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Abstract

Potassium humate is one of the alternate sources of organic matter for improving physico-chemical properties
of soils, crop growth and yield. The study investigated the effect of using different rates of potassium humate with and
without recommended inorganic fertilizers in clayey loam soil on yield and economics of potato production. Four
field experiments were conducted during 2010-11 and 2011-12 by using four levels of each, NPK (0, 50, 75 and
100% recommended dose) and potassium humate (0, 8, 12 and 16 kg ha™) in a randomized complete block design
(RCBD) with three replications. Tuber number, tuber fresh and dry weight and biological yield per hill, tuber yield
per hectare and harvest index were significantly and positively affected by increasing level of NPK in both autumn
and spring crops. Application of potassium humate significantly increased tuber fresh and dry weights (up to 10.95%
and 14.43%; respectively), tuber yield (up to 10.96%), biological yield (up to 8.46%) and harvest index (up to 3.1) in
both autumn and spring crops but improved tuber number per hill only in autumn crops. Application of full rate of
NPK fertilizers with 16 kg ha™ potassium humate resulted in the highest tuber yield (19.749 tons ha). However,
study results of benefit cost ratio indicated that application of NPK at 75% of recommended dose with 16 kg ha™*

potassium humate remained the most economical for potato growers.
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Introduction

Potato (Solanum tuberosum L.) is a popular vegetable
crop in Pakistan. It is acknowledged as a supplementary
food resource because it reduces the pressure on cereal
crops (Lodhi, 2004). Potato production plays a vital role
in the economy of the country, particularly in Punjab
province, where it accounts 5.7% of total vegetables
cultivated area providing economic advantages as well as
creating employment opportunities. It is grown annually
on an area of more than 20 million hectares with a total
production of more than 330 million tons worldwide (CIP,
2014). In Pakistan, the crop is planted on an area of 161.9
thousand hectares annually with a tuber yield of 3.507
million tons. Its average yield is about 21.66 tons per
hectare, which is lower than that of developed countries
(Anonymous, 2014). The main problems causing low
production especially in Punjab region are unavailability
of healthy seed, lack of irrigation water, ill-advised
application of fertilizer, attack of early blight and viral
diseases.

Soil is used as a basic medium for growing crops.
Most of the soils in Pakistan contain less than 1% organic
matter, thus have poor soil texture and structure. As a
result, the activities of soil microorganisms as well as
plant growth and yield are reduced. The chemical
fertilizers used to compensate the fertility status of soil are

very expensive for the farmers. Most of the trace elements
become unavailable to the plants due to soil alkalinity
caused by lack of organic matter. Therefore, it necessitates
for rationale use of both traditional and non-traditional
organic sources (Marinari et al., 2000). Humic substances
can be used as alternate sources of organic matter to
improve soil physico-chemical properties as well as crop
growth and final yield (Ohta et al., 2004).

Inorganic  macronutrients i.e.  nitrogen  (N),
phosphorus (P) and potassium (K) are required in large
amounts for growth and development of plants. Nitrogen
is a vital constituent of amino acids and proteins and an
integral component of many substances like chlorophyll
and many enzymes (Brady, 1990). According to Alva
(2004), availability of nitrogen plays a key role in
sustaining vegetative and reproductive growth balance of
potato crop. Phosphorus is considered as a necessary plant
nutrient. Generally, potatoes are cultivated in P rich soil
containing about 1000- 2000 kg ha?. Usually, plants
require about 1/5 to 1/10 as much P as they do N and K.
However, the phosphate contents present in the soil are
only about 1/20 or even less as compared to nitrogen and
potassium contents (Westermann et al., 1994).
Application of K is one of the most important factors that
influence the growth and productivity of potato as it plays
an important role in translocation of sugars (Tisdale et al.,
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2001). Improvement in crop production by application of
potassium fertilizer is mainly due to formation of large
sized tubers or by increasing the number of tubers per
plant or both (Abdel-Latif et al., 2011).

