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ABSTRACT

Therole of humic acid for enhancing biofertilizatiparformance was studied
on growth and vyield of wheat in newly sand clayl.sgipplication of arbiscular
mycorrhiza (AM) Glomus mosseae) and plant growth promoting rhizobacteria
(Azotobacter chroococcum) in combination with humic acid was evaluated. Tésults
indicated that mycorrhizal root infection perceetaggnificantly increased by application
of humic acid with AM fungus. Inoculation with thieiofertilizer agents increased
phosphatase and dehydrogenase activity in wheabsphiere especially with AM
inoculation. The highest values of enzymes actiwiéye observed when the plants were
treated by humic acid in the presence of biofeeti especially with the dual inoculation.
There were remarkable increases in available ntgrign rhizosphere of plants those
inoculated with any of the two biofertilizers inmabination with humic acid. Application
of A. chroococcum and AM either alone or dual inoculation in theserece of humic acid
gave considerable improvement in growth charattsjphotosynthetic pigments as well
as nutrients uptake, total charbohydrates and @radein of wheat plants when compared
with either inoculated or uninoculated treatmentthaut humic acid. Concerning
endogenous phytohormones in wheat shoots, incouladwith A. chroococcum
individually gave maximum value of auxins, whileplgation of humic acid especially
with dual inoculation of biofertilizers didn't hapesitive effect on auxins content. On the
other hand, humic acid enhanced the effect of hilifers on increasing of cytokinins and
gibberellins content in wheat shoots and reducirgpscisic acid. Moreover, application
of humic acid gave the highest values of graingralv yield when associated with dual
inoculation orA. chroococcum individually. Also, maximum values of grain quglitere
obtained from plants those treated with dual irmigeh and humic acid. Therefore,
application of humic acid can be considered as @ ggpproach in enhancement of
biofertilizers performance in newly reclaimed soil.

Key words. Humic acid,biofertilizers, mycorrhizagd. chroococcum, wheat, chlorophyll,
endogenous hormones, grain yield

INTRODUCTION

Wheat enjoys a privileged positionpromoting microorganisms, in addition to
amongst food grain crops in the world inother field practices (Akhtaet al., 2007). Soil
general and particularly in Egypt where itorganic contents are one of the most important
serves as a staple food for the majority of thegarts that they directly affected the soil festilit
population. Hence, under the prevailing circuand textures as well as increasing the micro-
mstances, restoration and maintenance of sbikl activities in the soil (Tejada al., 2006).
fertility is a basic and critical problem, particu-
larly in the newly reclaimed soil. This can be In recent years, humic substances can
accomplished by adding organic material, biobe added to the soil for improvement the crop
logical active substances and plant growthseld. From the point of view of producers,
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these chemical preparations have been percaird vitamins, inhibiting plant ethylene syn-
ved and accepted as a kind of hormone prthesis, enhancing stress resistance, improving
moting the growth rather than improving thenutrient uptake, fixing atmospheric nitrogen,
chemical and physical conditions of the soisolubilizing inorganic phosphate and minerali-
(Cacco and Dell Agnolla, 1984). A benefit ofzing organic phosphate (Lueyal., 2004 and
humic acid is its ability to complex metal ionsCakmakciet al., 2007). One of the most often
and can form aqueous complexes with micraeported PGPR i8. chroococcum. The bene-
nutrients. It is the subject of studies in variouficial effect of these bacteria is attributed to
areas of agriculture, such as soil chemistryAA production and to some extent to non-
fertility, plant physiology as well as environ-symbiotic N-fixation. So, these bacteria can
mental sciences, because the multiple role pptentially be used to improve wheat nutrition
these materials can greatly improve plardf micronutrients (Rajaegt al., 2007). Arbus-
growth and the plant nutrient uptake and wasular mycorrhizae (AM) are symbiotic asso-
particularly important for the transport andciations formed between plants and soil fungi
availability of micronutrients (Bohme andthat benefit both partners. The role of AM in
Lua, 1997 and Turkmest al., 2004). Also, acquisition and sorption of nutrients from the
humic acid may form an enzymatically activesoil has been recognized. Pronounced respo-
complex which can carry on reactions that anese had been obtained in the solubility of
usually assigned to the metabolic activity oficronutrients in newly reclaimed soil when
living microorganisms (Sellamuthu andmycorrhiza was accompanied with organic
Govindaswamy, 2003). substrates (Habasleial., 2008).

