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Abstract

Cultivation of quality potatoes ensures a good earning compared to low
quality, especially in terms of tuber weight and starch content. Therefore,
an experiment was laid out to find out the impact of an organic amendment
based on the combinations of biochar, vermicompost, poultry manure, and
bone meal for the enrichment of soil health and quality of potato crops at
the research farm of Lovely Professional University, Punjab. The parameters
of pH, EC, organic carbon, soil microbial biomass, nitrogen, phosphorus,
potassium, labile carbon, and particulate organic carbon (POC) were used
to understand the soil health improvement, while starch content and grad-
ing systems ranging from A to C were used for the quality of the potato.
Among the treatments, most of the parameters were recorded as statistical-
ly significant at p>0.05. The highest improvement in terms of pH, EC, organic
carbon, soil microbial biomass, nitrogen content, labile carbon, and particu-
late organic carbon (POC) was recorded in T3 (7.58, 0.39 dSm, 0.53 %, 333.3
pg g, 198.3 kg ha, 3.71 and 7.0 g kg* of soil) compared to T, (7.38, 0.32
dSm™, 0.44 %, 325.33 pg g*, 171.5 kg ha?, 2.33 and 3.0 g kg* g kg?), while
the phosphorus and potassium contents were estimated highest in T, (17.4
and 255 kg ha?). The quality parameters like starch content and grading
quality of potato tubers were also influenced positively and estimated sig-
nificantly highest in Ts (53.60 % and 153.7 q ha™ of A grade potato). This
study has shown the potential to improve the quality of potato tuber by
providing a desirable soil environment to coordinate with potato plants.
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Introduction

Crop production enhancement and soil health are equally important in agricul-
ture, providing additional benefits to the soil for a good harvest, because healthy
soil is the backbone of a healthy harvest (1). Organic amendments based on bio-
char have been considered for a long time to have a positive impact on soil
health and crop growth, which is a carbon-rich material produced by heating
organic biomass in anoxic conditions (2, 3). It has a porous structure that can
help to retain moisture in the soil, which is especially useful in dry regions. It also
improves soil structure and consistency by increasing the amount of stable or-
ganic matter, soil aeration, and reclaiming soil by reducing soil erosion in the soil
(4, 5). It acts as a sponge for nutrients, holding onto them until they are needed
by plants, while in turn, it reduces nutrient runoff and leaching, leading to better
nutrient availability for plant growth (6).
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Moreover, it provides a safe habitat for soil mi-
crobes that promote soil health and nutrient cycling (7).
Hence, the influence of biochar-based organic amendment
is not limited to the improvement in soil physical, bio-
chemical, and biological factors but also improves the
yield and quality of potato crops (3). Additionally, the
amendment upgrades the quality of potato tubers and
enhances the amount of starch in tubers while reducing
some harmful compounds (8).

Vermicompost, poultry manure, and bone meal are
excellent sources of major and micronutrients wherein
vermicompost is beneficial to increase the porosity, bulk
density, aeration, and water retention, while bone meal
may increase the availability of calcium, which increases
the length as well as strength of the roots (9).

Overall, the use of such a type of amendment may
be a promising strategy for improving soil health, nutrient
release efficiency, and the quality of potato crops. Howev-
er, the effects may vary depending on factors such as the
type of biochar used, application rate, and soil conditions.
Therefore, consistent research is needed to fully under-
stand the potential benefits and limitations of this ap-
proach.

Materials and Methods
Execution of research work

A field-based experiment was laid out over the research
farm of Lovely Professional University during the Rabi sea-
son to evaluate the impact of organic amendments based
on biochar on soil health improvement, nutrient release
efficiency, and quality of potato tubers. Kufri Pukhraj, a
popular variety of potatoes, was used along with a total of
thirteen combinations of treatments, including 25% RDF,
vermicompost, bone meal, poultry manure, and biochar,
which were randomized in RBD. The organic-based re-
sources were placed in the soil before the 15 days of sow-
ing, while a 100% RDF was used as a control.

