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ABSTRACT

Damage on aerial cotyledons from emerging cashew (Anacardium occidentale L.) by rodents
severely affects seedling establishment in the field. The objective of this study was to evaluate
sowing depth of cashew as a possible means of reducing pest attack and damage to seedlings
during establishment via in-situ sowing. The study was conducted under shade of Gliricidia sepium
trees at the Cocoa Research Institute of Nigeria (CRIN) central nursery, using two nut sizes: jumbo
(=16 g) and medium (6 - 8 g) and five sowing depths: 5.0, 7.5, 10.0, 12.5 and 15.0 cm in 2005;
2.5,5.0, 7.5, 10.0 and 12.5 in 2006. The treatments were arranged in a randomized complete block
design (RCBD) with four replications. Data were collected on days to emergence, percentage
emergence, position of cotyledons (above or below soil level), plant height, stem diameter and
analyzed using ANOVA. Means were separated using least significant difference (LSD). Jumbo and
medium nuts emerged at similar periods (22 and 21days respectively). Depth of sowing enhanced
both the rate and total emergence. Nuts sown at 2.5 cm emerged 12 days earlier and 22% higher in
emergence than those sown at 12.5 cm depth. The difference was significant (P =.05). Similarly,
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terms of initial seedling growth performance.

seedling emergence was earlier for cashew nut sown at 5.0 cm compared to those sown at 12.5
and 15.0 cm depths with significant (P = .05)
cotyledon concealment were in the order of 7.5 > 10.0 > 12.5 cm for the two nut sizes. The cashew
seedling height and stem diameter were higher in jumbo-size nut seedlings than in medium-size
with significant (P =.05) difference. Sowing at 7.5 cm soil depth gave the best performance in terms
of seedling protection and growth. Jumbo nut size may be preferred by farmers to medium size in

difference. Seedling emergence, growth and

Keywords: Cashew; nuts sizes; seedling; cotyledons; sowing depth.

1. INTRODUCTION

Cashew is a fast growing plant that is adaptable
to a varying degree of edapic and climatic
conditions. Hence, cashew thrives under
environmental situations where most other plants
such as cacao will not survive. It is well reputed
for being drought resistant and sufficiently
adaptable to areas with rainfalls ranging between
500 mm to 3800 mm [1,2]. Presently, cashew is
grown in most agro-ecological zones of Nigeria
including the savanna areas [3,4]. Adenikinju [5]
reported that cashew grows in the mangrove
forest areas but its productivity is limited in terms
of nut yield. It is however at its best in the middle
belt savanna zone where the environment
favours nut production.

Field establishment of cashew could be done
through nuts (seeds) or seedlings. However the
former (sowing at stake /in-situ) is preferred by
most farmers since seedlings do not transplant
well due to its delicate root system [6]. Sowing of
cashew in-situ is a practice among cashew
farmers, in countries like Nigeria, Tanzania and
Ghana, in the establishment of both small-
holdings and large plantations [7,8,9]. The
Advantages of this practice, as reported by Ohler
[10], include: quick development of the root
systems; less costs involved and labour saving.
The danger inherent in this method is the
possibility of damage of seedlings by animals
such as rodents, reptiles, monkeys that are
attracted by the succulent and sugary cotyledons
of the seedlings [2]. Gauze collar wires are
usually used to protect seedlings against
destruction by the vamine including bush pigs.
Rodenticides have been tried and found to be
satisfactory. These measures may not be cost
effective and affordable to the many poor-
resource Nigerian farmers. The objective of this
study was to determine the sowing depth that
promotes emergence and seedling growth as
well as conceal seedling cotyledons in the soil so
as to prevent destruction of seedling by rodents
and other pests.

2. MATERIALS AND METHODS

The study was carried out at the Cocoa
Research Institute of Nigeria (CRIN), Ibadan (7°
10N; 3%2E). Ibadan lies within the forest
savanna transitional zone of Southern Nigeria.
During the study period (2005-2006), average
rainfall and relative humidity were 1205 mm and
88.4%, respectively. The maximum and minimum
prevailing temperatures were 27.8 and 24C as
respectively.

The soil used for the study was collected at a site
that has been earmarked for cashew cultivation
on the CRIN Estate, at a depth of 0-30 cm using
soil auger. The soil was air-dried for 2 weeks and
sieved with 5 mm sieve. A representative sample
was taken and further processed for physical and
chemical analysis. Plastic pots of 7.5 L capacity
were filled with the processed soil and arranged
under shade of Gliricidia sepium trees in CRIN
central nursery.

