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Soil Conditions Using Bio-Organic Fertilizer
Systems
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HEAT crop production and improvement under unfavorable

conditions is an important aim for plant breeders, who are
looking for genetic diversity in which stress tolerance and high yield
can be combined. Sandy soils in dry land areas are marginal for crop
production. Two field experiments were conducted during 2003/2004
and 2004/2005 successive winter seasons in a private sandy soil farm
at El-Katta Region, Giza Govemnorate to evaluate three focal wheat
(Triticum aestiviun L) varieties ie., Sids 1, Giza 168 and Sakha 69
under some of chemical, organic and bio-fertilizer systems. The
agronomic aspects of adding organic and bio-fertilizers application to
soil on growth and yield parameters are also discussed. The results
showed the importance of applying organic manure with bio-fertilizers
compared with chemical fertilizers. Statistical analysis of the data
indicated that there were significant differences among the fertilizer
treatments for most studied traits. The variation among the three wheat
cultivars in its response to fertilizer treatments was found. The Sids |
cv. gave the highest mean values over the two seasons for all studied
traits except protein content in grains. Data evidenced that the second
season recorded the highest value for most studied characters among
the three used varieties. The correlation coefficient between varieties of
wheat vield and its components was highly positive significant under
these conditions.

- Keywords : Triticum aestivien, Sandy soil, Qrganic fertilizer, Bio-
fertilizers.

Wheat (Triticum aestivum L.) is the main diet for the Egyptian population. In
Egypt, wheat is the main winter cereal crop and is widely distributed all over the
country; cultivated area = 2.64 million feddans (one feddan = 4200 m} and the
mean production of wheat in Egypt in the valley and Delta regions about 2.49
ton/fed. The population of Egypt is increasing at a high rate of about 2.5 % per
year; and on the other hand the increase in food production is much less than this.
The country imported about 40 % of the total consumption of wheat or about 4.5
million tons in 2004 year (Ministry of Agriculture, Egypt). It is hoped to reduce
this gap by increasing yield per unit area, since it is not possible currently to
increase the area of wheat cultivation. This can be achieved by a complex
treatment series of production factors, out of which the most important are the
utilization of high yielding and drought stress tolerant wheat cultivars and by
applying the most favorable cultural practices.
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Improving low input tolerance of wheat has long been a major objective of
most breeding programs, wheat breeders are looking for the genetic diversity in
which low input and high yield can be combined. Genetic improvement in grain
yield has been demonstrated under both favorable and stress conditions over a
period of several decades (Blum, 1989).

. The moisture stress imposed at the different growth stages i.e., vegetative
growth stage or flowering stage or grain filling stape and/or all growth stages
together; reduced significantly all vegetative, yield and yield components
characters (Kassab & El-Zeiny, 2005). Available soil water is the principal factor
that limits the yield potential of wheat and its response to N (Garabet er al.,
1998).

Unfavorable conditions continue to be a challenge to agricultural scientists,
despite many decades of research. The impact of water stress could be more
accurately predicated with a clear picture of the relationships between growth
stage and plant response to stress. The magnitude of yield reduction from water
deficits in wheat depends upon the growth stage at which the water deficiency
occurs and the severity and duration of the deficiency. Many literature data
suggest that wheat has stages in its development, which are not equally sensitive
to water stress. Internodes elongation and heading stages of growth are
particularly sensitive to water stress (Salter & Goode, 1967). The crown root
initiation, flowering and dough mature stages were the critical growth stages in
the life cycle of dwarf wheat (Misra et. al., 1969). Moisture stress in the
vegetative period reduces the number of tillers, while irrigation after dough did
not increase yield as mentioned by Chauhan er af. (1970)

Sandy soils in dry land areas are marginal for crop production. They are
coarse-textured of low fertility, with very poor organic matter content and water
holding capacity. In Egypt, about 93 % of the total area is sandy soils with
organic matter less than 1 %. Low soil Tertility is one of the major factors limiting
wheat production and productivity in Egypt. This is common in many tropical
cropping systems where fertilizer use is low and little or no agriculture residues
are returned to the soil for maintaining soil fertility. Recently, great attention has
been devoted to cultivate field crops in new reclaimed sandy soils. In general,
under such unfavorable condition soil characterized as low fertile, low organic
matter content and high leaching rate and thus the productivity of most crops in
not economically. Farmers have to apply high rates of chemical fertilizers to
maintain satisfactory yield.

