
 

African Journal of Plant 

Science 

 
 Volume 8 Number 10, October 2014 

ISSN 1996-0824  



 

ABOUT AJPS 
 

The African Journal of Plant Science (AJPS) (ISSN 1996-0824) is published Monthly (one volume per year) by 
Academic Journals. 

 
African Journal of Plant Science (AJPS) provides rapid publication (monthly) of articles in all areas of Plant 
Science and Botany. The Journal welcomes the submission of manuscripts that meet the general criteria of 
significance and scientific excellence. Papers will be published shortly after acceptance. All articles published in 
AJPS are peer-reviewed. 

 

 

Submission of Manuscript 
 

Please read the Instructions for Authors before submitting your manuscript. The manuscript files should be given 
the last name of the first author 
 
Click here to Submit manuscripts online 
  
If you have any difficulty using the online submission system, kindly submit via this email 
ajps@academicjournals.org. 
  
With questions or concerns, please contact the Editorial Office at ajps@academicjournals.org. 

http://ms.academicjournals.org/


 

Editor 
 
Prof. Amarendra Narayan Misra 
Center for Life Sciences, School of Natural Sciences, 
Central University of Jharkhand, 
Ratu-Lohardaga Road, P.O. Brambe-835205,  
Ranchi, Jharkhand State,  
India. 

 

Associate Editors 
 
Dr. Ömür Baysal 
Assoc. Prof.  
Head of Molecular Biology and Genetic Department, 
Faculty of Life Sciences, 
Mugla Sıtkı Koçman University, 
48000 -Mugla / TURKEY. 

 
Dr. Pingli Lu 
Department of Biology 
416 Life Sciences Building 
Huck Institutes of the Life Sciences  
The Pennsylvania State University 
University Park, PA 16802 
USA. 

 
 
Dr. Nafees A. Khan 
Department of Botany 
Aligarh Muslim University 
ALIGARH-202002, INDIA. 

 
Dr. Manomita Patra  
Department of Chemistry, 
University of Nevada Las Vegas, Las Vegas,  
NV 89154-4003. 
 
Dr. R. Siva 
School of Bio Sciences and Technology 
VIT University 
Vellore 632 014. 
 
 
 
 

 
 
Dr. Khaled Nabih Rashed 
Pharmacognosy Dept., 
National Research Centre, 
Dokki, Giza, Egypt 

 
Dr. Biswa Ranjan Acharya 
Pennsylvania State University 
Department of Biology 
208 Mueller Lab 
University Park, PA 16802. 
USA 

 
Prof. H. Özkan Sivritepe 
Department of Horticulture Faculty of  
Agriculture Uludag University Görükle  
Campus Bursa 16059 
Turkey. 

 
Prof. Ahmad Kamel Hegazy 
Department of Botany, Faculty of Science,  
Cairo University, Giza 12613,  
Egypt. 

 
Dr. Annamalai Muthusamy  
Department of Biotechnology 
Manipal Life Science Centre, 
Manipal University, 
Manipal – 576 104 
Karnataka, 
India. 

 
Dr. Chandra Prakash Kala 
Indian Institute of Forest Management 
Nehru Nagar, P.B.No. 357 
Bhopal, Madhya Pradesh 
India – 462 003. 
 



 

Instructions for Author 
 
 

Electronic submission of manuscripts is strongly 
encouraged, provided that the text, tables, and figures are 
included in a single Microsoft Word file (preferably in Arial 
font). 

 
The cover letter should include the corresponding author's 
full address and telephone/fax numbers and should be in 
an e-mail message sent to the Editor, with the file, whose 
name should begin with the first author's surname, as an 
attachment. 

 
Article Types 
Three types of manuscripts may be submitted: 

 
Regular articles: These should describe new and carefully 
confirmed findings, and experimental procedures should 
be given in sufficient detail for others to verify the work. 
The length of a full paper should be the minimum required 
to describe and interpret the work clearly. 
Short Communications: A Short Communication is suitable 
for recording the results of complete small investigations 
or giving details of new models or hypotheses, innovative 
methods, techniques or apparatus. The style of main 
sections need not conform to that of full-length papers. 
Short communications are 2 to 4 printed pages (about 6 to 
12 manuscript pages) in length. 

 
Reviews: Submissions of reviews and perspectives covering 
topics of current interest are welcome and encouraged. 
Reviews should be concise and no longer than 4-6 printed 
pages (about 12 to 18 manuscript pages). Reviews are also 
peer-reviewed. 

 
Review Process 

 
All manuscripts are reviewed by an editor and members of 
the Editorial Board or qualified outside reviewers. Authors 
cannot nominate reviewers. Only reviewers randomly 
selected from our database with specialization in the 
subject area will be contacted to evaluate the manuscripts. 
The process will be blind review. 
Decisions will be made as rapidly as possible, and the 
journal strives to return reviewers’ comments to authors as 
fast as possible. The editorial board will re-review 
manuscripts that are accepted pending revision. It is the 
goal of the AJFS to publish manuscripts within weeks after 
submission. 

Regular articles 

 
All portions of the manuscript must be typed double- 
spaced and all pages numbered starting from the title 
page. 

 
The Title should be a brief phrase describing the contents 
of the paper. The Title Page should include the authors' 
full names and affiliations, the name of the corresponding 
author along with phone, fax and E-mail information. 
Present addresses of authors should appear as a footnote. 

 
The Abstract should be informative and completely self- 
explanatory, briefly present the topic, state the scope of 
the experiments, indicate significant data, and point out 
major findings and conclusions. The Abstract should be 
100 to 200 words in length.. Complete sentences, active 
verbs, and the third person should be used, and the 
abstract should be written in the past tense. Standard 
nomenclature should be used and abbreviations should 
be avoided. No literature should be cited. 
Following the abstract, about 3 to 10 key words that will 
provide indexing references should be listed. 

 
A list of non-standard Abbreviations should be added. In 
general, non-standard abbreviations should be used only 
when the full term is very long and used often. Each 
abbreviation should be spelled out and introduced in 
parentheses the first time it is used in the text. Only 
recommended SI units should be used. Authors should 
use the solidus presentation (mg/ml). Standard 
abbreviations (such as ATP and DNA) need not be defined. 

