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This study evaluated the effects of treating cocopeat with calcium nitrate (Ca(NOs3),) at
different soaking durations on potato (Solanum tuberosum L.) Apical Rooted Cuttings (ARCs)
growth and yield parameters. A greenhouse pot experiment was carried out at the Climate
and Water Smart Agriculture Centre of Egerton University, Kenya. An air-dried cocopeat 1.5
kg per treatment, was treated using five soaking durations (12, 24, 36, 48 and 72 hours) x

Keywords . . .

four levels of Ca(NQOs3), (0, 60, 100 and 150 g) soaked in 15 litres of water. Soil and the un-
ARCs treated cocopeat were used as positive and negative controls, respectively. The treatments
Mini-tuber . . . . .
Potassium were arranged in a completely randomized design with three replicates. The results showed
Soilless that there was no significant (P>0.05) interaction effect of Ca(NOs3), x soaking duration for
Yield the number of branches and normalized difference vegetative index. The main effect of 150

g Ca(NOs3), gave the highest average number of branches (16.13), NDVI (0.89) and plant
height (73.51 cm) followed by 100 g of Ca(NOs),. Soaking duration of 36 hours economically
produced the highest growth parameters 12.75 and 61.46 cm an average number of branch-
es and plant height, respectively. Significant (P<0.001) interaction effects were observed for
the plant height and all the yield parameters. The interaction of 100 g Ca(NOa), and soaking
for 36 hours gave the highest mini-tuber yield of 464.67 g plant™and an average number of
tubers of 21.67 tubers plant®. Therefore, 100 g Ca(NOs), and a soaking duration of 36 hours
to treat 1.5 kg of air-dried cocopeat is recommended for higher ARCs yield and yield parame-
ters.
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INTRODUCTION

In the coming decades, achieving nutrition and sustainability in
food for the growing population estimated at 9.7 billion people
by 2050 will require significant improvements to the global
food system (FAO et al., 2018; Waaswa and Satognon, 2020).
In contribution to this, potato is one of the potential crops that
need such improvement. Based on its demand in over 149
countries, its cultivation is estimated at 19 million hectares
globally, with 378 million tonnes of productivity (Campos and
Ortiz, 2020). Kenya is now the fourth biggest potato producer
in Africa with a total production of 1.8 million tonnes cultivated

on 217,315 hectares (FAOSTAT, 2018). Presently, after maize
(Zea mays) potato is considered the second most important
staple food and is valued at approximately USD 500 million
annually (Wang'ombe and Dijk, 2013; CIP, 2019). Regardless of
Kenya's potential in potato production, there still exist major
production challenges. According to KEPHIS, (2016), approxi-
mately 2% of the potato-growing areas in Kenya are planted
with certified seeds. This means that approximately 98% of the
potato-growing areas are planted with uncertified seeds. Due
to the use of uncertified planting materials, Kenya's average
potato yield is currently at 9-10 tonnes ha compared to global
productivity of 20-40 tonnes ha™ (VIB, 2019). Increased short-
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age of certified planting materials has led to low yields, the
spread of pests and diseases and poor-quality products (Demo
et al., 2015). A study conducted by Gildemacher et al. (2011),
showed that a positive selection of seeds provided smallholder
farmers with better quality seeds and led to high yields. To min-
imize these challenges, techniques such as hydroponics are
cardinal for mini-tuber production. Hydroponics technique
includes the use of soilless culture and nutrient supply through
a fertigation system. This technique is introduced into Sub-
Saharan Africa (SSA) to provide a simple but effective tech-
nigue for multiplying early-generation seeds (Parker et al.,
2019). The introduction of hydroponics in SSA has resulted in
increased mini-tuber production (Harahagazwe et al., 2018).
The use of appropriate growth media leads to higher productiv-
ity and returns. Growing media are materials, other than soils,
in which plants are grown. This includes organic materials such
as cocopeat, compost, tree bark and poultry feathers or inor-
ganic materials such as clay, perlite, vermiculite and mineral
wool, amongst others (Rehman et al., 2020). Alternative meth-
ods for seed multiplication are gradually shifting to the use of
soilless media such as cocopeat, pumice, peat moss, vermiculite
and sawdust, amongst others (Zimba et al., 2014). Mini-tuber
production is one of the primary methods for potato produc-
tion. As such, growth media systems can be used as an effec-
tive technique for producing certified seed potato (Lakhiar
et al., 2018; Campos and Ortiz, 2020). Soilless culture is in the
process of becoming a vital part of the world’s agriculture. Com-
mercial application of soilless culture has increased over the
years as an alternative to costly soil disinfection and high
productivity and increased water use efficiency (Chiipanthenga,
2012; Kakuhenzire et al., 2017). Using soil as growth media for
seed potato production increases the low multiplication rate of
tubers and lowers disease prevalence and laborious weed control
(Kamrani et al., 2019). Aeration, water holding capacity and
drainage requirements are typically low in soil compared to soil-
less media.

