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Abstract

Background and Objective: The contribution of nitrogen fertilizer to grain yield of irrigated rice is phenomenal in Ghana. However; the
expected yield level based on the crop potential in this cultivation system is yet to be realized, despite the systematic increase in nitrogen
fertilizer rate of application. This could be mainly attributed to inappropriate timing of fertilizer application. Fertilizer management strategy
is therefore needed to ensure effective utilization by the rice crop forimproved yield. Materials and Methods: The field experiment was
conducted at the University of Ghana's Soil and Irrigation Research Centre-Kpong during 2014 and 2015 cropping seasons to evaluate
theinfluence of Nfertilizer rates and timing of application onrice yield. A 3 X 2 factorial experiment was laid outin arandomized complete
block design and replicated three times. Fertilizer rate and time of nitrogen application were the factors involved. The levels of fertilizer
rate were: 0, 75,90 and 120 kg N ha~", while time of the nitrogen application included; conventional practice (2 times, basal and top dress)
and multi-split (weekly application till booting stage) and determined using two-way analysis of variance (ANOVA) using GenStat statistical
software (12th edition). Results: High N fertilization rates increased growth and yield components, grain yield. However, better grain yield
was obtained when N was multi-split for topdressing (eg. 90 kg N; 5.0 t ha™') than the conventional method (90 kg N; 4.6 t ha™").
Conclusion: The study revealed that, the generally followed blanket nitrogen application rate and two-split traditional practice, was not
adequate to obtain higher yields. Rice response to fertilizer was better at 120 kg N ha~" than the other lower N rates. However,
120 kg N ha~"applied at seven splits performed better (5.4 tha™') than 120 kg ha™' applied at the conventional (5.0 tha~") application
of basal and top-dress at panicle initiation stage.
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INTRODUCTION

The application of nitrogen fertilizer has contributed toan
enormous grain yield increase for irrigated rice production in
Ghana in recent years'2. However, studies have shown that,
there was a stagnation of this trend of yields increase despite
the increasing rate of fertilizer application3. This mainly
attributed to the excessive and inappropriate timing of
fertilizer application®.

The conventional application of N fertilizer where 50-70%
of the total fertilizer was applied at sowing or transplanting as
basal dressing and the remaining applied as top-dress at
booting stages did not consider the dynamic soil N supply and
crop N requirements. This therefore led to untimely
application of higher percentage of N fertilizer atatime where
the plant was not ready physiologically to take up that
quantum of applied N fertilizer®. This resulted in very little
uptake of the applied N and the remaining was lost from the
soil-plant system.

The generally followed conventional practice of excessive
fertilizer N applications as basal to avoid the risk of N
deficiency rather reduced N use efficiency of rice®. Excessive N
application caused nutrient imbalances and produced plants
that were disease and pest-susceptible. Low recovery of N was
not only responsible for higher cost of crop production, but
also resulted in environmental pollution and eutrophication®.

Splitting Nfertilizer applications less than 3-4 times within
arice growth cycle, led to the production of greater ammonia
concentration peaked in paddy soil. Studies have proven that,
higherammonia concentration led to alarge amount of N loss
through leaching and volatilization”®. Ohnishi et a/° reported
that top dressing of urea 6 times to rice throughout the whole
growing season resulted in a significant (p<0.05) increase in
the nitrogen recovery efficiency compared with the one-time
application. However, Varinderpal-Singh et a/'° observed no
yield benefit when fertilizer N was applied at more than four
growth stages of rice. Anotherinnovative multi-splitapproach
for efficient N utilization in rice, is the use of Leaf Color Chart
(LCQ) to estimate plant nitrogen demand in real time for
efficient fertilizer use. Islam et a/'' reported that need-based
application of N fertilizer aided by LCC revealed substantial
gains to farmers through reduction of N application, cost of
fertilizer and insecticides use and a marginal increase in grain
yields over farmers’ practice.

Previous strategies to improve N-use efficiency have
been deep placement of fertilizer, the use of slow released
fertilizers such as coated urea, urea super granule etc.'”
Controlled and slowly released fertilizer could control
nutrients release rate so that nutrient availability to the plant

lasted significantly (p<0.05) longer than with traditional
fertilizers'? and thus resulted in significant increases (p<0.05)
in grain yield and NUE in rice'. However, the controlled-
release fertilizer was not satisfactory to rice farmers due to its
scarcity and high cost. Forthisreason, an alternative approach
or technology needed to be considered to serve the same
purpose.

Studies on efficient nitrogen managementinirrigated rice
cultivation in Ghana is limited, particularly concerning the
effects of multi-split topdressing N fertilizer (MST) on rice
growth and grain yield. The objective of this study was
therefore to compare the differences in rice growth and grain
yield between MST and conventional N management practice.

