
Vol.:(0123456789)1 3

International Journal of Recycling of Organic Waste in Agriculture (2019) 8 (Suppl 1):S399–S406 
https://doi.org/10.1007/s40093-019-00312-9

ORIGINAL RESEARCH

Maximizing rice husk waste for Daucus carota production

K. P. Baiyeri1 · U. P. Chukwudi1,2  · C. A. Chizaram1 · N. Aneke1

Received: 7 June 2019 / Accepted: 24 October 2019 / Published online: 6 November 2019 
© The Author(s) 2019

Abstract
Purpose Rice husk is one of the most widely available agricultural wastes in many rice producing countries of the world. 
Here, we evaluated carrot production under different rice husk-amended media aimed at providing alternative use for rice 
husk.
Methods The experimental design was 2 × 5 × 4 factorial in completely randomized design with six replications. Factor A 
consist of two production environments—high tunnel and open field while factor B was five growth media—5:0:0, 4:0:1, 
3:1:1, 2:2:1 and 1:3:1 (topsoil:rice husk:poultry manure). Factor C was four carrot varieties; ‘Touchon’, ‘Amazonia’, ‘Carrot 
New Kuroda’ and ‘Touchon Mega’. Data were collected on seedling emergence and yield parameters. The analysed means 
were separated using  FLSD(0.05).
Results The biomass yield from plants grown in high tunnel was significantly higher than plants in the open field. Highest 
root weight, wet and dry biomass yield were obtained from medium 4:0:1 followed by 3:1:1. Harvest index ranged from 
32.3% in medium 1:3:1 to 62% in 3:1:1. Days to seedling emergence among varieties ranged from 8.5 to 11.3. ‘Amazonia’ 
variety produced the highest root weight, wet and dry biomass yield and was followed by ‘Touchon Mega’.
Conclusion Carrot seedling emergence and yield differed in rice husk-amended media under high tunnel and open field 
environments. ‘Amazonia’ variety grown in media 4:0:1 or 3:1:1 gave the best yield. Inclusion of rice husk in media formu-
lation beyond an optimum rate resulted in yield reduction in carrot. Carrot is sensitive to the physio-chemical properties of 
its growth medium.
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Introduction

Increased agricultural production over the years has come 
at the expense of the ecological sustainability (Yu and Wu 
2018) as tons of agricultural wastes are generated from farm 

by-products and food wastes. Poor handling of waste often 
results in emission of methane and leachate while open burn-
ing by the farmers generate  CO2 and other local pollutants. 
Rice husk is one of the most widely available agricultural 
wastes in many rice producing countries of the world (Hos-
sain et al. 2018). In every 100 kg of rice processed, ≈ 20 kg 
of rice husk waste is generated (Ghosal and Moulik 2015). 
Lack of awareness and capacity to convert rice husk into 
resource material had diminished its usefulness. Developing 
alternative uses for agricultural wastes will not only increase 
their values but will help in eliminating their threat to the 
ecology. One of such alternative use is inclusion as media 
component in potted plant production. Media composition 
affects plant growth (Ede et al. 2015) hence; any soil amend-
ment material used in containerized plant production should 
not disrupt the water, air and nutrient retention capacity of 
the media. In developing alternative use for rice husk in 
containerized plant production, there is need to determine 
the appropriate quantity to be added based on plant need. 
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Adubasim et al. (2018) observed positive effect of rice husk 
in enhancing pH, organic matter, magnesium and available 
phosphorus as an aerator in media formulation. However, 
the study did not establish the impact on the media if the 
aerator (rice husk) quantity was to be increased or decreased. 
Also, the impact of the aerator is yet to be validated with a 
test plant.

