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Abstract

The application of potassium and secondary nutrients through polyhalite significantly enhances the growth, yield of tomatoes
and cluster beans etc. Polyhalite is a highly useful nutrient source for maintaining soil health, particularly in terms of soil fertility.
In view of above facts, the present investigation was carried out on evaluation of polyhalite on nutrient uptake and post-harvest
soil nutrient status in onion var Co (on) 6 at a farmer’s field in Maattiyampatti village Kaarimangalam taluk, Dharmapuri district,
Tamil Nadu. The experimental soil was sandy loam in texture, with a pH of 7.56 and an EC of 0.24 dS m™". The experiment was
laid out in a randomized block design consisting of 12 treatments and 3 replications. The polyhalite and muriate of potash were
used as a potassium source at different levels (10 to 50 kg K,O ha™). The recommended doses of nitrogen (60 kg ha™) and
phosphorus (60 kg ha™') were applied as urea and single super phosphate, respectively, in all treatments except the absolute
control. The results of the study clearly showed that the application of polyhalite performed better than muriate of potash across
all parameters. The highest plant and bulb nutrient uptake of N, P, K, S, Ca and Mg (96.5, 49.8, 97.1, 52.2, 22.3, 19.3 kg ha™in
bulb respectively) at all growth stages and maximum soil available nutrient status in post-harvest soil were recorded under ap-
plication of potassium through polyhalite as 40 kg K,O ha™ recommended dose of nitrogen and phosphorus (T1). The minimum
values were observed in the absolute control (T+).
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INTRODUCTION

Onions are incredibly nutrient-dense veggies that may
help balance blood sugar, support heart health, and
support bone density. Onions belong to the flowering
plant genus Allium. They contain a variety of beneficial
vitamins, minerals, and plant chemicals and are tasty,
adaptable and reasonably priced. Onions are classified
as biennials but are typically grown as annuals for their

edible bulbs (Gnanasundari et al., 2022). Globally, on-
ion production reached approximately 110 million met-
ric tons, cultivated across 5.9 million hectares (FAO,
2022). India and China are the leading producers, ac-
counting for roughly half of the world's total output. In-
dia has the largest area under onion cultivation. Ac-
cording to the latest record, onion production dropped
by 19.84% amounting to 242.15 lakh tones in the 2023-
24, as compared to 2022-23 amounting of 302.08 lakh
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tones (Department of Agriculture and Farmers Welfare
of India, First Advance Estimates of horticultural crops
for 2023-24). The area under onion cultivation was esti-
mated at 1.79 million hectares. Maharashtra is the lead-
ing onion producer, followed by Madhya Pradesh and
Gujarat (Singh et al., 2024).

Potassium, calcium, magnesium, and sulfates are ma-
jor components of polyhalite, a naturally occurring min-
eral with the chemical formula K2Ca2Mg(S04)4:2H20.
Usually created by the evaporation of ancient seawater
in sedimentary basins, it is a rather uncommon evapo-
rate mineral. As a multi-nutrient fertilizer, polyhalite is
becoming increasingly significant worldwide because it
contains four vital plant nutrients in sulfate form, which
is readily absorbed by plants (Karthikeyan et al., 2025).
Polyhalite is promoted as a low-chloride fertilizer suita-
ble for chloride-sensitive crops. With little environmental
impact, it supports sustainable agriculture by supplying
several vital nutrients in a single application. Significant
polyhalite deposits are found in the United Kingdom
(particularly in North Yorkshire), China, and parts of the
Middle East. The largest known deposit lies deep be-
neath the North Sea off the UK coast and is currently
being mined by companies such as Anglo American
(Mulder et al., 2011). The onion crop removes large
quantities of nutrients from the soil, which must be re-
plenished to maintain soil fertility. In this context, a com-
parative study was conducted on potassium fertilization
in onion. Muriate of potash is almost the sole source of
potash fertilization, used by the farmers. But some oth-
er sources of potash would perform better than muriate
of potash. Based on the potassium sources, the present
investigation is conducted to compare the effects of poly-
halite and Muriate of potash on nutrient uptake and post
-harvest soil nutrient status in onion.

