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ABSTRACT: This investigation was conducted at AfricaRice Sahel Regional Station, Saint
Louis, Senegal during two Wet seasons, (July — November) 2010-2011. To evaluate the
performances of 14 rice varieties under low input fertilizer levels. Five fertilizer compound
treatments were used in this study,were used in this study, F,: control (without any application),
F;=(37.5—- 4.4 - 8.3 kg N-P-K/ ha"), F,>= half dose of the recommend application in Senegal
(75 — 8.75-16.5 kg N-P-K/ ha''), F3= (112.5 — 13.3-24.8 kg N-P-K/ ha') and F,: recommended
application in Senegal (150 — 17.5 — 33.0 kg N-P-K/ ha'). The results indicated that both of
year, genotypes exhibited significant effect for all studied traits. Also fertilizer levels exhibited
significant effect for all studied ftraits except, panicle length and 1000 grain weight. Interaction of
Year* Fertilizer levels and Year* varieties revealed significant differences for most of the studied
traits. There are no significant effect of the interaction of fertilizer levels*varieties and
Year*fertilizer levels*variety. Data revealed that, days to maturity, plant height and panicles/m2
increased with increasing of fertilizer levels. Application of fertilizer levels, significantly increased
grains yield for all varieties during the two wet seasons. There no significant advantage on grain
yield of IRRI hybrids compared with check variety in Senegal. Evaluation of other genotypes
more adaptftability in Senegal under low fertilizer levels will be more efficient.
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INTRODUCTION

In sub-Saharan Africa (SSA) farmers
considered fertilizer to be costly or
unaffordable, particularly when fertilizer
prices increased following the removal of
fertilizer subsidies. Up to the present,
fertilizer is more costly in most countries in
SSA than in any continent in the world,
mainly because of the lack of efficient
fertilizer market infrastructure and poor
transport network. (Thomas Fairhurst 2012).
Many countries were forced to reduce
fertilizer imports or expansion plans. Many
farmers had to decrease their P and K inputs
to offset production expenses, and some
governments had to reduce fertilizer
subsidies. Fertilizer is a very important input
for intensive rice production. The profitability
of rice production systems depends on yield
and input quantities. So the appropriate
fertilizer input is not only for getting high
grain yield but also for attaining maximum
profitability (Khuang et al, 2008). Nitrogen
and phosphorus fertilizer is a major essential
plant nutrient and key input for increasing

crop vield (Dastan ef al, 2012- Alinajoatisisie
and Mirshekari, 2011-Alam et al, 2009).
Apart from labor inputs, i.e. fertilizers are
often the largest investment of farmers in
their crop. But the agronomic efficiency of
the applied fertilizer is often low. This can be
improved by using varieties with higher
internal nutrient use efficiency and / or
nutrient management strategies that take
into account the indigenous soil supply and
an attainable vyield based on climatic
conditions, the farmer’s knowledge in crop
management and capital availability. Hence,
this experiment aims to determine whether
the agronomic nutrient use efficiency of rice
can be improved by combining the use of a
high-yielding, low-input varieties mainly
fertilizers and site-specific fertilizer rates
based on target yield levels.Hybrid rice
possesses higher physiological efficiencies
due to its vigorous root system ,greater sink
size ,larger leaf are index (LAl) during grain
filing and wider adaptability to various
environments such as saline soil (Yongjian
Sun et al.,2012).This study aimed to: 1)
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Compare the yield performance of inbred
lines and hybrid rice under different NPK
levels. 2) Identify suitable hybrids to be
grown low-input cropping condition in a
certain environment.

