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ABSTRACT

The study was conducted under lowland ecological conditions at the Edozhigi and Badeggi National Cereal
Research Institute (NCRI) farms in the Guinea savannah region of southern Nigeria during the 2015 and 2016
growing seasons. The objective was to determine the effect of seedling transplanting age and nitrogen fertilizer
rates on nutrient content of two rice varieties. The trial was laid out in a split-split plot arrangement fitted into
randomized complete block design (RBCD) and replicated three times. The treatments for the trial consisted of
two rice varieties as the main factor (FARO 44 and FARO 52), the sub plot factor consisted of four seedling
transplanting ages (7, 14, 21 and 28) and the sub-sub plot factor consisted of five inorganic N fertilizer rates (0,
60, 120, 180 and 240 kg N/ha). Rice grains and straw after harvest were analyzed for N, P, K, Fe and Zn
content. The result of the rice grain and straw nutrient content revealed a significant effect of location on rice
grain nitrogen and zinc content. Rice planted at Edozhigi gave significantly higher nitrogen and zinc content in
rice grains in 2015 and 2016 planting seasons. Nitrogen fertilizer application had significant effect on rice grain
nitrogen content in 2016 planting season. The result showed a significant (p<0.05) effect of variety on Zn
content of rice grains. Rice variety Faro 44 produced significantly higher rice grain zinc content of 0.334 and
0.297 ppm during both planting seasons. Significantly (p<0.05) rice variety Faro 44 had higher rice straw
nitrogen content of 0.172 and 0.165% in 2015 and 2016 planting seasons respectively. In conclusion, the
application of 240 kg N/ha to 14 and 28 days old of Faro 44 rice variety revealed more nutrient content in rice
grain and straw.
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INTRODUCTION have varying degree of response to N

fertilizers as a result of their agronomic traits.

ice (Oryza sativa L.) is the second

largest grown cereal crop after wheat
and is the staple food of about one-half of the
world's population (Anonymous, 2008-09).
There is need to improve on the quality of
rice produced by the farmers (DelaCruz
and Khushi, 2000; Yoshihashi et al., 2004).
Nowadays, consumers need rice with good
grain quality as nutritional value of rice is
important. Rice grain quality includes
nutritional value which is affected by
variety and environmental factors such
as temperature, fertilizer application and
drought (Chen et al., 2012). Nitrogen
deficiency in soil affects rice quality. The rate
of fertilizer application and the native soil
fertility of rice fields have been reported to
affect the mineral element content of rice
(Nwilene et al., 2007). Different cultivars
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Pomeranz (1992) reported that rice nutrient
content differs according to the variety. High-
yielding rice cultivars remove much higher
amount of K than P or even N (Sharma et al.,
2013). When nitrogen fertilizer is applied
either in excess or less than optimum rate,
both yield and quality are affected to a
remarkable extent (Manzoor et al., 2006).
Nitrogen fertilizer application has influential
role in determining the percentage of nitrogen
in the rice grains and nitrogen uptake by the
rice plants (Ebaid and Ghanem, 2001).
Optimum age of rice seedlings at
transplanting supports the uptake of more
nutrients from the soil. The nutrient
composition of rice grains and straw is a
translation of the age under which, seedlings
are transplanted (Marschner, 1995). The
nutrient content of rice grains and straw is a
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combination of all the changes which are
faced by the plants. The nutrient content is
directly or indirectly affected by many factors
which include total concentration and
available quantity of different nutrients,
environmental conditions and other related
soil parameters (Leigh and Wyn Jones,
1984). Beside all these, the seedling age of
rice at transplanting has to play the deciding
role. Seedling transplanting age influence rice
grain and straw nutrient content. Sahoo et al.
(2015) reported that total N, P and K uptake
in rice grains and straws was produced by
12 days old transplanted seedlings than other
seedling transplanting ages. This could be
due to native soil fertility which might affect
the nutrient content. Soils reveal different
responses to seedling transplanting age and
nitrogen fertilizer rates which affect the
nutrient content of grains and straw. The
genetic improvement of rice has created
different varieties that need adjustment in
seedling transplanting age and nitrogen
fertilizer rates and has effect on nutrient
content of rice grains and straw. The
objective of the study was to evaluate the
effect of variety, seedling transplanting age

and N fertilizer rates on the nutrient content
of rice grains and straws.

