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Abstract 
Potato (Solanum tuberosum L.) is a major global food crop valued for its high productivity, nutritional 

significance, and adaptability to diverse agro-ecological conditions. Apical Rooted Cuttings (ARC) have 

recently gained prominence as a rapid, disease-free multiplication technique for quality seed potato 

production. ARC-derived plants exhibit vigorous early growth and greater uniformity compared with 

conventional seed tubers; however, their nutrient demands may differ substantially, necessitating the 

development of standardized nutrient management protocols. The present study evaluated the effects of 

graded nutrient doses on soil chemical properties and nutrient uptake in ARC-derived potato plants and 

tubers. Application of inorganic fertilizers and Farmyard Manure (FYM) resulted in a reduction in soil pH 

from the initial level, while Electrical Conductivity (EC) and Organic Carbon (OC) remained statistically 

non-significant across treatments. Significant differences were observed in total nutrient uptake, including 

N, P, K, Ca, Mg, S, Fe, Cu, Mn, and Zn. Treatments T3, T4, and T10 recorded higher macronutrient 

concentrations in plant tissue, whereas micronutrient accumulation was greatest under T8, T9, and T3. In 

tubers, macronutrient enrichment was highest in T3, T4, T9, T10, and T1, while micronutrient levels were 

maximized under T2, T3, T9, and T4. Soil nutrient availability also varied significantly among treatments. 

T3 showed the highest availability of primary nutrients, while T6, T3, and T1 were superior for secondary 

nutrients. For micronutrient availability, T3, T4, and T7 were most effective. These findings emphasize the 

importance of nutrient standardization in ARC-based potato production systems and provide a basis for 

optimizing nutrient supply to enhance plant growth and tuber nutritional quality. 

 

Keywords: Potato, apical rooted cuttings, nutrient standardization, soil chemical properties, nutrient 

uptake, tuber quality, fertigation 

 

Introduction  

Potato (Solanum tuberosum L.) is one of the world’s most important food crops, originating 

from the Andean region of South America and now cultivated globally due to its high 

productivity, nutritional value, and adaptability (Thamburaj and Singh, 2016; FAO, 2008) [10, 31]. 

India is the second-largest potato producer after China, contributing nearly 360 million tonnes 

annually, with Karnataka ranking eleventh in national production (Anonymous, 2013; 

Anonymous, 2019) [2, 3]. Owing to its rich composition of carbohydrates, proteins, dietary fiber, 

vitamins, minerals, and bioactive compounds, potato plays a critical role in food and nutritional 

security (Burlingame et al., 2009; Fernandez-Lopez et al., 2020) [8, 11]. 

Despite its importance, potato productivity in India remains constrained by multiple factors, 

including abiotic stresses, pest and disease incidence, declining soil fertility, and limited access 

to high-quality seed tubers (FAO, 2008; Gildemacher et al., 2009) [10, 13]. Seed tubers account for 

40–50% of production costs, and improved seed quality can enhance yields by 15–25% (Roy, 

2014; Chindi et al., 2017) [9, 38]. However, because of slow multiplication rates, dependence on 

northern seed production zones, and high transportation costs, access to quality seed remains a 

major bottleneck. 

Soil fertility and nutrient management play a central role in determining potato growth, nutrient 

use efficiency, and tuber yield. The crop is highly responsive to variations in soil chemical 
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Properties such as pH, organic matter, and macro- and 

micronutrient availability. Imbalanced nutrient supply can 

restrict root growth, impair canopy development, and reduce 

tuber formation. Nitrogen is essential for vegetative growth, 

chlorophyll synthesis, protein and enzyme formation, and 

metabolic processes (Biswas and Dutta, 2020) [39]. Combined N 

and K application enhances canopy duration, tuber bulking, and 

size distribution (Allen et al., 1972; Harris et al., 1978; 

Blumenthal et al., 2008) [6, 14, 40]. Phosphorus supports early 

growth, root proliferation, and energy transfer (Babaji et al., 

2007; Harris, 2012) [4, 15], while potassium influences sugar 

translocation, tuber quality, and vitamin C content (Abdel-Latif 

et al., 2011) [1]. Micronutrient deficiencies particularly Zn, Mn, 

Fe, and Bare widespread in Indian soils and influence 

photosynthesis, chlorophyll formation, enzyme activation, and 

tuber development (Patel et al., 2015; Tripathi et al., 2015) [32, 

41]. Foliar application of micronutrients improves nutrient uptake 

and enhances tuber yield and quality (Singh et al., 2018) [42]. 