MATERIALS AND METHODS

This investigation was conducted at
AfricaRice Sahel Regional Station, Saint
Louis Senegal, during two Wet seasons
(WS), July — December, 2010-2011. To

evaluate the performances of 14 rice
genotypes (13 hybrids provided by
International Rice Research Institute

Philippines (IRRI) and one inbred varieties
Sahel 108, Sahel 134 and Sahel
201developed by Africa Rice Center) under
low fertilizer levels. Five fertilizer NPK
treatments (F) were used in this study, Fg:
control (without any application) F,= (37.5 —
44 -83 kg N-P-K/ ha') F,= half of
recommend application in Senegal (75 -
8.75-16.5 kg N-P-K/ ha™), F3= (1125 —
133248 kg N-P-K/ ha') and Fg
recommended application in Senegal (150 —
175 — 33.0 kg N-P-K/ ha™). Hybrids and
check varieties were sown in wet nursery, 25
days old seedlings were transplanted in a
single plant (20 x 20 cm between hills) in
randomized complete block design (RCBD)
with three replications. Soil characteristics
were estimated before crop establishment
and fertilizer application (texture, total
nitrogen and carbon, available P, cation
exchange capacity and exchangeable
bases) are presented in Table 1. The
minimum and maximum temperature of
2010 and 2011 seasons at Saint Louis

Senegal, 2010-2011 are showed in Figure 1.
Days to 50% flowering, plant height, panicle
length, spikelet sterility %, 1000 - grain
weight, numbers of panicles /m? and grain
yield (t ha'1) were recorded according to
Standard Evaluation System for rice (SES
IRRI, 1996). All data were subjected to
statistical analysis using SAS version 9.2to
estimate the interaction between all
parameters, genotypes, years and fertilizer
levels for all traits studied.

RESULTS AND DISCUSSION

Analysis of variance:

Analysis of variance of, Year, Fertilizer
levels, Varieties, Year * Fertilizer levels,
Year*varieties, Fertilizer levels * Varieties,
and Year * Fertilizer levels * Variety for all
studied traits are presented in Table 2. The
results indicated that there is significant
effect of years for all traits studied except,
spikelet sterility%. Also the fertilizer levels
exhibited significant effect for, days to 50%
flowering, plant height, panicles/mz, spikelet
sterility %, and grain yield. In the same time
there are significant effects for rice
genotypeson all traits studied. Interaction of
Year* Fertilizer levels was significant for all
studied traits except panicles/m2 and 1000
grain weight, interaction of Year* varieties
revealed that there was significant for all the
studied traits except panicle length (cm).
While  the Interaction of  fertilizer
levels*varieties and Year*fertilizer
levels*variety were not significant for all
studied traits.

Table 1: Some chemical analyses of soil used in the study.

Exchange cations (%of Texture %% of soil
| ECT | Cu CEC CEC) (
Seasons| D,® | pH N |C/N
4 ds m™)| (g kg™ (emolckg) | s _
(gem™) AR+ Ca | Mg K Na |[Sand| Silt | Clay
2010 | 150 | 65 | 040 | 100 |08 | 14 13.0 4 49 | 32 12 | 16 | 44 | 40
2011 159 | 6.6 | 045 9.8 10.75| 13 12.5 7 45 | 3 13 | 16 | 30 | 54
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Fig. 1: Minimum and Maximum temperature degree at Saint Louis, Senegal, 2010 - 2011.

Table 2: Analysis of the effect of year and fertilizer levels on all traits studied of 16 rice
varietiesgrown under three fertilizer levels during two wet season 2010-2011.

oF Flowering ;;'%”;t Panicle  Number of ~ Spikelet 1000 GW (jir:lic;‘
(das) (cm) length (cm) Panicles/m? sterility (%) (9) (t/ha)
Year 1 257* 461581 2601.3*** 1228719.3"* 134.3 521.3*** 6200.0***
Fertilizer Lev 4 69.1*** 688.9*** 1.23 170985.4***  152.6* 1.90 67.6™
Variety 13 3251*  784.7* 225** 26087.8™*  110.3** 109"  1.77*
Year*Lev 4 82.0"* 141.1**  10.52* 3181.1 162.9* 4.85 49.0™*
Year*Variety 13 51.9% 140.5** 5.02 35649.6***  121.4**  20.8"™  2.1*
Lev*Variety 52 4.37 24.0 1.99 2080.1 25.74 4.18 0.54
Year*Lev*Variety 52 3.51 10.83 1.60 3293.86 31.52 3.08 0.54

Overall mean of Year and Fertilizer
levels:

Combined analysis of five fertilizer levels
during two wet seasons are presented in
Table 3. The results indicated that there are
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significant differences between two seasons
for all studied traits except, spikelet sterility
%. Also combined analysis of the two wet
seasons for five fertilizer levels revealed that
there are significant differences of fertilizer
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levels for all the studied traits except 1000
grain weight (Table 3). As for days to 50%
flowering, data showed that there was
significant difference for both years where is
rice genotypes were earlier flowering in 2011
(91.6 days) compared with 2010 (93.2 days).
Data also, indicated that the application of
fertilizers at all added levels (Fq, F4, F5, F3,
and F,) were significantly effect on growth
duration, where is the days to flowering
increase with increasing of fertilizer levels.
Concerning plant height of different rice
varieties, it is clear from the data that there
are highly significant differences among the
year andfertilizer, where the mean value of
plant height in the first year (93.8 cm) was
higher than the second year (82.8 cm). This
could be attributed to different environmental
conditions during the seasons. Data in Table
3 also, exhibited that plant height increased
with increasing Flevels compared to the
control (without addition of fertilizer). Similar
results were found by Chu Van Hach ef al
(2006). in their study of study, fertilizer
increased plant height over control for all
tested varieties.Another experiment
conducted by Parth Brat Yadav (2012),
showed that the nitrogen levels did not affect
on plant height significantly at all stages of
rice growth. The plant height increased
significantly up to (91.5 cm) with F4 levels
(150 — 17.5 — 33.0 kg N-P-K/ ha-1). Panicle
length (cm) as affected by years and
different fertilizer levels are shown inTable3.
Data revealed that there were significant
differences in panicle length during both
seasons in 2010 and 2011, where the mean
values of panicle length was higher in WS,
seasons 2010 was (25 cm)compared with
WS, 2011(20 cm). This may be due to the
high differences between day and night
temperature in 2011compared with 2010

(Fig1).

Different fertilizer levels on panicle length
showed that there was no significant
difference with increasing levels of fertilizers.
This may be due to the fact that panicle
length is genetically controlled.Concerning
the number of panicle/m2 as affected by
years andthree levels of fertilizer as shown
in Table 3, data revealed a significant effect
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of years and different fertilizer levels on
number of panicles/mz. Maximum number of
panicle/m2 was found in 2010 season (437)
than in 2011 season (328). Data indicated
also, that the application of fertilizer levels
increase significantly panicles/mz,the highest
values was (431) recorded at Flevels. The
effect of nitrogen application on number of
panicles/mzis attributed mainly to the
stimulation effect of nitrogen on effective
tillers formation.

Data in Table 3 shows that there was no
significant effect for years, spikelet sterility
percentage (%) of rice.Fertilizer treatments
had significant effect on spikelets sterility %,
whereis, the application ofF; and F,
fertilizer levels decrease spikelets sterility%
compared with other fertilizer application.

Regarding to 1000 grains weight (g) as
affected by years and different levels of
fertilizer, the data are presented in Table 3.
It is clear from the results that there is a
significant difference in the weight of 1000-
grain during 2010 and 2011 seasons, where
the mean values weight of 1000 grains
weight is was higher in 2010 season (26.4 g)
than in 2011 season (24.18 g) respectively.

As for the effect of fertilizerlevels on 1000
grains weight, data showed that there is no
significant effect to application of fertilizer on
1000 grains weight. This Mainly due to the
higher number of spikelets per panicle in
plants received any levels of fertilizer than
those did not receive any nitrogen. So the
sink capacity is high and the source is
limited, therefore, the filling of grains will be
more consequently the weight of grains will
be high. These findings are in agreement
with those obtained by Metwally ef al (2010),
Lai ef al. (1996), Xu and Zhou (1999) and
Singh et al. (2004).

Grain vyield (t ha'1) significantly varied
among years and nitrogen levels as shown
in Table 3. There was a significant increase
in grain yield in 2010 season (5.94 t ha'1)
than in 2011 season (5.09t ha'1). It could be
attributed to  different  environmental
conditions during both seasons as shown in
Fig 1.



