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Abstract— Nitrogen is the main nutrient that is limiting
yield in irrigated rice (Oryza sativa L.) systeniBhe
availability of N can affect phosphorus and potassi
plant uptake and reduce rice yieldsThe effect dilifeer
nitrgogen (N) (prilled urea PU) and briquettes—urea
supergranules (USG) on rice nitrogen, phosphorud an
potassium uptake,soil total N were investigate@aurou
valley in Burkina Faso in pot experiment the drasm

of 2013 on acid soil and alkaline soil. Pot expesithwas
carried out using a factorial design with the rigariety
FKR62N.Field experiment was also carried out in et
season 2013 in acid soil with two rice varietie&KF 19
and FKR 62N) using a split plot design.The results
indicate that soil total N was higher in the acidils
compared to the alkaline soil during the panicledan
flowering stages. Urea Deep Placement (UDP)
significantly increased N, P and K uptake. Higher
nitrogen content was recorded by urea deep placémen
with USG throughout the experiment. The amounttad t

N, P and K increased in rice plant with the UDP itgr

the study.Field experiment also showed that USG
application was 13% superior to PU application and
gave more yields with the two varieties. The best
combination was obtained with rice variety FKR 62N.
This study suggests that farmers may derive maielyi
from the use of USG technology than broadcasting.
Keywords— Rice, urea supergranule, nutrient uptake,
acid soil and alkaline soil.

l. INTRODUCTION
Nitrogen is very essential for thegrowth and depgeient
of crops. Unfortunately nitrogen is a limiting et in
irrigated rice in Burkina Faso (Segda 2006).The
efficiency of fertilizer N use is generally low feswland
rice crop as only 30 % of applied N is utilized @iypps
and the remaining 70 % is lost through various esses
causing serious environmental problems (Craswell
andVlek 1979; Jiang et al. 2005).Soil infertilitg ia
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constant threat to sustainability of irrigated rice
cultivation. The inerrant low contains of soil Natis to
low efficiency of others nutrients that are P andRébat
2003). Nitrogen and phosphorus fertilizers are majo
essential plant nutrients and key input for incireg@srop
yield (Dastanet al.2012; Yoseftabar 2012). N detive
from fertilizer in rice plants are in the range 1d.7% to
40.0% in all plant tissues. The remaining N wasveer
fromsoil (Magsood, 2016). They are fundamentalrtapc
development because they form the basic comporfent o
many organic molecules, nucleic acids and protfies
and Miflin 2011).Management practices with longnter
use of ammonium-based fertilizer can induce sailigc
(Singh, 2015). Soil pH is a critical indicator ofitnent
availability. Soil reaction is not a growth factas such
but it is a good indicator of several key determisaof
growth factors, especially nutrient availability. h&@
nutrient absorption amount varies with rice growtage.
Absorption is low at the seedling stage and pe&lerb
the heading stage, and then decreases as roottyactiv
declines (Guindoet al1994; Liuet al 2007). The
optimum pH for rice growth ranges between 5.5 ard 7
(FAO 2006). Phosphorus is available at a slightidia

