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ABSTRACT

Rice is the third most important cereal in consumption after maize and wheat in Kenya. It has been
grown as a commercial food crop under irrigated and rain fed ecologies. Low soil Nitrogen (N)
fertility is a major constraint to upland rice production in smallholder farmers mostly under rain fed
agriculture. This study evaluated the morphological development of upland rice varieties as
influenced by different N fertilizer treatments. A field study was carried out at the Kenya Agricultural
and Livestock Research Organization experimental farm in Kirinyaga County for two seasons. The
experiment was laid down as a randomized complete block design (RCBD) in split-plot
arrangement in three replications. The main plot factors were the five upland rice genotypes,
MWUR1, MWUR4, NERICA4, NERICA10 and IRAT109, while the subplots factors were the four N
rates, 0, 26, 52 and 78 kg N ha™. In addition calcium ammonium nitrate (26% N) was top-dressed in
two equal splits at 21 and 45 days after sowing. Data on plant growth parameters was collected at
fortnight interval. The analysis of variance revealed significant (p < 0.05) variation on plant height
and tiller numbers due to N rates. However, there was no significant variation in plant height and
tiller numbers due to variety. In addition, shoot and root dry weight and leaf area were significantly
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the soil.

different due to variety and N rates in both seasons. Finally root dry weight was not significantly
different due to variety and N-rates in the two seasons. The current study has shown that increase
in nitrogen level lead to significant increase in plant height, tiller numbers, shoot dry weight and root
dry weight. The study recommends the use of N fertilizers for rice cultivation to increase N supply in

Keywords: Rice; varieties; nitrogen levels; growth parameters.

1. INTRODUCTION

Rice is an annual crop belonging to the family of
grass [1] and is consumed worldwide by more
than half of the world population [2]. It ranks third
in area after wheat and maize and second both
in production and productivity after maize
worldwide [3]. Over 90% of the world’s total rice
crop is produced in South and East Asia. In area
and production, China is the leading country in
the world [4]. In Kenya it was introduced in1907
and is currently the third most important cereal
crop after maize and wheat [5]. It has traditionally
been grown by small-scale farmers as a
commercial food crop within irrigation schemes,
rain fed lowlands and upland ecologies. Among
the lowland areas where rice is produced in
Kenya is Mwea, but mainly through irrigation,
particularly under flooding irrigation method [6].
Although, rice plays a significant role as a food
security crop and in uplifting social-economic
status of people and the country as a whole, the
National rice consumption is estimated at
530,000 metric tons, compared to an annual
production of about 129,000 metric tons [7]. This
rice production meets only 26.8% of total
domestic demand and is expected to rise with
increasing population and change in eating
habits [8]. For instance, rice consumption is
increasing at a rate of 12% annually and
therefore its production must increase to ensure
self sufficiency. In the meantime, the deficit is
met through imports valued at over KES 9 billion

[71.

Nitrogen is an important to plants and is the most
frequently deficient of all nutrients in agricultural
production systems [9]. Plants need nitrogen in
fairly larger amounts than other elements [10].
Nitrogen is needed and absorbed by the rice
plant at almost all the growth stages thus it's
important in rice plant growth and yield. It's
absorbed by the plants as nitrate (NO;") and
ammonium (NH,") ions. It plays a significant role
in crop production such that it has structural and
functional role in relation to plant growth and
development [11,12,13]. It is an important
component of numerous organic compounds

such as amino acids, nucleic acids and proteins
[14]. Photosynthetic organs contain a lot of
nitrogen and synthesis of enzymes highly
requires nitrogen. The low input use and low
availability of soil nitrogen constrain rice
productivity [15]. Actually, Opukiri [16] observed
that nitrogen is the most limiting plant nutrient for
rice production in the tropics. This is because soil
applied N is often lost through various
transformation pathways such as volatilization,
denitrification and leaching [17].

Therefore, the major challenge facing farmers
especially those practicing small scale farming in
Kenya is that most of the farms have low soil
fertility and poor soil management [18]. The
situation is exacerbated by the fact that few
farmers can afford the chemical fertilizers since
their costs are very high and continue to increase
steadily due to escalating oil prices. According to
Otsuka [19] the level of nutrient application by
smallholder’s farmers is low mainly due to the
high costs of artificial fertilizers. This challenge
has led to dwindling rice yields as a result of
continuous production in the same fields without
soil replenishment despite the massive soail
depletion and degradation. Besides, for many
years, wetland rice paddies in the study area
have depended entirely on nutrients supplied
from the soil and flood/irrigation water which are
now becoming increasingly inadequate to sustain
good growth and yield in a continuous cropping
system. It on this basis that this study was
carried out to determine the effects of nitrogen
rates on morphological development of upland
rice varieties in Mwea, Kirinyaga County, Kenya.

