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ABSTRACT

Cocoa genotypes exhibiting different responses to water and watering rates to growth parameters
necessitate this study. Seedlings were raised from cocoa hybrids genotypes (CRIN Tcl — 8) and F3
Amazon. The seeds after 4 days of sowing were subjected to 3 watering rates of 50 ml, 100 ml and
150 ml applied once every two days and arranged in a CRD design between December 2020 - May
2021 at Cocoa Research Institute of Nigeria (CRIN) lbadan Nursery. Data collected include the
percentage of germination at 2-4 weeks after sowing (WAS), growth parameter (plant height, girth,
leaf area, number of leaves), and destructive sampling (fresh and dry weight of shoot weight, root
weight and Taproot length) which were statistically analyzed with SAS tools. The watering rates
had no significant effect on cocoa seedling emergence date. Least plant heights were observed
when 50ml watering rate was applied on CRINTc-1 (25.00cm), CRINTc-2 (26.53cm), CRINTc-4
(24.10 cm), CRINTc-6 (27.52cm) and CRINTc-8 (28.75cm) at 20WAS. Stem girth, number of
leaves and fresh root weight were not significantly enhanced by the watering levels on the cocoa
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performed more appreciably followed by 150 ml.

genotypes. The result also reveals that the dry shoot weight was greater than the dry root weight of
their corresponding treatments. The 3 watering levels had no considerable effect on the emergence
of the cocoa genotypes but influenced the morphological traits, fresh and dry weight of the shoot
and root parameters of the cocoa genotypes. 100 ml watering rate applied on the cocoa genotypes

Keywords: Cocoa; genotypes; nursery; watering.
1. INTRODUCTION

Cocoa (Theobroma cacao L.) is among the most
important export perennial crops [1] in Nigeria.
It's raised vegetatively or by seed in the nursery
before transplanting to the field. The quality
status of cocoa seedlings nursery production is a
key to successful field establishment in most
cocoa plantations. Meanwhile attempts to
increase cocoa seedling production by farmers
are mostly characterized by poor growth
development due to insufficient water application
rates [2]. This report by Agele et al. [2] was
supported by Daba and Tadese [3] who stated
that sufficient water quantity and good quality are
extremely important in the nursery site for the
production of tree seedlings. Mhango et al. [4],
Mng'omba et al. [5], Oboho and Igharo [6]
reported that nursery operators experience
economic loss through stunted growth and
increase mortality rate which might be attributed
to poor watering. These peculiarities mentioned
above may increase the timing for grafting to
take place, transplanting or delay the sales of the
seedlings according to Mng'omba et al. [5].
More so the water availability and exact volume
of water required for the survival and
development of nursery seedlings as reported by
Morrison et al. [7] is a challenge among small-
scale farmers.

Water apart from it being a major constituent of
any living organisms is involved in biochemical
processes according to Oboho and Igharo [6].
Water and its importance for plant growth cannot
be over emphasized as it not only controls
transpiration, it affects the inflow of nutrient
solutions [8]. While crops growing in excessively
wet soils tends to grow abnormally, are
susceptible to diseases and less productive than
those grown under normal moisture conditions
[9], Its worthy to state here that water deficit
suppresses plant growth, inhibition of various
physiological and biochemical processes, such
as photosynthesis, respiration translocation, ion
uptake, carbohydrates, nutrient metabolism, and
hormones [10,11] but physiologically, the
reactions of plants to water deficits differs

because it's based on severity and the duration
of water stress as reported by Shao et al. [12].
Water stress either deficit or excess act as a very
important limiting factor to plant growth and
establishment at the initial phase of planting [12].
Therefore, Bae et al. [13] reported that Cocoa
plant does not accommodate a lengthy period of
water stress. While Raja Harun and Hardwick
[14] reported that cocoa is less efficient in
controlling water loss when checked with other
economical tree crops loss. This is because
water needs among cocoa genotypes as
reported by Ayegboyin and Akinrinde [15] vary.
More so report from research conducted by Dias
et al. [16] identify genotypes that possess
character for good growth, high yield and efficient
water use efficiency (WUE) which he said is
important for breeding. Mng'omba et al. [5] in
their research conclude that sustainability of
water uses, and its cost implication is paramount
in commercial nurseries. Thus, according to
Krishnan et al. [17] increase in water use
demand in agriculture cannot be over
emphasized. The present study was therefore
proposed to identify a probable rate of watering
on the CRIN Cocoa hybrids morphological
growth, root enhancement and biomass
development to promote water conservation in
the nursery stage of cocoa production.

