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Introduction: In semiarid tropical locations, polyhalite (K2Ca2Mg(SO4)4H2O) and 
muriate potash (KCl) were tested for their ability to increase cane growth, yield, 
and recovery at potash (K)- and calcium (Ca)-deficient sites.

Methods: The treatments involved control plots with no potash fertilizer (T1); T2 
and T3 applied potassium through (muriate potash) MOP only at 80 and 120  kg 
K2O ha−1, whereas T4 and T5 applied potassium with half of MOP and polyhalite 
at 80 and 120  kg K2O ha−1, respectively.

Results and discussion: At 35  days after harvest (DAH), T2 (10.82%), T3 (24.1%), T4 
(34.9%), and T5 (34.9%) had a greater ratoon resprouting rate than did the control 
treatment, where it was just 37.0 out of 100 harvested canes. At 308 DAH, T2 
(−5.9%), T3 (−5.7%), and T5 (−6.6%) presented greater leaf chlorophyll contents 
than did T1. The K-fertilized plots yielded 64.31  t  ha−1 in T2 and 65.97  t  ha−1 in T5, 
whereas the control plot yielded 61.5  t  ha−1. Compared with the control plots, 
the T5 plots experienced fewer stalk borer (−28.6%), top borer (−23.3%), and 
early shoot borer (−23.3%) attacks. T2, T4, and T5 presented higher percentages 
of commercial cane sugar (CCS) (6.82, 8.83, and 8.74%, respectively) than did 
the control plots. T1 and T3 had similar CCSs (10.99 and 11.33%, respectively). The 
CCS weight per area ranged from 7.98 to 8.47  t  ha−1 near maturity. T4 (8.59  t  ha−1) 
and T5 (8.60  t  ha−1) had significantly greater values than did T1–T3. Compared 
with the control, the applied potassium fertilizer increased the economic 
output by 8,711, 11,687, 13,485, and 13,857 INR ha−1 in the T2, T3, T4, and T5 plots, 
respectively. The higher cost of polyhalite than MOP has reduced its economic 
advantages. Thus, the T4 plots outperformed the other treatments in terms of 
growth, yield, and quality indices, but their higher values (120  kg K2O ha−1) were 
statistically equivalent.

Conclusion: Finally, the study concluded that MOP and polyhalite at a 50% ratio 
of 80  kg K2O ha−1 may help improve sugarcane growth, yield, and quality in 
semiarid tropical locations.
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1 Introduction

As a major industrial crop, sugarcane (Saccharum spp.) is 
cultivated in semiarid regions ranging from 36.7°N to 31.0°S in 
tropical to subtropical regions of the equator (Bhatt et  al., 2021c; 
Choudhary and Singh, 2016; Bhatt, 2020). Generally, sugarcane is 
planted for two purposes: to extract sugar, which accounts for 75% of 
global sugar consumption, and to produce ethanol, which is blended 
into gasoline (O’Hara et al., 2009; Singh et al., 2011; Bhatt and Singh, 
2021). In Punjab, India, the cane area is 91,000 ha, with a land 
productivity of 800 qt ha−1 and a sugar recovery of <10% (PAU, 2022). 
Among the different claimed reasons for the lower sugar recovery in 
the region, the major ones are unbalanced fertilizer use with little 
attention given to potash, upcoming water-stressed conditions, higher 
insect pest and disease incidence, and poor quality of cane seeds 
offered to cane farmers, which restricts sugarcane productivity and 
quality in the region (Bhatt et al., 2021a; Bhatt et al, 2021c).

However, an important barrier to reaching the potential yield of 
high-quality crops is the uneven use of fertilizers, especially potash 
(Bhatt et al., 2021b). According to one previous study, 2.08 qt ha−1 
nitrogen, 0.53 qt ha−1 phosphorus, 2.80 qt ha−1 potassium, and 
0.30 qt ha−1 S, as well as relatively low levels of other elements, are 
required for every 1,000 qt of sugarcane produced (Shukla et al., 2017).

Sugarcane is grown in Indian Punjab on soils that are already low 
in sulfur (S), magnesium (Mg), calcium (Ca), and potassium (K). Very 
little soil fertilizer containing potassium is used. Therefore, both 
sugarcane productivity and recovery are lower than those in 
neighboring states with solid potash recommendations. To reduce the 
risk of lodging, insect pests, and disease susceptibility in the canes, 
potash is needed. The various pools of K present in the soils are as 
follows: 90–98% of the total is mineral K, 1–2% is exchangeable K, 
1–10% is non-exchangeable K, and 0.1–0.2% is soil-soluble 
K. Potassium ions move across pools in the soil system when the pool 
equilibrium is changed (Barber, 1995; Wakeel and Ishfaq, 2022). The 
soluble and exchangeable potassium pools in the soil re-equilibrate 
quickly. After being transferred from clay exchange sites during 
flooding, some soils can lose a significant quantity of potassium. In 
soils with limited cation exchange capacity, potash (K) leakage is a 
serious problem (Singh et al., 2004; Fageria et al., 1990).

In agricultural soils for enhancing both water and land 
productivity, muriate potash (KCl) has long been used. to meet 
crop potassium demands (Bhatt and Singh, 2021). The sustainable 
dose of MOP in sugarcane agriculture has not been standardized 
or recommended in the region (Bhatt and Singh, 2021; Bhatt et al., 
2021b). However, Bhatt et al. (2021b) attempted to treat plant canes 
in the region but, to date, have not been tested for ratoon canes. 
Sugarcane lands where canes have been preferred for decades have 
been reported to be  deficient in nutrients, particularly potash, 
owing to their high uptake and almost no supply from the outside 
environment. “Polyhalite” (K2Ca2Mg(SO4)4H2O) is a multinutrient 
fertilizer (AngloAmerican, 2016) that provides us with many 
nutrients, viz. 14% K, 17% Ca, 6% MgMg, and 48% SS 
(AngloAmerican, 2016). This nutrient organic fertilizer is being 
removed 1.2 km deep from the sea of the northeastern coast of 
England (Garnett, 2021), which has few ecological implications 
(Pavinato et al., 2020). Compared with typical fertilizer, polyhalite 
acts as a slow-release nutrient (Vale, 2016), which further leads to 
less leaching losses and reduces its footprint (Bhatt and Singh, 