2. MATERIALS AND METHODS

2.1 Study Area Description

The study was conducted at the Kenya
Agricultural and Livestock Research
Organization (KALRO-Mwea) Kirogo farm in
Kirinyaga County. Kirogo farm is situated at
latitude 0°37’'S and longitude 37°20° E at an
elevation of 1159 m above sea level. The area
receives an average rainfall of about 850 mm per
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annum which is divided into long rains (March to
June with an average of 450 mm) and short rains
(mid October to December with an average of
350 mm).The rain is characterized by uneven
distribution in total amount, time and space. The
area temperature ranges between 15.4°C and
29.5°C with a mean of about 22°C. The soils in
Kirogo farm experimental site are Nitosol soils,
which are deep, well drained dusky-red to dark
reddish-brown, friable clay with low fertility. The
study area is within the Agro Ecological Zone
Lower Medium 3 (AEZ LM3) and experiences a
bimodal pattern of rainfall.

2.2 Experiment Design and Layout

The study had twenty treatments which were
randomly assigned in the experimental plots. The
experiment laid out in split plot design, arranged
in randomized complete block design (RCBD) in
three replicates. The main plot factors were the
five upland rice genotypes, MWUR1, MWURA4,
NERICA4, NERICA10 and IRAT109, while the
subplots factors were the four N rates: 0, 26, 52
and 78 kgN ha™ applied in form of (CAN). The
study was carried out in the field and had a total
of sixty experimental plots. Each plot measured 2
m x 1.5 m and each plot was separated from one
another by a 1 m path. Initial soil was sampled
from the experimental field using the zig zag
method for analysis. Later, Sunflower seeds
were planted for one season in the plots before
the commencement of the study. This is because
Sunflower plant is deep rooted and has the ability
to extracts soil nitrogen in large quantities. This
was done to deplete soil nitrogen, since Krishna
[20] reported that Sunflowers seeds are sinks of
plant nitrogen which is accumulated in their
endosperm. After Sunflower harvesting, another
soil sampling was done for analysis.

2.3 Crop Husbandry

The rice seeds were directly sowed in rows at a
spacing of 20 cm by 15 cm by dibbling [21]. Each
plot had five rows. Fertilizer (CAN) treatments
were randomized in each block. Zinc, a micro-
nutrient was blanket applied as zinc sulphate at a
rate of 25 kg ZnSo, /ha [22]. Four nitrogen
treatments, 0 kgN ha™" (control), 26 kgN ha™ (low
rate), 52 kgN ha™ (standard rate) and 78 kgN ha™
(high rate) were used. The routine agronomical
practices of weeding, pest control and periodic
irrigation were applied. The fertilizer treatments
were applied to the soil in two equal splits with
the first split being applied at tillering stage, 21
days after sowing (DAS) while the second split

was applied after 45 days at panicle initiation
stage. Nets were installed across the
experimental field just before heading stage to
prevent rice grains from bird damage.

2.4 Data Collection and Analysis

Data collection commenced one month after
sowing and continued after every two week until
the crop attained its full maturity. The growth
parameters scored were plant height (measured
using a metre ruler); number of tillers (by
counting); shoot and root dry weights (using a
weighing balance) and leaf area (length and
width of the top, middle and lower marked
leaves, there after the average of the three
leaves was calculated). The data was recorded
on a designed data sheet and later subjected to
analysis of variance (ANOVA) using general
linear model [GLM] of SAS system for windows
(SAS institute 1998, version 8). Significant
means were separated using least significant
difference (LSD) at 5% level for comparing
nitrogen level means [23].

3. RESULTS AND DISCUSSION

Growth of upland rice variety was ascribed by
plant height, tiller number, shoot and root dry
weights and leaf area.

3.1 Plant Height and Tiller per Plant

At the end of the experiment, the results from the
study showed that the plant height and tiller
numbers did not differ significantly (P<0.05)
according to variety, although MWUR1 exhibited
higher plant height in both seasons with IRAT
recording the lowest values. Further NERICA 1
exhibited higher tiller numbers (8.08) in season
one while NERICA 10 gave the highest tiller
number (12.56) in season two (Table 1). The lack
of significance response as influenced by
varieties may be due to the fact that there were
no much genetic differences between the
varieties.

