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EFFECT OF NITROGENOUS AND PHOSPHATIC
FERTILIZERS ON PERFORMANCE OF RAINFED PEARL
MILLET (PENNISETUM GLAUCUM L.) GROWN ON
CLAY LOAM SOIL
[12]
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ABSTRACT

An experiment was conducted for two summer seasons (2000 and 2001) to study
the effect of nitrogenous and phosphatic fertilizers on performance of rainfed pearl
millet (Pennisetum glaucum L.) grown on clay loam soil at University of Zalingei
site, Western Darfour states, Sudan. The experimental design used was spilt-plot de-
sign with five replications. Four nitrogen treatments (0, 30, 60 and 80 kg N/ha) and
four phosphorus treatments (0, 15, 30 and 60 kg P/ha) were used. Nitrogen treat-
ments were assigned to the main plots and phosphorus levels were allotted to the
sub-plots. Urea (46% N) and triple superphosphate (48% P,Os) were used as sources
of nitrogen and phosphorus, respectively. Phosphorus treatments were applied at
sowing, whereas nitrogen fertilizer was split into two equal doses, one was added
four days after emergence and the second was three weeks after sowing. Results of
the experiments showed that application of nitrogen increased the plant height over
the control. The increments were in range of 5.7% - 16.1%. Leaf area index (LAI),
grain and stover yields were significantly affected by nitrogen application. The in-
crements over control were in the range of 39% - 92.3%, 10.1% - 112.7% and 34.1%
- 126.9% for LAI, grain yield and stover yield, respectively. Regarding phosphorus,
the results revealed that phosphorus addition had a significant effect on plant height,
LAI, grain and stover yields. The increments over control ranged from 2.4% -
11.3%, 6.3% - 17.9%, 6.7% - 24.6% and 6.8% - 35.4% for plant height, LAI, grain
and stover yields, respectively. The interaction between nitrogen and phosphorus
had a significant effect only on LAI and plant height at the sixth week measurement
in the first and second seasons, respectively. The tallest plants were obtained from
3N x 3P treatment whereas the greatest LAl was obtained by 3N x 2P treatment.
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INTRODUCTION

Soils, particularly in the arid and sem-
iarid regions, rarely contain adequate
amounts of essential plant nutrients to
sustain high yields of most crops. This is
particularly true for nitrogen and mostly
for phosphorus. Use of chemical fertiliz-
ers has been practiced for a long time in
modern agriculture to compensate these
deficiencies in nitrogen and phosphorus.

In Sudan, pearl millet is an important
cereal crop, next to sorghum. It consti-
tutes the stable food of the majority of
Western Sudan (Darfur and Kordofan)
where it occupies an area of 1.2 — 2.9
million hectares. Most of the area is cul-
tivated and harvested under traditional
rainfed agriculture (Abuelgasim and
Jain, 1987; FAO, 1999). It is also culti-
vated on alluvial soil along wadis. Re-
cently, some farmers in the mechanized
clay plain of central Sudan started to
grow pearl millet instead of sorghum
which is susceptible to Striga hermon-
thica (Elmahi, et al 1995). Very little
research work was conducted in this sec-
tor compared with irrigated agriculture.
In particular, pearl millet did not receive
the appropriate attention. Therefore, the
present study was conducted to investi-
gate the effect of nitrogen and phospho-
rus fertilization on performance and yield
of pearl millet grown on clay loam soil
under Western Sudan conditions.

MATERIAL AND METHODS

An experiment was carried out for
two summer seasons (2000 and 2001) to
investigate the effect of nitrogen and
phosphorus fertilizers on growth and
yield of rainfed pearl millet (Pennisetum
glaucum). The study site was at the Uni-

versity of Zalingei, Western Darfur state
(latitude 12° 45" N and longitude 23° 29
E with an attitude of 900m above mean
sea level).

The soil of the site is clay loam (41%
clay), pH range from 6.4 to 7.0 with low
available soil phosphorus (0.83 — 0.9
ppm). According to Black et al (1969)
standards, the soil organic carbon is low
(0.25 — 0.32%) and, hence, low soil nitro-
gen content (0.029— 0.035%). The exper-
imental design used was spilt-plot design
replicated five times with nitrogen in the
main plots and phosphorus in the sub-
plots. The area of main plots and subplots
was 108m? and 27m? respectively. A
local pearl millet cultivar (Darmasa) was
sown on the 12" and 15" of July in the
first and second seasons, respectively.
Traditional hand sowing was used by
using local implement. Nitrogen treat-
ments consisted of four N levels: 0, 30,
60 and 80 kg N/ha designated as ON, 1N,
2N and 3N, respectively, phosphorus
treatments consisted of four P levels: 0,
15, 30 and 60 kg P/ha designed as OP, 1P,
2P and 3P, respectively. Urea (46% N)
and triplesuperphosphate (48% P,0s)
were used as sources of nitrogen and
phosphorus, respectively. Triplesuper-
phosphate was applied at sowing in bands
of 5cm depth and at a distance of 5cm
from the seeds. Urea was split into equal
doses, one dose added four days after
germination and the other was three
weeks after sowing by hand placement
method. Thinning was done when the
plant were four weeks old to end up with
three plants per hole. Growth parameters,
plant height and leaf area index (LAI)
were measured at an interval of two
weeks starting a month after sowing until
harvest. The crop was harvested at 120
and 112 days from sowing in the first and
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second seasons, respectively. Grain and
stover yields were determined in an area
of 6.25m” in the centre of the middle
three rows in each plot.

