|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

C.F.C.S.

ASSOGIATION INTER-CARAIBE DES PLANTES ALIMENTAIRES
CARIBBEAN FOOD CROPS SOGIETY

COMPTES RENDUS — SEPTIEME CONGRES ANNUEL
PROCEEDINGS — SEVENTH ANNUAL MEETING

Martinique — Guadeloupe

1969

VOLUME VII



A STUDY OF VARIABILITY IN YAMS (DIOSCOREA SPP)

T. U. FERGUSON, P. H. HAYNES & B. . F. SPRINGER
Faculty of Agriculture, The University of the West Indies, Tvinidad, W. I.

INTRODUCTION

In agriculture a characteristic of all experimental material is variation. Experi-
mental error is a measure of the variation which exists among observations on experi-
mental units treated alike. When expressed on a relative basis for the whole experi-
ment it is the coefficient of variation.

Variation comes from two main sources :

a) Genetic or inherent variation. This exists in the experimental material to which
treatments are to be applied.

by Environmental variation. This results from the lack of uniformity introduced
in the conducting of an experiment.

The contribution of these sources of variation differs between plants. Some plants,
such as the cereals, are very uniform and thus genctic variability is relatively low. The
coefficient of variation for experiments on wheat is generally verv low (see Table
below). Other crops, such as fruit trees, have a high inherent variability which is
partly responsible for the high coefficients of variation normally observed. It must,
however, be borne in mind that the number of plants per plot alse affects the coeffi-
cient of variation.

Approximate vange of coefficient of variation
recorded for some crvops.
Adapted from Smith (1938)

Plot Size (Sq. Ft.)
Crop
100 500 2 000
Wheat .................... 10-15 9%, 5-12% 56 %
Maize ..........,eii..... c.a 15 % 10-18 %, FREX
Cotton ......ooiuininnnnn, — coaods % T-15 %
Frait Trees ................ e 15-90 % 10-70 %
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In anv experiment it is important that every effort be made to reduce experimen-
tal error and thus the coefficient of variation in order to improve the power of a test.
This, as stated by STEEL and TorriE (1960), can be accomplished by considering the
two main sources of experimental error. Thus we can :

1) Handle the experimental material so that the effects of inherent variability are
reduced.

2) Refine experimental technique.

A limited number of experiments have been conducted on yams. For many of
these little or no statistical data are presented. Where statistical data are presented
the coefficient of variability is relatively high (25-58 %) — (CHAPMAN, 1965 ; Kasa-
sIAN and SEEYAVE, 1967 ; SEEYAVE, 1968). This indicates a low degree of precision in
these experiments, It is also known that many trials were conducted which either
were not published or very briefly reported because of poor results.

Many workers have tried to overcome this variability by using very large expe-
rimental plots. IRVING (1956) in Nigeria used plots of 1/10 of an acre (4,356 sq.ft.) and
Goobpine and Hoap (1967) in Barbados have used plots up to 1/6 of an acre (7,260 sq.
ft.). Increasing plot size generally increases the precision of an experiment but under
very heterogeneous soil conditions this may not apply. The size of experiments with
vams using large plots are of the order of 2-4 acres. The availability of such large uni-
form experimental sites is not always possible. This, in addition to the high cost, makes
large plot sizes undesirable.

The magnitude of the different sources of variation in yams is not clear. Undoub-
tedly, poor experimental technique contributes to the low precision of some experi-
ments ; however, the contribution from highly variable planting pieces, poor choice of
treatments and bad experimental design may be more important. MEIGE (1957) found
that the size of the mother tuber from which the planting piece is taken and its posi-
tion on the mother tuber (head, middle or tail) can affect the yield of the resulting
plant.

It is the object of this paper to :
1) Estimate the magnitude of inherent variability.

2) Try to suggest ways for handling the experimental material such that the
effects of inherent variability are reduced.

