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Abstract:

A field experiment was conducted during two successive summer seasons
(1994 and 1995) to assess the crop performance of the locally-adapted cowpea
cv. 'Cream 7' as affected by soil type (clay loam, sand clay loam, and loam sand
soil). Four application methods of P fertilizer (300 kg superphosphate/feddan,
15.5% P,0s) and two N starter treatments (45 kg N/fed., ammonium nitrate) were
utilized in each soil type. The analysis of variance for the obtained data indicated
that the dry-seed yield and 1000-seed weight had a consistent gradient elevation
in loam sand, sand clay loam and clay loam soil types, respectively, whether or
not ammonium nitrate starter fertilizer was used. However, there were substantial
consistent increases for these traits in both loam sand and sand clay loam soil
types with application of N starter fertilization. The dry-seed yield produced in
loam sand soil was, generally, as high as 80 to 85 per cent of the seed yield pro-
duced in the most productive soil type, i.e. clay loam. Greater number of nodules
formed on roots of plants grown in clay loam and sand clay loam when no am-
monium nitrate was applied. Under conditions of N fertilization, however, in-
creased number of nodules was found in sand loam soil while reduction occurred
in the other soil types. The weight of nodules was greater in sand clay loam
which did not receive N fertilizers. Weight of nodules reduced with application
of N to clay loam and sand clay loam while increased in sand loam making both
sand clay loam and loam sand soil types similar. Broadcasting of the whole
amount of P fertilizer during soil preparation or half of the amount during soil
preparation and sidedressing the other half after seedling emergence and before
the first irrigation tended to enhance plant growth and seed yield comparing with
the other methods. However, its effects were inconsistent. It is suggested that
cowpea, as being a tropical plant with adaptability to wide range of soil types,
could be produced successfully in the new and reclaimed soil in Southern Valley
region. Providing starter N fertilizer is recommended under such conditions.
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Introduction:

Cowpeas (Vigna wunguiculata
(L.) Walp.) are ancient leguminous
plants widely grown nowadays
throughout tropics and subtropics but
greater in India and Africa. There are
five subspecies of V. unguiculata of
which two are wild. The common
cultivated cowpea is subsp. unguicu-
lata and both West Africa and India
are the modern centers of cultivars
diversity. The common cowpea is
grown in Egypt both for its green
pods and dry seeds. It is favorable to
Egyptian consumers especially in
form of dry seeds. The seeds have
high percentage of protein (20 to
30%) and they are rich in the essen-
tial amino acid lysine.

The crop is mainly produced
in Delta region in Egypt. However,
as being a tropical plant which is
known to be more tolerant to unfa-
vorable conditions than many other
leguminous crops, it would be ideal

crop for production in new reclaimed
soil in Southern Valley. It may be
useful to enhance natural properties
of such soil. However, no previous
report was found on comparative
study conducted in different soil
types in one location as affecting
productivity of cowpea. The objec-
tive of the present study, therefore,
was to compare pulse crop of the lo-
cal favorable cv. ‘Cream 7 grown in
three different soil types (clay loam,
sand clay loam, and sand loam) using
diverse amendment of phosphorus
and nitrogen fertilizers .

Materials and Methods:

The present study was carried
out in the Agricultural Research Sta-
tion of Assiut University at El-
Ghorieb (26 kms east of Assiut city).
The mechanical and chemical charac-
teristics of three different soil types
existed at the experimental site are
summarized in Table (1).

Table (1): Mechanical and chemical characteristics of the three different soil
types in ElI-Ghoriab Research Station.

