https://doi.org/10.53964/jmab.2024002

fw»“ * https://www.innovationforever.com

ISSN 2788-810X (Online) Open Access

Research Article

Assessment of Semi-autotrophic Hydroponics on in vitro propagated Jamaican Sweet
Yam (Dioscorea alata) - Analysis of Variance and Principal Component Analysis

Kemar A. Rose’, Collin M. Scantlebury"’, Marsha C. Williams', Ryan D. Francis’
1Biotechnology Department, The Scientific Research Council, Kingston, Jamaica

“Correspondence to: Collin M. Scantlebury, PhD, Team Leader, Biotechnology Department, The Scientific
Research Council, Hope Gardens Complex, Kingston 6, Jamaica; Email: collins@src-jamaica.org

Received: January 24, 2024 Revised: March 28, 2024 Accepted: April 23, 2024 Published: April 30,2024

Abstract

Objective: Despite its benefits, plant tissue culture tends to incur a high production cost hence the
need for cost-reduction strategies, especially with regards to acclimatization. One such strategy is to
use semi-autotrophic hydroponics (SAH). SAH is a novel, low-cost technology that has been designed
for the high-ratio and rapid propagation of clonal or vegetatively propagated crops. Sweet yam is a
major export commodity of Jamaica and there is need to produce disease-free plants that require less
pampering during hardening. The aim of this study is to analyze SAH in tissue culture of Jamaican
sweet yams.

Methods: Rooted sweet yam (Dioscorea alata) in vitro cultures were transferred to a commercial
sphagnum peat moss based potting substrate, with vermiculite and fine calcitic and dolomitic limestone
and the SAH system was run in a growth chamber at a tissue culture facility. Six tissue culture yam
plantlets were incubated in polypropylene vessels and placed on separate shelves with north facing
rows and south facing rows. Samples were treated with commercial fertilizer and controls were treated
with tap water.

Results: Fertilized plants showed significantly higher mean number of nodes (8.0+2.2 and 7.5+1.8)
compared to non-fertilized plants (4.0+0.9 and 5.0+2.1) and significantly higher maximum leaf
area index (41.42+15.49cm’ and 35.58+16.93cm’) versus non-fertilized plants (19.17+6.42cm’ and
23.58+6.55cm’). Fertilizer significantly reduced the mean number of mini tubers per plant (0.67-0.52).
Non-fertilized (control) produced 2.50+1.05 and 1.83+0.41 mini tubers per plant. The mean mini tuber
yields per plant were significantly reduced from 1.05+0.26g and 1.0040.83g in non-fertilized (controls)
to 0.28+0.30g and 0.34+0.40g in fertilized treatments. Principal Component Analysis (PCA) revealed
three principal components accounting for 81.47% of the observed variance. PC1, 2 and 3 accounted
for 39.28%, 30.49% and 11.64% of the variance respectively. PC1 described factors responsible for
the vegetative growth, PC2 factors for mini tuberization and PC3 effects due to positioning of plants
on shelves.

Conclusion: SAH is a very flexible and adaptable technique which was found to be very useful in the
acclimatization of tissue culture for Jamaican sweet yam plants. Commercial fertilizer application was
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found to be an efficient means of nutrient addition to promote vegetative growth. Fertilizer application
significantly increased the number of nodes and maximum leaf area while it significantly reduced tuber
quantity and yield. The ANOVA and PCA showed that fertilizer application was positively correlated
to vegetative production factors while it was negatively correlated to mini tuber yield.

Keywords: Dioscorea alata, fertilizer, mini tuber, semi-autotrophic hydroponics, sweet yam

Biotechnol, 2024; 3: 2. DOI: 10.53964/jmab.2024002.