2. MATERIALS AND METHODS

A five-month nursery experiment was conducted
between December 2020 to May 2021 in Cocoa
Research Institute of Nigeria (CRIN) Ibadan,
Oyo State research nursery house situated
at the coordinate 7°12'26"'N 3°51'06''E. The
experiment was designed to understand how
three different rates of watering affect the growth
and development of nine different cocoa
genotypes. The topsoil used in this study was
scraped from fallow land within the Research
Institute, air-dried and sieved from debris
before 727.45 g of this topsoil was filled into
25 cm by 12.5 cm black nursery polythene
bags and watered to field capacity. The filled
bags were placed in the nursery house for a day
to rest before planting. Fresh cocoa pods from
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nine genotypes with physiologically matured
attributes were harvested from among the
CRINTc series released in the year 2011, apart
from F3 Amazon which was from the 3" filial
generation of the Upper Amazonian cocoa
variety. The eight hybrids genotypes pedigree
were: CRIN Tcl (T65/7 x N38), CRIN Tc2
(T101/15 x N38), CRIN Tc3 (P7 x PA150), CRIN
Tcd (T56/7 x T57/22), CRIN Tc5 (T82/27 x
T12/11) CRIN Tc6 (PA150 x T60/887) CRIN Tc7
(T82/27 x T16/17) CRIN Tc8 (T65/7 x T9/15).
The word T represents Theobroma, while ¢
means cacao. The cocoa seed (beans) extracted
from each of the pods mentioned above
were sown a day after harvesting, adequately
watered, and top of the soil covered with
sawdust to facilitate early germination. The
experimental layout was a factorial fitted in a
Completely Randomized Design (CRD) with
three replications. Four days after sowing
the seedlings were subjected to three levels
of watering treatments (50 ml, 100 ml and 150
ml) applications once every two days. Data
collected were on number of days to germination
(2-4 weeks after sowing (WAS)) before 100%
germination). Data collected includes Plant
height (Measure with meter rule), girth
(Measured with Vernier caliper), leaf area (The
leaf area was obtained using the leaf area meter
and multiple with cocoa leaf index), and the
leaves number that was visual, manually
counted and recorded. The experiment was
monitored for five months and terminated with
the destructive sampling of each treatment to
obtain the fresh and dry weight of shoot weight
(g), root weight (g) and Taproot length (cm)
(TRL). All data collected were subjected to
Analysis of Variance (ANOVA) using [18]
statistical tools, while treatment means were
separated using Tukey's Studentized Range
(HSD) Test.

3. RESULTS AND DISCUSSION

Among the techniques used in nursery farming
operations, watering can be group as the most
important because it either improves or slows
growth performance or may cause waterlogging
in the soil if it is not properly managed which may
lead to the death of the plant. Our study shows
that the varying watering treatments affected the
seed germination of the cocoa genotype
although they were not statistically and
significantly enhanced. The results obtained in
Table 1 show no significant (p>0.05) differences
among the cocoa varieties and the rate of
watering application across the seedlings

emergence dates but CRINTc 8 and F3 Amazon
attained 100% emergence earlier at 2 and 4
weeks after sowing compared to others varieties
when 50 ml water was applied. While CRINTc 1
and 4 cocoa genotype attained 100%
germination at 4 weeks after sowing with 100ml
of water application. More so CRINTc 7 having a
watering rate of 100 ml and 150ml attained 100%
germination also at 2WAS at p>0.05. Table 1
buttress water as an essential requirement for
germination but disagrees with the finding
reported by Oboho and Igharo [6] which stated
that watering should enhance germination
significantly as obtained in the pre germination of
Pycnanthus angolensis species. On the other
hand, this work supports the finding of Gush and
Moodley [19] whose view on watering stated that
very little quantity of water is needed for forest
seedlings healthy growth performance, but when
watering is frequently applied, it might lead to
plant vigor reduction and seedling death if the
soil becomes waterlogged.