Characteristics Clay loam Sandy clay loam Loam sand
A- Mechanical analysis:
Sand 15.84 49.92 79.92
Silt 48.00 22.00 12.00
Clay 36.16 28.08 8.08
B- Chemical analysis:
P (ppm) 6.7 3.2 2.90
pH (1:1) 7.58 7.63 8.00
Ec (mmhos/cm) 2.62 1.54 0.30
Total N (%) 0.034 0.031 0.011
Total CaCO; (%) 2.11 8.11 16.31

Plant materials, studied treatments,
and experimental procedures:

Two successive field trials were
conducted during two successive
summer season (1994 and 1995) us-
ing the locally adapted copwea cv.
‘Cream 7°. The seeds were obtained
from the Egyptian Agricultural Or-
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ganization. The growth type of plants
of this cv is determinate and it pro-
duces yellowish-white seeds. Four
different application methods for su-
perphosphate (15.5% P,0s) and use
of ammonium nitrate (33.5% N) were
studied. Superphosphate was applied
at rate of 300 kgs/feddan (45.5 kgs
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P,0s). The four application methods
for superphosphate were as follows:
1) the whole amount was broadcasted
during soil preparation prior to seed
planting (PR method), 2) half of the
amount was used as in PR method
and the other half was sidedressed
after emergence and before the first
irrigation (HPR plus HPO method),
3) the whole amount was sidedressed
after emergence while the soil surface
was wet after the first irrigation
(POW method), and 4) the whole
amount was sidedressed while the
soil surface was dry before the sec-
ond irrigation (POD method).

The treatments of ammonium
nitrate were fertilization with 45 kgs
N/feddan vs. no nitrogen application.
Ammonium nitrate fertilizer was
added after complete emergence with
the first irrigation. The four applica-
tion methods for superphosphate and
the two treatments of ammonium ni-
trate starter were arranged as a split-
plot experiment in randomized com-
plete-blocks with four replicates. The
four application methods for super-
phosphate were allotted randomly to
the main plots while the two treat-
ments of ammonium nitrate were as-
signed at random to the sub-plots.
Each sub-plot consisted of six rows
which were 3 m long and 60 cm
wide. The experiment was conducted
separately in clay loam, sand clay
loam, and loam sand soil. Seed plant-
ing was spaced within row at 25 cm
on the eastern side of the rows. All
other cultural practices were as usual
in the production of cowpea crop.
Measurements at flowering stage in-
cluded plant dry weight (dried in
oven at 70°C to constant weight),
number and weight (g) of nodules per
plant root and percentage of pod-set.
At the end of the growing season,
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1000-seed weight and total dry-seed
yield were determined.
Statistical analysis:

All data were statistically ana-
lyzed following the appropriate pro-
cedures of analysis of variance
(ANOVA) for the experimental
model and design used (Gomez and
Gomez, 1984). Separate and com-
bined analyses of variance were con-
ducted. Combined analysis for soil
types was performed based on homo-
geneity test of error variances in the
separate  ANOVA for split-plot in
randomized complete block design.
Except replicates and trials effects, all
factors were considered fixed. Sig-
nificance of component of variance
for different studied factors and their
different interaction combinations
were used to aid mean comparisons
as explained by Gomez and Gomez
(1984). Comparisons among main
effects of the treatments showing sig-
nificant variance component due to
their interaction were regarded as not
useful. Therefore, only those least
significant values (LSDs) for appro-
priate and useful mean comparisons
were calculated and presented along
with the means.

Results and Discussion:

Crop production can be im-
proved by breeding and/or agrotech-
niques. Genetic manipulation for crop
improvement through breeding meth-
ods is the only avenue to attain needs
for adding desirable traits, creating
new genetic variability, and finding
useful genetic recombination. In con-
trast to breeding, crop managements
are rather a short-term project and
substantial yield improvement can be
simply achieved via this approach
(Kayode and Odulaja, 1985; Patil et
al. 1991). Studies on crop manage-
ment are always required whenever
manipulating different recombinant
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breeding lines or new cultivars and
new cultural environments or tech-
nologies. In this context, the present
study provides useful information on
some major factors in production of
common cowpea under Assiut condi-
tions (Tables 2 to 6).

‘Cream 7’ is one of the most fa-
vorable pulse cowpea to our local
consumers. The dry-seed yield (Table
6) and 1000-seed weight (Table 5) for
this cultivar showed a consistent gra-
dient elevation in loam sand, sand
clay loam and clay loam soil types,
respectively. These differences were
found whether or not ammonium ni-
trate fertilizer was used suggesting an
effect due to differences in natural
and mechanical soil characteristics
(Lindsay and  Gumbs, 1993).