Evaluation of some hybrid rice under low input of fertilizers in senegal

Table 3: Overall mean for all studied traits for three combined fertilizer levels during two
wet season 2010 and 2011

Flowering Plant height Panicle Number of Sterility 1000 GW  Yield

(das) (cm) length Panicles/m? (%) (9) (t/ha)
(cm)

Year
1 93.2° 93.8° 25° 437° 2224 26.4° 5.94a
2 91.6° 82.8" 20° 328" 2337 2418° 509°
Significant P 0.0486 <0001** NS  <0001** NS <.0001** <0001
Fertilizer levels
FO 89.5° 84.51 ¢ 22.4 3219 235° 250 4.41°
F1 91.0° 86.63 ° 225 355° 23.7° 25.2 504°
F2 93.0° 88.75° 226 389°  238° 254 552°
F3 94.0° 89.5 *° 227 416° 222* 253  610%
F4 94 5° 915° 227 431° 206° 25.2 6.42°
Significant P _ gooqese <0001 NS <.0001** 00040 NS  <.0001**
value

Concerning to effect of fertilizer levels, it attributes and grain and straw yields.
is clear from the results that the application Furthermore, each unit increase in nitrogen
of fertilizer up to F4,(150 — 17.5 — 33.0 kg N- levels led to significant increase in growth,
P-K/ ha'1) increased the rice grain yield for yield attributing characters, and yield of rice.
all varieties. The mean grain vyields The response of the investigated inbred and
increased from 4.41 t ha” with FO to 6.42 t hybrid rice varieties to nitrogen levels
ha” with F4. The increase in grain yield due significantly varied. The most rice hybrids
to applying nitrogen was the logical resultant significantly responded to nitrogen up to 180
due to the achieving increased in its kg N ha-1. Hybrid rice possesses higher
components, i.e. the number of panicles/m2 physiological efficiencies due to its vigorous
and number of filled grains per panicle. root system ,greater sink size ,larger leaf are
Nitrogen is an essential constituent of amino index (LAIl) during grain filing and wider
acids, nucleic acids, chlorophyll and other adaptability to varied environment with such
compounds. It promotes rapid growth and saline soil (Yongjian Sun ef al.,1999).
increased leaf size, spikelet number/panicle,
percentage of filled spikelet in each panicle Overall mean of rice varieties:
and grain protein content. Thus, fertilizer Data in Table 4 shows all traits studied
affects all parameters contributing to grain as affected by Year, fertilizer levels and
yield. These results are in the same trend varieties. Data indicated that there are
with (Peng et al. 1996; Balasubramanian et significant differences among the fourteen
al. 1999; Yang et al. 2003; Zayed ef al, tested rice varieties for all traits studied
2006) who reported that increasing nitrogen characters.

levels significantly improved growth, yield
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Table 4: Overall mean of 14 rice varieties for all traits studied for two combined years and
three fertilizer levels

Days to

Plant

Panicle

Panicles/

Sterility

1000 GW  Yield (t

. 2 o -1

Genotypes °5/g‘lowerin Fcerlr%ht l(?:rr]r?)th " o) 9 e
g (das)

IR80228H 94 87.48° 24.04° 352 % 20.83%°  2492% 5.93°
IR80814H 89 o 80.65°  21.89%" 3854 21912  2555% 513°
IR81950H 96 * 83.93" 2353%° 393" 20.86° 26577 517 °
IR81954H 95 2° 91717  2274%%  37p%° 19.01°  2593% 571
IR81955H 93° 80.68°  23.11%  423% 2426%  24.39° 5.69
IR82391H 90" 83.78° 2215 3g5P%  2450%° 2531 % 533 %
IR83212H 94 91.75% 2288% 405" 26.35° 24.52° 5.23°
IR84711H 95 > 81.38°  2265%%  385°%  2440%® 2527 5.46
IR84741H 89 o 81.35° 2251°%  369%°  2336%° 2526 571
IR85466H 96 * 8581° 2239  358%°  2118%°  2476° 5.46
IR85471H 87" 76.30 ¢ 21.37 392°9  2291%°  25509% 559 &
IR86167H 97 ° 87.08°  2276%%% 340 ° 2353%°  2573% 557 %
IRR1138 8g 9" 81.13°  23.94% 348 % 2231%° 2563% 5.43 %
Sahel 108 93 % 7413 ¢ 21.05" 446 ° 23.88%°  2469° 5.82 %