Plant height is a representative of plant growth
index and vigour as seen in Table 2. Highest
occurrence of least plant heights were observed
when 50ml watering rate was applied on
CRINTc-1, CRINTc-2, CRINTc-4, CRINTc-6 and
CRINTc-8 at 20 WAS. The results obtained in
this study showed that the CRINTc 8 variety
having 150 ml of water application produced
significantly tallest plant height of 20.92 cm,
26.65 cm, 28.48 cm at 4, 8 and 12" WAS (Table
2). Furthermore, in Table 2, CRINTc 5 with
100ml of watering application was significantly
enhanced with mean values of 35.58 and 37.52
cm obtained at 16 and 20" WAS respectively at
p>0.05 when compared to the other watering
rate and cocoa varieties used. This observation
agrees with the finding of Tolulope and Joshua
[20] that stated an increased volume of watering
significantly increases Dioscoreophyllum
cumminsii plant height but its contrary to the
report obtained from Olajide et al. [21] on Dialium
guineense, who find no significant effect on plant
height under watering regime.

Stem girth at 4, 16 and the 20" WAS as seen in
Table 3 was not significantly enhanced (p>0.05)
in all the parameters measured and varieties
used in this study. However, the 8" WAS,
CRINTc 5 variety having 100 ml watering rate
had significantly the highest value of 5.03 cm,
while the least mean value of 3.54 cm was
recorded in the F3 Amazon variety when the
least watering rate of 50 ml was applied.
Furthermore, 150 ml of watering significantly
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enhanced an increased stem girth growth of 12"
WAS but at 16-20" WAS stem girth becomes
significantly static among the different cocoa
varieties irrespective of the levels of water
applications. However 150 ml watering rate
applied to all the varieties did not give the
thickest stem girth at 16 and 20" WAS in all the

varieties except CRINTc 8 which is contrary to
the findings of Buriro et al. [22] who observed an
increase in stem girth with higher watering levels
in Helianthus annuus and Agele et al. [23] who
also observed that drought conditions reduced
growth indicators such as stem girth in Vitellaria
paradoxa.

Table 1. Response of cocoa genotypes seed emergence to watering rates at 2 and 4 weeks
after sowing (WAS)

Watering rate — 50ml 100ml 150ml
Genotypes| 2 WAS 4 WAS 2 WAS 4 WAS 2 WAS 4 WAS
CRIN Tcl 66.67a 100.00a 33.33a 100.00a 33.33a 100.00a
CRIN Tc2 16.67a 100.00a 16.67a 83.33a 16.67a 83.33a
CRIN Tc3 33.33a 83.33a 33.33a 83.33a 83.33a 100.00a
CRIN Tc4 50.00a 83.33a 33.33a 100.00a 50.00a 66.67a
CRIN Tc5 66.67a 100.00a 33.33a 83.33a 16.67a 100.00a
CRIN Tc6 83.33a 100.00a 50.00a 83.33a 66.67a 100.00a
CRIN Tc7 83.33a 83.33a 100.00a 100.00a 100.00a 100.00a
CRIN Tc8 100.00a  100.00a 100.00a 100.00a 83.333a 83.33a
F3 Amazon 100.00a  100.00a 66.67a 100.00a 66.67a 66.67a

Means with the same letter (s) in a column are not significantly different (P<0.05)

Table 2. Response of cocoa genotypes and watering rates on plant height development

Plant Height (cm)

