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ABSTRACT

During two successive seasons {2003 and 2004), field experiments were
carried out to determine the long-term effects of soil solarization with application of
organic and bio-fertilizers on maize {Zea mays L.) grown after faba bean.

The results showed that the residual effect of solarization reduced
significantly the number and dry weight of annuals weeds after 8 weeks from maize
sowing compared with the non-solarized treatment. On the other hand, the number of
perennial weeds significantly increased with solarization, while the dry weight of
perennial weeds did not reach the significant effect.

The residual effect of solarization and organic fertilizer improved growth of
maize plants (piant height and number of leaves per plant) after 90 days from sowing.

Solarization increased significantly number of maize ears/plant, grain
weight/plant, straw weight/plant, 1000-kernel weight, ear length, ea. diameter, ear
weight and grains weight per ear. Bio-fertilizer increased significantly grain
weight/plant, ear length and ear diameter. Organic fertilizer increased significantly
grain weight/plant, straw weight/plant, 1000-kemel weight, grain yield/fad. and straw
yield/fad. The combination between organic ferilizer = bio-fertilizer x solarization
significantly increased straw yield/fad.

Keywords: Solarization, organig fertilizer, bio fertilizers, maize (Zea mays L.)

INTRODUCTION

Soil solarization has long-term effect (2-3 years) in controlling several
soil-born pathogens, weeds and other pests and improved plant growth and
yield (Chaube and Dhananjay, 2003). Mauromicale et al, (2001) reported
that the effectiveness of soil solarization for controlling Orobanche crenata in
heavily naturally infested fields and improvement of growth and seed yield of
faba bean were maintained in the next year.

Solarization was beneficial in increasing yleld of fall-grown beli
pepper. When muskmelon was grown in spring after bell pepper, its yield was
improved by 15% due to increased frult number. improved melon yield was
attributed to residual solarization effects initially applied to bell pepper soil
(Hartz et al., 1985).

Abdel-Rahim et al,, (1988) and Abdaliah, (1998) reported that yield of
faba bean (third crop after sclarization) was higher and Orobanche spp. were
almost absent in the initially solarized plots compared to non-solarization.

, Tomato yield (second crop after solarization) was higher (due to increase fruit
weights but not numbers) in initially solarized plots. Moreover, Satour et al.,
(1989) found that soil solarization improved onion growth and yield in the
following years, solarized plots maintained superiority of total and quality yield
and reduced disease incidence indicating a long term effect of solarization.
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Sauverborn et al, (1989) reported that solarization controiled
broomrape and other weeds in the following two seasons when the soil was
left undisturbed during the season of the - treatment. Moreover,
Mudalaginyappa et al., (1999) found that weed numbers and potato yield
were similar from 15 days under transparent film or 45 days under black
polyethylene. Weed control was best, and crop yield highest, after 45 days
under either thickness of transparent film, with potatc yields similar to the
weed-free contro's,

The application of farmyard manure has been reported to improve
soil physical and chemical conditions and to help conserve soil moisture
(Sattar and Gaur, 1889). One-time application of farmyard manure increased
wheat yields for up to 3 successive crop cycles, when applied in conjunction
with inorganic N fertilizers, and for up to four years with the addition of P
fertilizers under hot and humid conditions in Bangladesh (Mian et al., 1985).

Different authors (Goldstein, 1986 and Singh et al., 2004) reported
incrzasing crop yield due to inoculation with phosphate dissolving bactenia.
Phosphorus biofertilizers in the form of microorganisms c¢an help in increasing
the availability of accumulated phosphates for plant growth by solubilization.
In addition, the microorganisms involved in P solubilization as well as better
scavenging of soluble P can enhance plant growth by increasing the
efficiency of biological nitrogen fixation, enhancing the availability of other
trace elements and by production of plant growth promoting substances
{Gyaneshwar et al., 1998).

Therefore the present study was focused on the long-term effects of
soil solarization with application of organic and bio fertilizers on maize (Zea
mays L.) grown after faba bean.

