J. Agric. Sci. Mansoura Univ., 27 (2): 759 - 777, 2002

EFFECT OF N, P AND K, ON GROWTH, YIELD AND
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ABSTRAC

Two field trials were conducted at the Experimental Farm of Sers-Elliyan
Agricultural Research Station, Menoufia Governorate, to estimate the effect of N, P, K
and their different combinations on growth, yield and response to nematode
infestation of two forage millet, Pennisetum typhoides varieties.

The combination of NPK at the rate of 90kg N+ 30kg P-Os + 48kg K;Offed.
gave the highest values of plant height, leaf area, number of tillers / plant and stem
diameter, as well as fresh and dry forage yield of pearl millet. Whereas, 30kg N +
15kg P20s + 24 kg KoOffed. treatment gave the lowest values of the same characters
in‘both seasons.

NPK application at 90 kg N + 30 Kg P20s + 48kg K;0 per fed. resulted in
significantly reduction of the mixed nematode community of both soil and roots of
pearl millet by 54.69% and 69.74% over treatment received 30 kg N + 15 kg P,0s +
24 kg K:Of/fed. Concerning to the varietal effect on growth characters, fresh and dry
forage vyield of pearl millet, Shandawil | variety surpassed Composed variety in
increasing the respective parameters values. Host reaction of the tested varieties to
nematode infestation reveald that Composed variety was more susceptible to plant
parasitic nematodes than Shandawil | variety.

Keywords: Pearl millet, N, P, K, fertilizer: Growth; Yield, Plant parasitic nematodes.

INTRODUCTION

In Egypt, it is well known that there is serious shortage in animal feed,
especially during summer season. Thus, great efforts have been directed to
improve summer fodder crops, pearl millet through optimizing agronomic
paractices of which time of nitrogen, phosphorus and potassum applications
are the most important factors. Abdalla and Darwish (1972) found that
application of 120 kg N and 100 kg P;O./fed to perennial millet gave the
highest green yield. Ghobrial et al. (1984) found that use of 150 kg N + 150
kg P + 90 kg K/fed. gave the largest average green yield and the highest
percentage of dry matter of hybrid millet. Chio et a/. (1988) reported that pearl
millet was better and higher in quality and fresh fodder yield than corn and
Sorghum x Sudangrass hybrid. Forage yield of pearl millet and its
components governed by nitrogen levels. There was a positive relationship
between nitrogen level and pearl millet yield. Results of Mousa (1991)
showed that fresh and DM forage yield of pearl millet increased with
increasing N level up to 80 kg N/ha. Also, Manohar et al. (1992) revealed that
pearl millet green fodder yield atall cuts taken increased with increasing N
rate. Moreover, Patel et al. (1992) mentionad that green forage yield of
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sorghum plants increased with rate of N application. Measurements of
establishment performance of Pennisetum purpureum generally increased as
N rate increased (Rusland et al., 1993). Tag El-Din and Osman (1994) found
that application of N &P fertilizers had highly significant effect on green and
dry forage yields of guar. The same conclusion was obtained by (Abou-Deya
and Nassar, 1994; and Singh and Tiwana, 1995). Furthermore, Jadhav et al.
(1995) pointed out that application of 40 kg N/ha. significantly increased yield
of pearl millet. El-Houssini and Nassar (1998) reported that vegetative growth
and yield characters of pearl millet increased linearly due to each increment
of nitrogen application up to 90 kg/fed.

Plant parasitic nematodes have been associated with yield losses in
different field crops (Kraus - Schmidtand lewis, 1980). Damage from plant -
parasitic nematodes is one of the principal yield limiting factors in the
production of most legume crops (Sasser and Carter, 1982; and Trivedi and
Carker, 1086),

The suitability of Sorghum (Sorghum bicolor (L.) Moench) as a host of
Meloidogyne spp. has been addressed by several authors (Birchfield, 1983;
and Thomas and Murray, 1987). Meloidogyne arenaria is one of principal
yield - limiting pestes of peanut in the south eastren in U.S.A. (Ingramand -
Rodriguez - kabana, 1980; and Rodriguez - Kabana et al, 1982).
Meloidogyne spp., Rotylenchulus reniform, Tylenchorhynchus spp, and
xiphinema spp. are considered limiting factors in crop production in Egypt
(Tarjan, 1964; Oteifa and Tarjan, 1965; lbrahim et al, 1988 and 1994 and
Ibrahim, 1990). Plant parasitic nematodes caused significant yield loss and
economic damage to different field crops (Noe et al. 1991; Baird et al., 1996
and Ferris and Ferris, 1998).

