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Abstract

Rice Oryza sativa) is a principal staple food crop in Kenya. Howeves production is still low
due to inherently low and declining soil fertilitfthis has resulted into food and nutritional
insecurity and low living standards. The situatltas been compounded by the ever escalating
fertilizer prices which has made it unaffordablentost small holder farmers. Although some
studies have been done on fertilizer applicationsome rice varieties, the Mwea upland rice
(MWUR) varieties were bred under low fertilizer utpenvironment while other authors have
indicated that the New Rice for Africa (NERICA) ietres give high yields under low input
conditions. The objective of the research was tabdish photosynthetic and yield performance
of eight promising improved rice varieties undeurfaitrogen (N) levels and identify the variety
that gives high yields at relatively low N fertiéiz rates. Field experiments were carried out at
Alupe in western Kenya under rainfed upland conditiThe experiment layout was split plot
factorial in a Randomized Complete Block Designhwihree replicates. The main plot
treatments were four rates of nitrogen fertilizétich were; 0 (control), 40, 80 and 120 kg*ha
applied as urea in two equal splits, sub-plots isted of four MWUR and four NERICA
varieties. The parameters measured included chigtopontent (SPAD Units), photosynthesis,
panicle length, yield at 14% moisture contentedligrain ratio percentage and yield components.
The measured parameters increased significantly widrease in the level of nitrogen fertilizer.
Varietal difference was significant and MWUR vaigst recorded higher chlorophyll content,

photosynthetic rates and panicle length and yieldponent at low nitrogen levels (0 and 40 N)



as compared to the NERICAs with MWUR 1 and 2 recaydhigher values. The NERICAs out-
yielded the MWUR varieties at higher nitrogen levélIERICA 4 recorded highest yield among
the NERICA varieties regardless of the N level. ikssfrom our study suggested that MWUR 1
and 2 and NERICA 4 were more tolerant to low nignogoil as compared to MWUR 3 and 4
and NERICA 1, 10 and 11, because of higher chloybbmiontent, higher photosynthetic rate,
higher panicle length, higher filled grain ratiorpentage and higher yield component and may
be suitable for soils deficient in nitrogen.
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Introduction

Rice Oryza sativa L.) is the most important food crop, being the @mmgnfood source for more
than one third of the world’s population and iswgnoin 11% of the world’s cultivated area.
Upland rice has high production potential in Kerayad can be grown by most farmers at low
input level [1]. Kenya has a potential to bring@@®MO0 ha under upland rice production [2].
However, currently the area under rainfed rice 80Q0 ha [3] hence the national rice
development strategy (NRDS) focus is expanding ianckasing yields by exploiting existing
opportunities on a sustainable basis [4]. Nitro@épis one of the most important nutrients for
plant growth and a major factor that limits agrtauhl yields [5,6]. It is an important component
of numerous organic compounds such as amino anigddeic acids, chlorophyll, enzymes,
hormones and proteins [7]. According to [8], thendfecial effects of nitrogen occur by
influencing yield components which are controlleg benetic factors of the plant and
environmental factors. Nitrogen functions to estdblyield capacity and maintenance of
photosynthetic activity during grain filling. Nuémt deficiency symptoms result from impaired
metabolism within plant and decreased growth [BQ] [observed that nitrogen deficiency causes

premature senescence and reduced yields.

Nitrogen is required in adequate amount at earlg, tihering, panicle initiation and at ripening
stage for better grain development. It has playethpor role in the global food production over

the past 60 years [11]. According to [12], the genty of plant growth to nitrogen fertilization



is of great importance in agriculture. Nitrogen (yuirements of rice crop are met from both
the soil and fertilizers. Usually due to acute Nidency in most rice soils, fertilizer N must be
applied to meet the crop demand [13] and yet exaed¢ application would lead to increased
production cost and negative physiological effeiie to excessive growth. This might block

agricultural sustainability and cause environmeptdlution.