Carrot (Daucus carota) is a root vegetable with carot-
enoids, flavonoids, polyacetylenes, vitamins, and minerals, 
all of which possess numerous nutritional and health benefits 
(da Silva Dias 2014). In Nigeria, there is high acceptance 
of carrot root with production common in northern Guinea 
Savannah and Sudan ecologies where there is drier weather. 
Edaphic and environmental factors like rainfall and relative 
humidity often delineate the niche of most plant species. 
The modification of plant growth environment to increase 
its production area can occur naturally through evolution 
and climate change or artificially by erection of protected 
structures. Protected structures like high tunnels provide 
organic and conventional growers with an economic means 
for extending the harvest season of fresh fruits and vegeta-
bles in a wide range of climate zones (Gu et al. 2017).

The integration of high tunnel in horticultural production 
is still at its inception stage in Nigeria, but holds the poten-
tial of removing the limitation placed by climate on crop 
production in the derived Savannah ecology. The derived 
Savannah ecology is characterized by heavy rainfall, high 
relative humidity and low insolation. These conditions may 
not be optimum for carrot production. Sensory and mor-
phological attributes in carrot respond differently to growth 
environment and genotype (Bach et al. 2015). Understanding 
the genetic expression of a cultivar in a new environment is 
vital for its successful introduction.

To our knowledge, virtually no study has assessed the 
effect of growing carrot in rice husk-amended soil media. 
Converting rice husk, an agricultural waste, into produc-
tion resource in an environment not hitherto used for carrot 
cultivation will not only achieve environmental sanitation, 
but also food security with potentials of poverty reduc-
tion. Having this mindset, this study was initiated to assess 
emergence and yield of four varieties of carrot in rice husk-
amended media under high tunnel and open field production 
environments.

Materials and methods

Description of experimental site

The experiment was performed in 2014 and 2015 at the 
Teaching and Research Farm of the Department of Crop 
Science, University of Nigeria, Nsukka campus Enugu 
State, Nigeria. The experimental site is located at 06°52′N, 

07°24′E and is about 447 m above sea level. Nsukka is in 
the derived Savannah ecology. The area is characterized 
by lowland humid conditions with bimodal annual rainfall 
distribution that ranged from 1155 to 1955 mm. Its mean 
annual temperature ranged from 29 to 31 °C with relative 
humidity of 69–79%.

Experimental design and formulation of media

The experimental design used was 2 × 5 × 4 factorial experi-
ment fitted into in a completely randomized design with six 
replications. Factor A consist of two production environ-
ments namely high tunnel and open field while factor B 
was five growth media namely 5:0:0, 4:0:1, 3:1:1, 2:2:1 and 
1:3:1. Factor C comprises four carrot varieties; ‘Touchon’, 
‘Amazonia’, ‘Carrot New Kuroda’ and ‘Touchon Mega’.

The media were formulated on volume ratios of topsoil, 
rice husk and poultry manure. The topsoil was obtained 
from the experimental site at the depth of 0–30 cm. The 
experimental soil is classified as ultisol according to the soil 
taxonomy of the USDA (Soil Survey Staff 2014). Chukwudi 
and Agbo (2014) described the soil as sandy clay loam hav-
ing low organic carbon content of about 1.46% with low 
nitrogen, phosphorous, potassium, magnesium, calcium and 
base saturation contents and high exchangeable acidity. The 
rice husk was sourced from a rice mill at Adani Rice Farm 
settlement while the poultry manure was obtained from the 
poultry unit of the University farm, all located in Enugu 
State, Nigeria. The topsoil, rice husk and poultry manure 
were dried, sieved and homogenized before been used for 
the media formulations. As the aim of the study was to 
assess the suitability of rice husk-amended soil in carrot 
production, different volumes of topsoil were replaced with 
rice husk in three media while maintaining topsoil + rice 
husk + poultry manure ratio (vol./vol./vol.). Among the two 
media used as control (without rice husk amendment), one 
contained topsoil + poultry manure while the other contained 
only topsoil. The media were mixed as follows:

1. 4:0:1 (topsoil:rice husk:poultry manure)
2. 3:1:1 (topsoil:rice husk:poultry manure)
3. 2:2:1 (topsoil:rice husk:poultry manure)
4. 1:3:1 (topsoil:rice husk:poultry manure)
5. 5:0:0 (topsoil:rice husk:poultry manure).