With reference to N poverty,
there were consistent increases for
seed yield (Table 6) in both loam
sand and sand clay loam soil types
used in this study with ammonium
nitrate fertilization. Other researchers
indicated either increases (Amin et
al., 1990; Kher et al., 1994; Lindsay
and Gumbs, 1993) or no effects
(Elowad and Hall, 1987; Faris and
Mohamed 1989) as a result of starter
N fertilization. Contradictory data can
be attributed to differences in soil
characteristics, variation in forms of
fertilizers, and the time and methods
of application.

Varieties are different in their
response to infection with Rhizobium
(Barker and Sajise, 1985) but, gener-
ally under favorable conditions for
nodulation, cowpea may not require
N fertilization (Fernandez and Miller,
1985). However, the natural nodula-
tion under our conditions was re-
duced in terms of number of nod-
ules/plant root in clay loam and sand
clay loam soil types and increased in
loam sand soil when ammonium ni-

272

trate fertilizer was applied (Table 3).
There was a reduction in terms of
weight of nodules in sand clay loam
in both trials and in clay loam and
loam sand only in one of the two tri-
als (Table 4). Although N fertilization
may depress nodulation (Tewari,
1964) use of 20 to 30 kgs N as starter
may have no effects on nodulation
(Adu and Nnadi, 1990) or even in-
crease it (Basu et al., 1989).

Broadcasting 300 kgs super-
phosphate during soil preparation (PR
method) or half of the amount as in
PR method and the other half sid-
edressed after seedling emergence
and before the first irrigation (HPR
plus HPO method) significantly in-
creased plant growth and seed yield
compared with the other methods.
However, its effects were inconsis-
tent. Enhanced seed yield as a result
of adding superphosphate has been
widely documented (Kher et al,
1994; Naceur, 1991; Nnoham, 1986;
Sawant et al., 1992; Tripathi et al.,
1984) although few others found no
effects (El-Murabba. 1963; Oliveira
et al., 1982). Most of these workers
used amount close to which was used
(on average, 30 kgs P,Os /fed.). Pillai
et al. (1981) indicated that applica-
tion of rock phosphate gave more
seed yield than superphosphate while
in another study (Gajanan et al,
1990) using 50% rock phosphate plus
50% superphosphate was the best
treatment. This reflects the effect of
contact surface with soil on availabil-
ity of P. Then successive applications
before and after seedling emergence
to reduce P fixation may be the ap-
propriate method especially when us-
ing mono-superphosphate.

It is a noticeable observation
here that the clay loam soil which
produced the greatest seed-yield had
higher level of salinity (2.62
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mmhos/cm) than other two soil types. seed yield produced in loam sand soil
This vividly indicate that cowpea is was, generally, as high as 80 to 85
tolerant to unfavorable soil conditions per cent of the seed yield produced in
relative to other legume crops such as the most productive soil type, 1.e. clay
common bean (Phaseolus vuglaris loam. It is suggested, therefore, that
L.) which usually can not be pro- cowpea, as being a tropical plant with
duced in soil with salinity level adaptability to wide range of soil
higher than 1 mmhos/cm. Such toler- types, could be produced successfully
ance can also be observed here in in the new and reclaimed soil in
cowpea potential production in a Southern Valley region.

wide range of soil types. The dry-

Table (2): Average dry weight (g/plant) for cowpea cv. ‘Cream 7’ grown
during the summer season in three different soil types utilizing four di-
verse application methods for superphosphate (15% P,0s) and starter
ammonium nitrate (33.5% N) vs. no N supplements".