The amount of N required and management of theridvaepending on variety, soil conditions,
cultural practices, crop rotations, and other fexctdhe majority of smallholder farmers who
form the bulk of agriculture in Kenya are facedhwibw soil fertility problems. Rice yields
decline due to low input system, for example, yoelds of less than 2.0 tons/ha against a
potential of 5.0 tons/ha [3] has been reported. Yib& gap is attributed mainly to effects of
drought and low soil fertility, the most prominewit which is nitrogen deficiency. As a result,
rice farmers are unable to harness the potentiedinfed rice to meet their food and nutritional
demand. Lack of identification of improved varistiadaptable to low fertility soils in rainfed
conditions and the ever escalating fertilizer gibave made this important input unaffordable to
most small-holder farmers who are resource poocédietow rice production [14]. However,
some varieties can perform well under low nitrogeput [15]. There is therefore need to
evaluate the response of the MWUR viz a viz the NEFRvarieties to identify the superior rice
varieties that are adaptable to low nitrogen leviglentification of low nitrogen adaptable rice

varieties is thus crucial in sustaining produciioreas where low soil fertility prevails.

[16] reported that nitrogen is the most importamirient that limit crop production. They argued
that this loss can be mitigated by exploiting vize® well adapted to low soil N conditions in
order to increase farm yields. In rice, there aegdent variations within species, regarding the
use and accumulation of nitrogen and its genetitrob[7]. Genotypes of the same species have
different nutritional requirements and tolerancesntineral nutrients [17]. These genotypic
differences help in the adaptation of species amitivars to various environmental stress
conditions and form the basis for genetic improvemprograms. The cultivation of rice

genotypes with efficient N use in combination withrrect nitrogen fertilization is a promising



strategy for increasing the yield of upland riceducing production costs and environmental

impacts.

According to [18], selection of the most appromidvel of nitrogen fertilization is a major
concern of economic viability in crop productiondathe impact of agriculture. Given the
importance of nitrogen fertilization on the yield grain from the rice plant, it is necessary to
know what the best dose is for each variety as agits influence on components of yield. Yield
studies that will help in identifying varieties tHaave either specific or general adaptation to low
nitrogen which can be exploited for varietal recoemaiation can greatly help address the soil
fertility problem in the region. The identified lowitrogen adaptable varieties would have a
substantial impact on rice productivity in termssoil nutrient supply, nutrient use efficiency,
improved food and nutritional security and liveldddincome of rural households in the region.
Therefore, advanced farming systems research canitagte to the nutritional well-being and
food security of the communities. Incorporatingighhyielding variety, which is tolerant to low
soil nitrogen is important. Studies have shown talication of N fertilizer to rice leads to
increase in panicle length, spikelet number, araingyield [15,19]. However, the response of
rice varieties to increasing N levels has not t&tedied or documented in Kenya currently. This
information is of importance in any rice breedingpgramme in Kenya as there is little
knowledge on the response of improved rice vasetieincreasing levels of N fertilizer [14].
The main objective of this study was to establisti document data on the yield performance of
eight promising high-yielding improved rice varedito various nitrogen levels as well as to
identify the variety that gives high yields at tataly low N rates. These objectives were set
against the hypotheses that improved rice varigtidéenya are not responsive to increasing N
rates as the existing NERICA varieties and thay tire not low nitrogen use efficient.

MATERIALS AND METHODS

Site Description

Field studies were conducted to assess the effettrogen fertilizer rates on panicle length and
yield component of eight improved rice varietiesden rainfed upland conditions between
August 2012 and April 2013t Alupe farm of Lake Basin Development AuthoriBDA) in



Western Kenya. Geographically, the experimenta &sdocated datitude 0° 30" O N; longitude
34° 7' 50 E and at the elevation of the 1170 m absea level. Precipitation ranged between
680.5 — 860 mm and temperature ranged from 16-34ftihg the growing period. The soils at
Alupe have been characterized as Ferralo-orthigsékcwith pH of 5.0 as determined in,@&
(1:1) [20]. Specific soil chemical characteristafghe location were determined according to the
analytical procedures of [21] and are presentefainle 1. Soil samples were collected at depth
of 30 cm using a soil auger from all corners of phat and between diagonals and the middle
part. This was done at the start of the experin@m@tssess the initial chemical status of soil in
each of the plots. The soil was thoroughly mixegktber to form a composite sample which was
then air dried and passed through 2.0 mm sievedibitexture and sub samples ground through
0.5 mm sieve for chemical analyses. The field wasighed and harrowed to a suitable tilth
before sowing.

