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Abstract Carrot cultivation in south-eastern Nigeria could reduce the need to transport carrots from northern regions. To
explore this, a field experiment with three replications was carried out in Nsukka, south-eastern Nigeria, focusing on four
carrot varieties (Carotte Touchon, Touchon Mega, Super Mega, and Touchon France) and three poultry manure rates (0,
10, and 20 t ha™"). The study revealed that Carotte Touchon had the highest root production (11.6 t ha™") with 20 t ha™"
of manure, followed by 7.5 t ha~! at 10 t ha~!, while Touchon Mega had the lowest root yield (1.4 t ha_l) in the control
group. Proximate quality of carrots was mostly unaffected by the varieties, except for fat content. The study found
significant variations in vitamins A, C, and E, phytochemicals (phytate, tannins, and oxalate), and minerals (Fe, Mg, Na,
and K) among the varieties, although no impact on Zn and Ca was observed. This research suggests that carrots have
substantial growth potential in south-eastern Nigeria, offering a solution to vitamin and mineral deficiencies prevalent in
this area. Additionally, Carotte Touchon with either 20 t ha~"' or 10 t ha™' of poultry manure is recommended for optimal
carrot cultivation in this region.
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Introduction

The carrot (Daucus carota L.) is a member of the Apiaceae
family and is cultivated worldwide [48].Carrot cultivation
is valuable worldwide because carrots contain essential
nutrients like carotene, a precursor to vitamin A. [60].
Carrots originated from Asia with long, slender, and pur-
ple-yellow roots. These colors, along with white and
orange, are still in use today, with orange or orange-red
being the most common [54]. Carrot roots come in a
variety of forms, ranging from long and thin to short and
thick and the shape of the root might be cylindrical, con-
ical, pointed, spherical, or blunt [52]. Carrots can be an
important vegetable to address food insecurity and cur-
rently, large quantities of them are also canned or frozen,
either alone or in combination with other vegetables [28].
Carrot is a herbaceous plant of different cultivars con-
taining about 86-87% water, 7% sugar, 6.46—10.73%
protein, 1% ash, 1.97-4.31% fat, and 7.18-8.87% fiber
comprising mainly of cellulose with small proportions of

@ Springer


http://orcid.org/0009-0007-1697-9443
http://crossmark.crossref.org/dialog/?doi=10.1007/s40003-024-00723-9&amp;domain=pdf
https://doi.org/10.1007/s40003-024-00723-9

Agric Res

hemicelluloses and lignin [15]. Carrot is an excellent
source of vitamin A and C as well as calcium pectate, an
extraordinary pectin fiber that has been found to have
cholesterol lowering properties [14]. It is also rich in
minerals such as calcium, potassium, magnesium, man-
ganese, molybdenum, and phosphorous. Carrots have a
high level of Beta-carotene which gives carrot its distinc-
tive orange color and it contains lesser amounts of Alpha
and Gamma carotene [51]. The Alpha and Beta carotene
are partly metabolized into vitamin A in humans, a vitamin
which is necessary in human nutrition for proper vision,
reproductive health, cell formation and cell communication
[19]. In smaller amounts, carrots contain essential oils,
carbohydrates (free sugar such as sucrose, glucose, fructose
and xylose) and nitrogenous composites. Carrots are also
rich in antioxidants which help to prevent cellular damage
from free radicals [47]. The nutritional food value of carrot
changes depending on whether it is served fresh or cooked.
Studies have found that cooked carrots actually contain
more antioxidants than raw carrots.

Carrot yields per unit area in most developing countries
remain below the recommended world average [53]. In
Nigeria, cool-season vegetables are mainly grown in high-
altitude regions of Northern districts where a mild sub-
tropical climate prevails [6]. Hence, production of carrots
in a diverse variety of soils and environmental conditions is
needed to increase carrot production in the country [56].
Although the carrot crop has a lot of potential and has been
widely planted in Nigeria for a long time, taking up
roughly 27,000 ha of available land, primarily in the North,
its yield per hectare is still very poor [39]. The average
yield of carrots in Nigeria is low with 15 t ha~' compared
to the USA with an amount of 170 t ha~' [25]. Many
production issues, including improper nutrient application
and fertilizer type, lack of appropriate spacing, irrigation,
planting date, and choice of variety have all contributed to
the low carrot yield in this region [2, 23, 41].