Widespread adoption of soilless potting media in global food
production has been reported as the technical solution for
problems including low productivity, root diseases, root zone
oxygen deficiency and fertility control in soil (Kamrani et al.,
2019). One of the most widely used soilless growing media is
cocopeat (Kamrani et al., 2019; Wittman, 2020; Halamba and
Kuack, 2021). Cocopeat is a planting media made from
coconut husk, but its salinity problem is not to be underesti-
mated. It has an easily absorbing and water holding ability
which facilitates the exchange of air, and water, it can be
reused for about four years, allow for maximum root growth to
support the plant physically, and has a low environmental
impact (Gohil, 2018; Putra et al., 2019). The advantages of
soilless systems over soil are that it is pathogen-free, growth
and yield are independent of the soil type, has better sup-
port for growth through a targeted supply of nutrient solu-
tion due to its favourable physical and chemical properties
(Goddek et al., 2019).

Nevertheless, cocopeat has its challenges. Cocopeat’s initial
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cation exchange sites are naturally loaded with K Sachin et al.
(2020) and Na with little or no calcium (Ca) and Nitrogen
(N); Halamba and Kuack, (2021); Wittman, (2020). Cocopeat
is loaded with high potassium (K) 38.5-40 cmol kgt and sodi-
um 13.04-15 cmol kg depending on the source (Gbollie et al.,
2021; Kimbonguila et al., 2019; Putra et al, 2019; Wittman,
2020). Excessive concentration of K may increase the leaching
of Ca and Mg from the soil, causing soil acidification (Puga
et al., 2016). Efforts are made to optimize K in cocopeat before
using it as a growing media (Gbollie et al., 2021). Optimizing a
high level of K in cocopeat reduces K toxicity, stimulates root
development, and grow crops like potato (Shanmugasundaram
et al., 2014). Due to the limited knowledge about cocopeat
treatment in Kenya, most horticultural producers import their
cocopeat from India, Finland, Sir-Lanka, and the Netherlands,
amongst other countries (AFA-NOCD, 2020). Efforts have been
made to make cocopeat suitable for the production of horticul-
tural crops instead of soil. Soaking and leaching of cocopeat
with Ca(NOs3), reduces elements that are naturally bonded to
the cation exchange complex of cocopeat (Gbollie et al., 2021;
Marock, 2021). The use of Ca(NOs3), in this process presents a
potential approach to reduce the adverse effects of the locally
available cocopeat for use as seed potato growth media. Treat-
ed cocopeat has consistent quality in terms of salinity and
exchangeable cation concentrations. This research objective
was to determine the effects of nutrient contents in cocopeat
as the result of Ca(NQO3), and soaking duration on the growth
and yield of potato under a greenhouse condition. The findings
of this study will improve the use of soilless media among pota-
to producers and increase hydroponics mini-tuber production,
thereby, increasing mini-tuber productivity and contributing to
global food security.

MATERIALS AND METHODS

Experimental site description

A greenhouse pot experiment with each pot of height 30 cm,
base diameter of 28 cm and top diameter of 28 cm was carried
out at the Climate and Water Smart Agriculture Centre of
Egerton University, Kenya. The study site is on a latitude of 0°
23’ South, a longitude of 35°36’ East with an altitude of 2267
metres above sea level. The experimental site is in agro-
ecological zone Il (medium potentials) with annual rainfall
between 950 and 1500 mm (Amata et al., 2009). The average
maximum and minimum greenhouse temperatures were 30.79
°C and 14.38 °C, respectively. For the soil treatment, the soil
used was Mollic Andosols with well-drained, dark reddish clays,
slightly acidic as classified by (Satognon et al., 2021).

