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THE RESPONSE OF RAINFED PEARL MILLET (PENNISETUM
glaucum L.) TO NITROGENOUS AND PHOSPHATIC
FERTILIZERS APPLIED OF SANDY LOAM SOIL

Eltilib', A M.A.; T.EM. Hago'; A.H. Awad Elkarim™*
and S.AM. Ali!

ABSTRACT

A field experiment was conducted for two Summer seasons (2000 and 2001) to
investigate the effects of nitrogenous and phosphatic fertilization on growth and
yield of rainfed pear! millet (Pennisetum glaucum L.) grown on sandy loam soil at
University of Zalingei site, Western Darfur States, Sudan. The experimental design
used was spilt plot design with five replications with N in the main plots and P in the
subplots. Four nitrogen treatments (0, 30, 60 and §0kg N/ha) and four phosphorus
treatments (0, 15, 30 and 60kg P/ha) were used; Urea (46% N) and triple superphos-
phate (48% P;Os) were used as sources of N and P, respectively. Triple superpho-
shate fertilizer was applied at sowing in bands while urea was applied in bands and
split in two equal doses, the first dose was added four days after emergence and the
second three weeks after sowing. Grain and stover yields were increased as a result
of nitrogen application. Nitrogen fertilization gave a rise in grain yield of 32.6%-
131.9% and in stover yield of 69.2% - 262.9% over the control. On the other hand,
phosphorus, had a significant effect on piant height and leaf area index (LAI) in the
first seasor: while in the second season such effect was observed during eatly stages
only. Highly significant correlations between the added fertilizers (N and P) and
yield of millet (grain and stover) were obtained in both seasons.

Keywords: Pearl millet, Nitrogenus fertilizers, Phosphatic fertilizers, Sandy loam
soils

INTRODUCTION rected by fertilizers application. The use
of fertilizers in Sudan is often limited to
Yield of most crops in Sudan is very  irrigated agriculture and rarely practiced

low compared with those in many parts of
the world. This may be attributed to the
low soil fertility which should be cor-

—-—

under rzinfed conditions. In Sudan, pearl
millet is an important cereal crop, next to
sorghum. It constinges the stable food of
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the majority of inhabitants of Westem
part of Sudan (Darfur and Kordofan)
where it occupies an area of 1.2-2.9 mil-
lion hectares {Abuelgasim & Jain, 1987
and FAO, 1999). Most of the millet area
is cultivated under traditional rainfed ag-
riculture. In Western Sudan, normally,
the farmers used to cultivate vast areas on
traditionai basis to produce very low
yield per unit area. This is considered a
waste of farmer's effort and land. Gener-
ally, rainfed agriculture in Sudan contrib-
utes significantly to the national economy
by supplying the most important food
crops, mainly cereals. In spite of this,
very little research work was conducted
in this sector compared with irrigated
agriculture. [n particular, pearl millet did
not receive the appropriate attention, de-
spite its importance as a food crop for a
wide sector in Sudan. Therefore, this
study was conducted in order to investi-
gate the effect of nitrogen and phospho-
rus fertilization on growth and yield of
rainfed pearl millet on a sandy loam soil
under Western Darfur State conditions.

MATERIAL AND METHODS

A field experiment was conducted for
two Summer seasons (2000 and 2001) to
investigate the effect of nitrogenous and
phosphatic fertilizers on growth and yield
of rainfed pearl millet (Pennisetum glau-
cum) at University of Zalingei Site,
Western Darfur State (latitude 12° 45' N
and longitude 23° 29' E with an aftitude
of 900m above mean sea level).

According to Black et al (1969), the
soil of the site is sandy loam (65% sand)
slightly acid (pH 5.6-6.7) with low or-
ganic carbon (0.16-0.29%), soil nitrogen
(0.029-0.035%) , phosphorus (0.74-0.77
ppm). The used experimental design was

spilt plot design replicated five times with
nitrogen in the main plots and phosphorus
in the subplots. Local pearl millet cultivar
(Darmasa) was sown on the 12 and 15
of July in the first and second seasons,
respectively. The subplot was 6 x 4m in
area and consisted of 6 rows 70cm apart
and an intrarow spacings of 70cm. Seeds
were shown at seed rate of 5 seeds/hole
and a depth of Scm. Nitrogen treatments
consisted of four N levels: 0, 30, 60 and
80kg N/ha designated as ON, IN, 2N and
3N, respectively, while phosphorus
treatments consisted of four P levels: 0,
15, 30 and 60kg P/ha designated as OP,
1P, 2P and 3P, respectively.

Triple superphosphate was applied at
sowing in bands of S5cm depth and at a
distance of Scmn from the seeds, while
urea was split in two equal doses applied
four days after emergence and three
weeks after sowing by hand placement.
Thinning was done when the plants were
four weeks old to end up with three plants
per hole. Weeding was done three times
in the first season and twice in the second
season. Growth parameters were meas-
ured at intervals of two weeks starting a
month after sowing and continued to har-
vest. The crop was harvested at 120 and
112 days from sowing in the first and
second seasons, respectively. Grain and
stover yields were evaluated in an area of
6.25m" in the centre of the middle three
rows of each plot.

