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ABSTRACT

A field experiment was conducted at the Adamawa State University, Faculty of Agriculture
Department of Crop Science Teaching and Research farm during the 2019 rainy season. To
evaluate response of cocoyam (Colocasia esculentus(L). Schott) to mixture of organic and inorganic
fertilizers, with the objective of selecting the best fertilizer mixture that can enhance the growth
and yield of cocoyam. The experiments consisted of the following treatments T1= 504 kg ha' cow
dung, T2 =227.65 kg ha! poultry droppings, Ts = 210.15 kg ha' NPK, T4 =251.33 kg ha' cow dung
+138.83 kg ha poultry droppings, Ts = 215. 33 kg ha'! cow dung + 105.08 kg ha'' NPK, Te = 138.83
kg ha' poultry droppings + 105.08 kg ha' NPK, Tr = 167.55 kg ha' cow dung + 92.55 kg ha
poultry droppings + 70.05 kg ha' NPK and Ts = Control. The experiment was laid out in a
Randomized Complete Block Designed (RCBD) in three replicates. The result showed that T4
recorded the highest number of leaves and tillers at four weeks after fertilizer application, while
the T1 recorded the highest number of leaves and tillers at ten weeks after fertilizer application.
The yield characters also vary significantly across the treatments, with T7 yielded the highest
number of corm per plot (74), 100 corm weight (6.40 kg), corm yield per plot (1.77 kg) and corm
yield in kg ha'(4425 kg ha). Significant positive correlation between corm yield in kg ha' with
corm yield per plot (r = 0.9395**), 100 corm weight (r= 0.9555**) and number of corm per plot (r =
0.9453**). Suggest that improvement in these characters will enhance the yield of cocoyam. From
the results of this research therefore, T~ the blend of 167.55 kg ha' Cow dung + 92.55 kg ha
Poultry droppings + 70.05 kg ha'! NPK performed better, for yield character, and hence
recommends as the best fertilizer mixture that can enhance the growth and yield of cocoyam in

Mubi and environ.
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INTRODUCTION

Cocoyam (Colocasia esculenta L. Schott.) is a member of Araceae family, is a subsistence and
emergency food source in many parts of the world, but a major staple food crop in Nigeria, South
Pacific islands and some parts of Asia [18]. The corms and cormels are eaten in the same way as yam
(Dioscorea spp) and sweet potato (I[pomoea batatas), boiled, fried, baked and roasted. In West Africa, the
boiled cocoyam is sometimes pounded to produce a paste similar to pounded yam and eaten in the
same manner. The cormels are grated and used alone or mixed with grated water yam (Dioscorea
alata) to prepare a rich popular Nigeria diet called ekpang nkukwo. Cocoyam are the cheapest and most
handy carbohydrate source of meals for diabetics, convalescents and most gastrointestinal disorder
patients and a good carbohydrate source for infant foods on account of their small-sized starch grains
which are easily digested compared to those of yam, cassava (Manihot spp) or sweet potato [39]. The
young leaves and petioles which contain more protein than the corms in addition to vitamin A and C
and minerals are used as human food, while the corms, cormels and leaves after curing can also be
used as animal feed [33].

Cocoyam is a stem tuber that is widely cultivated in the tropical regions of the world and is
well known food plant which has a long history of cultivation with Nigeria being the largest producer
in the world accounting for about 40% of the total world output [4]. The crop has been reported to
possess high ability to produce high energy food, protein, vitamins and minerals as well as cash
income to most food insecure households [2].

Bush fallow which had been an efficient, balanced and sustainable system for soil
productivity and fertility restoration in the past is presently unsustainable due to high population
pressure and other human activities which have resulted in reduced fallow period [40].

A major constraint to intensive production of cocoyam in Nigeria is the low level of inherent
fertility of the acid sandy soils. Due to the porous nature of the soils, their low organic matter, pH and
clay contents; native soil N, K and Ca are equally very low. To ameliorate these problems,
complementary use of organic manures and mineral fertilizers which has proved to be a sound soil
fertility management strategy in many countries of the world is advocated [42]. Apart from enhancing
crop yield, the practice has a greater beneficial residual effect that can be derived from the use of
either inorganic fertilizer or organic manure when applied alone [13].