Humic substances play a key role in recycling of
nutrients (MacCarthy, 2003). Humates are used in soil or
sprayed on plants (foliar application) mainly because of
their very high content of humic acids, ranging from 30 to
60% and can be taken up easily by the roots (Stevenson
and Cole, 1999). Combining organic and mineral inputs
has been realized as most economical for maize and
soybean crops (Vanlauwe and Zingore, 2011). Therefore,
the present study was planned to evaluate the efficacy of
potassium humate (K. humate) applications to improve
yield attributes and determine its synergistic effect with
NPK on potato production. Further, to assess the most
effective and economical combination of NPK and
potassium humate for its better performance under agro-
climatic conditions of Multan (Pakistan).

Materials and Methods

Four field trials (two for autumn and two for spring
crops of potato) were carried out during two consecutive
years (2010-11 and 2011-12) at the Vegetable Research
Area, Department of Horticulture, Bahauddin Zakariya
University,  Multan  using  different  treatment
combinations of NPK (FO =0, F1 =50, F2=75and F3 =
100% recommended dose) and potassium humate (HO =
0, H2 = 8, H3 = 12 and H4 = 16 kg ha) containing
humic acid 50%, potassium (K.O) 10%, pH 10 and
solubility 90%. Total 16 treatment combinations i.e. T1
= FOHO, T2 = FOH1, T3 = FOH2, T4 = FOH3, T5 =
F1HO, T6 = F1H1, T7 = F1H2, T8 = F1H3, T9 = F2HO,
T10 = F2H1, T11 = F2H2, T12 = F2H3, T13 = F3HO,
T14 = F3H1, T15 = F3H2 and T16 = F3H3 were tested
in all crops. The recommended dose of inorganic
fertilizers for potato crop in the region is N = 120, P,0s
= 80 and K,O = 80 kg ha?, which was fulfilled by
applying urea (46% N), single super phosphate (18%
P,0s) and sulphate of potash (50% K:0), respectively.
All the amounts of P,Os and KO were added to the soil
during seed bed preparation. Whereas, 1/3 of N and
potassium humate doses were also mixed into the soil
during seed bed preparation and the balance amounts of
N and potassium humate were split into two doses and
applied after 30 and 75 days of planting the crops.
Physico-chemical investigation of the soil used for the
experiments indicated that its texture was clayey loam
(sand 33.2%, silt 28.5% and clay 38.3%) and had EC
2.01 dS™!, pH 8.0, organic matter 0.84%, available
phosphorus 17.94 mg kg-1 and available potassium 240
mg kg* as determined by a field test (Luttmerding et al.,
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1990).

Plantations of seed tubers of potato cv. Cardinal
were carried out in 3rd week of September during 2010
and 2011 for autumn crops. Regarding spring crops, seed
tubers were planted in 2nd week of January, 2011 and
2012. The autumn and spring crops were harvested in
3rd week of January and the last week of April,
respectively. The data collected during study included;
number of tubers per hill, fresh and dry weights of tubers
per hill, tubers yield per hectare and biological yield.
Harvest index, expressed in %age, was estimated by
following the given formula.

Harvest index (%) = (Fresh weight of tuber (gram per
hill))/(Biological yield(gram per hill)) x 100

The data were analyzed by adopting randomized
complete block design (RCBD) with factorial
arrangement. Least significance difference (LSD) test
was employed at a probability level of 5% to compare
the treatment means (Steel et al., 1996). For economic
analysis, benefit to cost ratio was calculated for all the
treatments using prevailing prices of inputs and potato
tubers. BCR= (Total income)/ (Total cost).