Soil sample analysis

Soil was collected from each plot through a tool called
“soil sampling auger” before and after the planting of po-
tato tubers to analyze the status of soil health in terms of
pH and EC (dSm™) by using the instrument pH and EC me-
ter (Model No LT-49 and Conductivity meter 306). To know
the status of organic carbon, a standard protocol pro-
posed by (10) was used, wherein 2 g of soil sample was
placed in 500 ml of volumetric flask, and subsequently, 10
ml K2Cr207, 20 ml H,S04, 20 DW, 20 ml H3PO4 and 7-8 ml of
diphenylamine indicator were added into them. The sam-
ple was titrated against the 0.2 N ferrous ammonium sul-
phate, while the amount of 0C% was calculated as per the
given formula:

Soil microbial biomass carbon and nutrient status

Soil microbial biomass carbon (ug g?) was carried out as
(Blank reading - Final reading) x 0.003 x100

Organic carbon (%) =

103

per (11), wherein 10 g of sample was fumigated with etha-
nol-free chloroform and extracted with 0.5 M K;SO. by
shaking them on a shaker for 2 an hour. The oxidized car-
bon in extracts was measured and expressed as per the DW
basis (105°C for 24 h), while the amount of N, P, and K was
estimated as per (12-14).

Labile carbon and particulate organic carbon

Labile carbon from the soil sample was estimated accord-
ing to (15), which is based on permanganate oxidizable
carbon, where 2 g of soil was centrifuged and oxidized with
25 ml of 0.33 M KMnO.by placing it on a shaker for 60
minutes. The change in concentration of KMnO, was used
to estimate the amount of carbon oxidized by using the
following formula. At the same time, the particulate organ-
ic carbon was analyzed as per (16).

Estimation of starch (%)

Starch content was analyzed as per (17), wherein 80% al-
cohol and perchloric acid were used to extract starch from

(B-S) x 50 x Volume of KMnO,4x 1000 x 9

POXC (mg kg?) = 2 x 1000 x Weight of soil

potato tubers, and anthrone was used as an indicator. The
amount of starch present in samples was determined by
using a colorimeter, while the final value was presented in
percent.

Determination of potato quality

The quality of potato tubers was analyzed by grading har-
vested potatoes, while the grades were based on the
weight of the tuber A (>75 g), B (75-50 g), and C (<50 g).

Statistical analysis

The data received from the experiment units were subject-
ed to statistical analysis to scrutinize the relevance of
treatment combinations applied over the experimental
unit. It is done by adopting the statistical design known as
Randomized Block Design (RBD) through SPSS 21 version,
while the significant difference exists among the treat-
ments were extracted by employing the critical difference
(p<0.05%).

Results and discussion
Soil pH and electrical conductivity (dSm™)

In the present piece of research work, we attempted to
analyze the efficiency of biochar-based organic amend-
ments on soil pH and electrical conductivity (dSm™). As per
the results, it was depicted in Fig. 1 that both the parame-
ters were noticed to be highly significant at P<0.05. Out of
all the treatments, Ts had the greatest improvement in soil
pH (7.58) and EC (0.39 dSm™), followed by T6 (7.56 and
0.38 dSm™) compared to T, (7.38 and 0.32 dSm™). The data
presented in parenthesis (Table 1), revealed the % in-
crease (+) in soil pH and % increase/decrease (+/-) over
control of EC due to the amendment of treatments, where-
in the highest increase was in T5(2.68%), Ts (2.38%), and T
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Fig. 1. Effect of organic amendments on pH and EC (dSm™) of the experimental unit.

(2.08%), respectively. The % increase in EC was recorded in
Ts, T, and Ty, at 17.80, 15.65 and 13.39% compared to the
control, while the data in parenthesis also reveals the %
decrease over the control in Tr and Ts at 6.59 and 3.19 %
(Table 1).

compared to the rest of the treatments including control
(0.44 and 325.3 pg g*). The difference in gain of OC and soil
microbial biomass carbon in terms of % increase (+) over
control was recorded highest in T, (16.33%) and Ts
(30.30%), while the least gain in both the parameters was
recorded in Ts and Ts (Table 1).

Table 1. Effect of organic amendments on pH and EC, OC, Soil microbial biomass carbon, Nitrogen, P,0s and KO in terms of % increase over control.

