International Journal of
Plant & Soil Science

. - International Journal of Plant & Soil Science

34(23): 1291-1302, 2022; Article no.lJPSS.93637
ISSN: 2320-7035

Effects of Earthing up and Pruning Systems on
Post-Harvest Quality of Tomato
(Solanum lycopersicon)

l. K. Keter ", G. O. Oloo-Abucheli 8 M. Muraya 2 and C. T. Kiplangat 2
moses.muraya@chuka.ac.ke

a Department of Plant Sciences, Chuka University, P.O. Box 109-60400, Chuka, Kenya.
b Kenya Agricultural and Livestock Research Organization (KALRO), Coffee Research Institute,
Koru Sub Center, P.O. Box 15-40104, Koru, Kenya.

Authors’ contributions

This work was carried out in collaboration among all authors. Author IKK designed the study,
performed the statistical analysis, wrote the protocol, and wrote the first draft of the manuscript.
Authors GOOA and MM managed the analyses of the study. Author GOOA managed the literature
searches. Author CTK performed the formatting and aligning of the manuscript. All authors read and
approved the final manuscript.

Article Information
DOI: 10.9734/1JPSS/2022/v34i232544

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://www.sdiarticle5.com/review-history/93637

Received 07 September 2022
Original Research Article Accepted 13 November 2022
Published 21 November 2022

ABSTRACT

Tomato is a popular and extensively cultivated vegetable among the economically promising
commodities in the horticulture sector in Kenya. It provides a wide variety of nutrients with many
health-related benefits. This study investigated the effect of integration of pruning and earthing up
on postharvest. The experiments were carried out in a split-plot arranged in a randomized complete
block design (RCBD) and in CRD for both field and laboratory work respectively. Fruit yield data
was taken after each harvest. The results from the analysis of variance for the effect of factors
(earthing up and pruning system) and their combined effect showed that there was a significant
effect on the average weight loss percentage and total soluble solids in both cultivations. The
treatments had a significant effect on the average weight loss percentage, total soluble solids, and
fruit firmness in both cultivations. The highest fruit weight loss percentages were recorded from all
stem pruning system with no earthing up. The highest fruit firmness (3.41 N mm™ in cultivation 1
and 3.24 N mm" in cultivation 2) was recorded from a single stem pruning system and earthing up
to 30 cm. The highest total soluble solids (TSS) percentage 6.09 % was recorded in both
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earthing up to level 30 cm.

cultivations under a single stem pruning system and earthing up to 30 cm. To improve tomato
postharvest, farmers are encouraged to consider triple stem pruning system in combination with

Keywords: Earthing up; pruning system; postharvest; tomato.

1. INTRODUCTION

Tomato (Solanum Lycopersicon), is a popular
and extensively cultivated vegetable. It is among
the promising commodities in horticultural
production in Kenya. It is the fourth most popular
fresh-market vegetable after potatoes, cabbages,
and onions because of its great yield potential
and high nutritive value [1]. Over the years,
tomato production in Kenya has intensified [2].
Despite numerous benefits from the crop, many
challenges are making its production unprofitable
in most developing countries especially those in
Africa. The challenges faced by producers is
seen either in production, postharvest, marketing
or a combination of any of them. The purpose of
this paper is to look at the challenges that result
in postharvest losses and recommend some low-
cost intermediate technologies needed to remedy
losses.

Postharvest losses, however, have remained
high due to a myriad of impediments, key among
them being poor cultural practices. Therefore, the
postharvest shelf life of tomato could be
increased through the application of better
cultural practices such as proper pruning system
and earthing up level. Earthing up is a technique
in horticulture of piling soil around the base of the
plant [3]. The technique triggers the initiation of
plant roots that come in direct contact with
nutrients through a process of interception as it
grows [4]. It encourages the development of
additional roots and root hair to help improve
stem length as well as suckers [5]. Plants absorb
nutrients primarily through their roots and
therefore good growth and proliferation of the
roots are essential in partitioning and set of
functional equilibrium [6]. It also improves the
distribution of nutrients, water and air circulation
which are important in the soil [7].

Quality is established by the characteristics and
attributes that are involved in satisfying the
demands, needs and expectations of the tomato
consumer [8]. Tomato Producers are always
concerned with good appearance and few visual
defects may affect the quality [9]. Colour
appearance, firmness, ripening behaviour and

shelf life are the most important factors to
retailers and market distributors [10,8].

Consumers, on the other hand, consider good
quality tomatoes as those that are, firm, and offer
good flavour and nutritive value [11,3]. Many
preharvest and postharvest factors influence the
composition and quality of tomatoes [12]. These
include inherent genetic and environmental
factors such as climatic conditions (temperature,
light, pollutants) and cultural practices (soil
nutrient application, water supply, use of
agricultural chemicals, and harvesting methods).
The maturity stage at harvest and postharvest
handling procedures also affect tomato quality
and its maintenance [9].

Tomato flavour depends upon sweethess and
sourness and each of them is correlated with the
other [13]. It is one of the most important quality
attributes to consumers and it frequently
influences the purchase of certain fruit types and
sources [14]. The flavour is an important attribute
of processed tomato and consists of taste and
aroma [15,16]. Taste is due to sensations felt on
the tongue while aroma is due to the stimulation
of the olfactory senses in the nose by volatile
organic compounds. Flavour of tomato is largely
determined by the sugar estimated by brix and
acid composition of the fruit [17]. Estimated brix
value is greatly dependent on the amount of
nutrients taken up from the soil by the plant.
Tomato varieties having a smaller number of
locules, higher pericarp, and good firmness are
preferred by the consumers. Locules present in
tomato fruit play an important role in governing
its quality as it is primarily correlated with fruit
size [18].

