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Abstract:

Field experiment was per-

formed during the 2004-2005 and
2005-2006 seasons at the Flori-
culture Nursery, Experimental
Farm, Faculty of Agricuiture,
Assiut University to investigate
the effects of plant spacing (15
and 30cm) and various fertilizer
treatments; cattle manure
(15m3/feddan), NPK fertilization
[ammonium nitrate (33.5% N)
60, calcium superphosphate
(15.5%P205) 45, and potassium
sulphate(48%K20) 48kg/feddan]
and bio-fertilizers [Biogen {500g)
and phosphorein (300g/Kg seeds)
were added either individually or
in combination].
A complete randomized block
design in a split-plot arrangement
with four replicates was used in
this experiment. Plant spacing
was randomly distributed in the
main plots and fertilizer treat-
ments in the sub plots.

Data obtained showed that sig-
nificant increases were found in
branch number, seed production,
yields of volatile and fixed oil in
seeds in relation to plant spacing
of 30cm comparison to that of 15
cm. Moreover, leaf contents of
carbohydrates, nitrogen, phos
phorous and potassium recorded

similar trend. All fertilizer treat-
ments  significantly increased
plant height and branch number
per plant compared to unfertil-
ized plants. However, cattle ma-
nure was more effective in this
concern. Cattle manure produced
higher yields of seeds and vola-
tile oil than other treatments. In
addition, it significantly in-
creased leaf contents of carbohy-
drates, N.P and K. The interac-
tion among tfreatments cleared
that the space of 30 cm along
with caftle manure yielded the
best results.

Introduction:

Black cumin plant, Nigella
sativa, L.; Family Ranunculaceae
is one of the most promising me-
dicinal and aromatic plant. It is
widely cultivated in middle and
upper Egypt regions, for seed
yield and oil production. The
whole seeds contain 30-35% of
oil (fixed and volatile) which has
several uses in pharmaceutical
and food industries (Ustun ef al,,
1990).

The effect of plant spacing on
growth, seed and oil production
of Nigella sativa, 1. has been
reported by numerous investiga-
tors. Emad EL-Deen (1997)
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reported that plant height and
number of branches per plant
were not significantly affected by
spacing (20, 30 and 40 cm),
while stem diameter was in-
creased with increasing spacing
between plants up to 40cm. He
also found that plant spacing at
30 cm increased number of fruits
and seed vield, herb dry weight,
and volatile and fixed oil yield
per plant in comparison with ei-
ther 20 or 40 cm. Ahmed et al;
(1998) stated that number of
branches, fresh and dry weights
per plant of black cumin were
increased at the space of 45 cm
compared to those of either 15 or
30 cm. Meanwhile, oil percent-
age was increased by increasing
plant space from 15 to 45cm.
Matter (1997) found that 10 cm
plant spacing increased height of
Nigelia sativa, L. plants, while 20
cm spacing increased number of
branches, fresh and dry weights,
number of capsules and seed
yield per plant,

The beneficial influences of
organic manure on growth, seed
and oil production of some me-
dicinal plants were investigated
by Hammam (1996) through
supplying 40m® per feddan to
Pimpinella anisum L., Abdel-
Kader (1999) added 50 m’ per
feddan to Foeniculum vulgare,
L., Abd-EL-Latif (2002) used
12m* per feddan on Carum
carvi, L., and Yuonis et al (2004)
applied 25 m® per feddan to
Ammi visnaga L.. El-Gendy et
al. (2001) showed that increasing
organic fertilizer addition as
compost at rates of 15, 25, 35,
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45, 55 and 65 m’ per feddan sig-
nificantly increased plant height,
number of branches, fresh and
dry weights per plant of Ocimum
basilicum, L.. The best organic
addition was 45 m’ per feddan.
Some studies reporied the
effect of NPK-fertilization on
growth characteristics and pro-
duction of seeds and oil content
of Nigella sativa, L. and other
medicinal plants. Das ef al
(1992) concluded that application
of 60 Kg N, 30 Kg P,Os and 30
Kg K;O per hectare resulted in
the best vegetative growth and
increased seed and oil yield of
black comin. Munshi ef al.,
(1990) treated Carum carvi, L.
with N at 0-80, P»Os at 0-40 and
K05 at 0-25 Kg per hectare and
found that plant height, branch
number, seed yield and oil pro-
duction were increased with in-
creasing the rates of NPK.
Vghreja and  Chundawat
(1994) applied N, P and K each
at 0,30 or 60 Kg per hectare to
Coriandrum sativum, L. They
found that plant height and num-
ber of branches per plant were
increased with increasing N or P,
while K treatment did not affect
plant growth. Tomar ef al (1995)
reported that seed yield of Cori-
andrum sativum, L. was the high-
est by fertilizing with N 80 +
P,Os 40 + K;0 30 Kg per hec-
tare. Amin and Abd EL- Wa-
hab (1998) demonstrated that
450 Kg ammonium sulphate, 100
Kg calcium superphosphate and
100 Kg potassium sulphate per
feddan increased plant height,
number of branches, seed vield,
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oil percentage and oil yield of
Cuminum cyminum, L. Bhu-
vaneshwari et al.,(2002) stated
that addition of N at 80 Kg, P and
K each at 60 Kg per hectare to
Pimpinella  anisum,L.increased
plant height, number of leaves,
number of fruits, size of umbels,
fruit yield and essential oil yield.
Abd EL-Kader and Ghaly
(2003) concluded that supplying
Corigndrum sativum, L. plants
with 300 Kg ammonium sulphate
(20.5% N), 300Kg calcium su-
perphosphate (15.5% P,Os) and
50 Kg potassium sulphate (48%
K,0) per feddan increased vola-
tile oil percentage and volatile oil
yield. Kandeel e af (2001) re-
ported that application of 300Kg
ammonium sulphate, 300Kg cal-
cium superphosphate and 80 Kg
potassium sulphate per feddan
increased oil yield of Foeniculum
vulgare, L.

