 269.0c 285.0c 288.7c 2.32c 2.38b 2.46c 2.49c 2.53c
K3 215.8ab 256.5b 286.5b 300.0b 308.7b 2.41b 2.47a 2.55b 2.58b 2.60b
K4 221.5a 266.3a 298.0a 312.7a 325.0a 2.50a 2.53a 2.62a 2.64a 2.66a

Level of significance (p ≤ 0.05) ** ** ** ** ** ** ** ** ** **

CV(%) 3.49 2.31 2.83 1.90 2.38 1.34 2.14 1.52 1.53 1.80

I × K NS NS NS NS NS NS NS NS NS NS

I1 plots were irrigated with sufficient water, while I2 plots were water-stressed; data for both I1 and I2 are averaged over all potassium
treatments and are the main plot treatments; K1, K2, K3 and K4 indicate different potassium treatments averaged over both irrigation
levels and are the sub-plot treatments; DAH = days after harvesting the initial plant crop; CV(%) = coefficient of variation; ** significant at
p < 0.01; NS = not significant; different letters within the continuous columns indicate significant differences at 1% level of probability.

At 165 DAH, relative to the K1 (0 kg K ha−1) treatment, the K2, K3 and K4 treatments
were associated with 6.10, 9.65 and 12.55% greater cane heights and 0.43, 4.33 and 8.23%
greater cane girths, respectively. At 280 DAH, cane heights in plots receiving the K2, K3
and K4 treatments were 2.67, 9.78 and 15.58% greater than in the K1 treatment, while
cane girths were 2.43, 5.26 and 7.69% greater than in the K1 treatment. Different levels of
irrigation produced statistically similar results, although the results were higher under
irrigation; both cane height and girth were significantly affected by different potash levels
as compared to the control level (Table 1).

The average number of sugarcane shoots resprouting, the average NMC, and the
average number of internodes per plant were all slightly higher (7.38, 3.54 and 5.78%,
respectively) after I1 than after I2, although the data were not different statistically (Table 2).
However, significantly higher (59.0 t/ha) yields were observed under the irrigation condi-
tions of I1.

Table 2. Yield and yield parameters of sugarcane are influenced by different levels of irrigation and potassium.

Treatments Sprouted Ratoon at 45
DAH (%)

NMC
(Thousand per Hectare)

Internodes per
Cane

Yield
(t ha−1)

I1 40.10a 53.6a 17.3a 59.0a
I2 37.14a 51.7a 16.3a 57.6b

Level of significance (p ≤ 0.05) NS NS NS **

CV(%) 1.48 17.11 9.79 1.51

K1 34.7a 43.0b 16.0a 56.2c
K2 37.6a 47.8b 16.2a 57.5b
K3 40.5a 59.3a 16.9a 59.2a
K4 40.6a 60.5a 18.1a 60.3a

Level of significance (p ≤ 0.05) NS ** NS **

CV(%) 2.50 14.74 8.56 1.53

I × K NS NS NS NS

I1 plots were irrigated with sufficient water, while I2 plots were water-stressed; data for both I1 and I2 are averaged over all potassium
treatments, and are the main plot treatments; K1, K2, K3 and K4 indicate different potassium treatments averaged over both irrigation levels
and are the sub-plot treatments; DAH = days after harvesting the initial plant crop; NMC = number of millable canes; CV(%) = coefficient
of variation; ** significant at p < 0.01; NS = not significant; different letters within the continuous columns indicate significant differences at
1% level of probability.
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The K3 treatment, consisting in 80 kg K2O ha−1, provided significantly higher yields
and NMC than the K1 and K2 treatments, but both differences were statistically non-
significant with respect to those of the K4 treatment consisting in 120 kg K2O ha−1. Relative
to the K1 treatment, the K2, K3 and K4 treatments were associated with 8.36, 16.71 and 17%
higher cane sprouting and 11.16, 37.91 and 40.70% higher NMC, respectively; the nodes
per plant were 1.25, 5.62 and 13.13% higher, and the yields were 2.22, 5.23 and 7.29% higher,
respectively (Table 2). Potassium has previously been reported to improve sugarcane yield
and yield parameters [19–27]. The differences between K2 and K3 and between K3 and
K4 in sprouting rates were 7.71 and 0.25%; those in NMC were 24.1 and 2.0%; those in
number of nodes per plant were 4.32 and 7.10%; those in yield were 2.96 and 1.86%. In all
cases, except for the number of nodes per plant, there were greater percentage gains in
productivity characteristics when comparing K2 to K3 than K3 to K4.

