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ABSTRACT

The present research was undertaken to analyze the impact of biochar-based organic amendment on the growth and
yield of the potato crop. Results revealed that all the morphological, growth and yield attributing parameters were
significantly affected except the emergence percentage (p > 0.05). Among all the thirteen treatment combinations of
biochar base organic amendment, treatment T4 i.e. [25% RDF + 75% (BM+VC+PM) + 40% Biochar)] resulted in
maximum emergence percentage, plant height (cm), LA, days to maturity, no. of haulm plant?, average weight of
tuber planttand yield of tuber g ha' while minimum was recorded under T; [Control]. The data related to %
increase/decrease concerning control also showed that emergence % was rapid under T4 (+0.86%). Therefore,
treatment combination of biochar base organic amendment consisting of [25% RDF + 75% (BM+VC+PM) + 40%
Biochar)] may be recommended to farmers for achieve best results in terms of potato growth and production.
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INTRODUCTION

Potato (Solanum tuberosum L) is the most important cash crop in India producing around 48
million tons of potato from 2.07 million hectares while at present 378 million tons from 19
million hectares in the world (FAO, 2019). Now it is a major concern to maintain such yield
sustainability because of population pressure which is around 7.3 billionin the world (WHO,
2018; Elferink and Schierhorn, 2016).The nutrient requirement of the potato crop is very high
due to which soil fertility followed by productivity is incessantly degrading (Singh, 2018),
However, to enhance the agricultural sustainability, environment-friendly organic amendments
may be helpful (Chen et al., 2018 and Shahane and Shivay, 2021). Biochar is an organic
amendment produced by the pyrolysis of organic wasteswithout oxygen which is used as a soil
amendment to increase the efficiency of nutrient recycling by providing a larger contact surface
area. It is well established that the amendment of biochar helps to increase the soil organic matter
which is a key to increasing nutrient recycling consequently better morphological growth and
yieldcan be obtained from crops such as corn andsoybean. Different sources of plant material

which is used to produce biochar may produce different quality (Agegnehu et al., 2017). Biochar
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made with bamboo, wood, rice husk and kunai grass was assessed forthe growth and yield of
potatoes where (Hien et al. 2017 and Walter and Rao 2015) reported a positive impact while (Liu
et al. 2017) reported its negative impact on yield. Therefore, our goal was to understand the
effectiveness of organic base amendment biochar on the potato crop.

MATERIALS AND METHODS

A field experiment was conducted during the Rabi season during 2017-18 and 2018-19 at the
farm of Lovely Professional University to assess the impact of biochar-based organic amendment
on morphological growth and yield of potatoes. The experiment was comprised of total of
thirteen combinations of biochar base organic amendment. The potato variety under investigation
was Kufri Pukhraj and experiment was laid in randomized block design along with three
replications. The main source of biochar base organic amendment which was used in different
combinations consisted of recommended dose of fertilizer (RDF), bone meal, vermi-compost,
poultry manure and biochar and standard agronomic practices were adopted during the conduct
of research trial. The treatments consisted of T1= Control (positive amendments — 100% NPK), T,= 25%
RDF + 75% (BM+VC+PM) + 20% Biochar), Ts= 25% RDF + 75% (BM+VC+PM) + 30% Biochar), T,=
25% RDF + 75% (BM+VC+PM) + 40% Biochar), Ts= 25% RDF + 75% BM + 20% Biochar, Tes= 25%
RDF + 75% VC + 20% Biochar, T-= 25% RDF + 75% PM + 20% Biochar, Ts= 25% RDF + 75% BM +
30% Biochar, Te= 25% RDF + 75% VC + 30% Biochar, T1 = 25% RDF + 75% PM + 30% Biochar, T11=
25% RDF + 75% BM + 40% Biochar, T1,= 25% RDF + 75% VC + 40% Biochar, T13= 25% RDF + 75%
PM + 40% Biochar. Before the planting of tuber, soil samples were collected thereafter physical
and biochemical parameters were analyzed in which soil pH, available N, P and K were
estimated according to the (Jackson 1967; Subbiah and Asija, 1956; Olsen et al., 1954; AOAC,
1970).

The standard procedures were followed to observe morphological parameters like emergence %,
days to emergence, plant height, dry matter accumulation, and days to maturity while the leaf
area index was calculated according to (Watson, 1947).

Total leaf area plant™
Total ground area plant
The parameters related to yield attribute were recorded on per plant basis i.e no. of haulm and

average weight of tuber, however yield of potato was recorded in g ha™.
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All the data collected from the present piece of work was subjected to SPSS analysis where mean

data was subjected for analysis of variance Duncan’s multiple range tests at P<0.05.