The use of earthing up and pruning systems
could potentially aid farmers to attain the utmost
achievable postharvest level. However, most of
the tomato farmers frequently give less regard to
combining earthing up and pruning system. Most
efforts have gone towards improving tomato
postharvest quality through pruning [19].
Therefore, this study aims at contributing and
solving some of these constraints by researching
to find out appropriate earthing up level and
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pruning system for tomato production and
postharvest that can be utilized in the future.

2. MATERIALS AND METHODS

2.1 Site Description and Experimental
Design

The tomatoes were grown at Chuka University
Research and teaching farm for cultivation 1
while cultivation 2 was carried out on a farm at
Ndagani within the University neighbourhood.
Soils in this area are classified as humic nitisols
[18] and they are of volcano origin with basic and
ultrabasic igneous rocks.

The study used a split plot experiment in
randomized complete block design (RCBD) and
replicated three times. Each subplot had six
tomato fruits. There were two factors, the pruning
system and earthing up. The tomato fruits were
collected from four levels of earthing up (no
earthing up, earthing up to 10 cm, earthing up to
20 cm and earthing up to 30 cm) and three levels
of pruning system (single stem or control level,
double stem and triple stem) the treatment were
made up by a combination of factor levels
resulting to 12 treatments in this study. Where;
SS0=Single Stem no x Earthing Up (Control),
SS1=Single Stem x Earthing up to 10 cm,
SS2=Single Stem x Earthing up to 20 cm,
SS3=Single Stem x Earthing up to 30 cm,
DS0=Double Stem x no Earthing up,
DS1=Double Stem x Earthing up to 10 cm,
DS2=Double Stem x Earthing up to 20 cm
DS3=Double Stem x Earthing up to 30 cm,
TSO0=Triple Stem no x Earthing up, TS1=Triple
Stem x Earthing up to 10 cm, TS2=Triple Stem x
Earthing up to 20 cm, TS3=Triple Stem x
Earthing up to 30 cm.

Describe how the postharvest experiment was
set up.

2.2 Data Collection
2.2.1 Fruit weight loss percentage

Four tomato fruits were randomly selected and
weighed after every harvest in each plot. The
initial weight of each tomato was recorded.
Thereafter the tomatoes were kept for seven
days at room temperature. Final weight was
taken and percentage weight loss was
determined by dividing the differences between
initial weight and final weight over the initial
weight as described by [20]. Those that had a
small percentage of weight loss were considered
best in quality.

Weight loss (%)
Initial weight - Final weight
= x 100

Initial weight
2.2.2 Colour changes

Four fully matured green tomatoes from each
plot were randomly selected, the tomatoes were
kept at room temperature. The number of days
taken to fully ripen was taken by comparing the
change in colour using tomato colour charts
according to [21]. Those tomato fruits that took
longer period to ripen were considered best in
quality since they can stay longer in post-harvest.

2.2.3 Fruit firmness

Four tomato fruits were randomly selected per
treatment and their firmness determined using
Fruit Hardness Tester (FHP-803). A Fruit
Hardness Tester was used to punch the fruit at
five locations. Readings were recorded in (N mm-
) and then the average reading was used in data
analysis. The quality of fruits was graded based
on firmness. Those with 2 N mm™ and beyond
were considered to be of high quality according
to [19].

Breaker, definite break in colour <10% of the fruit surface.

Colour 1 Green.

Colour 2

Colour 3 Turning, more green than red.
Colour 4 Pink, more red than green.
Colour 5 Light red, trace of green.
Colour 6 Full red.

Fig. 1. Tomato colour chart corresponding to stages of fruit ripeness
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2.2.4 Tomato fruit Total Soluble Solid (TSS) °
BX

The total soluble solids content of the juice of
four randomly selected, table ripe tomato fruits
per plot was measured using a hand-held
refractometer (0-30% Brix). The fruit surface was
cut using a knife, the juice squeezed into the
refractometer opening and the refractometer cap
replaced. The reading was recorded and the
refractometer was cleaned with moist tissue for
the next reading. Fruits with a 4-9% Brix were
considered to have high quality [14].

2.3 Data Analysis

Data was subjected to the Analysis of Variance
using Statistical Analysis System version 9.4 at a
probability level of 5 % and where the F-test was
significant, Least Significant Difference was used
in mean separation.

3. RESULTS AND DISCUSSION

3.1 Effect of Earthing up Levels and
Pruning Systems on postharvest Fruit
Weight Loss

Analysis of variance for the effect of earthing up
and pruning system and their interaction effect
showed that the highest percentage of weight
loss was recorded in control experiment at 22.97
% in cultivation 1 and 22.95% in cultivation 2
after seven days of post-harvest storage at room
temperature. Earthing up to level 30 cm recorded
the least average percentage weight loss at 5.03
% and 5.00 % in cultivation 1 and 2 respectively.
Fruits weight loss percentage did not vary

significantly under different pruning systems in
both cultivations (Table 1).

The combined treatment SSO0 was not
significantly different from DS0 and TSO that
recorded averagely the highest percentage
weight loss of 22.96% in cultivation 1 and
22.97% in cultivation 2. Whereas the treatment
TS3 was not statistically significant (P<0.05) to
SS3 and DS3. Treatment TS3 recorded
averagely the least percentage weight loss at
5.01% in cultivation 1 and 4.99% in cultivation 2
(Table 2).