Each medium was bagged and labelled properly after 
mixing. The media were kept out of rain and periodically 
turned to ensure uniform decomposition. After 13 weeks of 
decomposition, equal volume of each mixture was trans-
ferred to plastic planting pots (14 cm length × 12 cm diam-
eter) perforated at the base for drainage. The use of vol-
ume was to remove the variation caused by the different 
amount of soil in each growth media. Two hundred and forty 
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(4 × 2 × 5 × 6) planting pots were used for the study. The four 
carrot varieties seeds were planted in the different media and 
placed in the high tunnel and open field. The study was done 
during the dry season and a uniform irrigation was applied 
to the plants.

Data collection

The number of days to seedling emergence was monitored 
after planting. Three months after planting when the roots 
had turned bright orange colour the plants were harvested. 
Plants from three buckets in each treatment were randomly 
selected for harvest index determination and number of 
forks was counted. The selected plants were individually 
weighed using a digital scale to determine the wet bio-
mass yield. The roots (economic yield) were separated 
from above ground plant parts and weighed. The roots and 
above ground plant parts were oven dried at 70 °C to con-
stant weight to ascertain the dry matter accumulation (dry 
biomass yield). The economic yield and wet biomass yield 
were used in the calculation of harvest index on fresh weight 
basis using the following equation (Smith et  al. 2018): 
Harvest index(%) = (economic yield /biological yield) × 100.

Laboratory analyses

Samples of the formulated growth media were taken to the 
laboratory unit for physical and chemical analyses. Media 
pH, organic matter content, nitrogen content, available 
phosphorus, exchangeable bases  (K+,  Na+,  Ca2+ and  Mg2+), 
acidity and cation exchange capacity were determined as 
described by Estefan et al. (2013). Base saturation was cal-
culated as the ratio of the four exchangeable bases to the 
effective cation exchange capacity (e-CEC), being the sum 
of the exchangeable bases and the exchangeable acidity.

Data analysis

The collected data were subjected to analysis of variance 
(ANOVA) according to the procedure outlined for facto-
rial experiment in completely randomized design using 
GenStat software (GenStat 2011). Fisher’s least significant 

difference (F-LSD) at 5% level of probability was used to 
separate means when there was a significant F test in the 
ANOVA table.

Results and discussion

Media composition

The result of the physical analysis of the various media 
showed no difference in their textural class. They had a com-
mon textural class of sandy loamy, however the highest clay 
content was found in 5:0:0 while the least was recorded in 
2:2:1 and 1:3:1 (Table 1).

The percentage clay content decreased as the volume 
of topsoil decreased. Substituting topsoil with rice husk 
decreased the coarse sand content and increased the fine 
sand content of the media. The highest fine sand and low-
est coarse sand were obtained from medium 1:3:1. The 
organic matter content, total nitrogen and CEC of the media 
increased with addition of rice husk. Adubasim et al. (2018) 
reported marginal increase in total nitrogen, available phos-
phorus and organic matter content of soil-based nursery 
media amended with rice husk. Besides being of high nutri-
ent content and moisture retention capacity, rice husk is 
a good aerator (Adubasim et al. 2018; Baiyeri and Mbah 
2006). The pH is an important index of chemical quality 
and horticultural value of nursery media (Adubasim et al. 
2018). In this study, the pH results showed that the soil of 
the experimental site was acidic in nature. The highest pH 
values  (H2O and KCl) were obtained when the soil was 
amended with poultry manure without rice husk (medium 
4:0:1). Among the rice husk-amended media, adding one 
volume of rice husk (3:1:1) produced the lowest pH of 6.8 
in water and 6.4 in KCl. Inclusion of rice husk with poultry 
manure in the growth media neutralized the acidity of the 
topsoil to slightly acidic/neutral pH level. Earlier studies 
(Baiyeri and Mbah 2006; Islabão et al. 2014) showed that 
rice husk and rice husk ash were effective in reducing soil 
acidity under greenhouse and field conditions, respectively. 
Slightly acidic soil promotes plant root growth and increases 
nutrient availability (Taiz and Zeiger 2014).