Experimental Design and Treatments

The experiment layout was split plot factorial agament in a Randomized Complete Block
Design (RCBD) with three replicates. The main plats fertilizer N source and different rice
varieties as sub-plots. The main plot treatmentei@ur rates of nitrogen fertilizer which were;
0 (control), 40 kg h4, 80 kg h& and 120 kg hAapplied as urea in two equal splits i.e. 14 days
after sowing (DAS) and at panicle initiation (46 BAas recommended by [22]. Sub-plots
consisted of eight rice varieties i.e. four MWURerivarieties namely Mwea upland rice 1, 2, 3
and 4 (MWUR1-4) that were bred and selected by K@tRwea under low fertilizer input
environment and four New Rice for Africa (NERICAanieties namely 1, 4, 10 and 11 that have
been released to farmers in Kenya. Drill sowing d@ase in 5 m x 1.2 m plots, 20 cm between
rows and within rows at a depth of 3 cm and thessds per hill. The seedlings were thinned to 1
plant per hill 15 days after sowing. In between pihas, trenches of 0.5 m depth and 1 m in
width were constructed, to avoid seepage betweets.pA basal dose of triple super phosphate
(TSP) was used as the source of phosphorus, apalite rate of 30 kg P HaThe fertilizer
granules were placed at the bottom of the hole @wkred with about 1 cm of soil before
sowing the seeds to avoid fertilizer burn to theeriseeds during dissolution of triple

superphosphate. The rice seeds were covered withhip 2 cm of soil. The sowing date



coincided with onset of the long rainy season. m\arcultural trial practices such as weeding

and bird scaring were carried out.

Table 1. Chemical characteristics of soils at LBBIpe farm (0 - 30 cm depth)

Soil chemical properties

PH1:1 soil:water 4.69
ECe (Electrical conductivity) 0.18
Total N g kg* 0.73
Available P (ppm) 0.14
Extractable-Zn (ppm) 1.75
Extractable-Cu (ppm) 5.66
Extractable-Mn (ppm) 48
Extractable-Fe (ppm) 479

Sampling and Measurements

Total Chlorophyll Content

Chlorophyll content (SPAD Index) of flag leaf of fants per treatment was estimated non
destructively using a portable chlorophyll metePA®-502 Minolta Co. Japan). This index was
used preferentially because the strong relationdlefpveen readings of portable chlorophyll
meter and leaf chlorophyll content has been dematest by several authors [23,24,25]. The
measurements were carried out between 0930 and H30at 28, 42, 56 and 72 days after

sowing.

Net Photosynthesis

Net photosynthesis were determined on day 28, @3nbl 72after sowing by use of a portable
infrared gas analyser system connected to a panht(CIRAS-1, PRSystems Ltd., Herts, U.K.)
on 0.7 cm of leaf surface. Theneasurements were carried out between 0930 andH®08 on
fully sun exposed top leaf of 72 plants pgegatment. The photosyntheticalfictive radiation
ranged from 600 — 800 umol photonsn, leaf temperature varied from ®4to 36C, relative
humidity varied from 35% to 40% and vapour pressiafecit was between 1.6 -1.9 kPa.



Panicle Lengths
This was determined using a metre rule at physickbgnaturity. Measurements were done from
the panicle base to the tip of five hills in eadbtp

Yield Components
At physiological maturity, a 1 th quadrat was placed in each plot leaving out theldrorows
and border plants. The plants within the quadrasevharvested to determine yield components
and rice grain yield. The number of grains per arg] filled grains per panicle were determined
and yield calculated according to [1]. The yieldswextrapolated in kilograms per hectare as
follows:

Yield (Kg h&) = Number of panicles thx Number of grains/panicle x % filled

grains x (Weight of 1,000 grains + 1,00Q)%000

Yield at 14% Moisture Content

This was determined from an area of 4by measuring the moisture content of the grains
immediately after harvesting using a grain moistester (model number AF 34086, Japan) and
converting the yield of the grains to 14% moistamntent and extrapolating to Kg has
described by [1].

Filled Grain Ratio Percentage

Grains harvested from the 1°m in all the plots were put in different bucketsvediter where
poorly filled grains together with empty grainséted, while the well filled grains settled at the
bottom. Filled grains were then separated from graptd poorly filled grains. The grains were
dried and later weighed but each was handled separdhe percentage of filled grains was

calculated according to [1].

