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ABSTRACT

A field experiment was conducted at the Students’ 
Research Farm, Khalsa College, Amritsar during rabi 
season of 2021-22. The experiment was laid out in 
Randomized Block Design (RBD) with ten treatments 
viz., T1 (Control), T2 (100% RDF), T3 (70% RDF 
+ 30% FYM), T4 (70% RDF + 30% Compost), T5 
(70% RDF + 30% Poultry manure), T6 (70% RDF + 
30% FYM + Mepiquat chloride @ 1250 ml/ha), T7 
(70% RDF + 30% Compost + Mepiquat chloride @ 
1250 ml/ha), T8 (70% RDF + 30% Poultry manure + 
Mepiquat chloride @ 1250 ml/ha), T9 (33.3% FYM 
+ 33.3% Compost + 33.3% Poultry manure) and T10 
(25% RDF + 25% FYM + 25% Compost + 25% 

Poultry manure + Mepiquat chloride @ 1250 ml/ha) 
with three replications. The data obtained revealed 
that treatment T2 (100% RDF) obtained higher num-
ber of stems/hill being statistically identical with all 
the treatments except T10, T9 and T1. Maximum plant 
height, LAI and haulm DMA were recorded in T2 
which was statistically at par with T3, T4 and T5 and 
significantly superior to the rest of the treatments. 
The yield attributes and yield viz., number of tubers/
plant, average tuber weight, processable tuber grade 
and total tuber yield was recorded significantly higher 
in T2 than all other treatments but remained statisti-
cally at par with T6, T7 and T8. Regarding the quality 
parameters, all the treatments showed non-significant 
variation except tuber dry matter content which was 
found significantly higher in T1 and lower in T2. The 
highest gross returns, net returns and B:C ratio were 
also obtained in treatment T2 followed by T8.

Keywords  Inorganic fertilizers, Mepiquat chloride, 
Organic manures, Potato, Yield.

INTRODUCTION

Potato is the most important food crop in the world 
after wheat, rice and maize in terms of production 
and human consumption (Burke 2016). Worldwide 
India ranks second in potato production after China 
with total production of 53.58 million metric tonnes 
from an area of 2.2 million hectare with an average 
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yield of 24.35 t/ha (Anonymous 2022). The crop is 
adapted well for the commercial cultivation under 
sub-tropical conditions. Punjab is the third largest 
potato producing state with a total production of 29.4 
lac tonnes from an area of 1.07 lac hectares with an 
average yield of 27.5 t/ha (Anonymous 2021). The 
crop has occupied an important place in agricultural 
economy of Punjab and is a suitable alternative 
crop to diversify the rice-wheat cropping system. At 
present in India, potato consumption is divided into 
three sectors i.e., table (68%), seed (8.5%) and pro-
cessing industry (7.5%) and remaining (16%) goes as 
wastage due to inadequate, expensive and unevenly 
distributed refrigerated storage facilities. Under the 
existing circumstances, diversion of potatoes into 
various processed products is a viable option which 
can help to extend the shelf-life, save the wastage 
of precious food during gluts, solve the problem of 
storage as well as increase the per capita consump-
tion in the country. Certain tuber morphological and 
biochemical attributes are considered necessary for 
processing industry. The processing genotypes should 
possess high dry matter (>20%), low reducing sugars 
(<0.5%) and acceptable chip/french fry color (Mar-
waha et al. 2010).

Agronomic requirements especially fertilizer ap-
plication is necessary to increase the yield and quality 
of processing varieties. Potato is a heavy feeder of 
nutrients and requires large amounts of fertilizers to 
produce much more dry matter in its shorter life cycle. 
As there is no single source capable of supplying all 
the required amount of plant nutrients, integrated 
use of organic and inorganic fertilizers is essential to 
supply balanced nutrition to the crop which should be 
aimed at increasing yield, quality, nutrient deficien-
cies, improving lasting soil fertility and productivity 
that has been degraded by exploitive use of chemical 
fertilizers alone. Higher fertility status may increase 
the above ground foliage in potato which is not de-
sirable. To check the excessive vegetative growth, the 
application of growth retarding chemicals at grand 
growth phase will be a practical approach for effec-
tive translocation of photosynthesis into developing 
tubers. Mepiquat chloride (MC), also known as 1,1 
dimethylpiperidinium chloride, is one of the most 
widely used plant growth regulator for crops like 
cotton, onion and potato around the world to control 

the excessive vegetative development and to improve 
production (Gencsoylu 2009). It decreases the rate 
of cell division and cell expansion by inhibiting the 
manufacture of gibberellic acid (Srivastava 2002).