Several studies indicated that wheat grain yield shows high response to
nitrogen application and moisture supply (Sharma ef al., 1992; Awad et al., 2000;
Sadek, 2000 and Abo-Warda, 2002). The coincident application of organic
manures and bio-fertilizers is frequently recommended firstly for improving
biological, physical and chemical properties of soil and secondly to get clean
agricultural products free of undesirable high doses of heavy metals and other
pollutants.
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Organic manures contain higher level of relatively easily available nutrient
elements, which are essentiaily required for plant growth. Moreover, it play an
important role to improve physical soil properties (Bhandari ef af., 1989). Many
researchers investigated the nuirient value of organic manure and bio-fertilizers
for crop production and indicated that it could be used successfully (Kabesh
etal., 1989; Selim er. af., 1998; Soliman et. al., 2001 and El-Mekser, 2004). There
exists a large volume of literature reporting the efficiency and effectiveness of the
organic fertilizer FYM and other organic nutrient sources in maintaining soil
fertility, improving crop vields and sustaining productivity and that display their
increased potential when integrated with inorganic fertilizers (Grant, 1981;
Mugwira, 1985 and Inckel er al., 1996).

Therefore, the aims of this paper were the use of organic and bio-fertilizer
resources to increase and sustain wheat productivity of sandy soil, to improve
physical and biological soil properties, to evaluate the performance and increase
wheat production. The paper discusses some agronomic aspects of addition
farmyard manure and application to soil on wheat production under water-limited
sandy soil conditions

Material and Methods

Field experiments were conducted to use organic and bio-fertilizer resources
to increase and sustain agricultural productivity of water-limited sandy soil for
wheat crop. This study was carried out in a private farm (sandy soil and very
poor inorganic matter, nutrients, water holding capacity and high leaching rate.)
at West of El-Katta Region, Giza Governorate, Egypt, during the two
successive winter seasons of 2003/2004 and 2004/2005. The experimental soil
was sandy in texture. The soil mechznical and chemical properties were
analyzed according to the method described by Chapman & Pratt (1978) and
results presented in Table 1.

TABLE 1. Physical and chemical analyses of the experimental soil.

Variable Seasons
2003/2004 2004/2005
Mechanical analysis
Sand % 96.29 96.28
Silt % 3.n 3.1
Clay % 0.60 0.61
Soil texture Sandy Sandy
Chemical analysis
Calcium carbonate % 2.22 2.59
Soil reaction pH 7.59 7.50
Organic matter % 0.50 0.51
E.C ds./m’ 0.11 0.11
Soluble N ppm 36.62 40.08
Available P ppm 4.30 4.26
Exchangeable K ppm 21.52 26.29
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In case of chemical fertilization phosphorus was added at rate of 200 kg/fed. as a
calcium super-phosphate {15.5 % P; O;) and 100 kg/fed. Potassium sulfate (48 %
K,0) was applied prior to sowing, and nitrogen fertilizer was added at rate of 75
kg/fed. as ammonium nitrate {(33.5 % N) four imes; the first one 21 days after
sowing and then every 7- 10 days. As for bio-fertilizer treatment; grains were
coated with the multistrains bio-fertilizer {containing dissolved bacteria) + gum
three hours before sowing. Farmyard manure was addéd as an organic fertilizer
during seed bed preparation at the rate of 20 m*/fed. and its maturity was detected
by narrowing C/N ratio (approximately 20/1). Its chemical composition is shown
in Table 2.

TABLE 2. Chemical composition of used organic farmyard manure.

Parameters Organic CiIN PH E.C. Total N | Available
carbon (%) | Ratio dS.mt | (%) P (ppm)
Farmyard 12.87 21.80 7.96 281 0.80 84.50
manure

The experimental soil was prepared for cultivation and divided into three
equal parts as main plots. The main plots stayed with the three wheat varieties
(Sids 1, Giza 168 and Sakha 69) obtained from Wheat Research Department,
Field Crops Research Institute, Agriculture Research Centre at Giza, Egypt. Each
main plot was divided into five sub-plots occupied by fertilizer treatments
(chemical fertilizer as a control, bio-fertilizer, organic fertilizer (FYM), organic
fertilizer + bio-fertilizer and organic fertilizer + chemical fertilizer). Total plot
size was 12 m® (4 m.; length and 3 m.; width). Seeds were hand drilled in rows 20
cm apart at rate of 65 kg per fed. The dry method of planting was done on 22
and 26" November in the first and second seasons, respectively. The other
practices of growing wheat were properly used for the management of the
experimental plots throughout the cropping season. At harvest twenty spikes were
taken at random from the inner rows in each sub-plot to estimate yield attributes,
while one m’ was taken from each sub-plot to determine straw, grain and
biological yield per fed. Protein % in grains was determined according to
Chapman & Pratt (1978).