Cocoyam responds very well to input of fertilizer whether organic or inorganic as reported
by several workers [17; 28; 31; 38; 42]. It has a high requirement for potassium like all other tuber
crops [27]. In tuber crops, potassium plays a vital role in the movement of sugars produced in the leaf
by photosynthesis to the tubers where the sugars are converted to starch [1]. Surveys in Nigeria
revealed inconsistencies in the amount of potassium for optimum performance of cocoyam due
mainly to differences in soil types and soil potassium status [27; 29]

Nutrient use efficiency has also been reported to increase through the combination of poultry
manure and mineral fertilizer [8]. Cocoyam being a root crop has a high requirement for potassium as
yam and cassava [33]. The K content of poultry manure is usually very high depending on the animal
type, feed ration, storage and handling practice which makes it very suitable for root crops. That is
why this research is carried out to determine the effect of organic and inorganic fertilizer on the
growth and yield of Cocoyam with the objective of selecting the best fertilizer type and rate that can
enhance the growth and yield of cocoyam.
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MATERIALS AND METHODS

Description of study area

The research was conducted at Adamawa State University Faculty of Agriculture, Department of
Crop Science, Teaching and Research Farm during the 2019 rainy season. Latitude 10°10' and 10° 30'
North of the Equator longitude 13° 10" and 13°30" East of Greenwich meridian altitude of 696m above

sea level.

Land Preparation

The land was disk ploughed and harrowed to fine tilt. Total land area was 144 m2. The land was
raised using hoe, 6 heaps was made in each sub plot (2x2 m?) at 15 cm height with intra row spacing
of 60 cm and inter row spacing of 120 cm, 50 cm gap was left in between sub plot to allow for easy

passage of water.

Experimental Design
The experiments were laid out in a Randomized Complete Block Design
(RCBD) in three replicate.

Table 1: Treatments combinations used during the study

Treatment code Fertilizer Combinations

T1 504 kg ha CD

T2 277.65 kg ha PD

T3 210.15 kg ha NPK

T4 251.33 kg ha* CD + 138.83 kg ha* PD

T5 251.33 kg ha* CD + 105.08 kg ha* NPK

T6 138.83 kg ha™* PD + 105.08 kg ha™* NPK

T7 167.55 kg hat CD + 92.55 kg ha™* PD + 70.05 kg ha* NPK
T8 Control

Cultural Practices
Weeds were controlled manually wherever they emerged. Strict agronomic practices were followed to

allow for full expression of the plant characters.

Data Collection and Analyses

Data were collected on 5 randomly selected plants from each treatments on the following characters:
Plant height (cm), number of leaves per plant, number of tillers per plant, leaf length per plant (cm),
leaf width per plant (cm), number of corm per plot, corm yield per plot (kg), 100 corm weight, corm
yield in kg ha'. The data collected was subjected to Analysis of Variance (ANOVA) using Statistical
Package for Scientific and Engineer SPSE (2012).. Analytical software manual version 9.1 USA.
Significant means were separated using Duncan Multiple Range test (DMRT) at P < 0.05. Correlation

was computed to reveal the relationship between yield and other related traits.
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RESULTS

Effect of Fertilizer Mixture on Plant Height

The Analysis of Variance showed no significant difference at P < 0.05 for plant height at 2,4,6,8 and 10
weeks after fertilizer application across the different fertilizer mixture and the control Table 3.

Effect of Fertilizer Mixture on Number of Leaves

Significant difference was recorded for number of leaves at 4 and 10 weeks after fertilizer application.
At 4 Weeks after Fertilizer Application (WAFA) the treatment T7 recorded the highest number of
leaves 9.40 while T2 recorded the least number of leaves of 5.58. At 10 WAFA, T recorded
the highest number of leaves of 30.96, while T3 had the least number of leaves of 19.31 Table
4.

Effect of Fertilizer Mixture on Leaf Length
The Analysis of Variance showed no significant difference at P < 0.05 for leaf length at 2,4,6,8 and 10
WAFA Table 5.

Effect of Fertilizer Mixture on Number of Tillers

The number of tillers at 2 and 6 WAFA does not show variation at P < 0.05 across the different
treatments. However, significant difference was found for number of tillers at 4, 8 and 10 WAFA. At 4
WAFA, Tirecorded the highest number of tillers 8.33, while Ts recorded the least number of tillers
6.22. At 8 WAFA, T1 recorded the highest number of tillers 30.96, while the control recorded the least
number of tillers 16.60. At 10 WAFA, T1 recorded the highest number of tillers 29.34, while the control
recorded the least number of tillers of 15.80 Table 6.