Furthermore, one of the most severe challenges in carrot
cultivation in Nigeria is the type and usage of fertilizer [3].
The low yield per hectare in Nigeria has been attributed to
inadequate farming techniques, including the neglect of
agro-industrial residues like organic fertilizers, among
other contributing factors.

[42, 44]. For instance, there have been reports of the
excessive application of animal manure across various
plant cultivation practices in Nigeria, with a particular
emphasis on carrot farming [7, 9, 33]. However, using
animal manure alone could have negative consequences for
human health and the environment [8]. On the other hand,
mineral fertilizers are becoming increasingly expensive,
and Nigerian farmers are unable to purchase them for
vegetable crop cultivation [5]. In this circumstance, using
locally available resources such as poultry manure will be
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beneficial in enhancing soil quality such as soil structure,
and microbial biomass, and so contributing to increased
plant production especially carrot cultivation in Nigeria
[17, 38]. As a result, vegetable growers may be able to
boost crop yields while using less chemical fertilizer by
using locally generated poultry manure [9]. Organically
farmed fruits and vegetables have more minerals and
vitamins than those grown conventionally [50].

Several attempts have been undertaken in south-eastern
Nigeria to boost the yield potential of root crops while
ignoring carrots [10, 18, 56]. Previous studies focused
mostly on the usage of mineral fertilizers. However, this
type of fertilizer if endlessly used by farmers will result in
loss of soil fertility and soil health [45]. The ongoing uti-
lization of mineral fertilizers in crop cultivation will affect
both environmental sustainability and human health [26].
In this respect, organic fertilizers such as poultry manure,
farmyard manure (FYM), and cattle manure are increas-
ingly important for productivity and quality [5, 7, 17].

In Nigeria, about 932.5 metric tonnes of commercial
poultry manure was reported to be annually produced [4].
The current annual production of poultry manure in Nigeria
is uncertain, but it is anticipated to be significantly higher
than the previously mentioned figures. Poultry manure,
being a bulky organic resource, relieves soil compaction
and promotes aeration, while also providing critical plant
nutrients and organic matter, increasing soil microbial
establishment, and accumulating surplus humus content
[5, 38]. Poultry manure is known for its elevated nitrogen
content, which poses a risk of water pollution through
leachate [37]. This could be mitigated by optimizing
application rates, incorporating manure into soil, and using
cover crops. Establish buffer zones and adhere to regula-
tions to prevent excess nitrogen runoff [21]. Regular
monitoring and farmer education are essential for sustain-
able and responsible manure management.

Organically grown fruits, vegetables, and food crops
have a substantially greater market value, both interna-
tionally and domestically [35]. They are recognized to be
residue-free, making them beneficial to the environment
and human health [45]. The research on the use of organic
fertilizers in vegetable crops, particularly carrots is very
much limited [30, 59]. There is a lack of specific recom-
mendations for poultry manure use in southeast Nigeria,
with minimal research on its impact on carrot yield.
Therefore, our research focuses on investigating the effects
of poultry manure on both carrot yield and nutrient quality
in the unique agricultural context of south eastern Nigeria.
This study aims to contribute valuable insights to the
existing knowledge gap and offer practical recommenda-
tions for optimizing carrot production in the region.
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Materials and Methods
Experimental Site

The experiment was conducted between the month of June
and September, 2022 at the Department of Crop Science
Teaching and Research farm of the University of Nigeria,
Nsukka (07°29’N; 06°51’E, and 400 m a.m.s.l.). Nsukka
has a lowland humid tropical condition with bimodal
annual rainfall distribution, of 1155-1955 mm). The mean
annual temperature and the relative humidity in this region
30 °C, and 68%, respectively.

Meteorological data of experimental site are presented
in Supplementary Table 1. The soil of the experimental
area is generally characterized as Ultisol based on USDA
classification. The usual soil pH in water is quite acidic
with low in organic matter and fertility level. Some basic
analyses of experimental soil before planting are presented
in Supplementary Table 2.