Citation: Rose KA, Scantlebury CM, Williams MC, Francis RD. Assessment of Semi-autotrophic Hydroponics on in vitro
propagated Jamaican Sweet Yam (Dioscorea alata) - Analysis of Variance and Principal Component Analysis. J Mod Agric

1 INTRODUCTION

Plant tissue culture methods are conducted under
controlled aseptic, nutritional and environmental conditions.
These techniques produce plant tissues called explants which
are indistinguishable replicas of the mother plant that are
generated from the in vifro culture of cells, tissues, organs
or the entire plant!”. A single explant can be multiplied in a
shorter time period compared to the traditional method and
the demand for space is less; this is possible all throughout
the year despite the season or weather'™. Despite its benefits,
plant tissue culture is capital intensive and comes with a
high production cost. Many researchers have spoken to the
issue of making plant tissue culture more cost-effective by
addressing specific aspects of the vast range of activities in
the in vitro process™.. The focus herein is on acclimatization,
the transition from in vitro to successfully weaned and
hardened plant”’. Semi-sterilized tissue culture (SSTC),
photoautotrophic tissue culture system (PTCS) and semi-
autotrophic hydroponics (SAH) systems have evolved from
the need to get away from the aseptic constraints of in vitro
culture. The resulting plants require less pampering during
weaning and hardening.

A principal departure from conventional plant tissue
culture involves ex vitro rooting of plantlets previously
maintained in vitro. One such method that employs this
is SSTC as described by Shan and Seaton®. Plantlets
resulting from the cultivation of nodal cuttings or shoot
tips are cultured in root pulsing media. Subsequently,
they are transplanted to sterilized aerobic rooting
substrate to induce root initiation and development.
Afterwards, the rooted plantlets are then transferred to
normal propagation beds in a greenhouse and potted
on for acclimatization. SSTC is very advantageous as
it can be performed under semi-sterilized conditions.
Hence, degeneration is avoided and the occurrences of
bacterial contamination are minimized in comparison
to micropropagation techniques. By eliminating the
time-consuming steps of the explant establishment,
proliferation, and maintenance in vitro, the propagation
process was simplified in contrast to typical sterile tissue
culture techniques.

PTCS is a method that involves the application of
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sugar-free media in micropropagation. Once explants can
photosynthesize, they can be micropropagated without
the need for added sugar in the growth media. This
capacity for autotrophic micropropagation is exploited
to reduce in vitro production costs"”’. The PTCS reduces
production costs because of large culture vessels, simple
culture media formulations, and lower incidence of
culture contamination. PTCS is also less affected by
contamination and produces higher yields. Additionally,
this system requires little or no hardening of plantlets™”.

SAH is similar in evolution to SSTC and PTCS. The
technique was first developed for potato multiplication
by a company in Argentina called SAHTecno LLC"”.
SAH is a novel, robust, more efficient and low-cost
technology that has been designed for the high-ratio and
rapid propagation of clonal or vegetatively propagated
crops. This technique ensures the establishment of nodal
cuttings from tissue culture plantlets that are true-to-type
and disease-free. The plantlets are transplanted in boxes
containing a mixture of substrate and growth nutrient
medium"""?. It has been adapted for yams and cassava
at the International Institute of Tropical Agriculture
(IITA), Nigeria. It is very flexible and may be conducted
in different facilities such as labs or screen houses!™'.
It is a very easy and adaptable technology; additionally,
it has been used in the successful acclimatization of
pineapples"”. As such, the technology has potential for a
range of in vitro produced crops.

At the Scientific Research Council (SRC), Jamaica, as
is common to tissue culture labs internationally, there is a
constraint of high cost of inputs, notably labour and energy.
Therefore, any reduction in tissue culture production costs
is a welcomed innovation. Globally, Jamaica is a major
exporter of yellow yam (Dioscorea cayenensis), negro
yam (Dioscorea rotundata) and sweet yam''”, Jamaica is
currently second only to Ghana; however, a decade and a
half earlier it was the leading yam exporter' ', Therefore,
sweet yam is an important crop to the agricultural sector in
Jamaica and has been designated as a priority crop by the
Jamaican government”. Hence, there is a need to produce
disease-free sweet yam at a rapid rate to supply the needs of
the industry. The aim of this present study is to analyze SAH
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Figure 1. Rooted sweet yam (Dioscorea alata) in vitro
cultures.

in tissue culture Jamaican Dioscorea alata var. sweet yams,
previously described by Riley et al.*” and Riley et al"*"’.