RESULTS AND DISCUSSION

Vegetative growth parameters

Nitrogen significantly affected plant
height (P<0.05) at all stages in both stud-
ied seasons (Table, 1). The differences in
plant height at different used nitrogen
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Table 1. Effect of nitrogen fertilizer on plant height (cm)

501

Time (weeks after sowing)
Nitrogen level 4 6 3 10 I
First season
0N 30.7b 716"  1479b  1776b 189.3b
IN 3%92a 1089a 200.5a 219.9a 220.7a
2N 382a 106.9a 205.1a 2212a 2219a
3N 37.2a 1069a 2009a 2172a 21922
S.E+ 1.92 5.50 10.47 8.42 6.20
Second season

ON 44.1c 66.8¢ 1099b 137.2b 140.9b
IN 48.3b 105.6b 157.9a 17493 178.5a
2N 529a 1139a 163.9a 1775a 178.2a
3N 529a 116.5a 160.6a 176.7a 177.3a
S.E+ 1.06 2.02 4.55 5.04 5.15

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

ON = Okg N/ha

2N = 60kg N/ha 3N = 30N/ha

rates were significant relative to the con-
trol, but this was not the case among the
other N treatments. The average increase
in plant height produced by nitrogen ad-
dition amounted to about 16.6% over the
control. These results were in conformity
with findings obtained by Ibrahim,
(1996) who found that plant height of
pearl millet increased significantly and
linearly with increased nitrogen applica-
tion. Nitrogen application had a signifi-
cant effect (P<0.05) on LAI in both sea-
sons (Table, 2). Such LAI being also in-
creased with increasing nitrogen rate.
This may be due to the favourable effect
of nitrogen on vegetative growth com-

IN = 30kg N/ha

pared with control. Mourad et af {1986)
found that LAI values were significantly
increased with increasing nitrogen rate up
to 90 kg N/fed.

With regard to phosphorus, it affected
plant height significantly in both seasons
(P< 0.05) (Table, 3). However, at later
stages in the second season, this signifi-
cant effect disappeared. Okalebo, (1984)
reported that millet height at maturity
increased significantly with fertilizer
application and he obtained a linear rela-
tionship between the applied phosphate
and plant height. Likewise, phosphorus
fertilizer increased LAI significantly
(P<0.05) over the control in the first
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Table 2. Effect of nitrogen fertilizer on leaf area index (LAI)

Nitrogen level Time (weeks after sowing)
4 6 8 10
First season
ON 0.51b 227 293¢ 2.94b
1N 0.85a 3.66a 4.16b 3.170
2N 0.84a 3.93a 4.75a 3.47a
3N 0.81a 4.46a3 5.19a 3.68a
S.Ex 0.05 0.24 0.18 0.08
Second season
0N 0.61c 1.14c 1.07¢c 0.49¢
1IN 0.92b 2.15b 2.02b 0.98b
2N 1.28a 2.64a 2.22ab 1.28a
3N 1.23a 2.75a 2.34a 1.42a
S.E+ 0.06 0.08 0.09 0.05

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). Sym-
bols as shown in Table 1.

ON=0kgN/ha IN=30kgNha 2N=60kgN/ha IN=80kgNha

Table 3. Effect of phosphorus fertilizer on plant height (cm)

Time (weeks after sowing)
Phosphorus level
6 8 10 12
First season
opP 31.40b 82.3b 165.3b 194.5b 200.0b
1P 38.2a 102.9a 19582 21L.1a 213.7a
2P 37.5a 103.3a 1952a 2149a 218.3a
ip 38.2a 105.9a 198.0a 2154a 219.1a
S.E+ 1.10 2.98 3.02 8.42 2.11
Second season
op 46.9b 90.4b 141, 8a 161.5a 162.6a
1P 49.7a 102.3a 147.4a 169.1a 171.7a
2P 50.9a 104.7a 153.8a 171.0a 173.4a
3p 50.6a 105.4a 149.5a 164.8a 167.3a
S.E+ 0.99 1.42 3.34 3.09 3.14

Means within the same column followed by the same letter are not significantly dif-
ferent at P<0.05 according to Duncan's Multiple Range Test (DMRT).
OP=0kgPha 1P=15kgPMha 2P=30kgPha 3P =60kgPha
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season (Table, 4). In the second season,
the effect of P was obvious early in the
season (4% and 6™ week measurement),
but later (8% and 10® measurement) the
effect of added phosphorus was not sig-
nificant (Table, 4).

The data was statistically analysed by
using ANOVA for split-plot design.
Means were compared according to Dun-
can’s Multiple Range Test (DMRT)
{Gomez and Gomez, 1984). The interac-
tion of N X P exerted a non significant
effect on most parameters, except plant
height at the eighth and sixth week after
sowing in the first and second seasons,
respectively (Tables 5 and 6). Here, the
combination of 2N X 3P gave the tallest
plants in both occasions.

