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Abstract

Genotypic variation of Kenyan tomato (Lycopersicon esculentum L.) germplasm

Systematic genotypic analysis of Kenyan tomato germplasm was carried out in order to delineate potential
variability based on various morphological, agronomic and biochemical traits. Both landraces and market
cultivars were examined with a view to facilitating tomato improvement. In an experiment conducted in 1993 in
a glasshouse at the Federal Agriculture Research Centre (FAL), Germany, 26 tomato landraces and nine
market cultivars were investigated using block design. Analysis of variance clearly illustrated a large variation
for all the quantitative traits. Landraces on average produced more fruit per plant (90) but of a smaller size than
the market cultivars (19). However, market cultivars had a superior average fresh fruit weight of 56.5g while the
landraces registered on average 40.6 g. Multiple correlation analysis confirmed the superiority of landraces for
trait of fruit quality and a strong negative association between fruit weight. Limited structure groupings were
detected on the basis of a principal components analysis. Using this method, processing and fresh tomato
cultivars within the germplasm could be clearly separated on the basis of fruit characters. Furthermore, this
analysis distinguished a few landraces from the market cultivars, although closer phylogeny through
introgression was highly suspected. Within the landraces, the yellow-cherry types were distinct from all the
others, On the basis of this study, the use of more prolific landraces, in terms of number of fruit as well as actual
fruit yield, would be desirable for intensive and continuous production of tomatoes.

Key Words: Genetic diversity, landraces, Lycopersicon esculentum, phylogenic relationships, principal components

analysis, Tomato
Introduction

With the increasing need of consumers
for both quality and diversity of tomato
products, there is a need to extensively
collect, exploit and evaluate unknown
tomato germplasm. Tomato continues to
play a key horticultural role in Kenya and
its improvement would enhance
agricultural productivity, alleviaie poverty
and facilitate food security (Agong and
Schittenhelm 1993; Agong ef al. 1997).
However, most of the tomato germplasm
in the country is largely undocumented
and has unknown morphological,
agronomic and biochemical attributes.
Tomato is continnously introduced and
grown in all ecological zones where arable
agriculture is practicable. This tendency
has fuelled the extensive cultivation of
various tomato cultivars with unclear

documentation (Agong and Schittenhelm

1993).

Systematic study and characterisation of
tomato germplasm is of great importance
for current and future agronomic and
genetic improvement of the crop.
Furthermore, if an improvement
programime is to be carried out evaluation
is imperative, in order to understand the
genetic background and the breeding
value of the available tomatoes.

Morphological, agronomic as well as
biochemical parameters have been widely
used in the evaluation of various crops

(Rick and Holle 1990; Weber and Wricke
1994; Kaemmer ef al. 1995), Exploitation
of such traits increases our knowledge of
the genectic variability available and
strongly facilitates breeding for wider
geographic adaptability, with respect to
biotic and abiotic stresses. In addition,
genetic diversity needs to be described
and measured if it is to be effectively
incorporated into breeding strategies and
management of plant genetic resources.

The objective of this study, therefore, was
to examine the variation in tomato
germplasm based on the morphological,
agronomic and biochemical traits in the
landraces, as well as in market cultivars,
with an ultimate view of identifying
potential accessions to improve tomato
production. This study also aimed to
generate data to increase understanding
of the phylogeny of the Kenyan tomato
germplasm to improve effective
management.

Materials and Methods

Tomato (Lycopersicon esculentum L.)
accessions collected from different parts
of Kenya, as described by Agong and
Schittenhelm (1993) and Agong et al.
(1997), were used in this study. Germplasm
was comprised mostly of landraces grown
by mainly small-scale farmers over several
years, and collected mainly in the western,

central, eastern and coastal regions of
Kenya, These areas differ greatly in their
agro-ccological and ethnic compositions.