MATERIAL AND METHODS

Description of study area

In 2015 and 2016, during the planting
seasons, a 2-year agronomic field trial was
carried out on the farm of the National
Cereals Research Institute (NCRI) in lowland
ecological settings. The soil at Edozhigi is
classified as dystricgleysol, is a silt loam, and
IS poisonous to iron. On the other hand, soils
at Badeggi site are sandy loam with bulk
density of 1.489 g m* and classified as ultisol
(Ayotade and Fagade, 1993).

In Nigeria's Southern Guinea Savannah,
there are two different seasons: a wet
season from April to November and a
dry season from November to March. In
both the dry and wet seasons, the relative
humidity ranges from 75 to 85%. The annual
rainfall in these areas ranges from 1,200 to
1,400 mm, and the typical temperature is
between 23°C and 33°C. The study's two
locations' meteorological data are displayed
in Figures 1 and 2.

45 300
40
250
35
£ 30 200 §
© £
5 25 AR =
1] 9, 9, 150 5
o 20 £
=R —
E 15 100 &
'—
10
50
5
0 0
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.
Axis Title
Rainfall (mm) =—O—Minimum =—O—Maximum

Source: National Cereal Research Institute (NCRI) Meteorological Station Badeggi, Niger State.

Figure 1. Distribution of rainfall amount (mm) and minimum and maximum temperature (°C)
at Badeggi during 2015 planting season
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Figure 2. Distribution of rainfall (mm) amount and minimum and maximum temperature (°C)
at Badeggi during 2016 planting season

Experimental design
The experimental design at each site was a

split-split plot arrangement fitted into
randomized complete block design (RCBD)
and replicated three times. Treatments

consisted of two rice varieties (FARO 44
and FARO 52) as main plots and four
seedling transplanting ages (7, 14, 21 and 28
days after sowing, DAS) as sub plots and
five inorganic N fertilizer rates (0, 60, 120,
180 and 240 kg N/ha) as sub-sub plots.
Hence, there were a total of 20 sub-sub
plots per replication which gave a total of
60 plots per variety.

Agronomic practices and chemical
analysis
At harvest stage of rice plant,

representative samples of grain and straw
were randomly taken from each experimental
plot, the samples were taken to the National
Cereal Research Institute Badeggi Laboratory
for analysis. The straw samples collected
were oven dried at 60°C till constant weight
the grain samples were air dried. The oven
dried samples of straw and air-dried samples of
grains were ground to pass through 40-mesh

sieve in a macro-Wiley mill. From each
sample of rice grain and straw, 0.5 gram was
weighed separately for chemical analysis to
determine the content of N, P, K, Fe and Zn.

The nitrogen content in rice grains and
straws samples were determined by modified
Kjeldahl method (Jackson, 1958).

Available phosphorus (P) was determined
by Bray 1 method (Estefan et al., 2013).

Exchangeable base (K) was determined
following | Nacetate extraction as described
by (Okalebo et al., 2002). For the estimation
of (Fe, Zn) in the straws and grains, samples
were digested in diacid mixture of conc.
HNO; and HCIO, in the ratio of 10:4 as
described by Estefan et al. (2013). After
digestion, the plant and grain samples
were analyzed with Atomic Absorption
Spectrophotometer.