2021). Previously, many workers evaluated its efficiency in many 
crops, viz. Zea mays, L. (maize) (Fraps, 1932; Tien et al., 2020); 
Sorghum bicolor, L. (sorghum) (Barbarick, 1991); Actinidia 
deliciosa (kiwifruit) (Zhao et  al., 2020); Solanum tuberosum 
(potato) (Garnett, 2021); Solanum Lycopersicum (tomato) (Sacks 
et al., 2017); Brassica oleracea var. capitata (cabbage) (Tien et al., 
2021). In comparison to other forms of K fertilizers, including KCl, 
polyhalite has been shown to produce soil K that is retained by 
plants for an extended period of time (Lewis et al., 2020). To date, 
the efficiency of polyhalite in the ratoon crop in semiarid regions 
of sugarcane (Saccharum officinarum) has not been examined 
(Bhatt et  al., 2020), although Bhatt et  al. (2021a) evaluated the 
performance of this plant crop. In the present study, halite, which 
is composed of hydrated K, Ca, Mg, and S, was studied as a partial 
substitute for MOP fertilizer.

Polyhalite supplies Ca for membrane stability (Steward, 1974; 
Kirkby and Pilbeam, 1984; White and Broadley, 2003), as do numerous 
signal transduction pathways and initiation (Steward, 1974; Kirkby 
and Pilbeam, 1984; White and Broadley, 2003; Monshausen, 2012). 
Furthermore, because Ca is transferred in vegetation via xylem sap, 
canes are unable to remobilize Ca from older tissues, increasing the 
importance of polyhalite in our Ca-deficient plots, which resulted in 
greater growth and yield parameters. The Mg provided by polyhalite 
is necessary for photosynthesis and glucose partitioning (Cakmak and 
Yazici, 2010; Farhat et al., 2016; Gransee and Führs, 2013). However, 
S also enhances cane land productivity (Khan and Mobin, 2005; Kovar 
and Grant, 2011) by commonly interacting with nitrogen (Jamal et al., 
2010). Balanced nutrient utilization is required to sustainably increase 
sugarcane production and quality; ignorance of the optimum nutrient 
balance could be detrimental (Bhatt, 2020; Bhatt and Singh, 2021). K 
is important for the morphological and biochemical activity of 
sugarcane plants: it controls stomatal opening, translocates plant 
assets from all around the plant, diminishes the prevalence and 
mortality of insect pest attacks, encourages root development, and 
enhances nutrient, pesticide, and moisture efficiency improvements 
while also decreasing crop inputs in agriculture to reduce their 
respective footprints (Bhatt et al., 2021a; Bhatt et al., 2021b). When K 
levels are low, photosynthesis products (Hartt, 1969) and their 
transportation in cane plants are significantly hampered (Quampah 
et al., 2011). While Bhatt et al. (2021b) attempted to corroborate these 
findings in the plant crop, the present study also conducted 
experiments in the ratoon crop using different combinations of MOP 
and multinutritional fertilizer polyhalite during the 2021–2022 ratoon 
season. The objectives of this study were to determine (1) a sustainable 
potash dose for increasing ratoon cane development and land 
productivity, (2) which was associated with the lowest incidence of 
insect pests, and (3) which was associated with the greatest 
cost benefits.

2 Materials and methods

2.1 Investigation location

Investigations were approved from March 2021 to March 2022 
during the sugarcane ratoon season at the experimental farm of the 
PAU–Regional Research Station, Kapurthala, Punjab, India, which is 
situated at 31° 23.032′ N and 75° 21.647′ E, with an elevation of 0.225 km 
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above sea level. The ratoon cane crop regenerated from spring 2021 to 
2022 after the plant cane crop was harvested on 22 March 2021. The 
meteorological data during the experiment period from April 2021 to 
March 2022 are provided in Supplementary Figure S1.

2.2 Soil characteristics

Standard procedures were used to gather representative, repeated 
soil samples from the site (Bhatt and Sharma, 2014). In March 2021, 
following the harvesting of sugarcane seed crops via a posthole auger 
(with an inner diameter of 7.2 cm), 10 surface (0–15 cm) soil samples 
were collected. The samples of soil were left in the shade for 48 h to 
dry. Throughout the sampling depths, large roots, trash, and stones 
were carefully removed from the samples that were obtained. The 
samples of soil were laid out on an uncontaminated piece of cloth and 
allowed to dry in the shade for 48 h. After the drying process was 
finished, the soil clods were broken up with a wooden hammer and 
passed through a 2 mm sieve. The materials were subsequently placed 
in sterile polythene bags and appropriately labeled for evaluation of 
their chemical and physical properties. The texture of the soil was 
estimated via the feel method. Standard procedures were followed to 
estimate the pH and EC of the soil in a 1:2 soil:water mixture (Jackson, 
1967). The soil organic carbon content was measured via Walkley and 
Black wet digestion and the fast titration method (Walkley and Black, 
1934). The available K and phosphorus (P) contents were measured 
via 1 N ammonium acetate (pH 7) extract and 0.5 M NaHCO3 extract 
(Olsen, 1954), respectively (Jackson, 1967). To determine the Ca and 

Mg contents in the soils, the EDTA method was used (Barrows and 
Simpson, 1962). The results of the analysis revealed that 65–68% of the 
samples from the investigated location were loaded with coarse sand 
and 11–33% with clay, and the topsoil was low in K, Ca, and SOC (%) 
but high in P and Mg (Table 1).

2.3 Irrigation liquid extraction

The groundwater level at the testing site was 26 m. The quality of 
the irrigation water used on the crop was determined in triplicate, and 
the findings are displayed in Table 2.