The appropriate level and balance of essential plant nutrients is one of
numerous management factors that could achieve optimum crop yield. Itis
also necessary to apply adequate fertilizer to improve high yield, so this
investigation was conducted to estimate the effect of N, P, K, and their
different combinations on growth, yield and response to nematode infestation
of two forage pearl millet (Pennisetum typhoides) varieties.

MATERIALS AND METHODS

Two Field trails were performed at the Experimental Farm of Sers -Elliyan
Agricultural Research Station, Menoufia Governorate, Agricultural Research
Center in 1999 and 2000 summer seasons to study the effect of NPK
fertilization on growth, yield and response to nematode infestation of two
forage pearl millet (Pennisetum typhoides) varieties.

The experiment included 32 treatments arranged in split-plot design with
four replicates. The treatments were the combinations of

| Two pearl millet varieties (allocated in the main plots), i.e. Composed
variety and Shandawil |.

5 16 levels of N, P, and K fertilizer (laid out in the sub plots). The area of
each plot was 10.5m” (1/400 fed). The seeds were planted in 20cm
apart. The date of planting was in the 15 and 17 of May in the first and
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second seasons, respectively. After 21 days from sowing, plants were
thinned to secure two plants per hill. Soil samples were taken before
sowing to determine the physical and chemical properties of the
experimental soil according to Chapman and Pratt (1961) and shown
in Table (1).

Nitrogen fertilizer (ammonium nitrate 33.5% N) at the rate of 30, 60,
90, and 120 kg N/fed, P fertilizer (Calcium superphosphate 15.5% P,0s) at
the rate of 15 and 30 kg P,0s/fed. and K fertilizer (Potassium sulphate 48%
Kz0) at the rate of 24 and 48 kg K,O/fed. were applied. Phosphorus and
potassium were added during seedbed preparation. Each N. fertilizer level
was applied at three doses, the first dose after thinning, the second and third
dose after the first and second cutting respectively. Other cultural practices of
growing pearl millet plants were done as recommended.

Growth parameters were determined on five guarded plants at each
sampling date 45, 80 and 115 days after sowing. The following data were
recorded for each sample; plant height, leaf area, number of tillers / plant,
and stem diameter. All plants of each plot were cut to determine fresh and dry
forage yield in ton/ffed. The separation of nematodes from soil was
accomplished by a modification of Christie and Perry's method (1951). Direct
seiving through 60 and 325 mech screens was employed. Resulting
suspension was cleared by means of the Baermann-Pan's technique for
separating active nematodes from soil particles (Goodey, 1957). Identification
of nematode genera in repeated aliquots (1ml/each) foliowed the key's of Mai
and Lyon (1960) as well as Goodey (1963). The hawksely counting slide
under x 100 magnifications was used for determining each nematode
genus/250 grams soil. Five-gram roots of each replicate were stained with hot
acid fuchsine in lacto phenol for counting nematode population (Franklin,
1949).

Data obtained were statistically analysed according to the procedures
outlined by Steel and Torrie (1980). Means were compared by least
significant difference test (LSD) at 5% probability, which was developed by
Fisher (1958).

Table (1) Chemical and Physical properties of the experimental soil for
the upper foot layer (0-30cm) in 1999 and 2000 seasons.