 
The Introduction should provide a clear statement of the 
problem, the relevant literature on the subject, and the 
proposed approach or solution. It should be 
understandable to colleagues from a broad range of 
scientific disciplines. 

 
Materials and methods should be complete enough to 

allow experiments to be reproduced. However, only truly 
new procedures should be described in detail; previously 
published procedures should be cited, and important 
modifications of published procedures should be 
mentioned briefly. Capitalize trade names and include the 
manufacturer's name and address. Subheadings should be 
used. Methods in general use need not be described in 
detail. 



 

Results should be presented with clarity and precision. 
The results should be written in the past tense when 
describing findings in the authors' experiments. 
Previously published findings should be written  in the 
present tense. Results should be explained, but largely 
without referring to the literature.  Discussion, 
speculation and detailed interpretation of data should 
not be included in the Results but should be put into the 
Discussion section. 

 
The Discussion should interpret the findings in view of 
the results obtained in this and in past studies on this 
topic. State the conclusions in a few sentences at the end 
of the paper. The Results and Discussion sections can 
include subheadings, and when appropriate, both 
sections can be combined. 

 
The Acknowledgments of people, grants, funds, etc 
should be brief. 

 
Tables should be kept to a minimum and be designed to 
be as simple as possible. Tables are to be typed double- 
spaced throughout, including headings and footnotes. 
Each table should be on a separate page, numbered 
consecutively in Arabic numerals and supplied with a 
heading and a legend. Tables should be self-explanatory 
without reference to the text. The details of the methods 
used in the experiments should preferably be described 
in the legend instead of in the text. The same data should 
not be presented in both table and graph form or 
repeated in the text. 

 
Figure legends should be typed in numerical order on a 
separate sheet. Graphics should be prepared using 
applications capable of generating high resolution GIF, 
TIFF, JPEG or Powerpoint before pasting in the Microsoft 
Word manuscript file. Tables should be prepared in 
Microsoft Word. Use Arabic numerals to designate 
figures and upper case letters for their parts (Figure 1). 
Begin each legend with a title and include sufficient 
description so that the figure is understandable without 
reading the text of the manuscript. Information given in 
legends should not be repeated in the text. 

 
References: In the text, a reference identified by means 
of an author‘s name should be followed by the date of 
the reference in parentheses. When there are more than 
two authors, only the first author‘s name should be 
mentioned, followed by ’et al‘. In the event that an 
author cited has had two or more works published during 
the same year, the reference, both in the text and in the 
reference list, should be identified by a lower case letter 
like ’a‘ and ’b‘ after the date to distinguish the works. 

 
Examples: 

 
Abayomi (2000), Agindotan et al. (2003), (Kelebeni, 
1983), (Usman and Smith, 1992), (Chege, 1998; 

1987a,b; Tijani, 1993,1995), (Kumasi et al., 2001) 
References should be listed at the end of the paper in 
alphabetical order.  Articles in preparation or  articles 
submitted  for  publication,  unpublished  observations, 
personal communications, etc. should not be included 
in the reference list but should only be mentioned in 
the article text (e.g., A. Kingori, University of Nairobi, 
Kenya,  personal  communication).  Journal  names  are 
abbreviated according to Chemical Abstracts. Authors 
are fully responsible for the accuracy of the references. 

 
Examples: 

 
Chikere CB, Omoni VT and Chikere BO (2008). 
Distribution of potential nosocomial pathogens in a 
hospital environment. Afr. J. Biotechnol. 7: 3535-3539. 

 
Moran GJ, Amii RN, Abrahamian FM, Talan DA (2005). 
Methicillinresistant Staphylococcus aureus in 
community-acquired skin infections. Emerg. Infect. Dis. 
11: 928-930. 

 
Pitout JDD, Church DL, Gregson DB, Chow BL, 
McCracken M, Mulvey M, Laupland KB (2007). 
Molecular epidemiology of CTXM-producing 
Escherichia coli in the Calgary Health Region: 
emergence of  CTX-M-15-producing isolates. 
Antimicrob. Agents Chemother. 51: 1281-1286. 

 
Pelczar JR, Harley  JP, Klein DA (1993). Microbiology: 
Concepts and Applications. McGraw-Hill Inc., New York, 
pp. 591-603. 

 

 
Short Communications 

 
Short Communications are limited to a maximum of 
two figures and one table. They should present a 
complete study that is more limited in scope than is 
found in full-length papers. The items of manuscript 
preparation listed above apply to Short 
Communications with the following differences: (1) 
Abstracts are limited to 100 words; (2) instead of a 
separate Materials and Methods section, experimental 
procedures may be incorporated into Figure Legends 
and Table footnotes; (3) Results and Discussion should 
be combined into a single section. 
Proofs and Reprints: Electronic proofs will be sent (e- 
mail attachment) to the corresponding author as a PDF 
file. Page proofs are considered to be the final version 
of the manuscript. With the exception of typographical 
or minor clerical errors, no changes will be made in the 
manuscript at the proof stage. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fees and Charges: Authors are required to pay a $550 handling fee. Publication of an article in the African Journal of 
Plant Science is not contingent upon the author's ability to pay the charges. Neither is acceptance to pay the handling 
fee a guarantee that the paper will be accepted for publication. Authors may still request (in advance) that the 
editorial office waive some of the handling fee under special circumstances 

 
Copyright: © 2014, Academic Journals. 
All rights Reserved. In accessing this journal, you agree that you will access the contents for your own personal use 
but not for any commercial use. Any use and or copies of this Journal in whole or in part must include the customary 
bibliographic citation, including author attribution, date and article title. 

 
Submission of a manuscript implies: that the work described has not been published before (except in the form of an 
abstract or as part of a published lecture, or thesis) that it is not under consideration for publication elsewhere; that if 
and when the manuscript is accepted for publication, the authors agree to automatic transfer of the copyright to the 
publisher. 