or neutral pH. High soil pH is also known to affébe
efficiency of N fertilizers (Dobermann and Fairhurs
2000). Deep placement of urea supergranules has bee
shown to effectively reduce N loss (Mohammad, 2015)
and increase rice yield on near neutral pH soilth wi
alkaline floodwater (Singh 2005; Caiet . al002).
However, floodwater also increases pH in acid saild
decrease pH in alkaline soils (Dobermann and Festhu
2000).To achieve rice production targets, balanaed
adequate use of P and Kfertilizers as well as N is
essential.Information on the response of irrigatexd
systems on the technology of urea deep placemeht wi
urea supergranules is very limited in Burkina Faso.
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. MATERIALSAND METHODS
Experimental site
The study was carried out in Sourou Valley in thg d
season of 2013. The valley is an intensively catéd
area with a potential irrigated land of about 605,Ma.
The irrigation water is supplied by Sourou Rivetthwa
capacity of 600,000,000 InThe geographic coordinates
are 13°00' latitude North 03°20' longitude west. €Th
region of Sourou is characterized by a north
Soudaniansahelian climate with an average raib&lthw
900 mm. Temperature are stable and between a mimimu
of 17°C in coolest season and maximum of 41°C in
hottest season. The soils in Sourou Valley are Iypain
brown, poorly developed, hydromorphic soils and
Vertisols with fine texture, high water retentioapacity,
low permeability, poor ventilation of subsurfacerikons
and strong compaction (Faggi and Mo0zzi2000). Two
types of soils were used for the pot experimentewer
slightly acidic and alkaline with low organic matte
content and low total nitrogen (Table 1). Soils duskee
study were cambisols.
Experimental design
Pot experiment was carried out using a factoriaigie
with the rice variety FKR62N. The first factor wése
type of soil (acidic and alkaline) and the secoadtdr
was the type of urea fertilizer (prilled urea - Bhid urea
supergranules- USG at the same rate of 52 kg M
the control). Each treatment was replicated 16 gifoe 4
sampling per treatment at different stages (tillgri
panicle initiation, flowering and maturity) of riggowth.
Plastic pots of 25 liters were filled with 10 kg sdil from
Sourou valley. The soils were wetted during 4 dagfere
transplanting and four plants of rice from thir80f days
seedlings were transplanted into each pot. A
recommended rate of phosphorus (69 kg f¥sRa") and
potassium (24 kg of JO ha') were applied uniformly to
all pots except the control at transplanting, asabin the
form of triple superphosphate and muriate of potash
respectively. One granule of 1.8 g corresponding2dg
N ha' was placed seven days after transplanting between
four plants in the pot receiving USG. The prilleca at
the same rate was split into two. The first halswaaplied
14 day after transplanting and the second halfnduri
panicle initiation. Irrigation of the pots was doméen
necessary.
Plant sampling and analysis
Plant biomass was taken at tillering, panicle atitin,
flowering and at maturity. At each stage, four |pd}s of
each treatment were destroyed. Rice plants wereve
and the roots were washed to remove the remainmings
Plant biomass and roots were then cut and air dded
two weeks. The samples from each pot were weighed
before and after drying. Soil and plant sampleswaken
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during the different stages of rice growth and gred for
total N. Plant N, P and K contents were calculabgd
multiplying N, P and K concentrations by plant bess
weight at each stage.

Data analysis

Repeated measurement was conducted with Genstat
package edition 9th to determine the significant¢he
effects of N fertilization. Analysis of variance sva
conducted to determine significance among Yyields.
Treatment means were compared with the least ggnif
different (Lsd) at the probability of 0.05. Grapdlic
presentations were done using Excel software.

[1. RESULTS
Soil total N increased until maturity with the useurea
fertilizer. Soil total N of the control increasedickly
from flowering stage to maturity (Fig 1). The higheN
contents were recorded with the USG treatment.
Significant difference (P < 0.05) was observed leetwv
acidic and alkaline soils. Whereas N content in dbil
soil tended to increase until flowering, N contamtthe
alkaline soil tended to stabilize at this stage rfeatained
below N curve with acid soil (Fig 2). After the flering
stage, N content in acid soil decreased but N cdrite
alkaline soil increased until maturity.
During rice growth N uptake increased until flowsyi
and then decreased towards maturity with USG and PU
treatments. Nitrogen uptake was higher when rice wa
treated with USG than PU and the control (Fig 3eT
peak values at flowering with USG and PU were 1.813
and 0.689 g pdt respectively. Nitrogen uptake with the
control was stable throughout the growing periotle T
lowest N uptake was recorded with the control. d¢jam
uptake patterns were similar in acid and alkalindss
During rice growth stages, plant N uptake increased a
peak was observed at flowering stage in both ¢Bits4).
After this stage, plant N uptake decreased in (zaiits
until rice maturity. Plant N uptake was also sigmintly
greater in the acid soils at rice tillering, paaiahitiation
and at flowering stages than in the alkaline soils.
The use of USG increased P uptake of rice sharpin f
tillering to flowering where it attained a peak @18 g
pot® and then declined. A similar pattern was obtaimed
P uptake with PU treatment which rose up until plani
initiation with a peak value of 0.257g po@nd then
declined until rice maturity. Lowest P uptake was
observed with the control which fluctuated duririger
growth stages (Fig 5). The highest (0.303 g'pand the
lowest (0.021 g pd) P uptake were recorded on the acid
and the alkaline soils, respectively. Rapid P uptalas
observed after rice tillering until panicle iniiiat and at
flowering in the alkaline soil and the acid soiligF6),
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respectively. After these growth stages rapid declvas
observed in P uptake in both soils until rice miggur