MATERIALS AND METHODS

Study area description: A field experiment was conducted at
the Soil and Irrigation Research Centre, University of Ghana,
Kpong during the major seasons of 2014 and 2015. The center
is located at an altitude of 22 m a.s.l. and lies at latitude
6°09' N and longitude 00°04’ E. The experimental site lies
within the lower Volta basin of the Coastal Savannah agro-
ecological zone with annual precipitation of 1200 mm, mean
minimum temperature of 22.1°C and mean maximum
temperature of 33.3°C. The soil at the experimental site is
tropical black clay and it belongs to the Akuse series'™. The
chemical characteristic of the soil at the depth of 0-15 cmiis as
follows: pH (7.88), total nitrogen (0.07%), available phosphorus
(2.09%), available potassium (472 mg kg™"), calcium
(22.8 mg kg™"), magnesium (1.26 mg kg~") and organic matter
(2.81%).

Experimental design and treatments: A 3X2 factorial
experiment was laid out in a Randomized Complete Block
Design (RCBD) and replicated three times. Fertilizer rate and
time of nitrogen application were the factors involved. The
levels of fertilizer rate included: 0, 75, 90 and 120 kg N ha™'
while the methods of nitrogen application were; conversional
(2 times, basal at a week after transplanting and top dress at
maximum tillering stage 55 days after sowing (DAS) and
weekly application at 7 equal portions (12.8 kg ha™') from a
week after transplantingtill seven days before booting (84
DAS). The levels of the factors were combined to form six
treatments as shown in Table 1.

Field layoutand crop establishment: The field was ploughed
and puddle to reduce percolation of water. Experimental units
of 4 X4 m were measured out with 2 minterval between plots
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and 3 m between replications. Twenty one days old seedlings
of rice variety Ex-Baika were transplanted at spacing of 20 cm
by 20 cm. All the experimental units received 45 kg P,Os and
45 kg K,0O per hectarethrough Triple superphosphate and
muriate of potash, respectively, at transplanting. The field was
sprayed with a pre-emergence herbicide (Stomp) and a
post-emergence herbicide (Propanil+2, 4 D). The fields were
submerged until 10 days to harvest.

Data collection: Plant height, biomass accumulation and days
to 50% flowering were recorded as growth parameters.
Biomass accumulation was determined by cutting five plants
randomly from each plot at maximum tillering, booting and
harvest stages and oven dried at 70°C to a constant weight.
The samples from each plot at the various growth stages were
then weighed with electronic balance and recorded as
biomass accumulation. Days to 50% flowering was recorded
by counting the number of days from seeds emergence to the
day half of the plants in each experimental plot flowered.
Panicles per meter square, grains per panicle, percentage of
filled grains, harvest index, test weight and grain yield were
recorded as yield parameters. Grain yield was determined
from an area of 9 m? without the border rows expressed as
tha="at 14% grain moisture. Twenty five plants were selected
at the center of the plot and used to determine the yield
components: test weight, percentage of filled grains, grains
per panicle and panicles per meter square. Harvest index was
calculated as the ratio of grain weight to grain and straw
weight.

Statistical analysis: Averages for the data set of the two
seasons were computed and the significant differences(5%)
between the treatments were determined using two-way
analysis of variance (ANOVA) using GenStat statistical software
(12th edition)'. Treatment means were separated using the
least significant difference (5%).

RESULTS

Plants height was significantly (p<0.05) influenced by N
fertilizer rate at harvest (Table 2). The N120 produced the
tallest plants (92.4 cm), followed by N90 (92.0 cm) while N75
significantly (p<0.05) produced the shortest plants (84.5 cm).
The interaction between N fertilizer rate and method of N
application had a significant (p<0.05) effect on plant height.
M1XN120 produced the tallest plants (93.2 c¢cm) while
M1XN75 produced the short plants (83.1 cm). The main
effects of N fertilizer rate and method of application did not
significantly (p>0.05) influence days to 50% flowering as well
as their interaction effect. Chlorophyll content was affected
significantly (p<0.05) by N fertilizer rate and method of
application at both mid-tillering and booting stages. M1 and
M2 produced the highest chlorophyll content at mid-tillering
and booting stages, respectively. The N120 produced the
highest chlorophyll content at both stages while N75 recorded
the lowest. The interaction between N fertilizer rate and
method of application also significantly (p<0.05) influenced
chlorophyll content at both stages. M1 XN120 and M2 XN75
produced the highest and lowest chlorophyll content at
mid-tillering stage, respectively while M2XN120 and
M1XN75 had the highest and lowest chlorophyll content at
booting, respectively.