MATERIALS AND METHODS

The present investigation was carried out at a farmer’s
field in Maattiyampatti village Kaarimangalam taluk,
Dharmapuri district, Tamil Nadu to study the polyhalite
fertilization on nutrient uptake and post-harvest soil nu-
trient balance in onion (Allium cepa L.) var Co (on) 6 .
The experimental soil was a sandy loam (Typic Ustro-
pept) in the vannapatti series. The experimental soil
had a neutral pH (7.12). It was low in organic carbon
(6.5 g kg™"), low in available nitrogen (181 kg ha™), me-
dium in available phosphorus (14.1 kg ha™), available
potassium (117 kg ha™), available sulphur (12.1 mg kg
"), exch. calcium (5.78 C mol (p+) kg™") and exch. mag-
nesium (2.49 C mol (p+) kg”). The twelve treatments
were replicated three times in a randomized block de-
sign. The treatment details were T4: Absolute control,
T,: control (N, P alone), Ts: 10 kg K;O ha™ as MOP, T4:
20 kg K,0 ha™ as MOP, Ts: 30 kg K,O ha™ as MOP, Te:
40 kg K,O ha” as MOP, T;: 50 kg K,0O ha™ as MOP, Tg:

10 kg KO ha™ as polyhalite, To: 20 kg K,O ha™ as pol-
yhalite, T 30 kg KO ha” as Polyhalite, T41: 40 kg
K.O ha™ as polyhalite, Ty2: 50 kg KO ha” as Poly-
halite. The recommended doses of nitrogen (60 kg ha-
1) and phosphorus (60 kg ha-1) were applied to all
treatments except the absolute control. The nutrient
uptake, viz., nitrogen (Microkjeldhal method by Hum-
phries,1956), phosphorus (Vanadomolybdate yellow
colour method by Jackson, 1973), potassium (flame
photometer method by Jackson, 1973), calcium, mag-
nesium (Versenate method by Jackson, 1973), and
sulphur (Turbidimetric method by Chesnin and Yien,
1951), was calculated from nutrient content and dry
matter production. The post-harvest soil nutrient status
viz, available nitrogen (Alkaline permanganate method
by Subbiah and Asija, 1956), phosphorus (Ascorbic
acid blue method by Watanabe and Olsen, 1965), po-
tassium (Neutral normal ammonium acetate extraction
by Stanford and English 1949), calcium, magnesium
(Versenate method by Jackson, 1973) and sulphur
(Turbidimetric method by Chesnin and Yien, 1951)
were analyzed as per the standard procedure and rec-
orded. The assumptions of normality and homogeneity
of variances were examined using residual diagnostics
and were found to be satisfactory at the 5% signifi-
cance level. Statistical analyses were performed using
AGRIS software version 25.2.0

RESULTS AND DISCUSSION

Nutrient uptake

The effect of applying potassium as muriate of potash
and polyhalite resulted in a significant increase in nutri-
ent uptake. Among the different potassium sources
used, polyhalite showed the highest nutrient uptake
compared to muriate of potash. Regarding the levels,
application of potassium, either as muriate of potash or
polyhalite, at 40 kg K,O ha™ was significantly superior
to other treatments at all growth stages. The maximum
nitrogen uptake of 46.8, 74.2, 96.5 kg ha™, phosphorus
uptake of 20.9, 32.8, 49.8 kg ha™', potassium uptake of
44.9, 69.2, 97.1 kg ha‘1, calcium uptake of 11.21, 15.6,
22.3 kg ha™', magnesium uptake of 7.11, 11.3, 19.3 kg
ha™ and sulphur uptake of 22.4, 33.1, 52.2 kg ha™ at
30, 60 DAT and in bulb respectively (Table 1 and 2)
were observed in application of potassium through pol-
yhalite @ 40 kg ha™ along with recommended dose of
nitrogen and phosphorus. This might be due to the ap-
plication of polyhalite, which supplies four major nutri-
ents to plants (Sacks et al., 2017). The present investi-
gation shows that polyhalite application resulted in the
highest nutrient uptake compared with muriate of pot-
ash.