Effect of Fertilizer Mixture on Leaf Width

The leaf width at 2, 4 and 8 weeks after fertilizer application does not vary across the different
treatment at P < 0.05. However, significant difference was recorded for leaf width at 6 and 10 WAFA.
At 6 WAFA with T2recorded the highest leaf width 33.85, while T1 yielded the least number of leaves
14.81. 10 WAFA, Ts recorded the highest leaf width of 20.70, while T1 recorded the least 15.51 Table 7.

Effect of Fertilizer Mixture on Corm Yield kg ha?, Corm Yield Per Plot, 100 Corm Weight and
Number of Corm Per Plot

The corm yield in kg ha, corm yield per plot, 100 corm weight and number of corm per plot showed
significant difference at P < 0.05 across the various treatments. T7 recorded the highest yield of 4425
kg ha'!, while the least yield was recorded by the control 137.00 kg ha-'. For corm yield per plot, T~
recorded the highest yield of 1.77 kg, while the least Corm yield per plot was recorded by T2=0.28
kg. The highest 100 corm weight was recorded in T7=6.40kg while the least was recorded in Tz- 2.10kg.
The highest number of corm per plot was recorded in Tr =74.00, while the least was recorded in T2-
18.00 Table 8.

Pearson Correlation for Growth and Yield Character of Cocoyam

Corm yield kg ha' is significantly correlated with corm yield per plot (r = 0.9395**), 100 corm weight
(r = 0.9555**) and number of corm per plot (r = 0.9453**). Corm yield per plot significantly correlated
with 100 corm weight (r = 0.8923**) and number of corm per plot (r = 0.8902**). The 100 corm weight is
significantly correlated with number of corm per plot (r = 0.8472**). Leaf length at 10 weeks after
fertilizer application is significantly correlated with leaf width at 10 weeks after fertilizer application
(r = 0.9327*), plant height at 10 weeks after fertilizer application (r = 0.9072**) and plant height at 10
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weeks after fertilizer application (r = 0.8277**). Number of leaves at 10 weeks after fertilizer
application is significantly correlated with number of tillers at 10 weeks after fertilizer application (r =
1.0000**) and plant height at 10 weeks after fertilizer application (r = 0.5578**) Table 9.
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Table 2: Effect of Fertilizer Mixture on Plant Height

Treatments PLHWAFA PLH/-WAFA PLHsWAFA PLHsWAFA PLHi1)WAFA
Control (no fertilizer added) 22.52% 29.63? 32.578 35.90° 35.552
T1=504 kg/ha CD 17.54% 22.96° 27.022 33.09° 34.422
T2=227.65 kg/ha PD 23.03? 30.05? 31.542 33.58° 33.89°
T3=210.15 kg/ha NPK 91.44% 28.66° 30.36° 34.21° 34.91°
T4=251.33 kg/ha CD +138.83 kg/ha PD 17.66% 25.03? 26.932 30.20° 30.278
T5=215. 33 kg/ha CD + 105.08 kg/ha NPK 20.31% 27.622 28.522 31.972 37.63?
T6=138.83 kg/ha PD + 105.08 kg/ha NPK 23.69° 30.242 42.228 36.69° 38.13°
T7=167.55 kg/ha CD + 92.55 kg/ha PD + 70.05 kg/ha NPK 22.53% 29.252 31.278 36.31° 38.13°

PD = poultry droppings, CD = cow dung, NPK = Nitrogen, Phosphorus and Potassium (15:15:15)
Mean followed by the same superscript within the same column and treatment are not significantly different at P <0.05 (DMRT)
PLH = Plant Height