RESULTS AND DISCUSSION

Effect of biochar on plant growth

The growth parameters were significantly affected by all studied treatment combinations except for

emergence percentage. Plant height was recorded to be maximum (30 DAS (27.19 cm), 60 DAS (48.88
cm) and at harvest (58.92 cm) under treatment T4 (Table 1). The observations under T3 i.e. (25% RDF +

75% (BM+VC+PM) + 30% Biochar) were at par with T4 while minimum values were recorded under T5

i.e. (25% RDF + 75% BM + 20% Biochar). Similarly, dry matter accumulation was recorded to be higher

under T4 while lowest under T5. The results were found in accordance with previous investigations that

emphasized the positive role of biochar and organic amendments on plant growth and development

(Graber et al. 2010, Schulz and Glaser 2012). Thus, it may be suggested that the combination of biochar

with organic amendments prove to be the most promising practice for agronomic performance.

Table-1: Effect of biochar based organic amendments on emergence (%), plant height (cm), dry
matter accumulation plant in Potato (Solanum tuberosum L)

Treatments Emergence Height (cm) Height (cm) Height (cm) Dry matter
details (%) (30 DAS) (60 DAS) (harvest) accumulation (%)
T: 96.0+0.582 23.00+0.502 40.00+0.522 49.00+0.162 15.97+0.18?
T 96.13+1.332 25.80+0.25¢f 46.42+0.73° 56.42+0.51f 18.04+0.29¢%

[+0.14%)] [+10.86%] [+13.82%] [+13.14%)] [+11.49%]
T3 96.50+0.992 26.20+0.16 47.70%0.55%" 57.53+0.61 18.07+0.09¢%
[+0.52%] [+12.21%)] [+16.14%] [+14.82%] [+11.96%]
T4 96.83+0.322 27.19+0.06¢ 48.88+0.12" 58.92+0.61¢ 18.20+0.42°
[+0.86%] [+15.42%)] [+18.17%)] [+16.83%] [+12.27%)]
Ts 94.93+1.23% 24.00+0.58%°¢ 41.96+0.36° 52.00+0.58% 17.25+0.12°cd
[-1.12%)] [+4.17%)] [+4.67%] [+5.76%] [+7.58%]
Te 95.20+1.182 23.20+0.472 41.00+1.0% 51.07+0.83° 17.00+0.08°
[-0.84%)] [+0.86%] [+2.45%] [+4.04%] [+6.08%]
T, 96.0+0.95% 23.42+0.57% 41.60+0.892¢ 51.50+0.87"¢ 17.14+0.16"
[0.0] [+1.78%] [+3.85%] [+4.85%] [+6.83%]
Ts 95.0+0.872 24.44+0.403bcde 43.00+0.57¢0f 53.00+0.58¢d® 17.67+0.43Pcde
[-1.05%)] [+5.89%] [+6.98%] [+7.54%] [+9.66%]
To 95.13+0.902 24.14+0.4920 42.08+0.58° 52.10+0.68° 17.27+0.37°
[-0.91%)] [+4.72%] [+4.95%] [+5.94%)] [+7.53%]
Tao 95.73+0.862 24.44+0,523bcde 42 .47+0.73bcde 52.56+0.35° 17.50+0.26cde
[-0.28%)] [+5.89%] [+5.81%] [+6.77%] [+8.76%]
Tu 95.0+0.95% 25.47+0.329¢f 44.50+0.26" 54.60+0.20° 18.07+0.34¢%
[-1.05%)] [+9.69%] [+10.11%)] [+10.25%] [+11.64%]
Ti2 95.60+0.832 24.75%0.44bcde 43.60+0.23%f 53.51+0.36% 17.86+0.17Pcde
[-0.42%)] [+7.06%] [+8.26%] [+8.43%] [+10.61%]
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T3

96.03+0.742
[+0.03%]

25.00+0.58¢0¢f
[+8.0%]

44.3020.48°
[+9.71%)]

54.42+0.42°
[+9.95%)]

17.95+.13%%
[+11.05%)]

Effect on Leaf Area Index

Leaf area index was dramatically affected with various treatment combinations. It was found that the leaf
area index increased by one to two-fold under T4 (30 DAS) and at harvest. The observations of LAI
under T3 and T2 were at par with T4 while the minimum LAI was observed under T1 i.e. control (Fig. 1).
Leaf surfaces are the primary borders of important processes related to energy and mass exchange such as
canopy interception, evapo-transpiration and gross photosynthesis and these were directly proportional to
LALI. The difference in LAl among the treatments might be due to the biochar based organic amendments
(De et al. 2011, Camargo et al 2016).

Fig-1: Effect of biochar based organic amendments on LAl in Potato
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Effect of biochar on yield attributes of potato

All treatment combinations posed a positive impact on the yield parameters of potato (Table. 2).
The days to emergence were found to be lowest under T4 while days to emergence were
recorded to be highest under control conditions, clearly depicting the positive response of potato
seeds towards treatment. On the contrary, plants took more days to mature i.e. (115) under T4.
The treatment T4 resulted in maximum no. of haulms per plant (4.43) that eventually led to
increased average weight of tubers per plant and ultimately resulted in increased yield.
Numerous studies have indicated the strong potential of biochar application in improving crop
production (Van Zwieten et al., 2010; Zhang et al., 2012; Nair et al., 2014). Increased crop yield
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is a mostly recognized benefit of biochar application. However, crop responses are highly

variable and reliant on biochar type and application rates.