Principal component analysis (PCA) can be used to
simplify similar multivariate plant data by transforming
a number of potentially inter-correlated variables into
a smaller number of variables known as principal
components; this is performed with minimal information
loss™*!. PCA was used in this present study to complement
analysis of variance (ANOVA) and to identify the major
underlying variables that accounted for the observed
variances in the data.

2 MATERIALS AND METHODS
2.1 Plant Material, Experimental Design and Layout

In July 2023, rooted sweet yam (Dioscorea alata) in
vitro cultures (Figure 1) were transferred to a commercial
sphagnum peat moss based potting substrate, with
vermiculite and fine calcitic and dolomitic limestone.
The SAH system was run in a growth chamber at the
SRC tissue culture facility, Kingston Jamaica. The
facility is located at 18.0189° N latitude, 76.7497° W
longitude and is 201m above sea level. Plants were
incubated at 254+2°C with 16h photoperiod under LED
light with photon flux of 75umol-m™s™.

For each treatment, six tissue culture yam plantlets
were incubated in each of twelve 170mmx110mmx70mm
polypropylene vessels (Figure 2A and 2B). Vessels were
covered with lids to maintain a high relative humidity; each
lid was perforated with four holes to allow for aeration.
This was done for ten days to reduce transpiration. Each
treatment was placed on a separate shelf. The layout on each
shelf included two rows of six vessels each, north facing
rows (samples 2 and 4) and south facing rows (samples 1
and 3). Samples 1 and 2 were fertilizer treatments, while
samples 3 and 4 were controls.

Plantlets were fertilized weekly (100mL/vessel) for 50
days in a modified SAH system with a commercial fertilizer
comprising N:P,O5:K,O:S in the ratio (15:30:15:2.8) mixed
at 1 tablespoon per gallon. Afterwards the fertilizer was
substituted with another commercial fertilizer comprising
N:P,05:K,0O:S in the ratio (28:6:14:5.6) plus micronutrients.
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Figure 2. SAH system. A: SAH system control (no fertilizer); B:
SAH system using commercial fertilizer.

Figure 3. Differences between fertilized and unfertilized
sweet yam. A: Sweet yam controls after 120 days; B: Sweet yam
plants treated with commercial fertilizer after 120 days.

The control was irrigated with tap water only.

2.2 Data Collection and Statistical Analysis

Plant growth was assessed after 120 days. At harvest
12 plants were randomly selected, one from each vessel.
Due to the layout in double rows six plants were sampled
from each row per shelf. Number of leaves, number
of nodes, maximum leaf area, total fresh weight (fresh
weight of the whole plant inclusive of the mini tubers if
present), number of mini tubers, yield of mini tubers and
shoot fresh weight were recorded. Two-way ANOVA
and Tukey test were used to determine significant
differences in each parameter according to Fowler et
al®. Correlation analysis and Principal component
analysis were computed using IBM SPSS Statistics for
Windows, Version 29.0 (IBM Corp, Armonk, NY, USA)
to account for the variance in the parameters.

3 RESULTS

Figure 3A and 3B show visible differences between
fertilized and unfertilized plants. However, of the
hypotheses tested - effects of fertilizer application,
interference from layout position on shelves in the growth
room, and interaction, two-way ANOVA showed that
the F value was only significant for effects of fertilizer
application. There were significant differences in means
between samples due to fertilizer in four parameters.
These were number of nodes per plant, maximum leaf
area per plant, number of mini tubers per plant and total
mini tuber yield per plant. All F values exceeded the
critical /" value 8.096 at df, ,, significant at P=0.01.