To overcome seed production constraints, the International 

Potato Centre (CIP) and the University of Horticultural 

Sciences, Bagalkot, introduced Apical Rooted Cuttings (ARC) 

technology through an RKVY-supported initiative (2017–2020). 

ARC combines the advantages of tissue culture–based mother 

plants with nursery propagation, producing disease-free, 

genetically uniform, and rapidly multiplying planting material 

(Sharma and Pandey, 2013) [27]. ARC-derived plants exhibit 

vigorous early growth and uniformity, making them highly 

suitable for seed production systems in regions such as 

Karnataka where seed availability is limited. 

However, ARC plants may differ in nutrient acquisition and 

physiological behavior from conventionally propagated tuber 

plants, necessitating the development of standardized nutrient 

management protocols. Integrating soil chemical analysis with 

nutrient profiling of plant tissues and tubers allows identification 

of nutrient requirements, uptake patterns, and potential 

deficiencies or toxicities. Such information is essential for 

formulating balanced fertilizer recommendations that improve 

nutrient-use efficiency and reduce environmental risks. 

Therefore, this study was undertaken to standardize nutrient 

regimes for ARC-propagated potato by evaluating soil chemical 

parameters and nutrient dynamics in plant tissues and tubers. 

The outcomes aim to support the development of efficient, site-

specific nutrient management practices to enhance seed quality, 

productivity, and sustainability in ARC-based potato production 

systems. 

 

Materials and Methods  

The study was conducted at the Regional Horticultural Research 

and Extension Centre (RHREC) on the UHS campus at GKVK, 

Bengaluru in the Rabi season of 2023. Apical Rooted Cuttings 

((ARC) of Kufri Karan potato produced at RHREC Bengaluru 

tissue cultured planting material was used under RCBD 

experimental design with the following10 treatments and 03 

replications with spacing of 60 cm x 20 cm and plot size of 2.4 

m x 2m. 

 

Treatment details 

T1: 125:100:125 kg ha-1 N:P:K + Potato special (UHSB 

Package) 

T2: 125:100:125 kg ha-1 N:P: K 

T3: 156: 125:156 kg ha-1 N: P: K+ Potato special 

T4: 156: 125: 156 kg ha-1 N: P: K 

T5: 93.5: 75: 93.5 kg ha-1 N: P: K+ Potato special 

T6: 93.5: 75: 93.5 kg ha-1 N: P: K 

T7: 93.5: 100: 125 kg ha-1 N: P: K + Potato special 

T8: 125: 100: 93.5 kg ha-1 N: P: K + Potato special 

T9: 156: 100: 125 kg ha-1 N: P: K + Potato special 

T10: 125: 100: 156 kg ha-1 N: P: K + Potato special 

The potato special of UHSB-3 formulation for foliar at spray 3 g 

L-1 it contains zinc, manganese, iron, boron, and copper in the 

ppm of 200, 75, 100, 75, and 25 respectively. 

Prior to the experiment, the chemical properties of the red sandy 

loam soil at the experimental site were analyzed using a 

composite soil sample collected from a depth of 0-15 cm. The 

findings of this analysis are presented in Table 1. 

 
Table 1: Initial soil physical and chemical properties of the experimental field 

 

 Soil physical properties Value 

1 Bulk density (g/cm3) 1.55 

2 Water holding capacity (%) 44.65 

3 Porosity (%) 41.60 

4 Texture Sandy loam 

 Soil chemical properties Value 

1 pH 4.90 

2 EC (dS/m) 0.57 

3 Organic carbon (%) 0.60 

4 Available Nitrogen (kg ha-1) 125.44 

5 Available Phosphorous (P2O5) (kg ha-1) 16.59 

6 Available Potassium (K2O) (kg ha-1) 205.20 

7 Exchangeable Calcium (Ca)[cmol(p+) kg-1 soil] 1.21 

8 Exchangeable Magnesium (Mg)[cmol(p+) kg-1 soil] 0.83 

9 Available Sulphur (S) (ppm) 19.37 

10 DTPA – Iron (Fe) (ppm) 0.48 

11 DTPA – Manganese (Mn) (ppm) 2.54 

12 DTPA – Zinc (Zn) (ppm) 1.26 

13 DTPA – Copper (Cu) (ppm) 0.96 

 