Microorganisms are important for The present work is designed to
agriculture in order to promote the circulatiorevaluate integration between humic acid as
of plant nutrients and reduce the need faoil enhancer and biofertilizers with chroo-
chemical fertilizers. Plant growth-promotingcoccum and mycorrhiza for improving the
rhizobacteria (PGPR) can affect plant growtigrowth and yield of wheat in newly reclaimed
directly by the synthesis of phytohormonesoil.

MATERIALSAND METHODS

The study was conducted on newlywith A. chroococcum on growth and yield of
soil cultivated with wheatTfiticum aestivum  wheat were studied. Some physical and
L. c.v. Sakha 93) at El-Bostan region, Elchemical properties of the experimental solil
Behera Govern., Egypt during winter seasongere estimated according to Jackson (1973)
of 2006/2007 and 2007/2008. Interactiorand Blacket al. (1982), respectively (Table
effects between humic acid and endomyA).
corrhizal fungi Glomus mosseae) combined

Table (A): Physical and chemical analyses of the experimental soil.

Particle sizedistribution % Soil chemical properties
Sand Silt Clay Textureclass pH CaCo; % | OM % | EC (dm™)
65.25 | 10.21| 24.54 Sandy clay loam 8.16 14.27 0.97 1.43

Soluble cations and anions m mol/L Available nutrients (ppm)
Ca™" [Mg™| Na" | K" [CO#|HCOs| CI| N | P | K | Fe|Mn| Zn | Cu