Treatments 4 WAS 8 WAS 12 WAS 16 WAS 20 WAS
CRIN Tc1-50ml 12.07bcde 16.52bc 18.05d 23.28c 25.00b
CRIN Tc1-100ml 11.95bcde 19.32bc 20.93bcd 23.93bc 27.15b
CRIN Tc1-150ml 13.78abcde 19.3bc 23.70abcd 25.38bc 27.57b
CRIN Tc2-50ml 7.27e 15.55¢ 19.55cd 24.55bc 26.53b
CRIN Tc2-100ml 11.65cde 18.73bc 21.18bcd 25.15bc 30.30ab
CRIN Tc2-150ml 12.23bcde 18.80bc 22.30abcd 28.68abc 32.75ab
CRIN Tc3-50ml 16.95abcd 21.78abc 23.03abcd 24.52bc 27.58b
CRIN Tc¢3-100ml 12.67bcde 18.05bc 21.35bcd 24.33bc 27.32b
CRIN Tc3-150ml 12.33bcde 20.20abc 23.50abcd 24.83bc 25.68b
CRIN Tc4-50ml 9.67de 16.70bc 20.87bcd 22.22c 24.10b
CRIN Tc4-100ml 13.08bcde 18.28bc 22.75abcd 27.90abc 29.58ab
CRIN Tc4-150ml 17.47abc 22.48abc 23.53abcd 25.47bc 27.45b
CRIN Tc5-50ml 16.68abcd 22.60abc 26.38abc 27.92abc 28.98ab
CRIN Tc5-100ml 15.32abcd 21.90abc 27.65ab 33.58a 37.52a
CRIN Tc5-150ml 11.82cde 19.50bc 23.7abcd 26.20abc 28.33ab
CRIN Tc6-50ml 16.42abcd 19.75abc 23.48abcd 25.65bc 27.52b
CRIN Tc6-100ml 12.80bcde 18.75bc 23.00abcd 25.97bc 28.10ab
CRIN Tc6-150ml 17.12abc 20.27abc 22.02abcd 25.68bc 28.18ab
CRIN Tc7-50ml 17.20abc 22.72abc 23.98abcd 26.58abc 28.80ab
CRIN Tc7-100ml 19.32a 23.55ab 25.47abc 28.93abc 30.68ab
CRIN Tc7-150ml 14.53abcde 21.45abc 24.42abcd 26.88abc 28.77ab
CRIN Tc8-50ml 14.28abcde 17.97bc 25.45abc 26.80abc 28.75ab
CRIN Tc8-100ml 15.65abcd 21.55abc 24.37abcd 25.22bc 28.95ab
CRIN Tc8-150ml 20.92a 26.65a 28.48a 31.23ab 33.78ab
F3 Amazon -50ml 14.70abcd 17.88bc 20.25cd 25.68bc 29.98ab
F3 Amazon -100ml 17.02abcd 20.92abc 24.02abcd 25.50bc 28.92ab
F3 Amazon -150ml 14.65abcd 18.45bc 21.43bcd 25.72bc 28.73ab

Means with the same letter (s) in a column are not significantly different (P<0.05). WAS-Weeks after sowing
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Table 3. Response of cocoa genotypes and watering rates on stem girth development