The experimental field was initially tilled using a disc plough 

followed by two successive cultivator operations to achieve a 

fine tilth. Weeds, crop residues, and stubbles were removed, and 

the field surface was leveled. The area was then divided into 30 

plots measuring 2.4 m × 2.0 m each. Well-decomposed 

Farmyard Manure (FYM) was incorporated into the soil 
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according to Treatment requirements. Furrows were prepared at 

the designated spacing prior to transplanting. 

Potato tissue culture plantlets were initially raised under sterile 

laboratory conditions. After 12–15 days, they were transferred to 

raised beds (1 m width) in a polyhouse and spaced at 10 cm × 

7.5 cm. Cocopeat served as the rooting medium. Apical shoots 

bearing 3–4 leaves emerged approximately 22 days after 

planting and were clipped as cuttings. These were immediately 

placed into 98-cell trays containing decomposed cocopeat and 

allowed to root for 18–20 days before transplanting to the field. 

Healthy and uniform ARC plantlets produced at RHREC were 

transplanted on 11 November 2023. Plantlets were placed at a 

depth of 20–30 cm, maintaining 60 cm row spacing and 20 cm 

intra-row spacing. Well-decomposed FYM was applied at 25 t 

ha⁻¹ during land preparation. The standard nutrient dose 

(125:100:125 kg ha⁻¹ N: P: K) served as the control. Nutrient 

treatments were applied as per the experimental structure. Half 

of the nitrogen, along with the entire P and K, was applied at 

planting. The remaining 50% N was applied 45 days later in a 

ring 10 cm away from the plant base at a depth of 3–4 cm. 

Harvesting was performed after tubers reached physiological 

maturity. Plants from each plot were carefully uprooted, and 

tubers were collected and processed for further analysis 

according to the assigned treatments.The soil samples were 

collected from the experimental site both before and after 

harvest at a depth of 0-15 cm. It was air-dried in the laboratory 

shade for about 4-5 days. Then, it was further ground by a wooden 

pestle and mortar and then sieved through 2 mm mesh. The soil 

samples were then mixed well and stored in polythene bags for 

further analysis. These were determined for some of the physical 

properties: bulk density, water-holding capacity, porosity, and 

texture. Apart from the aforementioned chemical properties, initial 

and final analyses included the following: pH, electrical 

conductivity (EC), organic carbon (OC), available nitrogen (N), 

available phosphorus (P2O5), available potassium (K2O), 

exchangeable calcium (Ca), exchangeable magnesium (Mg), 

available sulfur (S), and available micronutrients including iron 

(Fe), manganese (Mn), zinc (Zn), and copper (Cu). 

 
Table 2: Methods followed for analysis of physical and chemical properties 

 

Parameters Methods Reference 

Bulk density (g cm-3) Keen’s cup method Piper, 1966 [23] 

WHC (%) Keen’s cup method Piper, 1966[23] 

Porosity (%) Keen’s cup method Piper, 1966 [23] 

Texture Hydrometer method Bouyoucos,1962 [7] 

pH Potentiometric method Jackson, 1973 [17] 

EC (dS/m) Conductometric method Jackson, 1973 [17] 

OC (%) Wet oxidation method Walkey and Black, 1934 [33] 

Available N (kg ha-1) 
Alkaline potassium permanganate distillation 

method 
Subbiah and Asija,1956 [29] 

AvailableP2O5 (kg ha-1) Calorimetric method Jackson,1973 [17] 

AvailableK2O (kg ha-1) Flame photometric method Jackson, 1973 [17] 

Exchangeable Ca 

[cmol(p+) kg-1] 
Versenate titration method Hesse, 1971 [43] 