The favourable effect of bio —
fertilizers on growth, seed pro-
duction and oil yield have been
reported by some investigators.
Shaalan (2005) inoculated seeds
of Nigella sativa, L. with Bio-
gein, Nitrobein and Phosphorein
either individually or in combina-
tion and found that all bio-
fertilizer treatments increased
plant height, number of branches,
number of capsules, seed yield
per plant, percentage and yield of
volatile and fixed oils. Abd EL-
Latif (2002) concluded that plant
height, number of branches, plant
fresh and dry weights, number of
umbels, fruit yield per plant and
oil content were increased by
inoculating the seeds of Carum
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carvi, L. with 1 Kg Nitrobein +
1Kg Phosphorein per feddan.

Therefore, the major objective
of this work on black cumin is to
reveal the best plant spacing and
the suitable fertilizer treatments
for producing the highest yield
and best quality of seeds and
volatile oil as well as alternating
considerable consumption of
chemical fertilizers with organic
manure and bio-fertilizers.
Materials and methods:

The present study was carried
out during the 2004-2005 and
2005-2006 growing seasons at
the Floriculture Nursery, Ex-
perimental Farm, Faculty of Ag-
riculture, Assiut University to
investigate the effects of organic
manure, mineral NPK and bio-
fertilizers under two different
plant spacing (15 and 30cm) on
growth, seed yield, oil production
and chemical analysis of black
cumin {Nigella sativa, L.).

A complete randomized block
design in a split-plot arrangement
with four replicates was used in
this experiment. Plant spacing
was randomly distributed in the
main plots and fertilizer treat-
ments in the sub plots, On 1
November, during the two grow-
ing seasons, seeds of black cumin
were sown in the experimental
units; each was 1.0 x 1.5 meter
including three rows with 50 cm
distance The thinning was done
at six weeks after planting leav-
ing two seedlings per hill (each
experimental unit contains 30 or
60 plant).

The treatments were:
- Control: (unfertilized).
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- Cattle manure 15 m3/fed.

- NPK fertilizer: [ammonium
nitrate (33.5% N) 60, calcium
superphosphate (15.5%P,05) 45,
and potassium sulphate
(48%K,0) 48kg/feddan.

- Bio-fertilizers:

Biogein {containing N- fixing
bacteria Azospirillum brasilene
(2.1 x 10° cell/em®)} at 500 g/kg
seeds.