Statistical Data Analysis
Factorial analysis of variance (ANOVA) was carrmat on the data for the variables measured

to determine the significance of the effects ofagen fertilizer levels on the rice varieties using



a statistical computer package (SAS software ver8id) [26]. Significant means were separated
using least significance difference test (LSD) & Evel for comparing the treatment means.
Linear regression curve was used to show and ddfm@ature and strength of the relationships

between nitrogen levels, rice varieties and grasidy

RESULTS

Total Chlorophyll (SPAD Units)

Nitrogen treatments caused a marked differencetat thlorophyll content as shown in Figure 1
with 0 and 40 N recording significantly €P0.05) lower total chlorophyll compared to 80 and
120 N. Varieties had a significant effect €F0.05) in total chlorophyll content at 0 and 40 N
with MWUR 1 and MWUR 2 having significantly highestal chlorophyll at 0 as compared to
the other rice varieties. There was no signifiozarietal difference in total chlorophyll at 80 N

and 120 N although the NERICA varieties had slightbher values than MWUR varieties.
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Fig. 1. Effect of N rate on Total Chlorophyll (SPADnIts) at DAS 72 of eight rice varieties
grown at four levels of nitrogen treatment (Meahthecee replicates + SE). LSD (0.05)
V =0.85, T =0.53.



Net Photosynthesis (Pn)

Results indicate that nitrogen deficiency had anigpnt (P < 0.05) inhibitory effect on
photosynthetic rate of all the rice varieties underdy. The highest photosynthetic rates were
recorded at 120 N and lowest at O N in all theeataes (Fig. 2). The varietal difference was also
significant (P< 0.05) with MWUR 1 recording significantly higheethphotosynthetic rates at O
and 40 N as compared to MWUR 3, MWUR 4 and the NEZ&RVarieties. NERICA 4 recorded
significantly (P< 0.05) higher net photosynthesis among the NERIGreties.
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Fig. 2. Effect of N rate on Né®hotosynthesis (Pn) at DAS 92 eight rice varieties grown at
four levels of nitrogen treatment (Means of threglicates + SE). LSD (0.05)
V=0.23, T=0.12.

Panicle Length

Nitrogen levels had a highly significant effect panicle length. Increase in nitrogen level
caused a significant increase in panicle lengtk (R05). The plants subjected to O N had the
shortest panicle lengths (Figure 3). Varietal défeces were also significant £70.05). At 40 N,
MWUR 1 had significantly higher panicle length thdiWWUR 2, 3 and 4 and the NERICAs {P



0.05). NERICA 4 recorded significantly higher pdeitength at ON as compared to NERICA 1,
10 and 11. At 80 N, MWUR 1 and NERICA 4 recordetytgly higher panicle length as
compared to NERICA 1, 10, 11, MWUR 2 and 4. Howeveere was significant difference in
panicle length between MWUR 3 and NERICA 1, 10, MMWUR 2 and 4. There was no

significant interaction between the varieties aedtiments (P > 0.05).

30 + mN-1
W N-4
EN-10
EN-11
umM-1
M-2
mM-3

Panicle length {cm)

0] 40 80 120

Nitrogen levels (Kg/ha)

Fig. 3. Effect of N rate on panicle length of eigite varieties grown at four levels of nitrogen
treatment (Means of three replicates + SE). LSDFPV = 1.06, T = 0.75.

Yield at 14% Moisture Content

Nitrogen application showed a highly significant £F0.05) effect on yield at 14% moisture
content. Plants treated with 120 N and 80 N reabsiignificantly (P< 0.05) higher yield at 14%
moisture content than plants treated with 40 N @ndll. The varietal difference was also
significant (P< 0.05) with MWUR 1 and 2 registering significanthygher values at ON as
compared to MWUR 3, 4 and the NERICAs (Figure 4).48@ N, MWUR 1 and 2 recorded
significantly higher yield at 14% moisture contem@mpared to the NERICAs however, the
difference in yield was not statistically signifrtan MWUR 3 and 4. The results also revealed a

significant variety and treatment interaction.
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Fig. 4. Effect of N rate on yield at 14% moistu@ntent of eight rice varieties grown at four
levels of nitrogen treatment (Means of three regpéis £ SE). LSD (0.05) V = 15.67, T = 11.07.