Similar K uptake patterns were observed with the of
PU and USG at the different stages of rice growitept
before the PI growth stage (Fig 7). Significanfetiénce

(P <0.05) was observed in K uptake with the treatsie
(Table 2). Potassium uptake decreased after tithenintil
panicle initiation. At this stage K uptake rose ap
flowering and declined until rice maturity in bo#lils.
The highest K uptake was observed at flowering22.g
pot') and at tillering (2.045 g pd} with USG and PU,
respectively. Potassium uptake with the controllided
after tillering stage and remained stable at panicl
initiation and flowering. An increased was obsenad
rice maturity in K uptake with the control. Potassi
uptake in the two types of soils followed the same
patterns as nitrogen uptake (Fig 8). Potassiumkeptas
significantly (P< 0.05) higher during rice growth acid
than alkaline soil.

Riceyields

Nitrogen treatment significantly (P < 0.001) affsttrice
grain and straw yields. Grain yield was higher whiSG
was applied (Tableau 2). The increased in graindyie
when USG and PU were applied over the yield of the
control was 55% and 37%, respectively.Higher straw
yield was also observed with USG application (5k82
ha™). Rice variety FKR 62N gave 11% more grain and
straw yields compare to rice variety FKR 19. Thetbe
interaction was obtained with rice variety FKR 6@sing
USG.

V. DISCUSSION
Effect of urea fertilizer and soil types on soiltaio
nitrogen
Nitrogen availability varied with soil pH duringerstudy.
Soil N was higher in the acid soil compared to the
alkaline soil during the panicle and flowering stagThis
result can be explained by the fact that nitrogess Imay
be high in the alkaline soil due to high soil pHn/onia
losses from floodwater may reduce soil nitrogen
availability. In fact, the conversion of NHto NH; is
governed by soil pH. During urea hydrolysis the pH
surrounding the granule initially rises (pH > 8) as
ammonium bicarbonate is formed. Longo and Melo
(2005) measured the rate of urea hydrolysis under
laboratory conditions using a range of soil pH frar# to
8.0. According to their finding, as the soil pH ieased
the rate of urea hydrolysis increased almost expibaby.
They also found that the highest rate of urea Hydi®
was at pH 8.0. Similar results were reported byk\dad
Craswell (1981) and Fillery et al. (1986). At ricaturity,
soil N increased in the alkaline soil and declinedhe
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acid soil. However,soil N remained higher acid sbdn
alkaline soil.

The type of urea fertilizer significantly affectedil total
nitrogen. The use of USG increased soil total Nerthan

PU urea. This can be attributed to the fact thaGlE&n

be considered slowly available N fertilizer thabyides N

to meet plant requirements (Savant and
Stangel1990).Higher nitrogen content was recordged b
urea deep placement with USG throughout the
experiment. This result can also be attributed he t
incorporation of nitrogen that reduced N losses via
volatilization and denitrification and optimizedtnaigen
availability in soil (Choudhury et al. 1997; De Dt
1981).

Effect of soil and urea fertilizer types on N, PdaK
uptake

The amount of total N, P and K increased in ricanpl
with the urea deep placement (UDP) during the study
The results are in agreement with findings of Boweal.
(2004) and Pasandaran et al. (1999) and Bandaogb et
2014, who reported that urea deep placement teahyol
was highly effective in improving crop uptake ofptipd