Irrespective of the pruning system, earthing up
levels significantly influenced percentage fruit
weight loss (Table 2). The treatments (SS0, DSO
and TSO0) reduced the exposure of tomato roots
to moisture at the root zone which would
arguably reduce moisture content in the fruits,
the significant reduction in moisture content in
the fruits may also lead to a negative impact on
weight loss percentage. This may explain the
increased weight loss percentage in the SSO,
DSO and TS0 as compared to SS3, DS3 and
TS3 treatments. Earthing up may have improved
nutrient uptake and partitioning in the plant. This
enhanced photosynthetic efficiency, which
ultimately increased the development of quality
tomato fruits pericarp. The quality of the pericarp
influences retention of water in the fruit during
post-harvest which could potentially lead to
reduced weight loss percentage [22]. According
to [23], the effectiveness of a thick pericarp in
reducing weight loss in fruits has been attributed
to its inhibitory effect on both respiration and
transpiration.

Table 1. Tomato earthing up and pruning system levels weight loss percentage in two
cultivations (2019/2020)

Cultivation EU Weight loss (%) PS Weight loss (%)

1 EUO 22.97 a* SS 14.44 a
EU1 18.12b DS 14.58 a
EU2 11.96 ¢ TS 14.53 a
EU3 5.03d CV% 5.08
CV% 5.08 LSD 0.29
LSD 0.34

2 EUO 22.95a SS 14.53 a
EU1 17.88b DS 14.55a
EU2 11.67 ¢ TS 14.56 a
EU3 5.00d CV% 4.08
CV% 4.08 LSD 0.24
LSD 0.27

*Means followed by the same letter(s) along the column for earthing up and pruning systems are not significantly
different at 5 % probability level
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The current results are in agreement with the
findings of [24] who studied on preharvest and
postharvest factors affecting the quality and shelf
life of harvested tomatoes. They observed that a
higher percentage of weight loss in tomato was
due to thin pericarp development due to nutrient
uptake deficit. They further confirmed that excess
weight loss accelerates senescence, which may
also reduce the fruit shelf life. Similar results
were observed by [4] who reported that fruit
weight loss is normally due to senescence or
desiccation of tomato fruits and is mostly
dependent on the transpiration driving force
(vapour pressure deficit). Thus, the higher the
respiration rate, the faster the water loss and the
higher the weight loss. Tomato fruits that lose
less weight are more desirable to farmers
because they have enhanced postharvest shelf
life by maintaining firmness. Calcium ions
maintained cell turgor pressure and membrane
integrity  through  stabilizing the plasma
membrane by binding to proteins and
phospholipids at the membrane surface helps in
improving fruit firmness.

3.2 Effect of Earthing up Levels and
Pruning Systems on Ripening of
Tomato Fruits

The number of days taken to fully ripening at
postharvest tended to vary with different earthing
up levels and pruning systems. Fruits from the
control experiment recorded an average number
of 3.00 and 2.96 days in cultivation 1 and 2
respectively (Table 3). Single stem pruning
system recorded a higher average number of
days 5.16 in cultivation 1 and 5.14 in cultivation 2
compared to the control. The number of days

were not significantly (0.05) different for double
and triple stem pruning systems in both
cultivations (Table 3).

Analysis of the treatment effect showed that
treatment SS3 recorded higher average number
of days to fully ripen at (7.5) days in cultivation 1
and (7.4) days in cultivation 2. There was not
significant (P<0.05) differences in the ripening
period recorded under treatment DS3 and TS3 in
cultivation 1. The fruits from the treatment TS0,
SSO0 and DSO recorded the least average
number of days to fully ripen in both cultivations
as shown in Table 4.

Table 2. Tomato weight loss percentage at
different treatments in cultivation 1 and 2

Cultivation 1 Cultivation 2

Treatment Means Means
SS0 22.96a* 22.97a
SS1 18.25b 18.34b
SS2 11.85¢c 11.93c
SS3 5.05d 5.01d

DSO0 22.97a 22.93a
DS1 18.05b 18.23b
DS2 12.26¢ 12.06¢c
DS3 5.03d 5.01d

TSO 22.96a 22.96a
TS1 18.05b 18.20b
TS2 11.76¢c 11.95¢
TS3 5.01d 4.99d

LSD 0.5947 0.4765
CV 5.0699 4.0532

*Means followed by the same letter(s) along the
column for earthing up and pruning systems are not
significantly different at 5 % probability level. Mean

separation was done within each cultivation

Table 3. Tomato fruit ripening period at different earthing up levels and pruning system in
cultivation 1 and 2

Cultivation EU Days PS Days

1 EUO 3.00d* SS 5.16a
EU1 4.11c DS 4.79b
EU2 5.27b TS 4.66b
EU3 7.11a CV% 11.92
CV% 11.92 LSD 0.234
LSD 0.271

2 EUO 2.96d SS 5.14a
EU1 4.05c DS 4.67b
EU2 5.23b TS 4.65b
EU3 7.05a CV% 5.086
CV% 5.086 LSD 0.099
LSD 0.114

*Means followed by the same letter(s) along the column for earthing up and pruning systems are not significantly
different at 5 % probability level. Mean separation was done within each cultivation
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Table 4. Tomato fruit ripening period at
different combined effect of earthing up and
pruning systems in cultivation 1 and 2

