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Optimization of Phosphoric fertilizers for Cultivation of Potato under
high Phosphorus Soils of Eastern Indo-Gangetic Plains of Bihar
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ABSTRACT

Phosphorus (P) is an important element that is applied in the form of di-ammonium phosphate
or single super phosphate in potatoes. An experiment was conducted at ICAR-Central Potato
Research Station, Patna, Bihar during Rabi, 2017-18 and 2018-19 to evaluate invariably use of
phosphorus fertilizers in potato crop. The use of phosphorus is often applied at higher rate
than its uptake from the soil. Therefore, experiment was undertaken with the objective to opti-
mize and utilize soil phosphorus more efficiently. Potato variety Kufri Khyati was planted in
three replications with eight different treatments of fertilizer phosphorus. Data on tuber yield
(t/ha) and tuber number (lacs/ha) was recorded. The maximum tubers were recorded at 20%
of recommended dose of phosphorusi.e. 5.14 lacs/ha followed by 100% recommended dose of
phosphorus (4.56 lacs/ha). The tuber yield was maximum at 100% recommended dose of phos-
phorus (33.53 t/ha) followed by 50% recommended dose of phosphorus (31.35 t/ha), which was
at par with the yield obtained at 20% (30.29 t/ha) to 40% (29.98 t/ha) of recommended dose of
phosphorus. The recorded results showed that the omission of phosphorus does not have
any significant reduction in the yield as compare to tuber numbers. Therefore, it may be rec-
ommended that in high P soils, the maintenance dose of 20 % of recommended dose of P is
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sufficient to harvest economic yield.
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INTRODUCTION

otato is most important tuberous vegetable it ranks
fourth among the important crops i.e. rice, wheat and

maize (Singh et al (2013). India is second largest pro-
ducer of potato after China in terms of production statis-
tics. This is most important vegetable cash crop grown
all over country, plays a significant role in improving food
security. Bihar is one of the major potato producing state
in India (Bharati et al, 2014). It is rich in vitamin C, Bl,
B2 and B6 and minerals such as potassium, phosphorous
and magnesium and a good source of high-quality pro-
tein (Kahsay, 2019). It is short duration crop with high yield
potential as compare to other crops and vegetables (Yadav
et al, 2020). The important nutrients required for its culti-
vation are nitrogen, phosphorus and potassium applied at
the recommended rate of 180:80:100 in the form of urea, di-
ammonium phosphate or single super phosphate and murate
of potash (Zewide et al, 2012). Phosphorus is the second
most important macro-nutrient limiting plant growth after
nitrogen in most soils. It is a plant nutrient that inter-
venes in cellular energy transfer, photosynthesis and respi-
ration. It is also an important component of nucleic acid
nucleotides, phospholipids and phosphorylated sugars (Wc
and Carswell 1999 and Marschner 1996). Adequate phos-

phorus nutrition enhances many aspects of plant physiol-
ogy, including the fundamental processes of photosynthesis,
root growth particularly, the development of lateral roots and
fibrous rootlets (Brady and Weil, 2008). Despite the above-
mentioned importance of the crop, the productivity of potato
is around 15-20 t/ha. Lack of appropriate agronomic practices
and excessive use of fertilizers adversely affect the produc-
tion and productivity of potato and high cost of cultivation.
The potato crop normally removes approximately 20 kg of
phosphorus per hectare from the soil. Whereas, application
of P2Osis generally done in the range of 60-80 kg/ha. This
type of practice leads to the building of high P in the soils.
The objective of the experiment was to workout possibility of
saving P fertilizer in the soils having high available P. The fer-
ilizer P in the soils of Eastern Indo-Gangetic plains of Bihar is
88kg/ha. Hence, the use of appropriate and judicious man-
agement of phosphorus fertilizer can boost the production
and productivity of the potato with judicious use of chemi-
cal fertilizers.