Treatment Allocation and Experimental Design

The planting was conducted on a double row with a
spacing of 100 cm by 40 cm in a sub-plot of twelve
planting holes giving rise to the population density of
144,000 stands of carrot per hectare. A 4 x 3 split plot
experiment assigned in a randomized complete design
replicated three times. The main plots comprised four
carrot varieties including Carotte Touchon, Touchon Mega,
Super Mega, Touchon France, while the sub-plot consisted
of three poultry manure rates: 0 (Control), 10, and
20 t ha~'. The manure were freshly harvested from the
University of Nigeria Nsukka Research farm. The poultry
manure undergone a composting process for 90 days,
during which it has exhibited characteristics indicative of
sufficient maturity. The compost is now characterized by a
dark brown colour, an earthy and pleasant odour, a crumbly
texture, and a decrease in temperature over time. These
visual and olfactory cues suggest that the poultry manure
has reached a state of maturity, making it suitable for use as
a nutrient-rich and stable compost. Workers used personal
protective equipment (gloves, goggles, masks) for handling
poultry manure, with dedicated coveralls to prevent con-
tamination. To ensure a safe working environment, strict
hand hygiene was followed after handling tasks, which
includes washing and using hand sanitizer Weeding was
done manually as at when necessary. No chemical plant
protection were used and insects were picked by hand.

Plant Data

During plant growth, seedling emergence (SE) was mea-
sured as follow:

_ No of Emerged seeds x 100

Total sown seeds

SE (%)

After harvesting, weights of whole and individual parts
of plants biomass (g) were measured to calculate harvest
index (HI) as follows:

Economical yield (underground biomass) x 100

HI (%) =

Biological yield (Whole plant biomass)
Nutritional Analysis

The carrot varieties were collected from the experimental
site of the Department of crop science, University of
Nigeria, Nsukka. The soil texture from where the samples
were harvested is sandy clay loam (Supplementary
Table 2). Five carrots roots were used as sampling unit for
each variety. The four varieties of carrot under investiga-
tion include: Carotte Touchon, Touchon France, Touchon
Mega, and Super Mega. The samples were harvested
90 days after cultivation. The samples were then carefully
cleaned and air-dried. The identical samples were mashed
together, placed in marked, sterile-clean transparent Ziploc
plastic bags, and stored in a refrigerator at 2.5 °C until
analysis. Freshly harvested carrot roots underwent proxi-
mate analysis following AOAC, 2005 [11] for moisture,
ash, and carbohydrate content. Mineral levels were deter-
mined using AOAC, 2003 [12] like atomic absorption
spectrometry and flame photometry. Crude protein, fiber,
and fat levels were assessed with Pearson, 1993 [46].
Phytochemical analysis, including phytate, oxalate, and
tannins, followed Harborne, 1973 [29] and vitamin iden-
tification was conducted using AOAC, 2003 [1]. Three
independent analyses were performed on each sample.

Data Analysis

All data collected were subjected to ANOVA using
GENSTAT (2010 Edition), and significant differences
between treatment means were determined using Fisher’s
least significant difference at the 5% probability level,
Excel 2020 was used to draw all the figures.
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Results
Seedling Emergence (%)

The response of seedling emergence (%) to varied manure
rates showed no significant difference across the manure
rates (Fig. 1). But the application of 10t ha~' poultry
manure had the higher mean values for the percentage
emergence of carrot seedlings on day 21 after planting,
although the mean values were not significantly different
from no manure application and 20 t ha™' application.

Plant Yield and Growth Measurements

The response of fresh yield and yield components of carrot
on varied manure rates showed that whole-plant biomass,
fresh leave weight, fresh root weight, harvest index, yield
per bed, and yield per hectare significantly (p < 0.05)
varied among the poultry manure rates (Table 1). The
application of either 10 or 20 t ha~' poultry manure sig-
nificantly increased the whole plant biomass, fresh leaf
weight, fresh root weight, yield per bed, and yield per
hectare compared to the plant that did not receive manure.

With the exception of yield per bed, the interaction
between variety and poultry manure had little impact on
yield and its components as presented in Fig. 2. However,
the variety Carotte Touchon which received 20 t ha™' of
poultry manure gave the highest yield per hectare of
11.6 t ha™' and in the whole plant biomass yield of 820 g
when compared with, Touchon Mega which received no
manure and had the lowest root yield (1.4t ha_l).
Although, the lowest harvest index (42.8%) was found on
Super Mega plots which received no manure, while the best

—o—C M10 M20
100 -
80
60

40 4 /

Seedling emergence (%)

20 o—a

Days

Fig. 1 Seedling emergence (%) responses of carrot to varied poultry
manure rate. C control; M10 manure 10%, M20 manure 20%

@ Springer

harvest index (59.8%) was observed on the plots of Carotte
Touchon that received 10 t ha~' of poultry manure.