EXPERIMENTAL PROCEDURE

As a preliminary to a more detailed study, a series of observations were made in a
commercial field of White Lisbon yam (D. alata) at the Texaco Food Crops Demons-
tration Farm, Trinidad. In the commercial field 4 oz. setts were planted at a spacing
of 18 inches on ridges spaced 27 inches apart. The planting material was a mixture of
heads, middles, tails and whole tubers. Three hundredweight per acre of Triple Super
Phosphate and Muriate of Potash were appliedat plantingand two anda halfhundred-
weight of Sulphate of Ammonia at 3 months. They were staked using the system of
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slung wires (HAYNES 1967). Atrazine at 3 Ibs. per acre was used as a pre-emergence her-
bicide and paraquat at 2 pints per acre when required.

Ten groups of 12 plants along a row were selected randomly over the field. Obser-
vations were made on the spacing between plants, the number of plants producing
tubers, the number of tubers per plant, the weight of tubers per plant and the weight
of individual tubers.

In the main study a range of planting material for White Lisbon {D. alata),
Chinese (D. esculenta) and Cush-Cush (D). trifida) were compared. There were 12 treat-
ments, the details of which are given in Table 1 in the Appendix.

Two sizes of D. esculenta were included because size was the only variation in the
planting materials available. A randomised block design was used. There were 3 repli-
cations. These were spaced at 18 inches on ridges 3 feet apart. The plots were
21 feet x 15 feet giving 70 plants per plot. The trial was not fertilized. A pre-emergence
application of atrazine at 3 lbs. per acre was applied. Subsequent weedings were by
hand. Records were kept on rates of germination, stem number per plant, number of
tubers per plant and the weight of tubers per plant.

RESULTS AND DISCUSSION

Both tuber number and tuber weight showed considerable variability as indicated
by the generally high coefficient of variation between the plants within the various
groups (Table 2). The relative differences in variance between the various groups are
higher for tuber weight than for tuber number. Thus for tuber number the highest
variance (34.7) observed is only 6 times greater than the lowest (5.5), whereas for tuber
weight the highest variance (167.99) is about 56 times that of the lowest (2.97). The
greater variability for tuber weight is reflected in a higher coefficient of variation of
58.8 9 between groups.

The differences in variance between groups of plants may be attributed to varia-
tion in soil conditions because the groups were taken at random over a large field.
However, the variation within the groups in the tuber number and yield of individual
plants spaced only 18 inches apart could e due mainly to inherent variability in the
plantin material which was further aggravated by inter-plant competition. The plan-
ting material in this study was a mixture of heads, middles, tails and whole tubers.
Fercuson (1969) showed that there are significant differences between heads, middles
and tails for nitrogen, potassium and calcium content. He also demonstrated that the
percentage dry matter, and thus the total supply of carbohydrates to the young
plant are significantly different for the different types. Differences in growth, espe-
cially in the early stages can thus be expected between the various types. MEIGE (1957)
and GoopinG and Hoap (1967) have shown that heads germinate before middles and
tails. Some workers have found that heads give a higher yield than middles and tails
but Gooning and Hoap (1967) and Frrcuson and Haykgs (1969} did not find so.

MeIGe (1957) looked at the effect of the weight of the parent tuber on yield and
found that planting material taken from small tubers (600 gms.) germinated earlier
and gave higher yields than that taken from larger tubers. The weight of the parent
tuber could, therefore, be another source of variation. The main trial was designed
with these factors in mind.
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In this study heads germinated earlier than middles and tails. There was severe
rotting of the pieces in the D. frifida treatments, presumably because the exposed sur-
face allowed for rapid decomposition. Ninetv-three percent of the whole tubers germi-
nated whereas only fifty-two percent and sixty-one percent of the heads and tails,
respectively, germinated. There was almost one hundred percent germination in all
other treatments,

The differences observed for stem number, tuber number and vield wer mainly
due to that between species (Table 3). Tails taken from small tubers of D, alata
produced significantly more stems than heads and middles from large tubers. Heads
and tails taken from small tubers produced a larger number of tubers than headsand
middles of large tubers. Pieces taken from smail tubers thus seem to give alarger stem
number and tuber number than those taken from larger tubers. There were no signifi-
cant differences in the vield of D). alata treatments even when they were considered
separately.

The liomogeneity of the variance between the various treatments was examined
using BARTLETY'S (1937) test and the results given in Table 4 #, band c.