Data analysis

Data generated was subjected to analysis
of variance (ANOVA) using Gen-STAT
and the difference between treatments
mean tested using least significant difference
(LSD) at 5% probability level.
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RESULTS AND DISCUSSION

Effect of treatment factors on rice grain

nitrogen content

Location had significant (p<0.001) effect
on rice grain nitrogen content in 2015 and
2016 planting seasons as shown in Table 1.
Rice planted at Edozhigi had significantly
higher nitrogen content of 0.318 and 0.376%
in 2015 and 2016 planting seasons
respectively. Nitrogen fertilizer rates revealed
significant (p<0.034) effect on rice grain
nitrogen content during 2016 planting season.
Rice fertilized with 60 and 240 kg N/ha had
the highest nitrogen content of 0.350%
during 2016 planting season. Seedling
transplanting age showed significant (p<0.05)
effect on rice nitrogen content during 2015
and 2016 planting seasons. During 2015
planting season, rice seedlings transplanted
at 28 days after planting had significantly
higher grain nitrogen content of 0.318%.
During 2016 planting season, rice seedlings
transplanted at 7, 14, and 28 days after
planting had significantly higher grain
nitrogen content of 0.332, 0.334 and 0.351%
respectively. Variety revealed no significant
(p>0.005) effect on rice grain nitrogen
content during 2015 and 2016 planting
seasons.

Effect of treatment factors on rice grain

phosphorus content

Location revealed significant effect
(p<0.001) on rice grain phosphorus content
during 2015 planting season as indicated in
Table 1. Rice planted at Badeggi had
significantly higher phosphorus content of
25.85 ppm. Nitrogen fertilizer rate had no
significant effect (p>0.05) on rice grain
phosphorus content during 2015 and 2016
planting seasons. Seedling transplanting age
showed significant effect (p<0.05) on rice
grain  phosphorus content during 2016
planting season. Rice seedling transplanted
at 7, 14 and 28 days after planting had
significantly higher rice grain phosphorus
content of 26.04 and 26.54 ppm respectively.
Variety had no significant (p>0.005) effect
on rice grain phosphorus content during
2015 and 2016 planting seasons.

Effects of treatment factors on rice

grain potassium content

Location revealed significant (p<0.032)
effect on rice grain potassium content during
2015 planting season as revealed in Table 1.
Rice planted at Badeggi had significantly
higher rice grain potassium content of 0.253%.
Nitrogen fertilizer rates revealed no significant
effect on rice grain potassium content during
2015 and 2016 planting seasons. Seedling
transplanting age  showed  significant
(p<0.012) effect on rice grain potassium
content during 2016 planting season. Rice
seedling transplanted at 14 and 28 days after
planting had significantly higher rice grain
potassium content of 0.255 and 0.256%
respectively. Variety had no significant effect
on rice grain potassium content during 2015
and 2016 planting seasons.

Effects of treatment factors on rice

grain iron content

Location showed significant (p<0.030)
effect on rice grain iron content during 2015
planting season as indicated in Table 1. Rice
planted at Edozhigi revealed significantly
higher rice grain iron content of 0.029 ppm.
Nitrogen fertilizer rates, seedling transplanting
age and variety had no significant (p>0.005)
effect on rice grain iron content during 2015
and 2016 planting seasons.

Effects of treatment factors on rice

grain zinc content

Location showed significant (p<0.001)
effect on rice grain zinc content during
2015 and 2016 planting seasons as revealed
in Table 1. Rice planted at Edozhigi indicated
significantly higher rice grain zinc content of
0.490 and 0.316 ppm during both planting
seasons respectively.

Nitrogen fertilizer rates and seedling
transplanting age showed no significant
(p>0.005) effect on rice grain zinc content
during 2015 and 2016 planting seasons.