2.4 Treatments and experimental design

Nitrogen fertilizers were applied to all the plots at the regionally 
recommended dose (RRD) (PAU, 2022). Potash fertilizers (K2O ha−1) 
were broadcast under different treatments: T2: MOP alone or in 
combination with polyhalite (K2Ca2Mg(SO4)4H2O) under different 
doses; T1: 0 kg of K2O ha−1; T2: 80 kg of K2O ha−1 as muriate potash; T3: 
120 kg of K2O ha−1 as muriate potash; T4: 80 kg of K2O ha−1 as muriate 
potash + polyhalite (50% each); T5: 120 kg of K2O ha−1 as muriate 
potash + polyhalite (50% each). The detailed treatments of the present 
ratoon sugarcane experiments are summarized in Table 3.

The above combinations were distributed in randomized block 
designs in 15 plots measuring 6 m × 4.5 m in length, with three 
replicates, as was done earlier for plant crops, as shown in Figure 1.

TABLE 1 Properties of the 0–15  cm soil layer at the investigation site.

Soil properties Ideals

Sand 65.1%

Clay 11.7%

pH 8.66

Electrical conductivity 0.22 ds m−1

SOC 0.35%

N 34.4 kg ha−1

P 54.4 kg ha−1

K 135.6 kg ha−1

Mg 553.7 ppm

Ca 140.3 ppm

Bulk density 1.67 Mg m−3

pH, potential of hydrogen; SOC, soil organic carbon; N, available nitrogen; P, available phosphorus; K, available potash; Mg, available magnisium; Ca, available calcium.

TABLE 2 Irrigation water quality parameters of the tube–well water at the investigation site.

Replications (meq  L−1) Residual 
NaCO3

EC (ds m−1)

Ca2+ + Mg2+ Cl−1 CO3
−2 HCO3

−

R1 3.8 0.6 0.0 3.6 0.0 0.48

R2 3.5 0.7 0.0 3.4 0.0 0.52

R3 3.4 0.7 0.0 3.7 0.0 0.50

Mean ± SE 3.6 ± 0.12 0.7 ± 0.03 0.0 3.7 ± 0.09 0.0 0.51 ± 0.01

Ca2+ + Mg2+, calcium and magnesium; Cl−1, chloride; CO3
−2, carbonates; HCO3

−, bicarbonates; Residual NaCO3, residual sodium carbonates; EC, electrical conductivity.
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On 26 March 2021, the earlier sugarcane crop of CoPb 93 was 
harvested for the regrowth of the next ratoon crop in the present 
study. The best-practice agronomic approaches for ratoon cane 

production were adopted on the basis of the recommendation of 
Punjab Agricultural University, Ludhiana (PAU, 2022), and the crop 
stand is shown in Figure 2.

TABLE 3 Different fertilizer combinations in the different investigation plots.

Treatments Potassium nourishment

(K2Ca2Mg(SO4)4H2O) 
(%)

(K2Ca2Mg(SO4) 4H2O) 
(kg K2O5 ha−1)

KCl (%) KCl (kg K2O5 ha−1)

T1 0.0 0.0 0.0 0.0

T2 0.0 0.0 66.0 80.0

T3 0.0 0.0 100.0 120.0

T4 33.0 40.0 33.0 40.0

T5 50.0 60.0 50.0 60.0

T1 = 0 kg of K2O ha−1; T2 = 80 kg of K2O ha−1 as a muriate potash (KCl); T3 = 120 kg of K2O ha−1 as a muriate potash; T4 = 80 kg of K2O ha−1 as a muriate potash + polyhalite (50% each); 
T5 = 120 kg of K2O ha−1 as a muriate potash + polyhalite (50% each).

FIGURE 1

Layout of the experiment carried out at RRS, Kapurthala [T1: 0  kg of K2O ha−1; T2: 80  kg of K2O ha−1 as a muriate potash (KCl); T3: 120  kg of K2O ha−1 as a 
muriate potash; T4: 80  kg of K2O ha−1 as a muriate potash + polyhalite (50% each); T5: 120  kg of K2O ha−1 as a muriate potash + polyhalite (50% each)].

FIGURE 2

Field view of the ratoon sugarcane crop in the experimental field.
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2.5 Collection of different growth and yield 
parameters

The proportion of resprouted setts that germinated in each 
plot 35 days after the plant crop was harvested in each treatment 
was calculated (Bhatt and Singh, 2021; Bhatt et al., 2021b). To 
determine the number of tillers in each treatment plot, the total 
number of tillers from a 5 m2 area was physically counted at 210 
and 310 days after harvesting (DAH) of seed crops (Bhatt and 
Singh, 2021). A total of 347 DAHs for the milling of sugarcane 
stalks were reported. From the entire plot area, canes that were 
suitable for milling were visually examined and numbered. 
1,000 ha−1 was the unit of expression used to describe the ends 
(Bhatt and Singh, 2021; Bhatt et al., 2021b). For each plot, five 
sugarcane stalks were randomly selected and marked. At 128, 144, 
172, and 217 days after harvest (DAH), a ruler was used to 
measure the distance between the highest growth point of the 
stalks and the soil surface.

Using Vernier calipers, the cane girths of five randomly selected 
and tagged sugarcane stalks were measured at 116, 171, 198, and 
280 DAH. The stalk diameter was calculated by averaging the stalk 
diameter measurements at the cane’s head, center, and lower ends 
(Bhatt and Singh, 2021; Bhatt et al., 2021b). At 170, 218, 280, and 
315, five randomly selected disease-free tagged sugarcane stalks 
were used for recording the total number of nodes and the average 
of the five nodes considered. At 238, 277, and 308 DAH, a SPAD-
502+ chlorophyll meter was used to measure the leaf chlorophyll 
content under the different treatments. Additionally, when the 
sugarcane stalks from each experimental plot were harvested by 
hand and weighed via a field scale, the weight of all the stalks was 
recorded as t ha−1, representing the cane yield.