The plant height and number of tiller were
significantly different (P<0.05) from each other as
influenced b¥ N rates in the two seasons. N rate
(78 kgN Ha™') gave both the highest plant height
and tiller numbers in both seasons. In light of
this, the interaction between variety and nitrogen
levels was not significantly different in both
seasons (Table 1). Plant height is varietal
characteristics and is genetic constituent of the
cultivars. The varieties did not differ in this study
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and we speculate it could be due the effects of
the environment. [24,25,26] stated that the
variation in genetic makeup of a plant is
influenced by heredity and environmental
conditions.

In the study, plant height and tiller numbers were
significantly affected by different nitrogen levels
(p< 0.05). Nitrogen is closely related to plant
growth and development and affects cell
regulation and metabolism. It is also a major
contributor to crop growth, size and total dry
matter production. In particular, growth promoting
effect of N on plant can be explained on the
basis of the fact that N supply increases the
number and size of meristematic cells which
leads to formation of new shoots [27]. In addition,
the number of tillers can be increased by
applying nitrogen fertilizer [28]. It also enhances
the development of tillers [29]. Rajput [30] proved
that nitrogen was responsible for the increase in
the number of tillers per hill due to its important
role in the division of plant cells. Similary Yoshida
[31] stated that as the amount of nitrogen
absorbed by the crop increased, there was an
increase in the number of tillers per square
meter.

According to Jan [32] plant height reveals the
overall vegetative growth of rice crop in response
to nitrogen. Also, the increase in height with
increasing nitrogen levels confirms the finding of
[33] who observed that there were significant
increases in plant height with increasing N- levels
in rice. The high plant height due to increase in
nitrogen rate was possibly due to enhanced rate

of translocation on nitrogen from culm to leaves,
leading to production of photosynthates which
enhance translocation of nutrients for developing
panicles.

3.2Shoot Dry Weight and Root Dry
Weight

Shoot dry weights were significantly different at
P<0.05 due to varieties in seasons on only as
shown in (Table 2), with the highest (30.30 g)
shoot dry weight was recorded in variety MWUR
1. We speculate that MWUR 1 variety produced
highest shoot dry weight than the other varieties
since it initially grew very fast resulting in more
shoot biomass. There was significant variation
(p<0.05) in shoot dry weight and root dry weight
due to N levels in both seasons. Though in terms
of shoot dry weight N rate (52 kgN ha™") recorded
the highest value g29 .85 g) in season one while
N rate (78 kgN ha') had the highest value (24.95
g). In terms of root dry weight, significant
variation at p<0.05 was only recorded in season
one with N rates resulting in high root dry weight
than the control (Table 2).

In both seasons N rates gave increased shoot
and dry weights as compared to the control. The
increase in shoot and root dry weight in response
to application of N fertilizers is probably due to
enhanced availability of nitrogen which enhanced
more leaf area resulting in higher photo
assimilates and thereby resulting in more
dry matter accumulation. These results are
supported by the findings of Mandal et al. [34].

Table 1. Plant height and tiller number per plant as influenced by varieties and N-rates for the
two seasons

Season 1 Season 2

Plant height (cm) Tiller numbers Plant height (cm)  Tiller numbers
Varieties
MWUR1 79.11° 7.98° 97.12° 11.64°
MWUR4 74.14° 7.69° 93.03° 11.61°
NERICA4 67.03° 8.08° 90.50° 11.42°
NERICA 10 71.14° 7.28° 82.56° 12.56°
IRAT 66.53° 7.72° 80.61° 12.64°
LSDg 5 9.63 1.86 11.75 2.70
NR (kgha™)
Control 55.76° 5.75° 74.18° 8.58°
26 70.73° 7.61° 84.59° 11.78°
52 78.53° 8.15% 92.42° 13.24%°
78 81.33° 9.49° 103.87° 14.29°
LSDg 5 5.21 1.30 7.84 1.77
VXNR NS NS NS NS

V: variety, NR: Nitrogen rates, NS: No significance, VXNR: Varieties interacting with Nitrogen rates, means
followed by the same superscript letters are not significantly different at 5% probability level
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Table 2. Shoot dry weight and root dry weight as influenced by varieties and N-rates for the

two seasons

Season 2

SDW (g) RDW (g) SDW (g) RDW (g)
Varieties
MWUR1 19.73° 1.25° 30.30° 2.82°
MWUR4 18.20° 1.26° 24.87% 2.87°
NERICA 4 16.27° 1.41° 24.87% 2.97°
NERICA10 14.18° 1.21° 19.70° 2.82°
IRAT 12.46° 1.29° 18.38° 2.89°
LSDg 05 6.62 0.38 6.85 0.39
NR (kg ha™)
Control 6.52° 0.85° 16.51° 2.56°
26 14.69° 1.25° 21.55 2.88°
52 18.53" 1.42° 29.85° 2.912
78 24.95° 1.60° 26.49%° 3.14°
LSDo.0s 3.46 0.27 5.69 0.31
VXNR NS NS NS NS