WAFA = Weeks After Fertilizer Application

Table 3: Effect of Fertilizer Mixture on Number of Leaves

Treatments NLWAFA NLsWAFA NLsWAFA NLsWAFA NL1oWAFA
Control 5.87% 7.00a° 15.07% 24.40% 26.60%
T1=504 kg/ha CD 5.478 6.68° 16.722 26.51° 30.96°
T2=227.65 kg/ha PD 6.14% 5.58% 12.25% 18.72% 22.42%
T3=210.15 kg/ha NPK 5.442 6.58" 14.36° 19.16% 19.31°
T4=251.33 kg/ha CD +138.83 kg/ha PD 5.522 9.407 13.83% 20.68% 23.68%
T5=215. 33 kg/ha CD + 105.08 kg/ha NPK 5.38% 6.63° 17.18% 26.51° 29.35?
T6=138.83 kg/ha PD + 105.08 kg/ha NPK 5.70% 6.98% 16.172 24.40° 27.77%
T7=167.55 kg/ha CD + 92.55 kg/ha PD + 70.05 kg/ha NPK 6.13% 7.47% 16.40% 24.07° 26.80%

PD = poultry droppings, CD = cow dung, NPK = Nitrogen, Phosphorus and Potassium (15:15:15)

Mean followed by the same superscript within the same column and treatment are not significantly different at P < 0.05 (DMRT)
NL = Number of Leaves

WAFA = Weeks After Fertilizer Application
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Table 4: Effect of Fertilizer Mixture on Leaf Length

Treatments LL.WAFA LLsWAFA LLsWAFA LLsWAFA LL1oWAFA
Control 19.00? 24.07° 25.592 26.62° 24.98°
T1=504 kg/ha CD 16.442 19.15% 20.65? 22.78° 23.157
T2=227.65 kg/ha PD 20.322 24.31° 25.512 26.867 25.517
T3=210.15 kg/ha NPK 19.332 22.232 23.67° 26.277 24.98°
T4=251.33 kg/ha CD +138.83 kg/ha PD 16.10° 20.542 21.722 23.667 22.96%
T5=215. 33 kg/ha CD + 105.08 kg/ha NPK 18.792 22.832 24.452 25.322 26.957
T6=138.83 kg/ha PD + 105.08 kg/ha NPK 19.792 24.69° 24.10° 27.67% 27.567
T6=167.55 kg/ha CD + 92.55 kg/ha PD + 70.05 kg/ha NPK 19.372 23.61° 25.03? 23.79° 26.657
PD = poultry droppings, CD = cow dung, NPK = Nitrogen, Phosphorus and Potassium (15: 15: 15)

Mean followed by the same superscript within the same column and treatment are not significantly different at P <0.05 (DMRT)

LL = Leaf Length WAFA = Weeks After Fertilizer Application

Table 5: Effect of Fertilizer Mixture on Number of Tillers

Treatments NTWAFA NTsWAFA NTsWAFA NTsWAFA NT10WAFA
Control 5.67° 6.60° 15.20°% 16.60% 15.80°
T1=504 kg/ha CD 5472 6.68% 16.19% 30.96% 29.342
T2=227.65 kg/ha PD 6.062 7.47% 11.69? 22.42% 18.72%
T3=210.15 kg/ha NPK 5.312 6.44° 14.16% 19.31° 18.82°d
T4=251.33 kg/ha CD +138.83 kg/ha PD 5.68% 8.33% 13.332 23.68% 20.00°cd
T5=215. 33 kg/ha CD + 105.08 kg/ha NPK 5.322 6.22° 16.032 29.35% 25.71%
T6=138.83 kg/ha PD + 105.08 kg/ha NPK 5.772 6.62° 15.15% 27.77% 23.97%¢
T7=167.55 kg/ha CD + 92.55 kg/ha PD + 70.05 kg/ha NPK 6.002 7.27% 16.00? 26.73% 23.67%¢

PD = poultry droppings, CD = cow dung, NPK = Nitrogen, Phosphorus and Potassium (15: 15: 15)

Mean followed by the same superscript within the same column and treatment are not significantly different at P < 0.05 (DMRT)

NT = Number of Tillers , WAFA = Weeks After Fertilizer Application
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Table 6: Effect of Fertilizer Mixture on Leaf Width

Treatments LWoWAFA  LW:WAFA  LWeWAFA  LWsWAFA  LWioWAFA
Control 14.46% 17.61% 17.05® 19.76% 18.49%®
T1=504 kg/ha CD 11.422 13.772 14.81° 16.27% 15.51°
T2=227.65 kg/ha PD 15.372 18.117 18.65® 20.54% 18.93®
T3=210.15 kg/ha NPK 14.112 16.29% 21.52%® 19.49% 18.30%®
T4=251.33 kg/ha CD +138.83 kg/ha PD 12.20% 14.58% 15.49° 17.272 16.69%
T5=215. 33 kg/ha CD + 105.08 kg/ha NPK 13.80% 16.59% 18.24® 19.86% 19.94®
T6=138.83 kg/ha PD + 105.08 kg/ha NPK 15.312 17.78% 17.72%® 20.44% 20.70°
T7=167.55 kg/ha CD + 92.55 kg/ha PD + 70.05 kg/ha NPK 14.812 17.39% 33.85° 20.96% 19.63®