2.6 Ratoon cane quality parameters

At the 10th and 12th months, five disease-free ratoon stalks 
were randomly selected and removed from each plot for analysis of 
their juice quality parameters at the Biochemistry Laboratory of the 
PAU–Regional Research Station, Kapurthala, Punjab, India. Using 
a cane crusher, the juice was extracted and tested for quality 
through established procedures (Meade and Chen, 1977). Using a 
digital refractometer (Optics Technology Delhi 34), the Brix and 
sugar percentage in the juice were determined as described 
previously (Meade and Chen, 1977). The following formula 
(Equation i) was used to estimate the percentage of commercial 
cane sugar (CCS) consumed:

 
CCS Sucrose Brix Sucrose% % % % . .( ) = − −( )× ×0 4 0 74

 
(i)

(Equation i) has crushing and multiplication factors of 0.74 and 
0.4, respectively.

The following formula (Equation ii) was used to determine the 
CCS content in t ha−1 via the cane yield and the percentage of total CCS.

 
CCS t ha CCS sugarcane yield t ha− −( ) = ( )× ( 


1 1 100[ % /

 
(ii)

2.7 Insect–pest frequency monitoring

During the 2021–2022 ratoon season, several insect pests of 
sugarcane were thoroughly documented. These pests, which 
included the early shoot borer (Chilo infuscatellus), top borer 
(Scirpophaga excerptalis), and stalk borer (Chilo auricilius), had a 
detrimental effect on sugarcane yield. In June, the top borer 
population was counted, the early shoot borer population was 
counted after 60 DAH in May, and the stalk borer population was 
counted from 100 plants at harvest to evaluate the impact of 
irrigation and potash doses on the incidence of insect pests on 
sugarcane. The % incidence of early shoot borer has been 
estimated by using the following formula (Equation iii):

 
= ×

% incidence of early shoot borer
Total number of dead hearts

100
Total number of shoots

 
(iii)

In June, July, and August, the top borer percentage incidence 
(Equation iv) was recorded, and the cumulative incidence 
was computed.

 
= ×

% Incidence of top borer
Total number of infested canes in 3 m row length

100
Total number of canes observed in 3 m row length

(iv)

The percentage of aged stalks at the time of harvest 
was recorded.

 
= ×

Percent incidence of stalk borer
Total number of affected canes

100
100 canes

 
(v)

2.8 Benefit-to-cost ratio

The benefits of the different treatments were calculated via the 
costs of MOP and polyhalite (as applied) as well as the MSP (Bhatt 
and Singh, 2021; Bhatt et al., 2021b; Kumar et al., 2019) via the 
following (Equation vi):

 
( ) ( )− −

=
1 1

B : C ratio Economic benefit from additional K

INR ha / Cost of additional K INR ha
 

(vi)

2.9 Data analysis

The online OPSTAT tool was used to assess cane growth, quality, and 
insect pest data. p < 0.05 indicated statistical significance. The correlations 
between experimental treatment quality measures were also examined 
via R (Olivoto and Dal’Col Lúcio, 2020).
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3 Results

3.1 Ratoon cane performance pertaining to 
growth and yield parameters

During 2021–2022, the resprouting time, height, girth, number of 
nodes per plant, number of millable canes, number of tillers per plant, 
chlorophyll content, and cane weight were greater on the advanced side 
of the K-fertilized plots than in the control plots (Figure 3; Table 4).

The irrigation water used to irrigate the canes is a good standard 
(Table 2). At 35 DAH, the resprouted ratoon buds were greater in the 
T2 (through 10.82%), T3 (through 24.1%), T4 (through 34.9%), and T5 
(through 34.9%) treatments than in the control treatment (Figure 3). 
At 128 DAH, there was no discernible difference in ratoon cane length 
between the K treatment and the control treatment. There were no 
changes in stalk height between any of the treatments at 144 DAH (T3, 
T4, and T5 had stalks greater than those in the control plots) or 172 
DAH (the stalks in the T5 canes were taller than those in the control 

FIGURE 3

Ratoon sugarcane resprouting (A), height (B), and girth (C) at different K doses and sources. DAH, days after harvesting; T1 =  0  kg of K2O ha−1; T2 =  80  kg 
of K2O ha−1 as muriate of potash; T3 =  120  kg of K2O ha−1 as muriate of potash; T4 =  80  kg of K2O ha−1 as muriate potash + polyhalite (50% each); 
T5 =  120  kg of K2O ha−1 as muriate potash + polyhalite (50% each). In column bars, means with similar letter(s) are identical as per LSD0.05.

TABLE 4 Ratoon sugarcane growth and land productivity at different K doses and sources.

Treatments Per cane nodes NMC 
(000 ha−1)

Number of 
tillers

Chlorophyll 
concentration

Land 
productivity 

(t  ha−1)
Days after harvesting (DAH)

170 218 280 315 347 211 310 238 277 308

T1 14.5a 19.5a 22.6a 24.3a 3.3c 4.4a 6.7b 66.2a 41.6a 42.4a 61.50c

T2 14.8a 19.5a 22.0a 22.7c 3.7b 5.1a 7.2ab 60.0b 34.3b 39.9b 64.31b

T3 14.5a 19.5a 22.1a 24.1b 3.9b 4.9a 7.6ab 54.6c 30.0c 40.0b 65.27ab

T4 14.1a 18.9a 21.9a 23.1bc 4.5a 4.6a 8.4a 44.8d 33.5b 36.4c 65.85a

T5 14.5a 19.7a 22.5a 23.4b 4.6a 5.0a 8.3b 45.6d 30.3c 39.6b 65.97a

CD (≤0.05) NS NS NS 0.53 0.4 NS NS 2.6 2.6 2.1 1.33

SE (m) 0.62 0.34 0.31 0.16 0.11 0.34 0.51 0.79 0.79 0.63 0.40

CV (%) 7.4 3.0 2.43 1.18 4.6 12.1 11.5 2.5 4.1 2.7 1.10

NMC, number of millable canes; DAH, days after harvesting. T1 = 0 kg of K2O ha−1; T2 = 80 kg of K2O ha−1 as a muriate potash; T3 = 120 kg of K2O ha−1 as a muriate potash; T4 = 80 kg of K2O 
ha−1 as a muriate potash + polyhalite (50% each); T5 = 120 kg of K2O ha−1 as a muriate potash + polyhalite (50% each; three replicates). In a column, means with similar letter(s) are identical as 
per LSD0.05.
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plots). By 217 DAH, however, there were no appreciable differences in 
stalk height across any of the treatments.