Experimental procedure and treatments

The experiment was arranged in a completely randomized
design with three replicates. The cocopeat used (1.5 kg treat-
ment™) was treated using five (5) soaking durations (12, 24, 36,
48, and 72 hours) and four (4) levels of Ca(NOs), (0, 60, 100,
and 150 g) mixed in 15 L of water (Gbollie et al., 2021). The
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Table 1. Effects of calcium nitrate and soaking durations on the chemical properties of treated cocopeat

K Na Ca Total N EC

Treatment cmol kg?! (g kg™ (mS cm™) pH

CcoD1 21.88 2.17 3.35 4.97 0.38 5.62
COoD2 20.51 2.10 3.00 5.20 0.43 5.67
COD3 19.66 1.96 2.75 5.23 0.49 5.68
COD4 18.38 1.81 2.58 5.10 0.54 5.74
COD5 17.52 1.81 6.33 5.33 0.57 5.70
CiD1 14.10 1.81 12.83 6.43 0.61 5.72
CiD2 12.82 1.67 13.00 6.50 0.62 5.74
CiD3 10.86 1.60 15.33 6.93 0.63 5.70
CiD4 9.92 1.48 16.67 6.97 0.63 5.64
CiD5 8.72 1.31 17.33 7.17 0.65 571
Cc2D1 8.63 1.23 24.50 7.87 0.67 5.69
C2D2 7.61 1.16 26.17 7.90 0.70 5.72
C2D3 7.18 1.03 32.33 8.30 0.74 5.71
C2D4 6.50 0.95 35.17 8.77 0.75 5.64
C2D5 5.55 0.94 39.83 9.60 0.79 5.65
C3D1 8.72 0.86 49.83 10.27 0.88 5.66
C3D2 5.64 0.65 5483 11.53 1.01 5.70
C3D3 7.78 0.58 5717 13.03 0.95 5.65
C3D4 5.56 0.65 64.00 13.03 0.97 5.69
C3D5 7.09 0.59 65.00 13.60 1.11 5.61
COoDO 33.33 13.90 3.51 5.30 1.55 5.83
Soil 1.20 0.28 2.20 3.20 0.13 5.38

Note: CO, C1, C2, C3: are calcium nitrate 0, 60, 100, and 150 g, respectively. D1, D2, D3, D4, and D5: are the soaking durations of 12, 24, 36, 48

and 72 hours, respectively.

mixtures were then soaked for their respective soaking dura-
tions. After every six hours, each treatment was mixed to en-
sure a uniform reaction. Each treatment was separately rainsed
using 15 L of tap water after the soaking durations. Thereafter,
hydrogen peroxide (H,O,) 0.5 ml into one (1) litre of tap water
was used for the second rinsing. Ten litres of the H,O, solution
were used to rinse each treatment. A third rinsing was done
with 5 litres of tap water (without hydrogen peroxide) for each
treatment and the media was left standing for 24 hours to drain
the remaining water. Seed potato apical rooted cuttings
sourced from Stockman Rozen Limited, Naivasha, Kenya were
planted in each treatment after 24 hours. The treatments
amounted to 22 after the soil and the untreated cocopeat were
included as positive and negative controls, respectively.

Treatments and determination of the chemical properties

Samples of the treated cocopeat, the untreated cocopeat that
was sourced from Cocoponics Africa Limited and the soil were
taken and analysed at the Kenya National Agricultural Research
Laboratory (NARL)-Kabete for K, Na, Ca, N, EC, and pH (Table
1). The water quality was evaluated because it affects the
exchange reactions of K, Na and Ca on the adsorption complex
of cocopeat (Ko et al., 2017). The pH and EC were determined
using a 1:2 (w/v) ratio of media to water suspension using a pH
metre and conductivity metre for EC (Yadata, 2014). Using the
Kjeldahl digestion method as in Okalebo et al. (2002) for total N
determination, samples of the substrates were dried in an oven
at 70 °C and oxidized with hydrogen peroxide 30% at a rela-
tively low temperature (100 °C). After decomposition of the
excess H,O, and water evaporation, digestion was completed

with a concentrated 96% sulphuric acid (H,SO,4) at elevated
temperature (330 °C) under the influence of selenium powder
as the catalyst. After the digested samples were cooled over-
night, the exchangeable Ca was determined using an Atomic
Absorption Spectrophotometer (AAS) at a wavelength (A) of
422.7 nm while exchangeable K and Na were determined using
a flame photometer at a A of 766 nm and 589 nm, respectively.