 
Disclaimer of Warranties 

 
In no event shall Academic Journals be liable for any special, incidental, indirect, or consequential damages of any 
kind arising out of or in connection with the use of the articles or other material derived from the AJPS, whether or 
not advised of the possibility of damage, and on any theory of liability. 
This publication is provided "as is" without warranty of any kind, either expressed or implied, including, but not 
limited to, the implied warranties of merchantability, fitness for a particular purpose, or non-infringement. 
Descriptions of, or references to, products or publications does not imply endorsement of that product or publication. 
While every effort is made by Academic Journals to see that no inaccurate or misleading data, opinion or statements 
appear in this publication, they wish to make it clear that the data and opinions appearing in the articles and 
advertisements herein are the responsibility of the contributor or advertiser concerned. Academic Journals makes no 
warranty of any kind, either express or implied, regarding the quality, accuracy, availability, or validity of the data or 
information in this publication or of any other publication to which it may be linked.



 

 
 
 
 
 
 
 
 

 

International Journal of Medicine and Medical Sciences 

 

                                 African Journal of Plant Science 
 
 

 
                     Table of Content: Volume 8 Number 10, October 2014 

 
 

                                                                                                                                   ARTICLES 
 
 

Comparison Of Qualitative And Quantitative Traits Of Some Advanced  
Breeding Lines Of Tomato (Lycopersicon Esculentum L.) 
Olakojo, S. A. and Adetula, O. A. 
 
Taxonomic Significance Of Foliar Epidermal Characters In The  
Caesalpinoideae           
Aworinde David Olaniran and Fawibe Oluwasegun Olamide 
 

 
 

 
                                      



 
Vol. 8(10), pp. 457-461, October 2014 

DOI: 10.5897/AJPS10.208 

Article Number: 820FC4348464  

ISSN 1996-0824 

Copyright © 2014 

Author(s) retain the copyright of this article 
http://www.academicjournals.org/AJPS 

African Journal of Plant Science 

 
 
 
 

Full Length Research Paper 
 

Comparison of qualitative and quantitative traits of 
some Advanced breeding lines of tomato 

(Lycopersicon esculentum L.) 
 

Olakojo, S. A.1* and Adetula, O. A.2 
 

1
Institute of Agricultural Research and Training Obafemi Awolowo University, P. M. B. 5029 Moor Plantation, Ibadan. 

2
National Horticultural Research Institute Idi-Isin, Ibadan. 

 
Received 2 December, 2010; Accepted 30 September, 2014 

 

Field trials and laboratory experiments were conducted on six advanced breeding lines of tomato 
(Lycopersicon esculentum L.) between 2004 and 2006 to genetically assess the organoleptic properties 
of the tomato lines, determine the relationships among tomato traits using correlation analysis and to 
estimate the fruit yield potential of the tomato lines. The trial was laid out in randomized complete block 
design with three replicates. Planting was done on four-row plots of 8 x 5 m using intra row spacing of 
60 x 50 cm to obtain a plant population of 33,333 per ha. The results show that agronomic traits such as 
plant height, fruit weight and fruit yield differed significantly from one line to another, while significant 
differences exist in their organoleptic properties such as percentage titratable acid, organic acids, 
sugars and dry matter contents. Fruit yield ranged from 11.0 Mg/ha (CLN 1462B) to 30.0 Mg/ha 
(Manuella). The highest correlation coefficient (r=0.99) was found in the relationship between fruit 
weight and fruit yield. Titratable acids was highly and positively correlated with dry matter content, citric 
acid and malic acid, while malic acid among others was negatively and significantly correlated with 
fructose, glucose and pH.  
 
Key words: Advanced tomato lines, Organoleptic properties, qualitative traits, correlation coefficients 
biochemical properties. 

 
 
INTRODUCTION 
 
Tomato (Lycopersicon esculentum L) is one of the most 
important fruit vegetables globally. In Nigeria, the most 
acceptable variety is Roma VF and generally adaptable 
to Nigerian Savanna ecology (Ibrahim and Dadari, 2002). 
Genetic improvement of tomato is a major thrust of many 
research Institutes in different parts of the globe. This 
research effort focused mainly on development of 
cultivars for higher yield potential, adaptation, and market 

value acceptability and enhanced organoleptic properties. 
Agong et al. (2000), used multiple correlation analysis to 
study relationship between some biochemical parameters 
and fruit weight in tomato; their results showed that most 
of the biochemical characters were negatively correlated 
with fresh tomato yields, suggesting that breeding 
programme may have to sacrifice larger fruit size to 
obtain or retain better quality. Mitchell et al. (1991) and
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Table 1. Mean squares (MS) for the agronomic traits and proximate analysis of the Tomato lines.  
 

Source of 
variation 

Df 

Plant 

height 
(cm) 

Fruit 

weight 
(kg/plot) 

Yield 
(Mg/ha) 

Titratable 

acid (%) 

Dry 
matter 

content 
(%) 

Citric 

acid 
(%) 

Malic 

acid (%) 

Fructose 
(%) 

Glucose 
(%) 

pH 

Replicate  2 1.19 0.0007 0.0002 0.00 0.003 0.0007 0.0005 0.0005 0.009 0.027 

Variety  5 329.15** 0.006** 0.007** 0.12** 0.31** 0.17** 0.15** 0.04** 0.013** 0.10** 

Error 10 67.08 0.0005 0.0007 0.001 0.001 0.002 0.002 0.002 0.0026 0.017 

Total 17           
 

**Significant at P<0.01.  
 
 
 
Agong et al. (1997) confirmed the use of biochemical 
characteristics such as electric conductivity brix %, pH 
value and total titratable acidity as major criteria to judge 
the organoleptic and processing quality of tomato. 
Therefore, these properties should be of the selection 
criteria for improving tomato for better organoleptic 
properties. 