7.92| 425 9.19 0.63| 0.00| 2.96 31| 137 21 062 039 Op

Humic acid
Humic acid (85%) which contain obtained from Sphinx for International trade
56% C, 4.5% H, 31% O and 4.5% N wa€ompany, Cairo, Egypt.
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Mycorrhizal inoculation kglfed. after 30 and 60 days from sowing in
Arbuscular mycorrhizal funguss{o- two equal doses, while mycorrhiza was added
mus mosseae) was obtained from Agric. just before sowing. The other required culture
Microbiol. Dept., Soils, Water and Environ-practices for growing wheat were followed as
ment Res. Inst., Agric. Res. Center, Gizagcommended.
Egypt. Micorrhizal inoculum consisted of
root, hyphae, spores and growth media from a This experiment included the follo-
pot culture of onion plants which waswing treatments:
previously infected witlGlomus mosseae and 1- Control.
grown for 4 months in pot culture. The2- Humic acid.
standard inoculum (400 kg/fed.) containe®- Arbiscular mycorrhiza (AM)
about 270 spores/g. Spores of the fungus wefle A. chroococcum.
measured by a wet-sieving and decanting Humic acid + AM
technique (Gerdemann and Nicolson, 1963). 6- A. chroococcum + Humic acid
7- A. chroococcum + AM.
Azotobacter chroococcum 8- A. chroococcum+ AM + Humic acid
Growth regulators producingzoto-
bacter chroococcum-previously isolated and Microbial activities
identified by EI-Mehiy (2007) in Botany Microbial activities of the plants rhi-
Dept., Fac. of Agric., Benha Univ., Egypt-zhosphere after 45 days from sowing were
was used as seed inoculants. The tested baonducted. Mycorrhizal infection was micros-
teria were grown on modified Ashby copically estimated on a sample of fresh root
medium (Abdel-Malek and Ishac, 1968) ats described by Giovannetti and Mosse (1980)
30°C for 7 days just before seed inoculation tafter clearing and staining (Vierheilig al.,
reach the final density of 25X4Gcfu/ml. 1998). The samples were analyzed for dehy-
Grains of wheat were mixed with the susperdrogenase activity according to the method
sion for 30 min. Arabic Gum (16%) wasdescribed by Casidat al. (1964) while
applied to the grains as an adhesive agent. ThkRosphatase activity was determined by the
grains were left to air-drying in shade, andnethod given by Drobnikova (1961). Rhizos-
then the grains became ready for sowing.  phere samples were analyzed for available
nitrogen according to Paget al. (1982),
Experimental design available phosphorus was determined accor-
Grains of wheat (Sakha 93) wereding to (A.P.H.A, 1992), available potassium
successfully washed with water and air-driecaccording to Chapman and Pratt (1961) and
Then, grains were soaked in solution of humiavailable Fe and Zn were determined accor-
acid (2g /L) for 2 hrs and/or cell suspension afling to Paget al. (1982).
A. chroococcum. The grains were sown on the
15" and 17 of November in the two growing Sampling and collecting data
seasons, respectively. The experiments were Nine plants of wheat from each
arranged in randomized complete blockreatment were randomly taken at 70 and 100
design with three replicates. The plot area watkays after sowing to measure different mor-
10.5 nf (3x 3.5m). All plots except MNixer phological characteristics (plant height (cm),
treatments received nitrogen fertilizers at thaumber of tillers/ plant, leaves dry weight
rate of 200 kg/fed urea (46 % N) in two equalg/plant) and total leaf area (Efplant) using
doses (before the first and second irrigation)he disk methods according to Deriegtxal.
While, A. chroococcum treatments were supp-(1973).
lemented with a half dose of inorganic N-
fertilizer. Calcium super phosphate (15.5%hotosynthetic pigments
P,Os) and potassium sulphate (48 %K Chlorophyll a, b and carotenoids were
were added before cultivation in both seasort®lorimetrically determined in fresh leaves of
at the rates of 150 and 100 kg/ fed., respewheat plants at 70 and 100 days after sowing
tively. Humic acid was added at the rate of 8Buring the two seasons according to the
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methods described by Wettstein (1957) anB0 days after sowing in the second season

calculated as mg/g fresh weight. using High- Performance Liquid Chromato-
graphy (HPLC) according to Koshioleh al.
Chemical composition (1983) for auxin (IAA), gibberellic acid (Gh

Samples from wheat leaves at 70 andnd abscisic acid (ABA) while, cytokinins
100 days after sowing and grains at harvestere determined according to Nicaneesl.
were taken to determine total nitroger(1993).
(Horneck and Miller, 1998), phosphorus
(Sandell, 1950), potassium (Horneck andield characteristics
Hanson, 1998). Also NPK uptake was calcu- At harvest, three plants were rando-
lated after determination of NPK according tanly taken /plot from each treatment for
(Chapman and Pratt, 1961). Total carbohyestimation of number of spikes/plant, grain
drate was determined according to (Dulmis yield (g)/plant, straw vyield (g)/plant and
al., 1956). Crude protein was calculatedveight of 1000 grains (g).
according to the following equation: Crude
protein= Total nitrogen x 5.75 (A.O.A.C., Statistical analysis

1990). Data obtained in this study were
statistically analyzed by using the least
Endogenous phytohor mones significant differences test (L.S.D) according

Endogenous phytohormones werdo Senedecor and Cochran (1980).
guantitatively determined in wheat shoots at