Table 1  Chemical properties of the rice husk-amended soil media and controls

OM organic matter, TN total nitrogen, CEC cation exchange capacity (cmol kg-1), BS base saturation, Av. P available phosphorus

Media pH  H2O pH KCl OM (%) TN (%) Na+ K+ Ca2+ Mg2+ CEC BS (%) Al3+ H+ Av. P

4:0:1 7.5 7.1 3.51 0.21 0.261 0.26 7.0 4.0 14 82.27 – 1.6 45.70
3:1:1 6.8 6.4 4.51 0.25 0.263 0.27 6.0 6.0 17.2 72.85 – 1.0 55.96
2:2:1 7.3 7.0 10.11 0.36 0.231 0.22 3.0 9.0 24.4 53.49 – 1.4 76.48
1:3:1 6.7 6.6 11.59 0.38 0.231 0.19 3.0 9.8 22.4 59.92 – 2.2 75.55
5:0:0 4.6 4.3 1.42 0.07 0.181 0.21 1.4 0.8 13.2 19.61 0.8 1.2 13.99
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Effects of environment, media and variety 
on the seedling emergence of carrot

The number of days to seedling emergence in carrot as influ-
enced by environments, media and varieties are presented 
in Table 2.

Carrot seeds planted in the high tunnel emerged faster 
than seeds planted in the open field. Growth media signifi-
cantly influenced the number of days to seedling emergence 
of the carrots with medium 5:0:0 producing the least number 
of days to seedling emergence which was similar to medium 
1:3:1. They were followed by medium 3:1:1. The highest 
number of days to seedling emergence was obtained from 
medium 4:0:1, followed by media 2:2:1. However, the differ-
ence between the medium that produced the least (medium 
5:0:0) and highest (medium 4:0:1) number of days to seed-
ling emergence was less than a day. Among the varieties, 
the number of days to seedling emergence ranged from 8.5 
in ‘Carrot New Kuroda’ to 11.3 in ‘Amazonia’ variety. The 
least number of days to seedling emergence in ‘Carrot New 
Kuroda’ was significantly lower than the other varieties and 
was followed by ‘Touchon’ variety with 9 days. ‘Amazonia’ 

variety gave the highest number of days to seedling emer-
gence that was similar to ‘Touchon Mega’ variety.

All the first-order interaction had significant effect 
on number of days to seedling emergence (Table 3). The 
second-order interaction also showed significant effect of 
environment, growth media and variety on number of days 
to seedling emergence which ranged from 8 to 12 days 
(Table 4). The least significant number of days to seedling 
emergence (8) was obtained from ‘Carrot New Kuroda’ 
grown across the five media in the high tunnel. The highest 
number of days to seedling emergence was obtained from 
‘Touchon Mega’ grown in medium 4:0:1 under the high tun-
nel. The same number of days was obtained from ‘Touchon 
Mega’ and ‘Amazonia’ varieties grown in media 4:0:1, 3:1:1, 
2:2:1 and 1:3:1 in the open field.

The applied treatments influenced carrot seedling emer-
gence as indicated by the observed significant effects. 
Time to seedling emergence is the result of a complex 
interaction of ambient weather conditions, soil, seed and 
seedling characteristics (Mackenzie et  al. 2016). This 
interaction can be influenced by the production environ-
ment which might improve or reduce seedling emergence. 

Table 2  Main effects of 
environment, media and 
varieties on carrot emergence 
and yield attributes

DSE number of days to seedling emergence, HI harvest index, BYw wet biomass yield, BYd dry biomass 
yield, ANR average number of roots, ARw average root weight, ns non-significant

Environment DSE HI (%) BYw (g) BYd (g) ANR ARw (g)