RESULTS AND DISCUSSION

Nitrogen application had a significant
effect (P < 0.05) on plant height (Table,
1). The plant height was significantly
increased over the control by nitrogen
treatment. The increases in plant height
produced by 1N, 2N and 3N treatments
over the control at 12" week after sowing
were 7.1%, 10.5%, 9.3% and 5.7%,
11.0% and 16.1% for the first and second
seasons, respectively. These findings
were in conformity with results obtained
by Ibrahim, (1996).

Nitrogen application had a significant
effect on LAI in both seasons (Table, 2)
where LAI index increased with increas-
ing nitrogen rate up to the 8™ week of the
sowing but this disappeared as the season
proceeded. The increments in LAI over
the control due to nitrogen application at
the rate of 1N, 2N and 3N at the 8" week
measurement were 39.0%, 52.4% and
60.0%, respectively, in the first season
and 39.6%, 78.6% and 92.3%, respective-
ly, in the second season. Mourad et al
(1986) found that LAI values were signif-
icantly increased with increasing nitrogen
rate up to 90 kg N/ha, which was almost
equivalent to the rate used in this study.

Phosphorus application had a signifi-
cant effect on plant height (Table, 3). The
increments in plant height produced by P
treatments ranged, on average, between
2.4% - 10.0% over the control. Similar
findings were reported by Okalebo
(1984). The added phosphorus increased
LAI significantly over the control (Table,

4) for the first three measurements but
later this disappeared. These results were
in line with those obtained by Elmedani,
(1997) who quoted similar results.

Grain and stover yields were signifi-
cantly affected by nitrogen and phospho-
rus application (Table, 5). The increments
due to nitrogen fertilization were in the
range of 10.1 % - 112.7% and 34.1% -
126.9% of grain and stover vyields, re-
spectively, whereas, the respective in-
crements in grains and stover yields due
to phosphorus application ranged be-
tween 6.7% - 24.6% and 6.8% - 35.8%.

These results were in line with those
obtained by many research workers (Ma-
son, 1989 and Singh & Sharma, 1995).

The yield of the first season was high-
er than that of the second season. This
was mainly due to the fluctuating rainfall
which is a critical factor that determines
yield in rainfed agriculture. The rainfall
in the first season was favorable for crop
growth in terms of total amount (777.8
mm) and distribution throughout the
growth period whereas in the second sea-
son the rainfall was low (421 mm), less
than the twenty years mean (488.4 mm).
These results were similar to those re-
ported by Bationo et al (1989) who re-
ported that low rainfall can adversely
affect crop productivity.

However, the interaction of N x P had
exerted a non significant effect on most
measured parameters. Exception of this,
LAI at the 6™ week after sowing in the
first season was significantly affected by
treatment interaction (Table, 6). Similar-
ly, plant height recorded at the 6" week
measurement in the second season was
significantly affected by N x P interaction
(Table, 7).
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Table 1. Effect of nitrogen fertilizer on plant height (cm)

. Time (weeks after sowing)
Nitrogen level
6 8 10 12
First season
ON 43.56 b 96.97 ¢ 159.48¢c  198.15b  199.98 b
1IN 48.45ab 123.70bc  189.72b  212.78a 214.22a
2N 53.38a 141.24a  203.67a 220.03a 220.89a
3N 51.61a 133.09b 200.70ab 218.33a 21851a
Second season
ON 40.80c 73.87d 110.28c  159.89c¢  16l1.1l1c
1N 45.91b 97.06 ¢ 133.58b  169.84 bc 170.23 bc
2N 50.72 a 105.71b 14458b 17857ab 178.80 ab
3N 52.39a 116.30a  156.23a  187.73a 187.73a

Means within the same column followed by the same letter are not significantly different at
P <0.05 according to Duncan's Multiple Range Test (DMRT).