RESULTSAND DISCUSSION

Mycorrhizal colonization and soil enzymes  require large amounts of available carbon for
Results of mycorrhizal colonization their survival in soil. Addition of humic acid
percent shown in Table (1) exhibited a graduahay be of special importance in restoring
increase with inoculation by AM fungi, while optimal levels or organic matter for plant
it showed no significant increase with indivi-growth and for microbial activity which
dual application of humic acid @k chroo- associated with enzymes activity (Karagta
coccum comparing to the control treatmental. (2006). These results showed a good agree-
Mycorrhizal root infection was significantly ment with Sellamuthu and Govindaswamy
increased by application of humic acid in(2003) who reported an increase in enzymes
combination with AM fungi. The results wereactivity with application of humic acid. They
in agreement with those obtained by Habashalso reported that the microbial population and
et al. (2008) who reported that organicsoil enzymes in the rhizosphere could be built
compounds significantly increased colonizaup for the efficient utilization of nutrients.
tion of mycorrhiza. It was also noticed from
Table (1) that individual application of humicAvailable nutrientsin wheat rhizosphere
acid or biofertilization with AM orA. chroo- Data in Table (2) show that signifi-
coccum significantly increased phosphataseant increases in available macronutrients (N,
and dehydrogenase activity in wheat rhizoP and K) and some micronutrients (Fe and Zn)
sphere as compared to the control treatmentere observed when wheat plants received
The combined inoculation wittA. chroo- humic acid or individually inoculated with.
coccum and AM increased enzymes activitychroococcum or AM as compared to control
more than the individual inoculation. Also, theplants. Application of humic acid with either
highest values of enzymes activity were recoAM or A. chroococcum exhibited values of
ded in rhizosphere of the plants that treategivailable nutrients greater than the treatments
with humic acid in the presence of biofertilizerof biofertilizers without humic acid. Also,
especially the dual inoculation. This may bapplication of humic acid with the dual
due to the mechanisms @éfotobacter and inoculation gave the maximum values of
AM on soil properties, alsoAzotobacter available nutrients. This may be due to the
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ability of humic acid to complex metal ions inavailable in soil (Turkmeat al., 2005). Also,
agricultural systems, also humic acid can forralabashyet al. (2008) found that a pronounced
aqueous complexes with soil nutrients, thougiesponse had been obtained in the solubility of
not to the same extent as many synthetiutrients when mycorrhiza was accompanied
chelating agents. Since humic acid binds taith organic substances compared to AM
soll colloidal surfaces, it is not easily leachedhoculation or organic substances added alone.
(Mackowiaket al., 2001). On the other hand, This may be due to that the addition of organic
the function of all mycorrhizal systemssubstances which improved the physical
depends on the ability of the fungal symbionproperties of the soil, and increased the supp-
to absorb inorganic and/or organic nutrientlying power of available nutrients to plants.

Table (1): Mycorrhizal colonization and activity of some soil enzymes in the rhizosphere
of wheat as affected by humic acid and biofertilizers after 45 daysfrom sowing
during thetwo growing seasons(S; and S,).

Mycorrhizal Phosphatase Dehydr ogenase
colonization (nginorganic-P/g | (mgof TPF/gsoil/
% soil/day) 24 h)
Treatments S S S S S S
Control 9.3 15.8 26.7 32.1 23.4 31.
Humic acid (HA) 11.6 23.2 39.7 46.8 38.4 36.1
Mycorrhiza (AM) 43.6 61.7 45.8 49.2 42.6 51.

A. chroococcum 15.2 28.6 354 38.6 41.2 48.3
AM + HA 56.3 71.2 46.9 50.4 69.1 55.
A. chroococcumt+ HA 12.8 25.3 37.9 49,7 51.4 57.4
A. chroococcum AM 68.9 61.7 57.6 51.6 63.8 52.4
A. chroococcum +AM +HA 53.1 67.5 61.5 53.5 82.3 69.4
LSD at 5% 6.1 5.7 3.8 35 4.6 3.2

Table (2): Available nutrients of wheat rhizosphere as affected by application of humic
acid and biofertilizers after 45 days from sowing during the two seasons (S;
and S,).
Characters| Available- |Available-| Available- | Available- | Available-
N
(ppm)
Treatments S | S
Controal 41.4] 56.8
Humic acid (HA) 66.2|72.4
Mycorrhiza (AM) 71.4|65.9
A. chroococcur 69.3| 71.6
AM + HA 89.2| 96.5
A. chroococcur + HA 91.6| 87.0
A. chroococcum -AM 87.3| 80.7
A. chroococcum + AM + HA 98.41106.3
L SD at 5% 10.8| 11.3