Exchangeable Mg 

[cmol(p+) kg-1] 
Versenate titration method Hesse, 1971 [43]  

Available S (ppm) Turbidometry method Black, 1965 [5] 

DTPA extractable micronutrients (ppm) Atomic Absorption Spectrophotometric method Lindsay and Norvel,1978 [20] 

Total Nitrogen (%) Kjeldah’s digestion and distillation method Piper (1966) [23] 

Total Phosphorous (%) Vanadomolybdate yellow color method Piper (1966) [23] 

Total Potassium (%) Flame photometric method Piper (1966) [23] 

Total Calcium and Magnesium (%) Complexometric titration method Hesse (1971) [43] 

Total Sulphur (%) Turbidimetric method Black (1965) [5] 

Total Iron, Manganese, Zinc and Copper (ppm) Atomic Absorption Spectrophotometric method Lindsay and Norvell (1978) [20] 

 

Results and Discussion 

Soil chemical parameters 

The pH of the soil varied significantly (Table 3); T8 had the 

highest pH, 5.68, of all of the samples. On the other hand, T3 

had the lowest pH of all of the soil samples, at 4.89. This 

difference suggests that soil acidity may be influenced by 

fertilizer concentration. Nitrogen-containing fertilizers, 

especially those containing ammonium, have a tendency to 

lower soil pH by raising the concentration of hydrogen ions in 

the soil. For instance, T3, a treatment with a greater nitrogen 

content, produced a lower pH of 4.89, indicating a more acidic 

soil environment. These data are consistent with the findings of 

Youssef et al. (2017) [35], who found that increased nitrification 

and the accompanying release of hydrogen ions might lead to 

soil acidification as a result of high nitrogen fertilization levels. 

Table 3 indicates that there was no discernible variation in EC 

among the treatments. T1, T2, and T10 had the greatest EC 

values, measuring 0.70, 0.70, and 0.70 dS m-1, respectively. On 

the other hand, T6 and T8 showed the lowest EC, measuring 

0.51 and 0.51 dS m-1, respectively. Between the treatments, 

there was no apparent difference in OC (Table 3). Between 

treatments, there is no discernible change in the OC level. At 

0.64%, T6 had the highest OC ever recorded. In contrast, T4 had 

the lowest OC, at 0.51%. 
Table 4 shows that T3 had the largest amount of accessible soil 
nitrogen, 391.21 kg ha-1. On the other hand, treatment T6 had 
the least amount of accessible soil nitrogen, at 218.25 kg ha-1. 
T3 had the most quantity of accessible phosphorus, measuring 
34.89 kg ha-1. On the other hand, treatment T6 had the lowest 
amount of accessible phosphorus (18.21 kg ha-1). The 
maximum potassium level that was detected was 339.33 kg ha-1 
in treatment T3. The treatment T6 exhibited the lowest amount 
of accessible soil potassium, measuring 148.44 kg ha-1. In 
contrast. Similar to these studies, higher levels of applied 
fertilizer increase available nitrogen and phosphorous because 
these nutrients are more readily soluble and aid in the uptake of 
nutrients by plant roots. However, higher levels of phosphorus 
also cause potassium levels to decrease because they can react 
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with calcium, iron, and aluminum in the soil to form compounds 
that are not easily absorbed by plants. The findings of Setu 
(2000) and Kumar et al. (2017) [26] are similar to those studies. 
Table 4 shows that there is no discernible variation in calcium, 
magnesium, or sulfur. At 3.91 cmol(p+) kg-1 soil, treatment T7 
exhibited the maximum exchangeable calcium. Conversely, T1 
soil had the lowest exchangeable calcium, measuring 2.71 c mol 
(p+) kg-1. T7 has the most exchangeable magnesium, 1.95 
cmol(p+) kg-1 soil. T4 had the lowest exchangeable magnesium, 
however, measuring 1.41 cmol(p+) kg-1 of soil. The greatest 
accessible sulphur, at 19.42 ppm in soil was recorded in T2. On 
the other hand, T6 had the lowest exchangeable magnesium 
level in the soil, at 9.75 ppm. 
The findings on DTPA-extractable micronutrients in Table 5 
indicate a considerable variation between the treatments. T4 and 
T10 had the highest DTPA extractable iron levels, at 16.90 and 
16.90 ppm, respectively. On the other hand, T1 had the lowest 
amount of DTPA extractable iron 12.13 ppm. Treatment T4 had 
the greatest concentration of DTPA-extractable manganese 
(36.66 ppm). On the other hand, treatment T7 had the lowest 
amount of DTPA-extractable iron (25.90 ppm). Treatment T7 
had the most amount of DTPA-extractable copper (1.29 ppm). 
On the other hand, treatment T1 had the lowest amount of 
DTPA-extractable copper, at 0.81 ppm. Treatment T3 had the 
greatest concentration of DTPA-extractable zinc (2.57 ppm). In 
comparison, treatment T10 had the lowest amount, 1.70 ppm. 
Higher concentrations of N, P, and K fertilizers raise the 
concentration of micronutrients while providing these nutrients 
in the short term, according to. 