The main effects of N fertilizer rate and method of
application affected dry matter accumulation significantly
(p<0.05) at mid tillering, booting and harvest (Table 3). As N
rateincreases, dry matter accumulation alsoincreases. The M1

Table 1: Description of rate and method of N application treatments

N rate (kg ha™) Application methods Treatment combinations
75 Conventional practice (M1) M1XN75
Multi split (M2) M2XN75
90 Conventional practice (M1) M1 XN90 (control)
Multi split (M2) M2 X N90
120 Conventional practice (M1) M1XN120
Multi split (M2) M2XN120

Table 2: Effect of N fertilizer rate and method of application on plant height, chlorophyll content at mid tillering and chlorophyll content at booting and days to 50%

flowering of rice

Nitrogen rate Application Plant height Chlorophyll content Chlorophyll content Days to 50%
(kg ha™") methods (cm) at MT (umol m—2) at BT (umol m=2) flowering
75 Conventional 83.1° 39.34 37.84 942
Multi split 86.0° 38.84 40.4¢ 932
Average 84.5P 39.1¢ 39.1¢ 93~
90 Conventional 91.3° 42.0b¢ 40.1¢ 932
Multi split 92.7° 40.3« 43.1° 93°
Average 92.0° 41.18 41.6" 93~
120 Conventional 93.2 4552 42.9° 93°
Multi split 91.5° 43.9% 45.6° 942
Average 92.47 4477 4438 93~

Means followed by the same small letter in a column are not significantly different from each other at 5% significant level. Means followed by the same capital letter
in a column are not significantly different from each other at 5% significant level, MT: Mid tillering stage, BT: Booting stage
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Table 3: Effect of N fertilizer rate and method of application on dry matter accumulation at mid tillering, booting and harvest

Nitrogen rate Application Dry matter at mid Dry matter at Dry matter at

(kg ha™") methods tillering (kg m=2) booting (kg m~?) harvest (kg m—2)

75 Conventional 0.9¢ 4.3d 8.8f
Multi split 0.7¢ 4.89 9.2¢
Average 0.8"8 4.5¢ 9.0¢

90 Conventional 1.8%® 5.2¢ 10.8¢
Multi split 1.6° 6.5 11.3¢
Average 1.78 5.88 11.08

120 Conventional 2.0? 6.7% 11.9°
Multi split 1.8%® 6.8 12.3
Average 1.94 6.7% 1214

Means followed by the same small letter in a column are not significantly different from each other at 5% significant level. Means followed by the same capital letter

in a column are not significantly different from each other at 5% significant level

Table 4: Effect of N fertilizer rate and method of application on grain per panicle, panicles per meter square, grain yield (t ha="), test weight (g), harvest index and

panicle length of rice

Nitrogen rate Application Grains per Panicles Grain yield Test weight Harvest Panicle length
(kg ha™") methods panicle per m? (tha™) (9) index (cm)
75 Conventional 113¢ 251¢ 3.8¢ 25.3° 0.44° 22.8°
Multi split 123¢ 268¢ 4.04 26.0° 0.44° 24.1°
Average 118¢ 2598 3.9¢ 25.7% 0.44% 2348
90 Conventional 1350 3020 4.6 25.7 0.42° 24.9°
Multi split 140% 3132 5.0 25.3¢ 0.45° 24.6°
Average 1388 308* 488 25.5% 0.44% 24.8*
120 Conventional 143 311 4.9° 25.3¢ 0.41° 24.2°
Multi split 149 316° 5.4 25.7° 0.44° 24.8°
Average 146* 3144 5.2% 25.5% 0.43% 24.5%

Means followed by the same letter in a column are not significantly different from each other at 5% significant level. Means followed by the same capital letter in a

column are not significantly different from each other at 5% significant level

produced higher dry matter than M2 at mid tillering however,
the latter produced higher dry matter than the former from
booting to harvest. The interaction between N fertilizer rate
and method of application was statistically significant (p<0.05)
from mid tillering stage to harvest. The M1 XN120 produced
the highest dry matter accumulation (2.0 kg m=2%) at mid
tillering stage while M2XN120 produced the highest dry
matter from booting (6.8 kg m=2) to harvest (12.3 kg m=2).The
M1XN75 produced the lowest dry matter from booting
(4.3 kg m™2) to harvest (8.8 kg m~2).