Growth parameters cantly increased by individual application of
As shown in Table (3), the growthhumic acid and biofertilizers. Inoculation with
parameters of wheat plants as plant heighd, chroococcumin the presence of humic acid
number of tillers/plant, dry weight of leaf/or AM significantly increased number of
plant and total leaf area/plant were signifitillers and total leaf area/plant at 70 and 100
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days after sowing during the two seasons. IRhotosynthetic pigments
this regard, EI-Mehiy (2007) reported thfat Data in Table (4) indicated that diffe-
chroococcum possess a great variety of profent photosynthetic pigments i.e., chlorophyll
perties that are interest in the development e b and carotenoids in wheat leaves were
biofertilizers including production of growth positively responded to application of humic
promoting plant hormones (especially auxinsacid, biofertilizers and their combinations at
gibberellins and cytokinins) as well as-N 70 and 100 days after sowing during the two
fixation. Maximum stimulatory effect of the seasons. Moreover, the interaction between
biofertilizers was obtained when they associdiumic acid and dual inoculation witiA.
ted with humic acid application after 70 andthroococcum and AM gave the highest values
100 days from sowing in the two season®f total pigments during the two seasons as
These results are in agreement with Turkmetompared with individual treatments and
et al. (2005) who reported that humic acidcontrol plants. Generally, these results are to
application positively affected the plantbe considered as a good explanation to the
growth parameters. The mechanism of humigbtained data regarding the favorable role of
acid that is active in promoting plant growth ishiofertilizers and humic acid on growth para-
not completely known. However, increasingneters (Table 3) that enhanced photosynthetic
cell membrane permeability, oxygen uptakefficiency and increased dry matter accumula-
and root cell elongation are of plant growttion. Ebrahim and Ali (2004) found that
factors which were reported. (Russo andpplication of Azotobacter improved chloro-
Berlyn, 1990). phyll a, b and charotenoids content of wheat
leaves.

Table (3): Growth characters of wheat as affected by humic acid and biofertilizers after
70 and 100 days from sowing during thetwo seasons (S; and S,).

70 days after sowing
No. of Dry weight
tillers of leaf ¢/
/plant plant
S S | S| S S S S
Control 364 | 41.7| 39| 41 | 405| 4.12 | 1250.3
Humic acid (HA) 46.4 | 473 | 51| 54 | 445 | 4.70 | 1380.1
Mycorrhiza (AM) 435 | 457 | 56| 55 | 490 | 5.10 | 1451.2
A. chroococcum 504 | 469 | 50| 54 | 522 | 538 | 1514.7
AM +HA 497 | 524 | 59| 6.0 | 588 | 5.72 | 1640.2
A. chroococcumt+ HA 476 | 50.7 | 57| 59 | 540 | 5.92 | 1701.3
A. chroococcum +AM 447 | 49.2 | 5.2 | 57 | 542 | 5.60 | 1550.2
A. chroococcum + AM + HA 406 | 434 6.1| 6.3 | 6.59| 6.44 | 1843.2

LSD at 5% 312 | 323| 05| 062 | 042| 060 | 81.2
100 days after sowing
Control 86.2| 89.1|52| 57 | 595| 6.25| 1401.0
Humic acid (HA) 985 | 972 | 77| 7.4 | 9.20 | 9.62 | 1680.4
Mycorrhiza (AM) 947 | 952 | 6.9 | 6.4 |10.60| 10.35| 1835.2
A. chroococcum 965 | 975 | 72| 7.7 | 940 | 9.65 | 1620.1
AM +HA 100.4| 101.6| 8.2 | 84 | 10.70| 10.60| 1875.2
A. chroococcumt+ HA 98.7| 994 | 79| 7.3 |10.25| 10.75| 1890.3
A. chroococcum +AM 103.8| 998 | 7.3 | 7.8 | 10.20| 9.90 | 1870.2
A. chroococcum + AM + HA 925| 935| 88| 86 |11.20| 11.10| 1980.0

LSD at 5% 512 | 59 |057| 062 | 1.25| 1.32 | 102.2

Characters

Total leaf area
cm? plant

Plant height
cm/ plant
Treatments
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Table (4): Photosynthetic pigments, total carbohydrates and crude protein as affected by
humic acid and biofertilizers after 70 and 100 days from sowing in the two
seasons(S; and S)).

