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ABSTRACT:

The effect of some alternative fertilizers, namely anhydrous
ammonia in comparing with urea, humic acid, rock phosphate and
feldspar on growth, yield and its components and nutrient uptake and
its availability in soil after harvest for wheat plant (cv Beni Swif 1)
were evaluated in a field experiment. The experiment was conducted at
Sids Agricultural Research Station (ARC) Beni Swif Governorate
2010/2011 and 2011/2012 seasons in split plot design. Nitrogen
sources, i.e. anhydrous ammonia or urea at rate of 75 kg N/fed were
located in the main plots. While, natural fertilizer treatments (without,
humic acid, rock phosphate, and feldspar and their combinations at
rates of 10, 300 and 400 kg/fed respectively) were added in the sub
plots.

The results show that anhydrous ammonia significantly produced
tallest and heaviest plants, more numbers of both spikes/m? and
grains/spike as well as higher 1000 grain weight and grain and straw
yields when compared with urea. Also, plants incorporated with
anhydrous ammonia absorbed more N, P and K than that with urea.
Injected the soil with anhydrous ammonia significantly improved soil
available nitrogen after wheat harvest, while soil available P and K
were not affected. The treatments effects of natural fertilizers
comparing with, without natural fertilizers on growth parameters (plant
height, dry weight/plant, number of spikes/m?, number of grains/spike
and grain and straw vyields) could be arranged in the following
descending order: humic acid > rock phosphate > feldspar. Combined
humic acid with rock phosphate and /or feldspar were enhanced its
effects than sole applications. Humic acid, rock phosphate or feldspar
yielded highest N, P and K uptake by grain and straw, when compared
with control. Combined natural fertilizers with each other produced
more nutrient uptake than the single one. Humic acid application
enhanced soil available N, P and K, however rock phosphate and
feldspar significantly improved soil available P and K, respectively
than untreated control.

Key words : Anhydrous ammonia, urea, rock phosphate, feldspar, wheat,
growth parameters, wheat yield, nutrient uptake and its availability.
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INTRODUCTION:

Agricultural production in Egypt mainly depends on chemical
fertilizers and the rates of their consumption, per unit area are more than the
averages of the whole world. However, because of shortages in some
fertilizers supplies, and currents costs of energy used in their production, the
cost of fertilizers has risen tremendously and will continue rise. In view of the
economical and environmental problems of using chemical fertilizers,
utilization of ammonia gas and natural fertilizers, e.g. rock phosphate, feldspar
and humic acid would not only resulted in increasing soil fertility and crop
production through its additional nutrients supply, but would also help in
solving sanitary and environmental problems, as well as would save foreign
currency for Egypt.

Humic acids mainly produced from nitrogenous compounds containing
decomposed amino acids and aromatic complexes (Andriesse, 1988). Those
organic complexes affect soil properties and physiological properties of plants due
to carboxyl (COOH") and phenolic (OH") groups (Schnitzer, 1992). It enhances
plant growth by chelating unavailable nutrients and buffering pH (Tahir et al,
2011). However, their effects on soil have not yet been clearly elucidated. In
many studies, humic acids were reported to increase the uptake of mineral
elements (Khaled and Fawzy, 2011), to promote root length (Canellas et al,
2002), to increase the fresh and dry weights of crop plants (Chen et al, 2004 and
Akinci et al, 2009). Ulukan (2008) reported that humic acid had positive effect
on wheat growth and yield and its components. Furthermore, Shahryari and
Mollasedeghi (2011) found that humic acid decreased drought stress intensity and
increased economic and biological yield of wheat.

In Egypt, many authors reported the superiority of using anhydrous
ammonia than other nitrogen fertilizers such as Morsy (1994), Abd ElI-
Hamed et al, (1996), Ismail et al (1996), Abd El-Kader (2002), EI-Masry et
al (2006) and Siam et al (2008). There are several reasons why anhydrous
ammonia is used so widely, first because anhydrous ammonia is the initial step
in the manufacture of almost all commercial N and second it is the least costly
source of fertilizers N. Also it contains the highest nutrient concentration
(82.5% N).

On the other hand, Rajan et al (1996), Hellal et al (2009), Massoud et
al, (2009) and EIl Sheref (2012) indicated that direct application of rock
phosphate and feldspar materials may be ergonomically more useful and
environmentally more feasible than soluble P and K. Also, it improved
growth, yield and chemical composition of plant as mineral fertilizers. They
added that, the natural fertilizers reduce contamination which is caused by
chemical fertilizers and produce healthy and safe plants, as well as the fact that
natural fertilizers have less cost than chemical one.