3.2. Quality Characteristics

In the eighth month after plant crop harvest, the I1 and I2 treatments were statistically
equal in terms of Brix, pol, purity, sugar extraction, CCS (commercial cane sugar) (%)
and CSS (t ha−1) (Table 3). Compared to the K1 treatment, the K2, K3 and K4 treatments
provided significantly higher Brix results (1.61, 4.20 and 8.52% higher); the K2 treatment
provided a 0.54% lower pol (i.e., sucrose content) than K1, while the K3 and K4 treatments
provided 5.98 and 12.50% higher results than the K1 treatment, respectively. Further,
relative to K1, the K2 treatment resulted in 2.06% lower purity, 8.36% higher extractable
percentage, 8.39% higher CCS (%) and 0.53% higher CCS (t ha−1). Relative to K1, the
K3 and K4 treatments resulted in 1.60 and 3.73% higher purity, 11.50 and 15.99% higher
extractable percentage, 12.23 and 20.21% higher CCS (%), and 12.08 and 22.24% higher CCS
(t ha−1), respectively. All results were significant, except those of the extractable percentage
(Table 3).

Table 3. Quality parameters of sugarcane at 8 months after harvest at different irrigation and potassium levels.

Treatments Brix (◦) Pol (%) Purity (%) Extraction (%) CCS (%) CCS (t ha−1)

I1 18.01a 15.5a 85.94a 45.11a 10.70a 6.24a
I2 17.99a 15.6a 86.62a 48.51a 10.58a 6.16a

Level of significance (p ≤ 0.05) NS NS NS NS NS NS

CV(%) 7.36 11.0 4.14 5.08 12.87 11.38

K1 17.38b 14.88ab 85.58a 42.96a 9.65ab 5.71b
K2 17.66b 14.80a 83.82b 46.55a 10.46b 5.73b
K3 18.11ab 15.77b 86.95a 47.90a 10.83b 6.40b
K4 18.86a 16.74a 88.77a 49.83a 11.60a 6.98a

Level of significance (p ≤ 0.05) ** ** ** NS ** **

CV(%) 4.41 5.25 2.02 10.51 5.86 5.97

I1 indicates plots irrigated with sufficient water, while I2 indicates water-stressed plots; data for both I1 and I2 are averaged over all
potassium treatments and are the main plot treatments; K1, K2, K3 and K4 indicate different potassium treatments averaged over both
irrigation levels and are the sub-plot treatments; CCS = commercial cane sugar; ** is significant at p < 0.01; NS = not significant; different
letters within the continuous columns indicate significant differences at 1% level of probability.

Irrespective of the irrigation level, the ratoon cane quality parameters were signifi-
cantly higher for K3- (80 kg K2O ha−1) and K4- (120 kg K2O ha−1) treated plots, relative to
the K1- (0 kg K2O ha−1) and K2- (40 kg K2O ha−1) treated ones, except for extraction (%).
In general, greater improvements in the parameters were observed in plots treated with
K3 relative to those treated with K2 than in plots treated with K4 relative to those treated
with K3 [28–36]. At eight months after crop plant harvest, the change of treatment from
K2 to K3 increased Brix by 2.55%, and that from K3 to K4 increased it by 4.14%, while pol
percentages increased by 6.55 and 6.15%, respectively. Additional changes were observed
in purity (3.73 and 2.09%), extractable percentage (2.90 and 4.03%), CCS (%) (3.54 and
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7.11%) and CCS (t ha−1) (11.69 and 9.06%), respectively (Table 3). Similar results were
reported elsewhere [13,16,24,27].

Considering the effects of the interaction between different levels of irrigation and
of potassium on quality parameters of sugar cane at 8 months after harvest, brix (◦) and
extraction (%) were not influenced significantly, but other parameters varied significantly
(Figure 3). Among these quality parameters, maximum values were recorded for the K4
treatment and the lowest values were found for the K2 treatment under both irrigation
levels (Figure 3).
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Figure 3. Interaction effect of different irrigation and potassium levels on quality parameters of sugarcane 8 months after
harvest. Different letters within the bars and the line indicate significant differences at 1% level of probability.