Cultivation 1 Cultivation 2

Treatment Means Means
SSO 3.3fg* 3.3h
SS1 4.3e 4.2f
SS2 5.5¢c 5.5d
SS3 7.5a 7.4a
DSO0 2.99 2.8i
DS1 3.7f 3.7g
DS2 5.0d 4.9e
DS3 7.0b 7.1b
TSO 2.6g 2.7
TS1 4.2e 41f
TS2 5.3cd 5.1e
TS3 6.8b 6.6¢c
LSD 0.47 0.2
CV 12.04 5.13

*Means followed by the same letter(s) along the
column for earthing up and pruning systems are not
significantly different at 5 % probability level. Mean

separation was done within each cultivation

The increase in the number of days taken by the
tomato fruits in SS3, DS3 and TS3 treatments
was apparent due to water and nutrient uptake
facilitated by earthing up relative to other
treatments SS0, DSO and TSO0. This suggests
that tomato had a high level of water and nutrient
reserves allocated to the fruits. Earthing up
possibly enhanced moisture uptake for root
proliferation which minimizes the competition for
nutrients in the fruits. The partitioning of nutrients
led to the development of quality fruits, therefore,
exhibiting longer shelf life [25,26]. The increase
in uptake of nutrients and partitioning is also
associated with the proper pericarp
developments that is important in tomato shelf

life [24] The results of the current study are in
agreement with the findings of [27] and [4] who
found that an increase in tomato nutrient uptake
and partitioning significantly delayed the ripening
period consequently increasing the shelf life.

[18] and [28] observed that earthing up of potato
crop during the active plant growth period
improved the soil condition which enabled proper
root growth. They indicated that proper root
growth enhanced efficient nutrient absorption
which facilitated better growth and development
consequently increasing fruit quality which can
stay long in the post-harvest period. The current
results are also in line with the work of [29] who
confirmed that earthing up the potato crop after
complete plant emergence resulted in better
post-harvest shelf life quality. Tomato fruits which
take a longer time to ripen in the post-harvest
period are more desirable to farmers because
they will be able to keep them for a longer period
in the market. More absorption of calcium by
fruits retards ethylene production, reduces
respiration rates, increases firmness, delay
ripening, reduce decay and the occurrence of
physiological disorders, hence increased
postharvest shelf life.

3.3 Effect of Earthing up Levels and
Pruning System on Tomato Fruit
Firmness

The analysis of the pruning system on the other
hand showed double stem plants recording the
highest tomato fruit firmness at 2.36 N mm™' in
cultivation 1 and 2.18 N mm™ in cultivation 2.
There was a significant (P<0.05) difference
between single stem and triple stem in cultivation
1 (Table 5).

Table 5. Tomato fruit firmness at different earthing up levels and pruning system in cultivation

land?2

Cultivation EU N mm-1 PS N mm-1

1 EUO 1.20 d* SS 2.86b
EU1 1.82¢c DS 2.36 a
EU2 2.86Db TS 2.33ab
EU3 3.40a CV% 4.92
CV% 4.92 LSD 0.04
LSD 0.05

2 EUO 1.05d SS 2.12c
EU1 1.66c DS 2.18 a
EU2 2.27b TS 2.16b
EU3 3.24 a CV% 2.07
CV% 2.07 LSD 0.01
LSD 0.02

*Means followed by the same letter(s) along the column for earthing up and pruning systems are not significantly
different at 5 % probability level. Mean separation was done within each cultivation
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Combined earthing up levels and pruning system
significantly affected fruit firmness. Earthing up to
level 30 cm regardless of pruning system (SS3,
DS3 and TS3) recorded the highest average fruit
firmness compared to (SS0, DSO and TSO0)
experiments in both cultivation 1 and 2 (Table 6).
Treatment SS1, DS1 and TS1 were not
significantly different in both cultivations.The
above observation shows that earthing up greatly
influences the productivity of tomato trees. This
shows that raising soil increases the surface area
for the absorption of minerals, water and other
elements that enhance growth of the plant.
Studies also show that the surface of tomato
stem in contact with soil initiates development of
adventurous roots and thus improves efficiency
in nutrients and water uptake [30,31]. This
phenomenon explains the firmness of tomato
fruits with earthing up to 30cm as the absorption.
When soil is raised above the stem and the root
development is initiated the surface area for the
nutrient absorption. Reports shows that Tomato
firmness is contributed by calcium ion in the cells
that improves cell turgor, membrane integrity,
and delays membrane lipid catabolism thus
extending storage life of fresh fruits [32]. The
increased rhizosphere by raising the soil and
adventitious roots improves the ability of plant to
efficiently utilize the available calcium ion in the
growing media. The results showed an increase
in significance with an increasing soil height
above the stem.

The art of pruning of stems of tomato have been
reported to improve C/N [33] removal of the
multiple stems and shoots redirect nutrient to the
remaining growing parts that improve growth and
development of the plant organs. Pruning of
plants improves light interception by the leaves
this results in improved photosynthetic process
by the plants [34]. In addition, the efficient light
interception of light by the leaves enhances
transpiration resulting in improved absorption of
nutrient by the plant from the soil. The
mechanism of nutrients absorption by plants is
aided by Vapor pressure deficit (VPD) the main
driving force of plant water transport and affects
the nutrient [35]. Findings of the current study
show that fruits harvested from DS were firm
compared to TS and SS. The least firmness was
observed in SS pruning system, pruning of
tomato tree to a SS reduced the surface area for
transpiration and this reduced nutrients
absorption and moisture, in comparison with DS
and TS firmness was higher however TS
reported lower firmness than DS. This results
might be as a result of improved transpiration but

increased nutrients mobilization to the multiple
stems. The available nutrient distributed to all
stems reduced the amount of accumulated of
calcium ion and other nutrient in fruits of TS and
therefore reduced turgor pressure.