Description of the potato variety used

One apical rooted cuttings potato variety, Shangi was used for
this experiment. Shangi is one of the most grown varieties in
Kenya and it is a semi-erect medium-tall variety (slightly below
1 m in height) with moderately strong stems and light green
broad leaves with pink flowers (NPCK, 2019). Shangi is suitable
for almost potato growing regions in Kenya, but mainly in
Central, Rift Valley, and Eastern regions. It grows well at an
altitude of 1500 metres above sea level or higher. Under
favourable conditions, it matures early in about 3 months and
has a potential yield of 30-40 tonnes ha and it is moderately
susceptible to late blight disease (NPCK, 2019).

Experimental management

A drip irrigation system with hydroponics nutrient solutions (A
and B) composed of the essential macro and micro-elements
were each mixed at the ratio of 1 g L% Water + nutrient
(fertigation) was supplied at 0.30 litres plant™® every two days
up to the flowering period. After flowering, the nutrient/water
supply was reduced to 0.30 litres plant? after three days.
Insect pests were controlled with Thunder (Imidacloprid 100 g
L + Beta-cyfluthrin 45 g L) applied at the rate of 0.5ml L.
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Late blight was controlled using Infinito at the ratio of 0.5 ml L
of water. Weeding was done regularly only on the soil treat-
ment (positive control).

Data collection

Data was collected on the number of branches, NDVI using a
GreenSeeker handheld gadget, plant height, yield (total), mini-
tuber number, and mini-tuber classes <8.00 g, 8-15.99 g, 16-18
g, and >18.00 g represented as C1, C2, C3 and C4, respective-
ly. The yield projection was computed using the formula:

Yield obtained (kg) x 10,000M?
Number of plants harvested x planting distance

Yield (tonnes hectare) =

Data analyses

Data collected was subject to the Shapiro-Wilk normality test
for the conformation of ANOVA assumptions. General Linear
Model procedures of the statistical analysis system (SAS),
version 9.0 was used for ANOVA at P<0.05 (SAS Institute Inc.,
2002). Treatment means for the main effects of soaking dura-
tion and Ca(NOsj), were separated using Tukey’s Honestly
Significant Difference (HSD) test at a probability of 0.05.
Pearson’s correlation tests at P<0.05 were performed between
cocopeat nutrient content versus the nutrient uptake.

RESULTS AND DISCUSSION

Correlation between nutrient uptake at 50% blooming and
cocopeat nutrient content

There were strong positive correlations between K in the me-
dia and K uptake (r= 0.90""), Ca in the media and Ca uptake (r=
0.96"") and between N in the media and N uptake (r= 0.84"").
These positive relationships were due to the presence of the
nutrients in the media thus increasing the uptake. In plants,
approximately 80% of all nutrients absorbed by roots are trans-
located to the shoots (Hochmuth et al., 2018). Nitrogen in the
media and Ca uptake was positively correlated (r= 0.94) as
the concentration of N in the tissue depended on the level of
Ca(NO3),. At higher Ca(NOs3), levels, more N was made availa-
ble for plant uptake. On the other hand, there was a strong
negative correlation between K in the media and Ca uptake (r=
-0.66"). Potassium and Ca are strongly antagonistic to each
other. An excess concentration of one element inhibits the
uptake of other elements (Huu et al., 2017). The negative cor-
relation between K in the media and Ca uptake showed that as
K concentration decreases, the Ca uptake by potato increases.
The positive correlations showed that the higher the concen-
tration of a particular element in the media, the higher the
uptake.