Further, 10 months after crop plant harvest, plants in the I1-treated plots had statis-
tically similar but higher values of Brix (5.96%), pol (4.61%), CCS (%) (3.97%) and CCS
(t ha−1) (6.26%) than those in the I2-treated plots, but lower (but still statistically insignifi-
cant) values of purity (0.96%) and extractable percentage (1.40%) (Table 4). Compared to
the K1 control treatment at 10 months after crop plant harvest, the K2, K3 and K4 treatments
provided higher values for Brix (11.14, 18.49 and 20.24%), pol (17.21, 26.67 and 29.66%),
purity (5.57, 7.01 and 8.09%), extractable percentage (2.88, 4.45 and 14,57%), CCS (%) (20.27,
30.88 and 34.45%) and CCS (t ha−1) (22.95, 37.31 and 43.66%), respectively. All results were
significant except the extractable percentage. The performance of K3 and K4 plots appeared
to be statistically similar for all quality parameters (Table 4). At 10 months after crop plant
harvest, the change of treatment from K2 to K3 and from K3 to K4 resulted in variations of
Brix (6.61 and 1.47%), pol (8.07 and 2.36%), purity (1.37 and 1.01%), extractable percentage
(1.52 and 9.70%), CCS (%) (8.82 and 2.73%) and CCS (t ha−1) (11.68 and 4.62%) (Table 4).
For all parameters, except the extractable percentage, the gain was greater when changing
from K2 to K3 than from K3 to K4. The irrigation treatment with 80 kg K2O ha−1 (i.e., I1
K3) provided a significantly higher yield and better quality parameters than the K1 or K2
treatments; there was a small significant difference between the K3 and K4 treatments in
these parameters [16,31–33]. Interaction between treatments was not significant.



Agronomy 2021, 11, 1381 8 of 13

Table 4. Quality parameters of sugarcane 10 months after harvest, at different irrigation and potassium levels.

Treatments Brix (◦) Pol (%) Purity (%) Extraction (%) CCS (%) CCS (t ha−1)

I1 19.21a 17.02a 88.54a 50.88a 11.78a 6.96a
I2 18.13a 16.27a 89.40a 51.60a 11.33a 6.55a

Level of significance (p ≤ 0.05) NS NS NS NS NS NS

CV(%) 12.54 11.67 3.17 12.04 11.57 10.53

K1 16.60c 14.06c 84.60b 48.58a 9.52c 5.36c
K2 18.45b 16.48b 89.31a 49.98a 11.45b 6.59b
K3 19.67ab 17.81ab 90.53a 50.74a 12.46ab 7.36a
K4 19.96a 18.23a 91.44a 55.66a 12.80a 7.70a

Level of significance (p ≤ 0.05) ** ** ** NS ** **

CV(%) 5.25 6.43 3.45 10.23 7.51 7.73

I × K NS NS NS NS NS NS

I1 indicates plots irrigated with sufficient water, while I2 indicates water-stressed plots; data for both I1 and I2 are averaged over all
potassium treatments and are the main plot treatments; K1, K2, K3 and K4 indicate different potassium treatments averaged over both
irrigation levels, and are the sub-plot treatments; CCS = commercial cane sugar; ** significant at p < 0.01; NS = not significant; different
letters within the continuous columns indicate significant differences at 1% level of probability.

3.3. Insect Pest Infestation

The irrigation treatment did not affect the presence of stalk borer (Chilo auricilius),
while the incidence of early shoot borer (Chilo infuscatellus) and top borer (Scirpophaga
excerptalis) were significantly higher for I2, by 25.1 and 12.3%, respectively (Table 5). Com-
pared to the K3 treatment, the K1, K2 and K4 treatments presented a 18.2, 6.0 and 12.2%
higher incidence of early shoot borers, a 21.2, 9.21 and 14.0% higher incidence of top borer
and a 10.7, 0 and 8.10% higher incidence of stalk borers, respectively.

Table 5. Insect pest infestation in sugarcane under different levels of irrigation and potassium.