In Nigeria, the major tomato production constraint is 
bacterial wilt caused by Pseudomoans solanacearum. 
This disease is a serious yield depressing factor in the 
endemic zones reducing fruit yield by as much as 70%, 
and in critical situations absolute crop failure have been 
reported (Olakojo et al., 2005). Breeding efforts at the 
Institute of Agricultural Research and Training (IAR&T) 
Obafemi Awolowo University Moor Plantation and 
National Horticultural Research Institute Ibadan have 
resulted in selection of some genotypes with consi-
derable level of tolerance to bacterial wilt. The need to 
improve the fruit size therefore became important for it to 
be acceptable to end users. On the other hand, fruit sizes 
have been found to be negatively correlated with 
important organoleptic and biochemical properties of 
tomato (Agong et al., 2000). In order to strike a balance 
between fruit yield and quality traits, this study aimed at 
assessing the organoleptic properties of some advanced 
tomato breeding lines identified to be useful as parent 
materials to improve the fruit size of bacterial wilt tolerant 
materials. 

The objectives of the study therefore were: (i) to assess 
the organoleptic properties of the tomato lines (ii) 
determine relationships among the agronomic and 
biochemical properties and (iii) to ascertain the possibility 
of using them to improve both the fruit size and 
organoleptic quality of bacterial wilt resistant genotypes in 
our national breeding programme. 
 

 
MATERIALS AND METHODS 
 

Six advanced breeding lines of tomato (L. esculentum L) were 
evaluated in 2006 at the Institute of Agricultural Research and 
Training Obafemi Awolowo University Moor Plantation, Ibadan for 
yield potential and biochemical properties. These advanced breed-
ing lines of tomato were collected from The National Horticultural 
Research Institute Idi-Ishin, Ibadan and Asian Vegetable Development 

Centre, China. 
Filed was prepared mechanically by ploughing twice harrowing 

once during the early season of year 2006. Transplanting was done 
on flat surface of soil in four–row plots measuring 5 x 8 m with a 
spacing of 60 x 50 cm to obtain a population density of 33,333 

plants/ha. Three weeks after transplanting, 150 kg ha
-1

 of (NPK: 20-
10-10) fertilizer was applied in granular form round the seedlings. 
The experimental design was a randomized complete block design 
with three replications. Weeding was done twice but as at when 
due. The seedlings were however not staked so as to conform to 
the farming system practice of Nigerian tomato farmers.  

From the laboratory analyses, using the procedure of Food 
Chemistry Practical Manual, Bruce et al. (2006) (A University of 
Queensland Publication), vitamin C, titratable acid (TTA) which are 

acids that can be neutralized with any available base, citric acid, 
fructose, glucose, dry matter content and percentage moisture were 
determined. Other data obtained included plant height (cm), fruit 
weight (kg/plot) and fruit yield Mg ha

-1
  

Data were analysed using SAS software package for analysis of 
variance; correlation coefficients (r) were also computed to 

determine relationship among the tomato biochemical 
characters and yield related traits at P<0.05 and P<0.01. 

 
 
RESULTS 

 
The results of the analysis of variance (ANOVA) are 
presented in Table 1. Mean square (MS) for all 
agronomic characters such as plant height, fruit weight, 
fruit yield as well as biochemical properties including 
percentage of titratable acid, dry matter content, citric 
acid, malic acid, fructose, glucose and pH values were 
highly significant at p<0.01. This great variability suggests 
a wide diversity in the tomato lines and their potential for 
meaningful varietal development that will enhance 
desirable biochemical properties. These varieties also 
lend themselves to supporting a broad gene pool for 
tomato genetic conservation for varied nutritional quality 
and greater utilization potential. 

Mean agronomic characteristics of tomato are 
presented in Table 2. The plant height varied from 29.0-
50.0 (for P3 – 12B) to 55.13 cm (for CLN 1462B). Mean 
across varieties for plant height was 42.97 cm with 
standard error of 1.93 while P3-12B was a dwarf tomato, 
TAS 1-12A, DT95/7401 and DT/95/3023 were of 
moderate height. Manuella and CLN 1462B (temperate 
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Table 2.  Mean values of agronomic characteristics of the tomato lines. 
 

Tomato line Plant height (cm) Fruit weight (kg/plot) Fruit yield (Mg/ha) 

DT/95/8023 31.40 0.23 15.0 

P3 - 12B 29.50 0.20 13.0 

Manuella 51.40 0.38 30.0 

TAS 1-12A 46.66 0.22 15.00 

CLN 1462B 55.13 0.16 11.0 

DT 95/7401 43.75 0.28 20.0 

Mean 

S.E.  

42.97 

1.93 

0.24 

0.003 

16.0 

2.00 

 
 
 

Table 3. Percentage of acid and sugar by proximate analysis for the Tomato lines (Lycopersicon esculentum). 

 

Tomato line pH 
Dry matter 

content 
Titratable 

acid 
Citric 
acid 

Malic 
acid 

Fructose Glucose 

DT/95/3023 4.06 5.71 1.10 1.29 1.24 0.69 0.89 

P3-12B 4.36 4.97 1.02 1.19 1.14 0.63 0.95 

Manuella 4.16 5.59 0.99 1.16 1.11 0.75 0.96 

TAS 1 - 12A 4.46 5.05 0.60 0.70 0.67 0.81 1.08 

CLN 1462B 4.56 4.92 0.69 0.81 0.77 0.73 0.99 

DT95/7401 4.30 5.11 0.81 0.95 0.90 0.80 1.04 

Mean 

S. E. (0.05) 

4.32 

0.03 

5.23 

0.01 

0.87 

0.09 

1.02 

0.11 

0.97 

0.01 

0.74 

0.01 

0.98 

0.01 

 
 
 
origin) appear taller with a height of 50 cm. Fruit weight 
per plot ranged from 0.16 to 0.38 kg/plot. Mean weight 
across varieties were 0.24 kg/plot. Fruit yield varied from 
11.0 Mg/ha (for CLN 1462B) to 30.0 Mg/ha (for 
Manuella). Although, Manuella recorded the highest fruit 
yield, DT95/7401 was equally good with 20 Mg/ha (Table 
2). 