Morphological, agronomic and
biochemical characterization of the tomato
germplasm was conducted with the
hypothesis that any differences among
the tomato accessions would be due to
the genetic differentiation therein and not
solely to phonotypic plasticity, given the
diverse environmental differences
between the collection sites (Agong and
Schittenhelm 1993). Using a four-replicate
randomized complete block design, a pot
experimental study under a controlled
glasshouse environment was conducted
from February to August 1993 at FAL. For
each replicate, 12 plants per accession
were Studied, in the experiment 35
accessions were used, including three of
German origin used as control. The
tomatoes were grown in an organically
enriched Volkenrode compost soil
following standard horticultural practice,
as described in Agong ef al. (1997).
Throughout the experiment, glasshouse
temperatures were kept at 15°C at night
and 25°C’ during the day and relative
humidity maintained at 70%. The
seedlings were pricked out into 26 cm
plastic pots four weeks after emergence
and cultured up to bright-red fruit
maturity.
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Table 1a. Accession means for yield-related characters in tomato

A no. Character’
FS (%) NF FFW(g) DFW(g FI NS SW (g) DC (%)
M 894 22.0 35.9 34 0.96 66 2.53 9.6
M 70.3 13.5 92.6 7.2 1.47 160 2.80 1.7
IM 76.4 24.7 49.4 4.2 1.24 131 3.06 8.5
SM 90.3 24.6 37.0 2.6 0.86 64 3.27 72
6M 79.0 273 39.1 29 0.81 58 2.81 7.4
™ 39.6 10.1 83.3 7.6 1.44 170 2.68 9.1
M 74.1 194 48.4 4.0 0.92 51 3.42 8.3
9M 713 14.5 65.8 1.5 1.30 151 2.9 114
10M 79.3 17.3 570 4.1 1.47 72 3.77 7.1
11L 69.9 26.5 35.2 2.6 0.87 74 3.23 1.5
121 61.8 243 315 2.7 0.95 69 3.00 8.6
13L 58.6 270 33.0 23 0.80 T 3.12 6.9
14L 78.4 23.0 41.7 3.1 1.17 119 3.21 74
15L 65.8 349 30.2 23 1.02 87 2.52 1.7
16L 78.9 275 42.7 4.9 1.33 141 2.89 11.5
17L 82.0 26.8 378 29 1.26 93 2.86 1.7
18L 85.5 47.1 16.9 1.4 1.50 107 2.64 8.4
19L 64.1 33.0 28.8 25 1.29 117 2.9 8.6
20L 723 21.2 51.2 3.8 1.34 12 3.01 13
21L 381.7 289 35.1 3.0 1.19 80 2.89 8.6
221, 720 729 79 0.8 1.37 80 1.93 10.5
23L 79.5 44.0 15.7 1.6 1.33 113 2.41 9.8
4L 94.9 83.7 14.7 1.3 0.81 42 2.02 8.6
25L 58.8 30.1 43.5 3.2 1.30 111 1.92 1.4
206L 80.4 26.3 45.0 3.4 1.25 95 2.89 7.6
271, 48.9 11.2 82.1 34 1.39 200 2.60 4.2
28L 79.2 25.1 39.0 52 1.18 109 3.09 134
29L 89.1 1589 26 0.3 1.04 73 1.11 11.0
30L 74.6 28.0 33.7 24 1.00 67 2.93 72
31L 839 1152 43 0.4 1.06 96 1.24 104
321 79.0 21.0 55.8 4.4 1.07 121 3.32 79
33L 84.9 73.4 82 0.8 1.23 91 1.79 10.2
35GL 98.5 103.1 54 0.5 1.03 49 2.00 9.8
36GL 46.0 9.7 90.7 8.4 1.49 196 2.65 9.2
37GL 95.7 14.0 80.4 6.4 1.51 119 2.79 8.0
b'ed 753 37.4 40.6 3.4 1.18 102 2.69 8.6
1SD (0.05)§ 10.7 4.6 72 0.7 0.08 13 0.17 0.8
T See 'Methods' for character definition,
= grand mean.