The increase in uptake might be associated with the
balanced supply of nutrients to soil, which is required
during crop growth. This balanced nutrient profile ad-
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Table 1. Effect of muriate of potash and polyhalite on nitrogen, phosphorus and potassium uptake in onion

Nitrogen uptake
(kg ha")

Phosphorus uptake
(kg ha™)

Potassium uptake
(kg ha”)

Treatments details

30 DAT 60 DAT Bulb 30 DAT 60 DAT Bulb 30 DAT 60 DAT Bulb
T+ - Absolute control 27.2 43.3 57.1 6.10 13.9 213 265 40.8 63.5
T, - K=0 31.3 47.8 62.3 8.10 17.0 248 293 45.0 67.3
Ts - 10 kg of K0 ha™ as MOP 33.0 51.5 66.3 9.50 19.0 278 312 47.7 71.2
T, - 20 kg of K,0 ha™ as MOP 36.5 57.0 735 12.3 22.6 335 346 53.0 77.3
Ts - 30 kg of K,0 haas MOP 39.8 62.3 80.5 15.0 25.8 385 377 58.0 83.3
Te - 40 kg of K;O ha™'as MOP 441 69.6 90.2 18.6 30.2 454 421 64.8 91.7
T7 - 50 kg of K0 ha™ as MOP 43.1 67.6 87.4 17.7 29.0 433 409 63.8 89.1
Ts - 10 kg of K;0 ha™ as Polyhalite ~ 34.7 54.3 69.8 10.9 21.0 309 33.0 50.3 743
To - 20 kg of K,0 ha™ as Polyhalite  38.1 59.6 771 13.6 242 36.0 36.1 55.4 80.3
Tio - 30 kg of K,0 ha™ as Polyhalite  41.4 64.9 84.0 16.3 274 409 393 60.4 86.1
Ti1 - 40 kg of K0 ha™ as Polyhalite  46.8 742 96.5 20.9 32.8 498 449 69.2 971
T2 - 50 kg of K,O ha™ as Polyhalite  45.7 722 93.6 20.0 31.8 478 436 67.2 94.6
SEd 0.74 1.20 1.59 0.59 0.70 110 0.69 1.10 1.30
CD (p=0.05) 1.5 25 3.2 1.2 14 22 14 22 27

Table 2. Effect of muriate of potash and polyhalite on sulphur, calcium and magnesium uptake in onion

Sulphur uptake

A
Treatment details (kg ha™)

Calcium uptake

Magnesium uptake
(kg ha™)

(kg ha™)

30 DAT 60 DAT Bulb

30 DAT 60 DAT Bulb 30 DAT 60 DAT Bulb

T4 - Absolute control 7.70 14.5 226 21 3.55 8.00 1.92 2.95 6.01
T, - K=0 9.50 17.3 26.6  3.37 4.97 103 286 3.85 7.99
T - 10 kg of K0 ha™ as MOP 1.2 19.0 294 422 5.99 1.5 338 4.67 9.20
T, - 20 kg of K0 ha™ as MOP 13.9 22.5 35.1 6.18 8.17 142 428 6.33 11.6
Ts - 30 kg of K;O ha™'as MOP 16.6 259 406  7.82 10.4 16.7 517 7.96 14.1
Te - 40 kg of K;O ha™'as MOP 20.1 30.3 477 100 13.6 20.1 6.40 9.99 17.3
Ty - 50 kg of K0 ha™ as MOP 19.2 29.1 456  9.76 12.9 19.2 6.15 9.59 16.5
Ts - 10 kg of K;0 ha™ as Polyhalite 12.6 20.8 324 520 7.02 129 3.86 5.55 10.4
To - 20 kg of K0 ha™ as Polyhalite 15.3 242 379 7.04 9.31 154 474 7.15 12.9
Tio - 30 kg of K0 ha™ as Polyhalite 17.9 27.5 43.1 8.80 1.7 179 570 8.78 15.3
Ti1 - 40 kg of K0 ha” as Polyhalite ~ 22.4 33.1 522 11.21 15.6 23 71 11.3 19.3
Ti2 - 50 kg of K,0 ha™ as Polyhalite ~ 21.4 31.9 502  10.90 14.9 214 6.85 10.8 18.6
SEd 0.57 0.70 114 029 0.46 053 0.18 0.33 0.50
CD (p=0.05) 1.1 14 23 0.60 0.97 1.1 0.38 0.70 1.05