Percentage of neutralizable acids and sugar from the 
proximate analysis are presented in Table 3. The pH of 
the tomato lines though varied significantly from one line 
to another, it ranged from 4.06(DT/95/3023) to 4.56% 
(CLN 1462B). DT/95/3023 had the most acidic material 
with pH of 4.06. These levels of acidity though very mild 
are able to preserve the tomato paste for some time 
before further processing. The dry matter content of the 
tomato lines was quite high. It varied significantly 
between 4.92 (for CLN 1462B) to 5.59 (Manuella). 
Titratable acid was slightly high in DT 95/3023 and P3-
12B lines with the values of 1.10 and 1.02%, respectively. 
The values for other lines were generally low with less 
than 1.0%. Significant differences also exist in citric acid 
content. The values ranged from 0.70 to 1.29 while 
DT/95/3023, P3 - 12B and Manuella were high in citric 
acid, TAS1 - 12A, CLN 1462B and DT 95/7601 had 
moderate citric acids with less than 1% (Table 3). Malic 
acid in this study assumed similar trend as in citric acid 
for all the tomato line. 

Proximate analysis of sugar in this study revealed 
significant differences from one tomato line to another at 
p<0.05. Fructose content of the tomato was generally 
less than 1% in all the lines with a range of 0.63 (for P-
12B) to 0.81% (for TAS1-12A). TAS 1-12A and DT 
95/7401 had 0.81 and 0.80%, respectively for % fructose 
content (Table 3). Glucose content was high in TAS 1-
12A and DT95/7401 (over 1.0%), however it reduced in 
other lines below 1.0%. 

Based on results of chemical compositions, all tomato 
lines are safe for raw consumption, domestically in soup, 
and are suitable for tomato puree and paste production 
because the acid content are not injurious to human 
health. The results of correlation analysis are presented 
in Table 4. Correlation coefficient (r) among both 
agronomic and chemical properties were determined. 
Plant height was significant and positively correlated with 
percentage fructose and pH with coefficients (r) of 0.54 
and 0.50 respectively. On the other hand, negative and 
significant correlations were obtained for plant height and 
percentage of titratable acid (-0.60, p<0.01) plant height 
and citric acid (-0.54, p<0.05) plant height and % malic 
acid (-0.56, p<0.05) respectively. 

Fruit weight was positively and highly (p<0.01) 
correlated with fruit yield (0.99) and percentage of dry 
matter content (0.62), however, it was negatively (r=0.50) 
correlated with pH. Similarly, fruit yield was positively and  
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Table 4. Correlation Coefficient (r) among tomato agronomic and quality characters. 
 

Parameter  
Plant 
height 

Fruit 
weight 

Fruit 
yield 

% 

Titratable 

acid 

% 

Dry 
matter 

content 

% 

Citric 
acid 

% 

Malic 

acid 

% 

Fructose 

% 

Glucose 
PH 

Plant height - 0.18 0.l9 0.60** -0.20 -0.54* -0.56* 0.54* 0.35 0.50* 

Fruit weight  - 0.99** 0.33 0.62** 0.34 0.34 0.26 -0.01 -0.50* 

Fruit yield   - 0.32 0.60** 0.34 0.34 0.26 -0.01 -0.50* 

% Titrable acid    - 0.67** 0.97** 0.98** -0.59** -0.67** -0.72** 

% Dry matter      - 0.66** 0.67** -.006 -0.45 -0.78** 

% Citric acid      - 0.95** -0.57* -0.63** -0.68** 

% Malic acid       - -0.62** -0.71** -0.68** 

% Fructose         - 0.61** 0.14 

% Glucose         - 0.48* 

pH          - 
 

* and ** Significance at P<0.05 and 0.01, respectively. 

 
 
 
highly (r<0.60, p<0.01) correlated with dry matter content, 
but negatively (r=-0.49, p<.05) correlated with pH. 
Percentage titratable acid was highly and positively 
correlated with dry matter content (r=0.67, p, <0.01), citric 
acid (r=0.97-, p<0.01) and malic acid (r=0.98-, p<0.01), 
but was negatively correlated with fructose percentage (-
0.59-, p<0.01), glucose percentage (-0.67, p<0.01) and 
pH (-0.72, p<0.01), respectively (Table 4). 

Percentage of dry matter content was positively and 
highly correlated with % citric acid (0.66) and malic acid 
(0.67), but negatively correlated with pH (-0.78). 
Percentage citric acid was only positive and significantly 
correlated with malic acid (0.95), but negatively 
correlated with percentage of fructose (-0.57) glucose (-
0.63) and pH (-0.68) respectively. Malic acid was 
negatively correlated with tomato sugar such as fructose 
(-0.62) and glucose percentage (-0.71, p<0.01) and pH (-
0.68). Percentage of fructose on the other hand was 
positively and significantly correlated with glucose 
percentage (0.61) but glucose percentage was signi-
ficantly and positively correlated with pH (0.48). While 
traits with strong and positive relationships may be jointly 
selected by breeder to enhance quality of tomato for such 
traits, negative correlation coefficients among tomato 
characters is an indication that breeder may need to 
adopt other breeding approach in selecting for such traits 
in tomato improvement programme. 
 
 
DISCUSSION 
 
This study reveals the organoleptic properties of the 
advanced breeding lines of the tomato. High variability of 
the agronomic and organoleptic properties will no doubt 
provide breeders with opportunity to select desirable 
genotypes when breeding for higher fruit yield and quality 
organoleptic properties. Fulton et al. (2002) have 

identified a total of 222 qualitative trait loci (QTL) for 15 
tomato traits including sugar, glutamic acid and flavour 
suggesting the possibility of increasing fruit size without 
necessarily sacrificing the quality organoleptic traits using 
molecular genetics. 

Percentage of glucose and fructose in this study were 
very close to the values obtained by Agong et al. (2000), 
in their study using other tomato varieties. Similarly, 
sucrose synthase activity and fruit size in tomato had 
been found to be linearly related by Jia-Hao et al. (1992); 
this further suggests that sucrose synthase can serve as 
an indicator of sink strength in growing tomato fruits. In 
another study by Causse et al. (2001), overall aroma 
intensity was positively correlated with sweetness and 
sourness as well as lemon, candy and citrus fruit aroma. 
This implies that positive and significant correlations 
among glucose and fructose (r=0.61, p<0.01) as found in 
this study will no doubt promote good aroma in resultant 
genotypes. 