Therefore, the current investigation was under-
taken to evaluate the response of processing potato 
(Solanum tuberosum L.) under integrated nutrient 
management practices and growth regulator appli-
cation and in order to generate suitable agronomic 
practices for successful cultivation under Punjab 
conditions.

MATERIALS AND METHODS

Study location 

A field experiment was carried out during rabi season 
of 2021-2022 at the Students’ Research Farm, PG. 
Department of Agriculture, Khalsa College, Amritsar, 
Punjab, India. Geographically, the experimental site 
falls under semi-arid, tropical climate and is located 
at 310-63’ North latitude and 740-83’ East longitudes 
on an elevation of about 234 meters above sea level. 
The weakly mean meteorological observation during 
the crop period is represented in Fig. 1. Amritsar 
region receives a mean annual precipitation of about 
541.9 mm. The soil of the experimental field was 
sandy loam in texture with normal pH (7.8) and EC 
(0.4 dsm-1), lower in available nitrogen (168.5 kg/
ha) and medium in organic carbon (0.4%), available 
phosphorus (16.6 kg/ha) and available potassium 
(255.0 kg/ha).

Experimental details

The experiment was laid out in Randomized Block 
Design (RBD) with ten treatments viz., T1 (Control), 
T2 (100% RDF), T3 (70% RDF + 30% FYM), T4 (70% 
RDF + 30% Compost), T5 (70% RDF + 30% Poultry 
manure), T6 (70% RDF + 30% FYM + Mepiquat chlo-
ride @ 1250 ml/ha), T7 (70% RDF + 30% Compost 
+ Mepiquat chloride @ 1250 ml/ha), T8 (70% RDF 
+ 30% Poultry manure + Mepiquat chloride @ 1250 
ml/ha), T9 (33.3% FYM + 33.3% Compost + 33.3% 
Poultry manure) and T10 (25% RDF + 25% FYM + 
25% Compost + 25% Poultry manure + Mepiquat 
chloride @ 1250 ml/ha) with three replications. The 
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recommended dose of NPK was 187.5: 62.5: 62.5 
kg/ha. Full dose phosphorus, potassium and half 
nitrogen were applied as basal in furrows according 
to treatments at time of planting, while the remaining 
nitrogen was top dressed at the time of earthing up. 
FYM, compost and poultry manure were applied to 
the plots as per different treatments and incorporated 
thoroughly into the soil before making ridges. Sowing 
of seed tubers (cv Cardinal) was done ridges at spac-
ing of 60 cm × 20 cm in each plot (3.0 m × 3.0 m). 
First post sowing irrigation was given immediately 
after sowing and next irrigation after a week. Later 
on, timely irrigations, normal cultural operations 
and plant protection measures were used to ensure 
healthy crop. Haulm cutting was done 15 days before 
digging of potatoes and tubers were harvested at 1st 
week of February.

All the growth parameters were observed from 
the three randomly selected tagged plants from each 
plot. Plant emergence was calculated by counting the 
number of plants emerged at 30 DAP and the per-
centage of plants emergence per plot was calculated 
mathematically.

                                 Number of plants emerged
  Emergence (%) = –––––––––––––––––––––––– × 100
                               Number of seed tuber planted 

Tuber initiation was recorded from 20th to 30th 

Fig. 1. Weakly mean meteorological observations during crop period (rabi 2021-22).

days after planting by digging three plants from the 
gross plot of each treatment. Observations on num-
ber of stems per hill, plant height, leaf area index 
and haulm dry matter accumulation were recorded 
at 90 DAP from the three tagged plants and average 
values were calculated. The yield and yield attribut-
ing characters viz., number of tubers, average tuber 
weight, processable (40-75mm), non processable 
(<40 and >75mm) and total tuber yield and haulm 
yield were recorded at harvest. Three tubers were 
selected randomly from each plot for estimating the 
quality parameters viz., tuber dry matter content, 
reducing sugars, sucrose content, chip color and chip 
recovery. Tuber dry matter was determined by oven 
drying 100 g cut tubers at 70°C was worked out by 
using formulae:

