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ABSTRACT

A field experiment was conducted at Bichpuri (Agra), Uttar Pradesh, during winter seasons of 2008–10, to
study of effect of balanced fertilization on yield, uptake of nutrients and economics of potato (Solanum tuberosum
L.). The experiment had 12 treatments which were laid out in randomized block design with 3 replications. Signifi-
cant increases in tuber and protein yields were recorded with balanced use of nutrients over fertilizer state recom-
mendation (SR) and farmer fertilizer practice (FFP) treatments. Use of application of 225 kg N + 150 kg P2O5 + 225
kg K2O + 40 kg S + 2 kg B + 6 kg Zn/ha (T1) not only enhanced potato tuber yield but also had pronounced effect
on tuber dry matter yield. Tuber yield (31.01 t/ha) resulting from T

1
 treatment was 40.6 and 35.0% higher than

State fertilizer recommendation and farmer fertilizer practice respectively. Omission of nutrients caused tuber yield
reductions by 10.5 (–P), 19.1 (–K), 7.5 (–S), 7.0 (–Zn) and 6.4% (–B) compared to T

1
 treatment. Balanced use of

nutrients (T1) earned markedly higher net returns ( 105.5 × 103/ha) and return/  invested (3.13) over SR ( 47.6 ×
103/ha) and 2.06) and FFP ( 54.9 × 103/ha and 2.19). The highest uptake of N (142 kg/ha), P (17.2 kg/ha), K
(137.2 kg/ha) S (17.9 kg/ha), Zn (214.5 g/ha) and boron (258 g/ha) was recorded with T1 (225 kg N, 150 kg P2O5,
225 kg K

2
O, 40 kg S + 2 kg B + 6 kg Zn) and minimum under SR (150 kg N, 100 kg P

2
O

5
, 100 kg K

2
O/ha). The up-

take of P, K, S, Zn and B was significantly reduced in the respective nutrient omission treatments.
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Potato is well known for its large demand of nutrients
and optimum nutrients levels vary with yield goal, weather
condition and management factors. However, the produc-
tivity of potato in the soils is low due to multi nutrient
deficiencies and other allied problems. These deficiencies
adversely affect the crop vigour and result in poor yield,
low quality of tubers and low profits. The major con-
straints for high yield of potato are inadequate and
imbalanced nutrients use which can be corrected and crop
productivity be substantially increased. The farmers of the
area, by and large, use N, P and K in potato and as a con-
sequence, deficiencies of S, Fe, Mn, Zn and B are increas-
ing (Shukla, 2011).  Zinc is considered as the most impor-
tant nutrient for potato crop in India. Low recovery of ap-
plied Zn is an important limitation in enhancing the yield
of potato crop.  Of late, an increased frequency of S defi-
ciency has been observed in crops and S may become a

factor limiting yield and quality of crops. Boron is an es-
sential micronutrient required for normal growth and de-
velopment of crop plants. Boron in plants is reported to
function at membrane level (Shelp et al., 1995) and is
credited with maintaining membrane integrity (Cadmak et
al. 1995) and enhanced ability of membrane to transport
vital nutrients. Due to imbalanced use, mining of nutrients
is considered as the main cause for decline in crop yield.
Crop removal is much higher than the addition of plant
nutrient through fertilizers. Balanced fertilization is the
key to increase use efficiency of applied nutrients. A bal-
anced fertilization programme does more than simply re-
placing the amounts of nutrients removed by the crop. It
ensures that fertilizers are applied in adequate amounts for
optimum plant growth, sustenance of soil and crop pro-
ductivity. Thus, balanced fertilizer application increases
crop production and maintains soil fertility that is the pri-
mary requirement of sustainable crop production (Singh et
al., 2010). Therefore an experiment was carried out to
study the effect of major nutrients (NPK) in combination
with secondary (S) and micro-nutrients (B and Zn) on
potato yield and economic returns.
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MATERIALS AND METHODS

The field experiment was conducted during the winter
(rabi) seasons of 2008–10 at farmer field in village
Panwari, Agra (Uttar Pradesh). The soil was sandy loam,
alkaline (pH 7.8), low in organic carbon (0.3%) and defi-
cient in available N (145 kg/ha), P (8 kg/ha), K (110 kg/
ha), S (17.5 kg/ha), B (0.18 mg/kg) and Zn (0.54 mg/kg).
Twelve treatments, viz. T1, 225 kg N + 150 kg P2O5 + 225
kg K