Main effects of soaking durations and calcium nitrate levels on
Shangi potato growth and yield parameters

There was no significant (P>0.05) interaction effect of soaking
duration x Ca(NQO3), for the number of branches and the NDVI
values. However, there was a significant (P<0.01) interaction

effect for the plant height. The results for the main effect of
soaking duration showed that soaking durations 36, 48, and 72
hours significantly gave the highest growth parameters com-
pared to soaking durations 12 and 24 hours. An average num-
ber of branches plant™ ranged from 7.2 (0 g) to 16.13 (150 g);
NDVI ranged from 0.61 (0O g) to 0.89 (150 g) and plant height
from 39.83 cm (0 g) to 73.51 cm (150 g) all at 77 days after
planting. Soaking duration of 36, 48, and 72 hours were not
significantly different from each other (Table 2). In all the soak-
ing durations, the NDVI values were not significantly different.
As for the Ca(NOs), effects, the growth parameters were sig-
nificantly (P<0.05) increased with an increase in the calcium
nitrate levels (Table 2). The increasing trend was: 0< 60<
100< 150 g, respectively. The main effect of Ca(NO3), is suffi-
cient to enhance the number of branches and the NDVI of
Shangi potato apical rooting cuttings. The insignificant differ-
ences between soaking durations 36, 48, and 72 hours suggest
that soaking cocopeat above 36 hours does not increase the
growth parameters. Hence, growers should not waste their
time soaking cocopeat for < or > 36 hours to attain higher
growth parameters. The growth parameters were also directly
proportional to the Ca(NQs), application. Sidhu et al. (2018),
reported that the applications of Ca(NOs), at different concen-
trations increase plant growth-related parameters. The growth
parameters tend to increase as the Ca(NQOs3), levels increase.

There were significant (P<0.001) interaction effects of Ca(NO3)
» X soaking duration for all the yield parameters. The results
revealed that except for mini-tuber C1, soaking durations of 36
and 48 hours significantly (P<0.05) produced the highest yield
parameters: mini-tuber C2, C3, C4, number of tubers, and the
total yield plant (Table 3). As in the growth parameters, soak-
ing cocopeat for more than 36 hours does not also increase the
yield parameters. Longer soaking durations may have extracted
more elements than needed. Also, soaking cocopeat for <36
hours may extract less K and Na thus affecting the yield param-
eters and the full effects may not be observed. The yield in
durations of 36 and 48 hours was 284.92 g plant™ and 274.42
g plant’l, respectively while the yield in 12 hours was 227.08 g
plant™. As for the Ca(NO3), levels, 100 g of Ca(NO3), signifi-
cantly (P<0.01) gave the highest yield (371.73 g plant™), num-
ber of tubers (15.73 tubers plant™®), C2, C3, and C4 classes
(Table 3). The lowest yield parameters were observed in O g of
Ca(NOs),. The total percentage production was 10.1%, 19.7%,
34.4%, and 35.8% in Ca(NOs), 0, 60, 150, and 100 g, respec-
tively. Although the growth parameters are directly proportion-
al to the Ca(NOs), levels, this does not necessarily mean that
the yield parameters are also directly proportional to the Ca
(NO3), levels. As seen in the results, 100 g of Ca(NO3), signifi-
cantly produced the highest yield parameters than 150 g of Ca
(NO3),. This means that Ca(NOs), >100 g may merely increase
the growth parameters, but not the yield parameters which are
most important to farmers. As reported by Najm et al. (2010),
the use of excessive N for potato production leads to immoder-
ate growth. The NDVI was directly proportional to the number
of branches and plant height because, it quantifies the plant
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Table 2. Means separation for the effects of soaking duration and ca

Icium nitrate on potato growth parameters.

Soaking duration (hours) Number of branches NDVI Plant height (cm)
12 11.58¢ 0.74° 57.05°

24 11.92%¢ 0.76 57.95°

36 12.75%® 0.78° 61.46°

48 12.83%® 0.78° 62.14°

72 13.33° 0.78° 63.17°
MSD 0.95 0.06 2.57
Calcium nitrate (g) Number of branches NDVI Plant height (cm)
0 7.20¢ 0.61¢ 39.83¢

60 11.87¢ 0.76¢ 59.37¢

100 14.73° 0.81° 68.68°

150 16.13° 0.89° 73.51°
MSD 0.80 0.05 2.15

The means followed by the same letter(s) in the same column are not significantly different using Tukeys’ HSD test at a 5% significance level. 0.0, 60.0,
100, and 150 gram of Ca(NO3)2and 12, 24, 36, 48, and 72 soaking durations hours, MSD: Minimum significant difference.