MATERIALS AND METHODS

Field experiments were carried out during two successive seasons
{2003 and 2004), to determine the long term effects of soil solarization with
application of organic and bio-fertilizers before cultivation of faba bean (Vicia
faba, L.) on the subsequent crop (Zea mays L.).

Organic fertilizer:

The organic fertilizer (sheep manure at 15m>fad.) was applied before
the cultivation of faba bean, to study the long term effect of sheep manure on
the subsequent maize crop, The chemical composition of the sheep manure
used in this study in both seasons is presented in Table {1).

Table (1): Chemical composition of the sheep manure used in this

study.
Season | pH M,iﬁos OM| N Ip|k|Fe Mn| Zn | Cu | Pb | Ni
P lem | % | % | % | % |ppm|ppm| ppm |ppm|{ppm ppm

1" (68| 56 [21.7[0.8[0.49]/0.96] 961 [432| 184 | 32 [4.15] 2.8

2™ 7..97 4.7 132.6(0.82(0.74/1.86]1750] 235 [182.3| 38 [1.04] 2.1
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Biofertilizers

Phosphorine at a rate of 300 g/fad. was used for inoculation seeds of
the previous crop (Vicia faba, L.) to study the long term effect of such
treatment on maize plants.

Solarization: .

Randomized plots to be solarized were pre-irrigated to field capacity.
on August 1* for both seasons, strips of 80 um thickness polyethylene plastic
were randomly placed on plots for solarization for 6 weeks during August and
September. Soil temperature was measured weekly. After 6 weeks of
solarization, the plastic sheets were removed, then, faba bean was cultivated,
at the end of its life cycle, maize was cultivated.

Grains of maize (Zea mays, L.) single cross 10 hybrid (SC 10) were
used in this investigation. Seeds of this hybrid were kindly provided by Maize
Research Dept., Agricultural Research Center, Giza, Egypt.

Following faba bean experiments, the weeds were removed close to
soil surface in all plots. Non-solarized plots were hoed before planting, but
plots of solarized ones were not hoed. The variety Hybrid 10 of maize was
sown in rows spaced 70 cm wide and 30 cm between hills on 26" and 27"
May 2003 and 2004, respectively. The previously solarized plots, were not
hoed during the growing season while the non-solarized plots, were hoed
twice after 4 and 8 weeks from sowing to control weeds. Normal cultural
practices for maize produ stion were carried out.

Data recorded:
1. Soll weeds
Weed species were hand pulled randomly in area of 1m? of each plot
after 4 and 8 weeks after maize sowing. The weeds were separated and
classified into two groups: annual weeds and perennial weeds. Numbers and
dry weight of weeds were used as indication of weed infestation.
2. Maize growth
After sowing by 12 weeks, a sample of ten maize plants was taken at

random from each plot to study the following plant growth characters:

2.1. Plant height {cm): was measured from the soif surface to end of tassel.

2.2. Number of green leaves per plant.
3. Yield and yleld attributes

3.1. Number of ears/plant.

3.2. Grain weight/plant (gm).

3.3. Straw weight/plant (gm).

3.4. 1000-kemel weight (gm).

3.5. Number of plants at harvest/fad.

3.6. Grain yield (ard /fad.). Ardab = 140 kg.

3.7. Straw yleld (t/fad.).
4. Physlical quality

4.1, Ear length (cm).

4.2, Ear diameter (cm).

4.3. Ear weight (gm).

4.4, Ear grains weight (gm).

e .
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5. Statistical analysis

The field data were statistically analyzed as split split plot design
(Snedecor and Cochran 1980). The combined analysis of the data in all
experiments was followed for both seasons. Least significant differences
(LSD) at the level of 5 % were calculated significance.