Table 6. Tomato fruit firmness at different
combined effect of earthing up and pruning
systems (Treatment effects) in cultivation 1

and 2
Cultivation 1 Cultivation 2
Treatment Means Means
SS0 1.07e* 0.96f
SS1 1.82c 1.66¢
SS2 2.83b 2.66b
SS3 3.40a 3.23a
DSO 1.30d 1.14d
DS1 1.83c 1.66¢
DS2 2.90b 2.69b
DS3 3.40a 3.25a
TSO 1.24d 1.06e
TS1 1.82¢c 1.66¢
TS2 2.84b 2.66b
TS3 3.41a 3.24a
LSD 0.093 0.0371
CV 4.9526 2.1301

*Means followed by the same letter(s) along the
column for earthing up and pruning systems are not
significantly different at 5 % probability level. Mean

separation was done within each cultivation

This study revealed that earthing up level 30 cm
irrespective of the pruning system influenced
tomato fruit firmness. The increase in fruit
firmness in treatment (SS3, DS3 and TS3) as
compared to their controls (SS0, DSO and TSO0)
is due to the effect of nutrient uptake and
partitioning. The fraction of mass partitioning to
the fruit is influenced strongly by nutrient uptake
and fruit sink strength the latter being a product
of sink strength of individual fruits and total
number [36]. Sink strength qualified as the
development of an organ under non-limiting
assimilates and nutrient supply in the fruit which
optimises the utilization of imported assimilates
and nutrients from the soil leading to the
development of quality fruits in terms of firmness
[25].

Similar results were reported by [37,38] who
indicated that the combination of the pruning
system and proper nutrition had a positive effect
on tomato pericarp development which
consequently improved fruit firmness. This
observation is also in agreement with the report
by [39] who did a study on simulation of dry
matter accumulation, partitioning, and vyield
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prediction in processing tomato and found that
proper partitioning of nutrients to the fruits
enhance quality fruit development [40]. The
integration of pruning and earthing up of soil
resulted in improvement of nutrients absorption
through increased rhizopher and improved
transpiration efficiency. It is important to note that
fruit firmness affects the susceptibility of
tomatoes to physical damage and consequently
their shipping ability and postharvest handling
[28,29]. Proper earthing up and pruning system
therefore, means less competition among the
tomato fruits for growth resources such as water,
nutrients, and solar radiation. Tomato plants with
sufficient fruit firmness are more desirable to the
farmers because of their long shelf life during
postharvest [41].

3.4 Effects of Earthing Up Levels and
Pruning Systems on Total Soluble
Solids in Tomato Fruit

Analysis of the effect of earthing up indicated that
total soluble solids content had the highest
average in earthing up level 30 cm (6.08% in
cultivation 1 and 6.10% in cultivation 2) followed
by earthing up levels 20 cm,10 cm and finally the
control respectively (Table 7). The pruning
system (SS, DS and TS) were not significantly
different for total soluble solids in both
cultivations (Table 7).

The highest average percentage total soluble
solids (6.09 % in cultivation 1 and 6.08 % in
cultivation 2) were obtained from the treatment
SS3. There was no significant difference in SS3
from treatment DS3 and TS3 in cultivation 1 and
2. The total soluble solids under the treatment

TS0 were not statistically significant to SS0 and
DSO in cultivation 2. TSO recorded the lowest
total soluble solids percentages at 3.67 % in
cultivation 1 and 3.69 % in cultivation 2 (Table 8).

The effect of earthing up levels on total soluble
solids was significant irrespective of the pruning
system. The treatments SS0, DSO and TSO
reduced fruit exposure to excess water from the
root zone which arguably would increase soluble
solid concentrations in the fruits, the significant
reduction impacted negatively on the Brix’s
value. Reduced water uptake from the soil may
have potentially led to the decreased uptake and
partitioning of essential nutrients that are
necessary for the development of soluble solids
in the fruits [11]. This explains the reasons for the
lower predicted Brix value in the treatments
(SS0, DSO and TS0) as compared to (SS3, DS3
and TS3).

The current results are in agreement with [42], in
their experiment on the response of cherry
tomato to pruning systems and irrigation rates
under greenhouse conditions. The report showed
that increase in brix value is attributed to water
and nutrient uptake from the soil. This was also
in agreement with the findings of [43] and [44]
who found that increased nutrient uptake and
partitioning through the pruning system
increased sugar content in tomatoes. Improved
growing condition of tomato plant through
manipulation of growth and growing media
enhances efficiency in nutrient uptake and
photosynthetic processes. Increasing the level of
soil and reducing the number of stems enhance
uptake and utilization of essentials mineral

Table 7. Tomato total soluble solids (Brix %) at different earthing up levels and pruning system
in cultivation 1 and 2

Cultivation EU Brix (%) PS Brix (%)