Results
Yield attributes

Application of NPK caused significant improvement in
all the yield attributes i.e. number of tubers per hill, fresh
and dry weights of tubers per hill and tuber yield per
hectare of autumn as well as spring crops. The minimum
values of number of tubers per hill (4.54 in autumn and
5.68 in spring crops) were obtained when no NPK (0% of
recommended dose) was applied, while higher values for
number of tubers (4.75 & 4.86 in autumn and 7.82 & 8.26
in spring crops respectively) were recorded with the
application of higher and intermediate NPK levels i.e.
100% and 75% of the recommended doses. These two
treatments remained statistically at par. Fresh and dry
weights of tubers per hill and tuber yield per hectare were
significantly improved with increasing NPK level. NPK
application at its 100% recommended dose gave the highest
fresh (441.20 g in autumn and 372.62 g in spring crops) and
dry weights (85.442 g in autumn and 78.508 g in spring
crops) of tubers per hill, and tuber yield per hectare (19.219
tons from autumn and 16.231 tons from spring crops).
Whereas, the lowest values (14.609 & 10.486 tons ha
from autumn and spring crops respectively) of all these
attributes were recorded in the non-treated plants (Tables 1,
2).

In autumn crops, number of tubers per hill was
significantly affected by different levels of potassium humate
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Table 1: Effect of varying levels of NPK and K. humate on yield attributes of potato cv. Cardinal autumn crops

Treatment Number of Fresh weight  Dry weight Tuber yield  Biological Harvest
tubers per of tubers per  of tubers per per hectare vyield per hill  index (%)
hill hill (g) hill (g) (tons) (@

NPK level (% of

recommended dose)

0 454 ¢ 322.99d 53.274 d 14.069d 861.6d 37.5Db

50 472b 361.40¢ 66.339 ¢ 15.743 ¢ 9545¢ 379b

75 486a 407.74 b 77.477Db 17.761 b 1028.4 b 39.6a

100 4.75ab 44120 a 85.442 a 19.219a 1102.5a 399a

LSD value 0.16 11.55 3.30 0.534 25.1 1.01

K. humate level (kg

ha?)

0 463b 364.05d 66.693 ¢ 15.858 d 944.7d 38.2b

8 474 ab 37752¢ 69.445 b 16.445 ¢ 969.7 ¢ 38.8ab

12 4.68b 387.14b 72.330 a 16.864 b 1000.5 b 38.6 ab

16 4.82a 404.62 a 74.038 a 17.625a 1032.0 a 39.2a

LSD value 0.16 11.55 3.30 0.534 25.1 1.01

*Mean with different letter(s) for a group are statistically significant at p < 0.05 (LSD test).

Table 2: Effect of varying levels of NPK and K. humate on yield attributes of potato cv. Cardinal spring crops

Treatment Number of Fresh weight  Dry weight Tuber yield  Biological Harvest
tubers per of tubers per  of tubers per per hectare  vyield per hill  index (%)
hill hill (g) hill (g) (tons) (9)

NPK levels (% of

recommended dose)

0 5.68 ¢ 240.70d 40.075d 10.486 d 557.33d 43.2h

50 7.24b 293.30 ¢ 58.485 ¢ 12.776 ¢ 683.79 ¢ 43.1b

75 8.26 a 340.29 b 70.234 b 14.823 b 747.85h 454 a

100 7.82 ab 372.62 a 78.508 a 16.231 a 802.54 a 46.4 a

LSD value 1.19 12.78 2.908 0.556 24 1.02

K. humate levels (kg

ha-1)

0 6.67 295.00 ¢ 58.298 d 12.850 ¢ 675.37 ¢ 43.7h

8 7.05 304.78 ¢ 62.199 ¢ 13.276 ¢ 680.86 ¢ 44.6 ab

12 7.49 315.84 b 64.678 b 13.758 b 703.78 b 447 a

16 7.81 331.29a 68.127 a 14.431 a 731.50 a 45.1a

LSD value 1.19 12.78 2.908 0.556 24 1.02

*Mean with different letter(s) for a group are statistically significant at p < 0.05 (LSD test).