PD = poultry droppings, CD = cow dung, NPK = Nitrogen, Phosphorus and Potassium (15: 15: 15)
Mean followed by the same superscript within the same column and treatment are not significantly different at P <0.05 (DMRT)
LW = Leaf Width WAFA = Weeks After Fertilizer Application

Table 7: Effect of Fertilizer Mixture on Corm Yield kg ha*, Corm Yield Per Plot (kg), 100 Corm Weight (kg) and Number of Corm Per Plot

Treatments CY kg/ha CYPP(kq) 100 CW (kg) NCPP
Control 137.00¢ 1.33° 5.16%® 64.00%
T1=504 kg/ha CD 1008.30° 0.40¢ 2.17¢ 26.67%
T2=227.65 kg/ha PD 700.00°¢ 0.28¢ 2.104 18.00¢
T3=210.15 kg/ha NPK 2566.70° 1.36° 4.13h° 63.67¢
T4=251.33 kg/ha CD +138.83 kg/ha PD 983.30° 0.39¢ 2.59« 27.67%
T5=215. 33 kg/ha CD + 105.08 kg/ha NPK 3325.00%® 0.55°¢ 2.85% 30.00%
T6=138.83 kg/ha PD + 105.08 kg/ha NPK 3675.00%® 1.47° 6.312 56.00°¢
T7=167.55 kg/ha CD + 92.55 kg/ha PD + 70.05 kg/ha NPK 4425.002 1.772 6.40% 74.002

PD = poultry droppings, CD = cow dung, NPK = Nitrogen, Phosphorus and Potassium (15: 15:15)
Mean followed by the same superscript within the same column and treatment are not significantly different at P < 0.05 (DMRT)
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Table 8: Pearson Correlation for Growth and yield Character of Cocoyam

CY kg/ha  CYPP(kq) 100CW LLTW LWTW  NCPP NLTW PHTW
CYPP 0.9395**
0.0000
100CW 0.9555**  0.8923**
0.0000 0.0000
LLTW 0.3209 0.3043  0.3038
0.1263 0.1482  0.1489
LWTW 0.3663 0.3272  0.3880 0.9327**
0.0783 0.1186  0.0610 0.0000
NCPP 0.9453**  0.8902** 0.8472** 0.3196 0.3441
0.0000 0.0000  0.0000 0.1279 0.0997
NLTW -0.0206 -0.0784 -0.0141  0.3324 0.2822 0.0608
0.9238 0.7157  0.9478 0.1125 0.1815 0.7776
NTTW -0.0215 -0.0791 -0.0146 0.3325 0.2823 0.0589 1.0000**
0.9207 0.7133  0.9462 0.1124 0.1813 0.7846 0.0000
PHTW 0.3224 0.3429  0.2872 0.9072** 0.8277** 0.3411 0.5578**
0.1244 0.1010 0.1736 0.0000 0.0000 0.1028 0.0046 0.4579
0.0046

** Correlation is significant at 0.01 level of probability (2-tailed): * Correlation is significant at 0.05 level of probability
CY kg/ha = Corm Yield in Kilogram Per Hectare 100CW = One Hundred Corm Weight LLTW = Leaf Length at Ten Weeks
LWTW = Leaf Width at Ten Weeks NCPP = Number of Corm Per Plot NLTW = Number of Leaves at Ten Weeks PHTW = Plant Height at Ten Weeks

NTTW = Number of Tillers at Ten Weeks CYPP = Corm Yield Per Plot
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DISCUSSION

The soil of the experimental site is a sandy soil with 70% sand and pH 8.0, which is slightly basic. The
soil is lacking in major nutrients like nitrogen, phosphorus and potassium. This finding agrees with
[42], who stated that a major constraint to intensive production of cocoyam in Nigeria is the low level
of inherent fertility of the acid sandy soils. Due to the porous nature of the soils, their low organic
matter, pH and clay contents; native soil N, K and Ca are equally very low. To ameliorate these
problems, complementary use of organic manures and mineral fertilizers which has proved to be a
sound soil fertility management strategy in many countries of the world is advocated.

