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4.2 Effect of NPK fertilizer on the growth characteristics and yield performance of

newly developed cassava varieties
4.2.1 Effect of NPK fertilizer on the growth characteristics of cassava

4.2.1.1 Cassava plant height at first branching and at harvest

There were significant differences (P<0.05) in cassava plant heights at branching and at
harvest due to fertilizer treatments (Table 10). However, the interaction effect of NPK

fertilizer application and cassava genotypes was not significant (P>0.05) (Appendix 5).

Cassava height at branching varied significantly (P<0.05) with increasing NPK fertilizer
levels for both the newly developed varieties (Table 10). Overall, cassava heights were
significantly (P<0.05) higher for treatments with higher fertilizer levels thah the control.
However, for NAROCASS 1, the increase in fertilizer level from 200 to 400 kg/ha was
significant but not for NASE 14. Interestingly, increasing the fertilizer levels from 400 to 600
kg/ha did not (P>0.05) cause a significant increase in cassava heights for both NASE 14 and

NAROCASS 1 (Table 10).

A similar trend in cassava heights was observed at harvest (Table 10). However, there were
no significant (P>0.05) increases in heights as the fertilizer levels were increased from 200 to
600 kg/ha for NAROCASS 1. In contrast, for NASE 14, there was significant (P<0.05)
increase in height at 600 kg/ha when compared with the control (Table 10). For both cassava
varieties, there was an increase in the number of stems when the fe;*tilizer was applied when
compared with the control treatments. But the number of stems did not increase significantly

(P>0.05) as the fertilizer levels were increased from 200 to 600 kg/ha (Table 10).
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The increment in the heights of cassava stems is probably attributed to the effect of fertilizer
in promoting vegetative growth and development (Pellet and El-Sharkawy, 1997). Therefore,
increasing the amount of NPK fertilizer application promotes plant height implying that
farmers can apply NPK to cassava for faster cassava growth if sufficient and adequate

planting material is required within a short period of time.

These observations are in line with the findings of Howeler (1990) who demonstrated that
application of high levels of inorganic fertilizer leads to an increase in the vegetative growth
of cassava. On the contrary, low plant heights recorded in unfertilized plots is in line with the
findings of Adoa (2009) who reported significant reduction in plant growth parameters when

the soil is deficient in some notable nutrients, especially nitrogen.
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Table 10: Effect of NPK fertilizer on the cassava stem heights and number of stems per plant at Kyambogo, 2016/2017

Cassava height at branching

Cassava height at harvest

Number of stems per plant

NPK application | NAROCASS I NASE 14 NAROCASS I NASE 14 | NAROCASS1 NASE 14
rates, kg/ha
0 (Control) 64.98" 54.22° 142.50" 130.60° 1.90° 1.90°
200 99.88" 89.53" 193.90" 152.90® | 3.10° 3.33"
400 103.90¢ 94.30" 200.30° 168.50" | 3.07° 3.07°
600 106.53° 101.73° 212.10° 190.90° 3.13" 3.27°
Mean 93.82 84.95 187.20 160.73 2.80 2.89
F-Prob. <.001 <.001 <.001
LSDyg.05) 12.28 | 40.59 0.78

abc

=Means within the same column having different superscripts are significantly (P<0.05) different from each other.
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4.2.2 Effect of NPK fertilizer on the yield performance of cassava

4.2.2.1 Number of cassava root tubers per plant

Cassava root tuber numbers per plant significantly (P<0.05) varied with NPK fertilizer levels
and cassava varieties (Table 11). Similarly, the interaction effect of NPK fertilizer application
and cassava varieties was also significant (P<0.05) (Appendix 6). For both cassava varieties,
the root tuber numbers per plant significantly (P<0.05) increased with NPK fertilizer levels
up to 400 kg/ha when compared to the control treatments. But there was a decline in numbers

when the fertilizer level increased to 600 kg/ha (Table 11).