2
O + 40 kg S + 2 kg B + 6 kg Zn/ha; T

2,
 225 kg N +

75kg P2O5 + 225 kg K2O + 40 kg S + 2 kg B + 6 kg Zn/ha;
T

3,
 225 kg N + 0 kg P

2
O

5
 + 225 kg K

2
O + 40 kg S + 2 kg

B + 6 kg Zn/ha; T4, 225 kg N + 150 kg P2O5 + 150 kg K2O
+ 40 kg S + 2 kg B + 6 kg Zn/ha; T

5, 
225 kg N + 150 kg

P2O5 + 75 kg K2O + 40 kg S + 2 kg B + 6 kg Zn/ha; T6,

225 kg N + 150 kg P
2
O

5
 + 0 kg K

2
O + 40 kg S + 2 kg B

+ 6 kg Zn/ha; T7, 225 kg N + 150 kg P2O5 + 225 kg K2O
+ 0 kg S + 2 kg B + 6 kg Zn/ha; T

8, 
225 kg N + 150 kg

P2O5 + 225 kg K2O + 40 kg S + 2 kg B + 0 kg Zn/ha; T9,

225 kg N + 150 kg P
2
O

5
 + 225 kg K

2
O + 40 kg S + 0 kg

B + 6 kg Zn/ha; T10, 225 kg N + 150 kg P2O5 + 225 kg
K

2
O/ha; T

11,
 150 kg N + 100 kg P

2
O

5
 + 100 kg K

2
O/ha

(SR); and  T12, 201 kg N + 144 kg P2O5 + 100 kg K2O/ha
(FFP), were applied in a randomized block design with 3
replications. All the nutrients except N were applied basal
as per treatment. Nitrogen was applied in 2 splits between
sowing and first and second irrigation. Sulphur, zinc and
boron were applied as elemental sulphur (85% S), zinc
chloride (45% Zn) and borax (11% B) respectively. Potato
variety, ‘Kufri Bahar’ was sown at spacing of 60 cm × 20
cm in the first week of October in both the years. The crop
was irrigated as required and weed growth was controlled
by hand-weeding. All the other recommended package of
practices were adopted during the crop-growth periods in
both the years. The crop was harvested in the first week of
February during both the years, and tuber yield was re-
corded. Potato tubers were collected, dried in oven and
analysed for N by Kjeldahl method. The tubers were di-
gested in di-acid mixture (HNO3 : HClO4) and P in the di-
gest was determined by vanadomolybdate yellow colour
method (Jackson, 1973). Sulphur content in the digest was
determined by turbidimetric method (Chesnin and Yien,
1951), K by flame photometer, Zn by atomic absorption
spectrophotometer and B by carmine method (Hatcher and
Wilcox, 1950). The uptake of nutrients was calculated
from the data on concentration of the given nutrient mul-
tiplied by dry matter yield. Economics of potato crop was
worked out by taking account the prevailing cost of inputs
and price of produces during crop season.

RESULTS AND DISCUSSION

Yield
The tuber yield of potato and dry-matter yield of tubers

ranged with nutrient-management options, but the highest
mean tuber yield and dry-matter yield was registered un-
der complete treatment supplying 225 kg N + 150 kg P

2
O

5

+ 225 kg K2O + 40 kg S + 2 kg B + 6 kg Zn/ha (T1) in
adequate and balanced amounts. The higher yield under
this treatment may be ascribed to either direct or cumula-
tive effect of supplied macro-and micro-nutrients on meta-
bolic processes of potato. Availability of nutrients, espe-
cially the micro-nutrients, at optimum level has direct im-
pact on accelerated cell-division and enlargement, root
growth and plant vigour. Singh et al. (2010) reported simi-
lar results. The SR (150 kg N + 100 kg P2O5 + 100 Kg
K

