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ABSTRACT

Investigations were conducted to study the effect of stem portion and number of stakes per stand on crop
establishment, growth and yield of cassava variety NR 8082 in Umudike Southeastern Nigeria during the
2016/17 and 2017/18 cropping seasons. In each year, the experiment was laid out as a 3 x 3 factorial, in
randomized complete block design with three replications. Treatments consisted of three stem portions of
different physiological ages (top, middle and basal) and three numbers of stakes per stand (1, 2 and 3). The
middle and basal stem portions significantly increased percent establishment, plant height and leaf area
index at 3 months after planting (MAP) but had no effect on number of storage roots per plant. The best stem
portion for storage root yield was, however, the top portion which produced the highest yield on average.
Number of stakes per stand did not significantly affect stem girth, number of nodes per plant and leaf area
index, but the use of 1 stake per stand increased number of storage roots per plant, root weight and storage
root yield in 2017/2018 cropping season. Number of stakes per stand did not significantly influence storage
root yield across the two seasons of evaluation. Interactions between stem portion and number of stakes per
stand did not significantly affect storage root yield of NR 8082 high cassava variety in both cropping seasons.
Based on the findings, the use of 1 stake per stand is recommended for high root yields of NR 8082 cassava
variety under conditions of low soil fertility in Umudike, South East Nigeria. Although the top portion
enhanced root yield, farmers could use any of the stem portions, since the middle and basal parts gave

satisfactory yields and had better establishment than the former.
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INTRODUCTION

Cassava (Manihot esculentus Crantz) is a perennial
woody shrub which is primarily grown as annual
crop in the humid tropics (Bellotti et al., 2011; El-
Sharkawy, 2012). In Africa, cassava is the single
most important source of dietary energy for large
proportion of the population (Cock, 2011). Tufan
(2013) reiterated that no other continent depends on
cassava to feed as many as 500 million people daily
as Africa. It is a major food crop in Nigeria and is
strategically valued for its role in food security,
poverty alleviation and as source of raw material
for agro-allied industries with huge potential for
export market (CEDP, 2005; Egesi ef al., 2006). As
human food, cassava root is prepared in various
forms such as garri, fufu and tapioca; as major
industrial raw material, it is used for production of
starch, alcohol, pharmaceutics, gums, confectionaries
and livestock feed (Eke-Okoro et al, 1999). The
leaves and tender shoots are important sources of
vitamins, minerals and proteins. Despite its impor-
tance, yields in farmers’ fields are low due to low
soil fertility or use of inappropriate agronomic
practices (Eke-Okoro, 1997; Okpara et al., 2010).

In any production system, the size and quality
of stakes are of fundamental importance for high
yield (Eke-Okoro et al., 2001). It has been affirmed
that the stem part from which cutting is taken has
effect on the yield of cassava (Chan et al., 1983). A
mature cassava stem has three stem sections,
namely, the hardwood (basal portion), semi-
hardwood (middle portion) and shoot tip (top
portion). Shoot tips are very fragile and have high
mortality rate especially if they are subjected to
stress during the first month after planting. This is
because they have high water content and
dehydrate rapidly. Cock (1985) reported that stake
selection is important in achieving high stable
yield. The use of the basal part of the stem for
planting rather than the terminal portion has been
suggested (Jennings, 1970) but the intrinsic merit
of the basal part is not obvious except that it is the
oldest tissue on the stem. Legese et al. (2011)
realized the highest yield from the main stem top
part whereas the least yield was obtained from
main stem basal part. However, Leihner (1983)
studied the influence of tissue age and found that
stakes from middle and lower part of the primary
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stem (older stakes) sprouted much faster and were
more vigorous than stakes from the upper portion
of primary stems and from secondary stems
(younger stakes). CIAT (1979) reported that in
early branching varieties, younger stakes (middle
and upper portion of plant) gave greater yields.