The findings of this study, therefore, have shown that fertilizer application had a positive
effect on tuber numbers for newly developed cassava varieties. In fact, cassava response to
fertilizer application has been reported in many African countries by FAO (2013), Agbaje

and Akinlosotu (2004), Howeler et al. (2000) and Fermont et al. (2009).

Besides the observed increase in root tuber numbers, the application of NPK fertilizer also
increased the available P, which is required for root tubér formation in tuberous crops. Issaka
et al. (2007) reported that an increase in nutrient levels results in increased numbers of roots
formed. On the other hand, the observed reduction in number of tubers per plant following
the increase in NPK levels to 600 kg/ha is most likely due to oversupply of nitrogen, which

usually result in vegetative growth at the expense of tuber development (Howeler, 2002).
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Table 11: Effect of NPK fertilizer on the yield of cassava at Kyambogo, 2016/2017

Cassava varieties
NPK application NAROCASS I NASE 14
rates (kg/ha) RN RLH(cn_l)“ 1{6 (c::]) RW ;kg)- RY (I\/.I-'l:./l-l-a) RN RL (cm) RG (cm) RW (kg) RY (MT/ha)
0 (Control) 10.07° 19.98°  8.63° 9.40° 23.33° 9.28" 1527 1042  8.90° 2.25°

200 25.73°  40.03°  16.95" 12.00° 32.92° 16.73°  35.80° 17.00°  11.03"  30.58"
400 20.20° 4275 2035° 13.40 35.75° 20.83° 41.53°  24.13° 1337° 3438
600 26.97°  41.60°  18.67° 11.92° 33.75° 17600 315> Zosr™ Bs* B

F-Prob. <001  <.001 <.001 <.001 <.001

Mean 19.55 3431 17.13 11.57 30.33

LSD.05) 1.85 7.10 4.75 1.84 5.47

~Means within the same column having different superscripts are significantly (P<0.05) different from each other, RN= Number of cassava

root tubers per plant, RL= Cassava root tuber length, RG = Cassava root tuber girth, RY = Cassava root tuber yield, RW = Root tuber weight.



4.2.2.2 Cassava root tuber length

There were significant differences (P<0.05) in cassava root tuber lengths amongst the
treatments (Table 11). But the interaction between NPK fertilizer and cassava varieties was

not significant (P>0.05) (Appendix 6).

Application of 200 kg/ha of NPK fertilizer significantly (P<0.05) increased the cassava root
lengths for both varieties as compared with the control (Table 11). But the increase in NPK
fertilizer levels from 200 to 600 kg/ha did not (P>0.05) cause significant change in the

cassava root lengths (Table 11).

Perhaps, the observed increase in root tuber length following fertilizer application could be as
a result of increased availability of nutrients (N, P & K) required for cassava tuber growth

and development (Ayoola & Makinde, 2007b; Mengel & Kirkby, 2004; Nguyen et al., 2002).

4.2.2.3 éassava root tuber girth

Therel were significant diffgrences (P<0.05) in the cassavar tuber girths amongst | the
treatments for both varieties. Also, the interaction effect of NPK fertilizer and cassava
varieties was significant (P<0.05) (Appendix 6). For both cassava varieties, the application of
NPK fertilizer significantly (P<0.05) increased the cassava root tuber girth compared to the
control treatment (Table 11). The incremental addition of NPK up to 400 kg/ha significantly
(P<0.05) increased the tuber girth for NASE 14, but not for NAROCASS 1. Also, tuber girth

for NASE 14 declined when the NPK application rate was increased to 600 kg/ha (Table 11).
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The larger tuber girths of the NPK fertilizer-treated cassava plants could be attributed to the
availability of nutrients (N, P and K) which were used in tuber bulking. Similar observations

were reported by Leo and Kabambe (2014).

4.2.2.4 Cassava fresh root tuber weight

The application of NPK fertilizer significantly (P<0.05) increased the cassava fresh root tuber
weight when compared with the control for both cassava varieties (Table 11). However, the
interaction effect of NPK fertilizer and cassava varieties was not significant (P>0.05)
(Appendix 6). Overall, the variations in fresh root tuber weights followed a similar trend as

the root tuber girths (Table 11).