High tunnel 9.73 52.2 8.7 1.6 2.9 5.04
Open field 10.31 55.4 7.6 1.3 2.9 4.81
FLSD(0.05) 0.07 ns 0.8 0.2 ns ns
Media
 4:0:1 10.21 61.1 14.6 2.3 2.9 8.77
 3:1:1 10.04 62.0 9.8 1.7 3.0 6.41
 2:2:1 10.10 53.5 7.2 1.3 3.0 4.01
 1:3:1 9.90 32.3 1.7 0.4 2.8 0.69
 5:0:0 9.85 60.0 7.4 1.6 2.8 4.75
 FLSD(0.05) 0.12 5.5 1.3 0.4 ns 0.89

Variety
 ‘Touchon’ 9.00 59.9 7.2 1.4 2.9 4.86
 ‘Amazonia’ 11.32 57.6 11.3 2.4 3.0 7.17
 ‘Carrot New Kuroda’ 8.50 49.9 4.7 0.5 2.9 2.51
 ‘Touchon Mega’ 11.27 47.7 9.4 1.6 2.8 5.16
 FLSD(0.05) 0.10 4.9 1.2 0.3 ns 0.80

Table 3  First-order interaction 
of environment, media and 
variety on carrot emergence and 
yield attributes

DSE number of days to seedling emergence, HI harvest index, BYw wet biomass yield, BYd dry biomass 
yield, ANR average number of roots, ARw average root weight, * significant, ns non-significant

DSE HI (%) BYw (g) BYd (g) ANR ARw (g)

Environment Media * * * ns ns *
Environment Variety * ns ns * ns ns
Media Variety * * * * ns *
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Modified environment like the high tunnel affects plant 
growth (O’Connell et al. 2012). In carrot, modified environ-
ment improved seedling emergence as was observed in this 
study. This assertion aligns with the findings of Rekika et al. 
(2008) that ‘floating rowcover’ reduced seedling emergence 

time in carrot. Similarly, growth media influenced seedling 
emergence in this study. Significant effect of growth media 
on seedling emergence had been reported for Moringa oleif-
era (Ede et al. 2015), Musa species (Baiyeri and Aba, 2013) 
and Treculia africana (Baiyeri and Mbah 2006).

Table 4  Second-order 
interaction of environment, 
media and variety on carrot 
emergence and yield attributes

DSE number of days to seedling emergence, HI harvest index, BYw wet biomass yield, BYd dry biomass 
yield, ANR average number of roots, ARw average root weight, ‘CNK’ Carrot New Kuroda, ns non-signifi-
cant

Environment Media Variety DSE HI (%) BYw (g) BYd (g) ANR ARw (g)