dresses multiple aspects of plant nutrition. Potassium is
crucial for overall plant growth, sulfur is essential for
amino acid and protein synthesis, magnesium is a com-
ponent of chlorophyll, and calcium contributes to cell
wall structure. The presence of these nutrients in right
proportions supports a wide range of physiological pro-
cesses, enhancing nutrient uptake efficiency.

Polyhalite is known for its slow-release characteristics.

This slow-release feature ensures a sustained, pro-
longed supply of nutrients to plants, reducing the risk of
nutrient leaching and making them available when
black gram plants need them (Karthikeyan et al,
2023). It provides a more consistent nutrient availabil-
ity, promoting efficient uptake by plant roots. Polyhalite
can contribute to soil structure improvement (Vale and
Girotto, 2022). It helps to enhance soil aeration, water
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retention, and nutrient-holding capacity. Improved soil
structure provides a favorable environment for root de-
velopment and nutrient uptake by plants (Karthikeyan
et al., 2025). It ensures that the nutrients are distributed
more uniformly in root zone, making them more acces-
sible to plant roots. In polyhalite, Ca and Mg are pre-
sent in sulphate form and hence have greater mobility
than when supplied as carbonates, allowing them to
occupy deeper soil layers, enabling the root system to
grow in depth and volume and improving nutrient up-
take in all types of crops (Fernandez and Hoeft, 2009).
However, additional calcium fertilization has been
shown to have beneficial effects on leaf senescence,
plant growth regulator activities, and nutrient mobility in
the sugarcane crop (Gokul et al., 2023). Magnesium is
involved in the synthesis of proteins and adenosine
triphosphate, and is needed for the transport of carbo-
hydrates. Magnesium is also the central atom of the
chlorophyll molecule, and as such is essential for pho-
tosynthesis. Similar to calcium, magnesium is associat-
ed with disease resistance in plants (Huber and Jones,
2013) and can enhance nitrogen uptake (Potarzycki,
2011; Szulc, 2010).

Polyhalite, multi nutrient fertilizer mitigate the nutrient
antagonistic though its balanced nutrient composition.
This characteristic improves soil nutrient content and
further promotes nutrient uptake. Sulphur supplied
through polyhalite expected to exhibit positive nitrogen,
which regulate nitrogen assimilation and utilization.
Further an improved potassium status promoted the

nitrogen and sulphur uptake in onion (Ozkan et al.,
2018). The nutrient uptake observed with polyhalite
application might be due to additional K nutrition from
polyhalite. Polyhalite, a naturally occurring mineral, pro-
motes microbial activity, root growth, and nutrient up-
take by plants and bulbs. This is similar to the findings
of Karthikeyan et al. (2023), who reported that the appli-
cation of polyhalite increased nutrient uptake in the
plant, seed, and haulm of black gram.

