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Abstract

The objective of this experiment was to analyse the effect of different nitrogen Keywords: Cultivar, nitrogen,
levels on biochemical property of potato tubers. The experiment was carried out potato, ascorbic acid, sugars,
at the post-harvest laboratory of the department of vegetable science, CCS tubers

Haryana Agricultural University, Hisar during the rabi season of 2019-20. Four

different doses of nitrogen (0, 80, 160, and 240 kg ha') and three different potato *Correspondence
cultivars viz., ‘Kufri Pukhraj’, ‘Kufri Gaurav’ and ‘AICRP-P-39° were used in Author: Monika

different combinations. The harvested potatoes were stored in the laboratory for Email:

three months using a complete randomized design to study their biochemical —khichimonika97@gmail.com
behavior. Results revealed a positive relationship between nitrogen content and

ascorbic acid in tubers up to a certain extent only. Whereas, different sugars level

in tubers showed inconsistent behavior with varying nitrogen doses. The cv.

‘Kufri Pukhraj’ found superior to other tested cultivars for maintaining their

biochemical quality during storage.

Introduction

Potato (Solanum tuberosum) is the third most significant food crop in the world, after wheat and rice, and is grown in
over 150 countries [1]. India is one of the leading potato producing country in the world with a production of 50.19
million MT tubers over an area of 2.17 million hectares and an average productivity of 23.1 MT ha [2]. Potatoes are
important in both human nutrition and the food processing industry [3]. The crop can be grown in almost every state
and under a variety of conditions. Potato availability per capita in India is 17.7 kg, which is about a third of the global
average. The potato is a high-valued vegetable crop in Haryana and is renowned as the "King of Vegetables." It is
mostly grown in the Haryana districts of Ambala, Panchkula, Yamunanagar, Kurukshetra, Hisar, and Karnal. Because
of its extended vegetative growth stage, the potato plant absorbs nutrients from both organic and inorganic fertilisers
quite efficiently [4]. In potato tubers, different fertiliser formulations, rates, and combinations can increase or reduce
dry matter, starch, protein, and sugar content [5]. Aside from providing energy and high-quality protein, potatoes have
been shown to be a good source of vitamins and minerals, as well as a good source of Vitamin C, also known as
ascorbic acid. Among the numerous key nutrients, nitrogen is the most important and limiting nutrient for potato crop
growth and development. Nucleic acids, proteins, free amino acids, and enzymes all have a function in the structure
and configuration of nucleic acids, proteins, and enzymes in plants. During the growth phase, weather variables,
physiological age of the seed tuber, cultivated variety, and soil type, as well as agronomic factors such as leaf
withering before maturity and harvest date, influence the biochemical composition of stored tubers [6]. Potato
postharvest handling is difficult due to its perishable nature, and tuber quality losses after harvest are a big problem
that decreases farmers' income. For smallholder growers, refrigerated storage is too expensive [7]. Therefore, farmers
must retain the crop's quality until it is sold or consumed in sub-optimal traditional storage conditions. However, in
this situation, tuber quality deteriorates quickly, and post-harvest losses are high. As a result, better ventilation and
other factors that prevent tuber quality degradation should be maintained. The biochemical parameters such as
ascorbic acid and sugars content are prone to losses during storage in tubers and affect the edible quality of tubers as
such. The more accumulation of sugars is not desirable in tubers in domestic households. Also, high ascorbic acid is
preferred in tubers by consumers. There is a scarcity of information on the effect of applying nutrients and their
optimum dose on biochemical attributes and quality of potato tubers in our country. Developing suitable nutrition
management strategies is essential for increasing productivity and improving the quality of potato tubers. Keeping in
mind the above stated facts, the present study was conducted to evaluate the changes in ascorbic acid and sugars
content of potato tubers of different cultivars as affected by different nitrogen levels during storage.
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Materials and Methods

This study was carried out at Post-harvest laboratory of the Department of Vegetable Science, CCS Haryana
Agricultural University, Hisar (29°09°N and 75°43’E, elevation 215 m) during the rabi season of 2019-20. The soil of
the experimental site was sandy loam with approximately 0.48 organic carbon and pH 7.6. The treatments comprised
of three potato cultivars viz., ‘Kufri Pukhraj’, ‘Kufri Gaurav’ and ‘AICRP-P-39’ and four doses of nitrogen (0, 80,
160 and 240 kg hat). The experiment included three replications and was set up in a completely randomised design
(factorial). On the 23rd of October, 2019, the crop was planted. All of the suggested package of practices were
implemented uniformly in accordance with the crop's needs, including irrigation. At 35 DAP, nitrogen was applied in
the form of urea fertiliser (Figure 1). On February 21, 2020, potato tubers were physically dug. Following that, on
March 5, 2019, three kg of healthy, clean tubers from each treatment were stored in the post-harvest laboratory for
three months. Different parameters were estimated during and after the storage such as ascorbic acid (mg/100g),
reducing sugars (mg/100g), non-reducing sugars (mg/100g) and total sugars (mg/100g). The reducing sugars
(mg/100g), non-reducing sugars (mg/100g), total sugars (mg/100 g) and ascorbic acid (mg/100 g) in tubers were
calculated from each replication at the start, mid and end of the experiment. Reducing sugars were estimated by using
method of [8], while the total sugars were estimated by using the method of [9]. The content of non-reducing sugars
was obtained by subtracting the values of reducing sugars from that of total sugars and multiplying the value with
0.95 [10]. Statistical analysis of recorded data was carried out with the help of OPSTAT software package.