The number of shoots per stand of cassava is
likely to influence growth, development and yield
stability in cassava either by competition between
these shoots for nutrients and space or by increase
in photosynthetic surfaces arising from production
of more branches or leaves by the multiple shoots
or stems (Enyi, 1972a,b). These factors are likely to
increase or reduce growth rate of individual shoots.
Cassava stakes when planted usually produced
many shoots which may give rise to competition
for resources. The competition may be checked by
reducing the number of shoots arising at emergency
in order to prevent a reduction in the yield of multi-
shoot plants. Shanumugha and Srinivasan (1973)
investigated the influence of number of shoots per
plant on the growth and yield of cassava and found
that plants with two shoots out yielded the single
and multi-shoot plants, registering narrow root
ratio. Eke-Okoro (1997) and NRCRI (2011) also
reported that increasing shoot number from one to
two per stand improved growth and yield of
cassava. In the traditional farming systems, farmers
usually plant one or more stakes per stand but the
effect of such a practice on cassava productivity
may depend on such factors as cultivar, cultural
practices, quality of planting materials and location
(Udealor and Asiegbu, 2006). Although the top part
of the stem is susceptible to dehydration and
reduced establishment, it sprouts early and
establishes once growing conditions are optimum
(Onwueme and Sinha, 1991), while the number of
stakes per stand may modify the growing condition
and influence crop establishment, growth and root
yields, depending on the environment (Eke-Okoro,
1997). This study seeks to explore ways of
integrating the best stem portion and number of
stakes per stand to maximize yield. The objective
was to examine the effects of stem portion, number
of stakes per stand and interactions between both
factors on the growth and yield of cassava variety
NR 8082 in Southeast Nigeria.

MATERIALS AND METHODS

The study was conducted in 2016/17 and 2017/18
cropping seasons at National Root Crops Research
Institute (NRCRI), Umudike Farm, Southeastern
Nigeria. Umudike is located on 5°29'N and 7°32'E
and on an altitude of 122 m asl. The site used in
2016/17 was a sandy loam with 61% sand, 20% silt,
19% clay, 4.4 pH (water), 2.4% organic matter,
0.12% N, 39.9 mg kg™' P and 0.27 cmol kg™'. In
2017/18, it was loamy sand with 81% sand, 12%
silt, 7% clay, 5.5 pH (water), 0.8% organic matter,
0.056% N, 13.8 mg kg' P and 0.11 cmol kg™ K.

Treatments  consisted of all  possible
combinations of 3 levels of cassava stem portions
(the top, middle and basal) and 3 levels of number
of stakes per stand (1, 2 and 3 stakes). They gave a
total of 9 treatment combinations. The experiment
was a 3 x 3 factorial in a randomized complete
block design with three replicates. The treatment
combinations were randomly allocated to the plots.
Each plot measured 5 x 6 m (30 m?). During
2016/2017 cropping season, cassava was planted
on 6 June while in 2017/2018 cropping season, it
was planted on 7 September. The cassava stems
were cut and separated into different stem portions
(top, middle and basal). When the circumference of
the base region became narrower, it was regarded
as the starting point of the middle region and where
the circumference of the middle region became still
narrower, it was regarded as the starting point of
the top region Eke-Okoro (1997) for the 12 months
old cassava stem used, the basal section was dark
brown, the middle section, brown and the top, light
brown or green. The cassava stakes were planted
on the crest of the ridges, using the inclined or
slanting method of planting with buds facing
upwards and two-third buried into the ridges. The
planting space at 1.0 x 1.0 m which gave a plant
population of 10,000 plants per hectare for 1 stake
per plant, 20,000 plants per hectare for 2 stakes per
plant and 30,000 plants per hectare for 3 stakes per
stand planting. After planting, the field was sprayed
the following day with pre-emergence herbicide
(El-Tarazine®) at 150 ml 20 L™' water and post
emergence herbicide (Tackle®) at 200 ml 20 L
water to check weeds. The active ingredient of El-
Tarazine® is atrazine while the active ingredients of
Tackle® are imazethapyr and glyphosate.
Supplementary weeding was done at 2, 5 and 9
months after planting (MAP). Supply of vacant
stands was done at 6 weeks after planting (WAP).
A blanket application of fertilizer NPK 15:15:15 at
the rate of 400 kg ha™! was applied at 2 MAP.

Measurements taken included establishment
count at 2 MAP, plant height and leaf area index at
3,6 and 9 MAP in 2016/17 only, number of storage
roots, storage root weight per plant (kg) and root
yield (t ha™') at 12 MAP in 2016/17 and 2017/18
cropping seasons. Crop establishment was estimated
as percent of stands per plot with shoot greater than
10 cm above soil level. Five plants per plot were
randomly selected, tagged and used for measuring
plant height and leaf area while data on root yield
and yield components were taken from all plants in
the two inner rows per plot. Leaf area (LA) which
was used to estimate leaf area index (LAI) was
obtained by multiplying the product of length and
breadth of the median leaflet of the number of
leaflets on the leaf (Spencer, 1962). The regression
model, LA = 1.933 + 0.907 LB with R? as 0.974,
was used to measure leaf area, where L is length of
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median leaflet, B is breadth of median leaflet
(Karim et al., 2010). Leaf area index was established
by dividing the leaf area per plant by the ground
covered (Watson, 1952). Data collected were
analyzed according to the procedure for a factorial
experiment in randomized complete block design
(RCBD) outlined by Steele and Torrie (1980). Treat-
ment means were separated by the use of Fisher’s
Least Significant Difference test at 5% level of
probability using GenStat (2007) statistical package.