§LSD(M,) = least significant difference at 5% level.

FS = fruit set; NF= number of fruit per plant; FFW= fresh fruit weight; DFW= dry fruit weight; FI = mature frut
index; NS = no. of seeds per fruit, SW = thousand-seed weight; DC= dry matter content; M = market cultivars;
L= landraces of Kenyan origin; GL = landraces of German origin.

The parameters scored during vegetative
growth and through fruit maturity
included: total fruit weight per plant of
mature fruits (g FFW), dry fruit weight
per plant of mature fruits (g DFW), plant
height at fruit maturity (cm PH), mature
fruit dry matter content (% DC), dry fruit
weight of mature fruit (g SW), electrical
conductivity (dS/m EC), pH value (pH),
Brix (5 BRI), titratable acidity (% TA), citric
acid (mM/L.CA), malic acid (mM/L MA),
fructose (% FRU) and glucose (% GL) of
mature fruit. Fruit juice extracts from each
tomato accession were obtained and
stored at -20°C for the chemical analysis.
From each of the 12 plants per accession
in every replication, 5g of juice extract was
obtained to provide a 60 mixed juice
sample for use in the biochemical
analyses.

Sampling was done carefully to ensure
that fruit from all the accessions was at
an approximately similar physiological
maturity (bright red ripe). Thawed juice
samples were vigorously shaken and used
to determine the electrical conductivity
and pH values according to the
procedures of Agong et al. (1997). The

percentages of total soluble solids was
measured by the use of sucrose hand
refractometer (model HRN-20 of Kruss-
W.S.R. Tokyo).

Sugars (glucose and fructose) and
organic acids (citric and malic) were
analyzed from the homogenously mixed
fruit-juice extract using high performance
liquid chromatography (HPLC) as
described by Mitchell er al. (1991).
However, the sugars were extracted in
distilled water and not in 60% ethanol.
The separation of sugdrs and organic
acids was accomplished on an Aminex™
HPX-87H300x 7.8 mm column (BIO-RAD,

" Richmond, California) with a degassed

005N H,S0, as the mobile phase (cluant)
at a flow rate of 0.4 ml/min. Sugars were
detected with a differential refractometer
(RI-Ditektor, Knauer) and organic acids
by UV absorbance at 210 nm. Allsampies
were run at a constant temperature of 30°C.
Titratable acidity was determined using
the methods of the National Canners
Association (1968) and Agong ef al.

(1997).

By using the computer program SAS

(SAS Institute Inc. 1990) an analysis of
variance {(ANQVA) was carried out to
determine the significance of difference.
Multiple correlation and principal
components analysis (PCA) were carried
out as described by Broschat (1997) on
the standardized and normalized mean
value of the metric characters and
correlation matrices.

Results

The evaluation of the Kenyan tomato
germplasm showed a large and significant
variation in the quantitative traits
between the accessions (Table 1a, b). For
example, the percentage of fruit set was
scored at 39.6 and 94.9% for accessions 7
and 24, respectively. The average fresh
and dry fruit weight varied notably among
the accessions. Most of the landraces
gave lower fresh and dry fruit yields than
the market cultivars. On the other hand,
the landraces displayed superiority with
respect to biochemical parameters. For
example, landraces 29, 31 and 33 had very
high levels of Brix (Table 1b). The electrical
conductivity for all accessions ranges
between 6.5 and 9.4 dS/m. Similarly, the
fruit juice extract of the landraces,
particularly accessions 33 and 31, had the
highest electrical conductivity.

Correlation analysis revealed strong
relationships among the biochemical
traits (Table 2). As expected, the weight
of fresh fruit was negatively associated
to the firuit’s biochemical contents. Fresh
fruit weight also correlated negatively to
fryit number per plant and dry matter
content. Positive correlationship,
however, was observed between fresh
fruit weight and fruit width and firuit
equatorial length, whereas the number of
fruit per plant was negatively correlated
for fruit width.