Treatments Early Shoot Borer Top Borer Stalk Borer

I1 5.33b 7.50b 6.10a
I2 6.67a 8.42a 6.83a

Level of significance (p ≤ 0.05) * * NS

CV (%) 6.80 2.56 10.95

K1 6.50a 8.69a 6.83a
K2 5.83a 7.83a 6.17a
K3 5.50a 7.17a 6.17a
K4 6.17a 8.17a 6.67a

Level of significance (p ≤ 0.05) NS NS NS

CV (%) 15.21 11.75 13.90

I × K NS NS NS
I1 indicates irrigation with sufficient water, while I2 indicates water stress treatment; data for both I1 and I2 are
averaged over all potassium treatments and are the main plot treatments; K1, K2, K3 and K4 indicate different
potassium treatments averaged over both irrigation levels as the sub-plot treatments; CV(%) = coefficient of
variation; * significant at p < 0.05; NS = not significant; different letters within the continuous columns indicate
significant differences at 5% level of probability.

All differences in pests between K treatments were not significant. The reduction in
the incidence of the pests after K2 compared to K3 was 5.66, 8.43, and 0.0%, respectively,
for early shoot borer, top borer and stalk borer, while the reductions after K3 compared to
K4 were much higher, i.e., 12.2, 11.4 and 8.1%. The K3 treatment was associated with the
lowest incidence of insect pests, although this difference was not significant with respect to
the values measured for the other potassium treatments. Similar results were been reported
elsewhere [13,34–36].
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3.4. Correlation Analysis between Quality Variables

At the eighth month after harvest of the crop plant, Brix was positively correlated
with all the quality parameters examined, except for the extractable percentage (Table 6).
CCS (%) showed a positive and strong relationship with Brix, pol and purity and a positive
but weaker relationship with extractable percentage. In terms of extractable percentage, it
showed a positive and strong relationship with Brix, purity and pol and a weak positive
correlation with CCS (%) (Table 6). At the 10th month after harvest of the crop plant,
the relation between Brix and extractable percentage was positive and strong, in contrast
to what observed two months earlier. A strong positive relationship was also observed
between CCS (%) and pol (0.99), between Brix and pol (0.90) and between Brix and CCS
(%) (0.90) (Table 6). As seen at the earlier sampling time, the extractable percentage showed
positive but comparatively weak correlations with the other variables.

Table 6. Correlation analysis between different quality parameters of sugarcane 8 and 10 months after harvesting the initial crop plant.

After 8 Months

Brix Pol Purity CCS (%) Extractable percentage

Brix 1.00 0.94 0.62 0.90 −0.05
Pol 0.94 1.00 0.82 1.00 0.04

Purity 0.62 0.82 1.00 0.87 0.22
CCS (%) 0.90 1.00 0.87 1.00 0.06

Extractable percentage −0.05 0.04 0.22 0.06 1.00

After 10 Months

Brix Pol Purity CCS (%) Extractable percentage

Brix 1.00 0.94 0.44 0.90 0.10
Pol 0.94 1.00 0.71 0.99 0.12

Purity 0.44 0.71 1.00 0.78 0.12
CCS (%) 0.90 0.99 0.78 1.00 0.12

Extractable percentage 0.10 0.12 0.12 0.12 1.00

3.5. Economic Analysis

Overall, the I2 treatments, which induced water stress, provided higher economic
benefits than the I1 irrigation treatments (Table 7). In the main I1 treatment, when consider-
ing the K fertiliser sub-treatments, K3 provided a higher benefit-to-cost (B/C) ratio (2.1)
than the K1 (1.9) or K4 (1.4) sub-treatments. For the I2 treatments, K3 allowed a B/C ratio
of 4.8, higher again than that of the K2 (4.0) or K4 (3.9) sub-treatments. The differences
between the K3 and K2 treatments were statistically significant; those between the K3 and
K4 treatments were not. Applying a potassium fertiliser is necessary to achieve sustainable
sugarcane production, particularly in K-deficient soils [37–42] due to their complex clay
mineralogy [43,44].
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Table 7. Yields and benefit-to-cost ratios relative to K1 (0 kg K2O ha−1) for sugarcane receiving different irrigation and
potassium treatments.