Filled Grain Ratio (%)

Generally nitrogen application caused an increasélled grain ratio percentage in all the
NERICAs and MWURs rice varieties (Figure 5). Plafedilized with 120 N and 80 N had
significantly higher filled grain ratio percentatean plants treated with 0 and 40 N<M®.05).
The varietal difference was highly significant<f®.05). MWUR 1 and 2 recorded significantly
(P < 0.05) higher filled grain ratio percentage at @ &® N compared to MWUR 4 and the
NERICAs. At 80 N and 120 N, NERICA 4, 10 and 11 Higihtly higher filled grain ratio
percentage compared to MWUR varieties. There wagraficant (P< 0.05) interaction between

variety and nitrogen level.
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Fig. 5. Effect of N rate on filled grain ratio (%f eight rice varieties grown at four levels of
nitrogen treatment (Means of three replicates = 8P (0.05) V=1.2, T = 0.86.

Yield Component

Yield component significantly (R 0.05) increased with the increase in nitrogen natall the
NERICAs and MWURSs rice varieties with plants subgelcto 120 N recording the highest yield
while plants subjected to O N recorded the loweésldy(Figure 6). The varietal difference was
significant (P< 0.05) with MWUR 1 having significantly higher ytetomponent at 0 and 40 N
compared to MWUR 3, 4 and NERICA 1, 4, 10 and 1én&ally MWUR varieties registered
higher yield components at 0 and 40 N, while NERsGArieties recorded higher yields at 80 N
and 120 N. NERICA 4 had significantly €20.05) higher yield component at O N in comparison
to NERICAL, 10 and 11. There was a positive ancdhiS@ant correlation between yield
component and panicle length (Figure 7).
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Fig. 6. Effect of N rate on yield component of dighe varieties grown at four levels of nitrogen
treatment (Means of three replicates = SE). LSDFPV = 99.68, T = 70.48.
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Fig.7. Relationship between yield component andgbamength of rice as affected by different

varieties and nitrogen levels.
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Discussion

The total chloropyll content of the rice varietiasreased significantly with increase in nitrogen
level. Similar resultes have been reported in f&4 and in three cultivars of Maize [28]. The
increase in chlorophyll content in the varietiagdgtd may be attributed to the fact that nitrogen
is part of the enzymes associated with chloropgyfithesis and the chlorophyll concentration
reflects relative crop N status and yield level][Zhere were significant varietal differences in
chlorophyll content among the rice varieties at lMevels. These results are in agreement with
those obtained by [30] in maize. Data also indidathat MWUR 1 and 2 gave the highest
values of chlorophyll content at low N levels asngared to MWUR 3 and 4 and the NERICA

varieties. This was attributed to differences ia ¢fenetic constitution of the tested varieties.

Net photosynthesis increased significantly withréase in nitrogen levels. Similar results have
been reported in Sunflower leaves by [31] and irattj32]. According to [33], there is a close
relationship between maximum leaf photosynthetie eand leaf N content in many plant species.
In the present study, an increase in nitrogen abiity may have resulted in higher leaf nitrogen
content which in turn resulted in higher photosgsih. [34] observed that an increase in
nitrogen availability results in higher leaf nitexg content. This results in strong positive
correlation between photosynthesis and leaf nittagmtent for many C4 and C3 species. Up to
75% of leaf nitrogen is found in the chloroplastsl @onsequently, lower rates of photosynthesis
under conditions of nitrogen limitation are oftettributed to reduction in chlorophyll content
and Rubisco activity [12]. Although leaf nitrogerasvnot determined in this study, it seems that
in rice plants lower rates of photosynthesis atated to reduced mesophyll capacity for net
assimilation rates at the cellular level as a cqusace of lower nitrogen availability for
investment into photosynthetic apparatus. The lates of photosynthesis under low nitrogen
conditions may have resulted due to low chlorophgthitent since net photosynthesis rate had a
significant positive correlation with chlorophylbotent (r =0.82). It has also been reported that
photosynthetic capacity of a plant is determinedsbyeral factors including photosynthetic
pigment composition (chlorophyll content) and th#ficeency of light captured to drive
photosynthesis is directly correlated to the chpbigl concentration in the leaf [35]. There was a

significant difference in net photosynthesis amading rice varieties at low N levels. Similar
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results have been reported in Maize by [36] wharea that new maize hybrids were more
tolerant than earlier hybrids to limited N supplyritg the early vegetative phase with respect to
photosynthesis and chlorophyll content. The phottystic apparatus of MWUR 1 and MWUR

2 seems to be the least affected by low nitrogeellas compared to MWUR 3, 4 and the

NERICA varieties as indicated by the high photokgtit values even under soil nitrogen

deficit.