Variety had significant effect (p<0.05)
on rice grain zinc content during 2015 and
2016 planting seasons. Rice variety Faro 44
produced significantly higher rice grain zinc
content of 0.334 and 0.297 ppm during both
planting season.
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Table 1. Effect of treatment factors on rice grain nutrients content during 2015 and 2016 planting seasons

2015 2016

Treatments N P K Fe Zn N P K Fe Zn

(%) (ppm) (%) (ppm) | (ppm) (%) (ppm) (%) (ppm) | (ppm)
Location
Badeggi 0.275 25.85 0.253 0.023 0.153 0.294 25.97 0.245 0.035 0.146
Edozhigi 0.318 23.57 0.237 0.029 0.490 0.376 25.81 0.253 0.024 0.316
LSD (.05 0.016 0.926 0.015 0.005 0.018 0.010 0.801 0.010 0.033 0.018
N rates
0 0.312 24.25 0.249 0.028 0.322 0.338 25.65 0.255 0.020 0.237
60 0.290 25.63 0.242 0.024 0.327 0.332 26.60 0.252 0.021 0.228
120 0.294 24.23 0.251 0.024 0.315 0.339 25.66 0.245 0.024 0.234
180 0.286 24.85 0.244 0.029 0.318 0.327 26.22 0.243 0.020 0.224
240 0.210 24.61 0.239 0.025 0.327 0.350 25.33 0.249 0.062 0.231
LSD (g.05) 0.025 1.464 0.023 0.008 0.029 0.016 1.267 0.016 0.052 0.028
Trans age
7 days 0.292 24.73 0.249 0.031 0.328 0.333 26.05 0.251 0.020 0.239
14 days 0.292 25.00 0.252 0.024 0.314 0.334 26.54 0.255 0.019 0.237
21 days 0.284 24.01 0.239 0.025 0.320 0.322 24.80 0.234 0.058 0.228
28 days 0.318 25.11 0.240 0.025 0.325 0.351 26.18 0.256 0.020 0.221
LSD (.05 0.022 1.310 0.021 0.007 0.026 0.014 1.133 0.014 0.047 0.025
Variety
Faro52 0.296 25.11 0.244 0.024 0.310 0.333 25.86 0.247 0.035 0.165
Faro44 0.297 24.32 0.246 0.028 0.334 0.337 25.93 0.251 0.023 0.297
LSD (g.05) 0.016 0.926 0.015 0.005 0.018 0.010 0.801 0.010 0.033 0.018

Effects of treatment factors on rice

straw nitrogen content

Location, nitrogen fertilizer rates and
seedling transplanting age revealed no
significant (p>0.005) effect on rice straw
nitrogen content during 2015 and 2016
planting seasons. However, variety showed
significant (p<0.001) effect on rice straw
nitrogen content during 2015 and 2016
planting seasons as shown in Table 2. Rice
variety Faro 44 had significantly higher rice
straw nitrogen content of 0.172 and 0.165%
respectively.

Effects of treatment factors on rice

straw phosphorus content

Location indicated significant (p<0.005)
effect on rice straw phosphorus content
during 2015 and 2016 planting seasons as
revealed in Table 2. Rice planted at Edozhigi
had  significantly  higher rice  straw
phosphorus content of 19.032 ppm during
2015 planting season. However, rice planted
at Badeggi revealed higher rice straw
phosphorus content of 19.005 ppm during
2016 planting season. Nitrogen fertilizer
rates, seedling transplanting age and variety

had no significant (p>0.005) effect on rice
straw phosphorus content during 2015 and
2016 planting seasons.

Effects of treatment factors on rice

straw potassium content

Location, nitrogen fertilizer rates, seedling
transplanting age and variety had no
significant (p>0.005) effect on rice straw
potassium content during 2015 and 2016
planting seasons as shown in Table 2.