Characters 70 days after sowing

: Total
Chlorophyll a| Chlorophyll b | Carotenoids pigments

mg/g F.W mg/g F.W mg/g F.W mo/g EW

Treatments S S S S S S S S
Contral 0.57 ) 060 | 038 | 036 | 041 | 043 | 1.36 | 1.39

Humic acid (HA) 079 | 080 | 042 | 046 | 055 | 057 | 1.76 | 1.84
Mycorrhiza (AM) 067 | 0.71| 044 | 048 | 051 | 052 | 162 | 1.71
A. chroococcum 078 | 0.81| 051 | 050 | 054 | 056 | 1.83 | 1.87
AM + HA 087 | 0.84 | 050 | 052 | 0.73 | 0.77 | 210 | 2.13
A. chroococcumt+ HA 0791 083 | 052 | 054 | 071 | 0.74 | 202 | 211
A. chroococcum 4AM 0.75| 077 | 049 | 051 | 062 | 069 | 1.86 | 1.97
A. chroococcum + AM + HA 099 | 094 | 057 060 | 0.75| 0.72 | 2.31 | 2.26

LSD at 5% 021 | 023 019 | 0.17 | 0.15| 0.12 | 0.36 | 0.39
100 days after sowing
Control 059 | 061 | 037 | 0.34| 045 | 044 | 141 | 1.39
Humic acid (HA) 081 | 079 | 041 | 043 | 054 | 058 | 1.76 | 1.80
Mycorrhiza (AM) 071 | 074 | 051 | 054 | 057 | 059 | 1.79 | 1.87
A. chroococcum 071 | 0.73| 058 | 059 | 061 | 062 | 191 | 1.94
AM + HA 087 | 0.89 | 0.63| 0.62 | 0.72 | 0.74 | 221 | 2.25
A. chroococcumt+ HA 083 | 087 | 0.62 | 0.64 | 0.70 | 0.73 | 215 | 2.25
A. chroococcum 4AM 0721 0.78| 061 | 059 | 064 | 063 | 1.97 | 2.00
A. chroococcum + AM + HA 092 | 090 | 063 | 062 | 0.77 | 0.76 | 2.32 | 2.28

LSD at 5% 022 019 | 012 | 0.15| 021 | 0.18| 0.32 | 0.34

Nutrients uptake and some bioconstituents  nutrients to plants. The obtained data were in
in leaves agreement with Turkmeset al. (2005) and
Table (5) clearly indicates that appli-Habashyet al. (2008). Also, Rajaeet al.
cation of both humic acid and biofertilizers(2007) reported that inoculation of wheat with
significantly increased NPK uptake, totalA. chroococcum had a positive effect on
carbohydrates and crude protein content inutrients uptake.
wheat leaves at 70 and 100 days after sowing
during the two seasons as compared with Regarding total carbohydrate and
control treatment. Moreover, combinationcrude protein, the same positive trend was
between humic acid and dual inoculation witlobserved with application of humic acid and
A. chroococcum and AM increased NPK biofertilizers. All treatments showed a signifi-
uptake nearly more than two times at 70 daysant increase and the maximum one obtained
and nearly more than three times at 100 dayy the interaction betweeA. chroococcum
compared with control treatment. Furtherand AM in the presence of humic acid. In this
more, the addition of humic acid associatetespect, high content of total carbohydrates is
with both biofertilizers increased nutrientsa direct result for high rates of photosynthesis
uptake with an pronounced effect, and parall@lith great efficiency that was preceded with
trend for their increases in the soil (Table 2)arge photosynthetic area (Table 3) and high
This may be attributed to the enhancing effecontent of photosynthetic pigments (Table 4).
of humic acid and mycorrhiza on soil physicallhe present results are in agreement with
properties to release nutrients in the rhizahose of Ebrahim and Ali (2004).
sphere which supply a power of available
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Table (5): Nitrogen, phosphorus and potassum uptake in wheat leaves as affected by
humic acid and biofertilizers after 70 and 100 days from sowing in the two
seasons(S; and S)).