High tunnel 4.0.1 ‘Touchon’ 9.0 69.3 13.23 2.47 3.0 9.13
High tunnel 4.0.1 ‘Amazonia’ 10.7 59.4 21.20 4.99 3.0 12.6
High tunnel 4.0.1 ‘CNK’ 8.0 50.8 7.08 0.30 2.7 3.58
High tunnel 4.0.1 ‘Touchon Mega’ 12.0 50.9 23.74 2.57 2.7 12.09
High tunnel 3.1.1 ‘Touchon’ 9.0 70.7 8.51 1.00 3.0 6.04
High tunnel 3.1.1 ‘Amazonia’ 11.8 68.1 15.37 2.73 3.0 10.39
High tunnel 3.1.1 ‘CNK’ 8.0 46.0 4.24 0.42 3.0 1.94
High tunnel 3.1.1 ‘Touchon Mega’ 10.8 70.3 16.83 3.96 3.0 11.81
High tunnel 2.2.1 ‘Touchon’ 9.0 56.8 5.32 0.77 3.0 3.00
High tunnel 2.2.1 ‘Amazonia’ 11.2 54.5 5.95 1.92 3.0 3.24
High tunnel 2.2.1 ‘CNK’ 8.0 35.5 4.43 0.70 3.0 1.61
High tunnel 2.2.1 ‘Touchon Mega’ 10.7 39.6 8.07 1.43 3.0 3.15
High tunnel 1.3.1 ‘Touchon’ 9.0 45.3 2.58 0.50 2.7 1.24
High tunnel 1.3.1 ‘Amazonia’ 11.0 32.3 2.90 1.20 2.7 1.16
High tunnel 1.3.1 ‘CNK’ 8.0 32.3 2.54 0.27 3.0 0.82
High tunnel 1.3.1 ‘Touchon Mega’ 10.2 45.3 2.99 0.74 3.0 1.35
High tunnel 5.0.0 ‘Touchon’ 9.0 58.7 5.21 1.95 3.0 3.21
High tunnel 5.0.0 ‘Amazonia’ 10.7 60.0 14.37 3.40 3.0 8.61
High tunnel 5.0.0 ‘CNK’ 8.0 62.7 8.90 0.77 3.0 5.57
High tunnel 5.0.0 ‘Touchon Mega’ 10.7 35.3 0.80 0.10 3.0 0.31
Open field 4.0.1 ‘Touchon’ 9.0 70.1 12.82 2.04 3.0 9.03
Open field 4.0.1 ‘Amazonia’ 12.0 72.4 13.70 2.99 3.0 9.78
Open field 4.0.1 ‘CNK’ 9.0 64.0 9.76 1.38 3.0 6.24
Open field 4.0.1 ‘Touchon Mega’ 12.0 51.6 14.95 1.49 3.0 7.70
Open field 3.1.1 ‘Touchon’ 9.0 74.1 9.66 1.74 3.0 7.13
Open field 3.1.1 ‘Amazonia’ 10.7 61.8 10.44 1.78 3.0 6.49
Open field 3.1.1 ‘CNK’ 9.0 49.2 3.73 0.47 3.0 1.89
Open field 3.1.1 ‘Touchon Mega’ 12.0 56.2 9.87 1.89 3.0 5.56
Open field 2.2.1 ‘Touchon’ 9.0 74.1 9.66 1.74 3.0 7.13
Open field 2.2.1 ‘Amazonia’ 12.0 61.8 10.44 1.78 3.0 6.49
Open field 2.2.1 ‘CNK’ 9.0 49.2 3.73 0.47 3.0 1.89
Open field 2.2.1 ‘Touchon Mega’ 12.0 56.2 9.87 1.89 3.0 5.56
Open field 1.3.1 ‘Touchon’ 9.0 18.3 0.58 0.10 2.7 0.11
Open field 1.3.1 ‘Amazonia’ 12.0 34.2 1.09 0.22 3.0 0.39
Open field 1.3.1 ‘CNK’ 9.0 44.8 0.95 0.20 3.0 0.45
Open field 1.3.1 ‘Touchon Mega’ 11.0 18.0 0.39 0.05 2.3 0.07
Open field 5.0.0 ‘Touchon’ 9.0 61.9 4.08 1.48 2.7 2.58
Open field 5.0.0 ‘Amazonia’ 11.2 71.1 17.60 2.97 3.0 12.54
Open field 5.0.0 ‘CNK’ 9.0 64.7 1.69 0.26 2.7 1.10
Open field 5.0.0 ‘Touchon Mega’ 11.3 65.6 6.19 1.69 2.3 4.07
FLSD(0.05) 0.3 15.58 3.72 1.04 ns 2.53
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Effects of environment, media and variety 
on the yield components of carrot

The main effects of environments, growth media and vari-
eties on the yield components of carrot are presented in 
Table 2. The high tunnel was significantly higher than the 
open field in wet and dry biomass yield however, environ-
ment had no significant effect on harvest index, number of 
roots and root weight. Similar to seedling emergence, the 
growth media influenced the yield components. Medium 
4:0:1 was significantly higher than the other growth media 
in wet and dry biomass yield and was followed by medium 
3:1:1. A range of 32.3% in medium 1:3:1 to 62% in medium 
3:1:1 was obtained for growth media harvest index. The har-
vest index from medium 3:1:1 was statistically similar to 
media 4:0:1 and 5:0:0. The root weight of carrot harvested 
from medium 4:0:1 was significantly higher than other 
growth media and was followed by medium 3:1:1. Harvest 
index, root weight, wet and dry biomass yield decreased as 
the volume of rice husk increased.