applied. The plants fertilized with potassium humate @ 16 kg
ha' gave the highest (4.82), while those grown without
potassium humate produced the lowest number of tubers per
hill (4.63). Fresh and dry weights of tubers per hill and tubers
yield per hectare of autumn as well as spring crops
were also significantly affected by potassium humate
application (fresh weights varied from 364.05 to 404.62
g in autumn crops while, 295 to 331.29 g in spring
crops, similarly dry weights ranged from 66.693 to

74.083 g in autumn and from 58.298 to 68.127 g in
spring crops). Increase in potassium humate application
resulted in steady improvement in all the above
mentioned parameters (Tables 1, 2).

The combined application of NPK and potassium
humate significantly improved fresh and dry weights of
tubers per hill and tuber yield per hectare. The lowest fresh
and dry weights (309.08 & 48.394 g/hill from autumn and
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Figure 1: Effect of NPK and K. humate levels on fresh weights of tubers per hill (a) autumn crop (b)

spring crop
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Figure 2: Effect of NPK and K. humate levels on dry weights of tubers per hill (a) autumn crop (b)

spring crop

per hectare (fons)

Tuber vield

22
20
18
16
14
12
10

(a)
K. humate 0 kg/ha
K. humate 8 kg/ha

NPK 0% NPK 50% NPK 75% NPK
dose dose dose 100%
dose

MNPK levels (% of recommended dose)

Tuber yield per hectare (tons)

18
16
14
12
10

K. humate 0 kg/ha
K. humate 12 kg/ha

(b)

K. humate 8 kg/ha
K. humatel6 kg/ha

NPK 0% MNPK 50% NPK 75% NPK
dose dose dose 100%
dose

MNPK levels (% of recommended dose)

Figure 3: Effect of NPK and K. humate levels on tubers yield per hectare (a) autumn crop (b)

spring crop

219.54 & 39.646 g/hill from spring crops) and tuber yield
per hectare (13.464 & 9.563 tons from autumn and spring

Soil Environ. 37(1): 53-61, 2018

crops,
increased when both NPK and potassium humate were

respectively) were observed in control

which
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applied together (up t019.749 and 16.639 tons from autumn
and spring crops) (Figure 1-3).

Biological yield and harvest index

NPK caused significant improvement in biological
yield and harvest index (Tables 1, 2). Full dose of NPK
resulted in maximum biological yield (1102.5 & 802.54

43.2% from spring crops) was estimated under no
application of inorganic fertilizers.

Application of potassium humate significantly
improved biological yield as well as harvest index
(Tables 1, 2). The maximum biological yield i.e. 1032 g
per hill as well as harvest index 39.2% were recorded in

Table 3: Profitability per hectare of S. tuberosum L. autumn crops under varying levels of NPK and K. humate

NPK level (% of K. humate (kgha-1) Total cost (US$) Total income (US$) Net benefit (US$) BCR
recommended dose)

0 0 1,734.68 2,234.34 499.66 1.29
0 8 1,754.68 2,317.64 562.96 1.32
0 12 1,764.68 2,341.14 576.46 1.33
0 16 1,774.68 2,414.08 639.40 1.36
50 0 1,914.60 2,393.04 478.44 1.25
50 8 1,934.60 2,519.62 585.02 1.30
50 12 1,944.60 2,579.78 635.18 1.33
50 16 1,954.60 2,814.76 860.16 1.44
75 0 2,004.57 2,659.15 654.58 1.33
75 8 2,024.56 2,888.65 864.09 143
75 12 2,034.56 3,039.57 1,005.01 1.49
75 16 2,044.56 3,159.35 1,114.79 1.55
100 0 2,094.52 3,110.40 1,015.88 1.48
100 8 2,114.52 3,145.75 1,031.23 1.49
100 12 2,124.52 3,187.06 1,062.54 1.50
100 16 2,134.52 3,265.42 1,130.90 1.53