The variance of the stem number was not homogeneous between the treatments
and this seems to be mainlty due to differences between the species. When the test is
applied to tuber number they also group into species. Within the 1. alata treatments,
however, the weight of the mother tuber seems to have some effect on the variance.
Heads and middles from mother tubers over 24 ozs. (680 gms) have significantly lower
variances than heads and tails from mother tubers of 8-16 ozs (227454 gms). It there-
fore appears that pieces from large tubers give rise to plants which are less variable
in tuber number. The type of planting material affected the variance of the tuber
yield. The variances grouped roughly by type although there was some overlapping of
confidence limits. Variance seems to increase from whole tubers through tails. middles
and heads to aerial tubers.

An analysis of variance is only valid when the variance of the various treatments
is homogencous. The results indicate that the tuber number of planting pieces taken
from different sizes mother tubers and the tuber yvield of different tvpes of planting
material are not homogeneous in variance. The analysis of variance therefore appears
not to be valid. It is quite likely that diffcrences between treatments may be more
significant than indicated above. In the next stage of this work we will be investiga-
ting various methods for handling such expcrimental data.

The contradicting results of the effect of the type of planting material on yield
were discussed earlier. In the light of the above observation the analysis of these
experiments may not be valid and differences observed may be significant.

In the preliminary study high coefficients of variation were observed between
plants in groups. In this study high coefficients of variation were also observed within
the plots of a single type of planting material even though as much as seventy plants
per plot were used. This high variation thus appears to be a characteristic of the crop
and can be taken as a measure of inherent variation.

The coefficients of variation recorded for the whole experiment were 18.04 ¥,
18.48 9, and 23.30 %} for stem number, tuber number and tuber weight respectively.
The higher coefficients for tuber weight indicate a higher degree of variation in tuber
yield. FERGUSON and HayNES (1969) recorded a low coefficient of variation of 11 % for
a field experiment on D. alata. This experiment was a 3 x 2 x 2 factorial, replicated

53



four times and laid out on very uniform land. An effective plot size of 324 sq. ft. and
very uniform planting material were used. Each plant was staked independently. This
seems to indicate that low coefficients of variation are possible where experiments
are well designed and laid out and precautions taken to counteract the high inherent
variability of the crop.

CONCLUSIONS

1. The yam has a high inherent variation.

2. The variance for tuber weight between the types of planting material (whole
tubers, heads, middles and tails) is not homogeneous and thus they cannot be compa-
red for differences using the variance ratio (F).

3. Variance for tuber weight in the types of planting material increases from
whaole tubers through tails, middles and heads to aerial tubers. Types with the lower
variance are more suited for experimentai work.

4. The variance for tuber number between planting material taken from different
sizes of mother tubers is not homogeneous and the variance ratio (F) does not apply.

5. Coefficients of variation in cxperiments on yams are not always high if expe-
riments are well designed and the best experimental techniques used.
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SUMMARY

There is some evidence in the literature of high variability in yams. Little work has
been recorded as to the source of the variability. In this paper vams are shown to have a
high inherent variability but it can be controlled with good experimental designs and
techniques. The variance in vield was not homogeneous for the different tvpes of planting
material and thus an analysis of variance is not valid. Similarly the variance in tuber
number for picces taken from different sizes of mother tubers was not homogencous.
Varjance in vield seems to increase from whole tubers through tails, middles and heads
to aerial tubers,

RESUME

ETUDE DE LA VARIABILITE CHEZ L'IGNAME {Dioscorea spp.
p

Il résulte des études disponibles dans la bibliographic que I'igname est caractérisée
par une trés grande variabilité. Ce travail permet de discuter la variabilité de trois espéces
qui ont fait 'objet de nos expérimentations On présente une approche des relations entre
le nombre de tiges, le nombre de tubercules ct le poids des tubercules.
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TasrLe 1

Detail of treatments fov the main study

; Weight of Weight of
Treatment Species ' Planting pirce Type Mother Tuber
OZS. 0235,
1 . alata A Whole Tuber —
2 D. alata 4 liead R-16
3 D. alata % Tail R-16
4 D. alata A Head Over 24
5 D, alata 4 Middle Over 24
6 . alata 4 Tail Over 24
7 D. alata 4 Aertal —
8 D). esculenta coat 2 Whole Tuber -—
9 D. esculenta 1 142-4% Whaole Tuber —
1) . trifida 4 Whole Tuber
11 D. trifida 4 Head R-16
12 D. trifida 4 Tail 8-16