Soil types (S) First Trial (1994 and 1995)® Second Trial (1994 and 1995)®
Fertilization Clay Sand Loam Mean Clay Sand Loam Mean
3) loam clay sand over loam clay sand over
(P,05)" N loam all (S) loam all (S)
PR NO 9.61 8.78 7.29 8.56 10.28 8.93 7.61 8.94
45 kg 10.59 9.65 7.88 9.37 10.85 9.81 8.16 9.61
Mean over all (N) 10.10 9.22 7.58 8.97 10.57 9.37 7.89 9.27
HPR NO 9.56 8.52 6.82 8.30 9.86 8.31 7.02 8.39
Plus 45 kg 10.10 9.11 7.27 8.59 10.40 8.94 7.55 8.96
HPO
Mean over all (N) 9.88 8.82 7.04 8.58 10.13 8.62 7.28 8.68
POW NO 8.96 7.90 6.58 7.81 9.40 8.02 6.71 8.04
45 kg 9.71 8.37 6.99 8.86 9.94 8.48 7.17 8.53
Mean over all (N) 9.34 8.13 6.78 8.08 9.67 8.25 6.94 8.29
POD NO 8.42 8.31 6.80 7.84 9.51 8.09 6.85 8.15
45 kg 9.09 8.75 7.33 8.39 10.11 7.62 7.23 8.65
Mean over all (N) 8.76 8.53 7.06 8.12 9.81 8.35 7.04 8.40
Mean over | NO 9.14 8.38 6.87 8.13 9.76 8.33 7.05 8.38
;“0 45 kg 9.90 8.97 7.36 8.74 10.32 8.96 7.53 8.94
25
Mean over all 9.52 8.67 7.12 8.44 10.04 8.65 7.29 8.66
(P,Os5 and N)
DSignificance
(Source of S 1x10° | SxN 1x10° [S 1x10° | SxN 2x107
variation and P 1x10° | PxN 2x10° [P 1x10° | PxN 1x107
Probability N 1x10° | SxPxN | NS N 1x10° | SxPxN | NS
level) SxP NS®@ SxP | NS

@LSDyes = 0.39 to compare means of application methods for superphosphate for same or different
treatments of ammonium nitrate in both trials, 0.18 and 0.14 to test differences between N treat-
ments for each treatment combination of application method for superphosphate and soil type in
the first and second trials, respectively, 0.34 and 0.42 to compare soil types for same or different
treatments of N supplements in the first and second trials, respectively.

@PR = the whole amount was broadcasted during soil preparation prior to seed planting; HPR plus HPO
= half of the amount was used during soil preparation and the other half was applied before the
first irrigation; POW and POD = the whole amount was applied after the first irrigation while soil
surface was wet and dry, respectively.

“Non-significant
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Table (3): Average number of nodules per plant root for cowpea cv. ‘Cream
7’ grown during the summer season in three different soil types utilizing
four diverse application methods for superphosphate (15% P,0s) and

starter ammonium nitrate (33.5% N) vs. no N supplements

(¢Y)

Soil types (S) First Trial (1994 and 1995)® Second Trial (1994 and 1995)®
Fertilization Clay Sand Loam Mean Clay Sand Loam Mean
(©)} loam clay sand over loam clay sand over
(P,05) N loam all (S) loam all (S)
PR NO 2.50 3.55 2.00 2.68 2.65 4.00 2.15 2.93
45 kg 2.15 3.20 2.45 2.60 2.25 3.45 2.65 2.78
Mean over all (N) 2.33 3.38 2.23 2.64 2.45 3.73 2.40 2.86
HPR NO 2.40 3.40 1.95 2.58 2.45 3.65 2.10 2.73
Plus 45 kg 2.05 3.10 2.45 2.53 2.10 3.30 2.50 2.63
HPO
Mean over all (N) 2.23 3.25 2.20 2.56 2.28 3.48 2.30 2.68
POW NO 2.40 3.50 1.95 2.62 2.45 3.70 2.00 2.72
45 kg 1.95 3.15 2.40 2.50 2.15 3.35 2.50 2.67
Mean over all (N) 2.18 3.33 2.18 2.56 2.30 3.53 2.25 2.69
POD NO 2.35 3.55 1.90 2.60 2.45 3.70 1.95 2.70
45 kg 2.00 3.15 2.35 2.50 2.15 3.20 2.40 2.58
Mean over all (N) 2.18 3.35 2.13 2.55 2.30 3.45 2.18 2.64
Mean NO 2.41 3.50 1.95 2.62 2.50 3.76 2.05 2.77
overall | 45kg 2.04 3.15 2.41 2.53 2.16 3.33 2.51 2.68
P,0s
Mean over all 2.23 3.35 2.18 2.58 2.33 3.54 2.28 2.73
(P,Os5 and N)
(Significance
(Source of S 1x10° | SxN 1x10° [S 1x10° | SxN 1x107
variation and P NS@ PxN NS P 1x10° | PxN NS
Probability N 1x10° | SxPxN | NS N 1x10° | SxPxN | NS
level) SxP NS®@ SxP | NS