The sugarcane stalk widths for T4 and T5 were greater than those 
for T1, T2, or T3 (Figure  3). At 116 DAH, the difference in stalk 
diameter was greatest, with an increase over that in T1 of up to 29% in 
T5. At 280 DAH, compared with the control treatment, T5 resulted in 
the greatest increase in stalk diameter at 11%. Similarly, the T4 and T5 
treatments resulted in significantly greater changes from the baseline 
treatment across all three growth and yield measures and greater 
changes in stalk diameter than did the T1, T2, and T3 treatments. 
However, the T4 and T5 treatment plots were significantly comparable 
(Figure 3).

Table  4 clearly shows that the number of nodes or tillers per 
ratoon cane did not change over time in any way that could 
be distinguished between the treatments. The K-treated plots had 
more millable cane per treatment at 347 DAH than did the control 
plots, where no potash was applied (Table 4). T4 and T5, which were 
MOP plus polyhalite treatments, had 36–39% more NMC than did T1, 
whereas T2 and T3, which were MOP-only treatments, had 12–18% 
more NMC than did T1.

The SPAD meter results indicated that at 238, 277, and 308 DAH, 
the chlorophyll content of the leaves was lower in all the K treatments 
than in the reference point control plots (Table 4). The leaf chlorophyll 
concentrations at 308 DAH were lower in T2 (−5.9%), T3 (−5.7%), and 
T5 (−6.6%) than in T1, with T4 (−14.2%) having the 
lowest concentration.

The baseline treatment yielded an average of 61.5 t ha−1. All the 
potash-fertilized plots yielded yields greater than the baseline yield, 
ranging from 64.31 t ha−1 in T2 to 65.97 t ha−1 in T5, with the T4 and T5 
plots reporting the highest yields, followed by the T3 and T2 plots. This 
was true regardless of the type of K fertilizer used. The T2, T3, T4, and 
T5 plots yielded 4.6, 6.1, 7.1, and 7.3% more pollen, respectively, than 
did the control T1 plot (Table 4).

3.2 Quality parameters

The T4 and T5 treatment plots presented greater purities (3.2 and 
4.3%, respectively) than did the T1 control treatment after 10 months 
of cane crop growth (Table 5). In terms of purity, however, T3 did not 
differ considerably from T1. The T1 and T3 treatments had statistically 
similar Pols, whereas the T2 (5.6%), T4 (6.8%), and T5 (7.5%) 

treatments had greater Pols than did the T1 control. The percentages 
of commercial cane sugar (CCS) in T1 and T3 were similar (10.987 and 
11.332%, respectively), but the percentage of CCS was greater in T2 
(6.82%), T4 (8.83%), and T5 (8.74%) than in the control plots.

For all the quality parameters at the 10th month, the T4 and T5 
plots presented similar values, which were greater than those of the 
control T1 plot; however, at a higher dose in the T5 plot, there was a 
3% decrease in the amount of extracted sugar. However, the T2 and T4 
plots received 80 kg K2O ha−1 potash alone or in combination with 
40 kg K2O ha−1 and 40 kg polyhalite ha−1, respectively, while the juice 
quality parameters were similar. However, on the higher side, viz. like 
in T3 and T5, 120 kg K2O ha−1 had some benefit from the T2 and T4 
plots in terms of quality, but all five quality metrics were similar 
(Table 5).

Table  6 shows that T2, T4, and T5, which were significantly 
equivalent in purity (by 2.81, 2.87, and 0.81%, respectively), had 
germinated from ratoon sugarcane after 12 months compared with T1 
and T3. On the other hand, the Brix values of the T2, T3, T4, and T5 plots 
were 4.58, 0.14, 3.66, and 0.73% lower than those of the T1 control 
plots, respectively (Table 6). In treatments T1 through T5, the CCS 
percentage (ranging from 12.99 to 13.05%) was comparable across all 
the treatment plots. A comparison of the T2 and T3 plots to the T1 plot 
revealed that the average values were − 0.62 and − 0.10%, respectively, 
but the increases in the T4 and T5 plots were + 0.46 and + 0.38%, 
respectively. In terms of weight per area, the CCS ranged from 7.98 to 
8.47 t ha−1, with T4 (8.59 t ha−1) and T5 (8.60 t ha−1) having significantly 
greater CCSs than did any of the T1–T3 samples.

Furthermore, Table 6 shows that T2 (20.83O) and T4 (21.03O) had 
lower Brix values than did the T1 control (21.83°). The percentage of 
sugar extracted did not differ significantly between treatments, 
ranging from 48.82% in T1 to 50.66% in T4, as previously reported 
(Filho, 1985; Wood, 1990; Chapman, 1980). In terms of the quality 
measures investigated, the T2 and T4 plots with 80 kg ha−1 K exhibited 
a substantial difference from the T1 control compared with the 
treatments with 120 kg ha−1 K fertilizer applied, as previously reported 
(Sudama et al., 1998; Singh et al., 1999).

3.3 Infestation of insect pests

Compared with the control treatment, all K treatments reduced 
early shoot borer (Chilo infuscatellus) attack, as T5 had the greatest 

TABLE 5 Ratoon sugarcane quality parameters at 10  months at different K doses and sources.

Treatments Brix (o) Pol (%) Purity (%) CCS (%) Extraction (%)

T1 18.7b 16.1c 86.1c 10.99c 47.05a

T2 19.1ab 17.0ab 88.6ab 11.74ab 48.44a

T3 19.0ab 16.5bc 87.0bc 11.33bc 46.77a

T4 19.3ab 17.2a 89.3a 11.96a 50.13a

T5 19.5a 17.3a 88.7ab 11.95a 48.63a

CD (≤0.05) NS 0.62 2.14 0.51 NS

SE (m) 0.18 0.19 0.65 0.15 1.30

CV (%) 0.14 1.92 1.27 2.30 4.67

CCS, commercial cane sugar content; DAH, days after harvesting; T1 = 0 kg of K2O ha−1; T2 = 80 kg of K2O ha−1 as muriate potash; T3 = 120 kg of K2O ha−1 as muriate potash; T4 = 80 kg of K2O 
ha−1 as muriate + polyhalite (50% each); T5 = 120 kg of K2O ha−1 as muriate potash + polyhalite (50% each; three replicates). In a column, means with similar letter(s) are identical as per LSD0.05.

https://doi.org/10.3389/fsufs.2024.1388916
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Bhatt et al. 10.3389/fsufs.2024.1388916

Frontiers in Sustainable Food Systems 08 frontiersin.org

reduction (−25.8%), whereas T2 and T3 had the least reduction 
(−16.1%) (Figure 4).