Partical size distribution % 5!
. E.C. m mohs| P.H In

Season coumer 0% Lo | oy [ OB 1omizs’e |1:25] - Teture

1599 1.9 519 | 28.7 175 1.8 0.37 7.5 |Sandy loam
. 12000 14 | 507 | 3286 15.3 17 1.38 % 7.3 [|Sandy loam
INPK available nutrients
Season Nitrogen (ppm) Phosphorus (ppm) Potassium (ppm)
1999 39.0 7.18 269.40
2000 33.0 6.83 291.63
[Seluble saits in soil paste extract
Cations (me g/L Anions (me g/L

St Na® K C:'I‘ : Mg~ | €03~ ] Heod gr : S04-
1999 1.52 0.08 4.65 3.44 - 1.0 2.0 2T
2000 0.42 0.20 . 7.04 5.24 - 1.3 6.2 6.3
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RESULTS AND DISCUSSION

|- Effect of NPK fertilizer on:
a) Growth Characters and forage yield:

There were significant response to NPK with all growth parameters
as well as green and dry forage yield / fed. of pearl millet taken except for leaf
area and stem diameter in the 1% cut of the 2™ season as shown in Tables (2
and 3).

Fertilizer treatment of NPK at 90 kg N + 30 kg P,0s + 48 kg KO/
fed. gave the highest value of plant height (126.54 and 105.47), while the
lowest one was obtained from 30 kg N +.15 kg P20s + 24 kg KO / fed. (96.34
and 73.61) in both seasons. Also, the data presented in the same table
indicate that 90 kg N + 30 kg P,0s + 48 kg KO/ fed. gave the greatest
values of leaf area (153.44 and 191.58cm2), number of tillers / plant (2.67 and
4.43) and stem diameter (1.20 and 1.39cm), whereas 30 kg N + 15 kg P20Os +
24 kg KO / fed. treatment had the lowest value of leaf area (103.66 and
134.94cm?), number of tillers / plant (1.54 and 2.72) and stem diameter (0.73
and 1.01cm) over three cuts in both seasons, respectively. On the other
hand, in both seasons it could be noticed that the second cut was superior of
plant height (132.31 and 109.66 cm), leaf area (186.03 and 250.89 cm’)
number of tillers / plant (2.79 and 5.29) and stem diameter (1.19 and 1.58
cm) than the othercuts tzbles (2 and 3). While the 3" cut in the first season
and 1% cut in second season was inferior in plant height (94.58 and 56.75
cm), leaf area (68.60 and 103.83 cm?), number of tillers / plant (1.24 and
1.66), and stem diameter (0.55 and 0.81 cm) at the first cut in both seasons.
These results might be attributed to the greatest effects of NPK which
promoted plant height, leaf area, number of tiller/plant and stem diameter of
pearl millet. Data presented in Tables (2 and 3) show significant differences
among NPK fertilization in fresh and dry weight forage yield ton / fed.

Regarding the mean of fresh and dry forage yield, the results indicate
that fertilizer treatment of NPK at 90 kg N + 30 kg P20s + 48 kg K0 / fed.
gave the highest values of fresh forage yield (9.80 and 7.49 ton/fed.) and dry
yield (3.76 and 1 55 ton/fed.), while 30 kg N + 15 kg P,0s + 24 kg K;0 / fed.
possessed the lowest values for fresh (3.75 and 3.86) and dry (1.19 and
0.61) yields, in both seasons, respectively. In both seasons, higher fresh
forage and dry yield as mean for the NPK fertilization was recorded at 2™ cut
more than the other cuts. The response of pearl millet growth parameters and
forage yield to the other NPK fertilizer treatments revealed intermediate
status. The increase of plant growth by increasing N rates is most certainly
due to the role of N in improving vegetative growth. In this connection, the
effect of N fertilizer on accumulating dry matter could also attributed to
increasing photosynthesis (Thomposon and Troeh, 1980). Such resuits were
recorded by Manohar et al. (1992) on pearl millet and Rusland et al. (1993)
on elephant grass. El-Houssini & Nassar (1998) found that most vegetative
growth and yield characters of pearl millet increased lineary due to each
increment of nitrogen application up to 90 kg/fed.
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Phosphorus application significantly increased the growth parameters. This
result may be ascribed to the fact that P may encourage the metabolic
processes (Nasr-alle et al., 1998). Also P stimulates the nitrogenase activity
as well as meristimic activity (Tisdale and Nelson, 1975). Similar resuits were
obtained by Ali et al. (1997) on Meskawy barley mixtures. They found that
plant height, green and dry weight / plant at different cuts as well as green
and dry forage yield were significantly increased by P up to 40 kg P,0s /fed.
Nassar (1999) found that raising phosphorus level up to 30 kg P,0s /fed.
positively affected all growth traits, fresh and dry forage yield: . =oth
seasons.