Grain yield was significantly (p<0.05) influenced by N
fertilizer rate as well as method of application (Table 4). Grain
yield increased with N rate. N120 and N75 produced
significantly (p<0.05) the highest and lowest grain yield with
5.2 and 3.9 tha=!, respectively. The M2 produced higher grain
yield than M1. The interaction between N fertilizer rate and
method of application also had a significant (p<0.05) effect on
grainyield. The M2 X N120 produced significantly (p<0.05) the
highest grain yield (5.4 t ha™") while M1 XN75 produced the
lowest yield (3.8 t ha™"). The main effects of N fertilizer rate
and method of application significantly (p<0.05) influenced
grains per panicle, panicles per meter square and panicle
length (Table 4). The N120 produced the highest grains per
panicle (146) and panicles per m? (314). The N75 produced

significantly (p<0.05) the lowest grains per panicle (113),
panicles per meter square (251) and panicle length (22.8 cm).
The interaction between N fertilizer rate and method of
application also influenced grains per panicle, panicles per
meter square and paniclelength. The M2 X N120 produced the
highest grains per panicle (149) and panicles per meter square
(316) while M1 XN75 had the lowest grains per panicle (113),
panicles per meter square (251) and panicle length (22.8 cm).
The main effects of N fertilizer rate and method of application
did not significantly (p>0.05) influence test weight as well as
their interaction (Table 4). Harvest index was significantly
(p<0.05) influenced by the main effect of method of
application as well as the interaction effect between N
fertilizer rate and method of application. The M2 produced
higher harvest index than M1. The M2 XN90 produced the
highest harvest index (0.45) while M1XN120 produced the
lowest (0.41).

DISCUSSION

The application of 120 kg N ha=" applied in seven splits
topdressing was most effective for the performance of therice
crop in terms of growth and yield. The high yield response
observed with the application of 120 kg N ha=' in seven split
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topdressing as compared to the lower rates of N in this study,
might be ascribed to higher N uptake, higher biomass
accumulation longer panicle length as well as higher grains
per panicle’s,

Conventional application of 120 kg N ha="and multi-split
application of 90 kg N ha=" in seven splitshad similar yields.
This shows that there is waste of N when it is applied at
120 kg N ha='in only 2 split asin conventional practice, which
could be attributed to due to leaching, volatilization and
runoff. This finding agrees with the findings of Islam et a/",
who reported that application of N in multi-split yield higher
than applying same amount in just two split.

All the rice growth and vyield attributes, except
percentage filled grain and test weight, were observed to be
betterinfluenced by multi-splitapplication of N, particularly at
90 and 120 kg ha=! N~' rates. Chen et a/'” observed that the
individual grain weight is usually a stable varietal character
and the management practice has less effect on its variation.
Dry matter accumulation increased rapidly from maximum-
tillering 55 Days After Sowing (DAS) through the various
growth stages to harvest when 90 and 120 kg N ha=' was
multi-split and when 120 kg N ha™" was applied
conventionally. Tiller and dry matter increased proportionally
with the increase of nitrogen levels and number of
topdressings'1?. The accumulation of dry matter observed at
the various stages up to booting stage and beyond might
have enhanced the partitioning of more stored assimilates
into the sink (grain) and thus influence the grain yield.

Chlorophyll content measured at booting stage was
highest when 120 kg N ha=" was split-applied seven, this is an
indication of high photosynthetic rate and therefore high
stored photosynthatewhich enhances remobilization during
grain filling. This is in conformity with Mae?, who reported
that remobilization of N from the vegetative organs during
grain filling accounted for 70% of the panicle N.

It was observed in the study that conventional
application of N as basal and top-dress at panicle initiation
stage (65 DAS) is less effective. Rather, application of N in
seven multi-splittop-dressing (seven days after transplanting
toaweek before booting (84 DAS) enhanced growth and yield
attributes which translated in higher grain yields. The finding
in this study agrees with Chen et a/", who reported that
splitting the N and applying it at different growth cycle in rice
leads toincrease yield as compared to the blanket application.
Varinderpal-Singh et a/'® however, observed in their studies
that applying fertilizer N at more than four growth stages of
rice does not lead to yield benefit. Bijay-Singh et a/?' could not
also observe yield benefit in rice even when fertilizer N was
applied in 10 split doses rather than three.

There was interaction between fertilizer rate and number
of split top dressings. Application of N fertilizer of 120 kg ha™
at seven splits as top dress, proved superior to the rest of
treatment combinations in terms of the grain yield. Even
though many N applications would involve additional labor
inputs, the results confirm that increasing number of splits of
N applied couldimprove synchrony of the crop Ndemand and

supply.
CONCLUSION

The study provides evidence that applying fertilizer N in
several splits is very useful and leads to obtain high biomass
production, leading toincreased grainyield in rice. Application
of 120 kg nitrogen per hectare out-yielded the lower rates of
N, including the recommended rate of 90 kg ha~' in Ghana.

SIGNIFICANCE STATEMENTS

In irrigated rice, applying nitrogen in seven equal splits,
produces betteryield than the conventional two-split nitrogen
application. This indicates that increasing number of splits of
N applied couldimprove synchrony of the crop Ndemand and

supply.
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