                                                    Dry weight of tuber
Tuber dry matter content (%) = –––––––––––––––––– × 100
                                                    Fresh weight of tuber

The amount of reducing sugars was determined 
by Nelson-Somogyi method (Pearson 1976), while 
sucrose content was estimated by anthrone colo-
rimetric method provided by Handel (1968). Chip 
color score was according to the reference chart 
given by Ezekiel et al. (2003), given numerical 
scores between 1-10, such that 1 being the lightest 
and highly acceptable and 10 being the darkest and 
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highly unacceptable. Chip recovery was calculated 
by using formulae:

                                             Peel weight
        Chip recovery (%) = X × –––––––––––
                                                  Tuber weight

                                       Weight of 30 fried chips 
                   Where, X = –––––––––––––––––––– × 100
                                        Weight of 30 raw chips

The amount of N, P and K uptake by the crop 
was determined from the dried and grounded plant 
samples (tuber and haulm) collected from each treat-
ment plot. Nitrogen content was determined using 
micro-kjeldahl apparatus (Sharma and Sud 1978). 
Phosphorus content was estimated from the extract 
by using spectrophotometer after developing yellow 
color with Barton solution and potassium content 
was estimated by using flame photometric method as 
described by Jackson (1967). Thereafter, the amount 
of nutrient uptake by the crop was calculated using 
formula:
                                              Dry yield (tuber or haulm) ×
                                                   nutrient content (%)
  Nutrient uptake (kg/ha) = –––––––––––––––––––––––    
                                                               100                                                   

                                      
Additional cost involved and return obtained 

with different treatments was worked out on the basis 
of market rate of all the applied inputs and then cost 
benefit analysis was computed for all the treatments.

The data on various parameters were statisti-
cally analyzed by using CPCS-1 (Cochran and Cox 

1967). The comparisons were made at 5% level of 
significance.

RESULTS AND DISCUSSION 

Growth parameters 

Different nutrient management practices had showed 
significant effect on all the growth parameters except 
emergence percent and days taken to tuber initiation 
(Table 1). This might be due to the reason that well 
sprouted healthy tubers were planted which provided 
favorable conditions for emergence and also initial 
growth of potato depends on storage of food material 
inside the tubers (Barman et al. 2018). Application 
of 100% RDF through inorganic fertilizers had reg-
istered higher number of stems per hill (7.8) which 
was significantly superior over 25% RDF + 25% FYM 
+ 25% Compost + 25% Poultry manure + Mepiquat 
chloride @ 1250 ml/ha (6.0), 33.3% FYM + 33.3% 
Compost + 33.3% Poultry manure (5.7) and control 
(4.0) but remained statistically at par with rest of the 
treatments.

Similarly, plant height and leaf area index were 
recorded significantly higher (44.1 cm and 2.62) in 
100% RDF than all other treatments but remained at 
par with 70% RDF + 30% Poultry manure (43.3 cm 
and 2.53), 70% RDF + 30% FYM (40.6 cm and 2.46) 
and 70% RDF + 30% Compost (39.7 cm and 2.38), 

Table 1. Effect of integrated nutrient management and growth regulator application on growth parameters in processing potato.

                                                                                                                             Days
                                          Treatments                                     Emergence        taken to       No. of        Plant       Leaf area       Haulm
                                                                                                      (%)                 tuber          stems/       height        index           DMA
                                                                                                                          initiation         hill           (cm)         (LAI)         (g/plant)