Potassium application increased pearl millet growth, forage yield as
well as dry forage vield. This increase may be due to the fact thatK is
essential element to growth and play an active and important role in the
function of enzymes required for biological processes and absorption of
different nutrients (Tisdal and Nelson 1975 and Ghatak et al, 1997), our
results are in agreement with those of Mosaad and Abdel Salam (1992) on
soybean and Badr et al. (1998) on Cowpea. Ghobrial et al, (1S84) reported
that the use of 150 kg N + 150 kg P + 90 kg K/fed. gave the largest average
green yield and the highest % of dry matter of hybrid millet. Badr et al. (1998)
found that applying 45 kg N/fed, 30 kg P;0s /fed. and 45 kg K,O / fed. gave
the highest values of growth Characters, green and dry forage yield of
Cowpea (Vigna sinensis) and there wers significant interactions between
NPK  factors on some studied traits. It can be concluded that the combination
of N, P, and K hes a synergistic effect for each other in improving the
productivity of pearl millet.

b) Nematode population:

The results illustrated in tables (4 and 5) show that increasing NPK
levels reduced significantly nematode community in soil and pearl millet roots
at all cuts in two seasons. The grand mean results indicate that NPK
application at 90 kg N + 30 kg P,Os + 48 kg K,0 / fed. resulted in reducing
the mixed nematode community of both soil and roots by 54.69 % and 69.74
%, respectively, over treatment received 30 kg N + 15 kg P,0s + 24 kg K,0O /
fed. as shown in tables (4 and 5). These results confirmed those obtained by
Rizk (1992) who reported that inorganic fertilization (NPK) decreased the
plant parasitic nematodes population in both soil and roots. He added that
double inorganic fertilization was the most effective in reducing nematode
population in soil. The present data are in agreement with the findings of Hinz
and Decker (1975) and Maareg (1984). who, found that the addition of
organic fertilizer resulted in suppressing the plant parasitic nematodes.
Mankau and Mankau (1975) found that the addition of mineral nitrogenous
fertilizer reduced intensity of nematode. Salem et a/. (1983) found that citrus
nematode pcpulation in soil was decreased with superphosphat. Midan et al.
(1985) reported that excess potassium fertilizers diminished the severity of
tomato root infection with nematode to the lowest limit. These results are
similar to those found by Barakat and Marei (2001) who found that increasing
N. fertilization, remarkable decreased nematode population associated with
root sorghum system and soil.
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1I- Varietal effect:
a) Growth characters and forage yield:

The results iliustrated in Table (6) show the varietal effects on plant
height, leaf area, number of tillers / plant, and stem diameter of pearl millet.
The tested varieties differed significantly with regard to these four respective
parameters Shandawil | variety recorded higher value of plant height (114.96
and 95.63 cm) than that of Composed variety (102.87 and 81.60 cm). Plant
height of both varieties was not significant at 3% cut in both seasons. Also,
Shandawil | variety produced higher value of leaf area (135.38 arsl ©27.26
¢m?), than that of composed variety (115.26 and 143.68 cm?). Leat area of
both varieties was not significant at 3° cut of the first season and the first cut
of the second season.

From the same table, it can be ncticed also that the plants of
Shandawil | variety produced the greatest number of tillers / plant, (2.03 and
3.78), while the variety Composed could be ranked in the second order for
this character (1.06 and 3.30). Number of tillers / plant of both varieties was
not significant at 1% and 3" cuts in the first season and the first cut in the
second season. The greatest stem diameter was recorded for Shandawil |
plants (0.95 and 1.28 cm) where as the least stem ciameter was recorded for .
Composed variety (0.85 and 1.07 cm). Stem ciameter of both varieties was
not significant at the first cut of the first season. On the other hand, it could be
noticed from Table (6) that the second cut was higher in average for the
tested varieties in plant height, leaf urea, number of tillers per plant, and stam
diameter than the other cuts. This may be dueto the growth activity during
the second cutting period.