1 EUO 3.69 d* SS 4.75a
EU1 4.05c DS 474 a
EU2 5.16 b TS 474 a
EU3 6.08 a CV% 0.68
CV% 0.68 LSD 0.01
LSD 0.01

2 EUO 3.71d SS 473 a
EU1 4.03c DS 4.74 a
EU2 5.11b TS 473 a
EU3 6.10 a CV% 0.83
CV% 0.83 LSD 0.01
LSD 0.01

*Means followed by the same letter(s) along the column for earthing up and pruning systems are not significantly
different at 5 % probability level. Mean separation was done within each cultivation
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elements constituents of sugars. This can also
be explained based on the sink strength of the
fruits in treatment (SS3, DS3 and TS3). The sink
strength of fruit is directly linked to its capability
to; unload assimilates into the fruit and optimise
the utilization and metabolism of imported
assimilates [45]. Photosynthetic assimilates
(sucrose) unloading from the phloem to the sink
is usually facilitated symplastically by water and
sugar transporters [45]. For example, sugar
transport activities positively correlated with

sugar accumulation in pea [35]. Upon
transportation into sinks, sucrose can be
degraded into glucose, fructose, or other

derivatives [46,20].

Table 8. Tomato fruit total soluble solids
(Brix %) at different earthing up and pruning
systems (Treatment) in cultivation 1 and 2

Cultivation 1 Cultivation 2

Treatment Means Means
SSO0 3.72f* 3.71d
SS1 4.04e 4.02¢c
SS2 5.16¢ 5.09b
SS3 6.09a 6.08a
DSO0 3.69f 3.70d
DS1 4.04e 4.03c
DS2 5.15¢ 5.10b
DS3 6.08ab 6.08a
TSO 3.67¢g 3.69d
TS1 4.08d 4.04c
TS2 5.16¢ 5.12b
TS3 6.06b 6.08a
LSD 0.026 0.031
CV 0.681 0.822

*Means followed by the same letter(s) along the
column for earthing up and pruning systems are not
significantly different at 5 % probability level. Mean

separation was done within each cultivation

In other research findings [47] reported that
storage temperature influences the amount of
TSS in a fruit where, at low storage temperature
TSS of tomato was lower compared to ambient
temperature as well as ripening increasing shelf
life. However, reduction of ripening of tomato
through calcium application have reported a low
TSS content [48]. This finding explain the results
where SS3 reported the highest TSS content
reduced foliage exposes fruits to the sun and
improved nutrient and water uptake by earthing-
up contributed to early ripening and higher TSS.

This can also be explained based on the sink
strength of the fruits in treatment (SS3, DS3 and
TS3). The sink strength of fruit is directly linked

to its capability to; unload assimilates into the
fruit and optimise the utilization and metabolism
of imported assimilates [49]. Photosynthetic
assimilates unloading from the phloem to the
sink is usually facilitated symplastically by water
and sugar transporters [50]. Study shows that
sugar transport activities positively correlated
with sugar accumulation in pea [51]. Upon
transportation into sinks, sucrose can be
degraded into glucose, fructose, or other
derivatives [46] and [49].

4. CONCLUSION

From the results, it can be concluded that
regardless of the pruning system, earthing up
tomato to level 30 cm improved the tomato fruit
quality by increasing the fruit total soluble solids
(TSS) and preserving its firmness. It is therefore
worthwhile investing in optimizing growth
conditions, i.e. earthing up level 30 cm in
combination with triple pruning system.

ACKNOWLEDGEMENT

| wish to extend my sincere gratitude to Chuka
University Internal Research Funds for partially
sponsoring my research. | am very grateful to
Chuka University through the Department of
Plant Science for providing facilities to run the
experiments for this study. | would also like to
sincerely extent my gratitude to Mr. Titus
Kiplangat who took bigger part in actualizing the
data collection. Since he is one of the authors,
move to the author section and describe his role
in research.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Mauro RP, Agnello M, Onofri A, Leonardi
C, Giuffrida F. Scion and rootstock
differently influence growth, yield and
quality characteristics of cherry tomato.
Plants. 2020;9(12):1725.

2. Maijidi H, Minaei S, Almasi M, Mostofi Y.
Total soluble solids, titratable acidity, and
repining index of tomato in various storage
conditions. Australian Journal of Basic and
Applied Sciences. 2011;5(12):1723-1726

3. Chen L, Pan Y, Li H, Liu Z, Jia X, Li W, Jia
H, Li X. Constant temperature during
postharvest storage delays fruit ripening

1299



10.

11.

12.

13.

Keter et al.; IJPSS, 34(23): 1291-1302, 2022; Article no.lJPSS.93637

and enhances the antioxidant capacity of
mature green tomato. Journal of Food
Processing and Preservation. 2020;44(11):
e14831.

Guyer L, Hofstetter SS, Christ B, Lira BS,

Rossi M, Hortensteiner S. Different
mechanisms are responsible for
chlorophyll  dephytylation during fruit

ripening and leaf senescence in tomato.
Plant Physiology. 2014;166(1):44-56.
Ngamchuachit P, Sivertsen HK, Mitcham
EJ, Barrett DM. Effectiveness of calcium
chloride and calcium lactate on
maintenance of textural and sensory
qualities of fresh-cut mangos. Journal of
Food Science. 2014;79(5):786-794.

Chen L, Opara UL. Approaches to analysis
and modeling texture in fresh and
processed foods-A review. Journal of Food
Engineering. 2013;119(3):497-507.

Kabir MSN, Ali M, Lee WH, Cho SI, Chung
SO. Physicochemical quality changes in
tomatoes during delayed cooling and
storage in a controlled chamber.
Agriculture. 2020;10(6):196.