@LSDyes = 0.08 to compare to means of the application methods for superphosphate in the second trial,
= (.07 to compare the two N treatments for each soil type in both trials, = 0.09 and 0.12 to com-
pare means of soil types when received same or different N treatment in the first and second trials,

respectively.

@PR = the whole amount was broadcasted during soil preparation prior to seed planting; HPR plus HPO
= half of the amount was used during soil preparation and the other half was applied before the
first irrigation; POW and POD = the whole amount was applied after the first irrigation while soil
surface was wet and dry, respectively.

“Non-significant
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Table (4): Average weight of nodules per plant root for cowpea cv. ‘Cream
7’ grown during the summer season in three different soil types utiliz-
ing four diverse application methods for superphosphate (15% P,0s)
and starter ammonium nitrate (33.5% N) vs. no N supplements".

Soil types (S) First Trial (1994 and 1995)® Second Trial (1994 and 1995)®
Fertilization Clay Sand Loam Mean Clay Sand Loam Mean
loam clay sand over loam clay sand over
(P,05)® N loam all (S) loam all (S)
PR NO 0242 | 0393 | 0.173 | 0269 | 0262 | 0408 | 0.175 | 0.282
45 kg 0.177 | 0.193 | 0.196 | 0.188 | 0.181 | 0206 | 0203 | 0.197
Mean over all (N) 0209 | 0293 | 0.184 | 0229 | 0222 | 0307 | 0.189 | 0.239
HPR NO 0202 | 0316 | 0.170 | 0229 | 0202 | 0324 | 0.175 | 0.234
Plus 45 kg 0.174 | 0192 | 0.191 | 0.186 | 0.177 | 0.193 | 0.192 | 0.187
HPO
Mean over all (N) 0.188 | 0254 | 0.180 | 0207 | 0.190 | 0259 | 0.183 | 0.210
POW NO 0206 | 0297 | 0.168 | 0223 | 0222 | 0316 | 0.172 | 0237
45 kg 0.175 | 0.189 | 0.190 | 0.185 | 0.177 | 0.192 | 0.195 | 0.188
Mean over all (N) 0.190 | 0243 | 0.179 | 0204 | 0.199 | 0254 | 0.184 | 0212
POD NO 0214 | 0308 | 0.164 | 0229 | 0212 | 0305 | 0.173 | 0.230
45 kg 0.175 | 0.191 | 0.189 | 0.185 | 0.177 | 0.191 | 0.19 | 0.187
Mean over all (N) 0.194 | 0250 | 0.177 | 0207 | 0.195 | 0248 | 0.184 | 0.209
Mean NO 0216 | 0328 | 0.169 | 0238 | 0225 | 0338 | 0.174 | 0.246
overall |45kg 0.175 | 0.191 | 0.192 | 0.186 | 0.178 | 0.195 | 0.196 | 0.190
P205
Mean over all 0.195 | 0260 | 0.180 | 0212 | 0201 | 0267 | 0.185 | 0218
(P,Os5 and N)
(Significance
(Source of S 1x10° | SxN 1x10° [S 1x107 | SxN 1x107
variation and P 1x10° | PxN 1x10° [P 1x107 | PxN 4x107
Probability N 1x10° | SxPxN 1x10° [N 1x10° | SxPxN | 1x107
level) SxP 1x107 SxP | 2x107

@LSDyes = 0.020 and 0.092 to compare means for application methods for superphosphate for same
combination of N and soil type treatments, and also to test difference of the two N treatments for
same combination of the soil type and method to apply superphosphate in the first and second tri-
als, respectively, = 0.012 and 0.093 to compare means of soil types for same combination of N and
methods to apply superphosphate, in 1994 and 1995, respectively.