T1-Control 89.6 25.9 4.0 25.4 1.33 7.1
T2-100% RDF 94.0 24.6 7.8 44.1 2.62 11.9
T3-70% RDF + 30% FYM 93.8 25.7 7.0 40.6 2.46 10.9
T4-70% RDF + 30% Compost 92.8 25.2 6.8 39.7 2.38 10.8
T5-70% RDF + 30% PM# 94.8 24.8 7.3 43.3 2.53 11.6
T6-70% RDF + 30% FYM + MC @ 1250 ml/ha* 93.5 25.6 7.2 35.8 2.33 10.6
T7-70% RDF + 30% Compost + MC @ 1250 ml/ha 92.5 25.3 6.8 35.2 2.30 10.5
T8-70% RDF + 30% PM + MC @ 1250 ml/ha 94.2 25.0 7.7 37.1 2.36 10.7
T9-33.3% FYM + 33.3% Compost + 33.3% PM 92.3 25.2 5.7 30.6 1.99 9.0
T10-25% RDF + 25% FYM + 25% Compost + 25% PM +  90.5 25.4 6.0 31.4 2.08 9.4
MC @ 1250 ml/ha
CD (p=0.05) NS NS 1.1 4.5 0.25 1.2

*Mepiquat chloride @ 1250 ml/ha at 55 days after planting, # Poultry manure. 
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Table 2. Effect of integrated nutrient management and growth regulator application on yield attributes and yield in processing potato.

                                  Treatments                                                           No. of        Av                     Tuber yield (q/ha)                 Haulm
                                                                                                               tubers/     tuber                               Non                            yield
                                                                                                                plant      weight    Processable  processable     Total       (q/ha)   
                                                                                                                                 (g)    

T1-Control 6.1 20.2 63.2  27.0  90.2 28.2
T2-100% RDF 9.9 28.8 146.9  57.1  204.0 70.2
T3-70% RDF + 30% FYM 9.0 27.3 126.3 46.6  172.9 67.3
T4-70% RDF + 30% Compost 8.9 27.1 124.0 46.4  170.4 64.7
T5-70% RDF + 30% PM# 9.1 27.4 129.1 47.6 176.7 69.0
T6-70% RDF + 30% FYM + MC @ 1250 ml/ha* 9.3 28.2 135.8 52.8  188.6 53.5
T7-70% RDF + 30% Compost + MC @ 1250 ml/ha 9.2 28.0 133.7  51.9  185.6 52.3
T8-70% RDF + 30% PM + MC @ 1250 ml/ha 9.6 28.4 137.0 54.2 191.2 55.3
T9-33.3% FYM + 33.3% Compost + 33.3% PM 8.0 25.0 97.8  35.5  133.3 46.3
T10-25% RDF + 25% FYM + 25% Compost + 25% PM +  8.2 25.6 110.9  42.6  153.5 50.2
MC @ 1250 ml/ha
CD (p=0.05) 0.8 1.4 14.1 8.4 22.6 5.7

*Mepiquat chloride @ 1250 ml/ha at 55 days after planting, #Poultry manure.          

respectively. The haulm dry matter accumulation was 
also in line with plant height and LAI with maximum 
value (11.9 g/plant) recorded in 100% RDF.

The better results with the application of 100% 
RDF alone might be due to quick availability of ni-
trogen in inorganic form, which has profound effect 
on vegetative growth. Similar results were reported 
by Sandhu et al. (2014). Similarly, Singh et al. (2018) 
reported organic manures when applied with mineral 
fertilizers increased the efficiency of nitrogen and 
phosphorus which assimilates more photosynthates 
and better translocation resulting in higher vegeta-
tive growth. On the other hand, prominent variation 
among the growth attributes (plant height, LAI and 
haulm DMA) was observed with application of me-
piquat which might be due to delayed cell division 
and elongation of plant aerial parts as well restrict 
gibberellin biosynthesis, thereby resulting in reduced 
internodal length and vegetative growth (Lopezvalen-
cia et al. 2002). Similar results were also obtained by 
Pal et al. (2018) and Ali and Nagaa (2019).

In contrary, lower value for growth parameters 
was obtained under control throughout the crop 
growth period.