Barman K, Ahmad MS, Siddiqui MW.
Factors affecting the quality of fruits and
vegetables: Recent understandings.
Postharvest biology and technology of
horticultural crops: Principles and practices
for quality maintenance. CRC Press Taylor
and Francis Group. 2015;10:b18438.
Frez-Muhoz L, Steenbekkers B, Fogliano
V. The choice of canned whole peeled
tomatoes is driven by different key quality
attributes perceived by consumers having
different familiarity with the product.
Journal of Food Science. 2016;81(12):
2988-2996.

Tigist M, Workneh TS, Woldetsadik K.
Effects of variety on the quality of tomato
stored under ambient conditions. A Journal
of Food Science Technology. 2013;50(3):
477-486.

Matsukura C. Sugar accumulation in
tomato fruit and its modification using
molecular  breeding techniques. In
Functional Genomics and Biotechnology in
Solanaceae and Cucurbitaceae Crops.
2016;141-154.

Bisbis MB, Gruda N, Blanke M. Potential
impacts of climate change on vegetable
production and product quality-A review.

Journal of Cleaner Production, 2018;
170:1602-1620.
Karthika KS, Rashmi |, Parvathi MS.

Biological functions, uptake, and transport

14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

1300

of essential nutrients in relation to plant
growth. Plant Nutrients and Abiotic Stress
Tolerance. 2018:1-49.

Genard M, Bertin N. Tomato quality as
influenced by pre-harvest factors. Scientia
Horticulturae. 2018;233:264-276.

Zhu Y, Sims CA, Klee HJ, Sarnoski PJ.
Sensory and flavor characteristics of
tomato juice from garden gem and roma
tomatoes with comparison to commercial
tomato juice. Journal of food science.
2018;83(1):153-161.

Yang L, Huang W, Xiong F, Xian Z, Su D,
Ren M, Li Z. Silencing of SI PL, which
encodes a pectate lyase in tomato, confers
enhanced fruit firmness, prolonged shelf-
life, and reduced susceptibility to grey
mould. Plant Biotechnology Journal.
2017;15(12):1544-1555.

Olaniyi JO, Akanbi WB, Adejumo TA,
Akande OG. Growth, fruit vyield, and
nutritional quality of tomato varieties.
African Journal of Food Science.
2010;4(6):398-402.

Getachew T, Belew D, Tulu S. *Yield and
growth parameters of potato (Solanum
tuberosum L.) as influenced by intra row
spacing and time of earthing up: In Boneya
Degem district, Central Highlands of
Ethiopia. International Journal of
Agricultural Research, 2012;7(5):255-265.
Liu H, Meng F, Miao H, Chen S, Yin T, Hu
S, Zhang B. Effects of postharvest methyl
jasmonate treatment on main health-
promoting components and volatile organic
compounds in cherry tomato fruits. Food
Chemistry. 2018;263:194-200.

Osorio S, Ruan YL, Fernie AR. An update
on source-to-sink carbon partitioning in
tomato. Frontiers in Plant Science.
2014;5:516.

Ganje M, Jafari SM, Dusti A, Dehnad D,
Amanjani M, Ghanbari V. Modeling quality
changes in tomato paste containing
microencapsulated olive leaf extract by
accelerated shelf-life testing. Food and
Bioproducts Processing. 2016;97:12-19.
Rouphael Y, Cardarelli M, Schwarz D,
Franken P, Colla G. Effects of drought on
nutrient uptake and assimilation in
vegetable crops. In Plant Responses to
Drought Stress. 2012;171-195.

Romanazzi G, Feliziani E, Bafios SB,
Sivakumar D. Shelf-life extension of fresh
fruit and vegetables by chitosan treatment.
Critical Reviews in Food Science and
Nutrition, 2017;57(3):579-601.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Keter et al.; IJPSS, 34(23): 1291-1302, 2022; Article no.lJPSS.93637

Arah IK, Amaglo H, Kumah EK, Ofori H.
Preharvest and postharvest factors
affecting the quality and shelf life of
harvested tomatoes: A  mini-review.
International Journal of Agronomy; 2015.
Zamski E, Shaffer AA. Photoassimilate
distribution in plants and crops, source-
sink relationships. Ho LC Tomato. Marcel
Dekker. 1996;709 -728.

Zhang Y, Ntagkas N, Fanourakis D,
Tsaniklidis G, Zhao J, Cheng R,
Yang Q, Li T. The role of light intensity in
mediating ascorbic acid content during

postharvest tomato ripening: A
transcriptomic analysis. Postharvest
Biology and Technology. 2021;180:
111622.

Abbasi NA, Zafar L, Khan HA, Qureshi AA.
Effects of naphthalene acetic acid and
calcium chloride application on nutrient
uptake, growth, vyield, and post-harvest
performance of tomato fruit. Pakistan
Journal of Botany. 2013;45(5):1581-1587.
Sakadzo N, Tafirenyika F, Makaza K.
Effects of time of earthing up on yield and
yield parameters of irish potato (Solanum
Tuberosum L.) in Zaka district, Zimbabwe.
Agricultural Science. 2019;1(1):39-39.
Fitsum G, Gebremichael M, Gebremedhin
H. Flower bud removal and earthing up
time increased growth and tuber yield of
potato at Eastern Tigray, Ethiopia.
Indonesian Journal of Agricultural Science.
2020;20(2):77-85.

Igbal HM, Akbar QUA, Arif S, Yousaf S,
Khurshid S, Jabbar S, Hamid N, Sitara U.
Maturity dependent changes in post-
harvest physiological, antioxidant and anti-
microbial attributes of tomato. Pakistan
Journal of Agricultural Research. 2022;
35(1):144.