Visual appraisal of the germplasm during
the vegetative and the reproductive
phases also showed that the accessions
were fairly variable. For example,
observation of the reproductive parts
revealed that accession 33, a red-cherry
tomato, had a pin flower form whereas the
yellow-cherry and the market types
displayed the thrum flower structure (Fig,

1) Similarly the fruit forms differed.

The PCA on 15 unrelated bui linearly
corrciated quantitative characters
indicated that the first three principal
components were adequate in explaining
more than 70% of the phenotypic

Tria A A NOINT
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variation in the tomato germplasm (fig.
2). However, no clear classes could be

Table 1b. Accession means for biochemical attributes of tomato fruit

A ion no. Character' *
EC pH_ BRIX(%) TA (%) GL(%) FRU (%) CAMm/L) MAmML) adduced from the analysis. To some
v 78 ook 0 2 23 i - extent it was possible to distinguish
a 7.3 42 74 06 23 25 33 56 between accessions collected in the
2?44 22 :; ;(3) 81 ;g ;‘2’ g; ;3 western, central and coastal areas of
™ 75 42 88 0.7 22 25 36 2 Kenya. An approximate classification is
M 7.3 44 84 0-2 2.0 2~; ;g ig (a) landraces with yellow fruit from the
M 6.5 4.2 6.8 0. 1.6 1. . .
10M 71 41 16 08 20 20 39 56 coast, (b) landraces with red-ch.erry fruit
11L 6.9 43 68 0.5 2.1 2.2 24 73 from western Kenya, (¢) a mixture of
12L 7.3 45 84 0.5 2.4 2.5 24 73 .
1L 68 43 13 05 25 27 30 v coastal, central a'nd western accessions,
14L 6.7 43 713 0.5 2.1 22 27 85 (d) central accessions with large fruit, (€)
15L 6.7 44 72 0.5 2.0 2.1 28 63 . . .
vy o7 43 70 os 21 22 29 13 coastal accessions with large fruit and ®
17L 6.8 43 74 0.5 2.2 2.5 21 61 a mixture of all accessions. Accessions
vy 52 2z o8 2 23 " pis 35, 36 and 37 were used for control
20L 7.0 42 11 0.6 2.0 2.2 31 49 purposes and do not affect the possible
L 74 o 7e or 29 ;g p p genotypic classifications. Market
23L 3.0 42 83 0.6 1.4 14 42 41 cultivars can be separated into three
by 7e PR 0 24 28 ot - categories: 4 and 10; 3,7 and 9;and 2, 6
26L 7.0 41 70 0.6 21 23 30 3 and 8. Tomatoes for processing (2, 5, 6
%;”i ;; :% g‘; 8—2 ;3 ;: gi Z(-’; and 8) could clearly be separated on the
29L 7:4 4:1 16_ 5 0:8 2:9 3:6 66 37 baSi.S of PCA al'laIYSiS for the fresh market
30L 7.0 44 74 0.5 1.8 1.9 24 97 cultivars (3, 4,7, 9, and 10).
31L 9.4 40 90 0.8 2.3 27 61 43
32L 6.7 42 72 0.5 1.8 1.9 30 20 . .
33L 93 39 95 1.0 2.5 29 67 39 Discussion
35GL 8.6 38 81 1.2 1.4 1.6 62 45
36GL 7.5 42 87 0.6 22 2.5 36 18
;ZGL ;; :g ;é gé :lzi ;g gg i; The heterogeneity observed in the
LSD(0.05f 0.6 07 o8 0.1 01 0.7 6 55 germplgsm is la{g.ely a}ttr.ibutable to the
: See "Methods' for character definition. genotypic variability within and between
XK= grand mean. . P
$ LSDq.os) = least significant difference at 5% level. the_ 1gd1v1dual tf)ma‘to groups. The
EC =electrical conductivity; TA= titratable acidity; L= glucose; FRU= fructose; CA = ciric acid; MA = malic variation adduced in this study conforms
acid; M = market cultivars; L= landraces of Kenyan origin; GL = landraces of German origin. with earlier work on the reaction of this

germplasm to salinity stress (Agong ef
al. 1997). The availability of a base
variable population, for exainple red and
yellow cherry fruiting tomato types, is
crucial for any significant progress in crop
genetic advancement. Genetic
improvements of tomato should not only
depend on the introduction but also on
the gradual development of more closely
adapted accessions suited to local
conditions (Agong 1995).