Quality of Fresh Carrot Root

Except for the fat content, the influence of varieties on
proximate quality was statistically similar for practically all
proximate traits (Table 2). There was no specific pattern
observed in the arrangement of the highest and lowest
nutrient values among the carrot varieties. Despite the lack
of significant differences in nearly all proximate charac-
teristics, the research indicates that carrots offer a sub-
stantial source of protein, ash, carbohydrates, and moisture.

Vitamin Composition of Fresh Carrot

Variety had a significant impact on the content of vitamins,
particularly vitamins A, C, and E. (p < 0.05) (Table 3).
The results of the experiment indicated a significant dif-
ference (p < 0.05) in the vitamin A content among the
carrot varieties. Carotte Touchon demonstrated the highest
vitamin A content (48.2 mg), surpassing Touchon Mega
(43.7 mg), Super Mega (35.9 mg), and Touchon France
(30.4 mg). Despite the absence of a specific pattern in the
arrangement of highest and lowest values for this nutrient
among the varieties, Touchon France consistently exhibited
the lowest vitamin A content compared to the other vari-
eties. The highest vitamin C content per 100 g fresh weight
(FW) was found in Touchon France (25.6 mg), followed by
Touchon Mega (20.6 mg), Carotte Touchon (3.8 mg), and
Super Mega (2.5 mg). However the higher content of
vitamin E was recorded in Touchon Mega (6.8 mg) while
Carotte Touchon had the least content of vitamin E
(2.2 mg).

Phytochemical Composition of Fresh Carrot Roots

The effect of varieties on phytochemical composition was
significant (p < 0.05) across phytate, tannin and oxalate
(Table 4). The result of the experiment revealed that
Touchon Mega had the highest content of anti-nutrient
across the phytate, tannin and oxalate whereas Super Mega
had the lowest content of anti-nutrient with the same
sequence.

Mineral Composition of Fresh Carrot Root

The main effect of varieties on mineral composition was
statistically similar in zinc and calcium (Table 5). However
Touchon Mega had higher mean value of iron (2.7 mg),
magnesium (6.8 mg), sodium (72 mg) and potassium
(253.5 mg) respectively whereas the lowest mean value of
iron and magnesium was recorded in Touchon France with
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Table 1 Main effects of poultry manure on fresh carrot yield and yield components

Manure (t ha™") WPB (g) FLW (g) FRW (g) HI (%) Y/BED (Kg) Y/HA (t ha™")
0 159.0 82.0 78.0 48.5 0.5 1.9
10 351.0 150.0 193.0 55.5 1.2 4.6
20 427.0 188.0 239.0 55.2 14 5.6
F-LSD(00s 1333 69.4 712 3.9 0.4 1.6

WPB Whole plant biomass, FLW Fresh leave weight, FRW Fresh root, weight, HI Harvest index, Y/HA Yield/hectare, Y/BED Yield/ bed FLSD

fishers least significant difference

(2.2 mg) and (4.4 mg) respectively and Super Mega also
had the lowest value of sodium (40.5 mg) and potassium
(101.6 mg).

Discussion

The results of this study demonstrate a noteworthy positive
impact of poultry manure on various aspects of carrot
cultivation. Plots treated with poultry manure exhibited
higher percentages of seedling emergence, overall yields,
and yield components compared to untreated plots. This
improvement in performance suggests that the nutrient
dynamics, including the release and availability of essential
nutrients for plant absorption and utilization, were posi-
tively influenced by the application of poultry manure.

Poultry manure, known for its richness in nitrogen and
substantial quantities of phosphorus and potassium, serves
as an effective fertilizer. The nutrient composition of
poultry manure makes it valuable for enhancing soil
characteristics and fertility. In this study, the positive out-
comes in plots treated with poultry manure can be attrib-
uted to the favorable influence on soil nutrient capacity and
the release of nutrients available to the plants.

It is important to note that carrot cultivation in Nsukka
faces specific soil challenges, characterized as ultisol with
well-drained ferralitic sandy loam and high acidity.
According to Anozie and Baiyeri [9], carrots typically
thrive in well-drained soil with a pH ranging from 6.5 to 7.
However, the existing soil conditions in Nsukka may limit
the availability of nutrients to plants [22]. The application
of poultry manure in this context is seen as a potential
solution, potentially ameliorating soil nutrient capacity and
addressing the limitations imposed by the soil character-
istics. The findings align with prior research by Anozie and
Baiyeri [9], who reported significant positive effects of
manure application on seedling emergence and overall
marketable root yields in carrot plots.