There were no significant differences in the number
of leaves between samples (Tables 1 and 2). It was not
possible to continue to the two-way ANOVA for total
fresh weight or shoot fresh weight since the F,,,, value

ax
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Table 1. Mean Number of Leaves, Total Fresh Weight and Shoot Fresh Weight between Samples of
Fertilized and Unfertilized Sweet Yam Plants Using SAH

Samples Number of Leaves Total Fresh Weight (g) Shoot Fresh Weight (g)
1 9.67+1.97 3.6597+1.7507 3.3153+1.4766
2 8.17+1.83 2.7126+0.9543 2.4342+0.8612
3 6.67+1.86 2.6368+0.2390 1.5896+0.2399
4 7.67+3.44 2.9223+2.0255 1.9268+1.2052

Notes: Values are mean +SD. Sample 1 - Fertilizer, south facing, Sample 2 - Fertilizer, north facing, Sample 3 - Control, south facing,

Sample 4 - Control, north facing

Table 2. ANOVA Summary Table for Number of Leaves

Source of Variation Sum of squares df Variance F
(Between samples) (0.09681) (3)
Fertilizer 0.07457 0.07457 4.14427
Position 0.0018 0.0018 0.09987
Interaction 0.02944 0.02944 1.13562
Within samples 0.35989 20 0.01799
Table 3. ANOVA Summary Table for Number of Nodes
Source of Variation Sum of squares df Variance F
(Between samples) (0.3816) (3)
Fertilizer 0.3605 0.3605 24,247
Position 0.0168 0.0168 1.1317
Interaction 0.0042 0.0042 0.2847
Within samples 0.2974 20 0.0149
Notes: **P<0.01
9 major findings were that added fertilizer increased the
8 10 @ s number of nodes and the maximum leaf area possible.
8 ) X However, fertilizer.application resulted in reduced yield
5 in the number of mini tubers produced as well as the total
é 6 [ b yield of mini tubers per plant.
c
-1 3.1 Number of Nodes
. The mean number of nodes ranged from 5.0+£2.1 and
N = o a 4.0£0.9 for unfertilized plants to 8.0+2.2 and 7.5+1.8 for
Samples fertilized plants. Figure 4 showed the higher means for

Figure 4. Mean number of nodes per plant between
samples of fertilized and unfertilized sweet yam plants
using SAH. Significant differences were determined by the
Tukey’s test and are indicated by different letters (P<0.01).
Values are mean +SD. Sample 1 - Fertilizer, south facing,
Sample 2 - Fertilizer, north facing, Sample 3 - Control, south
facing, Sample 4 - Control, north facing.

for these exceeded the critical value for four samples
and df=5 within samples. The F,,,, values for total fresh

weight and shoot fresh weight were 71.485 and 37.996
respectively, exceeding the critical value of 13.7.

In addition to differences in parameter means between
samples being due only to fertilizer application, the other
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fertilized samples. According to Table 3, the ANOVA
showed that regardless of position on shelf, fertilized
samples produced significantly more nodes than
unfertilized samples (F=24.247).

The Tukey’s statistic 7=0.20 for 4 samples and 20df
indicated that sample 1 (fertilized, south facing) was
significantly different from both unfertilized samples.
Sample 2 (fertilized, north facing) was significantly
different from the unfertilized controls.