The two varieties evaluated in this work showed significant
differences in either fresh and dry forage yields (ton/fed.) as shown in Table
(6), except for fresh forage yield in the 2" 2nd 3™ cut of the first season and
3% cut in the second season, and the dry yield of 1% and 3" cut in the first
season and 2 and 3" cut in the second season. Regarding the fiesii iviaye
yield, the results indicate that Shandawil | variety gave the highest value
(8.05 and 6.21 ton/fed.). While Composed variety possessed the lowest
values (6.77 and 5.35 ton/fed.). On the other hand, the dry yield Shandawil |
variety produced greater values (2.92 and 1.12 ton/fed.), than composed
variety which had the leaser values (2.45 and 0.95 ton/fed.) in both seasons,
respectively.

Generally, Shandawil | variety was superior in fresh and dry forage
yields. Also, the second cut gave higher fresh and dry forage yield as a mean
for the tested varieties than the other cuts. Differences between the two
studied cultivars could be mainly attributed to the variation in their growth
patterns, their response to the environmental conditions and their genetic
variability.
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Table (7): Occurrence and density of nematode community per 250g.
soil and per 5g. roots of pearl millet.

A- Nematode community in soil

Nematode genera Population density / 250g. soil % occurrence
Criconema 27.0 16.0
Helicotylenchus 15.0 8.0
\Heterodera 13.0 10.0
\Longidorus 10.0 70
Meloidogyne 17.0 9.0
Pratylenchus 40.0 25.0
Rotylenchulus 10.0 14.0
Trichodorus 26.0 11.0
Tylenchorhynchus 23.0 10.0
B-Nematode community associated with roots

Nematode genera Population density / 5g. roots % occurrence
Meloidogyne 39.0 25
Pratylenchus 80.0 75

b) Response of the tested varieties to plant parasitic nematodes:

Plant parasitic nematode genera which were found in the soil and
associated with the roots of pearl millet plants are presented in Table (7 A
and B). Data indicate that the nematode genera were found as follows:
Circonema, Helicotylenchus, —Heterodera,  Longidorus, Pratylenchus,
Rotylenchulus, Trichodorus, Tylenchorhynchus and Meloidogyne. These
results confirm the reports of Pinto and Lordello (1980) and Barakat and
Marei (2001) who found the same genera in the soil and roots of pearl millet
and forage sorghum.

Results in Table (8) demonstrate clearly that there is significant
difference between nematode population density in the soil and roots of the
tested per millet cultivars in the two seasons, except for nematode community
in the roots at 2™ cut in the 1% season and 3" cutin the 2 season. The
lowest nematode community was found in the soil of pearl millet cv.
Shandawil | (326.94 and 422.27 / 250g soils). On the contrary, the highest
nematode community was in the soil of pearl millet cv. Composed (598.83
and 626.51 / 250g soils), in the 1% and 2™ season, respectively.

On the other hand the average number of nematode community in
the roots of Shandawil | variety gave the leaser value (28.96 and 20.51 /5g
roots), while Composed variety had the greater value (42.81 and 31.22 /3g.
roots) at the two successive seasons, respectively.

Also. it can be noticed that Composed variety is more susceptible to
nematodes than Shandawil | variety. So it explains that why productivity of
Composed variety is lesser than of Shandawil | variety. Motalaota et al.
(1987) reported that sorghum cultivar Pioneer 8222 was a good host for
Pratylenchus zeae but it was a nonhost for P. crenalus. Windham and
Williams (1987) found that corn hybrids are relatively poor hosts for
Meloidogyne spp. Trevathan et al. (1985) found that the plant parasitic
nematodes most commonly associated with sorghum were: Pratylenchus
zeae, Tylenchorhynchs martini and Helicotylenchus dihystera. Pratylenchus
zeae occurred in 100% of the samples.
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