Table 3. The main effects of soaking duration and calcium nitrate on

Shangi potato yield parameters

Tuber weight classes

Soaking durations (hours)  Yield (g plant™) Tubers plant™®

c1 c2 c3 [
12 227.08¢ 10.50° 4.00° 2.08° 2.17% 2.25P
24 247.42¢ 11.92° 4.33° 2.33¢ 2.83° 2.42°
36 284.92° 13.17° 4.42° 2.83° 2.50% 3.42°
48 274.42° 12.00%® 4.00° 2.67% 2.67% 2.67%
72 263.08° 10.33¢ 4.67° 2.00¢ 1.66° 2.00°
MSD 11.13 1.20 0.69 0.48 0.54 0.77
Calcium nitrate (g) Yield (g plant?)  Tubers plant™ c1 Cc2 c3 c4
0 104.67° 7.93¢ 4.13° 2.33° 1.27¢ 0.20°
60 204.33¢ 9.87¢ 3.60% 2.13° 2.07° 2.07°
100 371.73° 15.73% 3.53¢ 2.93° 3.87° 5.40°
150 356.80° 12.80° 5.87° 2.13° 2.67° 2.53°
MSD 9.34 1.01 0.58 0.40 0.46 0.64

The means followed by the same letter(s) in the same column are not signifi

cantly different using Tukeys' HSD test at a 5% significance level. O, 60,

100, and 150 gram of Ca(NO3)2 and 12, 24, 36, 48, and 72 soaking durations hours, MSD: minimum significant difference.

biomass (Xue and Su, 2017). As N increases, the growth
parameters tend to increase thus increasing the NDVI of the
plant.

Interaction effects of calcium nitrate levels and soaking
durations on Shangi potato growth and yield parameters

There were significant (P<0.001) differences amongst treat-
ments for all the growth parameters: number of branches,
NDVI, and plant height (Table 4). For the number of branches
per plant, C2D3 to C3D5 (treatments with >100 g Ca(NOs3),)
had significantly higher branches between 14-17 pIant'1 than
the other treatments. The least number of branches (4.67)
were found in Soil (positive control), CODO (5.33) (negative
control) COD1, COD2 and CODS, respectively. The growth pa-
rameters were highly influenced by the concentration of N in
the media. Treatments with high Ca(NOs3), levels had high N
availability, and therefore growth was higher. The tissue anal-
yses showed excessive N concentrations in C3D1 to C3D5.
This is one of the factors for high vegetative growth. According
to Ruza et al. (2013); Banjare et al. (2014), N is well known for
its influence on potato growth parameters. The highest NDVI
values were obtained from C1D4 to C3D5 where the applica-
tion of Ca(NO3), was 60 to 150 g 1.5 kg™ of cocopeat in 15

litres of water were done. The least NDVI values were found in
treatments without Ca(NQO3), (COD1 to CODS5), the untreated
cocopeat (CODO), and the soil treatment. The NDVI values in-
creased with an increase in Ca(NQs3), levels. The C3D5, which
had the highest N, produced 56.90% and 52.26% more branch-
es than positive and negative controls. Due to the high N con-
centration in this C3D5, its NDVI and plant height was more
significant than the negative and positive controls. All the
growth parameters were highly correlated (P<0.001) with the
yield parameters, and this was also observed by (Larkin et al.,
2021). These positive correlations were due to the nutrient
availability to plants, plant health, and the media's suitability in
the higher yield treatments. The normalized difference vegeta-
tion index that reflects the N level of the plant was correlated
with the number of branches and plant height due to the
plant's vegetative growth. Other studies have reported that
NDVI quantifies the canopy growth, vegetation cover, and
growth dynamics of plants (Xue and Su, 2017). The highest
plant height was observed in C3D5, C3D4, C3D3, and C2D3.
While the least plant height was observed in COD1 to COD5
(treatments without Ca(NOs),), CODO, and Soil. The positive
relationship between yield and the number of tubers per plant
was also observed by Khayatnezhad et al. (2011). Contrary to
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Table 4. Means separation for the interaction effects of calcium nitrate levels and soaking durations on potato growth parameters.