While the stalk borer (Chilo auricilius) and top borer 
(Scirpophaga excerptalis) were less common in T4 than in the control, 
there was no discernible difference in their occurrence between any 
of the K2O treatments and the control (Figure 4). Compared with 
those in the control plots, T5 presented the fewest early shoot-borer 
attacks (−23.3%), whereas T4 presented the lowest incidence of stalk 
borer attacks (−28.6%) and top borer assaults (−23.3%). Among the 
K2O treatments, T3 had the highest frequency of stem borer 
infestation and the greatest occurrence of attack from all three insect 
pests. The early shoot borer (Chilo infuscatellus) and top borer 
(Scirpophaga excerptalis), at 0.0, −8.0, and 13.4%, and the stalk borer 
(Chilo auricilius), at −4.2, −13.0, and 20.0%, respectively, were 
significantly lower in the T2, T3, T4, and T5 plots (Figure 4). The T4 
treatment (80 kg K2O ha−1) had the lowest incidence of insect pest 

infestations, despite being significantly comparable to the other 
potash treatments.

3.4 Correlation analysis between quality 
variables

Correlation analysis between quality variables revealed that 
Brix was positively correlated with all the other quality parameters, 
with much stronger correlations with CCS (%) and Pol. 
Furthermore, CCS (%) had a stronger and more positive 
relationship with Brix, Pol, purity, and extractable %age. The 
extractable %age and purity were reported to have strong positive 
relationships with CCS (%) and Pol, respectively. Finally, Pol was 
reported to have a strong positive relationship with all the other 
quality parameters by December (Table 7).

FIGURE 4

Insect pest incidence in ratoon canes at different K doses and sources. In all the treatments, the recommended dose of non-K fertilizers was applied. 
DAH, days after harvesting; T1 =  0  kg of K2O ha−1; T2 =  80  kg of K2O ha−1 as muriate potash; T3 =  120  kg of K2O ha−1 as muriate; T4 =  80  kg of K2O ha−1 as 
muriate potash + polyhalite (50% each); T5 =  120  kg of K2O ha−1 as muriate potash + polyhalite (50% each; three replicates). In column bars, means with 
similar letter(s) are identical as per LSD0.05.

TABLE 6 Ratoon sugarcane quality parameters at 12  months at different K doses and sources.

Treatments Brix (o) Pol (%) Purity (%) CCS (%) Sugar 
extraction (%)

CCS (t  ha−1)

T1 21.83a 18.95ab 86.78b 12.99a 48.82a 7.98c

T2 20.83b 18.58b 89.22a 12.91a 49.01a 8.30b

T3 21.80a 18.92ab 86.82b 12.98a 49.23a 8.47b

T4 21.03b 18.78b 89.27a 13.05a 50.66a 8.59a

T5 21.67a 18.95ab 87.48b 13.04a 50.01a 8.60a

CD (≤0.05) 0.62 0.46 1.60 NS NS 0.32

SE (m) 0.186 0.14 0.48 0.11 1.00 0.10

CV (%) 1.50 1.28 0.94 1.40 3.50 1.98

CCS, commercial cane sugar; DAH, days after harvesting; T1 = 0 kg of K2O ha−1; T2 = 80 kg of K2O ha−1 as muriate; T3 = 120 kg of K2O ha−1 as muriate potash; T4 = 80 kg of K2O ha−1 as muriate 
potash + polyhalite (50% each); T5 = 120 kg of K2O ha−1 as muriate potash + polyhalite (50% each). In a column, means with similar letter(s) are identical as per LSD0.05.
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For the ratoon crop at 12 months, Brix was positively but weakly 
related to CCS (%), CCS (t ha−1), and extractable %age but was 
strongly related to pol (0.79); however, it was strongly but negatively 
related to purity (−0.71), which was not observed after the 10th 
month. CCS (%) had both positive and strong relationships with CCS 
(t ha−1) (0.76) and pol (0.92) but had weak relationships with purity 
(0.27) and extractable %age (028). However, Pol had positive 
relationships with Brix (0.79), CCS (%) (0.92), and CCS (t ha−1) (0.59) 
(Table 7). However, after the 12th month, the extractable %age also 
had a weaker relationship with the other quality parameters.

3.5 Profit-over-expenditure ratio

The most costly K fertilizers were found in T5 (120 kg K2O ha−1 
applied as KCl and K2Ca2Mg(SO4)4H2O combined; Table 8), whereas 
the least expensive fertilizers were found in T2 (80 kg K2O ha−1 applied 
as KCl alone). T5 yielded 65.97 t ha−1, the highest output, whereas T1 

yielded 61.5 t ha−1. For T2, T3, T4, and T5, the applied K fertilizer 
produced economic gains of 117.8, 158.1, 182.4, and 187.4 US $ ha−1, 
respectively (Table 8).

The benefit-to-cost ratios of T2 (3.44) and T3 (3.08) were the 
highest, whereas those of T4 (2.43) and T5 (2.43) were the lowest 
(1.66). Although polyhalite, which is imported from England, is 
more expensive than other nutrients, it is still a great multinutrient 
fertilizer for soils that are low in both Ca and K. Benefit reductions 
of 10.5 and 31.6% were observed after switching from T2 to T3 and 
from T4 to T5, respectively. Higher K fertilizer broadcasting did not 
enhance farmers’ economic benefits (Table  8), because greater 
production costs are associated with greater K fertilizer application. 
These costs were lower for the combined KCL and 
K2Ca2Mg(SO4)4H2O treatments than for the KCl treatment alone. 
The advantages were not increased but rather diminished by 
switching from T2 to T3 and then from T4 to T5 (Table 8). This 
could have been due to increased insect pest infestations, yield 
responses, and higher fertilizer prices.