Treatments Stem girth (mm)
4 WAS 8 WAS 12 WAS 16 WAS 20 WAS

CRIN Tc1-50ml 3.36a 3.84cde 4.31abc 4.88a 5.54a
CRIN Tc1-100ml 3.78a 4.15abcde 4.56abc 5.00a 6.14a
CRIN Tc1-150ml 3.54a 3.88cde 4.37abc 4.89a 5.23a
CRIN Tc2-50ml 3.90a 4.32abcde 4.48abc 4.90a 5.74a
CRIN Tc2-100ml 4.41a 4.82abc 5.41ab 5.68a 7.02a
CRIN Tc2-150ml 3.72a 4.14abcde 4.54abc 5.36a 6.44a
CRIN Tc3-50ml 4.06a 4.24abcde 4.62abc 5.12a 5.93a
CRIN Tc3-100ml 3.77a 4.29abcde 4.88abc 5.30a 5.78a
CRIN Tc3-150ml 3.46a 4.06abcde 4.40abc 4.92a 5.63a
CRIN Tc4-50ml 3.25a 3.96bcde 4.21bc 4.54a 5.06a
CRIN Tc4-100ml 3.91a 4.21abcde 4.84abc 5.78a 7.08a
CRIN Tc4-150ml 3.25a 4.06abcde 4.47abc 4.92a 5.63a
CRIN Tc5-50ml 4.11a 4.55abcd 4.68abc 5.14a 6.69a
CRIN Tc5-100ml 4.32a 5.03a 5.44ab 6.08a 6.74a
CRIN Tc5-150ml 3.16a 4.40abcde 4.86abc 5.20a 5.72a
CRIN Tc6-50ml 3.81a 4.35abcde 4.76abc 5.53a 6.04a
CRIN Tc6-100ml 3.80a 4.22abcde 5.18abc 5.92a 6.77a
CRIN Tc6-150ml 3.80a 4.18abcde 4.84abc 5.20a 5.90a
CRIN Tc7-50ml 3.54a 4.39abcde 5.29abc 5.76a 6.55a
CRIN Tc7-100ml 3.92a 4.41abcde 5.09abc 5.82a 6.57a
CRIN Tc7-150ml 3.94a 4.46abcde 4.88abc 5.78a 6.22a
CRIN Tc8-50ml 3.94a 4.38abcde 4.94abc 5.23a 5.58a
CRIN Tc8-100ml 3.87a 4.25abcde 4.52abc 5.15a 6.19a
CRIN Tc8-150ml 4.08a 4.92ab 5.50a 5.87a 7.15a
F3 Amazon -50 2.94a 3.54e 4.44abc 5.38a 6.21a
F3 Amazon -100 3.29a 3.68de 4.07c 4.78a 6.21a
F3 Amazon -150 3.04a 3.85cde 4.38abc 4.80da 5.47a

Means with the same letter(s) in a column are not significantly different (P<0.05). WAS-Weeks after sowing

There seems to be behavioral consistency in leaf
area expansion on CRINTc varietal and watering
rate as shown in table 4. The present findings
indicate that from 4-16"™ WAS CRINTc 6 having
100 ml watering application had the largest leaf
area production at p>0.05 with 52.00, 79.92,
89.20, 88.08cm respectively when compared to
other treatments. More so at 20" WAS the
largest leaf area value of 103.74 cm (p>0.05)
having a watering rate application of 100 ml was
observed in the CRINTc 5 cocoa variety (Table
4). Furthermore, in this table, at 4 and 20" WAS
the results obtained in this study showed no
significant difference among the varieties used
on the rate of water application. This agrees with
Emmanuel [24] on the small leaf size of Picralima
nitida reported when the environment was water-
stressed. However, Contrary to Ogunrotimi and
Kayode [25] on Solanum macrocarpon and
Oboho and Igharo [6] on Pycnanthus angolensis
and Dauda et al. [26] reports on daily watering,
leading to high leaf area production.

Among CRINTcl- 8 and F3 Amazon means
shown in Table 5, the production of leaves was

not significantly (p>0.05) enhanced. CRINTc 1
with a 150 ml watering rate produced the least
leaves count (8.7) at 20 WAS. These results
obtained should be noted as varied and equal
existence between the genotype and its watering
requirement in leaf production. This result
support that of Emmanuel [24] who opined that
the leaves of plants growing in water-stressed
environment produced small size leaves in
numbers. It's also in consonance with Oboho and
Igharo [6] work on Pycnanthus angolensis,
Gbadamosi [27] on Persea americana and
Ogidan et al. [28] on Kigelia africana
respectively.