Phosphorein {containing phos-
phate solubilizing bacteria”; Ba-
cillus megatherium var. phos-
phaticum (4.1 x 10° cell/em® +
Bacillus polymyxa (3.8 x 10°
cellicm®)} at 300 g/kg seeds.
Biogein at 250 g + phosphorein
at 150 g/kg seeds.The seeds were
sown in clayey loam soil at 15
and 30 om. spaces.Plants were
harvested in the mature stage on
April. Samples of plants were
randomly chosen from each ex-
perimental unit in both seasons.
Data recorded:

1. Vegetative growth: Plant
height; Number of main branches
per plant.

2. Seed production: seed yield (g)
per plant,

3. Oil production:

3.1. Essential oil percentage
was determined in the seeds of

black cumin using 100 g crushed
(just before distitlation). Volatile
oil in the seeds was extracted by
water distillation according to
Egyptian Pharmacopoeia
(1961). Distillation was contin-
ued for three hours after boiling
to complete the oil extraction.
The oil was then left to stand un-
disturbed to assure complete
separation and determined ac-
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cording to Guenther (1961). The
volatile oil percentage was calcu-
lated as ml of oil per 100 g of
dried seeds. '
3.2. Fixed oil percentage,
estemated by Soxhlet apparatus
using petroleum ether (40 - 60
C®) as a solvent according to
A.0.A.C, 1990.

4. Determination of carbohy-
drates(Hansen and Moller 1975)
5- nutrient contents:N (Black er
al., 1965), P and K (Jackson
(1978)) percentage in leaves,

The obtained data were statis-
tically analyzed according to
Dowdy and Stanley,(1983)
Results and Discussion:
1-Plant height and branch
number:

Plant height and branch num-
ber of Nigella sativa, 1.. as af-
fected by plant spacing and dif-
ferent fertilizer treatments are
presented in Table (1). It was
observed that plant height was
increased by decrecasing plant
spacing from 30 to 15 cm. In
contrast; the space at 30 c¢m pro-
duced higher number of branches
per plant than space at 15 cm.
These resuits are in agreement
with findings of Matter (1997)
who found that 10 cm plant spac-
ing increased height of Nigella
sativa, L plants while 20c¢m spac-
ing increased number of
branches. Ahmed ef al., (1998)
on black cumin, stated that num-
ber of branches, was increased at
the space of 45 cm compared to
that of 15 and 30 cm

An antagonistic relationship
was found between vegetative
growth and plant spacing. Kan-



Assiut J. Agric. Sci (2012) 43:(6)¢(56-70)

deel er al., (2001) attributed the
increments in vegetative charac-
teristics to less competition
among plants for the environ-
mental conditions necessary for
building up more metabolites and
producing more lateral branches
at wider spaces. On the contrary,
El-Gendy ef al., (2001) reported
that the competition among
plants for solar energy trapping
in the narrow spacing pushed
plants to grow higher.

All fertilizer treatments sig-
nificantly increased plant height
compared with untreated control.
Cattle manure produced the tall-
est plants followed by mineral
{NPK) and the combined biofer-
tilizers. However, the differences
among cattle manure, and NPK-
fertilizer were not-significantly
different.

Regarding branch number,
application of cattle manure,
mineral NPK and bio-fertilizers
resulted in a significant increase
compared  with  unfertilized
plants. Cattle manure increased
branch number up to 13.15 and
10.26 compared to the control
(9.03 and 6.91) for the first and
second seasons, respectively.
Similar results were reported on
organic manure by Hammam
(1996) on Pimpinella anisum, L.,
Abdel-Kader (1999) on Foeni-
culum vulgare, L., Abd-El-Latif
(2002) on Carum carvi, L., Mo-
hamed and Ahmed (2002) on
fennel plants and Yuonis ef af
(2004) on Ammi visnaga, L.
Khattab and Helmy (2003) re-
ported that the maximum values
of fennel plant height and num-
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ber of branches per plant were
obtained with mineral NPK fer-
tilizer. Shaalan (2005) reported
that the combination of Biogein,
Nitrobein and Phosphorein was
the most effective treatment for
increasing plant height and branch
number of Nigella sativa, L.

The favorable effects of fertili-
zation treatments on vegetative
growth characteristics can be at-
tributed to the important roles in
the different physiological proc-
esses within plant growth. Burns
(1982) recorded that cattle ma-
nure is an excellent source of
element nutrients for crop pro-
duction and improving physical
and chemical properties of soil.
Mahmoud (1988) reported that
organic matter contained the
principal  nutrient  elements
needed for plant growth and has
a great water holding capacity.

On the other hand, Subba
Rao ef al., (1985) attributed the
increase in branch number to the
increase in nitrogen content in
the soil as a result of N, fixation
or availability of phosphorus in
soil from phosphate dissolving
bacteria as well as the beneficial
effects of growth promoting sub-
stances such as indole acetic acid
(IAA) and gibberllins which
were produced by all micro or-
ganisms used.

The interaction between plant
spacing and the different fertil-
izer treatments were not signifi-
cant for vegetative growth pa-
rameters.