@PR = the whole amount was broadcasted during soil preparation prior to seed planting; HPR plus HPO
= half of the amount was used during soil preparation and the other half was applied before the
first irrigation; POW and POD = the whole amount was applied after the first irrigation while soil
surface was wet and dry, respectively.
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Table (5): Averages of 1000-seed weight (g) for cowpea cv. ‘Cream 7’ grown
during the summer season in three different soil types utilizing four di-
verse application methods for superphosphate (15% P,0s) and starter
ammonium nitrate (33.5% N) vs. no N supplements".

Soil types (S) First Trial (1994 and 1995)® Second Trial (1994 and 1995)®
Fertilization Clay Sand Loam Mean Clay Sand Loam Mean
@ loam clay sand over all loam clay sand over
(P,05) N loam S) loam all (S)
PR NO 153.87 | 150.13 | 136.20 | 146.73 | 154.81 | 150.68 | 138.48 | 147.99
45 kg 154.34 | 152.63 | 139.90 | 148.95 | 155.58 | 153.09 | 142.45 | 150.37
Mean over all (N) 154.10 | 151.38 | 138.05 | 147.84 | 155.19 | 151.88 | 140.46 | 149.18
HPR NO 152.99 | 149.06 | 135.35 | 145.80 | 153.26 | 149.84 | 136.98 | 146.69
E;f) 45 kg 153.40 | 151.58 | 138.85 | 147.94 | 154.06 | 151.66 | 141.01 | 148.91
Mean over all (N) 153.20 | 150.32 | 137.10 | 146.87 | 153.66 | 150.71 | 138.99 | 147.80
POW NO 152.46 | 14830 | 134.70 | 145.15 | 152.68 | 149.04 | 136.63 | 146.20
45 kg 152.85 | 150.54 | 138.19 | 147.19 | 153.44 | 151.98 | 140.13 | 148.51
Mean over all (N) 152.66 | 149.42 | 136.44 | 146.17 | 153.06 | 150.64 | 138.38 | 147.36
POD NO 152.34 | 148.66 | 133.86 | 144.95 | 152.58 | 148.97 | 136.25 | 145.93
45 kg 152.72 | 151.15 | 138.48 | 147.45 | 153.21 | 151.71 | 139.73 | 148.23
Mean over all (N) 152.53 | 149.91 | 136.17 | 146.20 | 152.89 | 150.34 | 137.99 | 147.07
Mean NO 152.91 | 149.04 | 135.03 | 145.66 | 153.33 | 149.70 | 137.08 | 146.70
overall |45kg 153.33 | 151.47 | 138.85 | 147.88 | 154.07 | 152.11 | 140.83 | 149.00
P205
Mean over all 153.12 | 150.23 | 136.94 | 146.77 | 153.70 | 150.90 | 138.96 | 147.08
(P,Os5 and N)
M Significance
(Source of S 1x10° [ SxN 1x10° |S 1x10° | SxN 1x107
variation and P 1x10° | PxN NS® P 1x10° | PxN NS
Probability N 1x10° [ SxPxN | NS N 1x10° | SxPxN | NS
level) SxP NS® SxP | NS

@LSDy 05 = 0.42, 0.30 and 0.73 to compare means for 1) methods for application of superphosphate, and
2) N treatments in each soil type, and 3) soil types receiving same or different N treatments, re-
spectively, in the first trial.

GLSDg s = 0.62, 0.87 and 0.51 to use for same comparisons as indicated above but in the second trial.