SIgnfeantP < goo1+ <0001t <0001** <0001 00007%  0.0035*  0.0011*
For days to 50% flowering, data showed panicles/m2 (466/m2), while the lowest

that among 14 rice varieties; IR86167H (97
days) is longest days to flowering, while the
IRR1138 (88 days) exhibited the earliest
flowering compared with the other rice
genotypes in both seasons.

Regarding plant height the data indicated
that there are significant differences among
the 14 rice varieties, Sahel 108 the short
stature (74.13 cm), while the highest plant
height was recorded for the two hybrids,
IR81954H and IR83212H (91.7 cm).

For panicle length, data also, showed
that IR80228H gave the longest panicle
(24.04 cm), while, Sahel 08 gave the
shortest panicle (21.05 cm). Concerning the
number of panicle/m2, varieties differed
significantly the rice variety of Sahel 108
produced the greatest number of
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number of panicles/m2 (301/m2) was found
with IR.86167H. For spikelet sterility%, there
are significant differences observed among
all rice varieties, IR 81954H recorded lowest
spikelet sterility% while IR83212H recorded
highest sterility%.

Regarding 1000 grain weight there were
significant differences observed between
rice varieties (Table 4), The highest value of
1000-grain weight (26.57 g) was recorded
with IR81950H while, the lowest value
(24.39 g) was foundwith IR81955H.

Generally for grain yield IR80228H
recorded the highest value of grain vyield
593 (tha'1) as compared with other varieties,
while the lowest grain yield were recorded
with, IR80814H, IR81950H and IR83212H
(513,517 and 5.23 t ha'1), respectively.
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Year*Fertilizer levels overall mean:

Combined analysis of Year*Fertilizer
levelsshowed significant differences for,
days to 50% flowering, plant height, panicle
length, spikelet sterility%, and grain vyield,
the overall mean are presented in Fig 2.
Days to 50% floweringwere increasing with
application of fertilizer in both seasons the
earliest treatment were recorded (89 and 90
days) without fertilizer (FO) during wet
seasons 2010 - 2011.

For plant height the results indicated that
the plant height increased with increasing of
fertilizer levels during the two wet seasons
2010 and 2011 November 2011than the
same period in 2010 (Fig1). Data indicated
that of spikelet sterility % had almost the
same values with FO, F1 and F2 during the
two seasons, while spikelet sterility%
decrease with F3 and F4 application during
2010. Grain yield increased with increasing
of fertilizer levels during the two years. So
may be more economic evaluations of rice
production under different fertilizer levels are
needed.

The plant heights were recorded in F4
treatment (98.0 and 85 cm) during the two
wet seasons 2010-2-11. This result are
agreement with the findings of Chu Van
Hachet al (2006) which showed that
application of nitrogen fertilizer increased
plant height over control for all tested
varieties. Panicle length (cm) was significant
affected by the Year* Fertilizer levels
interaction, generally panicle length in WS
2010 was longer than WS 2011. This may
be due to the e differences of day and night
temperature.