70 days after sowing

Characters
Total carbohy-
Crude protein

K-uptake drates
mg/g D.W

mg/g D.W
S, S, S, S, S, S, S,
Control 119 | 984 | 852 | 4873|4927 [ 123.1 | 1179
Humic acid (HA) 204 | 1524 | 156.9 | 560.7 | 571.4 | 211.3 | 200.1
Mycorrhiza (AM) 17.5 | 1553 [ 151.9 | 542.7 | 560.5 | 202.7 | 207.9
A. chroococcum 20.1 | 169.6 | 163.8 | 548.4 | 555.7 | 185.2 | 194.0
AM + HA 243 | 194.6 | 188.4 | 588.3 | 593.8 | 214.8 | 209.3
A. chroococcum + HA 253 | 168.2 | 193.2 | 590.6 | 611.7 | 212.2 | 202.7
A. chroococcum + AM 212 | 1745 | 174.1 | 568.2 | 570.1 | 203.6 | 205.9
A. chroococcum + AM +
HA

LSD at 5% . . 93 | 218 | 264 | 379 | 414 | 113 | 15.7
100 days after sowing
Control 18.0 | 132.3 | 146.8 | 508.1 | 511.7 123.3
Humic acid (HA) 42.1 307.2|313.1 | 615.3 | 622.8 202.7
Mycorrhiza (AM) 37.7 | 343.9 | 323.7 | 591.4 | 598.4 203.3
A. chroococcum 33.7 | 311.6 | 311.2 | 602.1 | 610.7 193.8
AM + HA 434 | 333.8 | 340.2 | 630.8 | 637.4 213.9
A. chroococcum + HA 45.6 | 329.8 | 352.0 | 658.1 | 664.2 209.0
A. chroococcum + AM 39.1 | 342.7 | 334.6 | 622.4 | 625.3 209.6
A. chroococcum + AM +
HA

LSD at 5% . . . 94 123 | 17.6 | 38.6 | 34.1 . 12.4

Treatments

289 (223.0 (2228 [ 614.8 [ 624.4 | 2225 | 216.2

494 (3774 (3757 | 673.2 | 680.4 220.8

Endogenous phytohor mones andA. chroococcum in the presence of humic
According to the data in Table (8), acid recorded maximum reduction of abscisic
chroococcum gave maximum values of auxinsacid content in wheat shoots.
in wheat shoots compared with all treatments,
but inoculation of these bacteria with humicyield and its components
acid or humic acid with AM led to a decrease Data in Tables (7 & 8) showed that,
in auxins content compared to control. Gibbeaumber of spikes, grain yield, weight of
rellins and cytokinins were improved by in-thousand grains and straw yield of wheat as
oculation with A. chroococcum or AM and well as chemical composition of wheat grains
reached the highest values when the biofersignificantly increased in response to any of
lizers were supported by humic acid. Manyhe tested biofertilizer compared to control.
investigators reported the role of plant growtiso, humic acid had positive effect on the
promoting rhizobacteria such & chroo- same parameters. Moreover, humic acid appli-
coccum in the production of hormones such asation triggered and increased the positive
gibberellins, auxins and cytokinins (EI-Mehiy,effects of A. chroococcum and AM inocu-
2007 and Rajaeet al., 2007). On the other lation when wheat plants were inoculated with
hand, abscisic acid, as growth inhibitor, waboth biofertilizers in the presence of humic
decreased with using AM or humic acidacid.
application while dual inoculation with AM
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Table (6): Endogenous phytohormones in wheat shoots as affected by humic acid and
biofertlizersapplications at 80 days after sowing during second season.