On the basis of morphological, agronomic
and biochemical data generated in this
study on yield and yield-related traits, it
is suggested that fruit number per plant
and fruit index (length/width), which are
closely associated with fresh fruit yield
(Table 2), can be used to create a better
understanding of diversity in the tomato
foryield and crop improvement (Cavicchi
and Silvetti 1976). The percentage of fruit
set and fruit number per plant were
strongly correlated, hence this
relationship can be useful for effective
pruning management as well as for
predicting new selection procedures for
Fig. 1. Differentiation of the landraces from the market cultivars based on flower and fruit ~ Crop improvement (Cavicchi and Silvetti
forms. Stigma protrusion from, and enclosure within, the anther cone as seen in ‘Nyaluo’(a)and ~ 1976).

‘Moneymaker’ (b) respectively. Diversity in fruit forms: ‘Moneymaker” (c), ‘Cla J* (d), Tindi

(e) and “Nyanyandogo’ (£). The pH, total titratable acidity and Brix
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Table 2. Phenotypic correlations among the quantitative traits (morphological, agronomic and biochemical parameters
Parameters -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Plant Fruit Fruit Fresh Dry Fruit Fruit Seed/ 1000 EC TA Brix Fructose Glucose Citric Fruit Mglic
height set fruit/ matter  length  width fruit seed acid pH acid
plant content weight
cm % No./ g % cm cm g dS/m % % % % mM/L mM/L
plant
0.11 - - -
0.61** 0.47%* - - -
0.49%% 015 -0.78% - - - - -
0.35%% 027  041%  034* . - - - - . - - - - -
0.76% L0.40%  -0.86%F 0.74%*  .0.4T* - - - - - - - - -
-0.4] % -0.50%% .0.84%¢ 0.74** .0.32 Q. 72%% - - -
0.14 -0.61%%  .0.41™ (.32 -0.04 0.22 0.70%* . - - - -
073 -0.18 A0.83%  0.73%F  .036*  0.79%*  0Q.61% 0.08 - - - - -
0.48%* 0.24%%  (.54%  _0.63% (028 -0.61%%  0.49%¢  .0.20 -0.65%* -
0.43%* 0.43 0.56%*  .0,55™* (.37* -0.59%%  _0.40% -0.18 -0.46%%  Q.62% - - - . -
0.44%* 0.01 0.64%% 0. 71** (.38* -0.55%%  0.41* .0.03 -0.66%%  0.48%% (. 49%* - -
0.33 -0.16 0.43* -0.29 013 -0.28 -0.28 0.01 -0.46%*  0.14 0.14 0.64** - - -
0.21 -0.28 0.22 -0.12 0.03 -0.09 -0.14 0.09 -0.28 0.08 -0.01 0.51%%  0.96%* - -
0.47%* 0.41 0.76%*  .0.68%% (.43%*  .0.69%* .0.56** .0.19 -0,67;"* 0.63%*  0.88%%  0.69%* (34* 0.17 - -
0.41* -0.36%  -039%  0.29 -0.28 0.43% 017 -0.04 0.41* -0.55%%  .0.87% .0.31 -0.07 0.05 -0.76% -
0.47%* 0.04 0.15 -0.05 0.28 -0.25 -0.06 0.22 0.22 -0.07 0.03 0.38* Q.36* 0.27 0.02 -0.06

"TEC = electrical conductivity, TA = titratable acidity.

are vital attributes with respect to the
organoleptic quality of tomato fruit
(Tigchelaar 1986; Mitchell ef al. 1991;
Agong 1995). On average, most landraces
bad a high number of biochemical
attributes (Table 1b) and these
characteristics are definitely useful where
production tends to be for processing.
Thus landraces maybe a valuable source
of germplasm for the improvement of
processing tomatoes. The greater
commercialization of these landraces
would strongly motivate and
economically empower small-scale
farmers who possess a large portion of
the germplasm.