2. Seed vield:

Seed yield per plant was sig-
nificantly increased as plant
spacing increased. The wider
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space {30cm.) increased seed
yield by 44.12 and 45.84% over
space at 15 cm for the first and
second seasons, respectively.
These results are in line with
those obtained on Nigella sativa,
L. plants by Das et al, (1992),
and Matter (1997). They found
that increasing plant spacing in-
creased seed yield per plant.
Malav and Yadav (1997) on
Coriandrum sativum, L. also
cleared that seed yield was in-
creased with the wider space
which enabled plants to receive
more light, water and nutrients
compared to narrower one.

Cattle manure, mineral NPK and
bio-fertilizers significantly in-
creased seed yield per plant com-
pared to unfertilized plants.
However, cattle manure treat-
ment gave the highest values
compared to bio-fertilizers. The
obtained data are in agreement
with those obtained by Abed El-
Latif (2002) on Carum carvi, L.,
Mohamed and Ahmed (2002)
on fennel, and Shaalan (2005)
on Nigella sativa, L. Other au-
thors found that seed yield per
plant were increased with min-
eral NPK; Emad El-Deen (1997)
and Singh and Sardar (1999) on
Nigella sativa, L. found a posi-
tive relationship between vegeta-
tive growth characteristics and
seed yield.

The interaction between plant
spacing and fertilizer treatments
showed that the highest seed
yield was resulted from plant
spacing at 30 cm. combined with
cattle manure, followed by the
same  space  with  NPK-
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fertilization. Some investigators
found that the wider plant spac-
ing with mineral NPK increased
seed yield, according to Kandeel
et al., 2001) on Foeniculum vui-
gare, L. and Nofal et al., (2001)
on Ammi visnaga, L. plants.
3. Oil production

Volatile and fixed oil yields
were significantly increased with
increasing plant spacing. The
space of 30cm gave the maxi-
mum values than that of space at
15 c¢m (Table 1) these results
were similar to that observed in
branch number and seed yield.
These results are in accordance
with the findings of Emad El-
Deen (1997) and Ahmed et al,
(1998) on black cumin.

Concerning fertilization, vola-
tile and fixed oil yields were sig-
nificantly increased as a result of
treating Nigella sativa, L. plants
with cattie manure, mineral NPK
and the combination of bio-
fertilizers in comparison with
individual bio-fertilizers and con-
trol plants. Using cattle manure
gave the greatest values for yield
of volatile oil. Many authors
found that organic fertilizer was
more effective than chemical one
for improving oil production.
Increases in oil yield as a result
of organic manure are recorded
by Shaalan (2005) on Nigella
sativa, L. Other reports declared
that mineral NPK and bto-
fertilizers increased volatile and
fixed oil percentages and yields;
according to Awaad (2004) on
lavander and Shazalan (2005) on
Nigella sativa, L. plants. How-
cver, Salem ef al., (2001) cleared
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that volatile and fixed oil produc-
tion had a greatest positive rela-
tionship with seed yield.

The interaction among the
different treatments showed that
plant spacing at 30cm. with cattle
manure gave the maximum val-
ues for volatile oil yield. Besides,
the same spacing (30cm) with the
mineral NPK or cattie manure
resulted in the maximum values
of fixed oil yield per plant. These
results may be attributed to the
higher efficiency in synthesizing
biochemical metabolites due to
available levels of fertilization,
water, and light at wider plant
spacing; El-Gendy ef al, (2001)
on sweet basil, demonstrated that
the increase in oil yield per plant
resulted when plants received the
high level of organic manure (35
or 45 m’/fed) and the wider
space (45cm.).

4- Plant constituents
4.1, Total Carbohydrates

The wider plant spacing pro-
duced the highest total carbohy-
drates percentage in leaves of
Nigella sativa, 1. in comparison
to that of the closer one (Table
2). This result agreed with the
findings of Kandeel er al,
(2001) on fennel plants and No-
fal et al, (2001) on Ammi vis-
naga, L. plants.

Resuits obtained on fertilizers
showed that cattle manure was
more effective than other treat-
ments. It produced the highest
carbohydrates percentage. Heikal
(2005) revealed that catile ma-
nure increased total carbohy-
drates in Thymus vulgaris, L.
plants. Other authors reported
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that mineral NPK application
increased total carbohydrates in
herb and seeds of Cuminum
cyminum, L. plant; Additionally,
Massoud e al, (2004) found
that nitrobein + phosphorein
promoted total carbohydrates in
dry leaves of thyme plant in
comparison to the control. In this
regard, positive relationship was
found between total carbohy-
drates content in leaves and ei-
ther seed or oil yield (volatile and
fixed).