Effects of treatment factors on rice

straw iron content

Location had significant (p<0.001) effect
on rice straw iron content during 2016
planting season as indicated in Table 2. Rice
planted at Badeggi had significantly higher
rice straw iron content of 0.019 ppm. Nitrogen
fertilizer rates and seedling transplanting age
revealed no significant (p>0.005) difference
on rice straw iron content during 2015
and 2016 planting seasons. Variety had
significant (p<0.001) effect on rice straw iron
content during 2016 planting season. Rice
variety Faro 44 gave higher rice straw iron
content of 0.0183 ppm.
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Effects of treatment factors on rice

straw zinc content

Location had significant (p<0.001) effect
on rice straw zinc content during 2015 and
2016 planting seasons as revealed in Table 2.
Rice planted at Edozhigi showed significantly
higher rice straw zinc content of 0.162 ppm
during 2015 planting season. However, rice
planted at Badeggi had higher rice straw zinc

content of 0.205 ppm during 2016 planting
season. Nitrogen fertilizer rates and seedling
transplanting age had no significant (p>0.005)
effect on rice straw iron content during 2015
and 2016 planting seasons. Variety showed
significant effect on rice straw zinc content
during 2016 planting season. Rice variety
Faro 44 revealed significantly higher rice
straw zinc content of 0.202 ppm.

Table 2. Effect of treatment factors on rice straw nutrients content during 2015 and 2016 planting seasons

2015 2016
Treatments N P K Fe Zn N P K Fe Zn

(%) (ppm) (%) (ppm) | (ppm) (%) (ppm) (%) (ppm) | (ppm)
Location
Badeggi 0.163 | 18.526 0.45 0.131 0.152 0.154 | 19.005 0.28 0.019 0.205
Edozhigi 0.154 | 19.032 0.28 0.014 0.162 0.149 | 18.526 0.45 0.014 0.149
LSD (.05 0.012 0.376 0.437 0.230 0.008 0.009 0.375 0.437 0.001 0.017
N rates
0 0.165 | 18.814 0.47 0.014 0.156 0.154 | 18.818 0.47 0.019 0.178
60 0.162 | 18.699 0.20 0.014 0.164 0.155 | 18.661 0.20 0.014 0.176
120 0.154 | 18.854 0.48 0.014 0.154 0.149 | 18.816 0.48 0.017 0.179
180 0.149 | 18.734 0.17 0.014 0.154 0.148 | 18.737 0.18 0.017 0.176
240 0.161 | 18.794 0.52 0.306 0.153 0.150 | 18.794 0.52 0.017 0.176
LSD (g.05) 0.017 0.594 0.690 0.364 0.013 0.014 0.593 0.690 0.002 0.027
Trans age
7 days 0.162 | 18.813 0.68 0.014 0.158 0.148 | 18.786 0.68 0.017 0.178
14 days 0.155 | 18.494 0.18 0.014 0.153 0.151 | 18.494 0.18 0.016 0.178
21 days 0.160 | 18.733 0.43 0.015 0.160 0.155 | 18.703 0.43 0.017 0.177
28 days 0.158 | 19.075 0.17 0.247 0.152 0.152 | 19.078 0.17 0.016 0.176
LSD (0.05 0.015 0.532 0.617 0.326 0.011 0.013 0.531 0.617 0.002 0.025
Variety
Faro52 0.144 | 18.876 0.43 0.131 0.152 0.138 | 18.848 0.43 0.015 0.152
Faro44 0.172 | 18.681 0.31 0.014 0.160 0.165 | 19.078 0.31 0.018 0.202
LSD (.05 0.012 0.376 0.437 0.230 0.008 0.009 0.375 0.437 0.001 0.017

Increased N fertilization may be the cause
of the higher N content in rice treated with
60 and 240 kg N/ha. This is in line with
the findings of Malidareh et al. (2009), who
found that applying N fertilizer at particular
rates increased the amount of nitrogen (N) in
grains. The ideal range for N in most cereals,
according to Havlin et al. (2003), was
between 2.0% and 5.0%. Rice straw's
resistance to the effects of nitrogen fertilizer
may be ascribed to the fertility of the soil.