The significant importance of tomato organoleptic 
properties is currently attracting international research 
effort. Contreras et al. (2006) studied the effects of NPK 
fertilization and irrigation with quality on tomato fruit 
quality. They observed that increase in concentration of 
the fertilization solution increased marketable fruits and 
fruit citric acid in tomato, while high acidity water 
produced fruit with higher total soluble solid brix, titratable 
acid and fruit dry matter content. 

In the same vein, Baldwin et al. (1991) reported that a 
complex mixture of sugars, acids, amino acids, minerals 
and volatile compounds contributes to the characteristic 
flavour of fresh tomato fruits. In fact, recent scientific 
findings regarding tomato fruit component have 
encouraged effort to improve these traits genetically 
(Paolo et al., 1009). The report of these workers have 
shown that a strong interconnected nodes among tomato 
organoleptic  properties exist for  dry matter, pH and Brix, 



 
 
 
 
while a strong association was reported between some 
metabolic and sensory traits such as citric acid with 
tomato small, glycine with tomato smell and granularity 
with dry matter content. Dry matter content also showed 
a link with ascorbic acid and pH. 
 
 
Conclusion 
 
The organoleptic properties of the evaluated tomato lines, 
relationships among quality traits and their yield potential 
showed that they are good parental candidates that may 
be used in improving bacterial wilt tolerant varieties for 
enhanced fruit-size. In the same vein, the tomato 
breeding lines could serve as sources of gene for 
improving tomato crop for dry matter yield and various 
chemical composition. For example, dry matter content 
can be improved in tomato using DT/95/3023 and 
Manuella as parent lines, while glucose and fructose can 
be enhanced using parent lines TAS1-12A and 
DT95/7401 as sources of gene for breeding program 
specially designed to improve these tomato sugars. 
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A detailed morphological study of the leaf epidermis of some species in the genera Bauhinia  Linn., 
Caesalpinia Linn.  Daniellia  Hutch. & Dalz. and Senna  Linn in Nigeria was undertaken in search of 
useful and stable taxonomic characters.  The study reveals several interesting epidermal features some 
of which are novel in the genera. Leaf epidermal characters such as epidermal cell types, stomata types 
and the presence of trichomes were constant in some species and variable in others, making them to be 
of great significance in determining the relationships among and within species.  Stomata were 
amphistomatic in all the species except in Senna alata, Senna  siamea and Senna  siberiana which are 
epistomatic. The species showed variability in their stomata length, width, density and index, which was 
reflected in their taxonomic delimitations. 
 
Key words: Taxonomy, Leaf epidermis, Bauhinia, Caesalpinia, Daniellia, Senna.     

 
 
INTRODUCTION 
 
Caesalpinoideae is a large sub-family of about 150 
genera with 2200 to 3000 species of flowering plants in 
the order Fabales (Eddy, 1997). The genus Senna is 
native throughout the tropics, with a few species 
extending into the temperate region. Some Senna 
species, especially Senna alata, have been reported to 
be used in the treatment of skin infections. Species of 
Senna were formerly included among the approximately 
600 species of Cassia (Irwin and Turner, 1960). Shifting 
taxonomic boundaries mark the history of traditional 
systematic treatments of Senna. These shifts are best 
explained by the difficult taxonomic interpretation of 
morphological variations in Senna. Bauhinia species are 
commonly found at lowland and medium altitudes in most 

woodland types and on anthills 150 to 1800 m high; their 
seeds serve as food and their shoot as vegetables. The 
roots and leaves of Bauhinia species are used for 
medicine, fodder, shade, firewood, tannin, fibres and 
rope; they also serve aesthetic purposes (FAO, 1983). 
The members of the genus Caesalpinia are planted as an 
ornamental as is common in gardens on the coast of East 
and West Africa.  Some species of Caesalpinia also have 
extra floral nectars on their leaves or flower stalks, which 
attract ants (Marazzi, 2006). The species in the genus 
Daniellia have been reported to have medicinal 
properties.  A decoction of leaves and bark of Daniellia 
oliveri is used as a refreshing lotion of bath, internally 
against colic and as a mouth-wash against toothache 
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Table 1. Leaf morphological features of some species of sub-family Caesalpinoideae. 
 

Taxa Apex Shape Trichome Base Leaf Length/Width ratio 

B. rufescens Em R - Co 1:1 

B. tomentosa Em Co - Co 1:1 

C. bonduc Ac La - Obl 2:1 

C. pulcherima Re O - Ob 2:1 

D. ogea Ac La - Ac 2:1 

D. oliveri A La - Ac 2:1 

S. acutifolia Ac La - Obl 5:1 

S. alata Re Ob ++ Obl 2:1 

S. fistula Ac La - Obt 2:1 

S. hirsuta A La ++ Obl 2:1 

S. obtusifolia Re O - Obl 1:1 

S. occidentalis A La - Obl 2:1 

S. podocarpa Ap Ob - Obl 2:1 

S. siamea Ap L - Obt 3:1 

S. siberiana Ac La - Obt 2:1 
 

Em = Emarginate; Ac = Acute; Re = Retuse; A = Acuminate; Ap = Apiculate; R = Reniform; 
Co = Cordate; La = Lanceolate; Ob = Oblong; O = Obovate; L = Linear; Obl = Oblique; Obt 

= Obtuse; ++ = presence of trichomes; - = absence of trichomes. 

 
 
 
(Irvine, 1961). 

According to Stace (1965), the leaf is perhaps the most 
anatomically varied organ in angiosperms and it provides 
a variety of anatomical features that can be employed as 
useful taxonomic characters. Many research works have 
been done on the physiology, chemotaxonomy and medi-
cinal use of the species of these genera and other genera 
in the family but information on the anatomy and 
taxonomy is still fragmentary.  Therefore the aim of this 
work was to determine the taxonomic significance of leaf 
epidermis and other anatomical features with a view to 
further establishing a stable taxonomic character among 
the selected genera. 
 