The Analysis of Variance showed no significant difference at P < 0.05 for plant height and leaf length
at 2,4,6,8 and 10 weeks after fertilizer application across the different fertilizer mixture and the
control. This is an indication that all fertilizer mixtures produced similar effects on plant height and
leaf length. Fertilizer mixtures have increased plant height and leaf length in cocoyam. The results of
this study are consistent with the findings by [23], who also observed no significant effects of mineral
NPK fertilizer neither on the number of storage roots per plant nor on the tuberous root yields in a
study conducted in DR Congo with both an improved and a local variety of cassava. However,
findings by [36], are opposite to this, as they reported significant responses of cassava to fertilizer in a

study carried out in the Bas-Congo province of DR Congo.

The result for number of leaves revealed that 504 kg/ha cow dung significantly increased number of
leaves of cocoyam. The result for number of number of tillers revealed that 504 kg/ha cow dung
significantly increased number of tillers of cocoyam. The result for leaf width revealed that 138.83
kg/ha poultry droppings + 105.08 kg/ha NPK mixture significantly increased leaf width of cocoyam.
However, corm yield kg/ha corm yield per plot, 100 corm weight and number of corm per plot
recorded with control. The significant effect caused by application of fertilizer mixtures to the
cocoyam plants showed that soil in the study area lacked essential nutrients, especially those that
enhance growth and development in cocoyam. This is supported by the result of the physicochemical
properties of the soils of the sites prior to the establishment of the experiments. The result indicated
low content of organic matter and major nutrient elements. Further increases in growth and yield
observed as fertilizer rate was increased indicated that the initial rates failed to meet the optimum
requirement. This finding agrees with [41; 38], whose studies revealed that application of NPK
fertilizers increased growth and corm yield in cocoyam. [25], have also noted varying responses of
cocoyam cultivars to fertilization. Nutrient use efficiency has also been reported to increase through
the combination of poultry manure and mineral fertilizer [8]. Studies elsewhere have revealed that
application of NPK fertilizers increased growth and corm yield in cocoyam [41; 38]. [25], have also
noted varying responses of cocoyam cultivars to fertilization.

The significant correlation between leaf length at 10 weeks and plant height at 10 weeks, number of
leaf at 10 weeks and number of tillers at 10 weeks. Also, there was significant correlation between
corm yield in kg/ha, 100 corm weight, number of corm per plot and corm yield per plot directly
increased the yield of cocoyam. Therefore, those characters are very important characters to consider
when planning for breeding work aim at improving the yield of cocoyam. This result agrees with [15],
also found significant correlation between weight of corm and cormels per hectare was highly
correlated with number of leaf (r=0.25**), number of shoot per hectare (r=0.91***), leaf area (r=0.55***),

leaf area index (r=0.76***) and cumulative leaf area index (r=0.84***) in cocoyam.
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CONCLUSION

The findings from the research revealed that, the soil form the experimental site is sandy clay which is
slightly basic and deficient in major nutrients.

There was no significant different for most of the growth characters observed in this research such as
plant height and leaf length a  cross the fertilizer mixture and the control, while number of leaves
showed significant different at 4 and 10 WAFA with T4 yielded the highest number of leaves at 4
WAFA and T1 recorded the highest number of leaves at 10 WAFA.

Number of tiller also varies significantly across the different fertilizer mixture with T4 recorded the
highest number of tillers at 4v WAFA while T1 recorded the highest number of tillers at 8 and 10
WAFA.

Leaf width also varies significantly across the various fertilizer mixture and the control with T2
recorded the highest leaf width at 6 WAFA and T6 recorded the highest leaf width at 10 WAFA.

Yield characters such as corm yield per plot, 100 corm weight, number of corm per plot and corm
yield in kilogram per hectare also varies significantly across the different fertilizer mixture with the
control recorded the highest mean values in all the yield characters compared with the other fertilizer
mixture.

There was high significant correlation between corm yield in kg/ha with corm yield per plot, 100 corm
weight and number of corm per plot suggest that improvement in those characters will enhance the

yield of cocoyam.
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