MATERIALS AND METHODS

The field experiment was carried out during the years 2017-18
and 2018-19 at ICAR- Central Potato Research Station, Patna,
Bihar. The potato variety Kufri Khyati was planted in the
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first week of November as timely sown main crop for this
experiment (Figure 1). The texture of soil of experimental
plot was sandy loam having high availability of phospho-
rus. The experiment was carried out with eight treatments
in randomized block design in three replications. The differ-
ent levels of phosphorus in the form of DAP (Di-ammonium
Phosphate) were applied as treatment for the experiment viz,
T1 (0 Phosphorus), T2 (0 Phosphorus + FYM), T3 (10% P of
recommended dose), T4 (20% P of recommended dose), T5
(30% P of recommended dose), T6 (40% P of recommended
dose), T7 (50% P of recommended dose), T8 (100% P of rec-
ommended dose). The other fertilizers such as nitrogen and
potassium were applied at the rate of recommended doses
such as 180 and 100 kg/ha in the form of urea and murate of
potash respectively. The 1/2 N:P: K was applied as a basal
dose at the time of land preparation. Soil samples collected
from 10 different random locations before fertilizer applica-
tion and also after harvest of crop, were analyzed. Germina-
tion count was done, 10 days after planting of the crop and
accordingly percentage was calculated. The no. of shoots per
plant was recorded 25-30 days after planting during earthing
up operation of crop, from five randomly selected plants in
each replication of the different treatments. Harvesting of
tubers were carried out (Figure 2), were graded in to four
grades i.e. large (>80g), medium (51-80 g), small (31-50 g) and
very small (<30g). The tuber yield was recorded and calcu-
lated in tonnes per hectare. Tuber numbers were also calcu-
lated and converted in to lakhs per hectare. All the observa-
tions were recorded for different characters were statistically
analyzed by using standard method suggested by Panse and
Sukhatame (1978). the estimated values of the treatments and
standard error variance were compared with fisher and Yates
F table at 5 percent level of significance. The level of signifi-
cance was tested against C.D. at 5 percent probability.

RESULTS AND DISCUSSION
Effect of phosphorus on plant growth and its attributes

Phosphorus plays important role in plant growth and devel-
opment. The important growth attributes were germination
percentage, number of shoots per plant and plant height etc.
The pooled data of plant growth and its attributes over four
years is presented in the Table 1. The germination percentage
was observed highest in the treatment 100% recommended
dose of phosphorus application followed by 50% of recom-
mended dose of phosphorus. In case of other doses i.e. 10%,
20%, 30%, 40% of recommended dose of phosphorus, there is
non-significant difference in the germination percentage were
recorded. Whereas, there is significant difference in the ger-
mination percentage at zero level of phosphorus application
as compare to the treatments containing phosphorus. The
no. of shoots per plant were maximum at the 30% of rec-
ommended dose of phosphorus followed by 100% of recom-
mended dose of phosphorus. The treatment levels 10% to
100% of recommended dose of phosphorus were having at
par for the number of shoots per plant. The Plant height in
general increased with the advancement in crop age irrespec-
tive of the treatment and reached maximum at maturity. The
rate of increase in plant height were more during 30 to 60
DAP as compared to 60 DAP to maturity. The height of plants
was almost ceased or slightly declined at maturity because of
senescence. The plant height varied significantly among the
different phosphorus doses during all growth stages due to
positive effect of phosphorus (Gaur et al, 2017). At all growth
stages, significantly tallest plant (48.50 cm) was noted under
100% of recommended dose of phosphorus at final stage and
it was at par with all treatment levels including control (45.70
cm). Lowest plant height was recorded in control treatment,
which was lower than remaining treatments at all the stages
at final stage. This may be due unavailability of nutrients to
the plants required for plant growth and development. The
increased availability of nutrients to the plants in balanced
proportion resulting in higher uptake of nutrients, which ulti-
mately resulted in higher plant height (Table 1 ).