The variations in yields and yield components observed
among the four carrot varieties (Carotte Touchon, Touchon
Mega, Super Mega, and Touchon France) in this

experiment may be attributed to the genetic diversity
within each plant population. Genetic diversity is pivotal
for a species to effectively adapt to different environmental
conditions. In the context of this study, it is plausible that
Carotte Touchon displayed superior adaptation to the
agroecology of Nsukka compared to the other varieties.
This aligns with the findings of [43], highlighting that
genetic diversity within a species facilitates adaptation to
changing soil, climatic conditions, and other environmental
factors.

The synergistic effects noted between carrot varieties
and poultry manure levels suggest that higher yields were
achieved in plots treated with 20 t ha~' and 10 t ha™'
manure rates. This suggest that the genetic diversity within
the carrot varieties, when coupled with nutrient-rich poul-
try manure, positively influenced plant performance.

The increased yields in plots treated with poultry man-
ure can be attributed to the manure’s capacity to release
essential nutrients to the plants and facilitate mineralization
[22]. The efficient absorption of these nutrients by the
plants likely contributed to the observed higher yields. This
aligns with the concept that the nutrient composition of
poultry manure improves soil fertility, providing essential
elements for robust plant growth.

The genetic diversity among carrot varieties and their
interaction with poultry manure emphasize the multi-
faceted factors influencing crop performance. These find-
ings underscore the significance of considering both
genetic factors and soil amendments, such as poultry
manure, to optimize carrot cultivation in the specific
agroecological conditions of Nsukka. This comprehensive
approach enhances our understanding of the intricate
relationships between genetic diversity, soil fertility, and
environmental adaptation in agricultural systems.

The examination of proximate concentration across
various carrot varieties revealed minimal differences,
except for fat content. Notably, carrots emerged as an
outstanding source of moisture and carbohydrates, boasting
an average moisture level of approximately 81%. This high
moisture content suggests that carrots could potentially
contribute to body rehydration. However, it’s important to
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Fig. 2 Interaction effects of varieties and poultry manure rates on
carrot yield (p < 0.05). C control, M0 manure 10 t ha™"', M20:
manure 20 t ha™'. Abbreviations for carrot varieties are as follows
Carotte Touchon (CT), Touchon Mega (TM), Super Mega (SM),

acknowledge that this characteristic, while beneficial for
consumption, could pose challenges in terms of storage due
to its propensity to promote the growth of microorganisms,
potentially shortening the shelf life of stored carrots.

In terms of nutritional components, the protein content
was relatively low at 4.0%, indicating that carrots are not a
substantial source of protein. The ash content was
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approximately 1.3%, while crude fiber, essential for
digestion, was consistently present at around 1.0% across
all varieties. The inclusion of crude fiber in carrots
enhances their desirability as a dietary component, pro-
moting digestive health.

The vitamin profile of carrots revealed a remarkable
concentration of vitamin A, ranging from 30 to 48 mg.
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Table 2 Main effect of varieties on proximate quality of carrot root

Varieties Protein (%) Fat (%) Fibre (%) Ash (%) Carbohydrate (%) Moisture (%)
Carotte Touchon 39 0.3 0.9 1.2 12.5 81.7
Touchon Mega 34 0.3 1.1 1.5 12.1 82.0

Super Mega 3.6 0.5 1.0 1.5 12.1 81.3
Touchon France 4.1 0.6 1.1 1.4 12.3 81.4

F-LSD (0.05) NS 0.1 NS NS NS NS

Table 3 Main effect of varieties on vitamins composition of carrot roots

Varieties Vitamin A (mg) Vitamin C (mg) Vitamin E (mg)
Carotte Touchon 48.2 3.8 2.2