TABLE 7 Investigation of correlations between various quality indices of ratoon sugarcane plants at 10 and 12  months of age with various K sources and 
dosages.

After 10  months

Brix CCS (%) Extractable %age Pol Purity

Brix 1.00 0.77* 0.47 0.85* 0.37

CCS (%) 0.77* 1.00 0.55* 0.99* 0.88*

Extractable %age 0.47 0.55* 1.00 0.55* 0.45

Pol 0.85* 0.99* 0.55* 1.00 0.81*

Purity 0.37 0.88* 0.45 0.81* 1.00

After 12  months

Brix CCS (%) CCS (t  ha−1)
Extractable 

%age Pol Purity

Brix 1.00 0.49 0.13 0.16 0.79* −0.71*

CCS (%) 0.49 1.00 0.76* 0.28 0.92* 0.27

CCS (t ha−1) 0.13 0.76* 1.00 0.37 0.59* 0.47

Extractable %age 0.16 0.28 0.37 1.00 0.27 0.04

Pol 0.79* 0.92* 0.59* 0.27 1.00 −0.12

Purity −0.71* 0.27 0.47 0.04 0.12 1.00

CCS, commercial cane sugar (%); CCS (t ha−1), commercial cane sugar (t ha−1; three replicates). *Differer significantly at 5% level of probability.

TABLE 8 The benefit-to-cost ratio of ratoon sugarcane at different K doses and sources.

Treatments Extra potash 
fertilizer price 

(US $ ha−1)

Cane land 
productivity 

(t  ha−1)

Yield change 
from the control 

plot (t  ha−1)

Economic profit 
from applied 
potash (US $ 

ha−1)

Profit over 
expenditure ratio

T1 0 61.50 0 0 0.00

T2 34.3 64.31 2.81 117.8 3.44

T3 51.4 65.27 3.77 158.1 3.08

T4 75.0 65.85 4.35 182.4 2.43

T5 112.6 65.97 4.47 187.4 1.66

INR, Indian rupee; sugarcane price: INR 3,100 t−1; MOP cost: US $257 t−1; polyhalite cost: US $406 t−1; T1 = 0 kg of K2O ha−1; T2 = 80 kg of K2O ha−1 as a muriate potash; T3 = 120 kg of K2O ha−1 
as muriate potash; T4 = 80 kg of K2O ha−1 as muriate potash + polyhalite (50% each); T5 = 120 kg of K2O ha−1 as a muriate potash + polyhalite (50% each). The average rate of 2021 US $ is 
equivalent to 73.94 INR.
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4 Discussion

4.1 Development and yields of ratoon 
sugarcane

In the deficient K soils, broadcasted potash resulted in enhanced 
development and land productivity of the ratoon sugarcane plants 
(Figure 3; Table 4) compared with those in the unfertilized control 
plots because of the role of the potash in controlling stomatal openings 
under stressed conditions and sugar translocation (Wood and 
Schroeder, 2004). Potash plays a role in increasing the rhizosphere 
zone of cane plants, which helps reduce the negative effects of water 
stress (Bhatt and Singh, 2021; Bhatt et al., 2020;Bhatt et al.,2021b). 
Furthermore, the effective H+/K+ symport—a protein that 
simultaneously transports H+ and K+ ions across root cell 
membranes—conveys that K absorption is more efficient than Ca or 
Mg (Bhatt et  al., 2020; Wood and Schroeder, 2004). Potash also 
catalyzes enzymes, enhances the efficiency of applied inputs such as 
water and fertilizers such as N fertilizers through interactive effects 
(Korndörfer and Oliveira, 2005), and improves the extraction of 
moisture and minerals from soils (Singh et  al., 1999; Wood and 
Schroeder, 2004; Korndörfer and Oliveira, 2005; Schultz et al., 2010; 
Kwong, 2002; Ashraf et al., 2008; Bhatt et al, 2021c).

Both 80 kg K2O ha−1 pure muriate potash and 120 kg K2O ha−1 pure 
muriate potash improved the sugarcane yield when mixed with 
polyhalite at a 50% ratio. Polyhalite augmented the production of dry 
matter. In combination with polyhalite and muriate potash treatments, 
there is less competition between Cl− and SO4

2− for absorption by plant 
roots. In sole muriate potash treatments, on the other hand, there can 
be more severe competition due to the presence of Cl− and the lack of 
SO4

2− in the soil (Huber et al., 2012; Dordas, 2008). With respect to 
isolated potash deposits, this competition could be even worse. Ca2+, K+, 
and SO4

2− accumulate in the soil in treatments where polyhalite + MOP 
are both accessible, leading to enhanced cane development and growth. 
Furthermore, K in KCl binds to clay granules in soils more firmly than 
does K from polyhalite because of competition between monovalent 
(K+) and divalent (Ca2+ and Mg2+) cations; as a result, potash from later 
sources is more easily accessible. Crop performance is impacted by 
synchronizing the availability of nutrients with periods of crop nutrient 
need, as well as by inconsistency in the accessibility of Ca, Mg, and S, 
particularly in treatments where only MOP is present (Pavuluri et al., 
2017). At our Ca deficiency site, polyhalite supplied a regular flow of Ca, 
Mg, and S, which improved sugarcane development and land 
productivity in the region (Figure 4; Table 4) (Smith et al., 1987; Clark 
and Smith, 1988).