RESULTS

In 2016/17, the basal stem portion had significantly
higher percent crop establishment than the middle
portion which in turn had higher crop establishment
than the top portion (Table 1).

However, in 2017/18, there was no difference
in percent establishment with respect to the middle
and basal stem portions, but they had higher
establishment than the top portion. Crop
establishment decreased significantly when the
number of stakes was increased from 1 to 3 stakes
per stand. There were significant interactions in
2017/18. At all number of stakes per stand
progressing from the top to basal portion, there was
a significant increase in crop establishment. Crop
establishment was generally higher in 2017/18
(54%) than in 2016/17 (27.6%).

At 3 MAP in 2016/17, the basal and middle stem
portions maintained similar plant height, which was
significantly higher than that of the top portion
(Table 2). However, at 9 MAP, the basal stem
cuttings had taller plants than the middle portion.
The effect of number of stakes per stand was such
that no significant differences occurred at 3 and 6
MAP, but at 9 MAP, 3 stakes per stand produced
significantly taller plants than 2 stakes. In general,
plant height increased with plant age up to 9 MAP.

Leaf area index at 3 MAP was significantly
highest with the basal stem cuttings while the top
had the lowest (Table 3). Stem portion did not
produce leaf area index that varied significantly
from each other at 6 and 9 MAP. There were also
no differences in leaf area index with respect to
number of stakes per stand. Leaf area index rose
with plant age to attain maximum value at 6 MAP
and thereafter declined at 9 MAP.

There were no significant effects of stem
portion on number of storage roots in both cropping
seasons (Table 4). However, the number of stakes
per stand had significant effect, such that 1 stake
gave higher number of tuberous roots than 2 or 3
stakes per stand. 2 and 3 stakes per stand maintained
similar number of storage roots in both cropping
seasons. There were no significant interactions
between stem portion and number of stakes per
stand on the number of storage roots produced.

Table 1: Effect of stem portion and number of stakes per stand on establishment (%) at 2 months after planting (MAP)

Number of stakes per stand

Stem portion 1 2 3 Mean
2016/2017
Top 7.8 (15.78) 8.3 (16.60) 6.3 (14.38) 7.5
Middle 35.6 (36.12) 32.2 (34.50) 24.1 (29.18) 30.6
Basal 60.0 (50.18) 43.4 (41.18) 30.7 (33.67) 447
Mean 34.5(34.23) 28.0 (30.76) 20.4 (25.75) 27.6
2017/2018
Top 68.8 (56.52) 42.8 (40.83) 27.0 (31.09) 46.2
Middle 91.1(73.24) 48.3 (44.03) 32.6 (34.79) 57.3
Basal 93.3(75.37) 49.4 (44.68) 32.9(35.02) 58.5
Mean 84.4 (68.38) 46.8 (43.18) 30.8 (33.63) 54.0
LSD(.05 2016/17 2017/18
Stem portion (P) means 7.25 6.85
Number of stakes (S) means 7.25 6.85
P x S means 12.55 NS

Values in parenthesis are arcsine transformed data. NS - not significant

Table 2: Effect of stem portions and number of
stakes per stand on plant height (cm) at different
sampling dates 2016/17

Table 3: Effect of stem portions and number of

stakes per stand on leaf area index at different

sampling dates in 2016/17

Months after planting Months after planting
Stem portion 3 6 9 Stem portion 3 6 9
Top 58.6 1199 1470 Top 0.193  0.851 0.540
Middle 71.9 1254 1417 Middle 0.461 0.799  0.522
Basal 75.8 1238  149.6 Basal 0.611 0.663  0.451
Mean 68.7 123.0  146.1 Mean 0422 0773  0.504
LSD(.05) 10.8 NS 59 LSDqg.05 0.138 NS NS
Number of stakes per stand Number of stakes per stand
1 65.9 120.8  146.3 1 0377 0863  0.563
2 74.1 1224 1417 2 0436  0.650  0.492
3 66.2 1259  150.2 3 0452 0806  0.459
Mean 68.7 123.0  146.1 Mean 0422 0773  0.504
LSD(0_05) NS NS 59 LSD(0_05) NS NS NS

NS - not significant

NS - not significant
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In both cropping seasons, top stem portion had
significantly higher storage weight per plant than
the middle or basal stem cuttings (Table 5). The
middle and basal stem cuttings did not vary in
tuberous root weight. In 2016/17, there were no
differences in root weight between the numbers of
stakes, although, root weight seemed to decrease
with increasing number of stakes per stand. However,
in 2017/18, increasing the number of stakes from 1
to 2 or 3 stakes per stand caused significant reduction
in storage root weight. In both seasons, interactions
were not significant on root weight per plant.