The results showed that panicle length was sigmtiy influenced by different nitrogen
application treatments. Plants fertilized with heghmitrogen levels recorded significantly higher
panicle lengths than plants fertilized with lowerlé&Vels. These results are in line with those
reported by [37,38,39]. The longer panicles obthine treatments receiving higher nitrogen
rates were probably due to better nitrogen statydamt during panicle growth period because
nitrogen takes part in panicle formation as welpasicle elongation and for this reason, panicle
length increases with the increase of N-fertiliazatiwhen absorbed during the reproductive and
ripening phases, nitrogen promotes developmerteopanicle and stimulates nutrient absorption
and assimilation as evidenced by an increase eaizl number of filled grain ratio percentage
[40]. According to [41], the increase in panicladéh due to adequate N nutrition is explainable
in terms of possible increase in nutrient miningamty of plant as a result of better root
development and increased translocation of carbaltgs from source to growing points in well-
fertilized plots. The varietal difference was alsignificant with MWUR 1 recording higher
panicle length at low nitrogen levels compared tohep rice varieties. This may imply that
MWUR 1 is tolerant to low nitrogen and its cell dion and elongation is not greatly affected by
nitrogen deficit as compared to MWUR 2, 3, 4 andRNEA 1,4,10 and 11. NERICA 4
registered higher panicle length regardless ofnitregen level as compared to NERICA 1, 10
and 11. This might imply that among the NERICA e#gs under study, NERICA 4 is tolerant

to low nitrogen conditions in the soil but can alsove under adequate nitrogen levels.

Application of N fertilizers significantly increaddilled grain ratio percentage and yield at 14%
moisture content. Field grain ratio percentage alil at 14% moisture content increased in all

the rice varieties with an increase in nitrogerele\hese results are in accordance with those of
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[19,42,43] The increase in yield at 14% moisture content witlreasing N rates may be due to
the high number of panicles per square meter, wisidignificantly associated with high grain
yield in rice [42]. This may also be attributed ttee fact that N functions to establish yield
capacity and maintenance of photosynthetic actiditying grain filling [7]. According to [19],
the improvement in yield owing to the applicatidn\afertilizers might be brought about by the
beneficial effect of nitrogen on nutrient uptaked gohysiological growth. Nitrogen nutrition
influences the content of photosynthetic pigmethts,synthesis of the enzymes involved in the
carbon reduction and the formation of the membsystéem of chloroplasts, thus the increase in
growth and yield owing to the application of N-fezers may be attributed to the fact that these
nutrients being important constituents of nuclesgidproteins, chlorophyll and enzymes, are
involved in various metabolic processes which hdivect impact on vegetative and reproductive
phases. Varietal difference was significant with MR/ rice varieties having higher filled grain
ratio percentage and higher yield at 14% moistorgent at low nitrogen levels as compared to
NERICA varieties, while the NERICA varieties regisdd higher values at higher nitrogen
levels. This may imply that the MWUR rice varietig® tolerant to low nitrogen and may out-
yield the NERICAs under low nitrogen soils whileetNERICAs might perform better than the
MWUR varieties under optimal nitrogen levels. Teimws MWUR varieties are responsive to N
rates and thus can be described as efficient aspbnsive (ER) genotypes. Genotypes that
produced above the average yield compared to @lgémotypes tested in the experiment at low
N level and had higher N-use efficiency than therage of all the genotypes (14, 44).

Nitrogen fertilizer application had a statisticaflignificant effect on the yield component of the
studied rice varieties. There was an increaseald ygyomponent with increase in each successive
level of nitrogen fertilizers. Similar results weaéso reported by [18,45,46]. The higher yield
component under high nitrogen levels might belaitad to the vigorous and healthy growth and
development of more productive tillers and leavesueng greater resource utilization as
compared to plants that were deficient in N. Furti@e, nitrogen nutrition influences the
content of photosynthetic pigments, the synthe$ishe enzymes taking part in the carbon
reduction, the formation of the membrane systenthdbroplasts. Thus the increase in yield

owing to the application of N-fertilizers may albe attributed to the fact that these nutrients
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being important constituents of nucleotides, pratgeichlorophyll and enzymes, involve in
various metabolic processes which have direct itnpac/egetative and reproductive phases of
plants [47].