V: variety, NR: Nitrogen rates, NS: No significance, VXNR: Varieties interacting with Nitrogen rates, means
followed by the same superscript letters are not significantly different at 5% probability level

Table 3. Leaf area at maximum tillering and panicle initiation stages as influenced by varieties

and N-rates for the two seasons

Season 1 Season 2

LAMT LAPI LAMT LAPI
Varieties
MWUR1 31.19° 34.61° 50.10° 60.09°
MWURA4 29.25% 32.55° 4523 53.52%°
NERICA4 29.80%° 33.02° 41.46% 45.44%
NERICA 10 26.26° 29.40° 33.88° 40.69°
IRAT 34.52° 37.39° 51.98° 57.36°
LSDg 05 5.14 6.85 8.06 10.73
NR (kg ha™)
Control 26.14° 28.34° 34.06° 46.22°
26 28.21° 30.17° 44.38° 51.22%
52 31.49% 34.20% 46.72° 61.66°
78 34.99° 40.87° 52.97° 46.57°
LSDg 05 4.28 5.21 6.95 9.94
VXNR NS NS NS NS

LAMT: leaf area at maximum tillering, LAPI: leaf area at panicle initiation, V: variety, NR: Nitrogen rates, NS: No
significance, Varieties interacting with Nitrogen rates, means followed by the same superscript letters are not

significantly different at 5% probability level

Also, this is because the good supply of nitrogen
to plants stimulates root growth development as
well as uptake of other nutrients [35]. Reports
indicate that in rice plants, roots plays a
significant role in absorption of nitrogen with root
density and distribution in the soil being the
major determinant [36]. Root characteristics such
as root length density and root weight have been
identified as important factors since nitrogen
uptake is determined by root mass and nitrogen
uptake per root volume [37]. Interactions

between variety and nitrogen rates were not
significantly different (Table 2).

3.3 Leaf Area at Maximum Tillering and
Panicle Initiation Stages

Data presented in (Table 3) showed that varieties
and nitrogen fertilization rates exerted significant
effect at P<0.05 on leaf area of upland rice
variety. The leaf area was high during panicle
initiation than tillering stage in season one and
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the trend was the same in season two. The
highest leaf area (60.09 sz) was recorded in
MWUR 1 variety in season two.

In terms of N rates leaf area of rice increased
over time from tillering stages to panicle initiation
stages by gradual elevation of nitrogen fertilizer
in season one (Table 3). However in season two
during panicle initiation stages leaf area
increased up to 61.66 cm”in N rate 52 kgha’
'thereafter it showed a falling trend (Table 3).
Interactions between varieties and N rates
revealed that there was no significance
difference. In case of any plant, leaves are
important organs which have an active role in
photosynthesis. According to Tari [38] to achieve
high yield, maximization of leaf area is an
important factor of the crop. Varieties leaf area
differed significantly due to variety. This indicates
that the five varieties out performed each other.
We speculate that NERICA 10 having the lowest
leaf area for the two seasons captured less
solar radiation resulting in low production of
carbohydrates. Furthermore, the increasing trend
of leaf area at higher nitrogen levels (Table 3)
can be attributed to the positive effect of nitrogen
on both leaf development and leaf area duration
of the varieties [39,40]. Actually N rate has a
profound effect on leaf area development [41].
According to Huang [42] it because N application
increases the levels of cytokinin which affects
cell wall extensibility. Also, the increase in leaf
size due to enough nutrition was expected in
terms of possible increase in nutrient absorption
capacity of the varieties through better root
development and increased translocation of
carbohydrates from source to growing grains
[38]. It is therefore, logical to speculate that N
was involved directly or indirectly in the
enlargement and division of new cells and
production of tissues which in turn were
responsible for increase in growth characteristics
particularly leaf area of the upland rice variety.
Generally season two elicited higher values than
season one (Tables 1, 2 and 3). This could have
been so due to supplementary irrigation that was
initiated as a result of higher temperatures
experienced in the season.

4. CONCLUSION

The current study has shown that increase in
nitrogen level lead to significant increase in plant
height, tiller numbers, shoot and root dry weight
and leaf area. However, its excessive application
in rice production is not beneficial from the
standpoint of agronomy and environment, since

nitrogen fertilizer based pollution is becoming a
serious issue for many regions where agriculture
is concentrated. Therefore, taking the finding of
the present study into consideration, it may be
tentatively concluded that farmers in the study
region should apply N at 52 kg ha” rate to
improve on upland rice production. Since high N
results in rice diseases, pests and lodging.
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