RESULTS AND DISCUSSION

1-Long term effects of soll solarization, blo- and organlc fertilizers on
weeds distribution (number and dry weight):

The results in Table (2) showed that soil solanzation reduced
significantly the number and dry weight of annual weeds after 4 weeks from
maize sowing (second crop after solanization) compared with the non-
solarized treatment. The reduction percentages of the number and dry weight
of these weeds were 78.3 and 75.0%, respectively. On the other hand, the
nuraber and dry weight of perennial weeds significantly increased with
solarization. The increasing percentages of the number and dry weight of
these weeds were 59.0and 25.6%, respectively, compared to non-solarized.
These finding confirm the previous results obtained by Sauerborn et al.,
(1989); Abdaitah, (1998); Mudalagiriyappa et al., (1999); Mauromicale &l al.,
(2001) and Chaube and Dhananjay, (2003).

Bio-fertilizer results (Table, 2) indicated no significant differences on
number of annual and perennial weeds and on dry weight of perennial
weeds, while the dry weight of annual weeds significantly increased with bio-
fertilizer compared to non- bio-fertilizer. The increasing percentage of the dry
weight of annual weeds was 57.8% compared to non-biofertilizer.

For organic fertilizer, results indicated that there are no significant
differences on number and dry weight of annual and perennial weeds.

The interaction between organic fertilizer and bio-fertilizer was
significant on number ¢f annual weeds. However, the interaction between
non-orgamc fertilizer and without bio-fertilizer gave the lowest value (10.67
weed/m?) of number of annual weeds.

The mteract:on between solarization and bio-fertilizer gave the lowest
value (3.85 gm/m?) of dry weight of annual weeds. The interaction between
non-organic fertilizer without bio-fertilizer and non-organic fertilizer without
bio-fertilizer with solarization gave the significant lowest values of the number
of annual weeds by 10.67 and 4.50 weed/m’?, respectively. Meanwhile,
solarization with and without bio-fertilizer gave the lowest value of dry weight
of annual weeds were 3.85 and 4.25 gm/m’, respectively. The results in
(Table, 3) showed that the residual effect of soil solarization reduced
significantly the number and dry weight of annual weeds after 8 weeks from
maize sowing (second crop after solarization) compared with the non-
solarized treatment. The reduction percentage of the number and dry welght
of these weeds was 61.5 and 67.1%, respectively.
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On the other hand, the number of perennial weeds significantly
increased with solarization, while the dry weight of perennial weeds did not
reach the significant level. The increasing percentage of the number of
. perennial weeds was 26.1% compared to non-solarized. These resuits
confirm the findings of Sauerborn et al, (1989); Abdallah, (1999);
Mudalagiriyappa et al,, (1999); Mauromicale et al., (2001) and Chaube and
Dhananjay, (2003).

Conceming the effect of bio- and/or organic fertilizers on number and
dry weight of annual and perennial weeds after 8 weeks from maize sowing,
results in (Table, 3) indicated nc significant differences with the control on
number and dry weight of annual and perennial weeds. All interactions
between solarization, bio-fertilization and organic fertilization treatments
showed non-significant effects on number and dry weight of annual and
perennial weeds after 8 weeks from maize sowing. Generally, solarization
had a residual effect to weed control when the soil was left undisturbed
during the season of the treatment.

Many weed species were reported to be controlled by soil
solarization (Singh et ai., 2004). In studies on weed seeds from different soil
depths after 6 weeks of solarization, Abdallah, (2000) reported 100% control
of weeds down to 5 cm of soil depth (average maximum temperature at that
jepth was 55°C.). Abcut 51% of weeds were controlled in soit samples
collected from 5-10 cm depth (average maximum temperature was 47°C).
Soil samples below 10 cm (43°C) showed increased seed germination (144
% of control) following solarization. The enhanced effect of heat treatments
upon seeds in moist soil compared to seeds in dry soil was due to the higher
moisture content of seeds. However, high soil temperatures may reduce
weed seed populations by kiling heat-susceptible seeds and by breaking
dormancy of hard seeds foliowed by thermal kill of seedling (Egley, 1990).