Freshly harvested cashew nuts from the
Brazilian selections were used for the study.
Treatments included cashew nut sizes: jumbo
(=16 g per nut) and medium (6-8 g), and sowing
depths of 5.0, 7.5, 10.0, 12.5 and 15.0 cm in
2005 as well as 2.5, 5.0, 7.5, 10.0 and 12.5 cm in

2006. One nut was sown per pot and
the treatments were replicated four times.
The treatments were arranged in a

randomized complete block design. Watering
was done thrice a week for a period of twelve
months, while weeding was done at a month
interval.

Emergence count of the nuts was recorded daily
as well as the position of the cotyledon either
above or below soil level. Growth parameters
(plant height and stem diameter) were measured
at 8, 11 and 14 weeks after sowing (WAS). Data
were analyzed using ANOVA. Means were
separated using the LSD at 5% level of
probability.



3. RESULTS AND DISCUSSION

The physical properties of the soil indicated that
the sand, silt and clay fractions were respectively
692, 134 and 174 g/kg soil (Table 1). The clay +
silt content of 308 g/kg soil were sufficient to hold
enough moisture for sustainable cashew growth
and to avoid drought [9]. The pH, organic carbon,
total N and available P were 7.65, 1.73 g/kg, 0.42
g/kg and 11.08 mg/kg soil respectively. The
exchangeable cations (K*, Ca** and Mg?*) of the
soil were 0.10, 1.03 and 0.45 cmol/kg soil. The
soil is sandy loam. The pH of the soil was
adequate for cashew production. The soil is
marginal in terms of nutrient compositions
particularly N, P and K, but could support the
growth of cashew [4,11,12].

Table 1. Initial physical and chemical
properties of the soil used

Soil property Values
N (g/kg) 0.42
OC (g/kg) 1.73
pH (H,0) 7.65
pH (KCI) 6.89

P (mg/kg) 11.08
Na 0.08

K (cmol/kg) 0.10
Ca (cmol/kg) 1.03
Mg (Cmol/kg) 0.45
Cu (mg/kg) 57.44
Mn (mg/kg) 151.09
Fe (mg/kg) 98.88
Zn (mg/kg) 71.68
Sand (g/kg) 692
Silt (g/kg) 174
Clay (g/kg) 134

3.1 Days to Emergence of Seedling

Days to seedling emergence were more in jumbo
than in medium size nuts in both years (Table 2).
This is in agreement with the previous findings
where medium size nuts emerged earlier than
jumbo [13]. The food reserve in the cotyledons of
jumbo is more than in medium due to the bigger
size of the former. Consequently, the more days
for this food reserve to metabolise before
seedling emerges may be responsible for the
more days to seedling emergence in jumbo than
in medium.

The mean number of days for the emergence of
jumbo and medium size nuts were 30 and 27
days in 2005 respectively.
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Among the 5 sowing depths investigated, days to
emergence ranged between 23 and 44. Seedling
emergence was significantly (P = .05) earlier for
cashew nut sown at shallow depths (5.0, 7.5, and
10.00 cm) than those sown at deeper depth (15.0
cm). Specifically, nuts sown at 5.0 cm depth had
significantly (P = .05) improved emergence than
those sown at 12.5 cm. In the latter case the
deeper sowing depths delayed seedling
emergence. As a result of the shallow depth of
sowing at 2.5 - 7.5 cm the emerging seedlings
had sufficient force to push through the soil to the
surface while deeper sowing depths (10.0 — 12.5
cm) impede seedling emergence as reported by
Parker and Taylor [14] and Rao et al. [15].
Similarly, Li [16] observed that deep sowing
increase time of emergence in American
ginseng. There was no significant interaction
between sowing depths and nut sizes (Table 2).

In 2006, similar trend was observed as in 2005
with jumbo-size nut which took longer days to
emerge. Mean days to seedling emergence were
22 and 21 for jumbo and medium-size nuts
respectively (Table 2).The difference in days to
seedling emergence in the two nut sizes was not
significant as was observed in 2005. Mean days
to emergence of nuts sown at 2.5 cm depth was
shorter compared to those sown at 12.5 cm and
the difference was significant (P = .05). Sowing
depths of 5.0, 7.5 and 10.0 cm were similar in
mean days to seedling emergence in both years.