In both cropping seasons, storage root yield in
tons per hectare followed similar trends in response
to stem portion (Table 6). However, in 2016/17 the
top stem portion produced significantly higher root
yield than the middle and basal cuttings. Storage
root yields of the middle and basal stem cuttings
were not significantly different in both cropping
seasons. There were no differences in storage root
yield with respect to number of stakes in 2016/17,
but in 2017/18, 1 stake per stand had significantly
higher root yield of cassava than planting 2 and 3
stakes per stand. The 2 and 3 stakes per stand
maintained comparable root yields.

Table 4: Effect of stem portion and number of stakes per
stand on number of storage roots per plant

Table 6: Effect of stem portion and number of stakes per
stand on storage root yield (t ha™!)

Number of stakes per stand

Stem portion 1 2 3 Mean
2016/2017

Top 46.9 65.1 56.1 56.0

Middle 20.8 20.4 37.6 26.3

Basal 36.6 253 21.9 27.9

Mean 34.8 36.9 38.5 36.7
2017/2018

Top 47.8 37.6 233 36.2

Middle 28.3 29.2 28.5 28.7

Basal 37.0 28.7 29.3 31.7

Mean 37.7 31.8 27.0 322

LSD(9.0s 2016/17 2017/18

Stem portion (P) means 14.35 NS

Number of stakes (S) means NS 8.70

P x S means NS NS

NS - not significant

Table 7: Effect of stem portion and number of stakes
stand™! on storage root yield (t ha™!) for the two seasons

Number of stakes per stand

Stem portion 1 2 3 Mean
Top 473 51.3 39.7 46.1
Middle 24.5 24.8 33.1 27.5
Basal 36.8 27.0 25.6 29.8
Mean 36.2 34.4 32.8 34,5

LSDg.s) for stem portion (P) means 10.9

LSDg.05) for number of stakes (S) means NS

LSD(0_05) for P x S means NS

Number of stakes per stand

Stem portion 1 2 3 Mean
2016/2017

Top 9.20 6.67 593 7.27

Middle 8.43 3.63 3.23 5.10

Basal 9.50 4.57 3.27 5.78

Mean 9.04 4.96 4.14 6.05
2017/2018

Top 9.27 5.47 2.73 5.82

Middle 8.90 6.20 4.53 6.54

Basal 14.27 6.10 4.90 8.42

Mean 10.81 5.92 4.06 6.93

LSD(.0s 2016/17 2017/18

Stem portion (P) means NS NS

Number of stakes (S) means 1.97 2.40

P x S means NS NS

NS - not significant

Table 5: Effect of stem portion and number of stakes per
stand on storage root weight (kg) per plant

Number of stakes per stand

Stem portion 1 2 3 Mean
2016/2017

Top 0.519 0.495 0.387 0.467

Middle 0.251 0.308 0.391 0.317

Basal 0.402 0.276 0.219 0.299

Mean 0.391 0.360 0.332 0.361
2017/2018

Top 0.494 0.341 0.288 0.374

Middle 0.330 0.235 0.211 0.259

Basal 0.265 0.235 0.199 0.233

Mean 0.363 0.270 0.233 0.289

LSD(.0s 2016/17 2017/18

Stem portion (P) means 0.143 0.057

Number of stakes (S) means NS 0.057

P x S means NS NS

NS - not significant

NS - not significant

Stem portion and number of stakes per stand
inter-actions were not significant on storage root
yield in both seasons. Averaged over the two
seasons, the trend for storage root yield was for the
top portion to produce significantly higher yield
than the middle and basal cuttings (Table 7).

Planting the top stem portion gave storage root
yield that was greater by 67.6% for the middle and
54.7% for the basal cuttings. The middle and basal
stem cuttings always had significantly similar
tuberous root yields. Cassava stem portion and
number of stakes per stand did not produce
significant interaction effects on storage root yield.