 

Plant and tuber nutrient content 

Plant nutrient content 
Table 6 shows how different nutrient dosages affect plants levels 
of potassium, phosphorus, and nitrogen. Treatment T3 had the 
maximum nitrogen level, 233.36 kg ha-1. In contrast, treatment 
T-1 had the lowest nitrogen level, measuring 90.18 kg ha-1. 
Treatment T10 had the maximum phosphorus level, 4.09 kg ha-
1. Treatment T6 had the lowest phosphorus concentration, 2.29 
kg ha-1. Treatment T4 had the greatest potassium level, 73.87 kg 
ha-1. On the other hand, treatment T6 showed the lowest 
potassium level, 34.05 kg ha-1. The reason for this improvement 
is that when plants were given a combination of inorganic and 
organic inputs, there was an increased availability of nutrients. 
Applying farmyard manure, or FYM, probably enhanced the 
physical and chemical characteristics of the soil, making it easier 
for potassium, phosphate, and nitrogen to be absorbed. A larger 
tuber production might result from improved nutrient 
availability and an enlarged absorptive area, which would 
explain the enhanced nutrient absorption. Similar results for 
potatoes, taro, and cassava have been reported by Parmar et al. 
(2007) [22]. 
Table 7 illustrates the effects of several nutritional treatments on 
plant levels of calcium, magnesium, and sulfur, demonstrating a 
non-significant variation between treatments. 37.05 kg ha-1 was 
the maximum amount recorded in treatment T1. On the other 
hand, treatment T8 had the lowest calcium content, measuring 
21.25 kg ha-1. With a level of 19.71 kg ha-1, treatment T1 had 
the highest magnesium content. Treatment T6 had the lowest 
magnesium level, 14.50 kg ha-1. Treatment T4 had the greatest 
sulfur level, measuring 27.92 kg ha-1. Treatment T1 had the 
lowest sulfur concentration, measuring 22.51 kg ha-1. 
The iron, copper, manganese, and zinc content of plants as 
influenced by different nutritional dosages are summarized in 
Table 8. T8 had the plant's greatest iron content, measuring 
91.83 g ha-1. On the other hand, T2 had the lowest iron level, 

measuring 26.51 g ha-1. T3 has the greatest concentration of 
copper (20.69 g ha-1). T6 has the lowest copper concentration, 
measuring 28.89 g ha-1. T3 has the greatest manganese levels, 
measuring 84.18 g ha-1. T6 has the lowest manganese level of 
any sample, 15.86 g ha-1. T9 had the greatest zinc content, 
measuring 38.51 g ha-1. T6, on the other hand, has the lowest 
zinc level, weighing 7.67 g ha-1. This result may be explained 
by the plant's improved ability to photosynthesize, which raised 
the amount of dry matter that accumulated and, in turn, 
increased the availability of nutrients to the plant's aerial parts 
from the soil. The increased nitrogen delivery as well as the 
crop's beneficial interactions with boron and zinc increased this 
even further. These results align with the findings of Karubakee 
et al. (2024) [18] as well as Singh and Lenka and Das (2019) [19]. 
 