Table 6 shows the response of fresh weight of
the destructive sample parameters for CRINTc
cocoa genotype seedlings and their response to
watering rates. The seedlings fresh shoot weight
(FSW) that recorded the highest values were
obtained when 100 ml of water was applied to
CRINTc5 cocoa seedlings, while CRINTc 6, 5
and 1 that has 50 ml watering application rate
recoded the least values of 6.0, 6.3 and 6.7 g
respectively (p>0.05). This result supports the
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findings of Olajuyigbe et al. [29] in their works
which stated that water supply usage in plants is
proportional to biomass production.

Fresh Root Weight (FSW) on the other hand
shows no significant difference among the
genotype on the different rates of water
application used. However, this study did not
take into consideration the size of the growing
medium on if the use of the above material may
affect root growth because it was justified by
Dominguez-Caraveo et al. [30] in their report that
the use of poly bags or pots produce a uniformity
in root growth and development but negatively
and restricted root development may occur when
there is excess soil moisture according to
Rahman et al. [31].

This was further buttressed in the root length
enhancement where irrespective of the watering
rate CRINTc 5, 8 produce a significantly longer
root length (24.2 and 24.4 cm at p>0.05)
compared to other varieties, with the shortest
length recorded in CRINTc 2 genotype having 50
ml of water application (Table 6). However, this
report varies from the report of Oloyede et al.
[32] on his work on field spacing simulation using
lateral root length of the cocoa CRINTc Series
who observed that F3 Amazon and CRINTc 6
had the longest tap root length respectively while

CRINTc 3 and CRINTc 5 had the shortest taproot
length. The variations observed in these reports
could be a result of different factors involved in
the experiments.

The dry shoot weight (DSW) of the treatments as
shown in Fig. 1 shows that treatments CRINTc 4-
100 ml (5.19 g), CRINTc 5-100 ml (4.75 g) and
CRINTc 8-150 ml (4.64 g) had the highest dry
shoot weight respectively while CRINTc 8-50 ml
(1.10g), CRINTc 5-50 ml (1.20g) and CRINTc 1-
150 ml (1.28g) had the lowest dry shoot weight
respectively. Generally among the treatments, no
consistent trend in the result was observed. The
dry root weight (DRW) of the treatments (Fig. 2)
didn’t follow a similar trend as dry shoot weight
as shown in Fig. 1 as CRINTc 6-50 ml (2.0g),
CRINTc 5-100 ml (1.85g) and CRINTc 2-100 ml
(1.679) had the highest dry root weight
respectively while F3 Amazon 150ml (0.57 @),
CRINTc 5-50 ml (0.70 g) and CRINTc 1-150 ml
(0.749) had the Ilowest dry root weight
respectively. The result from Fig. 1 and Fig. 2
reveals that the dry shoot weight was greater
than the dry root weight in all treatments which
could be a result of the larger mass size of the
shoot than the root. This trend of the result was
also observed by Adejobi et al. [33] where cocoa
seedling dry shoots were all greater than their
corresponding dry weight [34].
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Fig. 1. Dry shoot weight of the cocoa CRINTc genotypes and watering rate treatments
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Table 4. Response of cocoa genotypes and watering rates on leaf area