DISCUSSION

Crop growth attributes such as plant height and leaf
area index were greatly enhanced by the middle
and basal stem portions than the top portion, due to
the better establishment that conferred an advantage
on the former. This trend agrees with the report of
George et al. (2001), that stem pieces obtained
from the older parts of the plant established more
rapidly while pieces from very young parts of the
stem do not root readily in the field. Akoroda et al.
(1997) noted that establishment ability of the
genotype and the category of stakes that are planted
will greatly influence survival on the date of harvest.
The better establishment and higher vegetative
growth from the basal stem portions did not reflect
correspondingly on the yield of storage roots, indi-
cating that age of stem pieces was an important factor
in determining growth and root yield in cassava.
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Leaf area index dropped at 9 MAP due to loss of
lower leaves during the dry season and senescence.
Eke-Okoro (1997) made similar observations.

Stem portion had profound effect on storage
root yield, with the highest yield obtained from the
top portion. Legese et al. (2011) reported similar
results. However, Eke-Okoro et al. (1999) and
Chan et al. (1983) obtained the highest fresh root
yield from the middle portion, contrary to the result
of this investigation. The apparent differences in
response to stem portion reported by different
investigators may be related to such factors as the
age of stem pieces and the cultivar. For instance,
Eke-Okoro et al. (1999) did not indicate the age of
the stem but the cultivars (TMS 30572, TMS 91934
and NR 8083) used in their study were different
from the 12 months old stem of the NR 8082 variety
used in present study. Akoroda et al. (2006) indicated
the need to reduce the number of basal stakes used
if they are too woody, as these would have very
low meristematic activity, and recommended the
use of 6-9 MAP cassava stems for planting. To
improve rooting and consequently the establishment
of the top portion which produced optimum yield,
Onwueme and Sinha (1991) stressed the need to
allow tender shoot tips root in mist chamber before
transplanting them to the field.

Yields of fresh storage root were highest with 1
stake per stand in one year, but across the two
seasons, yields did not differ significantly for
number of stakes per stand. On the other hand, the
number of storage roots and root weight decreased
as the population density increased. This suggests
that number of tubers and tuber weight per plant
were dictated primarily by competition with
neighboring plants for light or nutrient or both.
Okpara et al. (2014) observed that when competition
became intense in yam and hence, limiting the
availability of environmental resources to the indivi-
dual plants, it ultimately leads to high intra plant
competition for assimilates, resulting in a reduction
in number and weight of tubers. In a soil of higher
nutrient status (pH, 5.4-6.5; N, 0.14-0.16%), Eke-
Okoro (1997) reported higher yields when cassava
was planted at 2 stakes per stand, indicating that
soil fertility is an important factor in determining
the yield response to number of stakes per plant.
There was no yield advantage in the use of 3 stakes
per stand over 1 or 2 stakes per stand, probably
because of the stiffer competition and greater plant
remobilization of assimilates for shoot growth in
the former. Shanumugha and Srinivasan (1973)
attributed the low cassava yields from multiple shoot
production to the production of tiny roots and faster
rate of soil-resources depletion. For the soil of this
investigation, which had low N of 0.056-0.12% and
a pH of 4.4-5.5, the use of more than one stake per
stand seemed unnecessary since no yield improve-

ments occurred at higher planting rates. Storage
root yield did not appear to vary between the two
cropping seasons but crop establishment was higher
in 2017/2018 in which planting was done late in
September, due probably to better moisture regime
at this period. Ezedinma et al. (1981) obtained
higher dry matter yields from September plantings
and concluded that the best time to plant cassava is
during the late rather than the early cropping season.

CONCLUSION

In conclusion, under the condition of this study, the
results demonstrated that stem portion had
significant effects on cassava crop establishment,
plant height, leaf area index, storage root weight
and yield. The middle and basal stem cuttings had
better and higher crop establishment, plant height,
and leaf area index than the top portion. However,
the top stem portion produced the highest root yield
and is recommended, provided measures are taken
to improve the establishment of this stem part. (e.g
rooting in mist chamber before transplanting). On
the other hand, crop establishment decreased when
the number of stakes was increased to 3 stakes per
stand but 3 stakes produced taller plants than 1 or 2
stakes per stand. In one out of two years, 1 stake
per stand had higher root yield than planting 2 or 3
stakes per stand. Across the two cropping seasons,
there were no differences in storage root yield due
to numbers of stakes per plant. Based on this result,
it is recommended that 1 stake per stand should be
adopted for cassava production in Umudike and
area with similar agro-ecosystem in South eastern
Nigeria. Despite the enhanced root yield from the
top portion, farmers are advised to use the different
stem parts in cassava production, as the middle and
basal stem portions had satisfactory yields and
better crop establishment than the former.
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