Tuber nutrient content 
Treatment T3 had the greatest nitrogen level, 359.26 kg ha-1, as 
seen in Table 6 and Figure 1. Treatment T6 had the lowest 
nitrogen level, measuring 59.44 kg ha-1. Treatment T9 had the 
maximum phosphorus level, 21.11 kg ha-1. Treatment T6 had 
the lowest phosphorus concentration, 9.62 kg ha-1. Treatment 
T4 had the maximum potassium level, 74.79 kg ha-1. Treatment 
T5 had the lowest potassium concentration, 29.57 kg ha-1. The 
combination application of NPK fertilizers and organic waste is 
probably what caused the increased potassium, phosphorus, and 
nitrogen buildup in the potato tubers. These results corroborate 
those of Nyamangara et al. (2000) [21], who found that farmyard 
manure promotes soil carbon mineralization by offering easily 
accessible carbon for microbial respiration, which raises 
nitrogen and phosphorus availability. Similar observations were 
observed by Zahoor et al. in 2021 [36]. 
There was no discernible variation in the levels of calcium, 
magnesium, and sulfur (Table 7). Treatment T4 had the highest 
calcium concentration, measuring 13.90 kg ha-1, whereas 
treatment T5 had the lowest calcium content, measuring 4.93 kg 
ha-1. With a value of 6.24 kg ha-1, treatment T9 had the highest 
magnesium content. Treatment T2 had the lowest magnesium 
level, 1.82 kg ha-1. Treatment T4 had the maximum sulfur level, 
8.33 kg ha-1. Treatment T2 had the lowest sulfur concentration, 
3.40 kg ha-1. 
The micronutrient levels showed considerable variation (Table 
8); T2 had the maximum iron concentration, measuring 84.19 g 
ha-1. On the other hand, T5 had the lowest iron concentration, 
measuring 32.24 g ha-1. T9 has the greatest copper content, 
measuring 22.24 g ha-1. T4 has the lowest copper concentration, 
measuring 11.48 g ha-1. T10 had the greatest manganese 
content, measuring 50.73 g ha-1. T6 exhibited the lowest 
manganese concentration, 24.64 g ha-1. T4 had the greatest zinc 
content, measuring 137.13 g ha-1. Conversely, T5 showed the 
lowest zinc concentration, at 19.43 g ha-1. Fertilizers high in 
nitrogen usually have little effect on the potassium, calcium, and 
magnesium contents of tubers. But it can cause the tubers' levels 
of iron and phosphorus to drop. Applying fertilizers containing 
phosphorus, on the other hand, can raise the concentrations of 
nitrogen and magnesium while simultaneously lowering 
manganese levels. Potassium fertilizers frequently, but not 
always, increase the amount of magnesium in tubers while 
lowering the amounts of calcium and phosphorus. These 
alterations are brought about by the intricate relationships 
between soil minerals and how they affect plant absorption, as 
well as the impact of tissue mineral composition on how 
elements are redistributed throughout the plant. All things 
considered; these investigations indicate that the availability of 
various minerals to the crop has a significant impact on the 
mineral content of tubers. As White et al. (2009) [34] point out, 
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the concentration of tuber minerals might really differ greatly depending on the area. 

 
 

Fig 1: Performance of Apical rooted cuttings with different doses of nutrients on primary nutrient uptake by potato tubers 
 

Table 3: Effect of different doses of nutrients on soil pH, EC, and Organic carbon (%) after harvesting 
 

Treatments pH EC (dS m-1) Organic carbon (%) 

T1 5.12 0.70 0.60 

T2 5.27 0.70 0.61 

T3 4.89 0.63 0.53 

T4 4.98 0.64 0.51 

T5 5.27 0.61 0.59 

T6 5.42 0.55 0.62 

T7 5.11 0.60 0.60 

T8 5.68 0.55 0.56 

T9 4.98 0.60 0.54 

T10 5.33 0.70 0.64 

S.Em± 0.11 0.05 0.07 

C.D at 5% 0.34 0.16 0.22 
 

Table 4: Effect of different doses of nutrients on soil primary and secondary nutrients after harvesting 
 

Treatments 
Iron 

(ppm) 

Copper 

(ppm) 

Manganese 

(ppm) 

Zinc 

(ppm) 