Weed emergence after solarization was a function of weed tolerance
to solar heating effect, the depth at which weeds seeds are localized, and the
ability of the germinated seeds to emerge from that layer may explain that
seeds of weed species which able to germinate and emerge from deeper
layers would grow in the solanzed soils (Abu-lrmaileh and Thahabi, 1998).

2. Long term effects of soil solarization, blo- and organic fertilizers on
maize plant growth:

Data reported in Table (4) showed the Long-term effects of soil
solarization, bio- and organic fertilizers on maize growth (plant height (cm)
and number of leaves per plant). Soil solarization had significant residual
effect on plant height and Number of leaves per plant after 90 days from
sowing. Maize plant height and Number of leaves per plant increased by
1.7% and 1.4% compared to non-solarization. Similar results were obtained
by Abdel-Rahim et &/, (1988);, Satour et al, (1889); Abdallah, (1999);
Mauromicale ef al., (2001} and Chaube and Dhananjay, (2003). On the other
hand bio-fertilizer after 90 days from sowing indicated no significant
differences on maize plant height and Number of leaves per plant.
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Also, the organic fertilizer no significant differences on maize plant
height while residual increasing percentage of number of maize leaves by
1.8% compared to non-organic fertilizer. All interactions between solarization,
bio-fertilizer and organic fertilizer showed that no significant effect on Plant
height and number of leaves.

3- Long term effects of soll solarization, blo- and organic fertilizers on
maize yield and yleld attributes:

Data reported in Tables (586) showed the Long term effects of soil
solarization, bio- and organic fertilizers on maize yield and yield attributes
(number of ears per plant, grain weight per plant (gm), dry straw weight per
plant (gm), 1000-kerne! weight (gm), number of plants at harvest per faddan
.grain yield (ardab per faddan) and straw yield (ton per faddan). The resuits
also, showed that the residual effect of soil solarization increased significantly
number of ears, grain and dry straw weight, 1000-kernel weight, number of
plants at harvest and Grain yield. The increasing percentages were 3.4%.,
3.2%, 11.9%, 3.5%, 3.7%, 7.0%, and 15.6% respectively.

Bio-fertilizer (phosphorine) had no significant effect on number of
ears, dry straw weight, and 1000-kernel weight, number of plants at harvest
and grain yield. While had significant effect on grain weight .The increasing
percentage was 3.6% compared to non-biofertilizer. Organic fertilizer had
significant effect on grain weight, dry straw weight, 1000-kemel weight, grain
yield and Straw yield. The increasing percentages were 9.9%, 19.1%, 1.5%,
11.3%, and 20.4% respectively. All interactions between solarization, bio-
fertilization and organic fertilization treatments showed no significant effects
on maize yield and yield attributes except interaction between organic
fertilizer x bio-fertilizer x soil solarization, which had significant effect and
gave the highest value (6.30 ton/fad).

4-Long term effects of soil solarization, bio- and organic fertilizers on
maize physical ear quality:

Data reported in Table (7) showed the Long-term effects of soil
solarization, bio- and organic fertilizers on maize physical ear quality i.e. ear
length (cm), ear diameter (cm), ear weight (gm) and grains weight (gm/ear).
The results in showed that the residual effect of soil solarization increased
significantly ear length, ear diameter, ear weight and grains weight by 1.5%,
0.8%.3.2 % and 3.8% respectively compared to non-solarized treatment.

Bio-fertilizer had significant effect on ear length and ear weight. The
increasing percentage were 0.8% and 2.3%, respectively, compared to
compared to non- biofertilizer.while had no significant effect on ear and grains
weight. Organic fertilizer had no significant effect on ear length and ear
diameter but increased significantly ear weight and grains weight by 2.3%
and 2.6%, respectively, compared to non-organic fertilizer. All interactions
among solarization, bio-fertilizer and organic fertilizer showed no significant
effects on maize physical quality. Generally, the increases in maize yield and
improve of physical ear quality with long-term effect of soil solarization might
be due to the negative Impact of solarization on weeds.
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