2
O/ha) resulted in lower tuber yield than FFP but the dif-

ference in yield was statistically non-significant. The cor-
responding dry-matter yields under SR and FFP treatments
were 3.60 and 4.07 t/ha respectively. The tuber yield ob-
tained under these 2 treatments (SR and FFP) was inferior
to balanced use of nutrients, indicating the effects of inad-
equate supply of nutrients to the crop. The beneficial ef-
fects of nutrients may be attributed to increased availabil-
ity of these nutrients for the actively growing plants
thereby increased translocation of photosynthesis from
source to sink (tubers). These results corroborate with
those of Pandey et al. (2011). Application of P, K, S, B and
Zn in potato crop had significant effect on tuber produc-
tion. Optimum fertilization was also compared against
treatments omitting P, K, S, B and Zn in order to isolate
the individual response of nutrients. The tuber yield de-
creased by 10.5, 19.1, 7.5, 7.0 and 6.4% with omission of
P, K, S, Zn and B respectively. The corresponding reduc-
tions in dry-matter yield were 10.9, 21.7, 10.5, 12.2 and
11.6%. The yield data revealed that K, S and Zn are the
main limiting factors under the present experimental set
up. The omission of B did not reduce the tuber yield sig-
nificantly over ample supply of nutrients (T

1
). The soil in

this study was low in available N, P and K. Therefore,
potato responded significantly to their addition. Singh et
al. (2010) also reported similar results in potato grown on
reclaimed sodic soil.

As a tuber crop, potato removes large amounts of soil
K, hence there was marked increase (10.6%) in the yield
due to K addition (225 kg N + 0 kg P2O5 + 225 kg K2O +
40 kg S + 2 kg B + 6 kg Zn/ha) over no K (225 kg N + 150
kg P2O5 + 0 kg K2O + 40 kg S + 2 kg B + 6 kg Zn/ha). Sud
and Sharma (2002) reported a significant effect of K appli-
cation on yield of potato tubers. Zinc application signifi-
cantly increased the tuber yield of potato which may be
attributed to the beneficial effect on tuberization after zinc
treatment under conditions of zinc deficiency in soil.
Sharma and Grewal (1988) and Singh et al. (2010) re-
ported similar observations due to zinc application in Zn
deficient soil. These findings clearly indicate that highest
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crop response can be assigned to potassium followed by
sulphur, zinc, phosphorus and boron (Singh et al. 1990).
Application of 225 kg N, 150 kg P

2
O

5
 and 225 kg K

2
O/ha

(T10) also produced significantly higher yield over farmer
fertilizer practice and State recommendation.  The benefi-
cial influence of N, P and K application may be owing to
increased availability and absorption of these nutrients for
the actively growing plants. Our results confirm the find-
ings of Singh et al. (2009) and Singh et al. (2010).

Quality
There was a significant increase in protein content in

potato tubers with different treatments over State recom-
mendation of NPK fertilizers (Table 1). Protein content
ranged from 11.7 to 12.3% and maximum (12.3%) value
was recorded in treatment having 225 kg N + 150 kg P2O5

+ 225 kg K
2
O + 40 kg S + 2 kg B + 6 kg Zn/ha, and mini-

mum (11.7%) in State recommendation. Farmer fertilizer
practice proved superior to state recommendation for pro-
tein percentage in potato tubers. The difference in protein
content due to these 2 treatments (SR and FFP) was statis-
tically non-significant. Protein yield in potato tubers
(Table 1) ranged between 421.2 and  815.5  kg/ha where
maximum protein yield (815.5 kg/ha) was recorded in 225
kg N +150 kg P

2
O

5
 + 225 kg K

2
O + 40 kg S + 2 kg B + 6

kg Zn/ha and minimum (421.2 kg/ha) in State recommen-
dation treatment. This increase in protein yield may be
attributed to increased tuber yield and protein content in
tuber with ample supply of nutrients. Farmer fertilizer
practice proved superior to SR treatment for protein yield.
Most of the treatments proved significantly superior to
state recommendation in respect of protein yield which
may be attributed to higher tuber yield. Omission of P, S,
K and Zn reduced the protein yield compared to applica-

tion of 225 kg N +150 kg P
2
O

5
 + 225 kg K

2
O + 40 kg S +

2 kg B + 6 kg Zn/ha owing to reduction in tuber yield of
potato.

Economics
The complete treatment supplying 225-150-225 kg N-

P
2
O

5
-K

2
O/ha as well as S (40 kg S/ha) and micronutrients

(2 kg B and 6 kg Zn/ha) package gave the best results by
showing the highest net profit of 105.5 × 103/ha with a
tuber yield of 31.01 t/ha (Table 1). Treatment based on the
State recommendation and farmer fertilizer  practice re-
turned significantly less net profit due to lower tuber
yields, i.e. 18.42 t/ha (40.6%) and 20.16 t/ha (35.0%), re-
spectively. Corresponding net returns were  47.6×103/ha
(54.8%) for SR and 54.9 × 103/ha (48%) for FFP. A
marked change in tuber yield resulted with 150 kg P2O5/ha
over 75 kg P

2
O

5
/ha, but the inclusion of all nutrients with

75 kg P2O5/ha (T2) did not return the net profit ( 98.3 ×
103/ha) level equivalent to, yet less profitable than, the best
complete treatment. Therefore, the balanced use of nutri-
ents could be the most accepted treatment to obtain maxi-
mum benefit from the potato (Singh et al., 2010).