The objective of the present investigation is to evaluate the effect of
some natural fertilizers, i.e. rock phosphate, feldspar and humic acid under two
nitrogen sources, namely urea and ammonia gas on wheat productivity and
soil fertility.
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MATERIALS AND METHODS:

In order to study the effects of humic acid, rock phosphate and feldspar
under two nitrogen sources on productivity of wheat (c.v. Beni Swif 1) as
well as on soil fertility after harvest, two seasons field experiment was done on
2010/2011 and 2011/2012 seasons. The experimental design was factorial in
split plot with four replicates. The first factor was two nitrogen sources
(ammonia gas and urea) and the second factor was natural fertilizers and their
combination (without, humic acid at rate of 10 kg/fed, rock phosphate at rate
of 300 kg/fed , feldspar at rate of 400 kg/fed, humic acid + rock phosphate,
humic acid + feldspar, rock phosphate + feldspar and humic acid + rock
phosphate + feldspar).

Experiment location:

The experiment was done at the Farm of Sids Agricultural Research
Station, ARC, Beni Swif Governorate, Egypt. A representative surface soil
sample was collected from the experimental site at the depth of 0.0-30 cm
before planting. Also, similar representative soil samples were collected after
harvest from each plot in both seasons. Some chemical and physical soil
properties for the sample before planting and soil available N, P and K in soil
after harvest were determined according to Jackson (1973) and listed in Table (1).
Table (1): Physical and chemical properties of the soil before planting

under two different seasons.

Soil properties First season | Second season

Particle size distribution

Sand % 16.03 17.28

Silt % 29.72 30.11

Clay % 54.25 52.61

Texture grade Clay Clay
pH (1:2.5 soil-water suspension) 8.17 8.05
EC,dSm™ (soil paste ) 0.35 0.38
Organic matter (%) 1.78 1.85
CaCOj3 (%) 2.15 2.71
Available N pgg™ 25.11 26.37
Available P pgg* 10.15 12.35
Available K pgg™ 186.00 195.00

Fertilizer treatments:

Nitrogen sources: two nitrogen fertilizer sources, i.e. anhydrous
ammonia (ammonia gas, 82.5% N) and urea (46.5% N) were applied at rate of
75 kg N/fed in the main plots. Ammonia gas was injected directly into
moderately moisture soil at 15 cm depth with 30 cm spacing between points of
injection before sowing. Whereas, urea was added at two equal doses, before
the first and the second irrigation.

Natural fertilizers, namely, humic acid, rock phosphate, feldspar were
randomizely added before sowing at rates of 10, 300 and 400 kg/fed in the sub
plot, respectively . The treatments were (without, humic acid, rock phosphate,
and feldspar and their combinations .
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Field experiment:

Wheat grains, c.v. Beni Swef 1 were planted in plots (plot area was 13.5 m?
=1/311 fed) in November 17" and 21" in the first and second seasons, respectively. At
maturity, wheat plants were harvested in May and plant growth parameters (plant
height (cm), dry weight/plant (g), number of spikes/m?, number of grains/spike, 1000
grain weight (g), grain yield (ardab/fed) and straw yield (t/fed) were recorded.
Samples of grains and straw were taken and dried, then ground to powder for N, P
and K analysis according to Chapman and Pratt (1961), and the total N,P and K
uptake in grains plus straw were calculated. All other cultural practices for wheat
production in the area were done. All collected data were statistically analyzed
according to the procedure described by Snedecor and Cochran (1980).
RESULTS:
1-Plant growth parameters:

Nitrogen sources and natural fertilizers reveal a significant effect on plant
height and dry weight of wheat at maturity in both seasons. Table (2) show that
ammonia gas N-dressing supported better plant growth compared with urea with
relative increases in plant height and dry weight of 1.1 and 2.6% in the first
season, respectively. The corresponding relative increases in the second seasons
were 0.70 and 1.3%.

Effect of natural fertilizers exceeded that without natural addition. It could
arrange the effect of natural fertilizers on wheat growth in the descending order as
follows: humic acid + rock P + feldspar > humic acid + rock P > humic acid +
feldspar > rock P + feldspar > humic acid > rock P > feldspar > without natural
fertilization. Combined the three natural fertilizers resulted in 6.2 and 2.75% taller
and heaviest wheat in the first season. The same trend, were obtained in the second
season.