The positive response shown by cassava root tuber weight as a result of applied NPK
fertilizer could be due to the increased supply of N, P and K nutrients (Ayoola et al., 2007,
Leo and Kabambe (2014). Increased root tuber weight could also be linked to the well-
developed photosynthetic surfaces and increased physiolegical activities in the fertilized
treatments as a result of NPK fertilizer application that led to more assimilates being

produced and subsequently translocated to the tubers (Howeler et al., 2000; Hillocks, 2002).

4.2.2.5 Cassava root yield

The application of NPK fertilizer significantly (P<0.05) increased the fresh cassava root tuber
yield as compared to the control for both varieties (Table 11). Similarly, the interaction effect
of NPK fertilizer and cassava varieties was significant (P<0.05) (Appendixv 6). Also in both
varieties, increasing the NPK application rates from 200 to 600 kg/ha did not significantly

(P>0.05) affect the cassava root tuber yields (Table 11).
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Generally, cassava tuber yield in both cassava varieties were significantly increased by NPK
fertilizer application compared to the control. The increase in tuber yield is certainly because
the fertilizer provided the necessary nutrients for production of assimilates needed for root
formation, and for increasing the photosynthetic capacity of the leaf area which provided
photosynthates for tuber bulking (Hugh and Althea, 1994). However, the observed negative
response in root tuber yield following the high rate of NPK fertilizer application (600 kg/ha)
could be due to the diversion of photosynthates to vegetative development than to the tuber
bulking. The same reason could be responsible for the decline in almost all the yield
components when NPK application rate was raised to 600 kg/ha. Similar results were
reported by Fermont (2009) and Howeler (2002) who observed increased vegetative growth

with consequent reduction in root growth and yield at high fertilizer application rates.

The findings of this study has therefore, shown that when fertilizer is applied at the required
quantities, it will lead to higher yield per hectare as earlier reported by Fermont (2009).
rHowe':ver,rthis is contrary to the findings of Howeler (1998), Adéniyan et al. (2014) and Adoa
(2l00.§)- v;.;ho reported that cassava yield components that are of interest to the commercial
cassava producers such as dry matte?, average root weight and percentage of marketable roots

were not affected by fertilizer application.
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CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1  Summary

The general objective of the study was to evaluate yield response of cassava/maize intercrops

by manipulating maize planting density and applying mineral fertilizers. Specific objectives

of the study were (i) to determine the effect of maize planting density in the cassava/maize

intercrop on the growth characteristics and yield performance of the component crops, and

(i) to determine the effect of NPK fertilizer on the growth characteristics and yield

performance of the newly developed cassava varieties.

In experiment one, intercropping maize with cassava varieties significantly (P<0.05)

increased the maize plant heights. In both NAROCASS I/Maize and NASE 14/Maize

intercrops, maize plant heights at 2 MAP, at tasseling and at harvest under the intercropping

system 1C:2M were significantly (P<0.05) higher than those of maize plants under sole

maize cropping as well as in the 1C:1M intercropping system. Intercropping maize with

cassava varieties significantly (P<0.05) reduced the cob length. The lengths of cobs from sole

maize cropping were higher (P<0.05) than those of cobs obtained from the 1C:2M

intercropping. The cob length decreased in the order SM > 1C:1M >1C:2M indicating that as

the plant population density increases, the cob length gradually decreases. Intercropping

maize with cassava varieties significantly (P<0.05) reduced the maize grain weight when

compared to sole maize. Increasing the maize population density to 1C:2M significantly

reduced the grain yields when compared with the grain yields obtained at the lower plant