Total ini Abscisic acid
promoters i (ABA)

Characters Gibberellins | Cytokinins

+%
Relative to
control
+%
control
+%
control
+%
Lol *F
O | Relative to
5 |°

Treatments

g Relative to
g Relative to
g Relative to
g Relatlv.e to

o
o

Control
Humic acid
(HA)
Mycorrhiza
(AM)

A. chroococcum
AM + HA
A. chroococcum
+HA
A. chroococcum
+AM
A. chroococcum
+ AM+ HA

+
b

Table (7): Yidd components of wheat as affected by humic acid and biofertilizers
applications during the two growing seasons (S; and S,).

Grainyied | Weight of 1000 | Straw yidd
spikes plant g/plant grains g/plant

Treatments S | & S S S S S S

Contraol 5.7¢ 1 6.11| 6.3t | 6.80C | 42.6( | 43.5( | 8.9 | 8.7C
Humic acid (HA) 728 | 7.3C | 8.4C | 8.6 | 50.47 | 52.6(C | 10.7C | 10.9¢
Mycorrhiza (AM) 6.7C | 6.4C | 7.78 | 7.9C | 48.8( | 49.2C | 10.5( | 10.2¢
A. chroococcur 6.5¢ | 6.9¢ | 8.2F | 845 | 51.2C | 50.8( | 10.4( |10.3¢
AM + HA 718 | 7.22 | 9.4F | 9.1 | 52.8( | 52.8° | 11.6( | 11.2¢
A. chroococcur + HA 7.4z | 76C | 10.9C | 10.35| 53.3¢ | 53.6( | 11.8C |11.7¢
A. chroococcum AM 6.9C| 692 | 9.3C | 9.7C | 50.2C | 51.3C | 11.2C | 10.9(
A. chroococcum + AM + HA 8.5¢ | 8.7C | 11.72 |11.2C| 55.7C( | 54.4. | 12.4F | 12.8(

LSD at 5% 0.4€ | 0.31| 0.4t | 0.52 . 0.5¢ | 0.64

Characters

Table (8): Chemical composition of wheat grains as affected by humic acid and
biofertilizer sapplications during the two gr owing seasons (S; and S,).

carbohydrates | proten
mg/gD.W | mg/lgD.W
Treatments S, S, S
Control . 728.21715.2] 96.(
Humic acid (HA) } } 734.1|738.¢|125.¢
Mycorrhiza (AM) . . 730.5(744.21119.(
A. chroococcur . . . 752.1|1 794/ | 123.]
AM +HA .3c 760.¢|755.2|125.¢
A. chroococcur + HA . . . 750.2(749.6|1122.F
A. chroococcum + AM . 769.¢|763.5|122.F
A. chroococcum + AM + HA . 787.1(770.2|128.¢
LSD at 5% . . . . 12.8¢|18.5(| 7.41
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The stimulatory effect of humic acid Azotobacter or mycorrhiza with humic subs-
with dual inoculation on wheat yield would betances increased plant yield.
expected since these applications promoted
microbial activities (Tables 1 & 2), growth This study clearly indicated that
parameters (Table 3), increased photosyntheticimic acid could have positive effect on plant
pigments (Table 4), increased nutrients uptalgrowth and yield by acting as soil enhancer
and total carbohydrates (Table 5) as well eand as well as by improving its physical
endogenous phytohormones (Table 6) g®operties. Also, the combined application of
previously resulted and discussed in this workiumic acid with the potent biofertilizers is a
These findings are supported by Turknen good tool for growth and yield promotion as
al. (2005) and Akhtaret al. (2007). They well as improving soil health, particularly in
reported that the combined application ohewly soil.
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