Treatments Leaf Area (cm®)
4 WAS 8 WAS 12 WAS 16 WAS 20 WAS

CRIN Tcl1-50ml 34.97a 60.32ab 62.37a 62.75a 67.56a
CRIN Tc1-100ml 33.40a 57.86ab 61.08a 63.45a 69.72a
CRIN Tc1-150ml 37.69a 44.03ab 53.43a 69.34ab 70.36a
CRIN Tc2-50ml 25.30a 43.75ab 42.17a 57.27ab 58.68a
CRIN Tc2-100ml 26.86a 64.37ab 58.29a 66.19a 89.72a
CRIN Tc2-150ml 21.19a 43.43ab 61.30a 70.79a 73.78a
CRIN Tc3-50ml 41.61a 46.05ab 48.67a 62.15a 61.05a
CRIN Tc3-100ml 31.52a 50.87ab 57.41a 62.50a 68.05a
CRIN Tc3-150ml 45.56a 54.23ab 65.38a 74.19a 85.07a
CRIN Tc4-50ml 41.68a 52.70ab 53.66a 58.11ab 59.56a
CRIN Tc4-100ml 35.07a 53.13ab 58.18a 71.13a 78.06a
CRIN Tc4-150ml 42 .52a 56.69ab 60.74a 63.67a 66.93a
CRIN Tc5-50ml 30.17a 40.03b 43.42a 49.16b 60.78a
CRIN Tc5-100ml 32.71a 51.50ab 66.1a 69.76a 103.74a
CRIN Tc¢5-150ml 13.29a 33.95b 39.48ab 49.34b 59.57a
CRIN Tc6-50ml 43.36a 53.40ab 60.91a 55.72a 72.74a
CRIN Tc6-100ml 52.00a 79.92a 89.20a 88.08a 90.99a
CRIN Tc6-150ml 41.38a 51.65ab 56.85a 84.49a 89.60a
CRIN Tc7-50ml 46.91a 67.23ab 69.69a 72.79a 79.68a
CRIN Tc7-100ml 40.91a 62.85ab 70.41a 89.74a 85.50a
CRIN Tc7-150ml 47.76a 70.14ab 73.03a 77.09a 78.11a
CRIN Tc8-50ml 49.06a 51.95ab 51.97a 54.55ab 59.46a
CRIN Tc8-100ml 41.62a 65.19ab 75.38a 82.16a 80.35a
CRIN Tc8-150ml 45.30a 56.03ab 61.92a 69.40a 72.91a
F3 Amazon -50 44.09a 53.45ab 54.78a 56.34a 59.32a
F3 Amazon -100 37.38a 51.82ab 59.63a 60.01a 61.98a
F3 Amazon -150 40.72a 44 31ab 59.28a 60.01a 60.32a

Means with the same letter (s) in a column are not significantly different (P<0.05). WAS-Weeks after sowing
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Fig. 2. Dry root weight of the cocoa CRINTc genotypes and watering rate treatments
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Table 5. Response of cocoa genotypes and watering rates on leaves number

Treatments No. of Leaves (NOL)
4 WAS 8 WAS 12 WAS 16 WAS 20 WAS

CRIN Tc1-50ml 3.2a 7.7a 7.8a 10.0a 10.3a
CRIN Tc1-100ml 3.3a 7.3a 8.7a 14.2a 14.7a
CRIN Tc1-150ml 4.0a 8.0a 8.7a 8.7a 8.7a
CRIN Tc2-50ml 1.6b 7.0a 10.0a 15.5a 15.5a
CRIN Tc2-100ml 2.3a 7.0a 7.7a 10.5a 11.0a
CRIN Tc2-150ml 2.0a 6.7a 9.5a 13.3a 17.8a
CRIN Tc3-50ml 3.5a 8.7a 9.2a 14.2a 17.0a
CRIN Tc3-100ml 1.8b 5.8a 5.8a 8.9a 9.2a
CRIN Tc3-150ml 4.17a 7.8a 8.0a 9.5a 10.3a
CRIN Tc4-50ml 2.8a 9.3a 10.2a 13.2a 14.3a
CRIN Tc4-100ml 3.5a 9.7a 12.2a 14.5a 15.7a
CRIN Tc4-150ml 3.0a 7.5a 7.8a 9.5a 10.7a
CRIN Tc5-50ml 4.5a 8.5a 9.0a 9.3a 11.5a
CRIN Tc5-100ml 2.5a 7.5a 8.2a 15.3a 16.8a
CRIN Tc5-150ml 1.8b 8.0a 9.7a 10.3a 13.0a
CRIN Tc6-50ml 4.2a 8.0a 10.a 12.8a 13.0a
CRIN Tc6-100ml 3.7a 8.7a 8.8a 10.0a 10.3a
CRIN Tc6-150ml 4.2a 7.8a 8.0a 9.5a 9.8a
CRIN Tc7-50ml 3.7a 6.2a 7.8a 8.8a 9.7a
CRIN Tc7-100ml 4.5ab 8.3a 8.5a 11.0a 11.2a
CRIN Tc7-150ml 4.5ab 8.2a 9.7a 10.7a 11.7a
CRIN Tc8-50ml 5.5a 10.7a 11.0a 11.3a 11.3a
CRIN Tc8-100ml 4.33a 7.8a 8.5a 9.5a 11.2a
CRIN Tc8-150ml 4.5a 7.8a 10.3a 14.8a 18.5a
F3 Amazon -50 4.0a 6.8a 10.5a 14.0a 14.3a
F3 Amazon -100 3.7a 8.3a 8.5a 11.2a 11.8a
F3 Amazon -150 2.7a 7.7a 7.8a 9.3a 11.0a