The experiments were designed as a randomized complete block with a split
plot arrangement in three replications. All the obtained data were subjected to the
regular statistical analysis of variance according to Gomez & Gomez (1984).
Differences between means of treatments were tested for significant against
L.5.D. values at 5% level of probability in both seasons according to Snedecor &
Cochran (1980). Correlation coefficients were calculated for yield and yield
components using the average of the tow seasons among the three used wheat
varieties.
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Results and Discussion

Plant hewghn, spike length, number of spikelets per spike, number of grains per
spike, number of rains per spikelet, 1000-grain weight, grain yield per spike, grain,
straw and biological yields per feddan, harvest index and percentage of protein in
grain for all the three used varieties are presented in Table 3 . The data indicated that
application of various fertilization types i.e., chemical fertilizer, bio-fertilizer, organic
fertilizer, organic fertilizer with bio-fertilizer and organic fertilizer with chemical
{ertilizer caused different responses in all studied characters. The differences in the
traits were more pronounced when chemical, bio and organic fertilizers were applied
in a combination between them than its separate application. The effect of fertilizer
types can be classified in two categories according to the least significant differences
between means of them; the first group includes chemical, bio and organic fertilizer
types so, there are no significant differences between them in all studied characters
approximately. The organic fertilizer was the best treatment in this group which gave
the highest score in all studied characters. The second group which contain the
combinations between chemical, organic and bio fertilizes was more effective on all
studied traits than the first one. Although, there are no significant differences between
the two treatments in the second group but the chemical fertilizer with organic
furtilizer application had the best effect over all the categories or treatments over the
iwo seasons as a whole (Table 3). From the same table, the application of chemical
icrulicer and organic fertilizer together increased the grain yield per feddan by 56 %
and 35 %% more than the separate application of these fertilizer types, respectively.
Blackshaw er al. (2005) similarly found that the manure fertilizer increased winter
wheat shoot and production. It is noteworthy that composted manure gave the highest
wriin protein {Deluca & Deluca, 1997 and Eghball et al., 2004),

TABLE 3. Effect of fertilizer types on some growth, yield and yield attributes and
protein content of wheat during 2003/2004 (1*) and 2004/2005 (2™) seasons.

haraetler Plant height  {(tm) Spike length  (¢m) No. of spikelets/spike No. of grains/spike
v . ol o -
Year ! 3 Ave. ! ¥ Ave. 1 2 Ave, ! 2 Ave.
vear year vear| year year | year year | year

Chenical | 9820 | 9899 | 98.60 (8.19| 854 8.37 16,00 |1687| 1644 | 32.84 |33.05[32.95
Bio. 97.02 | 98.00 | 9751 (800 830 8.15 1530 1080 16.05 31.20 [32.90]32.05

Orgamic 101,17 | 103.66 | 10242 | 94D | 979 9.60 1651 (1794 17.23 3802 |39.01(38.52