Soil microbial biomass

Treatments details pH EC oc carbon Nitrogen P,0s K0
To 7.38 0.32 0.44 232.33 171.50 12.0 232.7
T [+1.43] [+5.83] [+13.16] [+28.59] [+9.26] [+20.53] [+5.14]
T [+2.08] [+8.49] [+16.46] [+29.67] [+10.60] [+31.07] [+8.76]
Ts [+2.68] [+17.80] [+16.46] [+30.30] [+13.53] [+27.27] [+4.63]
Ta [+1.78] [+8.49] [+7.69] [+16.23] [+3.83] [+11.76] [+2.65]
Ts [+2.08] [+11.01] [+7.04] [+14.37] [+4.19] [+8.40] [+2.79]
Te [+2.38] [+15.65] [+5.71] [+15.31] [+3.76] [+10.45] [+0.85]
T7 [+0.0] [-6.59] [+9.59] [+19.98] [+6.28] [+14.29] [+2.79]
Ts [+0.32] [-3.19] [+7.69] [+19.14] [+6.11] [+13.04] [+2.28]
To [+0.67] [+3.0] [+9.59] [+19.70] [+4.58] [+14.29] [+1.87]
Two [+1.43] [+11.01] [+13.73] [+21.86] [+8.24] [+16.08] [+3.72]
Tu [+1.38] [+10.19] [+9.59] [+20.80] [+8.29] [+20.0] [+4.16]
T [+1.99] [+13.39] [+11.41] [+21.06] [+7.13] [+17.81] [+3.46]

RDF = Recommended dose of fertilizer, To= 100 % N, P and K, T1= 25% RDF +75% (BM+VC+PM) +20 % bio-char, T,=25% RDF + 75% (BM+VC+PM) + 30% bio-char, Ts=
25% RDF + 75 % (BM+VC+PM) + 40 % Biochar, Ts= 25% RDF +75% BM +20% bio-char, Ts = 25% RDF + 75% VC + 20% bio-char, Te = 25% RDF + 75% PM + 20% bio-
char, T= 25% RDF +75% BM + 30% bio-char, Ts= 25% RDF + 75% VC + 30% bio-char, To=25% RDF + 75% PM + 30% bio-char, Ti= 25% RDF + 75% BM + 40% bio-

char, Tu=25% RDF +75% VC + 40% biochar, T1,= 25% RDF+75% PM + 40% bio-char

Organic carbon and soil microbial biomass carbon

The data depicted in Fig. 2 revealed the improvement in
organic carbon (OC) and soil microbial biomass carbon
due to the use of organic-based treatments, while both the
parameters were detected as highly significant at P<0.05.
Out of all the combinations of the treatments, Ts and T»
had the highest gain in organic carbon (0.53%), while the
highest gain in soil microbial biomass carbon (ug g*) was
recorded in Ts (333.3 pg g?),followed by T.(330.3 ug g1) as

Release of nutrient content (nitrogen, P205, and K20 kg
ha-1)

The impact of the applied treatments was also assessed re-
garding the release of nitrogen, P.0s, and K0 in the soil (Fig. 3),
wherein all the parameters were found statistically significant
at (p<0.05). Out of all the treatments, Tswas recorded statisti-
cally superior for the nitrogen (198.33 kg ha), while T, was
most effective for the P,Os (17.4 kg ha!), and K;O (255 kg ha!)
as compared to To(171.50, 12.0 and 232.7 kg ha). The benefi-
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Fig. 3. Effect organic amendments on nitrogen, P,Osand K0 (kg ha?) of the experimental unit.

cial impact of the treatments was also given in parenthesis
(Table 1), where the highest % increase over control for the
nitrogen was in T3(13.53%), while for the P,Os and K0, it was
31.03 and 8.76%, respectively.

Labile carbon and particulate organic carbon

In continuation of the assessment of soil health parameters, la-
bile carbon and particulate organic carbon (POC) were analyzed
under the influence of biochar-based organic amendments, and
both the parameters were found to be highly statistically signifi-
cant (P<0.05). Among the treatments, the highest increase in
both biochemical parameters was noticed in Ts (3.71and 7.0 g kg
! of s0il) compared to control (2.33 and 3.0 g kg* of soil). The sec-
ond most effective treatment for labile carbon was T, (3.28 g kg™?),
reflecting a nonsignificant difference with Ts, while for the POC, T,
showed a significant difference with Ts along with the substantial
difference of 6.6 g kg of soil (Fig. 4 and 5).

Potato quality as per the grading (A, B and C)

The impact of applied treatment was studied in relation to

https://plantscien

the quality of potato on the basis of grade, wherein G-A
(>75 g), G-B (50-75 g), and G-C (<50 g). Data depicted in Fig.
6 reveals that, out of all the treatments, G-A quality was
recorded maximum in T3 (153.7 g ha) followed by T2 and
T1 (151.8 and 150.5 q ha), which marginally differ from
each other. The performance of the treatments for G-B was
recorded the same as G-A, wherein Ts, T, and T: were rec-
orded at 147.5, 146.4, and 145.1 q ha. However, the G-C
quality of potato was highest in Ts at 97.1 q ha?, followed
by Te and T4 at 94.2 and 93.1 g ha™* (Fig. 6).