3.2 Maximum Leaf Area

Figure 5 shows that the maximum leaf area ranged from
19.17+6.42cm’ and 23.58+6.55cm’ for the unfertilized
plants to 41.42+15.49cm” and 35.58+16.93cm’ for the
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Table 4. ANOVA Summary Table for Maximum Leaf Area

Source of Variation Sum of squares df Variance F
(Between samples) (1920.198) (3)
Fertilizer 1759.594 1 1759.594 11.529**
Position 3.010417 1 3.010417 0.0197
Interaction 157.5938 1 157.5938 1.03256
Within samples 3052.458 20 152.6229
Notes: **P<0.01
Table 5. ANOVA Summary Table for Number of Mini Tubers
Source of Variation Sum of squares df Variance F
(Between samples) (0.510682) (3)
Fertilizer 0.492138 1 0.492138 27.013**
Position 0.009272 1 0.009272 0.50893
Interaction 0.009272 1 0.009272 0.50893
Within samples 0.364369 20 0.018218
Notes: **P<0.01
= 3.4 Number of Mini Tubers per Plant
a Table 5 shows that there was a significant difference in
10 @ the number of mini tubers produced between treatments
8 b

Mean nmber of nodes

2 3

Samples

Figure 5. Maximum leaf area per plant between samples
of fertilized and unfertilized sweet yam plants using
SAH. Significant differences were determined by the Tukey’s
test and are indicated by different letters (P<0.01). Values
are mean +SD. Sample 1 - Fertilizer, south facing, Sample
2 - Fertilizer, north facing, Sample 3 - Control, south facing,
Sample 4 -Control, north facing.

fertilized plants. According to Table 4, shelf layout was
not significant, nor interaction, but the effect of fertilizer
application was significant (F=11.529).

The Tukey test showed that sample 1 (fertilized, south
facing) mean maximum leaf area was significantly different
from both unfertilized samples. Sample 2 (fertilized, north
facing) was significantly different from the unfertilized
controls. The critical value exceeded by this pairwise
difference was 7=19.97.

3.3 Yield Reduction from Added Fertilizer

Figure 6 shows mini tubers produced by sweet
yam plants using SAH. In comparison to unfertilized
controls, fertilizer application reduced the number of
mini tubers produced and the total yield in mass per
mini tuber per plant.
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(F=27.013). The samples for fertilizer treatments produced
0.67+0.52 mini tubers per plant. The number of mini tubers
produced for unfertilized control samples were 2.50+1.05
and 1.83+0.41 (Figure 7).

The Tukey statistic T=0.98 indicated that both samples
1 and 2 were significantly different from samples 3 and 4.
The unfertilized control samples produced more mini tubers
than the fertilized samples.

3.5 Total Mini tuber Yield (g)

The computation of ANOVA (Table 6) and Tukey’s
presented some interesting anomalies: while the mean yield
between samples was found to be significantly different
between samples (F=12.029), the Tukey statistic 3.63 was not
exceeded by any pairwise differences. The largest pairwise
difference was between sample 2 (fertilizer treatment
north facing) and sample 3 (control south facing). The total
yield ranged from 0.284+0.30g and 0.344+0.40g in fertilized
treatments to 1.05+£0.26g and 1.00+0.83¢g in non-fertilized
controls (Figure 8).

3.6 Correlation Analysis

Correlation analysis confirmed the obvious expected
associations between the number of leaves, nodes and shoot
fresh weight, as well as mini tubers and shoot fresh weight.
It showed the expected strong positive association between
fertilizer application and number of nodes (=0.70). It also
showed the unexpected strong negative association between
fertilizer and mini tubers (r=-0.75) (Table 7).

3.7 Principal Component Analysis
Table 8 shows three principal components each with

J Mod Agric Biotechnol 2024; 3: 2
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Figure 6. Sweet yam mini tubers produced after 120 days using SAH.

Table 6. ANOVA Summary Table for Mini Tuber Yield

Source of Variation Sum of squares df Variance F
(Between samples) (3.04563) 3)
Fertilizer 3.024529 1 3.024529 12.03948**
Position 0.020798 1 0.020798 0.0827
Interaction 0.000309 1 0.000309 0.001229
Within samples 5.028526 20 0.251426
Notes: **P<0.01
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Figure 7. Number of mini tubers per plant between
samples of fertilized and unfertilized sweet yam plants
using SAH.Significant differences were determined by the
Tukey’s test and are indicated by different letters (P<0.01).
Values are mean +SD. Sample 1 - Fertilizer, south facing,
Sample 2 - Fertilizer, north facing, Sample 3 - Control, south
facing, Sample 4 - Control, north facing.