3.2 Percent Seedling Emergence

The percent emergence ranged from 25 to 62 for
both jumbo and medium sized nuts and across
the various sowing depths in 2005 while in 2006,
it was 33 to 75 (Table 2). The level of seedling
emergence increased by 39% in 2006 compared
to 2005. The increase might be due to the
viability status of the nuts as at the time of
sowing. It could be that some of the nuts planted
in 2005 might not have been viable as those
planted in 2006 probably due to immature kernel
(Adeyemi and Hammed [17]). Percent seedling
emergence from 2.5 cm to 7.5 cm sowing depths
was higher than those sown at deeper depths in
both 2005 and 2006 (Table 2). This finding is
consistent with the earlier reports where it was
observed that too deep sowing reduced seedling
emergence in okra and ginseng respectively
[18,16]. This may be due to the fact that
seedlings planted at shallower depths might find
it much easier to emerge from the soil than those
at deeper depths. Deeper sowing renders
seedling more susceptible to attack by
pathogens [19].
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Table 2. Emergence of cashew nuts as influenced by sowing depths and nut sizes

Depth (cm) 2005 2006

Days to emergence % emergence Days to % emergence

emergence

Ju Me Ju Me Ju Me Ju Me
25 na na na na 18.5 15.8 75.0 68.8
5.0 23.3 25.7 56.3 33.3 20.2 20;7 62.5 66.7
7.5 28.0 25.0 58.3 62.5 20.5 20.0 56.3 62.5
10.0 31.0 28.0 41.7 25.0 225 22.0 56.3 56.3
12.5 36.3 28.3 33.3 41.7 29.3 28.0 33.3 66.7
15.0 44.0 36.0 25.0 25.0 na na na Na
Means 30.1 27.3 46.4 41.1 22.8 21.0 57.9 63.9
LSD:
Depths 8.7 27.6 3.0 21.3
Sizes 4.9 15.6 1.9 13.4
DxS 12.3 39.1 4.2 30.2
Depths * ns roxk Ns
Sizes ns ns ns Ns
DxS ns ns ns Ns

Ju — Jumbo Me - Medium D — Depth of sowing S —Size of nut  na— Not applicable

ns - Not significant

There was no significant interaction between
sowing depths and nut sizes in both years.
However, shallow sowing seems to favour
seedling emergence irrespective of the sizes of
the nuts.

Seedling cotyledons above -ﬂ: ___._..-:.vﬂ" 5 [
soil level 'i L
!: T ¥ L

Plate 1. Cashew nut sown at 2.5 cm depth
positioned seedling cotyledons above
soil level

*Significant at (P = .05)

***Significant at p<0.001

3.3 Position of Seedling Cotyledons

It was observed that in all the treatments,
cotyledons were either buried or raised above
the soil surface (Table 3). In 2005 and 2006, the
nut sizes did not significantly affect the position
of the cotyledons but sowing depths at 7.5 cm
and above had the cotyledons buried in the soil.
[20] reported that deep sowing of peanut retained
the cotyledons inside the soil. This would protect
the cotyledons from attack by predators (reptiles,
monkeys, rodents etc). In 2006, jumbo-sized nuts
had its cotyledons completely (100%) exposed at
depth of 2.5 cm (Plate 1), while 25% seedling
cotyledons of medium-sized nuts were exposed
at the same depth (Table 3). Sowing at 7.5 cm
and above had the cotyledons buried for both nut
sizes (Plate 2). The seedling cotyledons
concealment as a result of the sowing depths will
make the cashew seedlings survive the threat of
predators and there will be no additional cost
incurred by farmers to procure chemicals or traps
to scare the predators. This will enable the
farmers to get the advantage of both protection
for the young plants and less production cost
since there will be no need for nursery practices
and transplanting of seedlings from the nursery
to the field with its attendant losses. The
physiological implication of the buried cotyledons
is that the possibility of using the cotyledons as
photosynthetic apparatus may be impaired due
to lack of exposure to sunlight.
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Table 3. Placement of cotyledons of cashew seedlings as influenced by sowing depths and nut

sizes
Depth 2005 2006
(cm) Cotyledon buried Cotyledon not Cotyledon buried  Cotyledon not buried
(%) buried (%) (%) (%)
Ju Me Ju Me Ju Me Ju Me
2.5 Na na na na 0.0 75.0 100.0 25.0
5.0 75.0 100.0 25.0 0.0 62,5 75.0 37.5 25.0
7.5 100.0 100.0 0.0 0.0 100.0 100.0 0.0 0.0
10.0 100.0 100.0 0.0 0.0 100.0 100.0 0.0 0.0
125 100.0 100.0 0.0 0.0 100.0 100.0 0.0 0.0
15.0 100.0 100.0 0.0 0.0 na na na Na
Means 95.0 100.0 5.0 0.0 90.6 90.0 68.8 25.0
LSD:
Depths 16.0 0.0 15.3 47.6
Sizes 9.4 0.0 7.2 35.6
DxS 23.5 0.0 16.7 52.1
Depths ns ns ns *
Sizes ns ns kk Ns
DxS ns ns ns Ns
Ju - Jumbo Me - Medium D - Depth of sowing S - Size of nut

na — Not applicable, n.s - Not significant

Plate 2. Cashew nut-sowing at 7.5 cm depth
positioned seedling cotyledons below the soil
level