Grain and Stover Yields

The highest yield obtained in the first
season was attributed to favorable rainfall
(778 mm) and its distri.ution throughout
the growing season. In contrast, the rain-
fall was very low (421 mm) in the segond
season which adversely affected crop
production. This was in line with the re-
sults recorded by Batino ez af (1989).

Simple regression analysis was per-
formed to reveal the relationship between
grain and stover yields and the fertilizers
used. Highly significant cotrelation be-
tween nitrogen and grain yield was ob-
tained (P< 0.01. ¥ = 0.998 and 0.984 for
the first and second seasons, respectively)
(Figs. | and 2). Nitrogen accounted for
about 99.8% and 98.4% of the variability
in grain yield for the first and second sea-
sons, respectively. The stover yield was

significantly cormrelated with nitrogen
level (P< 0.01, * = 0.994 and 0.987 for
the first and second seasons, respectively)
(Figs. 3 and 4). Nitrogen accounted for
about 99.4% and 98.7% of the variability
in stover yield for the first and second
seasons, respectively. Nitrogen produced
a substantial increase in both grain and
stover yields of millet. Nitrogen fertiliza-
tion gave an average rise of 32.7and
131,9% in grain yield in the first and sec-
ond seasons, respectively. The respective
increase in stover yield by N fertilization
was 69.2 and 262.6% in the first and sec-
ond seasons respectively. Many research
workers (Bationo er al 1990; Okalebo,
1984 and Maman et al 1999) reported
similar findings.

With regards to phosphorus, signifi-
cant correlation between P and grain
yield was obtained in both seasons
(P<0.05, * = 0.939 and 0.874 in the first
and second seasons, respectively) (Figs. §
and 6). The phosphorus accounted for
about 93.9% and 87.5% of the variability.
Resuits showed a significant correlation
between phosphorus levels and stover
yield (P< 0.05, r* = 0.999 and 0.892 in
the first and second seasons, respectively) |
(Figs. 7 and 8). Phosphorus accounted for
about 99.9% and 89.2% of the variability
in stover yield for the first and second
seasons, respectively. Phosphorus appli-
cation significantly increased grain and
stover yields over the control of 10.9% to
20.0% for grain yield and of 12.8-71.6%
for stover yield for the first and second
seasons, respectively. These results were
in harmony with those obtained by
Okalebo (1984).
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Table 4. Effect of phosphorus fertilizer on leaf area index (LAI)

Phosphorus level Time (weeks after sowing)
: 4 6 ] 10
First season
oP 0.54b 2.93¢ 3.76¢ 3.10b
1P 0.79a 3.54b 4.28b 3.30ab
2P 0.83a 3.76a 4.34ab 3.36a
3jp - 0.35a 3.80a 4.56a 3.49a
S.Ex 0.04 0.05 0.09 0.08
Second season

or 0.77b 1.95% 193a 1.04a
1P 1.08a 223a 2.04a 1.11a
2P ' 1.1tla 2.30a 191a 1.04a
ip 1.16a 2.25a 1.78a 0.9%a
S.Ex 0.04 0.07 0.01 0.10

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).

0P =0kg P/ha 1P=1i5kgPha 2P=30kgPha 3P =60kgPha

Table 5. Effect of treatments interaction on plant height (cm) at the Sixth week
after sowing (2 season)

Nitrogen level
Phosphorus level
ON IN 2N 3N
op 64.7¢% 96.1e 100.3cd 100.5¢cd
1P 68.9f 105.4cd 117.7ab 117.4ab
2P 66.7f 109.6bc 117.8ab 124.6a
3P 66.9f 111.5be 119.7a 123.4a
S.E+3.02

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=0kgNha IN=30kgN/ha 2N=60kgNha 3IN=80kgNha

OP = Okg P/ha IP=15kgPtha 2P =30kgP/ha 3P =60kgP/ha
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Table 6. Effect of treatments interaction on plant height (cm) at the eighth
week after sowing (1* season).

Phosphorus level Nitrogea ievel
ON IN 2N 3N
opP 110.77f 177.96¢cd 187.80bc 184.80bc
P 165.43de 206.60a 209.10a 202.17ab
2P 156.83e 211.30a 20576a 207.13a
3P 158.33e 206.04a 217.50a 209.87a
S.E+3.02

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 IN=30kgNha 2N=60kgNha 3N =80kgN/ha

OP = 0kg P/ha IP=15kgPha 2P=30kgPmha 3P =60kg P/ha

Fig. 1: Bfect of nitrogen on grain yield
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Fig. 2: Bfect of nitrogen on grain yield
(second season)
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Fig4: Bffect of nitrogen on stover yield
( second season)
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Fig.§: Effect of Phosphorus on grain yield
(first season)
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Fig.6: effect of phosphorus on grain yleld
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Fig.8: Effect of phosphorus on stover yield
; (second season)
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