population density (1C:1M), as well as in the sole maize cropping.
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Intercropping maize with cassava varieties significantly (P<0.05) increased the cassava plant
heights. In the NAROCASS 1 / Maize intercrop, cassava heights at 2 MAP and branching
were in the order SC < 1C:1M < 1C:2M indicating that as plant population density increased,
the cassava plant height also increased. But at the time of harvest, the height of cassava plants
under intercropping system were similar but significantly (P<0.05) shorter than the heights of
cassava plants from sole cassava cropping for both intercrops. Intercropping maize with
cassava varieties significantly (P<0.05) reduced the number of cassava root tubers, tuber
girth, tuber length and fresh root tuber weight when compared with sole cropping. The
number of cassava root tubers per plant from the intercrops (1C:1M and 1C:2M) was
significantly (P<0.05) lower than that in sole cropping. Cassava root tuber girth significantly
(P<0.05) decreased under intercropping compared to sole cassava cropping for both
intercrops. Cassava tubers from the low intercrop density (1C:1M) were longer (P<0.05) than
those obtained at the higher intercrop density (1C:2M) or sole cropping. Fresh root tuber
weight from sole cropping was higher (P<0.05) than that from both intercrops, but root tuber
weights at both the lower (1C:1M) and higher (1C:2M) plant population densities were not
stati'stiéally (P>0.05) different. Cassava root yield from sole cropping was significantly
(P%O.GS) higher than that from the intercrops for both éassava varieties. However, cassava
root yield from low intercrop density (1C:1M) was higher (P<0.05) than that of higher
intercrop density (1C:2M). In both intercrops, the LERs were greater than one indicating the

yield advantage of intercropping over sole cropping.

In experiment two, cassava stem heights at branching varied significantly (P<0.05) with
increasing NPK fertilizer levels for both the newly developed varieties. Overall, cassava
heights were significantly (P<0.05) higher for treatments with higher fertilizer levels than the

control. For both cassava varieties, the root tuber numbers per plant significantly (P<0.05)
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increased with NPK fertilizer levels up to 400 kg/ha when compared to the control
treatments. But there was a decline in numbers when the fertilizer level increased to 600
kg/ha. The application of 200 kg/ha of NPK fertilizer significantly (P<0.05) increased the
cassava root tuber length and girth, as well as the cassava fresh root tuber weight for both
varieties when compared with the control treatment. The incremental addition of NPK up to
400 kg/ha significantly (P<0.05) increased the tuber girth for NASE 14, but not for
NAROCASS 1. In both varieties, increasing the NPK application rates from 200 to 600 kg/ha

did not significantly (P>0.05) affect the cassava root tuber yields.

5.2 | Conclusions

Intercropping maize with the newly released cassava varieties in the ratio of 1:1 (1C:1M)
significantly increases maize grain yields than in sole maize cropping as well as when the

population density of maize in the intercrop is increased to 1:2 (1C:2M).

Intercropping maize with cassava varieties significantly reduces.the.number of cassava root
tubers, tuber girth, tuber length and consequently the fresh.root. tuber weight. However,
cassava tubers from the low intercrop density (1C:1M) were longer (P<0.05) than those
obtained at the higher intercrop density (1C:2M). Also, cassava root yield from low intercrop

density (1C:1M) was higher (P<0.05) than that of higher intercrop density (1C:2M).

Though there was significant reduction in cassava root yield, the land equivalent ratio (LER)
has shown yield advantage in the intercropping system, especially when the ratio of 1:1 is
adopted. Therefore, intercropping cassava and maize in the ratio of 1:1 increases total

productivity of the land.
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The application of up to 400 kg/ha of NPK fertilizer to the newly released cassava varieties

significantly increases the root tuber numbers per plant, the cassava root tuber length and

girth, and consequently the cassava fresh root weight and yield/ha.

3.3

Recommendations

Based on the results, the following are recommended:

1.

Intercropping maize with newly released cassava varieties in the ratio of 1:1 is a feasible
multiple cropping system that farmers growing maize and cassava should adopt in order

to increase total productivity of the land.

Growers of the newly released cassava varieties should consider applying NPK fertilizer
in order to improve growth and yield potential of cassava. Poor farming practices and
soil miming as a result of continuous harvest and failure to apply fertilizers have caused
soil fertility depletion. Therefore, the thinking that cassava can tolerate low soil fertility
conditions needs to change if cassava tuber yields are to.be improved, and in tum

improve food supply that will meet the needs of the ever increasing human population.