Irrigation
Levels

Potash
Doses

Cost of Fertilizer
(Rs ha−1)

Yield
(t ha−1)

Response
over Control

Benefit Due
to Applied K

(Rs ha−1)

Benefit Cost
Ratio

General
Outcome

I1

K1 0 57.47 0.00 0.0 0.0
K2 1273 58.33 0.86 2666 2.1 1.9
K3 2546 59.37 1.90 5890 2.3 2.1
K4 3800 60.84 3.37 10,447 2.7 1.4

I2

K1 0 54.96 0.00 0.0 0.0
K2 1273 56.61 1.65 5115 4.0
K3 2546 58.94 3.98 12,338 4.8
K4 3800 59.79 4.83 14,973 3.9

I1 indicates plots irrigated with sufficient water, while I2 indicates water-stressed plots, averaged over potassium treatments; K1, K2, K3
and K4 indicate different potassium treatments, averaged over irrigation levels.

4. Discussion
4.1. Ratoon Sugarcane Performance under Irrigation

The sugarcane growth parameters cane height, girth, NMC and internodes per cane
were better, although not significantly different, under non-water-limiting conditions (I1)
than under water stress (I2, Tables 1 and 2). Improved cane growth under irrigation may
result from better soil moisture [18], higher nitrogen fertilizer use efficiency [19] and better
diffusion of K within the cane roots [19–23]. The presence of the stalk borer (Chilo auricilius)
pest was not significantly affected by irrigation; however, the early shoot borer (Chilo
infuscatellus and top borer (Scirpophaga excerptalis) pests were present in significantly higher
numbers under water stress, which may be the result of poor movement of nutrients within
the plant, from the leaves to the stems and roots [1,14].

In terms of sugarcane quality parameters, Brix, pol, purity, extractable percentage
and CCS (%) were all higher under irrigation (I1), although these differences were not
significant (Tables 3 and 4). Improved sugarcane juice quality under irrigation was likely
the result of improved plant metabolic activities, improved uptake and translocation of
nutrients within the canes and higher nitrogen and water use efficiencies [1,12,14,39].

4.2. Ratoon Sugarcane Performance with Different Potassium Fertilizer Doses

The K3 treatment, with 80 kg K2O ha−1, performed significantly better than all other
K treatments in terms of shoot resprouting, cane height, girth, NMCs and internode per
cane during ratoon season (Tables 1 and 2). Treatments with both less (K2, 40 kg K2O
ha−1

) and more (K4, 120 K2O ha−1) potassium did not perform as well as the K3 treatment
in terms of the plant growth parameters measured. This may be the result of optimal
sugarcane metabolism [45,46], enzyme activation [47–49], transport of carbohydrates,
photosynthesis [50], hormone balance, auxin levels [51] and cane root growth [14,17,35,37]
upon the K3 treatment compared to the other treatments. A potassium fertilizer assists
in nutrient movement from the leaves to the whole plant, which results in comparatively
bitter leaves under high-K fertilizer treatments. This may have also contributed to the
reduced incidence of key insect pests such as stalk borer, early shoot borer and top borer
under the K3 treatment (Table 5).

In terms of sugarcane quality parameters, Brix, pol, purity and CCS (%) were all signifi-
cantly positively affected by potassium fertilizer levels relative to the control (0 kg K2O ha−1)
treatment (Tables 3 and 4). Sugarcane juice quality was the highest under K3. This may
be due to the fact that the K fertilizer improved the efficiency of water and nitrogen use of
the sugarcane roots [28–31,50], thus improving stomatal opening, particularly under water
stress [51]. Overall, the K3 sub-treatment under both irrigation treatments provided the best
growth, yield, and quality parameters, ensuring the lowest presence of insect pests [17].
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5. Conclusions

Our results demonstrated that the presence or absence of irrigation at key plant-
growth stages did not significantly affect growth, yield or quality parameters in a ratoon
sugarcane crop. There were, however, differences in terms of the incidence of insect pests.
Treatments including a K fertilizer resulted, generally, in a significantly higher number of
nodes per plant and millable canes, as well as in significantly higher yields, cane height
and cane girth 280 days after harvesting the crop plant, relative to baseline values obtained
when no K fertilizer was applied. Most quality parameters were significantly higher for
plants receiving any of the K treatments than for those that underwent the K1 treatment
(0 kg K2O ha−1); these parameters were significantly the greatest for plants treated with
K3 (80 kg K2O ha−1) under both irrigation (I1) and water stress (I2). We conclude that
a ratoon sugarcane crop on a low-potassium soil should be grown in non-water-limited
conditions with 80 kg K2O ha−1 applied in order to have optimum growth, yield and
quality parameters.
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