Table 4: Profitability per hectare of S. tuberosum L. spring crops under varying levels of NPK and K. humate

NPK level (% of K. humate (kg ha-1) Total cost (US$) Total income (US$) Net benefit (US$) BCR
recommended dose)

0 0 3,083.80 2,442.87 -640.93 0.79
0 8 3,103.80 2,677.34 -426.46 0.86
0 12 3,113.80 2,735.10 -378.70 0.88
0 16 3,123.80 2,887.91 -235.89 0.92
50 0 3,260.45 3,179.12 -81.33 0.98
50 8 3,280.45 3,143.74 -136.71 0.96
50 12 3,290.45 3,251.55 -38.90 0.99
50 16 3,300.45 3,503.36 202.91 1.06
75 0 3,348.78 3,396.75 47.97 1.01
75 8 3,368.78 3,760.81 392.03 1.12
75 12 3,378.78 3,911.90 533.12 1.16
75 16 3,388.78 4,139.73 750.95 1.22
100 0 3,437.10 4,126.65 689.55 1.20
100 8 3,457.10 4,040.96 583.86 1.17
100 12 3,467.10 4,219.45 752.35 1.22
100 16 3,477.10 4,267.23 790.13 1.23

g/hill in autumn and spring crops, respectively) and also the plants having application of highest level of

the highest harvest index (39.9% from autumn & 46.4%
from spring crops). While, the minimum biological yield
(861.6 & 557.33 g/hill in autumn and spring crops,
respectively) and harvest index (37.5% from autumn &

potassium humate (16 kg ha') compared to control
(biological yield = 944.7 g/hill and harvest index =
38.2%). The combined application of potassium humate
and NPK fertilizers although significantly affected

Soil Environ. 37(1): 53-61, 2018
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biological yield but failed to induce significant impact on
harvest index (Figure 4).

Economic analysis

Economic analysis of autumn crops showed that
application of NPK and potassium humate resulted in

NPK fertilizers in both autumn and spring crops. The
increase in these parameters is well reported by
(Yourtchi et al. 2013). Application of NPK results in
increased starch accumulation and encourages tuber
formation. It also enhances duration of tuber bulking that
leads to increased crop yield. Tuber yield in potato is

(a)
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Figure 4: Effect of NPK and K. humate levels on biological yield per hill (a) autumn crop (b) spring crop

higher benefit cost ratio (BCR) due to more income
compared to that of control. Application of intermediate
dose (75% of recommended dose) of NPK coupled with
higher level of potassium humate (16 kg ha-1) gave the
maximum BCR value (1.55). The plants to which no NPK
and / or potassium humate were applied resulted in smaller
BCR values due to lower net benefits (Table 3).

In Pakistan, higher production cost and low yield are
main limiting factors for potato especially spring crop
grown in plains. BCR assessment demonstrated that
growing of spring crop of potato without NPK fertilization
is not economical. However, a steady improvement in
potato yield was noticed by the combined application of
NPK and potassium humate. Application of full dose
(100% of recommended dose) of NPK + 16 kg potassium
humate ha gave the maximum BCR value. The plants
receiving no fertilizers resulted in the lowest income and
ultimately the minimum BCR value i.e. 1.29 (Table 3).

Discussion

In the present study, all the yield attributes, harvest
index and BCR values increased due to application of
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directly related with reasonable availability of N, P and
K in the soil and their uptake by the plants. Application
of N delays leaf senescence, thereby increasing the leaf
area duration and improves tuber yield (Zelalem et al.
2009). Furthermore, application of N to potato crop prior
to tuber initiation enhances the growth and development
of vegetative parts of plant. Ultimately, it produces
increased number of tubers per plant that results in
higher tubers fresh weight (Kanzikwera et al., 2001).
According to Lemaga and Caesar (1990), application of
N to potato crop resulted in more stolon formation by
affecting the biosynthesis and sustaining hormonal
balance, particularly gibberellins, cytokinins and
abscissic acid. Similarly, Yourtchi et al. (2013) also
observed variation in number of potato tubers under
different levels of N application. Application of P and K
also caused improvements in yield attributes of potato.
Phosphorus is an essential constituent of organic
compounds such as phospholipids, phosphoproteins and
nucleic acids (Marschner, 1995). Similarly, potassium
plays a vital role in energy status, translocation, storage
of carbohydrates and maintaining tissue water relation
(Berisha et al., 2014). The current results are in line with
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those of Alam et al. (2007) and Guler (2009), who
obtained higher tuber yields of potato by increasing NPK
application rates.