Among the natural fertilizes, humic acid was superior fertilizer in
respect of growth enhancement, where resulted in 109.8 (cm) and 3.94 (g) of
wheat plant height and dry weight/plant in the first season. This was followed
by rock P (108.8, cm and 3.88, g) and feldspar (107.9, cm and 3.78) in the
abovementioned respect. The interaction between nitrogen sources and natural
fertilizers was not significant, as the highest values of wheat growth was
observed in mixed of the three natural fertilizers under ammonia gas addition.
Under this treatment the values of plant height and dry weight/plant were
114.3 (cm) and 4.53 (g), respectively in the first season. The lowest plant
height or dry weight under interaction treatments was observed when urea was
used as nitrogen fertilizer without natural fertilizers application.
2-Yield components

Number of spikes/m? number of grains/spike and 1000-grains weight as
affected by nitrogen sources and natural fertilizers are given Table (2). Statistical
analysis show significant differences for yield component parameters between wheat
plants due to nitrogen sources. Application of nitrogen as ammonia gas resulted in
more number of spikes /m? more number of grains/ spike and heaviest grains
compared with plants received nitrogen as urea in both seasons. The relative increases
due to ammonia gas for these parameters were 3.5, 3.2 and 0.7%, respectively as the
abovementioned order in the first season. The corresponding values for the second
season were 2.2, 3.6 and 0.6% in the same respect. The tested natural fertilizer
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treatments did obviously stimulate yield components of wheat, estimated increase
percentages of number of spikes/m® of 3.4, 1.5, 0.8 5.6, 4.9, 3.9 and 8.2% were
supported for HA, RP, F, HA, RP, HA, F, RP, F and HA+ RP + F when compared
with without natural fertilizer application in the first season. Similar trends were
obtained in the second season for number of grains/spike and 1000-seed weight in the
two seasons. It is obvious to notice that the mixed three natural fertilizers treatment
scored the highest values of yield components of wheat. However, concerning with
the individual natural fertilizer, humic acid recorded more yield components followed
by rock phosphate and then feldspar. The interaction between nitrogen sources and
natural fertilizer treatment was not significant, where means that wheat plants
fertilized with ammonia gas and supplied with humic acid + rock phosphate +
feldspar yielded the highest values of number of spikes/m?, number of grains/spike
and 1000-grain weight, while the plants received urea as nitrogen fertilizer and
without natural fertilization showed the lowest ones.
3- Grain and straw vields

Results presented in Table (3) indicated that using ammonia gas as nitrogen
source gave the highest significant grain and straw yield comparing with urea in both
seasons. An increases of 3.4 and 4.2% in wheat grain and straw yields were attributed
to using ammonia gas over urea in the first season. These values for the second
season were 2.5 and 4.2% in the abovementioned order. Concerning the natural
fertilizer treatments, the data reveal that both grain and straw yields of wheat were
significantly affected by using natural fertilizers. It could arrange the effect of natural
fertilizers on grain and straw yields as the following descending order : humic acid +
rock phosphate + feldspar > humic acid + rock phosphate > humic acid + feldspar >
rock phosphate + feldspar > humic acid > rock phosphate > feldspar > without natural
fertilization. It is obvious to observed that humic acid gave the highest wheat yields
followed by rock phosphate and then feldspar, where the grain and straw yield
attributed to these single natural fertilizers yielded 19.8 and 6.38, 19.3 and 6.17, and
18.9 (ardab/fed) and 6.10 (ton/fed) in the first season, respectively. Similar trends
were obtained in the second season. As the interaction between nitrogen sources and
natural fertilizers, the statistical analysis show that both grain and straw yields were
not significantly affected by the interaction between the two studied factors, which
means that the highest grain and straw yields, were recorded for the plants injected by
ammonia gas and treated with humic acid + rock phosphate + feldspar. On the other
hand the wheat plants untreated with natural fertilizers and supplied with urea
recorded the lowest grain and straw yields.
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Table 2
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Table 3
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4- N,P and K uptake