This contradicts Mbaga's (2015) research,
which showed that nitrogen fertilization
increased the percentage of nitrogen in
biomass straw. Rice and straw with low
phosphorus content may be a result of native
soil fertility. This contradicts the results of
Qiao-gang et al. (2013), who found that

increasing nitrogen fertilizer resulted in an
increase in the total phosphorus of rice plants
at each growth stage. The increased P content
in rice grains and straws, according to Ma
and Takahashi (1990), may be the result of
improved P transfer from roots to shoots.
Regardless of the nitrogen treatment rates,
rice grains and straws had low potassium
levels.

Despite the fact that Juan and Francisco
(2013) claimed that the quantity of nitrogen
fertilizer used had an impact on plant
potassium concentration. In a previous study,
Kapoor et al. (2008) found that rice plants
took up more K when they received more
nitrogen or mixed nitrogen and phosphorus
fertilization. Increased root activity that
improves soil nutrient availability could be
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the cause of this (Jawahar and Vaiyapuri,
2013). The results of Ram (2015), who
claimed that nitrogen fertilizer had no
discernible impact on iron and zinc levels in
rice, support the low Fe and Zn levels in rice
and straw.

Transplanted rice plants can take in more
nutrients from the soil when they are at the
ideal seedling age. The results of Ram et al.
(2015) and Hussain et al. (2014), who
indicated that older seedlings showed larger
N nutrient content, and the higher N and P
contents in rice grains from 28-day-old and
14-day-old transplanted seedlings, respectively,
were in good accord. The content of K, Fe,
and Zn in rice grain and straw did not change
as transplanted seedling age increased,
however the content of K in rice grain did
change in seedlings that were 28 days old.
According to Nwilene et al. (2007), the
natural fertility of paddy fields has been
shown to have an impact on the nutritional
value of rice grains and straw. A plant's
response to various soil conditions and other
inputs depends on its genetic makeup.

Rice grains from Faro 52 and Faro 44
responded similarly to the amount of nitrogen
fertilizer applied, indicating that the two
cultivars exhibited characteristics that were
independent of the nitrogen application rate.
However, since genetic makeup influences
how a plant responds to various soil conditions
and other inputs, the greater N concentration
in Faro 44 rice straw may be a result of that
trait. The intrinsic fertility of the soil may be
the cause of the lack of variation effect on the
P and K content of rice and straw. According
to Nwilene et al. (2007), rice and straw's
nutrient content are influenced by the
inherent fertility of paddy fields. According
to Lin et al. (2014), there was no discernible
relationship between variety and phosphorus
and potassium concentrations in brown rice
in various regions and years. However, it has
been noted that the rice cultivars IR68144-3B
and IR64 respond significantly to nitrogen
fertilization rates (McClure et al., 1990).
Active transmembrane transport in rice
allows for the uptake of metal chelates like
iron and zinc (Abrol, 1990; Marschner,

1995). The genetic makeup of each variety of
rice may play a role in variations in the iron
and zinc levels of rice grain and straw.
According to Chandel et al. (2010), cultivar
variations were the primary influences on the
Fe and Zn contents of grain and straw.

CONCLUSIONS

In this study, location played a significant
role in the rice grain nutrient content. Rice
planted at Edozhigi location showed higher
grain nitrogen, iron and zinc content while
rice planted at Badeggi showed higher grain
phosphorus and potassium content. Nitrogen
fertilizer rate did not affect most of the grain
and straw nutrient content except grain nitrogen
content. Application of 60 and 240 N kg/ha
showed higher nitrogen content in rice grain.

The seedling transplanting age played a
pivotal role in rice grain nutrient content.
Seedlings transplanted at 14 and 28 days
showed higher grain nitrogen, phosphorus
and potassium content. Rice straw nutrient
content was not affected by seedling
transplanting age in this study. Variety
showed a significant role in rice straw
nutrient content. Rice variety, Faro 44 had
higher straw nitrogen, iron and zinc content.
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