Year*varieties overall mean:
Interaction of Year*Varieties showed
significant effect for all the studied traits
except panicle length. Combined analysis of
14 rice varieties over two wet seasons for,
days to flowering, plant height, panicles/mz,
spikelet sterility % and 1000 grain weight are
presented in table 5, while data of grain yield
are presented in Fig 3. Generally most of
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rice varieties were early flowering ranging
between 88.0— 97.0 days in 2010 and 88.0 —
100.0 days in 2011. For plant height all rice
varieties exhibited short stature in 2011
compared with 2010. Sahel 108 had shorter
stature (82.93 and 65.33 cm) during 2010
and 2011 respectively. [IR83212H and
IR81954H exhibited longest plant height
(106.66 and 88.66 cm) during 2010 and
2011 respectively. Most of hybrids and
check variety revealed that more
panicles/m2 in 2010 rather compared with
2011. Check variety Sahel 108 gave highest
panicles/m2 (506.67 and 387.23) during the
two wet seasons (2010 — 2011). This
indicated that high adaptability of check
variety compared with other tested hybrids.
Spikelet sterility % ranged between (15.1
and 25.9) in 2010 and (21.4 and 25.6) in
2011. IR81954H and IR84741H recorded
lowest spikelet sterility% during the two
seasons respectively. 1000 grain weight of
most of rice varietiesdecreased in 2011
compared with 2010. IR81950H and
IR81954H showed heaviest value (28.1 and
28.7 g) in 2010 while IR85471H revealed
heavies values (25.4 g) in 2011. Grain yield
of most hybrids and check variety was high
in 2010 compared to 2011. The hybrids
IR81954H, IR84741H had highest grain
yield (over 6.0 t ha'1) in 2010 while hybrid
IR84711H and release rice variety Sahel
108 had the highest grain yield during both
seasons. There no significant advantage on
grain yield of IRRI hybrids compared with
check variety in Senegal This results
concluded that generally performances of
most of rice varieties were better in wet
season 2010 compared with wet season
2011 for all studied traits.

The experiment in 2011 faces some
challenges due to contentious flooded (three
weeks) of rice field due to heavy rain. May
be these hybrids can be shows advantage
on grain yield under high fertilizer levels,
Yongjian Sun et al., 1999, reported that The
most rice hybrids significantly responded to
nitrogen up to 180 kg N ha-1.
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Fig 2: Combined analysis of Year*Fertilizer levels for, days to flowering, plant height,
panicle length, spikelet sterility%, panicle/m2 and grain yield during two wet
season under three fertilizer levels.
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Table 5: Combined analysis of Year*Varieties for, days to maturity, plant height, 1000
grain weight, panicle/m2 and grain yield.

, . : 1000
Flowering  Plant height Panicles/m? Spl!(_eleot Grain
Genotypes (days) (cm) sterility% weight
Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2

IR80228H 95 93 98.73 86.23 39447 309.87 215 23.7 270 2238
IR80814H 88 91 91.30 80 468.63 303.23 179 223 275 235
IR81950H 97 96 93.0 84.86 477.73 309.07 18.1 236 281 250
IR81954H 94 96 104.76 88.66 45297 291.57 151 229 28.7 231
IR81955H 92 93 90.13 81.23 464.13 383.33 229 256 252 235
IR82391H 90 90 93.00 84.56 4312 339.03 248 242 256 250
IR83212H 94 95 106.66 86.83 504.63 306.7 28.7 23.9 257 233
IR84711H 95 94 9216 80.6 458.3 31343 259 228 263 242
IR84741H ©1 88 89.53 83.16 357.3 38227 252 214 26.7 238
IR85466H 95 97 99.30 82.33 36323 35423 18.1 242 256 238
IR85471H 89 86 84.03 78.56 471.77 3139 220 23.8 257 254
IR86167H 93 100 98.63 8553 413.83 2675 23.0 240 266 2438
IRR1138 88 88 89.76 825 3539 34296 229 217 263 249
Sahel 108 94 93 8293 75.33 506.67 38723 249 228 243 250

Granvyield (tha-1) =yl ovyz
7
6
5
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3
2
1
0
2 2 o 2 R . - 2 & o N o el &
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Fig 3: Combined analysis of Year*Varieties for grain yield
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Conclusion:

In this investigation grain yield was
decreased with a decrease of fertilizer levels
for most rice varieties during two wet season
2010 -2011. It is recommended to grow
inbred rice under this condition. Significant
differences were observed between the two
years for most of the studied traits. There no
significant advantage on grain yield of IRRI
hybrids compared with check variety in
Senegal. So test other genotypes more
adaptability in Senegal under low fertilizer
levels will be more efficient to identify
suitable varieties for low input conditions.
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