* Significant at P=0.05; ** significant at 0.01.

The lack of definitive classification based
on the PCA strongly suggested closer
phylogenic relationship amongst the
tomato accessions (Fig. 2). Fruit
characters alone are unlikely to be suitable
for evaluating tomato germplasm. The
inclusion of more morphological,
agronomic and biochemical traits would
be appropriate, especially in a multi-trait
selection programme for the improvement
of horticultural characteristics (Broschat
1979). However, visual appraisal of
germplasm during the vegetative and the
reproductive phases confirmed genotypic
variability within the germplasm (Fig. 1).

These visual features were extremely
helpful in genotypic differentiation of the
landraces, such as the expression of
stigma above the anther come in
accession 33, suggesting the close
phylogenic relationship of this landrace
to the primitive progenitor of tomato (L.
esculentin var cerasiformje), known for
its out-breeding tendency (Rick 1976;
Alcazar-Esquinas 1981). From an
evolutionary standpoint, if farmers have
been practising methods which
encourage intense inbreeding, it is very
likely that rare genes will ultimately be
expressed, thus exposing the wild
phenotypes as observed in accession 33.

PRINJ ]
1.66 «%
0.78 - A

1.60

fomato accessions

S0 AE-

-1.00 '4"““‘\%\\\

0.54

-0.52

PRIN2

Fig. 2. Plot of the three principal components in determining the genotypic relatedness of the tomatoes based on fruit quantitative characters
g= Standard Kenyan tomato accessions; ?= West Kenyan tomato accessions, h= Central Kenyan tomato accessions;, 6= East/coastal Kenyan
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Modern tomato cultivars comprise
strongly self-pollinating types that have
a limited chance of cross-pollination.

As expected, correlation analyses
revealed that fresh fruit yield was
negatively associated to fruit number
(Table 2). Thus, if small-scale farmers
have been selecting for higher fruit
number they might have done so at the
expense of improving yields. Most tomato
landraces had a higher number of fruit per
plant than the market cultivars, confirming
their mostly inferior fresh fruit yield in
comparison to the market cultivars, as
evidenced elsewhere (Agong 1995). Over
along time period the high production of
fruit in landraces can substantially benefit
urban and peri-urban communities. Thus
landraces can effectively be utilized under
intensive and continuous tomato
production systems.

Most of the biochemical characters were
negatively correlated to fresh fruit yield
(Table 1b). Therefore, a breeding
programme would sacrifice the larger fruit
to obtain better quality, particularly when
the main objective is to improve the
processing quality (Agong ef al. 1997).
Electrical conductivity, Brix [%], pH value
and total titratable acidity are used as
criteria to judge the organoleptic and
processing qualities of tomato and,
therefore, require inclusion into breeding
programmes (Mitchel et al. 1991; Agong
etal. 1997).

Conclusion

To conclude on current data, Kenyan
tomato landraces are found to be suitable

for production systems where processing
is the commercial objective. Furthermore,
due to their ability to produce a high
quality of fruit over time, their usefulness
for improving tomato production under
intensive and continuous systems cannot
be ignored. However, modern cultivars
produce higher fruit yield and will remain
equally important for tomato
improvement. In addition, due to the ever
increasing rate at which tomato is
introduced, there is a need to develop a
reliable, faster and affordable cultivar
characterization procedure in order to
safeguard small-scale producers.
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