Treatment Number of branches NDVI Plant height (cm)
coD1 6.00" 0.54°" 37.33"
CoD2 6.33% 0.58°f 39.18"
CoD3 7.00" 0.62% 39.50"
CoD4 8.00" 0.61% 40.83"
CcoD5 8.67" 0.60%f 42.33"
Cc1D1 10.678 0.72° 57.67%
Cc1D2 11.33% 0.72° 58.67%
C1D3 11.67% 0.735 57.33%
C1D4 12.67°f 0.79%¢ 62.00°%®
Cc1D5 13.00%f 0.78%¢ 61.20'
Cc2D1 14.00%% 0.78%¢ 65.70%f
Cc2D2 14.00%% 0.78%¢ 66.17%f
C2D3 16.00% 0.85% 73.00%¢
C2D4 15.00 0.81%¢ 68.33
C2D5 14.67%¢ 0.83%¢ 70.20°
C3D1 15.67%¢ 0.85% 67.50%%
C3D2 16.00%° 0.85% 67.73¢
C3D3 16.33%® 0.87° 76.00%
C3D4 15.67%® 0.87° 77.40°
C3D5 17.00° 0.88? 78.93°
CoDO 5.33% 0.47' 32.47
Soil 4.67" 0.43¢ 30.12
MSD 1.95 0.13 6.29

Means followed by the same letters(s) in the same column are not significantly different using Tukeys' HSD test at a 5% level of significance. MSD:
minimum significant difference, NDVI: moralized difference vegetation index.

Table 5. Means separation for the interaction effects calcium nitrate levels and soaking durations on the yield, number of tubers, and

tuber weight classes

Tuber weight classes

o -1 -1

Treatment Yield (g plant™) Number of tubers plant c1 2 c3 ca_
cobD1 77.33" 8.00g" 4.67°° 2.00* 1.33% 0.00/
CoD2 98.33* 10.00°® 4,33 3.00% 2.67° 0.00’
CoD3 104.33* 7.00%" 4,33 2.33% 0.33 0.00'
CoD4 119.33 7.33" 4.00° 2.33" 1.00°' 0.00'
COoD5 124.00’ 7.33%" 3.33% 2.00* 1.00°" 1.00"
C1D1 175.67' 7.67%" 4.00° 1.67% 1.33% 0.67"
C1D2 192.67" 9.00% 3.67° 1.67% 2.00° 1.67""
C1D3 204.33" 11.33% 4.00° 3.00% 2.00°* 2.33°f8"
C1D4 209.67" 11.33%f 3.00% 2.33" 3.00" 3.00°**"®
C1D5 239.33° 10.00°® 3.33% 2.00* 2.00° 2,679
C2D1 303.33 11.67°% 2.67° 2.00° 3.00 4.00°
C2D2 328.00° 14.67° 3.33% 2.67 4.00® 4.67™
C2D3 464.67° 21.67° 3.33% 4.00° 5.33° 9.00°
C2D4 415.67° 18.00° 3.00% 4.00° 4.67° 6.33°
C2D5 347.00° 12.67° 5.33%° 2.00° 2.33° 3.00°*"®
C3D1 352.00° 14.67° 4.67° 2.67" 3.00 4.33%
C3D2 370.67° 14.00¢ 6.00% 2.00* 2.67° 3.33%
C3D3 366.33% 12.67°% 6.00% 2.00* 2.33% 2.33°f8"
C3D4 353.00° 11.33%f 6.00% 2.00* 2.00° 1.338"
C3D5 342.00% 11.33%f 6.67° 2.00* 1.33% 1.338"
CoDO 47.33' 7.67%" 4.67° 2.00* 1.00°" 0.00’
Soil 33.33' 5.67" 4.67° 1.00° 0.00 0.00’
Total 5268.32 244.98 95.00 50.67 48.32 50.99
MSD 28.52 3.08 1.87 1.17 1.34 1.92

Means followed by the same letter(s) in the same column are not significantly different using Tukey's HSD test at a 5% level of

Badr et al. (2012), the number of tubers greatly influenced
potato vyield, as revealed by the correlation test. The growth
parameters are important components of crop production un-
der normal circumstances as they are highly correlated with the
yield parameters in most crops.