N fertilizers in irrigated rice system in Asia. Thesults
can be attributed to the decrease of soil N logk WSG
deep placement observed in pot experiment. Accgrttin
the study of De Datta (1986), the use of urea
supergranules could synchronise N release withtplan
requirements and provide sufficient N in a single
application to satisfy plants’ requirements while
maintaining mineral N in the soil throughout thewimng
season. The increase in P and K uptake with USG can
also be explained by the interdependence betweeR N,
and K as reported by Rabat (2003). It is known bhét a
limiting factor in irrigated rice systems (Segda0@}) its
availability also increases phosphorus and potassiu
uptake. As P is relatively immobile in soils, amsts can
deplete P only from a distance that coincides
approximately with the length of the root hair. hi
finding is in agreement with the findings of Savamid
Stangel (1990) who reported that rice roots tend to
proliferate near the placement point of urea superge
and to increase during many weeks after urea planem
Soil type also affected N, P and K uptake. Nutrigotbke
was higher in the acid soil and this can be explihy
the fact that pH increase inhibits root prolifepati as
reported by Shaaban et al. (2013). The lower demdit
roots in the alkaline soil could affect the upta&E
nutrients. The rise in pH increased the rate of ammm
conversion to ammonia, which increased its volzattion.
Deep placement of urea supergranules has been gioown
effectively reduce N loss and increase rice yieldnear
neutral pH soils with alkaline floodwater (Singh030
Magsood 2016 and Cai et al. 2002).
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Effect of USG on grain yield

Rice grain yield significantly increased with thseuof
USG even with the two type of rice varieties usehis
result can be explained by the findings of pot expent
which showed that USG increase soil N and incrédse
availability for rice plant. Pot experiment alsoosled
that application of USG increased P and K uptaké dne
very essential for rice plant development. Thisilteis in
agreement with finding of Bandaogo (2014) who shebwe
USG increased rice grain yield by 12% compareddo P

V. CONCLUSION

USG technology was more effective with acid sodrth
alkaline soil. Pot experiment indicated that satat

nitrogen, plant nitrogen uptakewere higher in asail

than alkaline soil. This result confirmed that US@&n

provide sufficient N in a single application toist the

plant’'s needs and increase plant nitrogen uptakieaso

confirmed that the performance of USG is greateadial

soil compared to PU.This study suggests that unpars
granule can be used by farmers to improve nitragss
efficiency and increase grain yields in the irreghtrice

cropping system.
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lllustrations of tables

Table.1: Initial soil chemical and physical

characteristics.

Soilproperty Acid soil  Alkaline soil
Clay (%) 37.70 19.61

Silt (%) 21.50 45.10

Sand (%) 40.80 35.29
Organic carbon (%) 1.53 1.33

Total N (%) 0.11 0.09

CIN 14.00 15.00
AvailP (mg/kg) 4.56 5.05

pH (1:2.5 HO) 6.30 8.02

Acknowledgments
The authors are grateful to Alliance for Green Ration
in Africa (AGRA) and International Fertilizer
Table.2: Effect of urea fertilizer type on rice grand straw yields

Treatment Grain yield Strawyield

(kg ha") Increase over (kg ha") Increase over control

control (%)
(%)

Type of urea
Control 1774 - 3021 -
PU 2439 37.49 4771 57.93
USsG 2746 54.79 5182 71.53
Lsd (5%) 264 - 633 -
Fpr 0.001 - 0.001 -
Variety
FKR 19 2194 - 4297 -
FKR 62N 2445 - 4352 -
Lsd (5%) 199.5 - 696.5 -
Fpr 0.028 - 0.819 -
Variety x type of urea
FKR19xControl
FKR19 x PU 1975 - 3187 -
FKR19 x USG 2112 6.49 4790 50.30
FKR62NxControl 2495 26.33 4915 54.22
FKR62N x PU 1574 - 2854 -
FKR62N x USG 2766 75.73 4752 66.50
Lsd (5%) 2996 90.34 5450 90.96
Fpr 327 - 858 -
CV(%) 0.002 - 0.348 -

10.5 - 13.4 -
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Fig.1: Soil total N content at different rice growth stages affected by type of urea fertiliz
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Fig.3: Nitrogen uptake at different rice growth stagesaffected by type of urea fertiliz¢
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Fig.4: Nitrogen uptake at different rice growth géss as affected by soil pH.

0.600 -+
0.500 -

0.400 -
0300 - = = Control
— =PU
0.200 -

P uptake (g/pot)

USG
0.100 -

hadi S
L

0.000

Tillering Pl Flowering Maturity

Growth stages of Rice
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Fig.7: Potassium uptake at different rice growthges as affected by type of urea fertilizers.

3.000

2.500 -

2.000 -

1.500 -

K uptake (g/pot)

1.000 -

0.500 - ~

0.000

Acid

= = Alkaline

~
~

Tillering PI

Flowering

Maturity

Growth stages of Rice
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