@ PR = the whole amount was broadcasted during soil preparation prior to seed planting; HPR plus HPO
= half of the amount was used during soil preparation and the other half was applied before the
first irrigation; POW and POD = the whole amount was applied after the first irrigation while soil
surface was wet and dry, respectively.

©Non-significant
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Table (6): Average total dry-seed yield (kgs/feddan) for cowpea cv. ‘Cream
7’ grown during the summer season in three different soil types utiliz-
ing four diverse application methods for superphosphate (15% P,05)
and starter ammonium nitrate (33.5% N) vs. no N supplements".

Soil types (S) First Trial (1994 and 1995)® Second Trial (1994 and 1995)®
Fertilization Clay Sand Loam Mean Clay Sand Loam Mean
“) loam clay sand over loam clay sand over
(P,05) N loam all (S) loam all (S)
PR NO 1159.05 | 958.99 | 884.64 | 1000.58 | 1181.89 | 97226 | 925.40 | 1026.52
45 kg 1169.50 | 1041.04 | 973.20 | 1061.25 | 1194.49 | 1039.51 | 995.00 | 1076.33
Mean over all (N) 1164.28 | 999.55 [ 928.92 | 1030.91 | 1188.19 | 1005.89 | 960.20 | 1051.43
HPR NO 1146.43 | 942.52 | 880.62 | 989.86 | 1168.18 | 967.24 | 91450 | 1016.64
Plus 45 kg 1149.99 | 1007.53 | 951.59 | 1036.37 | 1184.21 | 1028.00 | 987.50 | 1066.57
HPO
Mean over all (N) 114821 | 975.03 | 916.11 | 1013.11 | 117620 | 997.62 | 951.00 | 1041.61
POW NO 1140.99 | 938.04 | 87832 [ 98578 | 1163.42 | 955.04 | 906.00 | 1008.15
45 kg 1146.55 | 1000.50 | 938.00 | 1028.35 | 1172.81 | 1009.00 | 985.00 | 1055.60
Mean over all (N) 1143.77 | 969.27 | 908.16 | 1007.07 | 1168.12 | 982.02 | 945.50 | 1031.88
POD NO 1139.70 | 941.00 | 874.62 | 985.11 | 1160.00 | 954.50 | 908.90 | 1007.80
45 kg 1143.90 | 1003.00 | 935.08 | 1027.33 | 1174.13 | 1005.60 | 985.00 | 1054.91
Mean over all (N) 1141.90 | 972.00 | 904.85 | 1006.23 | 1167.07 | 980.05 | 946.95 | 1031.36
Mean NO 1146.54 | 94490 | 879.55 | 99033 | 116837 | 96226 | 913.70 | 1014.78
over all 45 kg 1152.49 | 1013.02 | 949.47 | 103832 | 1181.41 | 1020.53 | 988.13 | 1063.35
P205
Mean over all 1149.51 | 97896 | 914.51 | 101433 | 1174.89 | 99139 | 95091 | 1039.07
(P,Os5 and N)
O Significance
(Source of S 1x10° [ SxN 1x10° |8 1x10° [ SxN 1x10°”
variation and P 1x107 PxN 1x107 P 1x107 PxN NS
Probability N 1x107 SxPxN NS N 1x10° | SxPxN | NS
level) SxP NS® SxP NS

@LSDy 05 = 14.75, 23.52 and 25.52 to compare: 1) means of methods for application of superphosphate
for each N treatments over soil types, 2) means of the two N treatments for combinations of meth-
ods for applying superphosphate and soil type, and 3) means for soil types supplemented with or
did not receive N, respectively.

@LSDy s = 10.91, 12.76 and 14.28 to compare: 1) two means for methods to apply superphosphate, 2) the
two N treatments in the same soil type, and 3) soil types supplemented with or did not receive N,
respectively.

@PR = the whole amount was broadcasted during soil preparation prior to seed planting; HPR plus HPO
= half of the amount was used during soil preparation and the other half was applied before the
first irrigation; POW and POD = the whole amount was applied after the first irrigation while soil
surface was wet and dry, respectively.

©®Non-significant.
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