The interaction among plant
spacing and fertilizer treatments
cleared that the wider plant spac-
ing (30cm) with cattle manure
mcreased total carbohydrates in
leaves followed by the same
space with mineral NPK. The
obtained resulis are in agreement
with those obtained by Yuonis et
al., (2004) on Ammi visnaga, L.
Meanwhile, Emad El-Deen
(1997) on Nigella sativa, 1.
found that the interaction among
plant spacing and fertilizer treat-
ments showed non-significant
effect on total carbohydrates.

4.2. Nutrients

Percentages of N, P and K in
leaves of Nigella sativa, L. were
increased as plant spacing in-
creased from 15 to 30cm. (Table
2).Many investigators stated that
the wider space produced higher
percentage of N, P and K in
leaves of different plants; Matter
(1997) and Ahmed et al., (1998)
on Nigella sativa, L. and Nofal et
al., (2001) on Ammi visnaga, L.

Concerning the effect of fertil-
izers on N, P and K percentages
in leaves, results showed that leaf
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nutrients were increased with any
each fertilizer used. The highest
values resulted from cattle ma-
nure as reported by; Mohsen
(2002) on sweet basil plant, Ab-
dou and Mahmoud (2003) on
Foeniculum vulgare, 1.. and
Yuonis et al., (2004) on Ammi
visnaga, L. plants. The effect of
cattle manure on improving the
growth is correlated with increas-
ing the amounts of nutrient ele-
ments (N, P, K, Ca, Mg and SO,)
which become available to the
plant according to Burns (1982).
Besides, Soliman (2005) re-
ported that the application of or-
ganic manure to soil progres-
sively increased growth and NPK
uptake as a result of improve-
ment in the physical and chemi-
cal properties of the soil.

The interaction among the
different treatments showed that
the wider space (30cm) along
with cattle manure gave the
maximum values for increasing
leaf contents of N, P and K, in
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most cases. The next treatment
was the same space with mineral
NPK. Similar trend was obtained
by Kandeel et al., (2001} on fen-
nel and Yuonis er al., (2004) on
Ammi visnaga, L. plant. This re-
sult could be attributed to less
competition between plants in the
wide space as well as organic
manure promoted the uptake of
nitrogen, phosphorus and potas-
sium by plant.

It could be recommended to
cultivate Nigella sativa. L. plants
at the space of 30cm and to be
fertilized with cattle manure at
the rate of 15m’ per feddan to
produce better growth, increase
seed yield and to maximize vola-
tile oil production. The next ef-
fective treatment was the same
spacing with either NPK fertili-
zation or the combination of bio-
fertilizers {biogein + phos-
phorein).
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Table (1): Plant height, branches number, seed yield and fixed and volatile oil yield of Nigella sativa,L as
affected by plant spacing and different fertilizer sources during the 2004. 2005 and 2005- 2006 growing