Harvest index as influenced by varieties ranged from 
47.7% in ‘Touchon Mega’ to 59.9% in ‘Touchon’. There was 
no significant difference between ‘Touchon’ and ‘Amazonia’ 
varieties in harvest index. However, ‘Amazonia’ variety was 
significantly higher than the other varieties in root weight, 
wet and dry biomass yield. It was followed by ‘Touchon 
Mega’ variety in these parameters. The root weight val-
ues ranged from 2.5 g in ‘Carrot New Kuroda’ to 7.2 g in 
‘Amazonia’.

The first-order interaction revealed that environment x 
growth media had significant effect on harvest index, wet 
biomass yield and root weight (Table 3). Environment × vari-
ety had significant effect on dry biomass yield while growth 
media × variety interaction had significant effect on harvest 
index, wet and dry biomass yield and root weight.

The second-order interaction presented in Table 4 showed 
significant effect of environment, growth media and vari-
ety on harvest index, root weight, wet and dry biomass 
yield. The highest harvest index of 74.1% was produced by 
‘Touchon’ variety grown in media 3:1:1 and 2:2:1 in the 
open field. The harvest index values ranged from 18% to 
74.1%. ‘Touchon Mega’ variety grown in medium 4:0:1 
in the high tunnel gave the highest wet biomass weight of 
23.7 g that was significantly higher than the other treatment 
combinations but similar to ‘Amazonia’ grown in the same 
medium and environment. They were followed by ‘Ama-
zonia’ grown in medium 5:0:0 in the open field and ‘Tou-
chon Mega’ grown in medium 3:1:1 in the high tunnel. On 
dry biomass yield, ‘Amazonia’ variety grown in medium 
4:0:1 in the high tunnel gave the highest weight that was 
significantly higher than the other treatment combinations 
but similar to ‘Touchon Mega’ grown in medium 3:1:1 in 
the same environment. The difference observed in the root 

weights of the carrot followed a similar trend with the wet 
biomass yield result. ‘Amazonia’ variety grown in media 
4:0:1 in the high tunnel gave the highest root weight that 
was significantly higher than most of the other treatment 
combinations except ‘Touchon Mega’ grown in media 3:1:1 
and 4:0:1; ‘Amazonia’ grown in medium 3:1:1 in the high 
tunnel and ‘Amazonia’ grown in medium 5:0:0 in the open 
field. ‘Touchon Mega’ grown in medium 1:3:1 in the open 
field gave the lowest values for harvest index, root weight, 
wet and dry biomass yields.

The identified significant differences in yield components 
among the carrot varieties are an indication that the applied 
treatments influenced carrot production. The high tunnel 
improved the growth and dry matter accumulation in carrot 
over the open field implying environmental influence on the 
biomass yield, but not on dry matter partitioning in car-
rot as reflected on harvest index, number of roots and root 
weight. However, dry matter accumulation and partitioning 
were influenced by growth media. Dry matter partitioning 
is influenced by the sink strength of an organ; its ability to 
compete for assimilates and the developmental stage of the 
plant (Chukwudi and Agbo 2016). Availability of assimi-
lates, rate of assimilate remobilisation from source tissues, 
genotype and developmental stage of the plant also deter-
mine the dry matter partitioning in plants (Chukwudi and 
Agbo 2016; Smith et al. 2018). Continuous cell division 
and expansion of carrot root during growth gives it an edge 
to accumulate available assimilates. Therefore, restriction 
of carrot root during growth results in hard and misshapen 
roots (Sudeshika et al. 2018) and will favour translocation 
of assimilates to other plant parts. Volume of soil structure 
modification, nutrients accumulation zones, available water 
and air as well as microbial community influence water and 
nutrient uptake by plant roots (York et al. 2016).