Increases in yield components are associated vatteronutrition, plant growth and increased
nutrient uptake [48]. The crop at no nitrogen lepedduced the lowest grain yield which was
significantly lower than all other nitrogen leveested. This might be due to lack of supply of
nitrogen into the soil to meet the required nutseior physiological processes, which in turn
lowered the yield. According to [49], the applicati of nitrogen improves various crop
parameters like panicle length, more productiviersl and grain yield thus resulting in higher
yields. There was a significant positive relatiapstf yield component with panicle length and
filled grain ratio percentage in all the varietid$is implies that panicle length is a significant
yield component for rice yield. This high capadity sink formation was associated with their
higher capacity for N acquisition and biomass pobidum. Panicle length contributes to
increment of rice grain yield indirectly by incrémag the number of panicles pef mnd number
of spikelets per panicle.

Varietal difference was significant and MWUR vaigstrecording superior yield components at
low nitrogen levels (0 and 40N) as compared toNERICAs with MWUR 1 and 2 recording
higher values while the NERICAs out-yielded the MR/ Warieties at higher nitrogen (80 and
120N). NERICA 4 and 11 recorded higher yield congraa at low nitrogen level as compared
to the other NERICA varieties. The results may yniplat the MWUR varieties are tolerant to
low nitrogen as compared to the NERICAs and that WRV1 and 2 are more adaptable to low
nitrogen as compared to MWUR 3, 4 and the NERICAeti@s. NERICA 4 may be more
adaptable to low nitrogen as compared to the dNteRICA varieties that were under study.
MWUR varieties were bred as low-management ricatpigpes targeted for resource-limited,
smallholder production systems and their perforrraat O and 40 N thus confirms the
significant role they may play in African smallheldsystems. The observed greater yield in
NERICA 4 compared to NERICA 1, 10 and 11 at 0 afdl 4ould be attributed to its higher

chlorophyll content since chlorophyll content deteres light energy harvest and yield
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formation because it is the key pigment converBotar energy into active chemical energy in
the plants. It may also be attributed to higheepbal for panicle production and greater ability
to partition photosynthates more efficiently to t@in as indicated by higher photosynthesis
and higher filled grain ratio percentage comparethe other varieties. According to results by
[15,19] NERICA 4 was tolerant to low N becausehs greater yield observed especially at zero
and low N. This was attributed to its high poteinfia panicle production and ability to partition
photosynthates more efficiently to the grain asdatkd by a higher harvest index compared
with the other cultivars. [50] reported that NERI@Aproduced significantly higher yield and
was better weed competitor than CG 14, ITA 150, WB®&104, and the other NERICA
cultivars (NERICA 1, 10, and 11) in the dry savamoé&Nigeria.

Conclusion

This study indicates that nitrogen levels affeatebrophyll content, photosynthetic rate, panicle
length and yield components of all the MWURs andRNEAs varieties studied. The results
have shown the vital role of N in plant life ansl @ontribution in increasing the grain yield. Such
results clarifies that N is essential for cell dienh and elongation as well as chlorophyll
formation. There was appreciable varietal diffeeemcresponse to low soil nitrogen conditions.
Generally MWUR varieties studied were more adagtédllow nitrogen conditions as compared
to NERICA varieties. The study therefore accepts higpothesis that MWUR varieties which
had been bred to low-N management are well respersilow N environments and are good
for resource-limited, smallholder production sysserihey exhibit superior yielding capacity
under low nitrogen fertilized soils. They may bgportant in the small-holder farming systems.
The NERICA varieties recorded higher yield at higlrogen levels as compared to MWUR
varieties, though, NERICA 4 gave higher yield asnpared to other NERICA varieties
regardless of the nitrogen level. The decision loe @appropriate N rates would depend on
economic conditions of the farmer. NERICA 4 wouidih both low and high input fertilizer
farming systems. The study suggest that MWUR 1Zadd NERICA 4 were more tolerant to
low nitrogen as compared to MWUR 3 and 4 and NERICALO and 11 because of higher
panicle length, higher filled grain ratio percergagnd higher yield component and may be

suitable for soils deficient in nitrogen.
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