o o

Figure 1. Field view of potato crop after nitrogen treatment.

Results and Discussion
Ascorbic acid in tubers (mg/100g)

A decreasing trend in ascorbic acid content in potato tubers was observed during storage (Table 1), which could be
attributed to enzymatic loss of L-ascorbic acid where it get converted to 2-3-dioxy-L-gluconic acid [11]. The results
are in agreement with the findings of [12], [13] and [14]. The nitrogen treatments differed significantly with respect to
ascorbic acid in tubers during storage period. Application of nitrogen at the rate of 160 kg ha™* resulted in significantly
highest ascorbic acid content (28.20, 23.03 and 16.25 mg) in potato tubers, followed by application of 240 kg N/ha
(26.70, 21.28 and 14.96 mg), while lowest ascorbic acid content (19.45, 15.97 and 11.21 mg) in potato tubers was
obtained under control at 0™, 45" and 90" day of storage period, respectively. It might be due to positive effect of
nitrogen application on nutrient uptake by tubers, which could have promoted ascorbic acid in tubers. Similar results
were found by [15] and [16] in potato. Significant difference in ascorbic acid content of tubers due to potato cultivars
was also noted, which might be the characteristic of genetic variability as supported by [14]. Significantly highest
ascorbic acid content was obtained from the tubers of cv. ‘Kufri Pukhraj’ (26.14, 21.58 and 15.17 mg), followed by
‘AICRP-P-39’ (24.07, 19.15 and 13.76 mg), while, lowest content of ascorbic acid (22.88, 18.35 and 12.88 mg) was
recorded from the tubers of cv. ‘Kufri Gaurav’ at 0", 45" and 90" day of storage period, respectively. The interaction
effects between nitrogen doses and cultivars differed significantly for all the treatment combinations.
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Table 1 Effect of nitrogen doses on ascorbic acid, non-reducing sugar, reducing sugar and total sugar (mg/100g) in

tubers of different potato cultivars during storage under ambient conditions

N Cultivars Ascorbic acid Non-reducing sugar Reducing sugar Total sugar
doses (mg/100g) (mg/100g) (mg/100g) (mg/100g)
(ka/ Storage period (days)
ha) 0 45 90 0 45 90 0 45 90 0 45 90
0 K. Pukhraj (V1) 2046 16.87 11.70 206.2 227.8 2135 407.0 346.2 383.1 6132 5740 596.6
(No) K. Gaurav (V2) 18.12 1495 1055 208.2 2304 220.1 4145 359.8 3940 622.7 590.2 614.1
AICRP-P-39 (V5) 19.77 16.08 11.38 199.3 228.1 2248 3982 3425 3776 5975 5706 6024
Mean of No 19.45 1597 1121 204.6 228.8 2195 406.6 3495 3849 611.1 578.3 604.4
80 K. Pukhraj (V1) 2444 2024 1423 2122 2114 2165 4244 3785 396.6 636.6 589.9 613.1
(N1) K. Gaurav (V2) 21.78 17.41 1248 208.2 2192 208.1 4350 3812 4159 6432 600.4 624.0
AICRP-P-39 (V5) 23.11 17.81 1323 2140 2291 230.6 4045 3614 3804 6185 5905 611.0
Mean of N1 23.11 1849 1331 2115 2199 2184 4213 373.7 397.6 6328 593.6 616.0
160 K. Pukhraj (V1) 30.12 25.62 18.30 200.5 209.7 2141 4457 393.8 4182 646.2 6035 632.3
(N2) K. Gaurav (V2) 26.95 2132 14.69 1931 204.0 2029 460.3 4140 4369 6534 618.0 639.8
AICRP-P-39 (V3) 2754 2215 1575 200.7 201.1 192.7 430.0 398.2 4225 630.7 599.3 615.2
Mean of N2 28.20 23.03 16.25 198.1 2049 2032 4453 402.0 4259 6434 6069 629.1
240 K. Pukhraj (V1) 2956 2359 1645 2016 2320 2179 470.7 4254 4506 6723 657.4 668.5
(N3) K. Gaurav (V2) 2468 19.71 1378 199.0 236.2 2305 4855 430.0 458.1 6845 666.2 688.6
AICRP-P-39 (V3) 25.87 2055 14.66 2155 2379 2195 453.0 406.2 4405 6685 644.1 660.0
Mean of N3 26.70 2128 14.96 2054 2354 2226 469.7 4205 449.7 6751 6559 6724
Mean K. Pukhraj (V1) 26.14 2158 1517 2051 2202 2155 437.0 386.0 4121 6421 606.2 627.6
of K. Gaurav (V2) 2288 1835 1288 202.1 2225 2154 4488 396.3 4262 6510 618.7 641.6
Culti  AICRP-P-39 (V3) 24.07 19.15 13.76 2074 2241 2169 4214 3771 4053 6288 601.1 622.2
var
C.D. at 1% level of significance
Nitrogen 055 047 034 438 5.3 51 9.7 7.1 9.0 18.2 153 176
Cultivar 048 039 0.30 2.2 3.1 28 7.6 5.6 6.9 14.9 11.2 128
Nitrogen x Cultivar 096 079 0.9 7.3 9.2 85 171 142 158 275 246 250