eigenvalues greater than 1.0 hence significant. As such,
these principal components accounted for 81.42% of the
variation seen in the yam data. Figure 9, the scree plot,
confirms the three components based on the eigenvalues
and all positioned along the vertical arm before the
perpendicular intersection.
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Figure 8. Total mini tuber yield per plant between samples
of fertilized and unfertilized sweet yam plants using
SAH.Significant differences were determined by the Tukey’s
test and are indicated by different letters (P<0.01). Values
are meantSD. Sample 1 - Fertilizer, south facing, Sample
2 - Fertilizer, north facing, Sample 3 - Control, south facing,
Sample 4 - Control, north facing.

Principal component (PC) 1 accounted for 39% of
the variance while PC2 30%. PC3 was only 12%. From
the component matrix (Table 9), PC1 correlated with six
of the original variables, which all varied together. This
component describes the vegetative production factors. It
reinforces that increasing fertilizer increased leaves, nodes
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Table 7. Correlation Matrix

Number of Nodes Tovt\?eli?::h Num?zll;zfsMini Total Yield Sh‘j’\?: i;ﬂ:Sh
Fertilizer 0.70 -0.75
Number of leaves 0.66 0.76 0.77
Total fresh weight 0.74
Number of mini tubers 0.87 0.66
Total yield 0.87

Table 8. Total Variance Explained for Principal Components

Component Total Initial Eigenvalues Extraction Sums of Squared Loadings
% of Variance =~ Cumulative % Total % of Variance =~ Cumulative %
1 3.928 39.28 39.28 3.928 39.28 39.28
2 3.049 30.49 67.78 3.049 30.49 67.78
3 1.164 11.64 81.42 1.164 11.64 81.42
Scree Plot
4
3
3
[
=
k=)
w
1
o
1 2 3 4 5 8 7 8 9 10

Component Number

Figure 9. Scree plot for principal component analysis of sweet yam data.

Table 9. Component Matrixa for Principal Components of Sweet Yam Data

Component

Component

1 2 3
Fertilizer 0.720 -0.616
Shelf position 0.856
Number of leaves 0.780 -0.321
Number of nodes 0.877
Number of mini tubers -0.369 0.810
Total fresh weight 0.751 0.614
Total mini tuber yield 0.978
Shoot fresh weight 0.917
Maximum leaf area 0.658

Notes: “3 components extracted. Extraction Method: Principal Component Analysis.

and associated total fresh weight and maximum leaf area. and associated variables, the correlation was negatively

for fertilizer. It showed that decreasing the fertilizer meant

PC2 correlated with three of the original variables. increased mini tuber yield. PC2 therefore described the
While the correlation was positive for mini tuber yield  factors contributing to mini tuber production.

pw* Innovation Forever Publishing Group Limited 7/10 J Mod Agric Biotechnol 2024; 3: 2



PC3 contributed the least, 12% to the 81% of the
variation in the data. PC3 correlated strongly and positively
with only one original variable, spatial or geographical
layout. The loading with leaves was weak (-0.32). PC3
was therefore difficult to interpret but it indicated that shelf
positioning may be important in the variance of the data.

4 DISCUSSION

The SAH technology for weaning and hardening of
Jamaican sweet yam has been an ongoing demonstration at
SRC Biotechnology facility. This illustrates how well adapted
and easily adaptable this low cost technology is given the use
of local substitutes. Additionally, it shows how useful SAH
is for long-term growth, as well as, the production of mini
tubers. The findings of major interest include identification of
the requirements for tuberization analogous to observations
in field production and the complementarity between the
ANOVA analysis and the PCA. The recommendations for
routine SAH culture are outlined.