Table-2: Effect of biochar based organic amendments on days to emergence, days to maturity,
number of haulm, average weight of tuber plant® (g) and yield q halin Potato (Solanum

tuberosum L)

Treatments Days to Days to Number of Average wt. of | Yield gha?
details emergence maturity haulm plant® | tuber plant™ (g)
T1 20.00+1.0+¢ 111.33+0.672 4.00+2 315.941.442 266.00+2.272
T2 17.63+0.32% | 112.33+1.20%¢ 4.37+0.06° 388.7+1.62" 363.67+1.80f
[-13.42%)] [+0.89%] [+8.54%] [+18.71%)] [+26.86%)]
Ts 18.33+0.88%¢ | 114.67+0.67" 4.40+0.05% 392.6+3.22"9 365.10+2.08f
[-9.09%)] [+2.91%] [+9.16%] [+19.52%)] [+27.14%)]
Ts 17.59%0.262 115.00+0.58° 4.43+0.06° 399.1+0.409 366.17+2.16f
[-13.70%] [+3.19%] [+9.64%] [+20.84%)] [+27.36%)]
Ts 19.20+0.42P¢ | 112.00+0.58% 4.33+0.07° 349.5+5.83¢ 303.33+1.37°
[-4.17%)] [+0.60%] [+7.69%)] [+9.60%)] [+12.31%)]
Ts 19.59+0.38% 112.00+1.52%¢ 4,28+0.04°cd 337.9+5.13° 298.67+1.53°
[-2.09%] [+0.60%)] [+6.61%] [+6.49%] [+10.94%)]
T 18.2040.15%¢ | 111.67+0.33% 4,29+0.05d 342.7+2.08" 300.30+1.55°
[-9.89%] [+0.30%] [+6.83%] [+7.80%] [+11.42%)]
Ts 19.20+0.20°¢ | 113.00+1.15%¢ 4,34+0.05° 367.2+3.44%f 343.40+1.34¢%
[-4.17%] [+1.47%)] [+7.83%] [+13.97%)] [+22.54%)]
To 19.00+0.0%>¢ | 114.33+0.88% 4.31+0.03bcd 358.9+1.41¢ 338.12+1.58°¢
[-5.26%)] [+2.62%] [+7.26%)] [+11.98%] [+21.33%)]
Two 18.20+0.42%¢ | 113.33+0.88%¢ 4.35+0.06° 362.6+2.0% 341.70+1.04%
[-9.89%] [+1.76%] [+7.98%] [+12.87%] [+22.15%)]
T11 18.5040.29%¢d | 113.33+1.20%° 4.38+0.03"d 376.7£1.539 347.33+1.80°
[-8.11%] [+1.76%] [+8.61%] [+16.13%)] [+23.42%)]
T2 18.50+0.29%¢d | 113.33+0.672>° 4.17+0.042° 369.5+1.04¢f 344.70+1.67%
[-8.11%] [+1.76%] [+4.00%] [+14.50%] [+22.83%)]
T3 19.20+0.42b<d 115.00+0.58° 4.20+0.12%° 373.1+1.54% 346.66+1.87%
[-4.17%] [+3.19%] [+4.76%)] [+15.31%] [+23.27%]

Note: T,= Control (positive amendments — 100% NPK), T,= 25% RDF + 75% (BM+VC+PM) + 20% Biochar), Ts= 25% RDF + 75%
(BM+VC+PM) + 30% Biochar), T,= 25% RDF + 75% (BM+VC+PM) + 40% Biochar), Ts= 25% RDF + 75% BM + 20% Biochar, T¢= 25%
RDF + 75% VC + 20% Biochar, T;= 25% RDF + 75% PM + 20% Biochar, Ts= 25% RDF + 75% BM + 30% Biochar, T¢= 25% RDF + 75% VC
+ 30% Biochar, Tip = 25% RDF + 75% PM + 30% Biochar, T1;= 25% RDF + 75% BM + 40% Biochar, T1,= 25% RDF + 75% VC + 40%
Biochar, T15= 25% RDF + 75% PM + 40% Biochar.

CONCLUSION

In nutshell, it is concluded that among different treatment combinations of biochar amendments,
the treatment T4 i.e. (25% RDF + 75% (BM+VC+PM) + 40% Biochar) not only resulted in
growth promotion in terms of plant height but also accelerated the yield parameters. Thus, this
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treatment combination may be recommended to farmers for improved agronomic performance of

crop.
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