More research is needed to further enhance the productivity of cassava/maize cropping
system. Such research can include (i) scaling up the study to include more maize and
cassava genotypes, and be carried out in different agro-ecological zones of Uganda
where cassava and maize are grown, and (ii) determining the agronomic and economic

use efficiencies of inorganic fertilizers in cassava/maize intercropping systems.
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APPENDICES

Appendix 1: Mean square values of ANOVA for the effects of plant population density

on maize height different growth stages

Source of variation | DF Maize height | Maize Maize height | Maize height

at 2 MAP height at tasseling | at harvest

at 3 MAP

Plant density 2 216.44%* 2012.0 NS 11796.0** 30949.0**
Variety 1 2.30%* 220.0 NS 19.42* 12514.0*
Plant density x 2 1.27 NS 145.0 NS 19.0 NS 2920.0 NS
variety
***Significant at 0.001 **Significant at 0.01  *Significant at 0.05 NS: Not Significant

Appendix 2: Mean square values of ANOVA for the effects of plant population density

on yield performance of maize under cassava/maize intercropping

Source of variation | DF | Maize cob Maize rows Maize grain | Maize grain
length per cob yield weight
Plant density 2 24.133** 40.5017** 1582153.0%%| 1216791.0**
Variety 1 16.723* 0.6050* 269500** 12561.0*
Plant density x variety | 2 12.005* 1.4933* 38621 NS 13474.0 NS
***Significant at 0.001 **Significant at 0.01  *Significant at 0.05 NS: Not Significant




Appendix 3: Mean square values of ANOVA for the effects of plant population density
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on cassava height at different stages of growth

Source of variation DF | Cassava height | Cassava height | Cassava height
at 2 MAP at branching at harvest
Plant density 2 216.920** 6996.4** 18837.3%*
Variety 1 11.447* 1046.5%* 346.6 NS
Plant density x variety | 2 2.797 NS 1226.0* 59.9 NS
***Significant at 0.001 **Significant at 0.01  *Significant at 0.05 NS: Not Significant

Appendix 4: Mean square values of ANOVA for the effects of plant population density

on yield performance of cassava

Source of variation | DF | Number of [Root tuber |Root tuber | Root tuber | Root tuber
b root/plant  |girth length | weight yield

Plant density 2 | 903.61** 821.64%* | 1041.38*%* | 74.72]1** 4 27EH07

Variety 1 |33.64NS 184.96 NS | 317.43** 2.007 NS 1.25E+07

Plant density x 2 9.00 NS 29.06 NS | 167.71%* 1.034 NS 6.47E+06

variety

***Significant at 0.001 **Significant at 0.01  *Significant at 0.05 NS: Not Significant
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Appendix 5: Mean square values of ANOVA for the effects of NPK fertilizer on cassava

height at branching and at harvest

Cassava height at
Source of variation DF branching Cassava height at harvest
Fertilizer rate 3 5029.4** 9068.0**
Variety 1 893.6* 8427.0*
Fertilizer rate x variety 3 19.9 NS 481.0 NS
*¥**Significant at 0.001 **Significant at 0.01  *Significant at 0.05 NS: Not Significant

Appendix 6: Mean squares of ANOVA for effects of NPK fertilizer on yield

performance of cassava

Source of DF | No. of No. of roots| Root tuber | Root tuber|Fresh root | Root tuber
variation stems per| per plant | length girth tuber yield

. plant weight

Fertilizerrate | 3 | 4.825%* | 827.879*%* | 2282.19%** | 546.40*** | 57.45%*%* | 521E+08***
Variety 1 | 0.101 NS | 286.005*** | 75.97** 23.010*%* | 0.292NS | 1.79E+07**
Fertilizerrate |3 | 0.039 NS | 75.844*** | 1131 NS 10.584* 2.051 NS | 3.11E+07*

X variety

***Significant at 0.001 **Significant at 0.01  *Significant at 0.05 NS: Not Significant
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