Yield attributes and yield

Nutrient management practices and growth regulator 

application exerted a significant effect on yield attri-
butes and yield (Table 2). Significantly higher number 
of tubers per plant and average tuber weight i.e., 9.9 
and 28.8g, respectively was recorded in 100% RDF 
being statistically identical with 70% RDF + 30% 
Poultry manure + Mepiquat chloride @ 1250 ml/ha 
(9.6 and 28.4 g), 70% RDF + 30% FYM + Mepiquat 
chloride @ 1250 ml/ha (9.3 and 28.2 g) and 70% RDF 
+ 30% Compost + Mepiquat chloride @ 1250 ml/
ha (9.2 and 28.0 g) than rest of the treatments. This 
might be attributed to quick availability of nutrients 
from inorganic fertilizers alone especially phosphorus 
at tuber initiation stage, which would have increased 
translocation of photosynthates for maximum tuber 
set (Davis et al. 2014). Trehan and Singh (2013) 
stated maximum potassium availability promotes 
large sized tubers by increasing water accumulation 
in tubers. The results are in support with findings 
Dangi et al. (2018).

The different graded tuber yield, total tuber yield 
and haulm yield were recorded significantly higher in 
all the treatments than control. Maximum processable 
(146.9 q/ha), non processable (57.1 q/ha) and total 
tuber yield (204.0 q/ha) was recorded in 100% RDF 
followed by 70% RDF + 30% Poultry manure + 
Mepiquat chloride @ 1250 ml/ha, 70% RDF + 30% 
FYM + Mepiquat chloride @ 1250 ml/ha and 70% 
RDF + 30% Compost + Mepiquat chloride @ 1250 
ml/ha with same statistical rank. The percent increase 
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in total tuber yield with 100% RDF over control 
was 126.1%. This might be attributed to the positive 
response of the crop to readily availability of the 
nutrients from inorganic forms which has resulted in 
increased number of tubers, average tuber weight and 
ultimately total tuber yield. These results were in line 
with the findings of Deshmukh and Badgujar (2018). 
Singh et al. (2018) reported application of organic 

Fig. 2.  Relationship between number of tubers plant and tuber 
yield.

Fig. 3.  Relationship between average tuber weight and tuber yield.

manures in conjunction with inorganic fertilizers pro-
vide balanced nutrition to plants, which increased the 
nutrient use efficiency, through modification of soil 
physical condition for better absorption of nutrients. 
Similar results were also reported by Kumar et al. 
(2011). On the other hand, treatments applied with 
mepiquat chloride (T6, T7 and T8) gave 8.2 to 9.0% 
increase in total tuber yield over untreated plots (T3, 

Table 3.  Effect of integrated nutrient management and growth regulator application on quality, NPK uptake and economics in processing 
potato.
                                                                                                                                                                                               
                                                    Reducing Sucrose                                               Phos-                     Cost of
Treatments                       Tuber    sugars      (mg/     Chip    Chip      Nitrogen   phorus  Potassium  cultiva-    Gross      Net
                                         DMC  (mg/100g   100g    color  recovery  (kg/ha)      (kg/ha)   (kg/ha)        tion       returns    returns      B:C
                                          (%)       FW)         FW)    score     (%)                                                        (Rs/ha)    (Rs/ha)   (Rs/ha)

T1-Control 24.4 26.2 332.0 1.9 32.7 48.2 4.5 37.3 100335 102840 2505 1.02
T2-100% RDF 21.1 28.4 344.4 2.8 30.1 104.2 14.4 80.7 108385 233380 124995 2.15
T3-70% RDF + 30%  22.1 27.9 341.6 2.6 31.0 91.4 11.5 70.5 117169 198160 80991 1.69
FYM
T4-70% RDF + 30%  22.4 27.3 337.1 2.4 31.4 90.3 11.0 69.4 117169 195200 78031 1.66
Compost
T5-70% RDF + 30%  21.8 28.2 343.2 2.7 30.4 94.2 11.7 73.1 112689 202520 89831 1.79
PM#
T6-70% RDF + 30%  22.3 27.6 342.1 2.5 31.3 97.0 12.1 75.0 119444 215760 96316 1.80
FYM + MC @ 1250 
ml/ha*
T7-70% RDF + 30% 22.5 26.8 336.7 2.3 31.6 96.1 11.6 73.7 119444 212340 92896 1.77
Compost + MC @ 
1250 ml/ha
T8-70% RDF + 30%  21.9 28.1 343.0 2.7 30.7 97.5 12.6 75.4 114964 218600 103636 1.90
PM + MC @ 1250 
ml/ha
T9-33.3% FYM +  24.0 26.4 333.2 2.0 32.5 69.3 7.7 53.8 132655 152860 20205 1.15
33.3% Compost + 
33.3% PM
T10-25% RDF + 25%  23.4 26.7 334.6 2.3 32.0 77.2 9.2 60.0 128801 175680 46879 1.36
FYM+ 25% Compost + 
25% PM+MC @ 1250 
ml/ha
CD (p=0.05) 1.5 NS NS NS NS 14.0 3.5 11.4     -      -    -    -