""‘f;‘:"“ 103.20 | 104.44 | 103.82 {11.15| 1218 | 11.67 | 2051 (21.27) 2089 | 6322 [065.99|64.61
f
PN 070 | 11000 | 10850 [1255] 1340 | 1283 | 2170 {2238) 2204 | 7000 |72.10{71.05
Psn v, o 4or | 566 - |ra] 130 - 122 ) - 680 |65 —
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TABLE 3. Cont.
Character Na. of 1000-grain weight Grain yield/spike Grain yield
grains/spikelet ® (73] {tonifed)
o ol o ad o ¥y '“ =]
Year ! 2 Ave. ! 2 Ave 1 z Ave, 2 Ave,
year year year year year year year
year
Chemi-cal | 182 175 ] 179 | 3780 | 39.00 [3840) 124 129 | 127 148| 150 | 149
Bio. 1.30 175 | 178 | 3600 | 3810 [3705 112 125 |1 rar) 1ez |14
Organic | 205 196 | 201 | 3781 | 3930 [ 3856| 144 153 | 149 149| 151 | 150
qrfi':c 281 284 | 282 | 3876 | 4019 [3048| 245 | 265 |255|219] 227 |223
or B 1 295 | 29 | 29 | 4010 | 4138 J4074| 281 | 298 |29 (228| 237 |23
LS.D.5%] 04l 0.46 - 1381120 ] - | o | 022 | - [o1a| ous | —
TABLE 3. Cont.
Character Straw yield {ton/fed) Biological yield Rarvest index Grain protein
(ton/fed) (%) ()
o - el o ol o ol
Year ! 2“ Ave. ! 2 Ave. ! ¥ Ave. 1 1 Ave.
year | year year | year year | year year | year
Chemical 249 [ 268 | 258 | 398 | 418 | 408 | 3734 | 3687 | 3710 | 946 | 980 | 963
Bio. 235 { 248 | 241 | 376 | 389 | 383 | 3754 | 3695 | 37.25 | 815 | 860 | 838
Organic 250 | 268 | 259 | 399 | 419 | 409 | 3740 | 3682 | 3711 | 950 | 982 | 9.66
?’go“‘“ 288 | 287 | 288 | 508 | 505 | 5.1 | 4319 | 4447 | 4383 | 1031 | 1070 | 1051
?‘E’:’“ 302 1 303 | 302 | 529 | 540 | 535 | 4298 | 4438 | 43.68 | 1099 | 11.00 | 11.00
LSD 5% | o1 | 0i3 - jo012 o4 | - 187 | 195 ~ | e30 | 027} -~

Table 4 shows the response of Sids 1, Giza 168 and Sakha 69 wheat cultivars
to fertilizer types ie., chemical fertilizer, bio-fertilizer, organic fertilizer, organic
fertilizer + bio-fertilizer and organic fertilizer + chemical fertilizers and its effect
on some growth, yield, yield components and grain protein content characters, All
the studied traits such as plant height, spike length, number of spikelets per spike,
number of grains per spikelet, 1000-prain weight, grain yield per spike, grain
yield per feddan, biological yield per feddan, harvest index and grain protein
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percentage significantly differed for the three wheat cultivars in both seasons, as
well as number of grains per spike in the first season only. On the other hand, the
three wheat cultivars did not significantly differ in nurber of grains per spikelet
and straw yield per feddan in both seasons. Moreover, it is clear that Sids 1
cultivar produced the highest average of the two seasons for grain yield per
feddan (2.24 ton) compared to the other cultivars. The superiority of cv. Sids 1
resulted from that it had the highest grain yield per spike and its components
(number of grains per spike and 1000 grains weight), while the lowest grain yield
per feddan was obtained from cv, Giza 168 (1.40 ton). With regard to the protein
percentage in grains, it is clear that the Sakha 69 cultivar had the highest average
grain protein percentage over the two seasons, whatever, there are no significant
differences between varieties in prain protein percentage in the both seasons. In
the same Table the data evidenced that the second season recorded the highest
value for all studied characters among the three used varieties except one case
only i.e., number of grains per spikelet of sids 1 cultivar, likely due to cumulative
N release over years and gradual N release throughout the growing season
(Deluca & Deluca, 1997 and Eghball ef al., 2004). The variation among wheat
varieties in their response to fertilization was previously reported by Eissa er al.
(1990); Abd E1-Ghany (1997) and Hossain et al. (2002).

TABLE 4. Response of some growth, yield, yield compompents and protein content
to fertilizer amongst varietics during 20050084 (1) and 2004/2005
2™) seasons.