Table 1: Plant growth attributes of potato (pooled over four years)

Treatments Germination (%)  No. of shoots per plant  Plant height(cm)
Minus P (Control)-(T1) 95.28 3.51 45.70
Minus P (Control)+ FYM-(T2) 96.57 3.55 45.78
10% of recommended dose of P-(T3) 97.40 424 46.40
20% of recommended dose of P-(T4) 97.54 4.60 47.50
30% of recommended dose of P-(T5) 97.53 4.83 47.76
40% of recommended dose of P-(T6) 98.20 4.55 47.80
50% of recommended dose of P-(T7) 98.45 4.67 48.00
100% of recommended dose of P-(T8) 98.55 4.82 48.50
SE+_ 0.81 0.20 2.50
CD (5%) 1.78 0.80 7.62
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Fig. 1: Planting of potato variety K. Khyati

Fig. 2: Harvesting of the tubers of potato

Effect of phosphorus on tuber yield and tuber numbers.
The tuber yield (33.53 t/ha) was maximum at 100% of recom-
mended dose of phosphorus which was at par with 40% (29.98
t/ha) and 50% (31.35 t/ha) of recommended dose of phospho-
rus. The numbers and yield of small tubers increased as the
dose of P was increased, indicating that P may play an impor-
tant role in regulating the number of tubers per plant (Rosen
and Bierman, 2008).

In the present experiment the tuber yield was maximum for
the 100% recommended dose of phosphorus followed by the
yield obtained at 50% recommended dose of phosphorus. The
following treatments viz. 20%, 30%, 40%, 50% and 100% of
recommended dose of phosphorus were at par for the tuber
yield. However when no phosphorus was applied then there
was significant reduction in yield. This indicated that in high
P soils, it is required to supply a minimum maintenance dose
of 20 % of recommended dose of P for obtaining economic
production of potato (Table 2 ).

Table 2: Effect of different Phosphorus levels on tuber yield
and numbers of the potato variety Kufri Khyati
(pooled over four years)

Treatments Yield Tuber Nos.
(t/ha) (lacs/ha)

Minus P (Control) -(T1) 24.57 4.02

Minus P (Control)+ FYM -(T2) 25.95 4.27

10% of recommended dose of 29.40 4.33

P- (T3)

20% of recommended dose of 30.29 5.14

P -(T4)

30% of recommended dose of 29.30 4.19

P -(T5)

40% of recommended dose of 29.98 441

P -(T6)

50% of recommended dose of 31.35 4.37

P -(T7)

100% of recommended dose of 33.53 4.56

P -(T8)

CD at 0.05 4.09 -

Phosphorus fertilizer application increased total tuber yield
and yield of undersized tubers (tubers less than 30g), but
decreased the proportion of large-sized tubers (greater than
85g). Due to the increase in small, unmarketable tubers, P
fertilizer application did not have a significant effect on mar-
ketable tuber yield (tubers of 30- 85g). The total number of
tubers per plant and the number of undersized tubers were
also higher and the number of large tubers was lower, when P
was applied compared with the zero Pi.e. control. (Rosen and
Bierman, 2008). Maximum number of tubers were recorded
at 20% of recommended dose of phosphorus (5.14 lac/ha) fol-
lowed by 100% of recommended dose of phosphorusi.e. 4.56
lac/ha (Table 2).

CONCLUSION

Potato is one of the most important widely cultivated tuber-
ous vegetable crops of India as well as world. Yield and pro-
ductivity of potato in Eastern Indo-Gangetic plains of Bihar
are below the national average. Among different factors, soil
fertility and nutrient management are the key factors affect-
ing crop productivity and soil nutrient depletion. To enhance
the productivity of potato soil fertility management has to be
the primary role of the producers. Different experiments con-
ducted showed that application of nutrient has a positive rela-
tion to producing a higher yield of potato. The experiments
confirmed that adequate application of phosphorus increases
the production of potato. Therefore, application of adequate
nutrient is the only option to maximize production and pro-
ductivity of potato in the soils where potato-based cropping
system is being followed from several years and soils have
become rich in available P. There is great possibility of saving
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80% of P fertilizers. To avoid any significant reduction in yield
an application of maintenance dose i.e. 20% of recommended
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