Reportedly, higher numbers of millable canes at 315 and 347 
DAH, chlorophyll concentrations at 238, 277, and 308 DAH, and land 
productivity (Table 4), followed by quality parameters at the 10th and 
12th months (Tables 5, 6), have been regularly reported in control 
plots than K-fertilized plots. The enhancements reached a maximum 
when both polyhalite and muriate potash (50% each) were applied at 
80 K2O ha−1, which was also found to be statistically equivalent to 
120 K2O ha−1 plots. Furthermore, lower stomatal conductance and 
higher mesophyll resistance led to a decrease in starch synthase, 
nitrate reductase, invertase, phosphofructokinase, sucrose phosphate 
synthase, β-amylase, and pyruvate kinase. However, deficient K 
supply resulted in wilting and inadequate photosynthetic 
translocation from leaves to cane stems under stressful conditions, 

which also reported a higher prevalence of insect pests (Bhatt and 
Singh, 2021; Bhatt et al., 2021a; Bhatt et al., 2021b).

Under T4 and T5 treatments loaded with polyhalite fertilizer, cane 
plants receive relatively high levels of K, Ca, and Mg, which increases 
the storage lifetime of reaped ratton plants and decreases losses that 
occur after harvesting (Yermiyahu et al., 2019). When loaded with a 
low chloride concentration, polyhalite behaves as a slow-release 
fertilizer and is further reported to have a relatively high use efficiency 
(Yermiyahu et al., 2019; Herrera et al., 2022), lowering the danger of 
saline conditions and indigenous soil K loss. Ca effects of polyhalite 
are similar to those of gypsum, which are recognized to be significant 
for sugarcane output (Bhatt et al., 2020; Bhatt et al., 2021b). Because 
polyhalite is >10 times more soluble than gypsum, the calcium would 
migrate to the subsurface more quickly than it does for gypsum. Ca 
would be applied yearly with polyhalite in place of applying gypsum 
every 5–7 years to reduce subsoil acidity.

Additionally, the benefit-to-cost ratio decreased when the potash 
dose increased from 40 kg K2O ha−1. This occurred because of the 
greater fertilizer costs (Table 8), lower yields (Table 4), and greater 
incidence of insect pests (Figure 4). Cane growth and land productivity 
were both increased by the addition of Ca, Mg, and S, which are low 
in these nutrients, to the experimental soil.

4.2 Sugarcane juice quality

For combinations of muriate potash and polyhalite, even at 80 kg 
K2O ha−1, ratoon cane performance standards were superior to those 
of muriate potash applied alone, even if the dose was the same 
(Tables 5, 6). This is because polyhalite provides a more steady supply 
of essential nutrients, including K+ and Ca2+, which further enhances 
various juice quality metrics. Compared with Ca2+ or Mg2+, K+ adsorbs 
less strongly to mineral soil surfaces, and the overall adsorption 
capacity of soil increases with increasing clay mineral concentration 
(Mengel and Haeder, 1977; Rabindra and Kumaraswamy, 1978).

In control plots, insufficient potassium upsets the water balance, 
resulting in poor growth and reduced sucrose accumulation. 
Potassium aids in maintaining cell turgor pressure, which is necessary 
for optimum growth. Potassium stimulates several enzymes essential 
for starch synthesis, protein synthesis, and photosynthesis. The plant’s 
capacity to create and store carbohydrates, which are subsequently 
transformed into sucrose, is improved by this activation (Elwan et al., 
2008). These metabolic processes are less effective in the absence of 
sufficient potassium, which lowers the sugar concentration and 
degrades the quality of the harvested cane in control plots. The 
movement of nutrients and photosynthates, or the byproducts of 
photosynthesis, from the leaves to the stalks, where they are stored as 
sucrose, is another process in which potassium is essential (Bhatt and 
Singh, 2021; Bhatt et al., 2021b; Wood and Schroeder, 2004).

4.3 Prevalence of pest insects

The plant nutrient balance increases crop resistance to most 
pests and diseases simply because a healthy ratoon cane is less 
vulnerable to assault (Huber et al., 2012; Dordas, 2008). A single 
treatment of MOP at 80 kg K2O ha−1 reduced the number of early 
shoot borers (Chilo infuscatellus), top borers (Scirpophaga 
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excerptalis), and stalk borers (Chilo auricilius), albeit not 
significantly. These reductions were further achieved by pairing 
MOP and polyhalite at the same dose (Figure  4). Potash 
(potassium) strengthens plant cell walls, increasing their 
resistance to pest penetration and reducing insect–pest attacks in 
sugarcane (Hartt, 1969). Additionally, potassium improves the 
general health of the plant by strengthening its defense systems, 
such as the synthesis of chemicals that ward off pests. 
Furthermore, plants that receive enough potassium from their 
diet experience less stress, which makes them less susceptible to 
pest infestations. Potassium increases the plant’s capacity to heal 
from wounds, which lessens the possibility that pests may spread 
and do serious damage. Reduced pest attacks are the result of 
stronger physical barriers and improved biochemical defenses in 
sugarcane that has received potassium fertilization (Bhatt and 
Singh, 2021; Bhatt et al., 2021b; Elwan et al., 2008; Shukla et al., 
2009; Bhatt et al, 2021c).

5 Conclusion

From the results and discussion of the study, it can be concluded 
that in semiarid tropical soils, among the different nutrients involved 
in sugarcane cultivation, K+, Ca2+, Mg2+, and SO4

2− are among those 
in short supply, owing in part to agricultural intensification. 
Sugarcane output and juice quality are hampered by a shortage of 
these critical nutrients. The traditionally used muriate potash is 
inadequate for addressing this issue and meeting plant needs. 
Polyhalite has potential for use in the sugarcane production region of 
North India. We discovered that applying muriate potash alone at 
80 kg K2O ha−1 improved ratoon cane performance and enhanced 
benefits, and these enhancements were further significantly amplified 
when muriate potash was mixed with polyhalite in deficient soils. 
However, interestingly, these enhancements in ratoon cane plants 
were reduced when a higher dose of 120 kg K2O ha−1 was tested at the 
site, which also reduced the benefits due to the higher costs of 
additional fertilizers than the reported benefits. The addition of Ca 
to soils that are low in Ca is one of the anticipated benefits of blending 
polyhalite with muriate potash at 50%. Further attempts are needed 
to determine the optimal amounts of important nutrients, such as K, 
Ca, Mg, and S, for developing balanced fertilization schedules with 
special emphasis on different sources of potash for improving 
sugarcane performance and the livelihoods of cane farmers in 
the region.
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