Potassium humate markedly increased tuber number
and also had positive effects on other yield attributes,
biological yield and benefit cost ratio. It enhances plant
growth and development by improving soil texture, thereby
increasing the penetration capacity of root into the soil
which increases uptake of water by the plants. Humic acids
play a beneficial role in freeing up nutrients in the soil to
make them available to the plants as they need, it also
increases soil water holding capacity (Mackowiak et al.,
2001). It also increases performance of microorganisms
present in the soil, improves physical and chemical
properties of the soil that positively affect the plant yield
(Tisdale et al., 2001). The positive effects of potassium
humate on potato crops in the present study are in
accordance with those reported for many other crops by
Chen and Aviad (1990). Albayrak (2005) found that all
major yield attributes of Brassica rapa were significantly
improved by the application of humic acids. These effects
were more beneficial when these were applied in lower
concentrations. Application of potassium humate @ 4 to 30
kg ha to the soil resulted in the best results (Pilanah and
Kaplan, 2003). Similar effects of potassium humate
application have also been reported in wheat (Tonder,
2008), tomato (Verlinden et al., 2009), hot pepper
(Ghoname et al., 2009), potato (Ezzat et al., 2009) and
soybean and black gram (Patil et al., 2011).

Significant increase in fresh and dry weights of potato
tubers and also the biological yields might be due to
physiological role of NPK fertilizers and potassium humate
because application of humic substances in the presence of
NPK fertilizers improved the organic carbon content of soil
up to 0.05% and cation exchange capacity of soil by 18%.
An increase in nutrient absorption by onion plant was also
reported by (Sangeetha et al. 2006) under combined
application of humic acid and inorganic fertilizers. Organic
amendments in combination with inorganic fertilizers are
the best soil additive to improve water use efficiency (Dass
et al., 2008). According to (Sangeetha et al. 2006), when
humic acid was applied @ 20 kg ha! in combination with
full recommended dose of NPK to onion crop, it resulted in
highest bulb vyield with 12% increase over the yield
obtained with recommended dose of NPK only.

Potassium humate decreased the requirement of
inorganic fertilizer as the maximum cost benefit ratio in
autumn crop was computed when 16 kg potassium
humate was applied with 75% of NPK recommended
dose. These results are also partially supported by Dass
et al. (2008), who also obtained the best results in terms

of yield and net economic return of Brassica oleracea
and Capsicum annum crops under application of 50%
less NPK with organic fertilizers. According to Khan et
al. (2010), the application of humic acid in combination
with a 50% less NP chemical fertilizers caused 24 to
47% increase in grain yield over the control and saved
valuable high-cost chemical fertilizers.

Conclusion

It is obvious from the results that application of NPK
significantly increased tuber yield of potato cv. Cardinal in
the presence of potassium humate due to their synergistic
effect. Although, all combinations of NPK and potassium
humate significantly improved vyield attributes compared to
alone application of NPK fertilizers but application of 75%
of NPK recommended dose coupled with 16 kg potassium
humate per hectare was the most suitable combination
because it was found more economical combination among
all the treatment combinations. Thus, nutshell of the study is
that application of NPK fertilizers along with potassium
humate is more profitable and economical for potato growers
than alone application of inorganic fertilizers as it enhanced
the efficiency of fertilizers, crop yield and net return.
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