T1 12.13 0.78 32.74 2.02 

T2 14.14 1.14 31.14 2.22 

T3 13.20 1.17 36.43 2.57 

T4 16.90 1.12 36.66 2.44 

T5 14.40 1.23 30.41 2.11 

T6 15.83 1.14 30.69 1.87 

T7 13.01 1.29 25.90 1.94 

T8 14.55 1.23 32.32 2.54 

T9 16.75 1.15 36.37 2.32 

T10 16.90 0.81 29.61 1.70 

S.Em± 2.05 0.01 0.53 0.03 

C.D at 5% 6.11 0.04 1.60 0.10 
 

Table 5: Effect of different doses of nutrients on soil micronutrients after harvesting 
 

Treatments 

Available 

Nitrogen (kg 

ha-1) 

Available P2O5 

(kg ha-1) 

Available K2O 

(kg ha-1) 

Exchangeable 

Calcium 

[cmol(p+) kg-1] 

Exchangeable 

Magnesium 

[cmol(p+) kg-1] 

Available 

Sulphur (ppm) 

T1 324.84 29.31 265.31 2.71 1.60 19.79 

T2 233.74 20.41 291.31 3.83 1.41 18.42 

T3 391.21 34.89 300.70 2.80 1.90 11.27 

T4 387.44 30.24 304.11 3.70 1.55 16.38 

T5 220.41 19.59 241.60 3.23 1.65 13.16 

T6 218.25 18.21 196.80 3.00 1.60 11.09 

T7 265.21 25.91 209.31 3.91 1.95 12.05 

T8 243.52 24.31 287.11 3.73 1.75 11.75 

T9 285.95 28.46 265.11 3.75 1.90 12.68 

T10 288.44 29.11 293.22 3.63 1.93 19.16 

S.Em± 6.15 1.16 6.05 0.57 0.51 3.06 
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C.D at 5% 18.28 3.46 17.98 1.71 1.53 9.09 

 
Table 6: Effect of different doses of nutrients on primary nutrients uptake by plants and tuber nutrients 

 

Treatments 

Total Nitrogen 

(kg ha-1) 

Total Phosphorus 

(kg ha-1) 

Total Potassium 

(kg ha-1) 

Plant Tuber Total Plant Tuber Total Plant Tuber Total 

T1 128.44 175.34 303.78 3.35 9.63 12.98 61.48 39.79 101.27 

T2 143.42 213.68 357.1 2.81 11.54 14.35 50.35 39.02 89.37 

T3 233.36 359.26 592.62 3.71 11.88 15.59 70.87 59.91 130.78 

T4 223.82 163.46 387.28 3.21 10.59 13.80 73.87 74.79 148.66 

T5 132.31 110.25 242.56 2.91 9.99 12.90 57.18 29.57 86.75 

T6 90.18 59.44 149.62 2.29 9.62 11.91 34.05 30.58 64.63 

T7 132.55 175.83 308.38 2.86 13.29 16.15 56.28 45.86 102.14 

T8 148.17 146.98 295.15 3.73 12.54 16.27 52.01 44.14 96.15 

T9 170.7 281.53 452.23 2.91 9.45 12.36 51.92 61.34 113.26 

T10 174.27 319.21 493.48 4.09 21.11 25.20 58.6 68.10 126.70 

S.Em± 8.08 12.52 - 0.34 0.87 - 2.37 2.78 - 

C.D at 5% 24.02 37.20 - 1.01 2.59 - 7.04 8.28 - 

 
Table 7: Effect of different doses of nutrients on the secondary nutrient uptake by plants and tubers same as earlier 

 

Treatments 
Calcium 

(kg ha-1) 

Magnesium 

(kg ha-1) 

Sulphur 

(kg ha-1) 