For all the yield parameters: total yield, number of tubers, and
tuber class C1, C2, C3, and C4 treatments were significantly

(P<0.001) different (Table 5). The highest yield (464.67 g plant™
and 415.68 g plant™) was observed in C2D3 and C2D4, respec-
tively. Similarly, C2D3 and C2D4 gave the highest percentage
yield of 8.82% and 7.89%, respectively. On the other hand, the
lowest percentage of tuber (3.13% and 2.31%) and yield
(0.90% and 0.63%) production was observed in untreated
cocopeat and soil, respectively. Out of the total number of
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tubers (244.95), C2D3 and C2D4 produced 8.85% and 7.35%,
respectively. The least number of tubers per plant were also
observed in treatments without Ca(NQOs),, the positive and neg-
ative controls. This low production in the soil and the untreated
cocopeat treatments may be due to soil compaction in the ex-
perimental pots and high Na and K concentrations in the un-
treated cocopeat. The nutrient availability and balance in media
highly influence potato growth and yield parameters (Naumann
et al., 2020). In all treatments combined, the highest number of
tubers class® were observed in C1 (95.00), C4 (50.99), C2
(50.67), and C3 (48.32). Comparatively, treatments with the
highest N and Ca concentrations in the media gave the highest
tubers in mini-tubers C1. This was due to high N in the media
that lead to higher vegetation and low yield. The use of soil for
mini-tuber production has been reported as unsatisfactory,
especially in the greenhouse. The yield projection showed that
D2D3 and C2D4 productivities were 20.65 and 18.47 tonnes
ha, respectively. Zimba et al. (2014) obtained a similar result,
who obtained 19.08 tonnes ha™ of potato using vermiculite,
11.36 tonnes ha™ using sand, and 4.3 tonnes ha™ using sawdust
as a growth media. The untreated cocopeat and soil productivi-
ties were 2.10 and 1.48 tonnes ha™, respectively. Due to the
high N in the media, C3D2 to C3D5 had higher growth parame-
ters and higher mini-tuber class C1 production compared to
C2D3 and C2D4. Excessive N leads to poor tuber quality and
delayed crop maturity, whereas nitrogen deficiency usually
results in poor vegetative growth and low yield (Banjare et al.,
2014). Concisely, cocopeat is an alternative to the soil medium
for mini-tuber production when it is well treated. The most
demanded mini-tuber class by most farmers C4 >18.00 g was
dominantly produced in C2D3 (17.63%) and C2D4 (12.41%),
while the least percentage production was 0.0%, was in COD1
to COD4, untreated cocopeat and soil. This means that when K
and Na are not fully reduced in cocopeat, the production tends
to reduce significantly. Struik (2007) also argued that using soil
for the production of mini-tubers in a greenhouse reduces the
number of tubers between 2-5 plant™ depending on the cultivar
used. Other studies by Jane et al. (2013); Kamrani et al. (2019)
have also discouraged the use of soil for mini-tuber production.
Putra et al. (2019) also obtained an average of 5.27 tubers plant
! when an untreated cocopeat was used for mini-tuber produc-
tion. Significantly, C2D3, C2D4, and C2D2, respectively, gave
the highest number of tubers in C4, the most needed mini-
tubers class in the market. On the other hand, from COD1 to
COD4, the positive and negative controls could not produce any
tuber in mini-tubers class C4. The relationships between growth
parameters and yield showed that there were strong positive
correlations between the number of tubers and NDVI (r= 0.67),
the number of tubers and plant height (r= 0.70), tubers and
branches (r= 0.73), yield and NDVI (r= 0.90), yield and number
of branches (r= 0.95), yield and number of tubers (r= 0.87), yield
and plant height (r= 0.93), and between NDVI and branches (r=
0.92) all at P<0.001.

Sheku N. Gbollie et al. /Arch. Agric. Environ. Sci., 7(3): 339-346 (2022)

Conclusion

The use of Ca(NO3), above 100 g to treat 1.5 kg of cocopeat
irrespective of the soaking durations leads to excessive Ca and
N in the media thus inhibiting potato K uptake. Potato growth
parameters are increased with an increase in Ca(NQs3),. The use
of Ca(NOs),above 100 g increases the N concentration in the
media to excessive levels thus increasing the vegetative parts
of the plant and resulting in low yield. Higher mini-tuber yield is
attained when 1.5 kg of cocopeat is soaked with 100 g of calci-
um nitrate for 36 hours. The study further recommends the
comparison study of treated cocopeat with other soilless media
for mini-tuber production.
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