 
MATERIALS AND METHODS 

 
Plant specimens used were collected in different ecological areas in 
Abeokuta (Ogun State), Ibadan, Sepeteri and Iseyin (Oyo State) 
South-western Nigeria. The collected specimens are: Bauhinia 

rufescens, B. tomentosa, Caesalpinia bonduc, C. pulcherima, 

Danielia ogea, D. oliveri, Senna acutifolia, S. alata, S. fistula, S. 
hirsuta, S. obtusifolia, S. occidentalis, S. podocarpa, S. siamea and 
S. siberiana.  Identification was done at Forestry Herbarium Ibadan 

(FHI) and University of Ibadan Herbarium (UIH). Voucher 
specimens were deposited in the two herbaria. Quantitative 
characters assessed include leaf length and width (taken at the 
widest point) while qualitative characters such as leaf shape, 
margin, base and apex were also assessed in situ.  Micro-
characters such as cell wall thickness, size of epidermal cell, 
stomata size and index were also measured. 
 
 
Preparation of leaf epidermal surfaces 

 
Leaf  epidermal  morphology  was studied  using  fresh  specimens.   

About 5 mm
2
 to 1 cm

2
 leaf portions were obtained from the standard 

median portion of the leaves. Three to five specimens of each 
species were used depending on geographical spread of the 
species except for those known from only one or two localities. 
Epidermal peeling was carried out according to the procedure of 
Johansen (1940) as modified by Jayeola and Thorpe (2000). The 
peeled specimens were later stained with Safranin and counter 
stained with Fast green and then cleared in clove oil and mounted 
with DPX

®
. The slides were appropriately labeled and examined 

under a light microscope Olympus BX51 while photomicrographs of 

the micro-morphological features were taken at a magnification of 
X400 using a photomicrograph Olympus BX 51with installed digital 
camera optics. 

For statistical analysis, 10 epidermal cells and 10 stomata were 
chosen randomly for each species and measured using a 
micrometer eyepiece. For each quantitative character, the mean 
and standard error were determined for all the taxa. The stomata 
index (SI) was calculated based on the formula derived by Metcalfe 

and Chalk (1979). 
 

            S 
SI =       x 100 
          S+E      
 

Where, SI = Stomata index, S = Number of stomata per unit area, E 
= Number of epidermal cells in the same unit area. 
 
 

RESULTS 
 

Tables 1 and 2 and Figures 1 to 4 show the results 
obtained from this study while Plates 1-30 show 
photomicrographs of the abaxial and adaxial surfaces of 
the plant specimens.  Generally, the leaves of the genera 
(Bauhinia, Ceasalpinia, Daniellia, Senna) were alternate, 
rarely opposite and mostly entire (Table 1).  Leaves were 
mostly glabrous in all species except in S. hirsuta and S. 
alata which were pubescent. The apices were emarginate,
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Table 2. Epidermal characters of some species of sub-family Caesalpinoideae. 
 

Taxa 
Cell shape Anticlinal wall pattern Stomata type 

Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial 

B. rufescens Irr Irr C S/S Par Par 

B. tomentosa Irr Irr C C An An 

C. bonduc P P S/S S/S An An 

C. pulcherima Irr P C S/S An An 

D. ogea P Irr S/S C An An 

D. oliveri Irr P S/S S/S De -- 

S. acutifolia Irr Irr C C Par An 

S. alata P Irr S/S C -- Par 

S. fistula P P S S -- An 

S. hirsuta P P S/S C Ani Par 

S. obtusifolia P P S/S S/S Ani -- 

S. occidentalis Irr Irr C C Par Par 

S. podocarpa Irr P C S/S Par -- 

S. siamea P P S/S S/S -- An 

S. siberiana Irr Irr C C -- An 
 

Irr = Irregular; P = polygonal; C = curved; S = straight; An = Anomocytic; Ani = anisocytic; 
Par = paracytic; De = Desmocytic; S/S=   straight/slightly curved; - = Absent/not present. 

 
 
 

 
 
Figure 1. Mean leaf length of some species of sub-family Caesalpinoideae. 

 
 
 
acute, acuminate, retuse, or apiculate. The leaflet sizes 
showed considerable variations within and among the 
genera with the largest recorded in S. fistula (14.8 cm) 
and the smallest in B. rufescens (0.8 cm) (Figure 1). The 
lowest leaf length/width ratio 1:1 was recorded in B. 
rufescens, B. tomentosa and S. obtusifolia (Table 1), 
while the highest was recorded in S. acutifolia.  Trichome 
bases were, however, noticed in some species occurring 
on their adaxial or abaxial surface. The leaf epidermal 
cells were more often polygonal (Table 2) but sometimes 

irregular. Polygonal cells occurred most often on the 
abaxial surfaces but were also noticed on the adaxial 
surfaces of C. bonduc, D. ogea, S. alata, S. fistula, S. 
obtusifolia, S. hirsuta and S. siamea (Plates 1-30). 
Sometimes, polygonal cells were seen interspersed with 
irregular cells as seen in C. pulcherima, D. ogea, D. 
oliveri, S. alata and S. podocarpa.  Stomata were 
amphistomatic in all the species and have commonly 
anomocytic, anisocytic and paracytic types apart from the 
rare to occasional occurrence of other stomata types and 
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Figure 2. Mean leaf width of some species of sub-family Caesalpinoideae. 

 
 
 

 
 
Figure 3. Mean stomata density of some species of sub-family Caesalpinoideae. 

 
 
 
abnormalities found on the adaxial surface of D. oliveri. 
Trichomes were absent in most of the species except for 
the presence of whip-like and non-glandular trichomes 
found on both surfaces of  S. hirsuta  and  S. alata. 
 
 
DISCUSSION 
 
There was a wide variation in the number and distribution 

of stomata found in all the species.  Classification of 
different types of stomata complexes was based on the 
number and position of the subsidiary cells and the 
ontogeny of the cell types. According to Richard et al. 
(2007), stomata comprise two elongated guard cells 
bracketing a stomatal pore, and often but not always, 
surrounded by one to many subsidiary cells. The 
presence of desmocytic stomata in D. oliveri distin-
guished it from other species. This was corroborated
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Figure 4. Cell wall thickness (µm) of some species of sub-family Caesalpinoideae. 
 
 
 

 
 
Plate 1. The adaxial surface of B. rufescence 

showing paracytic stomata and irregular 
epidermal cells. 