Means with the same letter(s) in a column are not significantly different (P<0.05). WAS-Weeks after sowing

Table 6. Response of cocoa genotypes and watering rates on fresh weight parameters

Treatments FSW () FRW (g) TRL (cm)
CRIN Tc1-50ml 6.7b 4.7a 14.5abc
CRIN Tc1-100ml 10.0ab 4.0a 16.8abc
CRIN Tc1-150ml 8.0ab 4.0a 13.8bc
CRIN Tc2-50ml 8.3ab 4.0a 12.6¢
CRIN Tc2-100ml 12.3ab 4.3a 15.0abc
CRIN Tc2-150ml 16.3ab 5.0a 17.5abc
CRIN Tc3-50ml 12.7ab 5.3a 18.1abc
CRIN Tc3-100ml 8.3ab 5.0a 15.0abc
CRIN Tc3-150ml 8.0ab 4.3a 19.7abc
CRIN Tc4-50ml 8.0ab 4.0a 14.3abc
CRIN Tc4-100ml 20.0ab 6.3a 18.3abc
CRIN Tc4-150ml 8.3ab 4.0a 16.6abc
CRIN Tc5-50ml 6.3b 4.3a 15.9abc
CRIN Tc5-100ml 21.0a 7.3a 24.2a
CRIN Tc5-150ml 7.0b 4.0a 14.3abc
CRIN Tc6-50ml 6.0b 4.3a 14.9abc
CRIN Tc6-100ml 11.0ab 7.0a 19.9abc
CRIN Tc6-150ml 8.7ab 6.7a 15.9abc
CRIN Tc7-50ml 10.7ab 4.0a 21.0abc
CRIN Tc7-100ml 13.0ab 6.3a 15.7abc
CRIN Tc7-150ml 8.7ab 4.0a 13.7bc
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Treatments FSW (g) FRW (9) TRL (cm)
CRIN Tc8-50ml 12.7ab 7.3a 24.4a
CRIN Tc8-100ml 9.7ab 4.7a 17.6abc
CRIN Tc8-150ml 16.7ab 6.0a 23.4ab
F3 Amazon -50 12.0ab 6.7a 21.5abc
F3 Amazon -100 12.0ab 4.0a 14.6abc
F3 Amazon -150 7.3ab 4.3a 17.2abc

Means with the same letter(s) in a column are not significantly different (P<0.05). Fresh Shoot Weight (FSW),
Fresh Root Weight (FSW) and Tap Root Length (TRL)

4. CONCLUSION

The application of the 3 watering levels 50ml,
100ml and 150ml didn’t make any considerable
difference on the emergence of the cocoa
CRINTc 1-8 genotypes and the F3 Amazon,
though 50 ml watering rate had more 100%
emergence followed by 100 ml and 150 ml who
had same but lesser occurrence of 100%
emergence than when 50ml watering rate was
applied after 4 weeks.

The watering levels influenced the morphological
traits, fresh and dry weight of the shoot and root
parameters of the cocoa CRINTc 1-8 genotypes
and the F3 Amazon at some levels and peroids
of the experiment. Generally putting all the
CRINTc 1-8 genotypes and F3 Amazon into
consideration, 100 ml watering rate performed
best, followed by 150 ml and lastly 50ml watering
rate. As a follow up to this study, the
performance of these cocoa seedlings on the
field should be examined after transplanting.
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