On basis of the grain and straw yields, N,P and K concentrations (Tables
5, 6 and 7) and then total N, P and K uptake by grain and straw were
determined after harvesting (Table 3). The differences in nutrient uptake
between the two nitrogen sources were significant. The highest N, P and K
uptake (67.7, 21.1 and 119.5 in the first season, and 67.2, 20.9 and 117.9
kg/fed in the second season, respectively were produced by wheat
supplemented with ammonia gas. Incorporation into soil with ammonia gas
promoted N, P and K assimilation by wheat. An average percentage increases
of 11.9, 3.4 and 2.6 were obtained for N, P and K uptake due to ammonia gas
over urea. The influence of increasing nutrient uptake caused by ammonia gas
was more conspicuous in nitrogen uptake than the others. Regarding natural
fertilizers, the results reveal that N, P and K uptake by wheat were
significantly responded to natural fertilizer treatments. As low as 49.7, 16.8
and 94.9 of N, P and K kg/fed were accumulated in untreated wheat in the first
season. The corresponding values in the second season were 51.4, 16.2 and
94.7. The highest N, P and K uptake (81.6, 26.1 and 146.9 kg/fed, respectively
were produced by wheat supplemented with humic acid + rock phosphate +
feldspar in the first season. It could be arranged the effect of single natural
fertilizers on nutrient uptake as the following descending orders :HA > RP >
feldspar for nitrogen uptake, RP > HA > feldspar for phosphorus uptake and
feldspar > HA > RP for potassium uptake. It is obvious to notice that humic
acid, rock phosphate and feldspar were more pronounced on nitrogen,
phosphorus and potassium uptake, respectively. The interaction between
treatments was not significant in both seasons. In general, the highest values of
nutrient uptake were recorded for wheat plants supplemented with ammonia
gas and received humic acid + rock phosphate + feldspar, while the plants
untreated with natural fertilizers under urea fertilization recorded the lowers
ones.
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5-Soil available N, P K

The results in Table (4) show that nitrogen fertilizer sources had
positive residual effect only on soil available nitrogen after harvest, while
available phosphorus and potassium did not affect. Up to about 26.7 and
22.5% increases were attributed to using ammonia gas comparing with urea in
the two studied seasons, respectively. With regard to natural fertilizers, the
results indicate that neither rock phosphate nor feldspar did affect soil
available nitrogen after harvest, which positively responded to humic acid
treatment in both seasons. It could be notice that the differences effect between
humic acid alone or in combined with the rock P and /or feldspar and the other
treatments were not significant. The relative increases due to humic acid
reached to 17.6 and 15.6% over control in the two seasons, respectively.
Moreover, humic acid and /or rock phosphate were significantly improved soil
available phosphorus at harvest in both seasons, where dual application of
humic acid and rock phosphate gave the highest value. Humic acid plus rock P
fertilized plants produced 143.6 and 110.3% available phosphorus higher than
untreated plant in both seasons, respectively. Similarly, humic acid and /or
feldspar had a positive residual effect on soil available potassium at harvest.
Dual treated with humic acid plus feldspar gave soil available potassium
higher than without natural fertilizers treatment by about 15.4 and 11.2% in
both seasons, respectively.

The results show that soil available N, P and K did not respond to the
interaction between nitrogen sources and natural fertilizers. In general, the
highest values of soil available nitrogen were obtained for plants received
ammonia gas and humic acid;The plants supplemented with rock phosphate
and humic acid recorded the highest value of available phosphorus, while the
plants received feldspar or without natural fertilization showed the lowest
available phosphorus. On the other hand feldspar and humic acid under
ammonia gas produced the highest residual available
potassium.
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DISCUSSION:

The results show significant increases in plant height, dry weight/plant,
number of spikes/m?, number of grains/spike and grain and straw yields of
wheat plants attributed to incorporation ammonia gas in soil comparing with
urea. This may be explained by anhydrous ammonia (NHs) when applied to
moist soil will be reacts with soil water forming positive charged ammonia
ions (NH4") and negative charged hydroxyl ions (OH"). The clay particles and
soil organic matter have negative charge in their surface, which attract and
hold ammonia and not subjected to loss in soil. The plant roots absorbed
ammonia, immediately bound to amino acids that may be translocated in roots
and lower part of straw directly towards the growth centers (Sommer, 2005).
On the other hand, Sanchez (1974) mentioned that when applied to a moist
soil, urea is hydrolyzed into ammonia carbonate by enzyme urease, ammonia
carbonate in the presence of water dissociates into ammonia and carbonate
ions. Before hydrolysis, urea is as mobile as nitrate and may be leached down
below the root zone by water. Similar results were obtained by Ismail et al
(1996), and Siam et al (2008).