Nutrients uptake
The average uptake of nutrients by potato tubers ranged

from 73.2 to 142.0 kg/ha for N, 7.2 to 17.2 kg/ha for P,
72.2 to 137.2 kg/ha for K, 7.1 to 17.9 kg/ha for S, 86.1 to
214.5 g/ha for Zn and 105.5 to 258.0 g/ha for B. These
results showed that the complete treatment maintained the
higher uptake values of all the nutrients most probably
owing to the higher yield recorded under this treatment
(T1). However, the State recommendation recorded the
lowest uptake values, which is again the reflection of the
lowest yield recorded under this treatment. In the absence

Table 1. Effect of fertilizer treatments on yield, quality and economics of potato (mean data of 2 years)

Treatment Tuber yield Dry-matter Net profit Benefit: Protein Protein yield
(t/ha)  yield (t/ha) (103 × /ha) costratio (%) (kg/ha)

T1, N225 P150, K225 S40 B2 Zn6 31.01 6.63 105.5 3.13 12.3 815.5
T2, N225 P75, K225 S40 B2 Zn6 29.27 6.23 98.3 3.05 12.3 766.3
T3, N225 P0, K225 S40 B2 Zn6 27.76 5.91 92.3 2.98 12.1 715.1
T4, N225 P150, K150 S40 B2 Zn6 27.18 5.79 86.9 2.77 12.2 706.4
T5, N225 P150, K75 S40 B2 Zn6 26.83 5.55 85.7 2.76 12.1 671.5
T6, N225 P150, K0 S40 B2Zn6 25.09 5.19 77.5 2.62 12.1 628.0
T7, N225 P150, K225 S0 B2 Zn6 28.70 5.93 94.6 2.94 12.3 729.4
T8, N225 P150, K225 S40 B2 Z0 28.84 5.82 95.3 2.95 12.3 716.0
T9, N225 P150, K225 S40 B0 Z6 29.01 5.86 96.3 2.97 12.1 709.0
T10, N225 P150, K225 27.61 5.30 90.7 2.92 12.0 624.0
T11, N150 P100, K100 (SR) 18.42 3.60 47.6 2.06 11.7 421.2
T12, N201 P144, K100 (FFP) 20.16 4.07 54.9 2.19 11.9 484.3

SEm± 1.74 0.21 0.11 41.4
CD (P=0.05) 3.62 0.43 0.23 85.0

SR, State fertilizer recommendations; FFP, farmer fertilizer recommendation
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of P application, a considerable reduction in P uptake was
noticed due to low availability of P and consequently
lower crop yield. Phosphorus uptake was significantly re-
duced with the application of zinc which may be due to
antagonistic effect of Zn on P availability and its uptake by
the crop. The treatment without K (T

6
) not only adversely

affected the K uptake but also uptake of N and P because
of lower yield and reduced concentration of nitrogen and
phosphorus (Singh et al., 2009). Omission of S and B had
a non-significant effect on the utilization of P and S by the
crop. But the application of both (S and B) had signifi-
cantly beneficial effect on the utilization of N, P, K, S and
B by the crop. Application of zinc significantly increased
its uptake by potato tubers (Table 2). This may be attrib-
uted to increased dry-matter yield and Zn content in tubers
(Sharma and Grewal, 1988; Singh et al., 2009; Singh et
al., 2010).

These results show the significance of balanced use of
fertilizers in augmenting the potato tuber yield and net
returns. The omission of nutrients reduced the tuber yield
significantly compared to balanced use of fertilizers. The
uptake of P, K, S, Zn and B was also significantly reduced
in the respective nutrient omission treatments. Generalized
recommendations proved to be sub-optimal and insuffi-
cient for high yielding varieties of potato. Such recom-
mendations require an upward revision of N,P and K lev-
els and inclusion of secondary (S) and micronutrients (B
and Zn) which are deficient in soils. In addition, field spe-
cific nutrient recommendations should be provided to in-
dividual farmer for improved yield of potato and farm
profits.
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