Character Plant height Spike length No. of No, of '
{cm) (cm) spikelelaingiic grains/spike
1 2~ " bl 1 ™ | e ol 2~
Year year ] year Ave. year | ycar Ave. year | year Rve. yemr | year Ave.
Sids 1 12070 12230 [ 121.50 | 11.90 | 1235 | 1213 | 1720 | 1890 | 18.05 | 70.00 | 71.30 | 70.65
Giza 168 113.69 | 114461 11408 | 890 898 8.94 1450 | 1589 | 1519 | 5191 | 61.48 | 56.70
Sakha 69 16530 | 11620 | 11575 | 999 1010 | 1005 | 1620 | 17.88 | 1704 | 6033 | 61.50 [ 6092
LSD. 5% 1.57 1.70 - 1.06 1.09 - 1.67 196 - 8.40 - .58
Character | No.ofgrainvspikelet | 7 g"('g';‘ weight Grain ’(‘S"""““ Grain yicld (ton/fed)
" ™ 1 bl ” -l 1~ ™
Year vear | year Ave. year | year Ave. year | year Ave. year | year Ave,
Sids 1 4.07 177 392 | 3999 | 40.20 { 40.10 | 273 280 27 220 2.2% 224
Giza 168 358 3.87 373 | 3265 | 33.02 | 3284 | 1.63 1.96 .79 1.34 1.46 1.40
Sakha 69 in 144 3.58 3675 | 37207 | 3698 25 220 217 1.78 1.86 1.82
LSD. 5% - - - 3.20 328 - 038 039 - oxn 0.24 -
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Straw yield (ton Biological yield Harvest index Grains protein
+h
Character (ton/fed) (ton/fed) (%) (%)
o nd Ll £l e o md
Year ! ? Ave. ! 2 Ave. ! z Ave. ! 2 Ave,
year | year year | year year | year year | year
Sids 1 290 | 299 | 294 ) 510 | 528 | 519 4315|4337 4326 1 1036 11.03 ] 10.70
Giza 168 252 | 261 | 256 | 385 | 407 | 396 | 3414 [ 35853529 | 980 | 990 | 985
Sakha 69 241 [ 250 | 245 § 419 | 435 | 427 | 4248 ] 42,61 | 4255 | 1098 | 10.80 | 10.89
L.5D.
P - - - 092 | 093 - 278 | 285 -- - - -

~Table 5 includes the data of simple correlation coefficient between grain yield
per feddan and other studied characters for all the tested varieties. The data
indicated that correlation coefficients were highly significant between grain yield
per feddan and plant height, spike length, number of spikelets per spike, number
of grains per spike, number of grains per spikelet, 1000-grain weight, grain yieid
per spike, biological yield per feddan, harvest index and grain protein percentage.
All of the calculated correlation coefficients were positive except one case only
i.e., between grains per spikelet and protein percentage in grains. Correlation
coefficients were significant and/or highly significant between all studied
characters except the correlation coefficients between grains per spikelet and each
of harvest index and protein percentage in grains and also between straw yield per
feddan and protein percentage in grains. In this concern, Rady ef al. (1981) and
Salem et al. (1990) found that the phenotypic correlation coefficients were highly
significant and positive between wheat grain yield and each of spike grains
weight, 1000 grains weight, number of grains per spike, number of spikelets per
spike and straw yield per feddan.

TABLE 5. Correlation coefficients between grain yield and all studied traits amongst
all varieties.

) Characters 2) (3} (4) () {6) (7} (8} (&) (10) Prowin%
Plntheghtem (1) 099 ++ 089 *% |00 ** 0,78 ** 093 **+ 098 ** 095 #* 091 *« 073 ** 054 **
Sikelength, cm (2} 004 ** [00 ** 069 ** 097 %* 100 ** 098 ** 084 *+ 082 ** (64 **
Spméeu'spike(a) 092 ** 041 ** |00 ** 096 ** 099 ** 062 ** 0.96 ** 086 **
Grainsspike(4) 073 ** 095 ** | 00 ** 0.97 ** 087 ** 0.79 ** 061 **
Grainsspikelet(5) 049 ** 066 ** 056 ** 097 ** 015 "8 -pl10 B8
Seed index, g (6) 098 ** | 00 ** 068 ** 0.94 ** (082 **
Grain yieldspke, g {7) 099 ** 182 ** 0.84 ** 068 *°
Grain yld, onfed (8) 074 ** 090 ** 077 **
Straw yield, onfed (9) 038 * 014 ns
Harvestindex, % (10} 097 +*
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In general, results indicated that the farmyard manure exhibited good potential
as N sources for winter wheat production. Also, rationalizing the consumption of
the chemical fertilizers bs its replacing by farmyard manure and biofertilizers
protects the emwiremment #eom chemical pollution and its harmful effect on
human and anithal health and nutrition. In addition, manipulation of wheat
fertilization showld be considered an important component of long-term crop
management and‘sustainable crop production systems in sandy soil. In the mean
time, it produced sigaificantly higher grain and straw yield of wheat as weil as
improving the soil mechanical characteristics.
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