The effects of humic acid in increasing plant growth and yield could be
due to induce micro biological stimulation (Petrovic et al, 1982). Malik and
Azam (1985) reported that soaking wheat seeds in a solution of humic acid
increased seedling growth, improved root development and enhanced uptake
of water by roots. Humic acid influence plant growth both in direct and
indirect ways. Indirectly, it improves physical, chemical and biological
condition of soil. While directly, it increases chlorophyll content, accelerates
plant respiration and hormonal growth responses, increases penetration in
plant membranes, etc (Rajpar et al (2011). The increase in plant growth due
to humic acid application was also reported previously (Taha et al, 2006;
Ulukan, 2008; Khaled and Fawzy, 2011 and Tahir et al, 2011). The
positive effect of rock phosphate and feldspar on wheat growth, yield
components and grain and straw yields are mainly due to these natural
fertilizers are good sources of both P and K for plant. The beneficial effects of
rock phosphate and feldspar to crops were stated by many authors such as
Nnadi and Haque (1988), and Akande et al (2005) for rock phosphate and
Shaffeek et al (2005), and Abdel-Hak et al (2012). The promotive effect of
humic acid on increasing the effect of natural P and K fertilizers on wheat
productivity is mainly due to natural rocks can be greatly accelerated in the
soil in the presence of organic acids such as humic acid (Kumari and Phogat,
2008 and Hellal et al, 2009).

As the result of a supplement of anhydrous ammonia, total N, P and K
uptake were markedly increased when compared with a supplement of urea.
This may be due to the promotive effect of anhydrous ammonia on grain and
straw vyields (Table 3), since total nutrient uptake calculated as multiplying
grain yield by its nutrient concentration plus straw yield by its nutrient
concentration. In this concern, Sommer (2005) mentioned that the roots
uptake nitrogen out of there only if they are sufficiently supplied with
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saccharides from the aboveground parts and plant can thus use nitrogen in
metabolism of the nitrogenous compounds. The roots that participate in uptake
of nitrogen and ammonia from depots (the injection of liquid ammonia
fertilizer into soil in limited points of application creating so-called depots,
become denser and branch due to saccarides produced in the aboveground part
of plant and their distribution charges according the plant growth stage, they
usually grow from the free soil towards depots. Also, Abd El-Kader (2002)
attributed the enhancement of nutrients uptake to the decrease in soil pH
caused by injection of anhydrous ammonia. These results are in line with those
obtained by Abd El-Hamed et al (1996) and Ismail et al (1996).

The beneficial effects of humic acid are cleared through enhancing the
chelating agent by active organic acids for nutrients and their easily uptake by
plants (Salib, 2002). The positive effects of rock P and feldspar on nutrient
uptake may be due to its effect on improve soil physical, chemical properties,
as well as increased water uptake and nutrient availability, in turn increased
nutrient uptake. Similar results were obtained by Rajput et al (2007) for rock
P and Hellal et al (2009) and EI Sheref (2012) for feldspar. It is obvious to
notice that there were notable increases in N,P and K uptake when combined
humic acid with rock P and/or feldspar, which mainly due to the effect of
humic acid on solubilizing insoluble phosphate and potassium and then
increased its uptake (Stevenson, 1982). The synergistic action of organic
material on the effect of rock P and feldspar on nutrient uptake was reported
by many workers such as Gardner (1983), Akande et al (2005) and Badr
(2006).

Apart from the fact that anhydrous ammonia resulted in greater amount
of soil available nitrogen after harvest than urea. The residual phosphorus and
potassium did not affect by nitrogen fertilizer sources. The effect of anhydrous
ammonia on improved the residual available nitrogen could be due to
ammonium cation released from anhydrous ammonia is holed by the negative
charge of clay particles or organic matter and not lost, while nitrate anions
resulted from urea hydrolysis leached down to the ground water (as mentioned
before). The results also show that humic acid not only provide better amount
of available N, P and K in soil after harvest but also enhanced the effect of
both rock phosphate or feldspar on increasing soil available phosphorus or
potassium, respectively. In this concern, Sinha (1972) reported that humic
substance resulting from organic matter decomposition played a significant
role in mobilizing insoluble phosphate.

Phosphate dissolution rates can be greatly accelerated in the soil in the
presence of organic acids such as humic acids leading to 10-1000 fold higher
soil solution P concentrations (Fox and Comerford 1991). By the same
manner, the solubilization rates of releasing potassium from feldspar was
enhanced by organic acids (Badr, 2006 and Hellal et al, 2009).

CONCLUSION:
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In conclusion, anhydrous ammonia at rate of 75 kg N/fed and rock
phosphate and feldspar as a potential supplement to phosphate and potassium
fertilizers in combined with humic acids (300, 400 and 10 kg/fed, respectively)
could be recommended for increase wheat productivity and improve soil
fertility. Moreover, this technology is economical and environmental friendly.
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