4. THE EFFECT OF NUT SOWING
DEPTHS ON GROWTH PARAMETERS
OF CASHEW SEEDLINGS AT 8, 11
AND 14 WEEKS AFTER SOWING

4.1 Seedling Height

The height of cashew seedlings was significantly
(P = .05) higher in jumbo nut than in medium

*Significant at (P = .05)

***Significant at p<0.001

throughout the periods of investigation in 2006
(Table 4). This could be due to differences in the
amount of food reserve in the two nut sizes. This
is consistent with the findings of [21] and [22] in
which large cashew nut sizes had better growth
performances than small nuts. Sowing depth of
2.5 cm significantly produced taller seedlings
compared to those planted at 125 cm.
Plant height reduced with deeper depths
throughout the periods of investigation. The
higher plant height obtained at 2.5 to 7.5 cm
sowing depths over 10.0 and 12.5 cm might be
due to the shorter period of emergence of the
germinated nuts than it was observed
at deeper depths.

4.2 Seedling Stem Diameter

The stem diameter of cashew seedlings raised
from jumbo-size nut was significantly (P = .05)
higher than those from medium throughout the
period of study in 2006 (Table 5). This might be
due to the higher food reserve of the jumbo nuts.
This is also consistent with findings of [23] and
[24]. Similarly, nuts sown at 2.5 cm depth
produced seedlings with significantly
(P = .05) higher stem diameter than those sown
at deeper depths. Seedling stem diameter
was inversely related to sowing depth.
Stem diameter of seedlings sown at 5.0, 7.5 and
10.0 cm soil depths was similar throughout the
period of investigation (Table 5).
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Table 4. Heights of cashew seedlings as influenced by sowing depths and nuts sizes

Sowing depth (cm)

Seedling heights

8 WAS 11 WAS 14 WAS

Jumbo Medium Jumbo Medium Jumbo Medium
2.5 31.15 23.80 34.43 26.63 37.25 30.03
5.0 27.63 20.33 31.93 23.50 34.25 25.85
75 25.70 22.20 29.08 25.08 32.05 26..75
10.0 23.25 16.45 26.43 20.08 29.30 22.50
12.5 18.33 12.33 20.33 16.50 23.33 18.27
Means 25.57 19.32 28.85 22.79 31.65 24.90
LSD:
D 5.35 6.41 6.37
S 3.36 4.03 4.00
DXS 7.58 9.09 9.03
D *% * *%
S ** * *%
DXS ns ns ns

D - Depth of sowing, S - Size of nut , ns — Not significant, * - Significant at (P = .05), ** Significant at p<0.01

Table 5. Stem diameter of cashew seedlings in relation to sowing depths and nut sizes

Depth (cm) Seedling diameter (mm)
8 WAS 11 WAS 14 WAS

Ju Me Ju Me Ju Me
2.5 6.83 5.98 8.15 6.65 8.45 7.00
5.0 6.08 4.50 7.00 5.40 7.20 5.77
7.5 5.30 4.88 6.43 5.53 6.68 6.05
10.0 5.30 4.35 5.95 5.40 6.78 5.63
12.5 4.80 2.97 5.40 3.47 5.57 3.97
Means 5.66 4.06 6.65 5.38 7.10 5.77
LSD:
Depths 0.83 0.75 0.83
Sizes 0.52 0.47 0.52
DxS 1.18 1.06 1.18
Depths *kk *%k% *%k%
Sizes *% *k%k *k%
DxS ns ns ns

Ju — Jumbo, Me — Medium, D — Depth of sowing, S — Size of nut, ns - Not significant

*Significant at (P = .05),

Considering the growth performance of the
cashew seedlings in term of plants height and
stem diameter, it was optimal at 2.5 to 7.5 cm
sowing depths. However, seedling cotyledons
were concealed in the soil from predators at 7.5
cm sowing depth. Therefore, a sowing depth of
7.5 cm with total burying of cotyledons and
optimal growth records would help to achieve the
protection of emerging cashew seedlings and
guide against pest attack and damages for in-situ
planting of cashew in the field. Conclusively,
sowing depth of 7.5 cm was optimal for seedling
protection and growth while jumbo nuts may be

***Significant at p< 0.001

preferred to medium nuts in terms of growth
performance.

5. CONCLUSION

The bane in sowing cashew nut in-situ could be
surmounted through sowing at 7.5 cm depth. At
this depth, cashew seedling’s cotyledons are
concealed in the soil at emergence thereby
protecting the seedling from predators that are
attracted by the cotyledons. With this
achievement, costs of nursery operations in the
production of seedlings, costs of seedling



transportation and transplanting to the field are
averted. This could lead to a reduction in the cost
of cashew plantation establishment for the poor -
resource Nigerian cashew farmers.
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