Seasons.
Branch No/plant Seed yield (g/plant) Fixned oil yleld Volatile oil yleld
s :::Ila"t Fertikizers Plant height (cm) mifplant mi/plant
pacing 2004/2005 | 2005/2006 | 2004/2005 | 2005/2006 | 2004/2005 | 2005/2006 | 2004/2005 | 2005/2006 | 2004/2005 | 2005/2008
Contro) 9.20 81.73 8.00 6.55 3.205 2.984 1.104 1.007 0.0033 0.0028
Cattle 12.78 9.43 5.13% 5.100
e 100.73 95.88 1970 1973 00088 0.0081
. NPK 99,98 92.90 1113 2.90 5,067 4.885 1918 L1915 0.0087 0.0077
5¢m MBiogein 58,88 B9.08 10.03 545 4537 4.525 1677 1707 0.0068 0.0065
Phosphorein 92,25 86,05 955 740 4710 4,582 1750 1757 0.0073 0.0068
Bio+Phos 99.98 59.80 10.73 8.83 4.803 4.720 T84l 1.829 0.0080 0.0068
Mean 96.84 89.39 10.37 8.26 4,576 4,466 1,709 1.698 0.0071 0.0065
Control 79.95 73.88 10.05 7.28 4.763 4370 1.685 1.575 0.0064 0.0055
Catile 1353 1110 7383 7168
e 92.83 £9.08 2783 2.886 0.0181 00176
20 NPK 5243 87.57 13.45 10.85 7.085 7.078 2.803 2.850 00170 0.0164
M ¥ Eiogein £7.85 £3.50 11.98 10.55 6.548 6.818 2.525 2347 0.0144 0.0136
Phosphorein 84,50 80.50 1100 8.93 6.798 5.753 2.653 2.709 0.0155 0.0140
Bio*Phos 50.43 B6.80 170 10.48 6.985 6.890 2513 2.790 0.0065 0.0158
Mean 88.03 83.56 1195 5,86 5.595 6.513 2.534 2.609 0.0147 0.0138
Control 84.58 77.81 3.03 .91 3.984 3.677 1395 1.250 0.0049 00041
Cattie 1315 10.26 6.259 6.134
manure 96.83 92.48 2.347 2429 0.0135 0.0129
Means of | NPK 96.21 90.24 12.29 9.88 5.081 7.982 2.359 7.383 00128 0.0121
Fertilizers | Biogeln 93.37 86.74 11.00 9.50 5.543 5.672 2.101 2.277 0.0106 0.0101
Phosphoreln BEA3 83.28 10.23 .16 5 754 5.668 720 7233 00114 0.0104
Blo+Phos 9521 88.30 na 2.65 5.834 5.805 2.327 2310 0.0123 0.0113
:"’:;n 251 114 081 032 0.132 0.261 0.170 0.149 0.0005 0.0006
LSD. 0.05 | Fertilizers 419 214 171 103 0.3 0.206 0.107 0.183 0.0006 0.0081
Spacing x NS NS NS 0.291
Pz NS NS NS 0.213 0.0005 0.0008

(0L-9S)H9):£¥ (Z102) 198 43y [ Inissy
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Table (2):Carbohydrates, nitrogen, phosphorous and potassium content (%) in leaves of Nigella sativa,L plants as

affected with spacing and different fertilizer sources during 2004- 2005 and 2005- 2006 seasons.

Carbohydrates %

. - Nitrogen% Phosphorous % Potassium %
Plant spacing Fortilizors I 472605 | 2005/2006 | 200472005 2 2005/2006 | 2004/2006 | 2005/2006 | 2004/2005 |  2005/2006
Control 5.707 5.0%0 1.265 1.260 0.178 0.168 1.157 1.145
Cattle manure 6.400 6.070 1.955 1.922 0.305 0.300 1.368 1.373
NPK 6.275 6.015 1.743 1.730 0.250 0.247 1.320 1.313
15 ¢m Biogein 6.063 5.885 1.532 1.507 0.220 0.220 1.233 1.223
Phosphorein 6.033 5.740 1.438 1.433 0.237 . 0.240 1.205 1.200
Bio+Phos 6.230 £.945 1.863 1.825 0.278 0.273 1.348 1.328
Mgan 6.118 5.791 1.633 1.613 0.245 0.241 1.272 1.263
Control 6.088 5.618 1,333 1.315 0.202 0,197 1.670 1.170
Cattle manure 7.327 6.857 2.738 2.723 0.450 0477 1.637 1.61%
NPK 7.140 6.515 2587 2.557 0.420 0.405 1.588 1.580
30cm Biogein 7.015 0.163 2.267 2.245 0.330 0.330 1.470 1.453
Fhosphorein 6.955 6.040 2070 2.030 0.375 0.382 1.428 1.427
Bio+Phos 7.030 6.418 2.385 2,325 0.388 0.387 1.517 1.507
Mean 6.926 6.268 2.230 2.199 0.361 0.355 1.562 1.459
Control 5.898 5.354 1.299 1.238 0.190 0.183 1.414 1.157
Cattle manure 6.864 6.464 2.347 2323 0.378 0.364 1.502 1.494
Means of NPK 6.708 6.265 2.165 2.144 0.335 0.326 1.454 1.446
Fertilizers Biogein 6.539 6.024 1.899 1.876 0.275 0.275 1.352 1.338
Phosphorein 6494 5.850 1.754 1.732 0.306 0.311 1317 1.314
Bio+Phos 6.630 6161 2124 2075 0333 0330 1.433 1418
Plant spacing 0.048 0.185 Q.032 0.053 0.009 0.010 0.007 0.003
L5D.0.05 Fertilizors 0.058 0.398 0.032 0.036 0.011 0.021 0019 0018
SF;;ar::?zga :_( 0.084 NS 0.045 0.051 0.016 0.029 0.028 0.025

IO v 12 vSnopy [ [pwing
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