T1 Plant Tuber Total Plant Tuber Total Plant Tuber Total 

T2 37.05 12.73 49.78 19.71 2.09 21.8 22.51 6.50 29.01 

T3 24.60 10.24 34.84 15.43 1.82 17.25 24.00 3.40 27.40 

T4 31.22 7.70 38.92 19.34 5.52 24.86 25.10 5.94 31.04 

T5 29.06 13.9 42.96 19.60 2.52 22.12 27.92 8.33 36.25 

T6 28.40 4.93 33.33 15.60 2.27 17.87 27.60 5.73 33.33 

T7 25.32 7.11 32.43 14.50 2.56 17.06 26.80 3.90 30.70 

T8 26.90 9.20 36.10 18.15 3.00 21.15 24.11 6.80 30.91 

T9 21.25 7.80 29.05 16.30 4.30 20.60 26.60 2.97 29.57 

T10 30.33 6.53 36.86 19.11 6.24 25.35 24.64 7.90 32.54 

S.Em± 35.96 5.80 41.76 15.12 6.01 21.13 26.90 7.90 34.80 

C.D at 5% 3.20 1.99 - 2.07 1.20 - 1.41 1.32 - 

 9.52 5.91 - 6.17 3.51 - 4.19 3.92 - 

 
Table 8: Effect of different doses of nutrients on micronutrients uptake of plants and tubers 

 

Treatments 

Iron 

(g ha-1) 

Copper 

(g ha-1) 

Manganese 

(g ha-1) 

Zinc 

(g ha-1) 

Plant Tuber Total Plant Tuber Total Plant Tuber Total Plant Tuber Total 

T1 37.50 40.50 78.00 13.91 15.10 29.01 52.91 39.23 92.14 29.80 123.60 153.4 

T2 26.51 84.20 110.71 11.29 13.71 25.00 34.43 26.06 60.49 11.10 68.74 79.84 

T3 76.52 56.42 132.94 20.70 18.24 38.94 84.20 49.42 133.62 32.00 128.92 160.92 

T4 56.34 70.54 126.88 13.05 11.50 24.55 62.12 40.13 102.25 18.80 137.13 155.93 

T5 84.98 32.24 117.22 6.64 20.60 27.24 43.94 26.60 70.54 28.02 19.43 47.45 

T6 29.73 36.25 65.98 2.90 13.23 16.13 15.9 24.64 40.54 7.70 98.65 106.35 

T7 69.96 47.05 117.01 8.51 18.70 27.21 48.32 36.32 84.64 30.40 32.47 62.87 

T8 91.81 40.06 131.87 9.22 18.21 27.43 63.20 36.33 99.53 23.63 84.44 108.07 

T9 47.23 50.11 97.34 7.96 22.24 30.20 60.11 45.47 105.58 38.51 35.21 73.72 

T10 36.34 65.50 101.84 5.21 19.03 24.24 59.64 50.73 110.37 35.20 39.52 74.72 

S.Em± 5.14 3.77 - 0.39 1.02 - 3.00 2.07 - 1.27 4.64 - 

C.D at 5% 15.29 11.20 - 1.15 3.04 - 8.93 6.16 - 3.79 13.79 - 

 

Conclusion 

The present study demonstrates that nutrient standardization in 

Apical Rooted Cutting (ARC)–based potato production exerts a 

substantial influence on soil chemical properties, nutrient 

availability, and the subsequent nutrient accumulation in plant 

tissues and tubers. Among the ten nutrient regimes evaluated, T3 

(156:125:156 NPK + Potato Special) consistently enhanced the 

availability of primary nutrients in soil and resulted in superior 

uptake of both macro- and micronutrients by the crop. Although 

soil EC and organic carbon remained largely unaffected, higher 

Nitrogen applications were associated with reduced soil pH, 

reflecting increased acidification through nitrification. 

Secondary nutrients exhibited limited variation, whereas 

micronutrient concentrations responded significantly to 

treatment effects, indicating strong interactions between applied 

fertilizers and soil mineral dynamics. Enhanced nutrient uptake 

and tuber enrichment under integrated nutrient management 

treatments, particularly those combining inorganic fertilizers 

with Potato Special, highlight the importance of balanced and 

supplemental nutrient inputs for optimizing the performance of 

ARC-derived potatoes. Overall, the findings underscore the 

value of optimized NPK regimes in improving nutrient-use 

efficiency, sustaining plant physiological functioning, and 

enhancing tuber nutritional quality. These results provide a 
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scientific basis for developing site-specific and sustainable 

nutrient management protocols tailored to ARC-based seed 

potato production systems. 
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