Touchon Mega 43.7 20.6 6.8

Super Mega 359 25 3.0

Touchon France 304 25.6 4.1

F-LSD (0.05) 39 0.8 0.9

Table 4 Main effect of varieties on phytochemical composition of carrot root

Varieties Phytate (mg) Tannin (mg) Oxalate (mg)
Carotte Touchon 0.1 11.1 9.1

Touchon Mega 0.2 11.2 9.9

Super Mega 0.02 7.4 1.0

Touchon France 0.2 11.1 8.5

LSD (0.05) 0.03 0.9 1.3

Table 5 Main effect of varieties on mineral composition of carrot root

Varieties Iron mg Zinc mg Calcium mg Magnesium mg Sodium mg Potassium mg
Carotte Touchon 24 0.4 76.6 4.8 41.8 183.4
Touchon Mega 2.7 0.4 74.1 6.8 72.0 253.5

Super Mega 24 0.4 77.6 4.9 40.5 101.6
Touchon France 2.2 0.3 75.9 4.4 69.5 185.1

LSD (0.05) 0.2 NS NS 0.7 3.7 14.7

This signifies that carrots serve as an excellent source of
vitamin A, crucial for maintaining clear vision and overall
eye health. The findings emphasize the potential of incor-
porating carrots into the diet to support ocular well-being.

The experimental results underscore the nutritional
richness of carrots, particularly in terms of moisture, car-
bohydrates, and essential vitamins. While their high
moisture content presents considerations for storage, the
myriad health benefits associated with carrot consumption,

including vitamin A support for eye health, make them a
valuable addition to a balanced diet.

The result also revealed that carrots will be a good
source of vitamin C and vitamin E. Vitamin C is good for
the body’s normal metabolism, and can also be used in the
prevention of scurvy and in wound healing and tissue
repair [50]. Vitamin E functions as a fat-soluble antioxidant
that guards against cellular damage and lowers the risk of
several illnesses, including cancer and heart ailments [54].
According to their mineral makeup, carrot roots include
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significant levels of potassium, calcium, sodium, magne-
sium, and iron. The minerals (K, Ca, Na, and Mg) found in
carrot roots in this experiment were similar to those
reported by [16, 34]. Sodium and potassium are important
intracellular and extracellular cations respectively. Sodium
is involved in the regulation of plasma volume, acid—base
balance, and nerve and muscle contraction [51].

Sodium remains one of the major electrolytes in the
blood. Without sodium, the body cannot maintain its
hydration and would become dehydrated [12]. Calcium is
necessary for the coagulation of blood, the proper func-
tioning of the heart and nervous system and the normal
contraction of muscles [32]. Its primary role is to support
the development of bones and teeth. Magnesium is a
component of chlorophyll and is a crucial mineral element
in relation to ischemic heart disease and calcium metabo-
lism in bones [24].

Iron is essential for cell-mediated immunity, infection
control, and haemopoiesis [20]. The most frequent dietary
deficit, iron deficiency anemia, affects more than a billion
people worldwide, according to estimates [36]. The con-
sequences of iron deficiency include reduced work capac-
ity, impairments in behaviour and intellectual performance
and decrease resistance to infection [27]. Over 50 enzymes
in the body contain zinc, which is essential for the immune
system to operate normally [58]. An estimated 17.3% of
the world population is reported to be at risk of inadequate
zinc intake [57]. According to Kennedy [31], zinc levels in
Nigerian children between the ages of 5 and 60 months are
low and consistent with the findings of other studies,
indicating the necessity of frequent supplementation [31].
Consuming carrots could be another strategy to address this
issue in young children.

The outcome of this research also showed that phytate,
tannin, and oxalate were found in the carrot root, but in
very low concentrations that do not endanger consumer’s
health. Phytochemicals are bioactive substances that are
well-known for their positive effects on health [49]. Phy-
tochemicals’ anti-inflammatory, antioxidant, plasma lipid-
modifying, and anti-tumour characteristics aid in the pre-
vention of cancer and cardiovascular illnesses [13].

These findings provide practical insights for individuals
seeking to optimize their nutritional intake and make
informed dietary choices.

Conclusions

Carrots have a huge potential to thrive in south-eastern
Nigeria and to supplement the vitamin and mineral deficits
in foods that are common in developing nations. Specific
recommendations about the use of poultry manure and
varieties are lacking in south-eastern Nigeria. Therefore,
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this finding would be a base for future research in south-
eastern Nigeria to come up with the right recommendations
about the use of poultry manure and varieties for carrot
production., we therefore conclude that the application of
poultry manure at a rate of either 10 t ha™' or 20 t ha™'
boosted carrot growth, yield and nutritional composition
with Carotte Touchon being the most adapted variety.
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