Teixeira GCM, de Mello Prado R, Rocha
AMS. Low absorption of silicon via foliar in
comparison to root application has an
immediate antioxidant effect in mitigating
water deficit damage in sugarcane. Journal
of Agronomy and Crop Science; 2021.
Haleema B, Rab A, Hussain SA, Sajid M,
Arif M, Shah ST, Basit A. (Influence of
calcium concentrations and sources on the

fruit quality of tomato (Lycopersicon
esculentum mill) at different storage
conditions. Fresenius Environmental

Bulletin. 2020;29(3):1866-1877.

Alam M, Islam N, Ahmad S, Hossen M,
Islam M. “Effect of different staking
methods and stem pruning on yield and

34.

35.

36.

37.

38.

39.

40.

41.

42.

1301

quality of summer tomato.” Bangladesh
Journal of Agricultural Research. 2016;
41(3):419432,

Tosto A, Zuidema PA, Goudsmit E, Evers
JB, Anten NP. The effect of pruning on
yield of cocoa trees is mediated by tree
size and tree competition. Scientia
Horticulturae. 2022;304:111275.

Dube AK, Ozkan B, Govindasamy R.
Analyzing the export performance of the
horticultural sub-sector in Ethiopia: ARDL
bound test cointegration  analysis.
Horticulturae. 2018;4(4):34.

Liu H, Meng F, Miao H, Chen S, Yin T, Hu
S, Zhang B. Effects of postharvest methyl
jasmonate treatment on main health-
promoting components and volatile organic
compounds in cherry tomato fruits. Food
Chemistry, 2018;263:194-200.

Ronga D, Zaccardelli M, Lovelli S, Perrone
D, Francia E, Milc J, Pecchioni N. Biomass
production and dry matter partitioning of
processing tomato under organic vs
conventional cropping systems in a
Mediterranean  environment.  Scientia
Horticulturae. 2017;224:163-170.

Hossain M. Effect of planting time on the
yield and quality of cherry tomato
(Solanum lycopersicum var. Cerasiforme).
International  Journal of Horticultural
Science and Technology. 2021;8(2):123-
131.

Wang J, Gao S, Yuan J, Ma F. Simulation
of dry matter accumulation, partitioning,
and yield prediction in processing tomato
(Lycopersicon esculentum. Mill.).
Australian Journal of Crop Science.
2012;6(1):93.

Hesami A, Khorami SS, Hosseini SS.
Effect of shoot pruning and flower thinning
on the quality and quantity of semi-
determinate tomato (Lycopersicon
esculentum  Mill.). Notulae Scientia
Biologicae. 2012;4(1):108-111.
Valdés-Gomez H, Gary C, Brisson N,
Matus F. Modeling indeterminate
development, dry matter partitioning, and
the effect of nitrogen supply in tomato with
the generic STICS crop-soil model.
Scientia Horticulturae. 2014;175:44-56.
Abdel-Razzak H, Ibrahim A, Wahb-Allah
M, Alsadon A. The response of cherry

tomato (Solanum Lycopersicum var.
cerasiforme) to pruning systems and
irrigation  rates  under  greenhouse

conditions. Asian Journal of Crop Science.
2013;5:275-285.



43.

44,

45.

46.

47.

Keter et al.; IJPSS, 34(23): 1291-1302, 2022; Article no.lJPSS.93637

Beckles DM. Factors affecting the
postharvest soluble solids and sugar
content of tomato (Solanum Lycopersicum
L.) fruit. Postharvest Biology and
Technology. 2012;63(1):129-140.
Rahmatian A, Delshad M, Salehi R. Effect
of grafting on growth, yield, and fruit quality
of single and double stemmed tomato
plants grown hydroponically. Horticulture,
Environment, and Biotechnology. 2014;
55(2):115-119.

Chen LQ, Qu XQ, Hou BH, Sosso D,
Osorio S, Fernie AR, Frommer WB.
Sucrose efflux mediated by Sweet proteins
as a key step for phloem transport.
Science. 2012;335:207-211.

Adam MY, Elbashir HA, Ahmed AHR.
Effect of gamma radiation on tomato
quality during storage and processing.
Journal of Biological Sciences. 2014;
6(1):20-25.

Ding J, Jiao X, Bai P, Hu Y, Zhang J, Li J.
Effect of vapor pressure deficit on the

48.

49.

50.

51.

photosynthesis, growth, and nutrient
absorption of tomato seedlings. Scientia
Horticulturae. 2022;293:110736.

Toivonen PMA, Brummell DA. Biochemical
bases of appearance and texture changes
in  fresh-cut fruit and vegetables.
Postharvest Biology and Technology.
2008;48:1-14.

Ruan Y-L. Sucrose metabolism: Gateway
to diverse carbon use and sugar signalling.
Annual Review of Plant Biology. 2014;
65:33-67.

Desta B, Tena N, Amare G. Preharvest
factors that influence the quality of tomato.
Asian Journal of Research and Review in
Agriculture. 2022:6-12.

Gomez AH, He Y, Pereira AG. Non-
destructive measurement of acidity,
soluble solids, and firmness of Satsuma
mandarin  using  Vis/NIR-spectroscopy
techniques. Journal of Food Engineering.
2006;77(2):313-319.

© 2022 Keter et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/93637

1302


http://www.sdiarticle5.com/review-history/93637
http://creativecommons.org/licenses/by/4.0