 
 
 

 
 

Plate 2. The abaxial surface of B. rufescence 
showing paracytic stomata and irregular 
epidermal cells.  

 
 
Plate 3. The adaxial surface of B. tomentosa 

showing anomocytic stomata and irregular 
epidermal cells. 

 
 

 

 
 

Plate 4. The abaxial surface of B. tomentosa 

showing anomocytic stomata and irregular 
epidermal cells. 



 
 
 
 

 
 

Plate 5. The adaxial surface of C. bonduc showing 

anomocytic stomata and polygonal epidermal cells. 

 
 
 

 
 
Plate 6. The abaxial surface of C. bonduc showing anomocytic 

stomata and polygonal epidermal cells. 

 
 

 

 
 
Plate 7. The adaxial surface of C. pulcherima showing 

anomocytic stomata and irregular epidermal cells. 
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Plate 8. The abaxial surface of C. pulcherima 

showing anomocytic stomata and polygonal 
epidermal cells.  

 
 
 

 
 

Plate 9. The adaxial surface of D. ogea showing 
anomocytic stomata and polygonal epidermal cells. 

 
 
 

 
 
Plate 10. The abaxial surface of D. ogea showing 

anomocytic stomata and irregular epidermal cells. 
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Plate 11. The adaxial surface of D. oliveri showing 

desmocytic stomata and irregular epidermal cells. 

 
 
 

 
 
Plate 12. The abaxial surface of D. oliveri showing no 

stomata and polygonal epidermal cells. 

 
 
 

 
 
Plate 13. The adaxial surface of S. acutifolia showing 

paracytic stomata and irregular epidermal cells. 

 
 
 
 

 
 
Plate 14. The abaxial surface of S. acutifolia showing 

anomocytic stomata and irregular epidermal cells.  

 
 
 

 
 
Plate 15. The adaxial surface of S. alata showing no 

stomata and polygonal epidermal cells. 

 
 
 

 
 
Plate 16. The abaxial surface of S. alata showing 

paracytic stomata and irregular epidermal cells. 



 
 
 
 

 
 

Plate 17. The adaxial surface of S. fistula showing no 
stomata and polygonal epidermal cells. 

 
 
 

 
 
Plate 18. The abaxial surface of S. fistula showing 

anomocytic and polygonal epidermal cells. 

 
 
 

 
 
Plate 19. The adaxial surface of S. hirsuta showing 

anisocytic stomata and polygonal epidermal cells. 
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Plate 20. The abaxial surface of S. hirsuta showing paracytic 

stomata and polygonal epidermal cells.  

 
 
 

 
 
Plate 21. The adaxial surface of S. obtusifolia showing 

anisocytic stomata and polygonal epidermal cells. 

 
 
 

 
 

Plate 22. The abaxial surface of S. obtusifolia showing no 
stomata and polygonal epidermal cells. 
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Plate 23. The adaxial surface of S. occidentalis showing 
paracytic stomata and irregular epidermal cells. 

 
 
 

 
 
Plate 24. The abaxial surface of S. occidentalis showing 

paracytic stomata and irregular epidermal cells. 

 
 
 

 
 
Plate 25. The adaxial surface of S. podocarpa showing 

paracytic stomata and irregular epidermal cells. 

 
 
 
 

 
 
Plate 26. The abaxial surface of S. podocarpa showing 

no stomata and polygonal epidermal cells.  

 
 
 

 
 
Plate 27. The adaxial surface of S. siamea showing 

no stomata and polygonal epidermal cells. 

 
 
 

 
 
Plate 28. The abaxial surface of S. siamea showing 

anomocytic stomata and polygonal epidermal cells. 

 
 

 

 



 
 
 
 

 
 
Plate 29. The adaxial surface of S. siberiana  showing 

no stomata and irregular epidermal cells. 

 
 
 

 
 
Plate 30. The abaxial surface of S. siberiana showing 

anomocytic stomata and irregular epidermal cells. 

 
 
 
by the findings of Metcalfe and Chalk (1979). Also, 
absence of stomata on the adaxial surfaces of S. alata, 
S. fistula, S. siamea, and S. siberiana made them distinct 
from other species in the genus. The cell shape and cell 
wall patterns vary considerably among these genera and 
based on these two characters, the species of the genera 
was divided into groups of five; those with curved 
anticlinal wall, straight anticlinal wall, curved and straight 
anticlinal wall, irregular and polygonal cell shapes. 

The occurrence of curved walls in most of the species 
agreed with the suggestion of Stace (1965) and Richard  
et al. (2007) that curved wall was a mesomorphic 
character and that environmental conditions such as 
humidity play a significant role in determining the pattern 
of anticlinal wall.  The relative abundance and variation of  
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the trichomes was of taxonomic importance in the 
genera.  Almost all the species in these genera were 
glabrous which distinguished them from other species 
which were pubescent.  However, the presence of 
simple, long, interwoven trichomes which covers the 
epidermal cells and stomata in S. alata and S. hirsuta 
distinguished them from other species in the same 
genus. The presence of many short non-glandular 
trichomes in B. tomentosa and S. siberiana makes it easy 
to be separated from other species. Metcalfe and Chalk 
(1979) opined that trichomes frequency and size are 
environmentally controlled while Stace (1965) reported 
that hairs are constant in species, and when present 
showed a constant range of form and distribution useful 
in diagnosis. Some overlap features noted in some 
species and genera within the sub-family perhaps still 
explain the affinity in their relationship despite the recent 
taxonomic divergence.  

Preponderance of stomata on the abaxial surfaces than 
adaxial surfaces is a mechanism to reduce water loss 
through transpiration (Adegbite, 2008). The foliar 
epidermal features of some members of the genera of the 
sub-family Caesalpinoideae is of taxonomic importance 
since they can be separated and classified according to 
their stomata and cell wall shape.  Based on the striking 
similarities and differences noted in the morphological 
and anatomical features, it is hereby suggested that 
further research such as phytochemical analysis and 
molecular studies be carried out to further delimit the 
species, as this work serves as baseline upon which 
other research could stand. 
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