ON=0kgN/ha 1N=30kgN/ha 2N =60kgN/ha 3N =80 kg N/ha

Table 2. Effect of nitrogen fertilizer on leaf area index (LAI)

. Time (weeks after sowing)
Nitrogen level
4 6 8 10
First season
ON 0.76 b 249¢c 3.13¢c 2.55a
1N 1.19a 341b 4.35b 2.65a
2N 1.35a 3.93a 4.77 ab 272 a
3N 1.26 a 3.81ab 5.01a 2.83a
Second season
ON 0.65c¢c 1.09c 154 ¢ 1.10a
1N 091b 1.67b 2.15b 1.12a
2N 117a 214 a 2.75a 143 a
3N 1.27a 2.29a 297 a 1.50a

Means within the same column followed by the same letter are not significantly
different at P < 0.05 according to Duncan's Multiple Range Test (DMRT).
Symbols as shown in Table 1
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Table 3. Effect of phosphorus fertilizer on plant height (cm)

Time (weeks after sowing)
Phosphorus level
6 8 10 12
First season
oP 4468b 111.04c 12590 ¢ 205.79 ¢ 207.31¢
1P 50.06a 124.24b 188.00bc 211.34b 212.35hc
2P 51.34a 12559 b 197.44a 218.70ab  219.03a
3P 50.91a 134.13a 192.25ab 21346a 214.93ab
Second season
oP 43.0lc 83.35¢ 120.28 ¢ 162.58 ¢ 163.00 ¢
1P 4740b  99.77b 136.67 b 173.97 b 174.08 b
2P 49.34a 103.63ab 142.29a 17855ab 179.36 ab
3P 50.07a 106.19a 14543 a 180.94 a 181.43 a

Means within the same column followed by the same letter are not significantly different at
P <0.05 according to Duncan's Multiple Range Test (DMRT).

OP =0 kg P/ha 1P=15kgP/ha 2P =30kgP/ha 3P =60kgP/ha

Table 4. Effect of phosphorus fertilizer on leaf area index (LAI)

Time (weeks after sowing)
Phosphorus level

4 6 8 10

First season
0P 0.84b 2.99b 411a 2.61a
1P 125a 3.53a 437a 2.67 a
2P 1.23a 3.58a 437a 2.76 a
3P 1.23a 3.53a 441a 2.71a

Second season

oP 0.74b 154b 2.13b 1.28 a
1P 1.03a 1.82a 2.35a 1.28a
2P 1l11a 191a 247a 13la
3P 1.12a 193a 245a 1.28a

Means within the same column followed by the same letter are not signifi-
cantly different at P < 0.05 according to Duncan's Multiple Range Test
(DMRT).
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Table 5. Effect of nitrogen and phosphorus fertilizers on grain and
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stover yields

Yield (ton/ha)
Treatments Grain Stover
First season
ON 1.652b 5.16 ¢
1N 1.819b 6.92b
2N 2.152 a 7.97a
3N 2.184 a 8.07 a
Second season
ON 0.512¢ 16¢c
1N 0.653 ¢ 249b
2N 0.909 b 3.08 ab
3N 1.089 a 3.63a
First season
oP 1.781c 6.46 b
1P 1.900 bc 6.90 ab
2P 2.018 ab 7.39a
3P 2.109a 7.38a
Second season
oP 0.668 b 2.29c¢c
1P 0.799a 2.59 bc
2P 0.819a 2.82 ab
3P 0.857 a 3.10a

Means within the same column followed by the same letter are not signifi-
cantly different at P < 0.05 according to Duncan's Multiple Range Test

(DMRT).

Table 6. Effect of treatment interaction on LAI at the six week after

sowing (1st season)

Phosphorus level

Nitrogen level

ON 1IN 2N
0P 1.81h 3.08efg 3.68abcde
1P 3.11ef  3.63abcde  3.83abcd  3.55bcde
2P 2.57fg 3.40de 4.13ab
3P 2.48¢g 3.51cde 4.07abc 4.07abc

Mean within same column followed by the same letters are not signifi-
cantly different at P < 0.05 according to Duncan's Multiple Range Test

(DMRT)
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Table 7. Effect of treatment interaction on plant height (cm) at the six
week after sowing (2™ season)

Nitrogen level
Phosphorus level
1IN 2N 3N
oP 66.07h 79.70g 88.00f 99.63e
1P 69.53h 98.70e 110.63cd  120.20ab
2P 79.20g 105.67cd  108.23cd  121.43ab
3P 80.67fg  104.17cd  11597bc  123.93a

Mean within same column followed by the same letters are not significantly
different at P < 0.05 according to Duncan's Multiple Range Test (DMRT)

The highest value of LAl was ob-
tained from 3N x 3P treatment which the
tallest plants were recorded from 3N x 3P
treatment.
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