*Mepiquat chloride @ 1250 ml/ha at 55 days after planting,  #Poultry manure. 
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T4 and T5), respectively which might be attributed to 
better utilization of photosynthates from aerial parts 
to the tubers. This is in agreement with the findings 
of Pal et al. (2018). Maximum haulm yield (70.2 q/
ha) might be attributed to increased growth characters 
(plant height, stems/hill and leaf area index) in 100% 
RDF due quick availability of nutrients particularly 
nitrogen, which has profound effect on vegetative 
growth.

Results of the linear regression analysis among 
the studied variables with tuber yield are shown in 
Figs. 2–3. The dependent variable was tuber yield and 
the independent variables were number of tubers per 
plant and average tuber weight. The linear regression 
model indicated that the tuber yield was positively 
correlated with its affilated variables. The R2 value 
indicated 98% and  97% variation in tuber yield was 
caused by the number of tubers per plant and average 
tuber weight, respectively among the different nutri-
ent management practices.

Quality parameters

Data presented in Table 3 indicated that tuber dry 
matter content was recorded maximum in control 
(24.4%) and minimum in 100% RDF (21.1%). The 
reduction in tuber dry matter content with increased 
nutrient availability might be due to higher trans-
formation of starch from potato leaves to tubers 
that promotes large sized tubers by increasing water 
accumulation in tubers resulting in lowering of dry 
matter content (Mishra 2018). Similar results were 
also obtained by Manolov et al. (2016). Tuber dry 
matter content directly influences the chip recovery, 
while chip color decides the consumer acceptance. 

Fig. 4. Relationship between reducing sugars and chip color score.

In the present study, the processing attributes like 
reducing sugars, sucrose content, chip color score 
and chip recovery were not influenced by different 
nutrient management practices. However, direct and 
positive impact between reducing sugars and chip 
color has been reported among the treatments (Fig. 4).

Significantly higher N, P and K uptake by the 
crop i.e., 104.2, 14.4 and 80.7 kg/ha, respectively 
was recorded in 100% RDF which was significantly 
superior to 25% RDF + 25% FYM + 25% Compost + 
25% Poultry manure + Mepiquat chloride @ 1250 ml/
ha, 33.3% FYM + 33.3% Compost + 33.3% Poultry 
manure and control, but remained at par with rest of 
the treatments. This might be attributed to increased 
soil nutrient availability due to improved physical 
and chemical properties with inorganic fertilizers 
and organic manures, which lead to development 
of extensive root system for uptake of maximum 
nutrients from soil. The results are in conformity 
with the findings of Kumar et al. (2011) and Islam 
et al. (2013).

Economics

Maximum gross returns (233380 Rs./ha), net returns 
(124995 Rs/ha) and B:C ratio (2.15) were obtained 
under 100% RDF followed by 70% RDF + 30% 
Poultry manure + Mepiquat chloride @ 1250 ml/ha. 
This might be due to maximum processable and total 
tuber yield under these treatments.

CONCLUSION

The study revealed that among the various treatments, 
100% RDF (187.5 kg N: 62.5 kg P2O5: 62.5 kg K2O/
ha) through inorganic fertilizers was superior in 
achieving the highest total tuber yield and process-
able tuber grade with the highest gross returns, net 
returns, and benefit-cost ratio. However, considering 
the adverse effects of inorganic fertilizers on the envi-
ronment and to reduce the use of inorganic fertilisers, 
70% RDF through inorganic fertilizers + 30% RDF 
from organic manures (FYM, compost, and chicken 
manure) combined with growth regulator application 
might be an alternative for the cultivation of the po-
tato variety Cardinal under Punjab circumstances in 
order to obtain higher processable tuber yield with 
permissible quality attributes. 
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