Note : 1 oz. = 28.35 gms.
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TaBLE 2 (a)

Variance, Stundard Devialion and Coefficients of Variation

as observed in the preliminary study fov tuber number

Mean i Coefficient of
Group Tuber No. Variance Variation %
1 1.80 10.3 56.85
2 6.75 5.5 34.74
3 7.23 6.3 35.60
4 49.36 34.7 0H2.9%
3 £.90 16.7 2341
6 .00 19.2 54.57
7 7.80 1.2 46,58
] 5.40 7.6 51.65
9 5.80 274 00.26
10 52.70 15.1 68.17
Between groups ........ 71.3 360.9 25.65
TaBie 2 (b)
Variance, Standard Deviation and Coefficients of Variation
observed in the preliminary study for tuber wi. (gms.)
. Mean Variance Coeflicient of
Group Tuber Wt. % 104 Variation %
| 1 ®14 167.99 AR
2 1102 h¥ 67.70
3 497 29,1
4 IR0 G444
A 738 60.51
6 N 77.19
7 668 33.58
R 564 71.36
a9 977 51.48
10 647 54.56
Between Groups ....... 9 324 58.84
TABLE 3 (a)
The Effect of Planting Material
on Stem Numbey, Tubey Number and Yield of Tubers
Treatments Stem No. Tuber No. Yield
(as in Table 1) per plant per plant per plant (kgs)
! 2.82 2.63 1.59
2 2.73 3.18 2.00
3 3.01 317 1.79
4 2,43 2.30 1.98
5 246 847 1.84
6 2,70 2.79 1.93
7 2.79 2.8 1.85
3 1.78 15.75 1.06
4 203 22,17 1.67
tu 2,09 6.36 0.68
11 1.06 J.89 0.76
12 1.92 A.63 0.7
C.V.% —» 18.04 18.48 23.30
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TasrLe 3 (b)

Duncan's Mulliple Range Test at
3 9, level for treatments in Lable 3 (a

Stam nuwmber

All treatments .............. 11 R 12 K 10 { [ 5 6 2 7 3
D. alata treatments .......... 1 4 5 [ 2 7 3

Tuber number

All treatments .,............ % 5 1 [3 7 3 2 11 12 10 A 9
D. alute \reatments ... ... ... .G 5 1 5 7 3 2

Tuber iweight

All treatinents . ............. 10 12 11 8 | 4 3 5 7 ) 4 2
D, alata treatimnents . ........ No significant difference
Tapry 4

The variance and their significance (5 95 level)
as observed by Bartlett's test, and
the cocfficients of variation

{a) Stem Number

Treatment [T Coefficient of
{as in Table 1} Variance Variation %

8 0.53 41.2

9 0.76 33.1

4 1.20 5.1

5 1,28 46.0

1 141 HY R

f 108 46.8

3 1.54 418

7 1.59 45.2

11 1.59 119.0

2 1.70 47.8

10 2,32 729

12 4.61 1148
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TanLe 4

{b) Tuber Number

Weight of

Treatment M T P Caoefficient of
(as in Table 1) othg;. uber Variance Variation %,

5 > 24 5491

4 > 2% 6%.7

H — 55.0

fi > 4 62.2

1 — 60.4

2 8-14 a7.8

3 R-16 5.5

10 — 66.0

11 8-16 I 124.9

12 -16 . 108.6

] 30.01 25,3

9 —_— 56.54 33.9

TABLE 4
(c) Tuber Weight {zins)

Treatment T Variance Coefficient of
{as in Table 1) ype X 104 Variation %,

10

Whole Tuber
Whole Tuber
Whole Tuber
Whole Tuber
Tail

Tail

Tail

Middle

Head

Head

Head

Aerial

32,00
34.79 |
56.36

70.07 |

81,58

118,
12339
152.8%

186.75

ri,7
535.6
449
526
128.1
481
605
G6.3
162.6
624
(R
73.4
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