Non-reducing sugars (mg/100g)

The non-reducing sugars in tubers increased continuously up to 45 days of storage and then decreased afterwards up
to the end of experiment (Table 1). No continuous trend was observed for sucrose content in tubers with increase in
nitrogen application. Significant variation was noticed among potato cultivars for non-reducing sugars. The cv.
‘AICRP-P-39’ showed the highest non-reducing sugars and the cv. ‘Kufri Gaurav’ the lowest, during the start and end
of the storage study. Similar findings were recorded by [17] and [18].

Reducing sugars (mg/100g)

The reducing sugars of potato tubers decreased up to 45 days of storage, and thereafter, it increased continuously up
to the last of the experimental observation (Table 1). The accumulation of reducing sugars after 45 days of storage
might be due to the dormancy break and initiation of sprouting, which continued to increase up to the end of storage
study. These results are in line with the findings of [19] and [20]. The reducing sugars in potato tubers differed
significantly, depending on nitrogen dose and cultivar. Soluble sugars in tubers increased with increasing nitrogen
doses, i.e., the highest content of reducing sugars was observed with the N application of 240 kg ha™?, followed by 160
kg ha!, whereas minimum was observed under control. Similar results were found by [21], [22] and [23]. Significant
variation in reducing sugars content was observed among the cultivars, being maximum with the cv. ‘Kufri Gaurav’
and minimum with ‘AICRP-P-39°. The findings are in line with [24].

Total Sugars (mg/100g)

The total sugars of potato tubers decreased up to 45 days of storage, and thereafter, it increased continuously up to the
last of the experiment (Table 1). Accumulation of total sugars, particularly after 45 days of storage, might be
attributed to the dormancy release and onset of sprouting, which continued to increase up to the end of experiment.
These results are similar to the findings of [19, 20]. Total sugars in potato tubers differed greatly, depending on
nitrogen dose, cultivar and storage period. The variation in total sugars content during storage consequently increased
the ratio of reducing sugars to non-reducing sugar. Total sugars in tubers increased with increasing nitrogen doses,
i.e., the highest sugars content was observed with the N application of 240 kg ha, followed by 160 kg ha*, whereas
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minimum was observed under control. Similar results were found by [22, 23]. Significant variation in total sugars
content was observed among the cultivars, being maximum with the cv. ‘Kufri Gaurav’ and minimum with ‘AICRP-
P-39°. The findings are in line with [18] Significant interaction effect of nitrogen and cultivar was observed for total
sugars content in potato tubers, which was supported by [25].

Conclusion

Different quality parameters of tubers like ascorbic acid, reducing sugars, non-reducing sugars, and total sugars
behaved inconsistent to different nitrogen doses. Some quality traits improved as nitrogen doses increased, whereas
others deteriorated. Ascorbic acid increased upto N levels of 160 kg/ha, thereafter decreased. Non-reducing sugars
keep on decreasing, on enhancing the nitrogen levels up to 160 kg/ha, thereafter it increased, which is an undesirable
trait. The amount of reducing sugars and total sugars showed a direct proportional relation with nitrogen levels. Also,
among the cultivars, tubers of the cv. ‘Kufri Pukhraj’ were better in quality than ‘Kufri Gaurav’ and ‘AICRP-P-39’
after 90 days of storage. Based on the results, it is concluded that potato tubers of the cv. ‘Kufri Pukhraj’ supplied
with 160 kg N/ha were superior in their biochemical quality traits.
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