Soil fertility status

The present investigation indicates that polyhalite and
muriate of potash applications significantly influenced
soil fertility. Application of potassium @ 40 kg KO ha™
through polyhalite recorded highest availability of nutri-
ents viz., nitrogen (233 kg ha™), phosphorus (16.3 kg
ha™), potassium (212 kg ha™), sulphur (20.2 mg kg™),
calcium (8.08 ¢ mol kg™') and magnesium (3.23 ¢ mol
kg") in post-harvest soil of onion (Table 3). The in-
crease in availability might be due to the supply of nutri-
ents in the soil through fertilizers, viz., polyhalite. Poly-
halite a naturally occurring fertilizers contains oxides of
Ca, Mg, K and S, these salts promote flocculation of
soil aggregates and improve the physical properties of
soil. The cations, of these minerals, such as Ca?", Mg*
and K*, replace AI** on soil colloids and neutralize H" in
soil solution, thereby improving the soil pH and regulat-
ing the dissolution of mineral and increase the soil
nutrient availability (Zhao et al., 2022). Polyhalite has a
lower water solubility than other potassium sources; it

Table 3. Effect of muriate of potash and polyhalite on post-harvest soil nutrient status in onion

Available Available Available Available Exch. Ca Exch. Mg.
Treatments nitrogen phosphorus potassium sulphur (c mol (c mol
(kg ha™) (kg ha") (kg ha”)  (mgkg") kg") kg™)
T4 - Absolute control 134 10.3 126 124 3.84 1.54
T, - K=0 148 11.0 139 13.6 4.40 1.76
Ts - 10 kg of K,O ha™as MOP 157 11.7 148 14.3 4.84 1.94
T4 - 20 kg of K,0 ha™as MOP 175 124 164 15.6 5.71 2.28
Ts - 30 kg of K,O ha™'as MOP 195 14.0 180 17.1 6.55 2.62
Te - 40 kg of K,0 ha'as MOP 219 154 200 19.2 7.51 3.01
T7 - 50 kg of K0 ha™ as MOP 214 15.1 196 18.5 7.39 2.96
Ts - 10 kg of K,O ha™ as Polyhalite 166 124 156 14.9 5.29 2.1
To - 20 kg of K,0 ha™ as Polyhalite 186 13.5 172 16.4 6.14 246
T1o - 30 kg of K,0 ha™ as Polyhalite 205 14.6 188 17.8 6.95 2.78
T11 - 40 kg of K,O ha™ as Polyhalite 233 16.3 212 20.2 8.08 3.23
T12 - 50 kg of K,O ha™' as Polyhalite 228 16.0 208 19.9 7.93 3.17
SEd 3.97 0.23 344 0.29 0.12 0.04
CD (p=0.05) 8.0 0.40 7.00 0.60 0.24 0.12
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provides nutrients like K, S, Ca, and Mg for a longer
time required for plant growth (Yermiyathu et al., 2017).
Polyhalite's slow-release characteristics contribute to
prolonging the availability of nutrients for crop improve-
ment, reducing the leaching of nutrients, especially sul-
phur (Jiang et al., 2016). Yermiyathu et al. (2017) re-
ported that polyhalite application influences the low
transport and leachate in soil than equivalent sulphate
salts. These prolonged releases supply energy for the
growth of microbes, which increase nutrient availability
in soil. Muriate of potash as K source increases chlo-
ride content in soils and reduces sulphate content, also,
K" in muriate of potash gets fixed more strongly to clay
particles, than does K released from polyhalite, due to
competition between monovalent (K*) and divalent
(Ca®*, Mg®") cations, which improve the nutrient availa-
bility in soil. K" adsorbs less strongly to mineral soil
surfaces than Ca®* or Mg®*, and the total adsorption
capacity of soil increases as the clay mineral concen-
tration increases (Pavuluri et al., 2017).

Conclusion

Polyhalite application in the present study significantly
increased nutrient uptake and post-harvest soil nutrient
status under onion cultivation. Application of potassium
@ 40 kg K,O ha™ through polyhalite, along with the
recommended dose of nitrogen and phosphorus, result-
ed in the maximum nutrient uptake by plants and in-
creased the fertility status of the experimental soil. In
the future, research may focus on the effects of poly-
halite on growth stimulation, nutritional efficiency, opti-
mal polyhalite dosage, and shelf-life improvement in
onion in Tamil Nadu. Furthermore, the results are most
applicable to conditions similar to the study area, and
multi-location trials are recommended to confirm broad-
er applicability.
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