As expected, the clay content of the growth media 
decreased with reduction in the volume of topsoil used vis-
à-vis increase in rice husk used. Inclusion of rice husk in 
this study increased the organic matter content of the media 
which in turn improved the pH value, percentage nitrogen 
and CEC. Reduction in clay content may account for the 
best harvest index recorded in medium 3:1:1. High clay con-
tent causes surface crust when there is no moisture while 
excess moisture results in soggy soil. Increase in soil pH 
towards neutrality makes nutrient more available to plants 
and improves CEC thereby improving plant growth (Major 
et al. 2010; Munda et al. 2016). Rice husk increases organic 
matter content of planting medium when used as soil amend-
ment (Adubasim et al. 2018; Mishra et al. 2017).

Dry matter partitioning in carrots grown in medium 3:1:1 
accumulated more in the economic portion (roots) than other 
plant parts. Increasing the quantity of rice husk used in media 
formulation caused reduction in harvest index and biomass 
yield of carrot. This reduction in yield was consistent with 
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the report of Mishra et al. (2017) in their study of rice growth 
and yield using different rates of rice husk and rice husk char-
coal. This is an indication that there is an optimum rate of rice 
husk to be included as soil amendment substrate. Beyond this 
optimum rate, decline in growth and yield will occur as was 
observed in medium 1:3:1. This medium contained the highest 
quantity of rice husk in this study and was consistently low in 
harvest index, root weight, wet and dry biomass yield. Though 
rice husk had been associated with high carbon nitrogen ratio, 
a ratio of 1:1 of rice husk to poultry manure released ade-
quate nutrient for potted carrot production. Base materials for 
formulating potting media are significant determinants of its 
physio-chemical properties (Baiyeri 2003) which influence the 
quality of plants obtained from the media (Baiyeri and Mbah 
2006). Our study showed that carrot is sensitive to the physio-
chemical properties of its growth medium. Sudeshika et al. 
(2018) reported significant effect of coir dust and compost 
growth media on vegetative and yield performances of carrot.

The second-best biomass yield obtained from medium 
3:1:1 after medium 4:0:1 showed that rice husk can be con-
verted from agricultural waste to useful substrate in carrot 
production. Rice husk has the potential to be used as a soil 
amendment due to its high content of silicon and potassium 
nutrients and its ability to improve soil porosity (Jeon et al. 
2010; Varela et al. 2013).

The genetic variability in the four carrot varieties was 
expressed in their seedling emergence, biomass yield, har-
vest index and root weight. These expressed genetic vari-
abilities are in line with earlier studies (Seljåsen et al. 2012, 
2013) on factors accounting for differences in carrot. ‘Ama-
zonia’ variety gave the highest root weight, wet and dry bio-
mass yield and was followed by ‘Touchon Mega’ variety in 
these parameters. In this study, harvest index was influenced 
more by the growth media and carrot variety than the growth 
environment. Growing different varieties of carrot in rice 
husk-amended media confirmed that media of carrot growth 
influences the extent to which the plant expresses its genetic 
potential. This was pronounced in ‘Touchon Mega’ variety. 
‘Touchon Mega’ grown in media 3:1:1 and 4:0:1 in the high 
tunnel was either highest or similar to the highest mean in 
harvest index, biomass yield and root weight however, when 
grown in media 1:3:1 in the open field it gave the least values 
for these parameters. There were variations within varieties 
when exposed to different growth media and environment. 
Biomass yield in this study was influenced by the growth 
environment, media and carrot variety used.

Conclusion

Carrot seedling emergence and yield parameters differed in 
rice husk-amended media under high tunnel and open field 
environments. The organic matter content, total nitrogen 

and CEC of the media increased with addition of rice husk. 
However, further increase of rice husk in the growth media 
beyond an optimum rate resulted in yield reduction. This 
is an indication that carrot is sensitive to the physio-chem-
ical properties of its growth medium. Based on the yield 
parameters measured, medium 4:0:1 gave the best result 
and was followed by medium 3:1:1. ‘Amazonia’ variety is 
recommended for cultivation in the study location due to its 
superior yield performance. We recommend a cost benefit 
study of using high tunnel structures for carrot production 
to assess if the extra yield obtained from it is commensurate 
to the cost of construction and maintenance. High tunnel 
may be used in carrot production if it does not reduce the 
profit margin.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.
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