Potato quality as per the starch content (%)

In continuation of quality parameters, starch content was
estimated from the potato tubers and found that the pa-
rameter was statistically significant (P<0.05). Out of all the
combinations of treatment, the highest improvement in
starch content in % was detected in T3 (53.60%), while the
second most was recorded in T, and T; (53.23 and 53.0%)
compared to To (47.0%), while these three were recorded
nonsignificant differences among them (Fig. 7).

cetoday.online
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Soil pH and EC are often used to define the quality of soil,
whether it is acidic, alkaline, or saline. Data received from
Fig. 1 revealed that out of all the treatments, Ts was rec-
orded as the highest value of pH and EC (dSm™), while the
same treatment was also noticed as one of the best treat-
ments for organic carbon (%), soil microbial biomass car-

bon (ug g*) and release of nitrogen (kg ha) however, the
T, was observed for the P,0s and KO (kg ha?) (Fig. 2 and
3). Findings of the study directly indicated that the maxi-
mum increase in OC, soil microbial biomass carbon, and
release of nutrients in the soil was at the pH and EC re-
ceived in T; and T.due to the application of biochar-based
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organic amendments. The findings of the study are accord-
ing to (18), who proposed that the release of nutrients in
the soil is a consequence of a pH-dependent process, es-
pecially an ammonical form of nitrogen than a nitrate form
of nitrogen (19). Moreover, biochar-based amendments as
a treatment had a positive link in favor of pH improvement
(20). The presence of basic compounds, i.e., K, Ca, Mg, and
Na, in applied biochar may be one of the reasons for the
improvement in pH (21). The results are also correlated
with the findings of (22), who extended that biochar-based
amendment not only improves the pH of soil, but subse-
quently improves the status of organic carbon and soil
microbial biomass carbon, which is used to know the bio-
logical potential in the soil, because it can influence sever-
al other processes like release of nutrient, pH, OC and wa-
ter holding capacity (23). Thus, the collective efforts of
these parameters create a positive environment around
the rhizosphere to release nutrients in the soil and facili-
tate the process of nutrient uptake by the plant, because it
is a pH-dependent process.

The findings regarding labile carbon and particulate
organic carbon (POC) reveal that the amendments of bio-
char-based organic resources, especially the combination
used in Ts had additional benefits to enhance both the
kind of carbon in the soil (Fig. 4 and 5). Studies (24) are
well related to the findings of the current study, which re-
ported that the accumulation of carbon in the soil helps in
stabilizing the supply of energy to the microbes; hence, the
microbes present in the soil convert organic-based materi-
al efficiently into the useable forms of nutrients, while sim-
ilar results were also reported by (25).

Quality of potato in terms of starch content and potato
grading was carried out wherein the treatment combinations
Ts were recorded as the most effective and beneficial for the
quality improvement (Fig. 6 and 7). The quality improvement
in potatoes might be due to the positive environment created
by the optimum range of pH, EC, the transformation of OC,
improvement in soil microbial biomass carbon, nutrients re-
lease, and accumulation of carbon in the soil. Similarly, the
starch content is improved due to the use of organic amend-
ment along with biochar in potato tubers (26). Being a tuber

crop, potatoes need a positive environment surrounding the
rhizosphere, which is not only good for the mineralization and
uptake of nutrients, but also helps in improving tuber size via
manipulating the morphological growth of the potato (27-29).

Conclusion

The focusable part of this study was to identify efficient
organic-based sources employed during the study to align
the basic needs of soil to provide a sustainable harvest of
the potato crop, i.e., pH and EC, and thereby facilitate the
rest of the biochemical process efficiently to enrich the soil
health through optimizing OC, soil microbial biomass car-
bon, nutrients availability, sequestration of carbon in the
soil. Among the treatment combinations, Ts i.e., 25 % RDF
+ 75 % (BM+VC+PM) + 40 % biochar, was recorded as the
most significant and potential treatment combination not
only for the soil physical, biological, and biochemical pa-
rameters but also for the betterment of tuber quality in
terms of starch content and grades of potato.
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