Researchers at IITA have employed the use of formulated
nutrient solutions to supply plantlets propagated by SAH
with nutrients"***, However, in this present study, locally
sourced commercial fertilizer was used as a substitute to
increase vegetative yield. Inorganic fertilizer components
such as nitrogen (N), phosphorous (P) and potassium (K)
are important nutrients for plant growth and the yield”.
The combination treatment of NPK provides plants with
the main plant nutrients needed to positively influence
vegetative growth which includes leaves, stems and roots™™”.
Therefore, fertilizer application, as expected, increased the
number of nodes and leaf area. Total fresh weight and total
shoot fresh weight were also expected to be affected by
fertilizer application. Unfortunately, the ANOVA could not
be computed and this was due to statistical procedure or
protocol. This was because the sample variances were quite
dissimilar. The homogeneity of variance test showed that
the variances were significantly different hence ANOVA
could not be applied. According to Fowler et al.**, once the
difference between the largest and smallest sample variance
exceeds a certain limit one cannot proceed to the ANOVA.
The simplest alternative to tell the differences between
sample means was to perform a series of paired t-tests. For
each pairwise test at df=10, the critical value was 2.228 at
P=0.05. The matrix showed that there were no significant
differences between sample means.

Initially, it may be surprising that leaf number or
abundance was not affected by fertilizer application. From
the observation of increased nodes with added fertilizer
it may be inferred that yam leaves are not necessarily
correlated to leaf number. This is an anatomical issue.
Based on visual inspection, each node on the sweet yam
vine does not necessarily translate to a leaf or pair of
leaves because leaves are generally found more terminal
on the vines and not restricted to nodes. In other crops,
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such as banana and elephant foot yam, leaf number was
a poor index to differentiate between fertilizer and non-
fertilizer treatments™**”.

The findings were consistent with anecdotal and research
data from in vivo production in yam. There are mixed
reports of the usefulness of fertilizer. Generally, fertilizer
application promoted increases in growth and yield in
various Dioscorea species in nutrient deficient soil but
the beneficial effects on yields were significantly lower in
nutrient sufficient soil®”. There are also varietal differences

to different soil nutrient conditions™".

In vivo, when yams are traditionally grown without
fertilizer, added fertilizer is said to increase tuber yield but
organoleptic quality is poor and taste is negatively affected”>"”.
Conversely, all mini tuber yield parameters were negatively
affected. Our findings are similar to field studies where
fertilizer increases aboveground biomass but was not reflected
in tuber increase. This resulted in higher leaf area index and
lower fresh tuber yield. This was possibly caused by a potential
imbalance between source (leaves) and sink (mini tubers) in
which fertilizer application has favoured top growth over the

tubers™"

The PCA and ANOVA are consistent in identifying that
the conditions for foliage production are different from those
favoring tuberization. In the context of reducing cost and
maximizing production of propagation material, it may be
more beneficial to opt for low fertilization systems. While there
may be more nodes for propagation by cuttings, the production
of mini tubers is an opportunity for enhanced multiplication
rates. The merits of fertilizer use may be more visible in
producing broad-leafed hardened plants for delivery to farmers.

5 CONCLUSION

SAH is a very flexible and adaptable technique which
was found to be very useful in the acclimatization of tissue
culture Jamaican sweet yam plants. Commercial fertilizer
application was found to be an efficient means of nutrient
addition to promote vegetative growth. Fertilizer application
significantly increased the number of nodes and maximum
leaf area while tuber quantity and yield were significantly
decreased by the addition of fertilizer. SAH enabled the
faster growth of sweet yam plantlets which will facilitate the
increased availability of planting material for the field. The
ANOVA and PCA showed that fertilizer application was
positively correlated to vegetative production factors while it
was negatively correlated to mini tuber yield. This research
informs us that once mini tuber yield is the goal in SAH then
it seems to be more beneficial to use low fertilizer systems.
However, if foliage (leaf size, leaf area, number of nodes) is
the goal then high fertilizer systems may be more beneficial.
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